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Abstract: Background: Investigating the role of late presenters (LPs) in HIV-1 transmission is impor-
tant, as they can contribute to the onward spread of HIV-1 virus before diagnosis, when they are
not aware of their HIV status. Objective: To characterize individuals living with HIV-1 followed
up in Europe infected with subtypes A, B, and G and to compare transmission clusters (TC) in LP
vs. non-late presenter (NLP) populations. Methods: Information from a convenience sample of
2679 individuals living with HIV-1 was collected from the EuResist Integrated Database between 2008
and 2019. Maximum likelihood (ML) phylogenies were constructed using FastTree. Transmission
clusters were identified using Cluster Picker. Statistical analyses were performed using R. Results:
2437 (91.0%) sequences were from subtype B, 168 (6.3%) from subtype A, and 74 (2.8%) from subtype
G. The median age was 39 y/o (IQR: 31.0-47.0) and 85.2% of individuals were males. The main
transmission route was via homosexual (MSM) contact (60.1%) and 85.0% originated from Western
Europe. In total, 54.7% of individuals were classified as LPs and 41.7% of individuals were inside TCs.
In subtype A, individuals in TCs were more frequently males and natives with a recent infection. For
subtype B, individuals in TCs were more frequently individuals with MSM transmission route and
with a recent infection. For subtype G, individuals in TCs were those with a recent infection. When
analyzing cluster size, we found that LPs more frequently belonged to small clusters (<8 individuals),
particularly dual clusters (2 individuals). Conclusion: LP individuals are more present either outside
or in small clusters, indicating a limited role of late presentation to HIV-1 transmission.
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1. Introduction

At the end of 2020, there were 37.7 million people living with HIV [1]. In HIV
epidemics, certain risk groups contribute to the spread of HIV disproportionately more
than others. This can be due to determinants of the host such as specific demographic,
clinical, or behavioral factors or to viral determinants, such as the viral strain infecting the
host [2,3]. On the one hand, the literature suggests that an undiagnosed recent infection
could be associated with the transmission and spread of HIV-1 [4]. Furthermore, higher
values of viral load in an individual living with HIV can also increase the likelihood of
transmission, especially in individuals in the acute phase of infection [5]. On the other hand,
late presentation to diagnosis has increased over the years and in Europe. Late presenters
(LPs) account for around 50% of new HIV diagnoses [6]. The consensus definition of late
presenters (LPs) says that these are individuals living with HIV-1 diagnosed with a baseline
CD4 count lower than 350 cells/mm3 or with an AIDS-defining event, regardless of CD4
cell count [7]. Late presentation is associated with high morbidity and mortality, at an
individual level, and increased health costs [8]. Furthermore, LPs can also contribute to the
onward spread of HIV-1 virus at the population level, as these individuals are not aware of
their HIV status and could also spread the virus without knowing their infection status [9].

The use of powerful tools such as phylogenetic trees and transmission clusters (TCs)
is essential to understand the dynamics of viral transmission and to identify groups of
individuals connected to each other [2,10].

In this study, we aim to describe the clinical and socio-demographic characteristics of
individuals living with HIV-1 followed in Europe according to subtype and to understand
the determinants associated with clustering on each of the most prevalent subtypes. Specif-
ically, we performed an analysis of transmission clusters for HIV-1 subtypes, B, A, and
G, and compared the patterns of transmission clusters in late presenter (LP) vs. non-late
presenter (NLP) populations.

2. Materials and Methods
2.1. Study Group

We used a convenience sampling approach. 2679 individuals living with HIV- from
the EuResist Integrated Database (EIDB) between 2008 and 2019 were included in this study.
The EuResist Integrated Database (EIDB) is one of the largest existing databases which
integrates clinical, socio-demographic, and viral genotypic information from individuals
living with HIV-1. It collects longitudinal, periodically updated data mainly from Italian
(ARCA database), German (AREVIR database) Spanish (CoRIS and IRSICAIXA), and
Swedish, Belgian, Portuguese, and Luxembourgian databases [11].

In this study, information from the ARCA, AREVIR, Luxembourgian, IRSICAIXA,
Portuguese, and Russian databases was used.

2.2. Drug Resistance Analysis and Subtyping

The HIV-1 pol sequences were derived from routine clinical genotypic resistance tests
(Sanger method). The size of the reverse transcriptase (RT) and protease (PR) fragments
used for this analysis was between 500 and 1000 nucleotides. Only the first HIV genomic
sequence per individual was analyzed. Only ART-naive individuals—classified as those
who had a sample collection date for the first drug resistance test before the date of start of
first therapy—were included.

Transmitted Drug Resistance (TDR) was defined as the presence of one or more
surveillance drug resistance mutations in a genomic sequence, according to the WHO
2009 surveillance list [12]. The sequences were submitted to the Calibrated Population
Resistance tool version 8.0.
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HIV-1 subtyping was performed using the consensus of the results obtained based
on three different subtyping tools: REGA HIV Subtyping Tool version 3.46 (https://
www.genomedetective.com/app /typingtool/hiv (accessed on 16 December 2021)) [13];
COMET: adaptive context-based modeling for HIV-1 (https://comet.lih.lu (accessed on 16
December 2021)) [14]; and SCUEAL (http:/ /classic.datamonkey.org/dataupload_scueal.
php (accessed on 16 December 2021)) [15].

