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Objectives 

 Phylogenetic analyses of two or more countries allow to detect differences in transmission dynamics of local HIV-1 epidemics beyond 

differences in demographic characteristics.  

 

Methods  

 A maximum-likelihood phylogenetic tree was built using pol-sequences of the Swiss HIV Cohort Study (SHCS) and the Austrian HIV 

Cohort Study (AHIVCOS), with international background sequences. Three types of phylogenetic cherries (clusters of size 2) were analyzed further: 

1) Domestic cherries, 2) International cherries and 3) SHCS/AHIVCOS-cherries. Transmission group and ethnicities observed within the cherries 

were compared to the respective distribution expected from a random distribution of patients on the phylogeny.  

Results 

 The demographic characteristics of the AHIVCOS (included patients: 3’141) and the SHCS (included patients: 12’902) are very similar. In 

the AHIVCOS, 36.5% of the patients were in domestic cherries, 8.3% in international cherries, and 7.0% in SHCS/AHIVCOS cherries. Similarly, in 

the SHCS, 43.0% of the patients were in domestic cherries, 8.2% in international cherries, and 1.7% in SHCS/AHIVCOS cherries. While 

international cherries in the SHCS were dominated by heterosexuals (HET) with MSM being underrepresented, the opposite was the case for the 

AHIVCOS. In both cohorts, cherries with one patient belonging to the transmission group intravenous drug user (IDU) and the other one non-IDU 

were underrepresented. 
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Conclusion 

 In both cohorts, international HIV transmission plays a major role in the local epidemics, mostly driven by MSM in the AHIVOS, and by 

HET in the SHCS, highlighting the importance of international collaborations to understand global HIV transmission links on the way to eliminate 

HIV.  

 

Keywords: Epidemiology, HIV, phylogenetics, transmission patterns 

 

 

Introduction 

 Combination antiretroviral therapy (cART) cannot cure Human Immunodeficiency Virus (HIV) infection, but has the potential to curb the 

HIV epidemic, as individuals under successful cART are not infectious (1–3). In resource-rich countries, there is almost universal HIV treatment 

available for people living with HIV (PLWH). Nevertheless, there is still ongoing HIV transmission, driven by key populations, with around 11% 

decrease in the number of new HIV infections in 2010-2020 in Western and Central Europe and North America (4). Reasons why a stronger decline 

of new HIV infections has not been achieved yet are manifold, including delayed diagnosis of PLWH and ongoing national and international 

transmission. Transmission patterns differ between countries due to differences in population structure, policies, culture, and the level of influence 
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by global HIV epidemics, i.e., travelling and migration. It is crucial to understand the local transmission network to inform policy makers about 

weaknesses in the cascade of care, education, and awareness about HIV in their own country.  

 Phylogenetic methods have been widely used to help understanding local transmission patterns of HIV epidemics in different countries and 

regions (5–11). So far, there is no consensus in how to build a phylogeny or define transmission clusters, making it difficult to compare different 

studies (12,13). Such a comparison might however be particularly useful in the case of neighboring countries with similar HIV epidemics, e.g., to 

quantify the impact of different public health decisions on certain HIV transmission dynamics. In the case of an active exchange and commuting 

between neighboring countries, a comparison of results from phylogenetic analyses might be complicated by a potential non-negligible mutual 

impact.  

Switzerland and Austria are two resource-rich neighboring countries of similar population size and culture. The characteristics of the 

respective HIV epidemics are comparable: The numbers of new HIV diagnoses were 425 and 421 in Switzerland, and 323 and 336 (plus 74 and 94 

anonymous) in Austria, in 2018 and 2019, respectively (14,15). The densely sampled drug resistance sequence data base of the Swiss HIV Cohort 

Study (SHCS) was used in several previous projects to analyze key aspects of the HIV epidemics in Switzerland (5,6,16–19). So far, the drug 

resistance sequence data base of the Austrian HIV Cohort Study (AHIVCOS) in Austria was not used for a nation-wide phylogenetic analysis to 

study local transmission patterns, but subsets were used for collaborations (20,21).  

Our main aim is to compare transmission dynamics of the local epidemics of Austria and Switzerland, including a quantification of 

infections occurring outside the country and between these two countries. 
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Methods 

The Cohorts 

 The Swiss HIV Cohort Study (SHCS), launched in 1988, is a prospective, multi-center cohort study enrolling adult PLWH in Switzerland. 

