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Short Summary: The proportion of MSM with newly diagnosed HIV-1 non-B subtypes has strongly 

increased since 1990, reaching 34% of all MSM diagnosed in 2019. This is partly due to ongoing local 

transmission in this population, as evidenced by large transmission clusters.  
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Abstract  

Background 

In Switzerland, HIV-1 transmission among men who have sex with men (MSM) has been dominated by subtype 

B, whilst non-B subtypes are commonly attributed to infections acquired abroad among heterosexuals. Here, 

we evaluated the temporal trends of non-B subtypes and the characteristics of molecular transmission clusters 

(MTCs) among MSM. 

Methods  

Sociodemographic and clinical data and partial pol sequences were obtained from participants enrolled in the 

Swiss HIV Cohort Study (SHCS). For non-B subtypes, maximum likelihood trees were constructed, from which 

Swiss MTCs were identified and analysed by transmission group.  

Results  

Non-B subtypes were identified in 8.1% (416/5,116) of MSM participants. CRF01_AE was the most prevalent 

strain (3.5%), followed by A (1.2%), F (1.1%), CRF02_AG (1.1%), C (0.9%), and G (0.3%). Between 1990 and 

2019, an increase in the proportion of newly diagnosed individuals (0/123[0%] to 11/32 [34%]) with non-B 

subtypes in MSM was found. Across all non-B subtypes, the majority of MSM MTCs were European. Larger 

MTCs were observed for MSM than heterosexuals. 

Conclusions 

We found a substantial increase in HIV-1 non-B subtypes among MSM in Switzerland and the occurrence of 

large MTCs, highlighting the importance of molecular surveillance in guiding public health strategies targeting 

the HIV-1 epidemic. 

 

Keywords: HIV-1, transmission cluster, non-B subtypes, MSM, molecular epidemiology, phylogeny  
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Introduction 

Human immunodeficiency virus (HIV) is characterized by extensive genetic diversity with high 

replication, recombination, and mutation rates due to its reverse transcriptase enzyme[1,2]. HIV-1 

consists of four distinct strains: (M: “main”, O: “outlier”, N: “non-M/ -O”,  and P: “pending”), each of 

which origins in distinct cross-species (zoonotic) transmission event[3]. HIV-1 group M, responsible 

for the majority of the global pandemic, diversifies into nine subtypes (named A-D, F-H, J, and K), six 

sub-subtypes (A1, A2, A3, A4, F1, and F2)[4], and at least 102 circulating recombinant forms (CRFs) 

and several recombinant forms[5].  

Subtype C accounts for around 50% of all HIV-1 infections worldwide and is predominantly found in 

Sub-Saharan Africa[6,7]. In Western Europe, the HIV-1 epidemic among men who have sex with men 

(MSM) has been classically dominated by subtype B transmissions[8]. On the other hand, non-B 

subtypes are mainly transmitted among heterosexual contacts (HETs) and are prevalent in 

individuals of non-European origin[9]. However, in the last decade, the United Kingdom and some 

European countries such as Spain, Italy, the Netherlands and France have observed a rise in non-B 

subtypes and circulating recombinant forms (CRFs) infections in MSM[10–15]. This has been 

commonly attributed to an increased proportion of non-European immigrants as well as spread 

within the local European populations.  

The epidemiology of HIV-1 in Switzerland is similar to the rest of Western Europe with subtype B 

constituting the most prevalent subtype, in particular among European MSM[16,17]. In 2011, an 

overall increase in the occurrence of non-B infections in the Swiss HIV Cohort Study (SHCS) between 

1996 and 2010 was observed, particularly among HETs and to a lesser extent among MSM[18]. 

However, the proportion of non-B subtypes among MSM were negligible[18]. Since then, it has not 

been evaluated to what extent non-B subtypes are transmitted locally and whether non-B subtypes 

constitute a comparably larger proportion of newly diagnosed HIV-1 infections among MSM.  
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In the present study, we aimed to characterize the distribution and transmission of HIV-1 non-B 

subtypes among MSM in Switzerland based on available sequences and clinical data within the SHCS. 

The resulting understanding of the trends in HIV-1 diversity and transmission of non-B subtypes may 

help guide public health interventions in Switzerland by identifying the main sources of ongoing 

transmission.  