2.3. Transmission Cluster (TC) Identification

For the analysis of transmission clusters and construction of phylogenetic trees, the
database was divided in three separate datasets, corresponding to evolutionarily inde-
pendent epidemics of subtypes A, B, and G. The control sequences were retrieved from
the Los Alamos database, including all HIV-1 pol sequences from subtypes A, B, and G
from Europe, South America, and Africa (http://www.hiv.lanl.gov (accessed on 8 Novem-
ber 2023)) and 38,531 other sequences from the EuResist database [16]. Three subtype
B and C reference sequences retrieved from the Los Alamos database were used as an
outgroup. For each subtype, the sequences were aligned against the control sequences
dataset using VIRULIGN [17]. The HIV-1 K03455.1 (HXB2) pol nucleotide sequence (nt)
was used as reference for the codon-corrected alignment. The dataset was then manually
edited to exclude sequences with low quality, duplicates, and clones using the MEGA 7
software [18]. The final datasets of subtypes A, B, and G consisted of 10,122, 62,543, and
5547 sequences, respectively, with a length of 948 bp. Maximum likelihood (ML) phyloge-
nies were constructed using FastTree [19] with the generalized time-reversible evolutionary
model. Statistical support for clades was assessed using the Shimodaira-Hasegawa-like test
(SH-test). Putative transmission clusters were identified using ClusterPicker v1.332 [20],
using a definition of the threshold that included a genetic distance of 0.030 and a branch
support > 0.90 according to the approximate likelihood ratio test (aLRT). For analyses of
cluster size, we defined clusters with 8 individuals or more as large clusters and cluster
with less than 8 individuals as small clusters. The configuration of the phylogenetic trees
was visualized using the iTOL software.

2.4. Study Variables
New variables were created according to:

e  Migration status—Based on country of origin and country of follow-up (if country of
origin and country of follow-up are the same, then the patient was classified as native;
otherwise, as a migrant);

e  Age at resistance test—Based on the difference between year of birth and date of the
first drug resistance test;

Region of origin—Based on country of origin;

Recentness of infection—Based on ambiguity rate of genomic sequences. We defined
chronic infection as the ambiguity rate being higher than 0.45%; otherwise, recent
infection was defined, as previously described [21];

e LPvs. NLP at HIV diagnosis—Based on CD4 count, LPs were defined as individuals
with a baseline CD4 count < 350 cells/mm? and NLPs were defined as individuals
with a baseline CD4 count > 350 cells/mm? [7].

2.5. Statistical Analysis

The proportion and median (interquartile range, IQR) were calculated for every
categorical and continuous variable, respectively. Subtype variables were compared with
the categorical variables using a Chi-square test, and continuous variables with a Mann—
Whitney U test. Logistic regression was used to analyze the association between the
clustering status for each subtype and demographic and clinical factors. First, we presented
logistic regression with unadjusted odds ratios (UORs) and confidence intervals at 95%
(95%CI); then, we included only the variables with a p-value < 0.05 in the final model. The
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final model was adjusted for sex: this variable was forced into the model regardless of its
significance. Data were analyzed using RStudio (Version 1.2.5033).

3. Results
3.1. Characteristics of European Population of Individuals Living with HIV-1

Among the 2679 individuals living with HIV-1 included in the analysis, 2437 (91.0%)
were from subtype B, 168 (6.3%) from subtype A, and 74 (2.8%) were from subtype G.
The median age at resistance test was 39.0 (31.0-47.0) years old and 85.2% of individuals
were males. The main transmission route was via homosexual (men who have sex with
men—MSM) contact (60.1%). For subtype B, the MSM route (64.2%) was also the most
prevalent whereas the heterosexual route was the predominant route for subtypes A and G
(50.8% and 69.2%, respectively). 85.0% of individuals originated from Western Europe and,
according to subtypes, Eastern Europe was the most prevalent region of origin for subtypes
B and A, whereas for G, the African region was the most prevalent. Most individuals
included in this study were native (81.6%). However, while in subtype B, natives were
more prevalent (95.4%), in subtypes A and G, migrants were more prevalent (19.7% and
12.8%). Based on the ambiguity rate of the first genomic sequence, most individuals were
classified as presenting with a chronic infection (56.8%). The CD4 count at diagnosis and
viral load at diagnosis (log10) presented a median of 320 cells/mm? (IQR 134-506.5) and
log10 4.7 copies/mL (IQR 4.3-5.4), respectively. Furthermore, 41.7% of the individuals in
this population of patients clustered within transmission clusters and 54.7% were classified
as LPs (CD4 < 350 cells/mm?). Most individuals from subtype B (95.6%) were within
clusters, in contrast to subtypes A (3.5%) and G (1.5%), where a much lower percentage of
patients was within clusters (Table S1).

3.2. Dynamics of Subtype A HIV-1 Epidemic in Europe

Based on the sequences from our database and the control sequences retrieved, we
could observe that the majority of the subtype A population had its origin in Africa, and
the major route of transmission was heterosexual. There were some individuals with IDU
transmission. The phylogenetic analyses indicated that most EuResist individuals clustered
into two different parts of the tree, indicated with arrows A and B in Figure 1, suggesting
two parallel epidemics of subtype A in Europe. The first cluster included individuals
originating from Africa and Eastern Europe via heterosexual and IDU transmission routes
(cluster A) and the other cluster included individuals originating from Western Europe
via MSM transmission (cluster B). LP individuals were mostly concentrated in cluster A,
where the majority of individuals were also migrants (Figure 1).

3.3. Dynamics of Subtype B HIV-1 Epidemic in Europe

Based on the sequences from our database and the control sequences retrieved, we
could observe that most subtype B individuals originated from Western Europe were
natives and MSM. Individuals with IDU transmission originating from Western Europe
dominated one cluster of the tree (indicated with an arrow). LP and NLP individuals
were distributed evenly in the tree. Based on the configuration of the phylogenetic tree
and, apart from the cluster dominated by IDU transmission, there are no major patterns of
compartmentalization in the subtype B epidemic in Europe (Figure 2).



Viruses 2023, 15, 2418 50f 13

NNy,
e T
oty - T o xrh'l.-y.

-
(a) > T

& o W A
< S
PR T
R
W

I gy,

LPvs NLP Migration status
| <« Migrant
> NP <« Native

Region of Origin

A

O Western Europe

O Eastern Europe

@ Africa

@ south America

Transmission
. Heterosexual
H vsm

7 iou

Clusters
o Inclusters

Out-of-clusters

Figure 1. Phylogenetic tree for subtype A. This image shows a visual phylogenetic tree of the subtype
A population. (a,b) are zoom images of the shadow zones A and B, respectively. Shadows A and B
show the two portions/monophyletic clusters of the phylogenetic tree where the large majority of
patients in our population clustered. Shadow A shows one major cluster of individuals originating
from Africa and Eastern Europe with heterosexual and IDU transmission. Shadow B shows a cluster of
individuals originating from Western Europe and with MSM transmission. C—clusters; RO—region
of origin; T—transmission; LP—late presenters vs. non-late presenters; MS—migration status.
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Figure 2. Phylogenetic tree for Subtype B. Visualization of the phylogenetic tree of subtype B. The
region highlighted with an arrow indicates a monophyletic cluster of individuals with IDU trans-
mission and originating from Western Europe. C—clusters; RO—region of origin; T—transmission;
LP—late presenters vs. non-late presenters; MS—migration status.