The SHCS is a nation-wide cohort with seven centers and represents over 70% of people on cART in Switzerland (22,23). The SHCS drug 

resistance database contains HIV partial polymerase (pol) sequences from around 65% of patients across all centers. The AHIVCOS was initiated in 

2001 and represents about 74% of people currently receiving cART in nine centers in Austria (24), with HIV sequences available from around one 

third of the patients. All patients gave informed consent for participation in the SHCS or AHIVCOS. Detailed information about patient 

characteristics in these two cohorts can be found here: SHCS (25) and AHIVCOS (26).  

 

Definitions 

 HIV transmission group was defined as the most likely source of HIV infection self-reported by the patient: men who have sex with men 

(MSM), heterosexual contacts (HET), intravenous drug use (IDU), and other or unknown transmission route. HIV subtypes for descriptive purposes 

were determined using the Context-based Modeling for Expeditious Typing (COMET) tool for classification of HIV-1 subtypes (27). 
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Construction of the phylogeny 

 We compared SHCS and AHIVCOS sequences, without prior subtyping, to all non-Swiss and non-Austrian sequences from the international 

Los Alamos (LA) data base using Basic Local Alignment Search Tool (BLAST, https://blast.ncbi.nlm.nih.gov/Blast.cgi), (Los Alamos download 

March 2019). Non-Swiss and non-Austrian LA sequences with at least 90% identity with one of the cohort sequences were selected. All SHCS, 

AHIVCOS and LA sequences were aligned against the reference genome HXB2 (accession number: K03455.1) using Multiple Sequence 

Comparison by Log-Expectation (MUSCLE). Nucleotide positions for the most common cART drug resistance mutations, based on the Stanford 

and International Antiviral Society USA drug resistance mutations list (28,29), were deleted to avoid a bias introduced by cART-driven convergent 

evolution. We built a maximum-likelihood phylogenetic tree using the generalized time-reversible model of nucleotide evolution and the CAT 

approximation for rate variation across sites of FastTree (30–32). This approach of building a phylogeny was used and validated in other SHCS 

projects (18,33).  

 

Extraction cherries 

 We extracted all monophyletic pairs (henceforth called “cherries”)  with at least one patient being in the SHCS or AHIVCOS, using the tree 

package Analyses of Phylogenetics and Evolution (APE) (34). Only cherries with a maximal cophenetic distance of 0.045 were considered 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 22



 9

(17,35,36). We concentrated on three types of cherries: 1) Domestic cherries with both patients being in the same cohort, i.e., AHIVCOS or SHCS, 

termed AHIVCOS/AHIVCOS-cherries or SHCS/SHCS-cherries, 2) International cherries with one patient in the AHIVCOS or SHCS and the other 

patient from the Los Alamos (LA) data base, termed AHIVCOS/LA-cherries or SHCS/LA-cherries, and 3) SHCS/AHIVCOS-cherries with one 

patient being from the SHCS and the other patient being from the AHIVCOS. 

 

Sensitivity Analysis 

 We repeated all analyses by stepwise narrowing the cophenetic distance threshold from 0.045 to 0.015 (37). Moreover, since the SHCS is 

more densely sampled as compared to the AHIVCOS, we performed simulation analyses by stepwise down-sampling the SHCS sequence data set: 

we trimmed the original phylogenetic tree by randomly cutting up to 80% of the SHCS tree tips and extracting new sets of cherries from the 

trimmed trees. For each given SHCS sample proportion, the procedure was repeated 100 times and the results were averaged (38). 

 

Statistical analysis 

HIV subtype distribution: We counted the number of different subtype cherries for the different cherry types (domestic, international and 

SHCS/AHIVCOS-cherries).  