 

Materials and Methods  

The Swiss HIV Cohort Study and Viral Sequences 

The SHCS is an ongoing multicenter, nationwide, prospective cohort established in 1988 with 

continuous enrolment and at least biannual study visits[19]. As of April 2020, more than 20,000 HIV-

infected adults have been enrolled in the cohort[19]. The representativeness of the SHCS is 

estimated to be high, covering at least 53% of all adults ever diagnosed with HIV in Switzerland, 80% 

of all HIV-infected MSM[20], 69% of all registered AIDS cases and 72% of all antiretroviral treated 

individuals[21].  All participants have provided written informed consent and the SHCS has been 

approved by the participating institutions’ ethics committees[19].  

The SHCS has a linked drug resistance database (DRDB) which includes all genotypic resistance tests 

performed on enrolled participants. As of April 2020, the DRDB contains 29,837 sequences belonging 

to 13,278 of participants. Since 2002, these tests are routinely done at the time of enrolment or 

when viral rebound is observed while on ART. Furthermore, more than 12,000 sequences have been 

generated retrospectively from the biobank, from when drug resistance testing was not routinely 

performed[21,22]. For approximately 60% of the SHCS participants, at least one partial polymerase 

(pol) sequence (comprising the full protease and a minimum of codons 28-225 of the reverse 

transcriptase) are available[23].  
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Sequence Selection and Study Population 

We considered all partial pol sequences of the SHCS DRDB, which were linked to a SHCS participant. 

The subtyping was conducted on the sequence using a combination of two subtyping tools: REGA 

v3.0[24] and COMET[25].  

Multiple sequences and subtype classification variations were identified in 300 individuals. In these 

cases, the following sequence selection and subtype classification algorithm was applied to assign 

each individual to one subtype. Sequences were prioritized if they were retrospectively linked to a 

participant and if the sequence length fell above the 870bp threshold (corresponding to the first 

quartile of all sequence lengths, Figure S1). If there was still more than one sequence per participant 

available, we selected the sequence with the earliest sample date and also the earliest sequence date. 

Duplicated sequences were removed. In cases where the subtype/CRF was not unambiguously 

assigned in the selected sequence, this sequence was classified as a “potential recombinant”. For such 

potential recombinants, we tried to identify the most likely subtype by the following rule: If the 

selected sequence was clearly classified by COMET[25] as subtype X with at least one additional 

sequence from that patient with the same subtype classification available by REGA[24], then the 

subtype was assigned to the subtype called by COMET[25]. For instance, if COMET[25] had 

classified the selected sequence of a patient as subtype A and REGA[24] classified at least one 

sequence as subtype A, then the individual infection was assigned to subtype A. Additionally, if 

REGA[24] had classified the sequence as recombinant of B, D or B, F1, and COMET[25] as subtype 

B, the sequences were assigned to subtype B. As these sequences clustered within subtype B, we 

considered that the discrepancy in classification could thus be an artefact from the subtyping 

procedure. After applying the sequence selection and classification algorithm, 12,852 sequences were 

considered for the subsequent analyses (Figure 1). 

 

Definitions 

Only the subtypes and recombinants A, C, F, G, CRF01_AE, and CRF02_AG were considered as 

separate groups to ensure sufficient sample size for statistical analysis. Other pure subtypes, CRFs, 
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and sequences with undefined subtype (N=706) were pooled and excluded from the primary analysis 

(Table S1), but considered in a sensitivity analysis (Figure S6). 

Transmission groups were categorized into MSM and HETs based on the physician-reported source 

of infection. Other transmission modes (e.g., intravenous drug user, mother to child, transfusion 

risks) were not considered in these analyses. Ethnicity was self-reported by participants according to 

the following categories: white, black, Asian, Hispanic, or other. The SHCS centers are located in 

Zurich, Basel, Bern, Geneva, Lausanne, Lugano and St. Gallen. As the Zurich center contributes to 

approximately 50% of all study participants, we grouped the centers into Zurich and non-Zurich. 