3.4. Dynamics of Subtype G HIV-1 Epidemic in Europe

Based on the sequences from our database and the control sequences retrieved, we
could observe that two major regions of origin—Western Europe and Africa—contribute to
the subtype G epidemic of HIV-1 in Europe. These are largely divided into two major clus-
ters indicated with arrows A and B in Figure 3. Most individuals are heterosexual and late
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presentation dominates. The tree configuration indicates a lack of compartmentalization of
the subtype G epidemic in Europe and suggests frequent importations of subtype G.
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Figure 3. Phylogenetic tree for subtype G. This image shows a visual phylogenetic tree of the subtype
G population. The regions highlighted with arrows shows monophyletic clusters dominated by
individuals originating from Western Europe (A) and Africa (B). C—clusters; RO—region of origin;
T—transmission; LP—late presenters vs. non-late presenters; MS—migration status.

3.5. Determinants Associated with Transmission Clusters of HIV-1 in Europe for Different Subtypes

In the first unadjusted logistic regression model for subtype A, the variables associated
with patients being in clusters from subtype A were male gender (p = 0.001), the MSM
(p = 0.005) route of transmission, region of origin being Africa (p = 0.032), being native
(p = 0.007), having a recent infection (p = 0.002), and being a NLP (p = 0.018) (Table S2). In
the final adjusted logistic regression model for subtype A, male individuals were more
likely to be in clusters when compared to females (OR: 4.72, p = 0.002). Individuals with a
recent infection were more likely to be in clusters when compared to individuals with a
chronic infection (OR: 3.31, p = 0.008) and natives were also more likely to be in clusters
when compared to migrants (OR: 2.43, p = 0.044) (Table 1).

Table 1. Determinants associated with belonging to a transmission cluster according to subtypes A,
B, and G.

Subtype A Subtype B Subtype G
In Clusters/Out of Clusters Final Model (Stepwise) Final Model (Stepwise) Final Model (Stepwise)
aOR (95%CI) p-Value aOR (95%CI) p-Value aOR (95%CI) p-Value
Sex Female Ref Ref Ref Ref Ref Ref
472 1.03
Male (1.78-12.51) 0.002 (0.72-1.47) 0.877 1.74 (0.55-5.47) 0.345
Transmission Heterosexual Ref Ref
Route
1.50
MSM (1.17-1.92) 0.001
1.50
IDU (0.92-2.46) 0.106
Other 1.54 0.365

(0.60-3.94)
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Table 1. Cont.

Subtype A Subtype B Subtype G

In Clusters/Out of Clusters

Final Model (Stepwise) Final Model (Stepwise) Final Model (Stepwise)

aOR (95%CI) p-Value aOR (95%CI) p-Value aOR (95%CI) p-Value

Migration .
Status Migrant Ref Ref
. 243
Native (1.02-5.77) 0.044
Recentness of Chronic Ref Ref Ref Ref Ref Ref
Infection
331 2.29 438
Recent (1.37-8.01) 0.008 (1.89-2.78) <0.001 (1.38-13.65) 0012
LP vs. NLP LP Ref Ref
1.99
NLP (0.84-4.70) 0.117

In the subtype B unadjusted logistic regression model, the variables associated with
the chance of patients being within clusters were male gender (p = 0.037), the MSM route of
transmission (p < 0.001), having a recent infection (p < 0.001), and being a NLP (p < 0.001)
(Table S2). In the final adjusted logistic regression model, the MSM transmission route
compared to the heterosexual route (OR: 1.50, p = 0.001) and recent infection compared
to individuals with a chronic infection (OR: 2.29, p < 0.001) were associated with a higher
chance of being in clusters (Table 1).

In the subtype G unadjusted logistic regression model, the variables associated with
patients being within clusters were region of origin being Africa (p = 0.018), being native
(p = 0.033), and having a recent infection (p = 0.011) (Table S2). In the final adjusted logistic
regression model, recent infection was associated with clustering when compared to chronic
infection (OR: 4.38, p = 0.012) (Table 1).

3.6. Size of Transmission Clusters

Of the 2679 individuals living with HIV, 1116 were within clusters (41.7%). The
minimum cluster size was 2 and the maximum cluster size was 18.

The proportion of late presenters and non-late presenters in clusters was analyzed
and both LPs and NLPs were more frequently in small clusters (93.7%; 92.7%, respectively).
Also, LPs within the small clusters were more frequently in dual clusters (62.7%) (two
individuals per cluster) (Figure 4A).

According to subtypes, subtype A had a higher proportion of individuals in dual
clusters (53.8%), subtype B had a higher proportion of individuals in clusters of 9 or more
(6.1%), and subtype G had a higher proportion of individuals in clusters with size between
3-5 individuals and 6-8 individuals (36.4% and 8.1%, respectively) (Figure 4B).

3.7. Transmission Clusters in LP vs. NLP

Here, we compared the characteristics of LPs vs. NLPs within clusters. There were
specific clinical and socio-demographic characteristics of LPs in clusters and NLPs in
clusters. LPs were mainly out of clusters in all subtypes.

In subtype A, the variables associated with being a LP vs. NLP within clusters were age
at resistance test, recentness of infection, and viral load at diagnosis. The NLP individuals
in clusters were aged between 19-31 y/o (p = 0.014), with a recent infection (p = 0.011), and
with lower viral load values.