Age: For domestic cherries and SHCS/AHIVCOS-cherries, we determined the age difference of the patients based on the birth year of the patient 

and compared the two cohorts using the Wilcoxon test. For LA sequences, no age information was available.  
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Transmission group and ethnicity: We first determined the frequencies of the traits among SHCS and AHIVCOS patients in the tree. We then 

analyzed the three types of cherries: 1) Domestic cherries: Based on the occurrence of traits in the tree, we calculated the frequencies of traits one 

would expect by randomly pairing patients of the same cohort. We call the ratio of the expected and observed pairings of traits in the SHCS/SHCS-

cherries and AHIVOCS/AHIVCOS-cherries assortativity factor (AF). 2) International cherries: We compared the frequency of traits in the tree 

with the frequency of traits in international cherries. The ratio of these frequencies was then used to assess whether a trait is more or less common in 

SHCS/LA-cherries or AHIVOCS/LA-cherries than expected from the frequency of traits on the tree 3) AHIVCOS/SHCS-cherries: Similarly, we 

used the ratio of observed and expected distributions (based on the trait distribution in the whole tree) to assess whether traits are more or less 

common as compared to randomly pairing SHCS and AHIVCOS-patients. See Supplementary material section S1 for the detailed description of 

the formulas. We used MultinomCI of the R package DescTool (39) for calculating confidence intervals of categorical variables, i.e., the distribution 

of the traits in the cherries, and with that derived confidence intervals for the ratios and AFs. 

 

 

Results 

Patient characteristics and number of cherries 

 We included 3141 AHIVCOS and 12902 SHCS patients in the phylogenetic tree. Of the 188917 background sequences downloaded from 

the Los Alamos data base, 7970 sequences were included in the phylogenetic tree. The majority of SHCS and AHIVCOS patients was male, of 
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white ethnicity and the transmission group MSM (Table 1). See Table S1 and S2 for the characteristics of all patients in the cohorts as compared to 

patients in the phylogeny. We obtained 1148 (36.5%) AHIVCOS patients in domestic cherries and 260 (8.3%) in international cherries. Similarly, 

SHCS patients were predominantly in domestic cherries (5544, 43.0%) as compared to international cherries (1061, 8.2%). We obtained 220 

SHCS/AHIVCOS-cherries, reflecting 1.7% of all SHCS and 7.0% of all AHIVCOS patients. We re-calculated the number of different cherry types 

for different distance thresholds and sampling densities of the SHCS: With an SHCS sample density of 0.5, i.e., randomly selecting around 50% of 

the SHCS sequences, we obtain a similar percentage of domestic SHCS cherries as compared to domestic AHIVCOS cherries (37.4% vs 36.4%) 

(see Table S3 and S4). At the same time, after down-sampling the SHCS to 50% of the sequences, the percentage of international SHCS cherries 

increases to 11.1%, compared to 9% international cherries in the AHIVCOS, pointing towards a similar fraction of international cherries in the 

SHCS and the AHIVCOS (see Table S5 and S6). Moreover, the fraction of AHIVCOS patients in AHIVCOS/SHCS-cherries is higher as compared 

to SHCS patients in AHIVCOS/SHCS-cherries, even after down-sampling 50% of the SHCS sequences (see Table S7 and S8). Of note, the total 

number of AHIVCOS/SHCS-cherries, i.e., 220, is higher than the number of SHCS/LA-cherries with the LA sequence from the United States, the 

country with most links to the SHCS (189 SHCS/LA-cherries with the LA sequence from the United States). See Table S9 for the countries of 

origin of the LA sequences in all AHIVCOS/LA- and SHCS/LA-cherries. 

 

Subtype distribution and age difference 
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 The fraction of HIV subtype B cherries was highest in SHCS/SHCS-cherries (2230, 82.5%), followed by AHIVCOS/SHCS-cherries (155, 

71.1%) and AHIVCOS/AHIVCOS-cherries (388, 69.7%). In the case of international cherries, the subtype distribution between SHCS and 

AHIVCOS cherries was similar, except for subtype 02_AG and F (see Figure 1A). The fraction of subtype B cherries was lower for both cohorts 

(AHIVCOS/LA-cherries: 143 (55%), SHCS/LA-cherries: 570 (53.7%)) as compared to the fraction of subtype B participants in the cohorts. The 

median age difference in SHCS/SHCS-cherries as well as AHIVCOS/AHIVCOS-cherries was 7 years (QR = 3-13), with no significant difference in 

the age difference (p = 0.51). The median age difference in AHIVCOS/SHCS-cherries was 8 years (IQR = 3-14), see Figure 1B.  