Participants’ countries of origin were grouped using the UNAIDS[26] classification with some 

modification into the following geographic regions of origin: ”Western, Northern and Southern 

Europe”, “Eastern Europe”, “Latin America and the Caribbean”, “North America and Oceania”, 

“Western and Central Africa”, “Eastern and Southern Africa”, “Western Asia and North Africa”, 

“Eastern and Southern Asia” (Figure S2). We used the geographic region of origin as a proxy 

assessment of whether the subtypes were introduced from abroad since information on the likely 

location of transmission has been collected only since 2007 in the SHCS. Furthermore, only 35.1% 

(1,793/5,114) of MSM and 27.9% (1,136/4,076) of HETs included in the analysis reported whether 

they were infected most likely in Switzerland or abroad. Therefore, the likely location of 

transmission was not considered in the analysis. We additionally checked for association with the 

geographic region of origin after 2007 (Table S6-7, Figure S5). Clinical variables comprised the CD4 

cell counts and viral load at diagnosis. To estimate the HIV diagnosis date as accurate as possible, we 

used the earliest date of the following: first positive HIV-1 screening test, documented positive HIV-1 

test result, and study enrolment. Finally, the yearly fraction of newly diagnosed people living with 

HIV-1 (PLHIV) B/non-B subtypes was calculated. 

 

Phylogenetic Tree Construction 
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A separate phylogenetic tree was built for each of the six most frequent non-B subtypes (Figure S3). 

The participants’ partial pol sequences were blasted against non-Swiss background sequences from 

the Los Alamos National Laboratory HIV database[27]. For each SHCS sequence, the ten closest hits, 

Los Alamos sequences with at least 90% identity to the participant’s sequence, were included. The 

sequences were aligned to the reference genome HXB2 using MUSCLE[27,28]. Insertions related to 

HXB2 and known resistance mutation positions[29,30] were removed, and gaps were trimmed by 

trimAl[31]. Maximum likelihood phylogeny was reconstructed with FastTree using a generalized 

time-reversible (GTR) and CAT model[32,33]. For each subtype and CRF, one hundred bootstrap 

trees were constructed using FSEQBOOT[32].  

Identification and statistical analysis of transmission clusters  

For each phylogenetic tree, Swiss molecular transmission clusters (MTCs), were defined as those 

consisting of at least 2 sequences with ≥ 80% Swiss sequences, ≥ 80% bootstrap and a maximum 

pairwise genetic distance ≤ 4.5%[34]. Information about the most likely route of HIV-infection, 

ethnicity, geographical region of origin and the year of HIV diagnosis was mapped to these Swiss 

clusters. As we aimed to study MSM MTCs, more than 50% of the cluster members needed to 

correspond to MSM [34]. With this definition, we also captured MTCs not containing exclusively 

MSM, which is important to characterize potential MSM not disclosed as MSM, as has been 

previously shown[17]. Additionally, to compare MSM with HETs, HETs MTCs were extracted 

following the same principles. MTCs with ≥10 individuals were considered as large MTCs. 

To distinguish between imported and domestic MTCs, the percentage of participants from a certain 

geographical region of origin was assessed by calculating the number of participants from Europe, 

Asia, America, or Africa to the total number of participants clustering or not-clustering by 

transmission group and subtype.  
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Statistical Analysis 

Continuous variables were reported as median and interquartile range (IQR) and categorical 

variables as frequency (N) and percentage (%). Differences between groups were assessed using 

Wilcoxon or Kruskal-Wallis tests for continuous variables and by χ2 or Fisher exact tests where 

appropriate for categorical variables. Statistical significance was defined as p-value < 0.05.  

To evaluate the trend in occurrence of non-B subtypes over time, logistic regression was performed 

using B-spline regression with four degrees of freedom for the year of HIV diagnosis. Results were 

reported as the odds ratio (OR) with 95% confidence interval (CI).  

Sensitivity analyses were performed by (1) including the other non-B subtypes (Figure S6) to the 

analysis; (2) varying cluster definitions (combinations of bootstrap support values (no or ≥80%) and 

inter-cluster genetic distances (≤1.5% and ≤4.5%)) (Figures S7-9) and (3) minimizing the bias in 

transmission cluster detection by extracting MTCs with RAxML[35,36] and comparing them with the 

previously detected MTCs by FastTree[32] (Figures S7-8). All analyses were done with R, version 

3.6.1.  
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Results  

Characteristics of the study population  

We included 12,146 PLHIV enrolled in the SHCS for whom HIV genotype information was available.  