In subtype B, LPs vs. NLPs within clusters were associated with age at resistance
testing (p < 0.001), recentness of infection (p < 0.001), viral load at diagnosis (p < 0.001),
and migration status (p = 0.025). LPs within clusters were females (p = 0.026), individuals
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older than 31 y/o (p = 0.026; p < 0.001), originated from South America (p = 0.011), with a
viral load at diagnosis higher than 5.1 copies/mL (p < 0.001), presenting a chronic infection
(p <0.001), and with migrant status (p = 0.001). Meanwhile, the NLPs in the clusters were
younger than 30 y/o (p < 0.001) and had a recent infection (p < 0.001) and a viral load at
diagnosis lower than 4.0 copies/mL (p < 0.001).

B
60
529
A 50
—a0 385-38.7,
g
_ Small Clusters Large Clusters =
|
2
2 patients < 8 patients > 8 patients £
£30
General population [ESACIESD] 1040 (93.2%) 76 (6.8%) 9
(n=1116) £
LP vs NLP 0.490 2
S0
LP (n=541) 318 (62.7%) 507 (93.7%) 34 (6.3%)
NLP (n=545) 203 (40.2%) 505 (92.7%) 40 (7.3%)

10

F-7-

0.0

2 35 6-8 9 or more
Cluster size

mSUBTYPE A OSUBTYPEB SUBTYPE G
(n=39) (n=1060) (n=17)
Figure 4. Characterization of cluster size according to late presentation (A) and cluster size according
to subtype of infection (B). A cluster size <8 includes dual clusters (2 patients).

In subtype G, LPs vs. NLP distribution in the clusters was associated with the sex

variable (p = 0.046). LPs in the clusters were mainly female (p = 0.046) and originated from
Africa (100%) (Table 2).

Table 2. Characteristics of LPs and NLPs in clusters according to subtypes.

In Clusters

LP NLP p-Value p-Value Compared
Subtype A
Age at resistance test 0.226
<18 (n=1) 1 (100%) 0 (0%) -
19-30 (n =12) 3(25.0%) 9 (75.0%) 0.014
31-55 (n=19) 9 (47.4%) 10 (52.6%) 0.749
>56 (n = 6) 4 (66.7%) 2 (33.3%) 0.247
Recentness of infection 0.203
Chronic (n = 18) 10 (55.6%) 8 (44.4%) 0.501
Recent (n = 20) 7 (35.6%) 13 (64.4%) 0.011
Viral load at diagnosis (log10 copies/mL) 0.025
<40(n=7) 0 (0%) 7 (100%) -
41-5.0(n=13) 7 (53.8%) 6 (46.2%) 0.698
>5.1(n=17) 10 (58.8%) 7 (41.2%) 0.305

Subtype B
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Table 2. Cont.

In Clusters

LP NLP p-Value p-Value Compared
Sex 0.109
Male (n = 913) 451 (49.4%) 462 (50.6%) 0.608
Female (n = 104) 60 (57.7%) 44 (42.3%) 0.026
Age at resistance test <0.001
<18 (n=4) 0 (0%) 4 (100%) -
19-30 (n = 245) 89 (36.3%) 156 (63.7%) <0.001
31-55 (n = 685) 363 (53.0%) 322 (47.0%) 0.026
>56 (n = 88) 61 (69.3%) 27 (30.7%) <0.001
Region of origin 0.109
Western Europe (n = 770) 387 (50.3%) 383 (49.7%) 0.200
Eastern Europe (n = 31) 17 (54.8%) 14 (45.2%) 0.450
Africa (n =10) 7 (70.0%) 3 (30.0%) 0.074
South America (n = 25) 17 (68.0%) 8 (32.0%) 0.011
Other (n =15) 11 (73.3%) 4 (26.7%) 0.011
Recentness of infection <0.001
Chronic (n = 454) 310 (68.3%) 144 (31.7%) <0.001
Recent (n = 578) 206 (35.6%) 372 (64.4%) <0.001
Viral load at diagnosis (log10 copies/mL) <0.001
<4.0 (n=228) 69 (30.3%) 159 (69.7%) <0.001
4.1-5.0 (n = 390) 167 (42.8%) 223 (57.2%) <0.001
>5.1 (n =397) 270 (68.0%) 127 (32.0%) <0.001
Migrant status 0.025
Yes (n = 107) 66 (61.7%) 41 (38.3%) 0.001
No (n =744) 373 (50.1%) 371 (49.9%) 0.939
Subtype G
Sex 0.046
Male (n = 8) 2 (25.0%) 6 (75.0%) 0.046
Female (n = 8) 6 (75.0%) 2 (25.0%) 0.046
Region of origin 0.054
Western Europe (n = 6) 2 (33.3%) 4 (66.7%) 0.247
Eastern Europe (n =1) 0 (0%) 1 (100%) -
Africa (n=5) 5 (100%) 0 (0%) -
South America (n = 25) 0 (0%) 1 (100%) -

4. Discussion

In the current work, we aimed to study and characterize HIV-1 transmission clusters in
Europe with the specific objective of understanding the role of LPs in transmission of infec-
tion. Specifically, we aimed to understand HIV-1 transmission clusters and the determinants
associated with transmission in clusters, taking into account the independent pandemics
of the most prevalent subtypes in our population, A, B, and G, and understanding the
clustering patterns of LPs and NLPs in each subtype. For that purpose, we used an inte-
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grated dataset of genomic sequences from the EuResist database and genomic sequences
from public databases. HIV-1 transmission patterns were studied via the reconstruction
of transmission clusters integrated with comprehensive clinical and socio-demographic
data. This approach is highly useful for public health purposes, to fine-grain transmission
patterns at a higher resolution compared to classical epidemiology.

One important finding of our study showed incongruence between the definition of
LPs based on CD4 counts and on the recentness of infection (based on sequence ambiguity
rates). While both definitions should reflect recentness of infection, we found some cases of
incongruence between the two classifications. These findings should be further considered
in later investigations.

In our population, the majority of individuals were from subtype B and male with the
MSM route of transmission and their region of origin being Western Europe. These results
are in accordance with a previous study conducted in Europe to analyze the distribution
of subtypes [3]. On the other hand, there were more individuals outside TCs (58.3%)
compared to those inside TCs (43.2%) [22].