 

Transmission group and ethnicity of domestic cherries 

 In both cohorts, MSM/MSM, IDU/IDU and male HET/female HET cherries were overrepresented, i.e., they were more frequent than 

expected by randomly pairing patients in the cohorts. This corresponds to an AF greater than one for these pairs (see Methods).  IDU/IDU-cherries 

were most assortative (AHIVCOS AF = 4.24, SHCS AF = 3.76), followed by female HET/male HET-cherries (AHIVCOS AF = 2.71, SHCS AF = 

2.27) and MSM/MSM-cherries (AHVICOS AF = 2.00, SHCS AF = 2.01) (see Figure 2 for all traits). Of note, IDU/non-IDU cherries were more 

common in the SHCS (AF = 0.52) as compared to the AHIVCOS (AF = 0.38). The assortativity regarding white ethnicity was similar in both 

cohorts (AHIVCOS AF = 1.14, SHCS AF = 1.21). All differences between SHCS and AHIVCOS domestic cherries were stable with respect to 

down-sampling and varying the cophenetic distance threshold: In the case of IDU/IDU-cherries, the AF ranged between 3.5 and 5.2, indicating a 

clear over-representation of this cherry-type, and still higher as compared to MSM/MSM-cherries (range 2.0-2.6) (Figures S3 and S4). The 
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situation was less clear in the case of female HET/female HET-cherries with range 0.7 to 1.4, but the AF was clearly higher in the SHCS regardless 

of the distance threshold and SHCS sample density (Figure S5). The AF concerning ethnicity was very stable for both cohorts (Figure S6). 

Characteristics of international cherries 

 In the SHCS, international cherries were dominated by HET (male HET: 19.5%, ratio = 1.18, female HET: 25.9%, ratio = 1.34), while MSM 

were not overrepresented (40.3%, ratio = 1.01). In contrast, in the AHIVCOS, international cherries were dominated by MSM (48.5%, ratio = 1.12), 

while HET were only slightly overrepresented (male HET: 18.8%, ratio = 1.05, female HET: 18.5%, ratio = 1.04). In both cohorts, IDU were 

underrepresented in international cherries, in the SHCS even more as compared to the AHIVCOS (AHIVCOS ratio: 0.56, SHCS ratio: 0.46). 

Similarly, in both cohorts patients of white ethnicity were less present in international cherries as would be expected from the cohort distribution 

(AHIVCOS ratio: 0.90, SHCS ratio: 0.83). Contrariwise, patients of black and Asian ethnicity were more frequent in international cherries as 

compared to the frequency in the cohort (see Figure 3). These results were stable in our sensitivity analysis, with the ratio for IDU being below 1 

(under-represented) and for MSM above 1 (over-represented), see Figure S7 and S8. In the case of ethnicity, however, the ratio was approaching 1 

for a very low distance, most likely due to the low sample size for non-white patients in international cherries of low distance (see Figure S9).  

In the AHIVCOS, the most frequent link in international cherries were sequences from Germany (43, 11.7%), which was only the case in 84 (6.1%) 

of the SHCS sequences, with the USA having most international links to the SHCS (189, 13.7%). See Table S7 for all countries in SHCS/LA- and 

AHIVCOS/LA-cherries (see Table S9).  
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SHCS/AHIVCOS-cherries 

 Of the 220 SHCS/AHIVCOS-cherries, 57 (25.9%) were MSM/MSM-cherries, followed by 21 (9.5%) male HET/female HET-cherries and 

18 (8.1%) male HET/male HET-cherries. The only transmission group combination which was significantly overrepresented, as compared to the 

distribution expected by randomly pairing SHCS and AHIVCOS patients, were MSM/MSM-cherries (ratio = 1.49). See Table 2 for all transmission 

group combinations and ethnicities in SHCS/AHIVCOS-cherries. 

 

 

Discussion 

 Building a phylogenetic tree including Austrian, Swiss and international HIV-1 sequences revealed interesting insights into national and 

international transmission patterns. In both cohorts, the SHCS and AHIVCOS, around 50% of all patients were in a phylogenetic cherry. In the 

AHIVCOS, 30% of the patients in a cherry had a link to a non-Austrian sequence (16% international Los Alamos data base and 13.5% Switzerland). 

Similarly, a significant amount of SHCS patients had links to non-Swiss sequences (15.5% international Los Alamos sequences and 3.2% Austria). 