Of these individuals 5,114 (42.1%) had acquired HIV through MSM contact and are considered the 

primary study population (Table 1). A total of 4,076 (33.5%) were infected by HET contact and are 

considered for descriptive comparison.  

Overall, the median age of MSM participants at diagnosis was 35.0 years (IQR, 29.0-43.0) and the 

majority of individuals were of white ethnicity (4,541/5,114[88.8%]). HIV-1 subtype B was identified 

for 91.8% (4,698/5,114) of the MSM cases and non-B subtypes for 8.2% (416/5,114). Among those 

harbouring a non-B subtype, the proportion of non-white individuals was higher than those with a B 

subtype. No other differences in demographics or clinical characteristics (e.g., cohort center, CD4 cell 

count or viral load) between individuals harbouring B or non-B subtypes were found (Table 1). 

Similarly, the median age of HETs was 34.0 years (IQR, 27.0-43.0) and most were of white ethnicity 

(2,503/4,076[61.4%|), albeit, the proportion of white individuals was lower than in MSM. 

Approximately 48% (1,953/4,076) of HET participants were infected with a non-B subtype. A 

difference in ethnicities and geographical region of origin was observed between B and non-B 

subtypes. Among those harbouring a non-B subtype, higher proportions of HET participants were of 

non-white ethnicity and non- European origin (Table S2). 

Among MSM participants, CRF01_AE (180/5,114[3.5%]), A (60/5,114[1.2%]), F (58/5,114[1.1%]), 

CRF02_AG (57/5,114[1.1%]), C (44/5,114[0.9%]) and G (17/5,114[0.3%]) were the most frequent 

non-B subtypes. As shown in Table 2, a higher proportion of participants with CRF02_AG, C, and G 

subtypes were enrolled in non-Zurich cohort centers (71.9%, 65.9%, and 64.7%, respectively). 

Differences in self-reported ethnicity were observed mainly among participants with CRF01_AE and 

CRF02_AG, with higher proportions of Asian and Black individuals in the two subtypes, respectively. 

By contrast, among HET participants, CRF02_AG (493/4,076[12.1%]), C (457/4,076[11.2%]), A 
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(447/4,076[11.0%]), CRF01_AE (326/4,076[8.0%]), G (147/4,076[3.6%]), and F (83/4,076[2.0%]) were 

the six most frequent non-B subtypes. Among those with CRF01_AE, we found higher proportions of 

participants enrolled in the Zurich cohort center (45.1%), originating from Europe (63.8%), and of 

white ethnicity (58.6%). No other differences were observed (Table S3). 

 

Increasing non-B subtype proportions between 1990 and 2019  

Among newly diagnosed MSM, the proportion of non-B subtypes increased from 0% (0/123) in 1990 

to approximately 1% (9/113) in 2000, 10% (19/187) in 2010 and 34% (11/32) in 2019 (Figure 2AB). 

These represent in recent years a substantial fraction of new diagnoses. Accordingly, we observed an 

increase of non-B subtypes among MSM (univariable logistic regression, OR [95% CI] = 1.13[1.12-

1.15]/year; Figure 2C), with the highest increase for subtype A (1.16 [1.11-1.21]/year) and CRF02_AG 

(1.15 [1.10-1.20]/year; Figure 2D). After including the year of diagnosis with B-splines, the model 

significantly improved (Likelihood Ratio (LR) = 14.37, p-value = 0.002). However, even the splines did 

not exhibit a saturation of the increase of non-B subtypes, indicating a continuous, almost-linear 

increase of the probability of harbouring a non-B subtype over time (Figure 2C).  

In comparison, among newly diagnosed HETs, the proportion of non-B subtypes saturated after 2000 

(Figure S4AB). In the HETs model as well, when including the diagnosis year with B-splines, a clear 

saturation in harbouring non-B subtype over time was exhibited (Figure S4C). Comparable results for 

both MSM and HETs were obtained after including the other non-B subtypes in a sensitivity analysis 

(Figure S6). 

