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Migration to Europe has been rising in recent years and is associated with higher HIV vulnerability due 
to overlapping social and structural barriers. New cases among migrants have been steadily increasing, 
and for the first time in Portugal, there were more cases among migrants than among non-migrants 
in 2023. This study aims to compare sociodemographic, behavioural, clinical, and viral genomic 
characteristics of non-migrant and migrant MSM newly diagnosed with HIV-1 in Portugal (2023–2024), 
as well as the composition of Transmission Clusters (TC) to which they belong. Between June 2023 
and December 2024, 60 MSM were recruited upon HIV-1 reactive screening in a community centre 
in Lisbon. Sociodemographic and behavioural data were collected through a questionnaire. A blood 
sample was collected for viral load measurement and HIV-1 genomic sequencing. TC were identified 
using a branch support ≥ 90% and iterating between 1.5%, 2.5%, 3.5%, 4.5%, 5.5% and 6.5% genetic 
distances. Among the 60 MSM newly diagnosed with HIV in our 2023–2024 community-based sample, 
70% were migrants, of whom 60% were from Latin America and 10% from other regions. The results 
showed significant differences in age at diagnosis, district of residence, and HIV-1 subtype between 
non-migrants and migrants, while sexual behaviours, testing patterns, and STI prevalence were similar 
across the two groups. No difference between the proportion of non-migrant and migrant MSM in TC 
was found. Notably, phylogenetic analysis suggests that migrant MSM are mainly related to other 
migrant MSM and outside Portugal. In contrast, non-migrant MSM were more frequently found in 
mixed clusters. All Surveillance drug resistance mutations (SDRM) in TC were related to migrant MSM. 
Findings from this single community-based centre suggest that recent HIV-1 epidemiology among 
MSM has shifted towards an increased proportion of migrants in MSM HIV diagnosis, who are primarily 
involved in sexual networks with other migrants. To effectively address these current dynamics, 
Portugal should explore strategies to improve early and accessible PrEP, STI, and HIV testing for the 
migrant MSM communities.
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In 2023, 1.3 million people were infected with HIV, above the UNAIDS target of ≤ 370,000 new infections 
by 20251. The EU/EEA incidence was 5.3 per 100,0002, while Portugal reported a higher rate of 8.2 cases 
per 100,000 (876 new cases)3. HIV-1 new diagnosis in the EU/EEA were similar among men who have sex 
with men (MSM) and heterosexual men and women (46.7% and 46.1% of diagnoses with a known mode of 
transmission, respectively)2. Between 2014 and 2023, diagnoses among EU/EEA-born MSM have decreased by 
51%, while diagnoses among migrant MSM increased by 37.7%2. In Portugal, MSM accounted for 41.7% of new 
diagnoses and heterosexuals for 49%. From 2014 to 2023, MSM cases rose (32.2% to 41.7%), while heterosexual 
transmission decreased (59% to 49%)3. Although no data is available for migrant MSM in Portugal in 2023, the 
report shows a reduction among all non-migrants (59%), and a significant increase in cases among all migrants 
from Latin America (147%)(2014–2023)3. In 2023, for the first time, new cases among migrants (466) exceeded 
those among Portuguese non-migrants (410)3. Migration to Europe, including Portugal, has risen in recent 
years4,5, with greater HIV vulnerability linked to social and structural barriers that limit access to care and 
prevention6,7.

Integrating HIV-1 surveillance with genomic data to identify transmission clusters (TCs) helps trace how 
HIV-1 spreads and reveals hidden dynamics8,9​. One study found 40.6% of infections among Brazilian migrants 
linked to Portuguese partners10. Another Portuguese study found no differences between non-migrant and 
migrant MSM inside and outside TC, suggesting comparable involvement in transmission networks11. However, 
to our knowledge, no studies have explored HIV TC among MSM in Portugal to assess differences between 
migrants and non-migrants or their transmission links.

In this context, this study aims to compare sociodemographic, behavioural, clinical, and viral genomic 
characteristics of non-migrant and migrant MSM newly diagnosed with HIV-1 in Portugal (2023–2024), and 
analyses the composition of TC to which they belong.

Materials and methods
Ethics
The study was approved by the Ethics Review Board of the Institute of Hygiene and Tropical Medicine, NOVA 
University of Lisbon (IHMT/UNL)(Approval No. 7.23). Potential participants were informed about the study in 
the visit to confirm the reactive HIV screening result and were invited to participate. The participants provided 
written informed consent to take part in this study. All procedures were performed in accordance with relevant 
guidelines/regulations. All data collected were anonymized.

Research sample
In a community centre in Lisbon, between June 2023 and December 2024, 60 MSM were recruited upon HIV-1 
reactive screening, were ≥ 18 years old, and drug-naïve. This MSM community-based centre offers free screening 
for HIV and other sexually transmitted infections (STIs), counselling, and healthcare referral12.

Data collection
Sociodemographic and behavioural data were collected through a questionnaire administered by a registered 
nurse. 5 ml of blood was collected for viral load measurement and viral genomic analysis, and the plasma was 
separated by centrifugation and frozen at -80 °C. Data was anonymised using an alphanumeric code.