For subtype B, one of the factors identified as associated with being inside a cluster
was the MSM transmission route [23]. For subtype A, we also found the MSM transmission
route as a factor associated with being inside clusters in the univariate analysis, although it
was not present in the final logistic model. The fact that the MSM route of transmission
is associated with clustering in non-B subtypes is in accordance with several studies that
report an increase in non-B subtypes transmission among MSMs [23-25]. Nevertheless,
we expected an association of the IDU route of transmission and subtype A, given the
characteristics of the epidemic in Eastern Europe [26].

Regarding the potential association between transmission clusters and late presenta-
tion, we found that both LPs and NLPs were mainly outside clusters. For those that were
inside clusters, we compared the characteristics of the populations of LPs and NLPs, and
these patterns were consistent between subtypes B and G. Concerning sex, there were more
LP females inside clusters. In subtypes A and B, there were differences concerning age,
recentness of infection, and viral load. In subtypes A and B, younger individuals were
associated with being NLPs inside clusters, and this is in accordance with other studies
associating younger age with clustering [22,27]. Furthermore, in subtype B, the LPs inside
clusters were older (more than 31 y/o0), with a higher and growing proportion of LPs
in clusters as age increased. This extends previous findings where late presentation is
associated with older age [6,8] by showing that LPs with an older age contribute more
actively to HIV-1 transmission clusters.

One interesting finding was that the LPs located inside clusters had higher viral loads
than NLPs inside clusters. While no such analyses have been carried out concerning
clustering, these results are congruent with other studies, which report higher viral loads
in LPs when compared to NLPs [22,28].

Regarding migration status, for subtype B, a higher proportion of migrants with late
presentation were found inside clusters. For the same subtype, we found the same pattern
for individuals originating from South America. Subtype B had a higher proportion of
migrants from Brazil, which has a concentrated HIV epidemic among MSMs [28,29]. This
could indicate a shift in cluster composition for migrants from South America in recent
years. While these are considered LPs in our analyses, we cannot discard the possibility of
an unknown previous positive diagnosis in the country of origin later being considered
a new diagnosis in the host country. For subtype G, most of the LPs inside clusters were
from Africa, which was expected given the known epidemic distribution of this subtype.

Interestingly, for subtype A, migration status was also associated with clustering
patterns. In this case, migrants infected with subtype A were less likely to be inside
transmission clusters. In some European countries, HIV-1 subtype A infections have been
associated with migration [30,31]. However, these results indicate that these migrants are
not necessarily contributing to the dispersion of the pandemic.
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Finally, we found that LPs were more frequently present in small clusters or outside
clusters, which suggests the limited role of this population on HIV-1 transmission. However,
the higher viral loads observed in LPs located inside clusters can indicate the higher
transmissibility of infection for those individuals inside TCs.

There is still scarce to no information regarding transmission clusters and late presen-
tation. We studied here the association of transmission clusters according to subtypes in
LPs and NLPs, and our results showed that the patterns of LPs vs. NLPs in TCs presented
some similar characteristics between the studied subtypes.

5. Conclusions

Our study highlights the patterns of transmission clusters in LP vs. NLP popula-
tions selected in the European dataset of EuResist. While late presentation was found
to have a limited role on HIV-1 transmission, those that were inside clusters could have
increased HIV transmissibility due to their higher viral loads. On the other hand, given our
findings concerning the incongruence between recentness of infection (based on sequence
ambiguity rate) and LP definition, further research should be conducted to reduce LP
classification bias.

Limitations

Despite the large size and coverage of the EuResist database, a major limitation is
that it is based on a convenience sampling approach. As such, we must acknowledge the
potential bias in our results due to the sample used.

As our work focused mainly on the LP vs. NLP populations, we also faced problems
in using the current consensus definition of LPs. For that reason, we considered the
definition of late presentation to be a limitation of the study since it is known that when
an individual is acutely infected, the CD4 cell count drops before becoming higher again,
which means that if they are diagnosed in that time period, i.e., at the acute stage, the
patient can be misdiagnosed as late presenter. Furthermore, the accuracy of reconstructed
transmission clusters is obviously affected by sampling issues and by the methods used for
the reconstruction of phylogenetic trees. In our study, the use of the EuResist database may
also have a limitation concerning the considerable amount of missing information for some
variables. We managed to overcome this issue by considering for the different variables the
absolute number of individuals as being those who had that information available.

Supplementary Materials: The following supporting information can be downloaded at
https:/ /www.mdpi.com/article/10.3390/v15122418 /s1, Table S1: Individuals” socio-demographic
and clinical characteristics; Table S2: Unadjusted analysis for determinants associated with belonging
to a transmission cluster according to subtypes A, B, and G.

Author Contributions: Conceptualization, M.N.S.M., M.P,, and A.B.A.; methodology, M.N.S.M.,
M.P, V.P, M.d.R.O.M., and A.B.A.; software, M.N.S.M., V.P, and S.G.S.; validation, M.N.S.M., M.P,
FI., and A.B.A,; formal analysis, M.N.S.M., VP, S.G.S., M.P,, and A.B.A.; investigation, M.N.S.M.,
M.P, V.P, and M.d.R.O.M,; resources, C.S.-D., R.P., R.K., M.B. (Marina Bobkova), M.B (Michael B6hm),
M.Z., P.G., and FI,; data curation, C.S.-D., R.P,, R.K., M.B. (Marina Bobkova), M.B (Michael B6hm),
M.Z., PG, and FI; writing—original draft preparation, M.N.S.M., M.P,, and A.B.A_; writing—review
and editing, M.P,, C.5.-D., FL, and A.B.A ; visualization, M.N.S.M., M.P,, VP, M.d.R.O.M,, and A.B.A.;
supervision, A.B.A.; project administration, A.B.A.; funding acquisition, A.B.A. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was financed by FCT for funds to GHTM-UID/04413/2020 and LA-REAL-
LA/P/0117/2020, by the INTEGRIV project (funded by FCT: PTDC/SAU-INF/31990/2017), by the
scholarship funded by FCT: PD/BD/135714 /2018, and the scholarship funded by FCT: COVID/BD/
152613/2022, the MARVEL project (funded by FCT: PTDC/SAU-PUB/4018/2021), partially funded by
Associagao Portuguesa para o Estudo Clinico da SIDA 2019 and by Gilead Génese HIVLatePresenters.