 

Detection and description of MSM clusters  

Overall, in non-B subtypes, we found less MSM than HETs (both among clustering and non-clustering 

individuals). Within the phylogeny and across the transmission groups, the majority of individuals 

were not in MTCs for MSM and HETs. However, the fraction of clustering individuals was larger for 
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MSM compared to HETs (41% vs. 23%, p-value < 0.001). The comparison between MSM/HETs in 

MTCs and MSM/HETs on the phylogeny, which did not cluster, is shown in Figure 3A.  

A total of 33 MTCs among non-B subtypes in MSM (8 A, 1 C, 5 F, 1 G, 12 CRF01_AE, and 6 CRF02_AG) 

were identified (Table S4). Across all the non-B subtypes, members of possible MSM MTCs identified 

were mainly from Europe (Figure 3B). The highest number of MSM MTCs was found for CRF01_AE 

(Figure S7A, C) and the highest proportion of MSM MTCs was for subtype F (Figure S7BD).  

The MTCs sizes ranged from 2 to 19 and larger MTCs were found for MSM compared to HETs (Figure 

4). Among the larger ones, an MTC with 11-13 members was found for each of CRF01_AE, 

CRF02_AG, and subtype F.  Only one CRF01_AE MTC reached values above 17 members (Table S4). 

The characteristics of the four largest MTCs are described in Table S5. Only the largest CRF01_AE 

MTC had 100% of MSM cluster members (19/19). The highest proportion of white ethnicity 

(11/11[100%]) and Europeans (10/11[90.9%]) were found for the large subtype F MTC. The size of 

MTC for other subtypes and CRFs ranged mostly between 2 to 4 (Table S4).  

Several sensitivity analyses varying the cluster definition (Figures S7-9) and approaches (i.e., 

RAxML[35,36]) (Figures S7-8) were performed, which led to similar results for MSM and HETs. 
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Discussion  

Our study is the first to thoroughly investigate the frequent occurrence and transmission of HIV-1 

non-subtype B genetic forms among 5,114 MSM in the SHCS using phylogenetic methods combined 

with epidemiological and clinical data. We found that the proportion of newly diagnosed non-B 

subtypes among MSM increased from 0% (0/123) in 1990 to 34% (11/32) in 2019. Furthermore, 

larger Swiss MTCs of non-subtype B forms were found in MSM compared to HETs, indicating higher 

transmission among the MSM networks in Switzerland.  

Similar to other Western European countries, the most prevalent HIV-1 genetic form in Switzerland 

is subtype B, mainly associated with ongoing transmissions among MSM [8]. Yet, non-B subtypes 

have been predominantly found in HETs[9,12]. In our study, even though HETs still constitute the 

largest proportion of non-B subtype infections (1,953/2,369[82.4%]), MSM accounted for a 

considerable fraction of these infections (416/2,353[17.6%]). CRF01_AE was the most frequently 

identified non-B subtype among MSM participants, followed by A, F, CRF02_AG, C and G. CRF01_AE, 

which is most prevalent in Thailand and neighbouring countries in Southeast Asia, has been 

circulating for some time in Switzerland. This has been reported to be most likely associated with sex 

tourism and emigration from Southeast Asia[37], the latter of which is supported by the high 

proportion of members of Asian ethnicity in the MTCs for CRF01_AE. Generally, differences in 

participant ethnicities and region of origin followed the known geographical distribution of the 

subtypes. In line with other studies, we did not observe any other demographic or clinical 

differences such as age, viral load or CD4 cell counts among the non-B subtypes[9]. However, this 

must be carefully interpreted as these were based on a single measurement and additional possible 

confounders were not adjusted for.  

Several European countries have reported increased transmission of non-B subtypes in MSM. This 

increase has been linked to imported infections from countries where these non-B subtypes are 

predominant, followed by transmission among the local MSM population[9,10,12–14,38–41]. 
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Similarly, we found that five pure subtypes, 13 CRFs and several unassigned recombinant forms have 

been increasingly introduced into the MSM population in the SHCS, mainly from 2008 onwards. 