RNA extraction, PCR amplification, sequencing, and genome assembly
Viral RNA was extracted with QIAamp Viral RNA Kit and amplified with Taq Platinum High Fidelity enzyme. The 
regions for amplification included Protease (PR) (amino acid 1–99 (HXB2: 2253–2549)), Reverse Transcriptase 
(RT) (amino acid 1-238 (HXB2: 2550–3263)), and Integrase (INT) (amino acid 1-267 (HXB2: 4230–5030)). 
PCR product verification by electrophoresis (PR/RT: 1112 bp and IN: 1254 bp) was performed, and purified 
using AMPure XP beads (Beckman Coulter, USA). DNA concentrations were normalised to 80 ng/µL for each 
fragment (PR, RT, IN). DNA Libraries were prepared using Ligation Sequencing Kit (SQK-NBD114.24) and 
Non-migrant Barcoding Expansion 1–24 Kit (R10.4.1), both from Oxford Nanopore Technologies. Sequencing 
was carried out on a MinION Mk1C device. Reads were mapped and aligned to sample-specific reference 
sequences (pol-PR/RT/IN regions) using Geneious Prime v2024.0.5. One consensus nucleotide sequence per 
isolate was generated. Codons with mixed nucleotides ≥ 5% of the viral population were labelled using IUPAC 
ambiguity codes.

HIV-1 subtyping
HIV-1 subtype analyses were performed using three algorithms (REGA V.3.013, Comet13 and Scuel14. The 
assigned subtype was based on the concordance of the three algorithms. If there was no agreement, the majority 
assignment (≥ 2 algorithms) was considered.

Analysis of transmitted drug resistance (TDR)
The consensus FASTA file was submitted to the Calibrated Population Resistance tool at HIV Drug Resistance 
Database, Stanford University (https://hivdb.stanford.edu/cpr/) to evaluate surveillance drug resistance 
mutations (SDRM) to nucleotide reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase 
inhibitors (NNRTIs), protease inhibitors (PIs), and integrase strand transfer inhibitors (INSTIs).

Recent infection
Recent infection was defined according to Croxford et al. (2022)15, who updated the 2011 consensus definition16. 
Participants with a last negative test within 12 months of diagnosis or clinical evidence of acute infection were 
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classified as recent infection. For MSM participants who did not meet these criteria, classification as recent or 
late diagnosis was not possible due to the unavailability of CD4 count data.

Transmission cluster analysis
Only HIV-1 subtype B pol sequences (n = 39) were used to identify TC. Control sequences (n = 56267) were 
extracted from the Los Alamos database (​h​t​t​p​s​:​​/​/​w​w​w​.​​h​i​v​.​l​a​​n​l​.​g​o​v​​/​c​o​n​t​​e​n​t​/​s​e​​q​u​e​n​c​e​​/​H​I​V​/​m​​a​i​n​p​a​g​e​.​h​t​m​l). All 
subtype B sequences available from Europe (n = 25304), Africa (n = 248) and Latin America (n = 30715) were 
included. Three subtype C sequences were used as an outgroup. Using VIRULIGN17, the dataset was aligned 
against the global background dataset. Sequences with ≤ 1050 nucleotides and ≤ 90% nucleotide calls were 
excluded. For phylogenetic reconstruction, codon associated with drug resistance were removed18. Duplicates 
were removed with the Seqkit and Los Alamos tools. The final polifasta file included 50,969 sequences. Maximum 
likelihood phylogenies were constructed using FastTree19 with the generalised time-reversible model. Statistical 
support of clades was assessed using the Shimodaira-Hasegawa-like test (SH-test). Putative TC were identified 
using ClusterPicker20 v1.2.3 and defined as clades with branch support ≥ 90% and iterative genetic distance 
thresholds (≤ 1.5%, ≤ 2.5%, ≤ 3.5%, ≤ 4.5%, ≤ 5.5% and ≤ 6.5%)21,22.

Transmission clusters inferred from HIV-1 sequences are used as proxies for epidemiological linkage, and 
their interpretation depends on the genetic distance threshold used. A sensitivity analysis across different 
thresholds was therefore conducted to evaluate the robustness of the clustering patterns and results. The analysis 
of consistency across thresholds is used to assess wether the the findings reflect the transmission dynamics rather 
than an artefact of a single clustering cut-off23.

Cluster composition
TCs were characterised according to the proportional representation of migrant and non-migrant MSM 
within each cluster. Clusters composed entirely (100%) of migrant or non-migrant MSM were classified as 
exclusively involving that group. In mixed TC, the group representing ≥ 66.6% of individuals was considered 
the predominant group within the cluster. When no group reached this threshold (< 66.6%), the cluster was 
classified as having no predominant group. Additionally, clusters containing ≥ 66% control sequences from other 
countries were classified as clusters with predominant international representation, consistent with previous 
methodological approaches10.

No assumptions regarding transmission directionality were inferred from cluster composition.

Statistical analysis
We estimated medians and proportions for continuous and qualitative variables, respectively, with 95% 
confidence intervals for proportions and interquartile ranges for medians. To compare non-migrant and migrant 
MSM characteristics and TC composition, we used the Wilcoxon rank sum test, Fisher’s exact test and Pearson’s 
Chi-squared test.

The alpha level was 5%. Analyses were performed in R(v4.3.1) and plots generated in Python (v3.11).