Given that the Los Alamos background sequence data base is less representative of the global HIV-1 epidemic as compared to the two local cohorts, 

we can assume that the fraction of international, i.e., non-Austrian and non-Swiss, sequences is under-represented. This means that in both 

countries, international links have a major impact on the local HIV-1 epidemics. This highlights the importance of transnational collaboration to 

understand the dynamics of the on-going HIV-1 epidemics. By combining the sequence data bases of the Austrian and Swiss cohorts, we were able 
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to compare transmission in the two local epidemics. Regarding links to the Los Alamos database, we could identify differences in transmission 

groups in the two countries: While in Austria international links are dominated by MSM, in Switzerland international links are over-represented by 

HET. This indicates differences in international HIV-1 transmission sources between Austria and Switzerland. The interpretation of our results is 

that in Austria, the HIV-1 epidemic among MSM is more influenced by international transmission, i.e., MSM being infected by their partner abroad, 

as compared to Switzerland. Of note, since we do not distinguish between nationalities in this project, our findings only reflect the amount of 

transmission events between patients registered in the local cohorts (SHCS or AHIVCOS) and patients somewhere else, but does not tell us 

anything about the role of immigrants in the respective countries, as immigrants are be part of the local cohorts too and hence count as domestic 

transmission. In Switzerland, it was shown before that the HIV-1 epidemic among HET is not self-sustained, indicating the major impact of 

international transmission and domestic transmission of other transmission groups in the case of HET (18). In both cohorts, few international links 

were found among IDU, indicating that HIV-1 transmission among IDU predominantly occurred within local transmission networks, in Switzerland 

even more than in Austria. This mostly domestic transmission dynamics of HIV-1 among IDU might have helped the successful prevention and 

virtual eradication of HIV transmission among IDU in Switzerland, and presumably also in Austria (19). 

 Combining Austrian and Swiss sequences into one phylogenetic tree allows to study and compare characteristics of the local epidemics. In 

both cohorts, cherries of the expected HIV-1 transmission group combinations, i.e., MSM/MSM, IDU/IDU and male HET/female HET were most 

assortative, in the AHIVCOS even more as compared to the SHCS. In the SHCS, IDU/non-IDU, i.e., IDU/MSM, IDU/male HET and IDU/female 

HET, were more frequent as compared to the AHIVCOS. This suggests that the overspill of the HIV epidemic among IDU to other transmission 
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groups was larger in Switzerland as compared to Austria. Interestingly, the assortativity factor of female HET/female HET pairs, the transmission 

group combination with a very small HIV transmission probability, was above 1 in both cohorts. Although not statistically significant, this is an 

indication of unsampled male HET in both cohorts, in the SHCS even more than in the AHIVCOS. In Switzerland as well as Austria, HIV testing is 

done routinely in pregnant women and hence female HET have a higher chance of being diagnosed. In addition, there might be more reluctance 

towards HIV testing in male HET as compared to female HET in general, as was observed for other countries (40).  

 Building a phylogenetic tree, extracting clusters from the tree as well as analyzing properties of clusters involve numerous modelling and 

parameter choices. To date, there is no consensus regarding the ideal way to construct an HIV phylogeny, neither for extraction of HIV transmission 

clusters (12,13). Comparing results from different publications, such as the fraction of international transmission links or properties of local 

transmission clusters, is hence rarely possible. To target HIV-1 prevention, it is important to understand where previous prevention campaigns are 

lagging behind, also in comparison to other countries. A comparison is only possible if the same methods were used to quantify the respective 

problem. Using the “HIV estimates accuracy tool” provided by the European Center for Disease Control (ECDC) (41,42), estimates concerning 

local HIV epidemics can be made, such as estimates about the percentage of undiagnosed HIV-infected people. With this tool, it is hence possible to 

compare the WHO 90-90-90 goals between different countries, using the same method, differences in the sample density and missing data are taken 

into account. To our knowledge, no such tool is available including phylogenetic analyses. Hence, our paper showcases how combined phylogenies 

could be used to understand, compare, and quantify transmission patterns of local epidemics.  
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 Ragonnet, Shilaih et al. (36) performed a phylogenetic study to compare transmission patterns of the HIV epidemics in Switzerland and the 

UK by applying the same methods on the drug resistance data base of the SHCS and the UK HIV resistance data base. They found similar 

characteristics of the Swiss and UK local HIV epidemics after correcting for differences in sample size. In our comparison of Switzerland and 

Austria, in addition to analyzing the local epidemics, we investigate properties of international links with the Los Alamos data base, as well as 

properties of potential overlaps between the Swiss and Austrian HIV epidemic. By contrast to Ragonnet, Shilaih et al, our approach however 

necessitates the transfer of sequences from one cohort to the other cohort. 