Overall, the highest temporal increase in non-B forms among MSM was observed for subtype A and 

CRF02_AG, both of which are commonly found among HETs and are among the most predominant 

forms (together with subtype C) in Western Europe[7]. In general, non-B subtype MSM transmission 

events were more common among Europeans, as the majority of MTCs members across all non-B 

subtypes were of European origin. This reflects probable domestic transmission and increasing 

circulation within the local population, in accordance with findings in other European countries [10–

15,42]. Even though the majority of individuals in both MSM and HETs were not found in an MTC, 

larger MTCs were found for MSM. This increased clustering suggests a more probable ongoing 

transmission among MSM in Switzerland. CRF01_AE accounted for both the highest number of MSM 

MTCs and the largest number of members per MTC. Only six MTCs of CRF02_AG comprising up to 12 

individuals and eight MTCs for subtype A containing even fewer individuals (i.e., up to three) were 

found. This contrasts with other publications reporting larger MTCs for CRF02_AG and subtype A in 

Europe. For example, in a recently published analysis of HIV-1 non-B subtype clusters in Spain, 

CRF02_AG was one of the four largest MSM clusters comprising 115 individuals[11]. Interestingly, 

we found that the highest proportion of MSM MTCs among all MTCs was for subtype F. Similar 

results have been described in Belgium[43], France[15], Italy[14], and Spain[44] with rapid expansion 

of subtype F MTCs suggesting a higher potential for transmissibility of the virus.  

Taken together, these findings show a recent increase of non-B subtype transmission events among 

MSM, as previously reported in Germany[40] and the United Kingdom[10]. These non-B subtypes’ 

import into Swiss transmission networks may be traceable to migrants from areas in which these 

forms are predominant (or via Europeans associated with individuals from such areas). Multiple non-

B subtype transmission events between HETs and MSM and within the same transmission group 

may have occurred, and these subtypes and CRFs are now circulating in the local population. We 

have previously shown that approximately 10% of HET sequences were associated with MSM MTCs, 
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most likely due to a non-disclosure as MSM and women infected by bisexual men [17,34]. Timely 

implementation of prevention strategies, including behavioural interventions and pre-exposure 

prophylaxis, among this high-risk population is thus crucial to curb further transmission.  

Like all studies relying on phylogenetic inference, our study is subject to several caveats such as 

biased and incomplete sampling. The small size of most MTCs may reflect imperfect sampling or 

phylogenetic uncertainty. To minimize the bias in MTCs detection, we confirmed our findings by 

using another phylogenetic reconstruction method (i.e., RAxML[35,36]) to extract MTCs. A further 

limitation arises from subtype misclassifications by subtyping tools. However, adequate subtyping is 

essential when studying different non-B subtypes. In this study, we established a subtype 

classification algorithm to define rules for 300 (2.3%) individuals having multiple pol sequences from 

different time points with subtype variations. In previous studies, the subtyping tools REGA[24] and 

COMET[25] demonstrated concordant classification for 96.5% [38] or 85.6% [9], respectively, 

mitigating this problem. Despite these limitations, the densely sampled SHCS remains highly 

representative and provides important insights on the ongoing transmission of non-subtype B 

genetic forms in Switzerland[19][19].  

 

Conclusion 

Our data provide evidence for an increasing long-term trend of non-subtypes B infections and 

ongoing transmission among MSM in a well-defined, representative Swiss study population. This 

highlights the need to implement additional, more specific public health measurements aiming at 

preventing HIV-1 transmission among MSM, and to closely monitor the expansion of non-B subtype 

transmission clusters.  
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Figure Legends  

 

Figure 1. Flowchart to illustrate the sequence selection and subtype classification algorithm. Abbreviation: 

SHCS, Swiss HIV Cohort Study; X, any subtype or circulating recombinant form 

 

Figure 2. (A, B) Yearly proportion of B/non-B subtype among newly diagnosed MSM in absolute (A) and 

relative (B) numbers. The bar charts are colored by subtype B (blue) and non-B subtypes (red). X-axis: year of 

diagnosis (C, D) Increasing frequency of non-B subtypes among MSM over time using logistic regression. (C) 

The overall time trend of the non-B subtypes (D) and the time trend for the six most frequently observed non-

B subtypes. Y-axis: Log-odds for harbouring a non-B subtype; x-axis: year of diagnosis. Abbreviations: LR, 

likelihood ratio; MSM, men who have sex with men 

 