Results
Sociodemographic characteristics
Overall, 30% (95% CI [19%, 43%]) of MSM were non-migrant and 70% (95% CI [57%, 81%]) were migrant, of 
which 60% (95% CI [47%, 72%]) from Brazil and 10% (95% CI [4.1%, 21%]) from other origins. The median age 
at diagnosis was 33 (IQR: 27–37), with the majority of MSM in the 25–34 years old (48.3%, 95% CI [35%, 61%]) 
and 35–44 years old (35%) [23%, 48%] intervals. Most migrants (57.1%, 95% CI [41%, 72%]) were diagnosed 
between 25 and 34 years, compared to non-migrants (27.8%, 95% CI [11%, 54%]). Non-migrants showed a more 
distributed age, with more diagnoses at older ages, with 16.7% (95% CI [4.4%, 42%]) diagnosed between 45 and 
64 years, compared to migrants (2.4%, 95% CI [0.12%, 14%])(Table 1).

Sexual behavioural characteristics
Most MSM (93.3%, 95% CI [83%, 98%]) had sex only with men, while 6.7% (95% CI [2.2%, 17%]) had sex with 
men and women. A high proportion had unprotected anal sex (97%, 95% CI [87%, 99%]). None of the sexual 
behaviours differed significantly between non-migrants and migrants (Table 2).

Behavioural towards HIV testing and prophylaxis
One-third either tested for HIV more than once per year (31.7%, 95% CI [21%, 45%]), once per year (31.7%, 
95% CI [21%, 45%]), or less than once per year (31.7%, 95% CI [21%, 45%]), although 5% (95% CI [1.3%, 15%]) 
had never been tested at the time of diagnosis. Regarding the last negative HIV test, 52% (95% CI [39%, 65%]) of 
MSM reported it was within the past year and 48% (95% CI [35%, 61%]) more than a year ago. For pre-exposure 
prophylaxis (PrEP), 13% (95% CI [6.3%, 25%]) reported having used it at least once in the past. None of the 
behaviours towards testing and prophylaxis were significantly different between non-migrants and migrants 
(Table 3).

Clinical and viral genomic data
Overall, 53% (95% CI [40%, 66%]) reported STI history, 39% (95% CI [22%, 58%]) in the previous 12 months 
and 61% (95% CI [42%, 78%]) more than 12 months ago. The most prevalent STI was syphilis (72%, 95% CI 
[53%, 86%]), followed by gonorrhea (41%, 95% CI [24%, 59%]), chlamydia (16%, 95% CI [5.9%, 34%]). No 
significant difference was found between non-migrants and migrants (Table 4).
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N

Overall Non-Migrant (N = 18) Migranta (N = 42)

p-value1

N (%) [95% CI] N (%) [95% CI] N (%) [95% CI]

Median (IQR) Median (IQR) Median (IQR)

Sexual partnersb 60 0.6

Men 56 (93.3%) [83%, 98%] 16 (89%) [64%, 98%] 40 (95.2%) [83%, 99%]

Men and women 4 (6.7%) [2.2%, 17%] 2 (11%) [1.9%, 36%] 2 (4.8%) [0.83%, 17%]

Meets sexual partners in coffee shops / bars / discos 59 27 (46%) [33%, 59%] 5 (29%) [11%, 56%] 22 (52%) [37%, 68%] 0.11

Meets sexual partners in saunas 60 18 (30%) [19%, 43%] 7 (39%) [18%, 64%] 11 (26%) [14%, 42%] 0.3

Meets sexual partners in cruising circuits 60 10 (17%) [8.7%, 29%] 5 (28%) [11%, 54%] 5 (12%) [4.5%, 26%] 0.15

Meets sexual partners in sex parties 60 6 (10%) [4.1%, 21%] 2 (11%) [1.9%, 36%] 4 (9.5%) [3.1%, 24%] > 0.9

Meets sexual partners online 60 38 (63%) [50%, 75%] 10 (56%) [31%, 78%] 28 (67%) [50%, 80%] 0.4

Meets sexual partners in mobile apps 60 46 (77%) [64%, 86%] 12 (67%) [41%, 86%] 34 (81%) [65%, 91%] 0.3

Sex in trio/groupc 59 38 (64%) [51%, 76%] 10 (56%) [31%, 78%] 28 (68%) [52%, 81%] 0.3

Unprotected anal sexc 60 58 (97%) [87%, 99%] 18 (100%) [78%, 100%] 40 (95%) [83%, 99%] > 0.9

Unprotected anal sex with regular partnerc (how many) 56 1 (0, 1.25) 1 (0, 2) 1 (0, 1) 0.7

Unprotected anal sex with occasional partnerc (how many) 55 2 (1, 5) 3 (1, 5) 2 (1, 4) 0.8

Consumed alcohol in unprotected sexc 45 24 (53%) [38%, 68%] 5 (38%) [15%, 68%] 19 (59%) [41%, 76%] 0.2

Consumed illicit drugs in unprotected sexc 45 22 (49%) [34%, 64%] 6 (46%) [20%, 74%] 16 (50%) [34%, 66%] 0.8

Table 2.  Sexual behavioural characteristics of newly diagnosed MSM. CI, Confidence Interval; IQR, 
Interquartile Range. 1 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test. a Place of birth 
other than Portugal. b Sex assigned at birth. c In the past 12 months.