Institutional Review Board Statement: All procedures performed in this study were in accordance
with the ethical standards of the ethical committee of the Instituto de Higiene e Medicina Tropical,


https://www.mdpi.com/article/10.3390/v15122418/s1

Viruses 2023, 15, 2418 12 of 13

Universidade Nova de Lisboa, and with the 1964 Helsinki declaration. The database enrolled
anonymized patients’ information, including demographic, clinical, and genomic data from patients
from the EuResist Integrated Database (date of approval: 16 December 2021, Parecer 25.20).

Informed Consent Statement: Patient consent was waived since the data in this study was collected
retrospectively as part of the routine follow-up of patients, in which all available data are totally
anonymous, being impractical to seek out patients to obtain an informed consent form.

Data Availability Statement: Restrictions apply to the availability of these data. Data were obtained
from the EuResist Network and is available on request via a study application form at https://
www.euresist.org/become-a-partner (accessed on 16 December 2021) with the permission of the
EuResist Network.

Conflicts of Interest: The author Francesca Incardona is employed by InformaPRO S.rl. The remain-
ing authors declare that the research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

References

1.

10.

11.
12.

13.

14.

15.

Global HIV & AIDS Statistics—Fact Sheet | UNAIDS. Available online: https://www.unaids.org/en/resources/fact-sheet
(accessed on 25 January 2022).

Grabowski, M.K.; Herbeck, ].T.; Poon, A.EY. Genetic Cluster Analysis for HIV Prevention. Curr. HIV/AIDS Rep. 2018, 15, 182-189.
[CrossRef] [PubMed]

Abecasis, A.B.; Wensing, A.M.; Paraskevis, D.; Vercauteren, J.; Theys, K.; Van de Vijver, D.A.; Albert, ]J.; Asjo, B.; Balotta, C.;
Beshkov, D.; et al. HIV-1 Subtype Distribution and Its Demographic Determinants in Newly Diagnosed Patients in Europe
Suggest Highly Compartmentalized Epidemics. Retrovirology 2013, 10, 7. Available online: https:/ /retrovirology.biomedcentral.
com/articles/10.1186/1742-4690-10-7 (accessed on 14 January 2013). [CrossRef] [PubMed]

Brenner, B.G.; Roger, M.; Routy, J.; Moisi, D.; Ntemgwa, M.; Matte, C.; Baril, ].; Thomas, R.; Rouleau, D.; Bruneau, J.; et al. High
Rates of Forward Transmission Events after Acute/Early HIV-1 Infection. J. Infect. Dis. 2007, 195, 951-959. Available online:
https:/ /academic.oup.com/jid /article-lookup /doi/10.1086 /512088 (accessed on 1 April 2007). [CrossRef]

Factors That Increase HIV Risk | HIV Transmission | HIV Basics | HIV/AIDS | CDC. Available online: https://www.cdc.gov/hiv/
basics/hiv-transmission/increase-hiv-risk.html (accessed on 5 May 2023).

Miranda, M.N.S.; Pingarilho, M.; Pimentel, V.; Martins, M.D.R.O.; Vandamme, A.-M.; Bobkova, M.; Bohm, M.; Seguin-Devaux, C.;
Paredes, R.; Rubio, R.; et al. Determinants of HIV-1 Late Presentation in Patients Followed in Europe. Pathogens 2021, 10, 835.
Available online: https://www.mdpi.com/2076-0817/10/7/835 (accessed on 2 July 2021). [CrossRef]

Antinori, A.; Coenen, T.; Costagiola, D.; Dedes, N.; Ellefson, M.; Gatell, J.; Girardi, E.; Johnson, M.; Kirk, O.; Lundgren,
J.; et al. Late Presentation of HIV Infection: A Consensus Definition. HIV Med. 2011, 12, 61-64. Available online: https:
/ /onlinelibrary.wiley.com/doi/10.1111/j.1468-1293.2010.00857.x (accessed on 3 December 2010). [CrossRef] [PubMed]

Late Presentation Working Groups in EuroSIDA and COHERE. Estimating the Burden of HIV Late Presentation and Its
Attributable Morbidity and Mortality Across Europe 2010-2016. BMC Infect. Dis. 2020, 20, 728. Available online: https:
/ /bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05261-7 (accessed on 7 October 2020).

Rava, M.; Dominguez-Dominguez, L.; Bisbal, O.; Lopez-Cortés, L.F.; Busca, C.; Antela, A.; Gonzélez-Ruano, P.; Hernandez, C.;
Iribarren, J.-A.; Rubio, R.; et al. Late Presentation for HIV Remains a Major Health Issue in Spain: Results from a Multicenter
Cohort Study, 2004-2018. PLoS ONE 2021, 16, e0249864. [CrossRef]

Pineda-Pefia, A.-C.; Pingarilho, M.; Li, G.; Vrancken, B.; Libin, P.; Gomes, P.; Camacho, R.J.; Theys, K.; Abecasis, A.B.; on behalf
of the Portuguese HIV-1 Resistance Study Group. Drivers of HIV-1 Transmission: The Portuguese Case. PLoS ONE 2019, 14,
€0218226. [CrossRef]

Euresist Data Analysis—Database. Available online: http://engine.euresist.org/database/ (accessed on 4 January 2021).
Bennett, D.E.; Camacho, R.J.; Otelea, D.; Kuritzkes, D.R.; Fleury, H.; Kiuchi, M.; Heneine, W.; Kantor, R.; Jordan, M.R.; Schapiro,
J.M.; et al. Drug Resistance Mutations for Surveillance of Transmitted HIV-1 Drug-Resistance: 2009 Update. PLoS ONE 2009, 4,
e4724. [CrossRef]

Vilsker, M.; Moosa, Y.; Nooij, S.; Fonseca, V.; Ghysens, Y.; Dumon, K.; Pauwels, R.; Alcantara, L.C.; Vanden Eynden, E,;
Vandamme, A.-M.; et al. Genome Detective: An automated system for virus identification from high-throughput sequencing data.
Bioinformatics 2019, 35, 871-873. [CrossRef]