Figure 3. Higher proportion of clustered individuals and European origin among MSM. (A) Mosaic plot 

representing the association between transmission group and whether individuals were clustered or not-

clustered (with p-values from two-tailed Fisher’s exact test). (B) Mosaic plot representing the association 

between transmission group, geographical region of origin and clustered or not-clustered individuals. The two 

bottom right boxes for MSM in each subtype group are taller than the left boxes for HET. That is, the 

proportion of participants of European descent is higher in MSM for all subtypes. The number in the rectangle 

corresponds to the number of individuals. The clusters presented herein were extracted by using a bootstrap 

value of ≥80% and maximum pairwise genetic distance of ≤4.5%. Abbreviations: AF: Africa, blue; AM: America, 

brown; AS: Asia, green; CL: cluster, dark shades; EU; Europe, red; HET: heterosexual contact; NCL: non-cluster, 

light shades; MTC: molecular transmission cluster, MSM: men who have sex with men  

Figure 4. Cluster size distribution depends on transmission group. Cluster sizes of the six most frequent non-B 

subtypes were pulled together. The colour represents: MSM (green) and HETs (blue) molecular transmission 

clusters. y-axis: frequency; x-axis: cluster size. Abbreviations: 4.5% D 80% BS, ≤4.5 % genetic distance and ≥80% 

bootstrap; HET, heterosexual contact; MSM, men who have sex with men. 
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Table 1. MSM characteristics and associations with subtype  

Variables  B 

(N=4,698) 

Non-B* 

(N=416) 

Total 

(N=5,114) 

Age at diagnosis 

(years) 

Median [IQR] 35.0 [28.0,42.0] 36.0 [29.0,46.0] 35.0 [29.0,43.0] 

Cohort center Zurich 

Non-Zurich1 

2,287 (48.7%) 

2,411 (51.3%) 

201 (48.3%) 

215 (51.7%) 

2,488 (48.7%) 

2,626 (51.3%) 

Ethnicity White 

Black 

Hispanic 

Asian 

4,216 (89.7%) 

53 (1.1%) 

203 (4.3%) 

102 (2.2%) 

325 (78.1%) 

18 (4.3%) 

17 (4.1%) 

40 (13.2%) 

4,541 (88.8%) 

71 (1.4%) 

220 (4.3%) 

157 (3.1%) 

Geographic 

region of origin 

Eastern and Southern Africa 

Eastern and Southern Asia 

Eastern Europe 

Latin America 

North America and Oceania 

Unknown 

Western and Central Africa 

Western Asia and North Africa 

Western, Northern and 

Southern Europe 

10 (0.2%) 

81 (1.7%) 

64 (1.4%) 

261 (5.6%) 

62 (1.3%) 

4 (0.1%) 

9 (0.2%) 

36 (0.8%) 

4,171 (88.8%) 

 

45(1.2%) 

53 (12.7%) 

13 (3.1%) 

21 (5.0%) 

1 (0.2%) 

0 (0.0%) 

10 (2.4%) 

8 (1.9%) 

305 (73.3%) 

15 (0.3%) 

134 (2.6%) 

77 (1.5%) 

282 (5.5%) 

63 (1.2%) 

4 (0.1%) 

19 (0.4%) 

44 (0.9%) 

4,476 (87.5%) 

CD4 count at 

diagnosis  

(cells/µL) 

Median [IQR] 377 [212,561] 406 [237,560] 380 [216,561] 

Viral load 

(Log10 

copies/ml) 

Median [IQR] 3.93 [3.42,4.41] 4.02 [3.42,4.60] 3.94 [3.42,4.42] 

NOTE all numbers are no. (%) unless otherwise stated, MSM only (N=5,114). 

* Non-B: A, C, F, G, CRF01_AE, and CRF02_AG. 