 

N

Overall Non-Migrant (N = 18) Migrant (N = 42)

p-value1

N (%) [95% CI] N (%) [95% CI] N (%) [95% CI]

Median (IQR) Median (IQR) Median (IQR)

Sociodemographics

Age at diagnosis 60 33 (27, 37) 35 (28, 41) 32 (27, 36) 0.34

Age at diagnosis (groups) 60 0.018

 18–24 6 (10%) [4.1%, 21%] 4 (22.2%) [7.4%, 48%] 2 (4.8%) [0.3%, 17%]

 25 − 34 29 (48.3%) [35%, 61%] 5 (27.8%) [11%, 54%] 24 (57.1%) [41%, 72%]

 35–44 21 (35%) [23%, 48%] 6 (33.3%) [14%, 59%] 15 (35.7%) [22%, 52%]

 45–64 4 (6.7%) [2.2%, 17%] 3 (16.7%) [4.4%, 42%] 1 (2.4%) [0.12%, 14%]

District of residence 59 0.002

 Lisboa 48 (81%) [69%, 90%] 10 (55.6%) [31%, 78%] 38 (92.7%) [79%, 98%]

 Other 11 (19%) [10%, 31%] 8 (44.4%) [22%, 69%] 3 (7.3%) [1.9%, 21%]

School level 59 0.64

Secondary (12th degree)/Technical Specialization 34 (58%) [44%, 70%] 9 (52.9%) [29%, 76%] 25 (59.5%) [43%, 74%]

Higher education (bachelor, master, PhD) 25 (42%) [30%, 56%] 8 (47.1%) [24%, 71%] 17 (40.5%) [26%, 57%]

Current occupation 60 0.06

Employed 54 (90%) [79%, 96%] 14 (77.8%) [52%, 93%] 40 (95.2%) [83%, 99%]

Unemployed 6 (10%) [4.1%, 21%] 4 (22.2%) [7.4%, 48%] 2 (4.8%) [0.83%, 17%]

Current income 51 1200 (880, 1850) 1600 (965, 2450) 1100 (850, 1525) 0.064

Current income 51 0.52

Minimum wage (501–1000€) 23 (45.1%) [31%, 60%] 5 (33.3%) [13%, 61%] 18 (50%) [34%, 66%]

Average (1001–2000€) 18 (35.3%) [23%, 50%] 6 (40%) [17%, 67%] 12 (33.3%) [19%, 51%]

Above average (> 2000€) 10 (19.6%) [10%, 34%] 4 (26.7%) [8.9%, 55%] 6 (16.7%) [7.0%, 33%]

Years in Portugal 42 2 (1.3, 3) 2 (1.3, 3)

Table 1.  Sociodemographic Characteristics of Newly Diagnosed MSM. CI, Confidence Interval; IQR, 
Interquartile Range; The bold p-values ≤ 0.05. 1 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s 
exact test. a Place of birth other than Portugal. b Monthly income.
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HIV-1 subtype B was the most prevalent (65%, 95% CI [52%, 77%]), in 76.2% of migrants (95% CI [60%, 
87%]) and 38.9% (95% CI [18%, 64%]) of non-migrants. The proportion of HIV-1 subtype B in migrants was 
significantly higher than in non-migrants (Table 4).

Overall, 58% of MSM (95% CI [45%, 71%]) were classified with recent HIV-1 infection, with no significant 
difference between non-migrants and migrants (Table 4).

SDRMs were present in 15% of MSM (95% CI [7.5%, 27%]), similar among non-migrants (16.7%, 95% CI 
[4.4%, 42%]) and migrants (14.3%, 95% CI [5.9%, 29%]). The most prevalent SDRM was K103N (10%, 95% CI 
[4.1%, 21%]). NNRTI resistance was more prevalent (12%, 95% CI [5.2%, 23%]), with comparable proportions 
in both groups. No resistance to INSTI was detected(Table 4).

Transmission clusters analysis
The proportion of MSM included in TC (HIV-1 subtype B) increased with genetic distance thresholds: 10.3% 
(95% CI [3.3%, 25%]) at 1.5%, 28.2% (95% CI [16%, 45%]) at 2.5%, 35.9% (95% CI [22%, 53%]) at 3.5%, 53.8% 
(95% CI [37%, 70%]) at 4.5%, 61.5% (95% CI [45%, 76%]) at 5.5%, and 66.7% (95% CI [50%, 80%]) at 6.5%. 
The proportion of non-migrant and migrant MSM included in TC did not differ significantly at any threshold. 
However, the composition of TC changed with increasing genetic distance: the proportion of migrants rose 
steadily from 9.4% (95% CI [2.5%, 26%]) at 1.5% to 72% (95% CI [53%, 86%]) at 6.5%. In contrast, the proportion 
of non-migrants remained relatively stable, ranging from 14% (95% CI [0.75%, 58%]) at 1.5% to 43% (95% CI 
[12%, 80%]) at distances of 3.5%, but remaining constant (43%, 95% CI [12%, 80%]) at 4.5%, 5.5% and 6.5% 
thresholds (Fig. 1).

Cluster composition (100% Migrants or 100% Non-migrants)
Across all thresholds, part of our sample migrant MSM were in migrant-only TC: 67% (95% CI [13%–98%]) at 
1.5%, 44% (95% CI [15%, 77%]) at 2.5%, 36% (95% CI [12%, 68%]) at 3.5%, 22% (95% CI [7.4%, 48%]) at 4.5%, 
9.5% (95% CI [1.7%, 32%]) at 5.5%, and 0% (95% CI [0%, 18%]) at 6.5%.

Non-migrant-only TC were identified only at 3.5%, 4.5% and 5.5% genetic distances and included 33% (95% 
CI [1.8%, 87%]) MSM for all 3 thresholds (Fig. 2).