 Our study has several strengths and limitations. One strength is that for showcasing the use of a combined phylogeny, we were able to 

include Switzerland and Austria, two neighboring countries of comparable size, culture, and similar basic HIV epidemics. One major limitation is 

inevitable to all phylogenetic analyses: throughout the construction of the tree and extraction of phylogenetic clusters, a multitude of parameters 

need to be chosen. In this project, we concentrated on clusters of size 2, “cherries”, based on the tree topology and an additional genetic distance 

criterion. This simplification on the one hand disregards a lot of sequences potentially closely clustered with these cherries, on the other hand 

provides an intuitive interpretation of the transmission patterns through the proposed assortative factor. However, previous work has shown that 

transmission characteristics of cherries are a good proxy of characteristics of larger clusters (43). 

Extensive sensitivity analyses were performed to understand the impact of sampling density and distance threshold for the cherry definition on our 

results and performed numerous simulations (Section S6). In addition, we performed a sensitivity analysis by re-building the phylogenetic tree with 

subtype B sequences only. The distribution of characteristics is very similar, indicating robustness of our results (see Section S7.1). Similar, we 

ACCEPTED

Copyright � 20 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. 22



 18

rebuilt the phylogenies of Austrian and Swiss sequences separately, again with robust results (see Section S7.2). Further, the SHCS has sequenced a 

large number of samples retrospectively for research purposes. As a sensitivity analysis, we re-built the phylogenetic tree with retrospectively 

sequenced samples removed, and obtain similar results as presented in the main analysis (see Section S8). Another limitation is that sequences 

included in the Los Alamos data base might be biased and do not reflect the trait distribution of the respective countries. Given the higher median 

genetic distance in international cherries as compared to domestic cherries, we conclude that the international cherries observed in our project most 

likely do not reflect direct transmission events, but rather two sequences on a transmission chain with few intermediate transmission events. Hence, 

the country of origin of the Los Alamos sequences might not reflect the countries of the direct transmission events. One of the main characteristics 

we study is the HIV transmission route, which is self-reported by the patients, and potentially underestimates the assortativeness of patients from the 

same transmission group.  

 In summary, the local epidemics of Austria and Switzerland are of remarkable similarity, with only minor differences observed in 

transmission patterns. In both cohorts, international transmission links play a major role, mainly driven by MSM in Austria and HET in Switzerland. 

This underlines the importance of international collaborations to understand the links between HIV epidemics in different areas on the way to 

eliminate HIV. The overrepresentation of female HET cherries indicates missing HIV diagnoses of male HET in both cohorts, calling for tailored 

HIV testing strategies among male HET. Moreover, the underrepresentation of IDU in international cherries in both cohorts highlight the success of 

the virtual elimination of HIV transmission among IDU.  
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Figures 

 

Figure 1A: Distribution of subtype in the different types of cherries: SHCS/SHCS, AHIVCOS/AHIVCOS, SHCS/LA, AHIVCOS/LA, 

AHIVCOS/SHCS 

 

Figure 1B: The distribution of the age difference in the different cherry types: Domestic cherries (SHCS/SHCS, AHIVCOS/AHIVCOS) as well as 

AHIVCOS/SHCS cherries 
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Figure 2: Characteristics of domestic cherries: Frequency of cherries with different patient characteristics and the assortativity factor (AF), i.e., the 

observed frequency divided by the expected frequency when randomly pairing cohort patients.  