Struck, D.; Lawyer, G.; Ternes, A.M.; Schmit, ].C.; Bercoff, D.P. COMET: Adaptive context-based modeling for ultrafast HIV-1
subtype identification. Nucleic Acids Res. 2014, 42, e144. [CrossRef]

Pond, S.L.K,; Posada, D.; Stawiski, E.; Chappey, C.; Poon, A.F,; Hughes, G.; Fearnhill, E.; Gravenor, M.B.; Brown, A.J.L.; Frost, S.D.
An Evolutionary Model-Based Algorithm for Accurate Phylogenetic Breakpoint Mapping and Subtype Prediction in HIV-1. PLoS
Comput. Biol. 2009, 5, €1000581. [CrossRef]


https://www.euresist.org/become-a-partner
https://www.euresist.org/become-a-partner
https://www.unaids.org/en/resources/fact-sheet
https://doi.org/10.1007/s11904-018-0384-1
https://www.ncbi.nlm.nih.gov/pubmed/29460226
https://retrovirology.biomedcentral.com/articles/10.1186/1742-4690-10-7
https://retrovirology.biomedcentral.com/articles/10.1186/1742-4690-10-7
https://doi.org/10.1186/1742-4690-10-7
https://www.ncbi.nlm.nih.gov/pubmed/23317093
https://academic.oup.com/jid/article-lookup/doi/10.1086/512088
https://doi.org/10.1086/512088
https://www.cdc.gov/hiv/basics/hiv-transmission/increase-hiv-risk.html
https://www.cdc.gov/hiv/basics/hiv-transmission/increase-hiv-risk.html
https://www.mdpi.com/2076-0817/10/7/835
https://doi.org/10.3390/pathogens10070835
https://onlinelibrary.wiley.com/doi/10.1111/j.1468-1293.2010.00857.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1468-1293.2010.00857.x
https://doi.org/10.1111/j.1468-1293.2010.00857.x
https://www.ncbi.nlm.nih.gov/pubmed/20561080
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05261-7
https://bmcinfectdis.biomedcentral.com/articles/10.1186/s12879-020-05261-7
https://doi.org/10.1371/journal.pone.0249864
https://doi.org/10.1371/journal.pone.0218226
http://engine.euresist.org/database/
https://doi.org/10.1371/journal.pone.0004724
https://doi.org/10.1093/bioinformatics/bty695
https://doi.org/10.1093/nar/gku739
https://doi.org/10.1371/journal.pcbi.1000581

Viruses 2023, 15, 2418 13 of 13

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Stoesser, G.; Griffith, M.; Griffith, O.L. HIV Sequence Database. In Dictionary of Bioinformatics and Computational Biology; John
Wiley & Sons, Ltd.: Chichester, UK, 2004; pp. 52-61. Available online: https://onlinelibrary.wiley.com/doi/10.1002 /9780471650
126.dob0322.pub2 (accessed on 7 April 2014).

Libin, PJ.K.; Deforche, K.; Abecasis, A.B.; Theys, K. VIRULIGN: Fast Codon-Correct Alignment and Annotation of Viral Genomes.
Hancock, J., Editor. Bioinformatics 2019, 35, 1763-1765. Available online: https://academic.oup.com/bioinformatics/article/35/1
0/1763/5123354 (accessed on 8 October 2018). [CrossRef] [PubMed]

Kumar, S.; Stecher, G.; Tamura, K. MEGA7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets. Mol. Biol.
Evol. 2016, 33, 1870-1874. [CrossRef] [PubMed]

Price, M.N.; Dehal, P.S.; Arkin, A.P. FastTree 2—Approximately maximum-likelihood trees for large alignments. PLoS ONE 2010,
5, €9490. [CrossRef]

Ragonnet-Cronin, M.; Hodcroft, E.; Hué, S.; Fearnhill, E.; Delpech, V.; Brown, A.J.L.; Lycett, S. Automated Analysis of Phylogenetic
Clusters. BMC Bioinform. 2013, 14, 317. Available online: https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2
105-14-317 (accessed on 6 November 2013). [CrossRef]

Andersson, E.; Shao, W.; Bontell, I.; Cham, F; Cuong, D.D.; Wondwossen, A.; Morris, L.; Hunt, G.; Sénnerborg, A.; Bertagnolio, S.;
et al. Evaluation of Sequence Ambiguities of the HIV-1 Pol Gene as a Method to Identify Recent HIV-1 Infection in Transmitted
Drug Resistance Surveys. Infect. Genet Evol. 2013, 18, 125-131. Available online: https:/ /linkinghub.elsevier.com/retrieve/pii/S1
56713481300141X (accessed on 11 April 2013). [CrossRef]

Paraskevis, D.; Beloukas, A.; Stasinos, K.; Pantazis, N.; de Mendoza, C.; Bannert, N.; Meyer, L.; Zangerle, R.; Gill, J.; Prins, M.; et al.
HIV-1 Molecular Transmission Clusters in Nine European Countries and Canada: Association with Demographic and Clinical
Factors. BMC Med. 2019, 17, 4. Available online: https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1241-1
(accessed on 8 January 2019). [CrossRef]

Petersen, A.; Cowan, S.A.; Nielsen, J.; Fischer, T.K.; Fonager, J. Characterisation of HIV-1 Transmission Clusters and Drug-resistant
Mutations in Denmark, 2004 to 2016. Eurosurveillance 2018, 23, 1-9. Available online: https://www.eurosurveillance.org/content/
10.2807/1560-7917.ES.2018.23.44.1700633 (accessed on 1 November 2018). [CrossRef]

Delgado, E.; Benito, S.; Montero, V.; Cuevas, M.T.; Fernandez-Garcia, A.; Sinchez-Martinez, M.; Garcia-Bodas, E.; Diez-Fuertes, F;
Gil, H; Cafiada, J.; et al. Diverse Large HIV-1 Non-subtype B Clusters Are Spreading Among Men Who Have Sex With Men in
Spain. Front. Microbiol. 2019, 10, 1-19. Available online: https://www.frontiersin.org/article/10.3389 /fmicb.2019.00655/ full
(accessed on 3 April 2019). [CrossRef]