Cluster composition across genetic distance thresholds
Among non-migrant MSM, cluster composition varied across genetic distance (GD) thresholds. At 1.5% 
GD, clusters involving non-migrants did not meet criteria for a predominant group. At 2.5% GD, 50% (95% 
CI [9.5%, 91%]) of non-migrant MSM were observed in clusters predominantly composed of migrants. At 
3.5% and 4.5% GD, equal proportions (33%, 95% CI [1.8%, 87%]) of non-migrant MSM were identified in 
clusters predominantly composed of non-migrants and in clusters predominantly composed of migrants. At 
5.5% and 6.5% GD, non-migrant MSM were distributed in equal proportions across clusters predominantly 
composed of non-migrants, predominantly composed of migrants, and clusters with predominant international 
representation (33%, 95% CI [1.8%, 87%]).

Among migrant MSM, individuals were consistently observed in clusters predominantly composed of 
migrants across all GD thresholds, and less frequently in clusters with predominant international representation. 
Migrants identified in clusters predominantly composed of non-migrants were less frequent, with no such 
clusters observed between 1.5% and 4.5% GD. At 5.5% and 6.5% GD, 9.5% (95% CI [1.7%, 32%]) and 8.7% 
(95% CI [1.5%, 30%]) of migrant MSM, respectively, were identified in clusters predominantly composed of 
non-migrants (Fig. 3).

N

Overall Non-Migrant (N = 18) Migranta (N = 42)

p-value1N (%) [95% CI] N (%) [95% CI] N (%) [95% CI]

HIV testing frequency 60 0.8

More than once per year 19 (31.7%) [21%, 45%] 7 (38.9%) [18%, 64%] 12 (28.6%) [16%, 45%]

Once per year 19 (31.7%) [21%, 45%] 6 (33.3%) [14%, 59%] 13 (31%) [18%, 47%]

Less than once per year 19 (31.7%) [21%, 45%] 5 (27.8%) [11%, 54%] 14 (33.3%) [20%, 50%]

Never got tested 3 (5%) [1.3%, 15%] 0 (0%) [0%, 22%] 3 (7.1%) [1.9%, 21%]

Reason to get this HIV test 60 0.8

Routine screening 41 (68%) [55%, 79%] 12 (66.7%) [41%, 86%] 29 (69%) [53%, 82%]

Symptoms suggestive of acute HIV infection 15 (25%) [15%, 38%] 4 (22.2%) [7.4%, 48%] 11 (26.2%) [14%, 42%]

Sexual partner with HIV diagnosis 4 (6.7%) [2.2%, 17%] 2 (11.1%) [1.9%, 36%] 2 (4.8%) [0.83%, 17%]

Last negative HIV test 60 0.9

≤ 1 year ago 31 (52%) [39%, 65%] 9 (50%) [29%, 71%] 22 (52.4%) [37%, 68%]

> 1 year ago 29 (48%) [35%, 61%] 9 (50%) [29%, 71%] 20 (47.6%) [32%, 63%]

PrEP usea (ever) 60 8 (13%) [6.3%, 25%] 3 (17%) [4.4%, 42%] 5 (12%) [4.5%, 26%] 0.7

Table 3.  Behaviourals towards HIV testing and prophylaxis of newly diagnosed MSM. CI, Confidence 
Interval; IQR; PrEP, Pre-Exposure Prophylaxis. 1 Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s 
exact test. a At least once in the past.
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TCs were characterised according to the proportional representation of migrant and non-migrant MSM 
within each cluster. Clusters composed entirely (100%) of migrant or non-migrant MSM were classified as 
exclusively involving that group. In mixed TC, the group representing ≥ 66.6% of individuals was considered 
the predominant group within the cluster. When no group reached this threshold (< 66.6%), the cluster was 
classified as having no predominant group. Additionally, clusters containing ≥ 66% control sequences from other 
countries were classified as clusters with predominant international representation, consistent with previous 
methodological approaches10.

Transmitted drug resistance in TC (Subtype B)
There were 6 MSM (15%, 95% CI [6.4%, 31%]) with SDRMs included in the TC analysis (Subtype B; n = 39): 1 
(14%, 95% CI [0.75%, 58%]) non-migrant (n = 7) and 5 (16%, 95% CI [5.9%, 34%]) migrants (n = 32). From those 
6 MSM, 2 MSM (33%, 95% CI [6.0%, 76%]) at 1.5 and 2.5% GD thresholds and 3 MSM (50%, 95% CI [19%, 
81%]) at 3.5% to 6.5% GD thresholds, clustered in TC. All MSM with SDRM belonging to TC were migrants 
at all GD thresholds (Table 5). The one non-migrant MSM with SDRM did not cluster. With SDRM, 2 TC were 
identified at 1.5% and 2.5% GD, and 3 TC at 3.5% to 6.5% (Table 5). From 1.5% to 5.5% GD, there was 1 TC with 
SDRM with 2 tips, including the same 2 MSM (from our sample). At 6.5%, these 2 MSM were included in a TC 

N

Overall Non-Migrant (N = 18) Migranta (N = 42)

p-value1N (%) [95% CI] N (%) [95% CI] N (%) [95% CI]

STI ever diagnosed 60 32 (53%) [40%, 66%] 8 (44%) [22%, 69%] 24 (57%) [41%, 72%] 0.4