1 Non-Zurich: Basel, Bern, Geneva, Lausanne, Lugano, and St. Gallen. 

Abbreviations: IQR, interquartile range; MSM, men who have sex with men 
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Table 2. Characteristics of MSM Infected With the 6 Most Frequently Observed Non-B subtype 

Variables  CRF01_AE 

(N=180) 

CRF02_AG 

(N=57) 

A 

(N=60) 

C 

(N=44) 

F 

(N=58) 

G 

(N=17) 

Total 

(N=416) 

Age at diagnosis 

(years) 

Median [IQR] 36.0 [29.0,46.0] 37.0 [31.0,44.0] 35.5 [27.8,43.0] 34.5 [30.0,45.3] 34.5 [28.5,42.0] 38.0 [34.0,42.0] 36.0 [29.0,46.0] 

Cohort center Zurich 

Non-Zurich1 

108 (60.0%) 

72 (40.0%) 

16 (28.1%) 

41 (71.9%) 

24 (40.0%) 

36 (60.0%) 

15 (34.1%) 

29 (65.9%) 

32 (55.2%) 

26 (44.8%) 

6 (35.3%) 

11 (64.7%) 

201 (48.3%) 

215 (51.7%) 

Ethnicity White 

Black 

Hispanic 

Asian 

128 (71.1%) 

2 (1.1%) 

3 (2.7%) 

46 (25.6%) 

46 (80.7%) 

6 (10.5%) 

4 (7.0%) 

1 (1.8%) 

53 (88.3%) 

1 (1.7%) 

3 (5.0%) 

3 (5.0%) 

35 (79.5%) 

4 (9.1%) 

2 (4.5%) 

3 (6.8%) 

47 (81.0%) 

4 (6.9%) 

5 (8.6%) 

2 (3.4%) 

16 (94.1%) 

1 (5.9%) 

0 (0.0%) 

0 (0.0%) 

325 (78.1%) 

18 (4.3%) 

17 (4.1%) 

55 (13.2%) 

Geographic 

region of origin 

Eastern and Southern Africa 

Eastern and Southern Asia 

Eastern Europe 

Latin America 

North America and Oceania 

Unknown 

Western and Central Africa 

Western Asia and North Africa 

Western, Northern and Southern 

Europe 

0 (0.0%) 

35 (25.0%) 

3 (1.7%) 

4 (2.2%) 

1 (0.6%) 

0 (0.0%) 

1 (0.6%) 

1 (0.6%) 

125 (69.4%) 

0 (0.0%) 

1 (1.8%) 

3 (5.3%) 

2 (3.5%) 

0 (0.0%) 

0 (0.0%) 

5 (8.8%) 

2 (3.5%) 

44 (77.2%) 

1 (1.7%) 

3 (5.0%) 

2 (3.3%) 

2 (3.3%) 

0 (0.0%) 

0 (0.0%) 

0 (0.0%) 

3 (5.0%) 

49 (81.7%) 

4 (9.1%) 

3 (6.8%) 

1 (2.3%) 

5 (11.4%) 

0 (0.0%) 

0 (0.0%) 

0 (0.0%) 

1 (2.3%) 

30 (68.2%) 

0 (0.0%) 

1 (1.7%) 

3 (5.2%) 

8 (13.8% 

0 (0.0%) 

0 (0.0%) 

3 (5.2%) 

1 (1.7%) 

42 (72.4%) 

0 (0.0%) 

0 (0.0%) 

1 (5.9%) 

0 (0.0%) 

0 (0.0%) 

0 (0.0%) 

1 (5.9%) 

0 (0.0%) 

15 (88.2%) 

5 (1.2%) 

53 (12.7%) 

13 (3.1%) 

21 (5.0%) 

1 (0.2%) 

0 (0.0%) 

10 (2.4%) 

8 (1.9%) 

305 (73.3%) 
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CD4 count at 

diagnosis  

(cells/µL) 

Median [IQR] 381 [171,552] 441 [291,623] 398 [284,536] 429 [270,560] 408 [265,580] 504 [265,741] 406 [237,560] 

Viral load (Log10 

copies/ml) 

Median [IQR] 3.92 [3.41,4.47] 4.18 [3.58,4.82] 4.25 [3.60,4.80] 4.02 [3.21,4.38] 3.95 [3.18,4.54] 4.21 [3.75,4.58] 4.02 [3.42,4.60] 

NOTE all numbers are no. (%) unless otherwise stated, MSM only (N=5,114) 

1 Non-Zurich: Basel, Bern, Geneva, Lausanne, Lugano, and St. Gallen. 

Abbreviations: IQR, interquartile range; MSM, men who have sex with men. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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