Hanke, K.; Faria, N.R.; Kiithnert, D.; Yousef, K.P.; Hauser, A.; Meixenberger, K.; Hofmann, A.; Bremer, V.; Bartmeyer, B.; Pybus, O.;
et al. Reconstruction of the Genetic History and the Current Spread of HIV-1 Subtype A in Germany. J. Virol. 2019, 93, e02238-18.
[CrossRef] [PubMed]

Lai, A.; Bozzi, G.; Franzetti, M.; Binda, F.; Simonetti, ER.; De Luca, A.; Micheli, V.; Meraviglia, P.; Bagnarelli, P; Di Biagio, A.; et al.
HIV-1 Al Subtype Epidemic in Italy Originated from Africa and Eastern Europe and Shows a High Frequency of Transmission
Chains Involving Intravenous Drug Users. PLoS ONE 2016, 11, e0146097. [CrossRef] [PubMed]

Pingarilho, M.; Pimentel, V.; Miranda, M.N.S,; Silva, A.R.; Diniz, A.; Ascengao, B.B.; Pifieiro, C.; Koch, C.; Rodrigues, C.; Caldas,
C.; et al. HIV-1-Transmitted Drug Resistance and Transmission Clusters in Newly Diagnosed Patients in Portugal Between 2014
and 2019. Front. Microbiol. 2022, 13, 1220. Available online: https://www.frontiersin.org/article/10.3389 /fmicb.2022.823208
(accessed on 25 April 2022). [CrossRef] [PubMed]

Kostaki, E.G.; Gova, M.; Adamis, G.; Xylomenos, G.; Chini, M.; Mangafas, N.; Lazanas, M.; Metallidis, S.; Tsachouridou, O;
Papastamopoulos, V.; et al. A Nationwide Study about the Dispersal Pat. Terns of the Predominant HIV-1 Subtypes Al and B in
Greece: Inference of the Molecular Transmission Clusters. Viruses 2020, 12, 1183. Available online: https://www.mdpi.com /1999
-4915/12/10/1183 (accessed on 19 October 2020). [CrossRef]

MacCarthy, S.; Brignol, S.; Reddy, M.; Nunn, A.; Dourado, I. Late Presentation to HIV/AIDS Care in Brazil Among Men Who
Self-Identify as Heterosexual. Rev. Saude Publica 2016, 50, 54. Available online: http://www.scielo.br/scielo.php?script=sci_
arttext&pid=50034-89102016000100233&Ing=enétlng=en (accessed on 16 August 2016). [CrossRef]

Aratjo, PM.M.; Carvalho, A.; Pingarilho, M.; Faria, D.; Pinho, R.; Ferreira, J.; Proenca, P.; Nunes, S.; Mouro, M.; Teéfilo, E.;
et al. Characterization of a large cluster of HIV-1 A1 infections detected in Portugal and connected to several Western European
countries. Sci. Rep. 2019, 9, 7223. [CrossRef]

Zaleski, A.; Lembas, A.; Dyda, T.; Siwak, E.; Osiniska, J.; Suchacz, M.; Stempkowska-Rejek, J.; Strycharz, M.; Orzechowska, J.;
Wiercinska-Drapato, A. Changes in Primary HIV-1 Drug Resistance Due to War Migration from Eastern Europe. J. Immigr. Minor.
Health 2023, 1-8. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://onlinelibrary.wiley.com/doi/10.1002/9780471650126.dob0322.pub2
https://onlinelibrary.wiley.com/doi/10.1002/9780471650126.dob0322.pub2
https://academic.oup.com/bioinformatics/article/35/10/1763/5123354
https://academic.oup.com/bioinformatics/article/35/10/1763/5123354
https://doi.org/10.1093/bioinformatics/bty851
https://www.ncbi.nlm.nih.gov/pubmed/30295730
https://doi.org/10.1093/molbev/msw054
https://www.ncbi.nlm.nih.gov/pubmed/27004904
https://doi.org/10.1371/journal.pone.0009490
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-14-317
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-14-317
https://doi.org/10.1186/1471-2105-14-317
https://linkinghub.elsevier.com/retrieve/pii/S156713481300141X
https://linkinghub.elsevier.com/retrieve/pii/S156713481300141X
https://doi.org/10.1016/j.meegid.2013.03.050
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1241-1
https://doi.org/10.1186/s12916-018-1241-1
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2018.23.44.1700633
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2018.23.44.1700633
https://doi.org/10.2807/1560-7917.ES.2018.23.44.1700633
https://www.frontiersin.org/article/10.3389/fmicb.2019.00655/full
https://doi.org/10.3389/fmicb.2019.00655
https://doi.org/10.1128/JVI.02238-18
https://www.ncbi.nlm.nih.gov/pubmed/30944175
https://doi.org/10.1371/journal.pone.0146097
https://www.ncbi.nlm.nih.gov/pubmed/26752062
https://www.frontiersin.org/article/10.3389/fmicb.2022.823208
https://doi.org/10.3389/fmicb.2022.823208
https://www.ncbi.nlm.nih.gov/pubmed/35558119
https://www.mdpi.com/1999-4915/12/10/1183
https://www.mdpi.com/1999-4915/12/10/1183
https://doi.org/10.3390/v12101183
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-89102016000100233&lng=en&tlng=en
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-89102016000100233&lng=en&tlng=en
https://doi.org/10.1590/S1518-8787.2016050006352
https://doi.org/10.1038/s41598-019-43420-2
https://doi.org/10.1007/s10903-023-01559-1

	Introduction 
	Materials and Methods 
	Study Group 
	Drug Resistance Analysis and Subtyping 
	Transmission Cluster (TC) Identification 
	Study Variables 
	Statistical Analysis 

	Results 
	Characteristics of European Population of Individuals Living with HIV-1 
	Dynamics of Subtype A HIV-1 Epidemic in Europe 
	Dynamics of Subtype B HIV-1 Epidemic in Europe 
	Dynamics of Subtype G HIV-1 Epidemic in Europe 
	Determinants Associated with Transmission Clusters of HIV-1 in Europe for Different Subtypes 
	Size of Transmission Clusters 
	Transmission Clusters in LP vs. NLP 

	Discussion 
	Conclusions 
	References