Syphilisb 32 23 (72%) [53%, 86%] 7 (88%) [47%, 99%] 16 (67%) [45%, 84%] 0.4

Gonorrheab 32 13 (41%) [24%, 59%] 4 (50%) [22%, 78%] 9 (38%) [20%, 59%] 0.7

Chlamydiab 32 5 (16%) [5.9%, 34%] 2 (25%) [4.5%, 64%] 3 (13%) [3.3%, 33%] 0.6

Other STIb 32 6 (19%) [7.9%, 37%] 1 (13%) [0.66%, 53%] 5 (21%) [7.9%, 43%]  > 0.9

Last STI diagnosis 31 0.7

 ≤ 12 months ago 12 (39%) [22%, 58%] 4 (50%) [22%, 78%] 8 (35%) [17%, 57%]

 > 12 months ago 19 (61%) [42%, 78%] 4 (50%) [22%, 78%] 15 (65%) [43%, 83%]

Viral load (copies/mL) 59 0.3

 ≤ 10,000 12 (20.4%) [11%, 33%] 3 (16.7%) [4.4%, 42%] 9 (22%) [11%, 38%]

10,000–100,000 31 (52.5%) [39%, 66%] 8 (44.4%) [22%, 69%] 23 (56%) [40%, 71%]

 ≥ 100,000 16 (27.1%) [17%, 40%] 7 (38.9%) [18%, 64%] 9 (22%) [11%, 38%]

Subtype 60 0.022

B 39 (65%) [52%, 77%] 7 (38.9%) [18%, 64%] 32 (76.2%) [60%, 87%]

C 8 (13.3%) [6.3%, 25%] 3 (16.7%) [4.4%, 42%] 5 (11.9%) [4.5%, 26%]

A1 4 (6.7%) [2.2%, 17%] 3 (16.1%) [4.4%, 42%] 1 (2.4%) [0.12%, 14%]

F 4 (6.7%) [2.2%, 17%] 3 (16.7%) [4.4%, 42%] 1 (2.4%) [0.12%, 14%]

G 3 (5.0%) [1.3%, 15%] 1 (5.6%) [0.29%, 29%] 2 (4.8%) [0.83%, 17%]

CRFs 2 (3.3%) [0.58%, 13%] 1 (5.6%) [0.29%, 29%] 1 (2.4%) [0.12%, 14%]

B vs Non-B 60 0.006

B 39 (65%) [52%, 77%] 7 (38.9%) [18%, 64%] 32 (76.2%) [60%, 87%]

Non-B 21 (35%) [23%, 48%] 11 (61.1%) [36%, 82%] 10 (23.8%) [13%, 40%]

Recent Infection 60 35 (58%) [45%, 71%] 11 (61.1%) [36%, 82%] 24 (57%) [41%, 72%] 0.8

SDRM 60 9 (15%) [7.5%, 27%] 3 (16.7%) [4.4%, 42%] 6 (14.3%) [5.9%, 29%]  > 0.9

PI resistance 60 1 (1.7%) [0.09%, 10%] 0 (0%) [0.00%, 22%] 1 (2.4%) [0.12%, 14%]  > 0.9

NRTI resistance 60 1 (1.7%) [0.09%, 10%] 1 (5.6%) [0.29%, 29%] 0 (0%) [0.00%, 10%] 0.3

NNRTI resistance 60 7 (12%) [5.2%, 23%] 2 (11%) [1.9%, 36%] 5 (12%) [4.5%, 26%]  > 0.9

INSTI resistance 60 0 (0%) [0.00%, 7.5%] 0 (0%) [0.00%, 22%] 0 (0%) [0.00%, 10%]

SDRM

K103N 60 6 (10%) [4.1%, 21%] 1 (5.6%) [0.29%, 29%] 5 (12%) [4.5%, 26%] 0.7

M41L 60 1 (1.7%) [0.09%, 10%] 1 (5.6%) [0.29%, 29%] 0 (0%) [0.00%, 10%]

T215D 60 1 (1.7%) [0.09%, 10%] 1 (5.6%) [0.29%, 29%] 0 (0%) [0.00%, 10%]

L100I 60 1 (1.7%) [0.09%, 10%] 1 (5.6%) [0.29%, 29%] 0 (0%) [0.00%, 10%]

L23I 60 1 (1.7%) [0.09%, 10%] 0 (0%) [0.00%, 22%] 1 (2.4%) [0.12%, 14%]

Table 4.  Clinical and viral genomic characteristics of newly diagnosed MSM. CI, Confidence Interval; STI, 
Sexual Transmitted Infection; SDRM - Surveillance Drug-Resistance Mutation; PI - Protease Inhibitor; NRTI - 
Nucleoside Reverse Transcriptase Inhibitor; NNRTI - Non-Nucleoside Reverse Transcriptase Inhibitor; INSTI 
- Integrase Stand Transfer Inhibitor; The bold p-values ≤ 0.05. 1 Wilcoxon rank sum test; Pearson’s Chi-squared 
test; Fisher’s exact test. a Place of birth other than Portugal. b Ever. c Branch support 90%.
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with 9 tips. From 3.5% to 5.5%, there was a second TC with SDRM with 4 tips, including the 1 MSM (from our 
sample). At 6.5%, this 1 MSM was included in a TC with 20 tips (Table 5).

Discussion
This study analysed sociodemographic, sexual behavioural, testing, STI, clinical and viral genomic characteristics 
of MSM diagnosed with HIV-1 in Portugal (2023–2024), in a Lisbon community centre, comparing non-migrant 
and migrant MSM, and analysing TC identified at six genetic distance thresholds.

Among the 60 newly diagnosed MSM, 70% were migrants, of whom 60% were from Latin America and 10% 
from other regions, highlighting the relevance of the migrant MSM in current HIV-1 transmission dynamics. 
The latest national report shows foreign-born individuals now constitute the majority of new HIV-1 diagnoses 
in Portugal with 53.1% overall, and 54.7% migrants among MSM in 20233. Denmark’s HIV surveillance report 
(2023) shows a similar migrant proportion (64%) among MSM24. In contrast, in the MSM population in 
Portugal, a 2014–2019 Portuguese study reported only 28% migrants among new MSM diagnoses25. Although 
the 70% in this 2023–2024 community sample may reflect a specific network, exceeding national averages, these 
results suggest a greater role of migrants in MSM HIV diagnoses. To address this trend, Portugal should consider 
policies to enhance early and accessible HIV testing and PrEP for migrants.

The overall median age at diagnosis was 33 (IQR (27, 37)), consistent with other studies in Portugal11 and 
other European countries26. Although the median age between non-migrants and migrants was comparable, 
significantly more migrants (57.1%) were diagnosed at younger ages (25–34), while non-migrants had a more 
dispersed age distribution. Migration is often youth-driven, with people most likely migrating for work, study, 

Fig. 2.  Proportion of MSM in 100% migrant or non-migrant clusters by genetic distance.

 

Fig. 1.  – Transmission clusters analysis (Subtype B) – MSM inside TC.
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or refuge to be young adults27. This naturally leads to a younger age distribution among migrants living in high-
income countries, which is reflected in HIV diagnoses.

Our findings reveal extremely high-risk sexual behaviours among MSM, consistent with patterns reported 
in other studies. The near-universal proportion of unprotected anal sex (97%) is higher than typically observed 
in MSM surveys, but still aligns with evidence that a majority of MSM engage in condomless sex. A German 
clinic-based study found 73.6% of MSM had recent sex without condoms28, and a European survey of high-
risk MSM reported 84% had condomless sex with multiple partners29. However, interpretation of condomless 
sex in contemporary prevention contexts requires nuance. HIV transmission risk is substantially modified by 
other strategies, including PrEP and antiretroviral therapy with sustained viral suppression (U = U). Therefore, 
condomless intercourse in our sample may not uniformly represent uncontrolled HIV transmission risk, 
although it remains epidemiologically relevant. Importantly, condomless sex continues to confer significant risk 
for STIs, regardless of PrEP use or viral suppression. In fact, over half (53%) of the MSM reported a history of 
STI, most commonly syphilis and gonorrhoea, in line with the heavy STI burden documented among MSM in 
other studies28,30. This highlights that even in the era of biomedical HIV prevention, STI transmission remains 
a major public health concern. Our study emphasises the need for STI control policies within MSM-focused 
programs that ensure comprehensive STI screening and treatment are integrated and offered alongside HIV 
services31.

Additionally, our finding of low pre-exposure prophylaxis (PrEP) uptake (13%) reflects patterns of inadequate 
global PrEP coverage32. Around 2020, only about 18.3% of MSM in Brazil and 21.5% in Portugal reported using 
PrEP (28). In countries with more mature PrEP programs, uptake has increased, yet many high-risk individuals 
remain unreached (in the Netherlands, only one-third of at-risk MSM were on PrEP (2021))33. Public health 
agencies should identify barriers to PrEP uptake among eligible MSM and address them by reducing cost, 
simplifying access, improving multilingual information, training providers to proactively offer PrEP without 

Genetic distance TC (N)
TC with SDRM 
(N)(%)

MSM1 + Controls in 
TC (N)

MSM1 + Controls in TC 
with SDRM (N)(%) MSM1 in TC (N)(%2)

MSM1 in TC with 
SDRM(N)(%)

Migrant 
MSM1 in 
TC with 
SDRM 
(N)(%)

1.5% 2 1 (50%) 4 2 (50%) 4 (10.3%) 2 (50%) 2 (100%)

2.5% 6 1 (16.7%) 14 2 (14.3%) 11 (28.2%) 2 (18.2%) 2 (100%)

3.5% 9 2 (22.2%) 22 6 (27.3%) 14 (35.9%) 3 (21.4%) 3 (100%)

4.5% 16 2 (12.5%) 41 6 (14.6%) 21 (53.8%) 3 (14.3%) 3 (100%)

5.5% 18 2 (11.1%) 77 6 (7.8%) 24 (61.5%) 3 (12.5%) 3 (100%)

6.5% 20 2 (10%) 140 29 (20.7%) 26 (66.7%) 3 (10.7%) 3 (100%)

Table 5.  Cluster composition and SDRMs (Subtype B). 1 GAT-Checkpoint sample MSM. 2% of the GAT-
Checkpoint sample MSM (n = 39) included in TC analysis (subtype B). TC Transmission Clusters. SDRM 
Surveillance Drug Resistance Mutations.

 

Fig. 3.   Heatmap of assortative mixing by origin across genetic distance thresholds.
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judgment, integrating PrEP into routine care, and removing structural and administrative barriers to acessing 
national health system32,34.

Guidelines recommend annual screening, and every 3–6 months for those at ongoing risk35. Our data show 
suboptimal HIV testing frequency, despite confidential, broad access in Portugal through self-testing, healthcare 
services, NGOs, and pharmacies36. These results align with other studies among MSM in Portugal37 and across 
Europe38–40. That many MSM test infrequently despite widespread testing access suggests other underlying 
factors. HIV testing among MSM is affected by intertwined psychosocial barriers, including antecipated stigma, 
fear of judgment, low-risk perception, negative treatment attitudes, and avoidance of distressing information41,42.

Migrant MSM were predominantly infected with subtype B (76.2%), significantly different from non-migrant 
MSM with 38.9% subtype B and 61.1% non-B (including A1, F1, G, C and CRFs). In Europe, Non-B and/or 
CRF clades were introduced mostly through waves of migration from regions in which they are prevalent43. 
The Brazilian HIV epidemic is largely subtype B, reaching 90% in some regions. By contrast, Portuguese MSM 
appear to have acquired viruses from a wide mix of sources. Consistently, recent Portuguese data show ~ 58% 
subtype B among MSM overall, with the remainder including substantial A1, F1, C and G subtypes11.

Across all distance thresholds used to identify TC among HIV-1 subtype B sequences, migrants in TCs were 
mostly related to other migrants, consistent with assortative mixing by country of birth (Figs. 2 and 3). Non-
migrants were distributed across clusters predominantly composed of non-migrants, migrants, or sequences 
from other countries, indicating more heterogeneous mixing patterns. Another Portuguese study found 50% 
of clusters composed only of non-migrant MSM, whereas 16% included exclusively migrants11. Thus, our 
results may be specific to the MSM attending this community centre. Our findings of homogeneous migrant 
TC suggest strong assortative mixing by country of birth. The segregation of migrant networks may stem from 
sociocultural factors, as migrants often socialise within co-ethnic circles for support and due to language or 
cultural familiarity44. The dominance of migrant-to-migrant mixing among MSM highlights a need for targeted 
HIV prevention. Public health programs should engage migrant MSM through community‐based organisations 
and peer networks, using culturally and linguistically appropriate messaging34,45,46. Ensuring equitable access 
to HIV services regardless of immigration status, is essential7. National HIV/AIDS strategies should explicitly 
identify migrants as a priority population, with tailored objectives for increasing testing and reducing late 
diagnosis in this group6.

The prevalence of TDR mutations was 15%, with no significant difference between non-migrant (16.7%) and 
migrant (14.3%) MSM. The overall prevalence is considerably higher than that found in a previous MSM study 
in Portugal (8.2%)11, France (10.8%)47 and the UK (7.5%)48. In Brazil, higher prevalences have been reported, 
between 12%49 and 16.3%50. The high TDR prevalence found may be explained by the high proportion of MSM 
from Brazil in our sample and the high proportion of migrant MSM mixing with other migrants in Portugal 
or outside Portugal (Fig. 3). Importantly, like in Portugal, European studies generally report no significant 
difference in TDR rates between non-migrant and migrant patients11,51.

The NNRTI mutation K103N dominated (10%). In contrast, no INSTI-resistance mutations were detected. 
K103N is a non-polymorphic mutation conferring high-level resistance to NVP and EFV, and it is the most 
common TDR52. Consistently, NNRTI resistance (e.g. K103N) remains the predominant form of transmitted 
resistance in Brazil50. Although NNRTI-associated TDR, especially K103N, is still commonly observed in 
Europe and Brazil, its clinical impact has become less important as both regions now use INSTI-based first-line 
regimens (e.g. dolutegravir with two NRTIs)53,54. Transmitted INSTI resistance remains very low in Europe. 
A 2018–2021 survey found only 0.3% of new cases with INSTI SDRMs, and virtually none with resistance to 
second-generation INSTI54. As in Europe, transmitted INSTI resistance is rare in Brazil54. INSTI resistance 
remains minimal because INSTI (especially second-generation agents like dolutegravir and bictegravir) have a 
high genetic barrier to resistance, and were only recently introduced, limiting the time for resistant strains to 
emerge55,56.

Although TDR prevalence between non-migrant and migrant MSM was not significantly different, all 
clustered SDRM cases were among migrants (Table 6), suggesting active resistance transmission within migrant 
networks. This signals a need to target prevention in those networks and continue to trace how resistant strains 
move through populations and across borders using phylogenetic analysis approach.

This study has some limitations. There is a potential selection bias associated with a single community-based 
testing site. MSM testing in this centre may over-represent migrants and younger MSM. Therefore, data may not 
represent MSM diagnosed in hospitals or other settings. The small sample size may impact statistical power and 
generalisability. Most migrants were from Portuguese-speaking countries, limiting applicability to origins with 
linguistic differences. Self-reported behavioural data may include memory and social desirability biases. Finally, 
different genetic distance thresholds can impact cluster identification and transmission pattern interpretation, 
although multiple thresholds were tested for robustness.

Conclusion
Findings from this single community-based centre suggest that recent HIV-1 epidemiology among MSM has 
shifted, with migrants representing a growing proportion of new diagnoses, mainly within sexual networks with 
other migrants. To address this trend, strategies should enhance early and accessible PrEP, STI, and HIV testing 
for migrant MSM. Ending the HIV-1 epidemic requires closing testing gaps, increasing prevention, and defining 
programmes to reach migrant communities.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable 
request.
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