 

Figure 3: Characteristics of international cherries: Frequency of cherries with different patient characteristics and the factor: observed frequency 

divided by the frequency in the cohort (expected frequency). 
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FIGURES AND TABLES 

Table 1 

 

   AHIVCOS SHCS 

Total   3141 12902 

Cohort Center   Vienna: 1837 (58.5%) Zürich: 4869 (37.7%) 

    Linz: 487 (15.5%) Lausanne: 1911 (14.8%) 

    Graz: 354 (11.3%) Geneva: 1762 (13.7%) 

    Innsbruck: 235 (7.5%) Bern: 1712 (13.3%) 

    Salzburg: 228 (7.3%) Basel: 1427 (11.1%) 

      St Gallen: 833 (6.5%) 

      Lugano: 388 (3.0%) 

Sex male 2375 (75.6%) 9272 (71.9%) 

  female 766 (24.4%) 3630 (28.1%) 

Birth year median (IQR) 1972 [1964, 1981] 1965 [1959, 1972] 

Registration year median (IQR) 2009 [2003, 2013] 2001 [1996, 2009] 

Sequence year Median (IQR) 2010 [2007, 2014] 2003 [1998, 2009] 

ART naïve at 

sequence date 

 2177 (69.3%) 8879 (68.8%) 

Transmission 

group 

MSM 1361 (43.3%) 5168 (40.1%) 

  male HET 562 (17.9%) 2133 (16.5%) 

  female HET 559 (17.8%) 2491 (19.3%) 

  male IDU 335 (10.7%) 1643 (12.7%) 

  female IDU 158 (5.0%) 887 (6.9%) 

  male other 117 (3.7%) 357 (2.8%) 

  female other 49 (1.6%) 223 (1.7%) 

Ethnicity white 2541 (80.9%) 9881 (76.6%) 

  black 303 (9.6%) 1638 (12.7%) 

  Hispanic 24 (0.8%) 397 (3.1%) 

  Asian 80 (2.5%) 425 (3.3%) 

HIV subtype B 2031 (64.7%) 9574 (74.2%) 

  CRF01_AE 189 (6.0%) 539 (4.2%) 

  CRF02_AG 128 (4.1%) 508 (3.9%) 

  A 268 (8.5%) 610 (4.7%) 

  C 181 (5.8%) 558 (4.3%) 

  F 106 (3.4%) 158 (1.2%) 

 G 78 (2.5%) 300 (2.3%) 

 D 31 (1.0%) 157 (1.2%) 

 other or unknown 446 (14.2%) 1545 (12.0%) 

 

Table 1: Basic characteristic of the study population; AHIVCOS: Austrian HIV Cohort Study, 

SHCS: Swiss HIV Cohort Study, IQR: interquartile range, MSM: men who have sex with men, 

HET: heterosexual, IDU: intravenous drug user 
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Table 2 
 

SHCS/ 

AHIVCOS MSM Male HET Female HET Male IDU Female IDU Male Other Female Other 

MSM 1.49 [1.18, 1.83] 0.32 [0, 1.12] 0.33 [0, 1.02] 0.49 [0, 1.54] 0.15 [0, 2.09] 1.52 [0, 6.33]  

Male HET 0.7 [0, 1.5] 2.77 [0.92, 4.72] 1.18 [0, 2.86] 0.8 [0, 3.33] 1.11 [0, 5.8]  2.94 [0, 21.6] 

Female HET 0.45 [0, 1.26] 1.85 [0, 3.82] 1.46 [0, 3.13] 1.2 [0, 3.75] 0.37 [0, 5.09] 0.92 [0, 12.64] 1.48 [0, 20.24] 

Male IDU 0.64 [0, 1.99] 1.29 [0, 4.56] 1.99 [0, 4.79] 1.67 [0, 5.92] 1.24 [0, 9.11] 1.54 [0, 21.1]  

Female IDU 0.45 [0, 3.32]  0.94 [0, 6.88] 4.26 [0, 13.27] 3.94 [0, 20.63]   

Male Other 1.22 [0, 5.09] 0.74 [0, 10.11] 1.26 [0, 9.29] 0.96 [0, 13.13]    

Female 

Other 

 3.52 [0, 25.9] 3.02 [0, 22.18] 2.29 [0, 31.34]   16.86 [0, 230.92] 

 

 SHCS/AHIVCOS white black Asian Hispanic other 

white 1.09 [1.01, 1.19] 0.35 [0, 0.94] 1.54 [0, 3.79] 0.73 [0, 3.15] 1.42 [0, 3.13] 

black 0.31 [0, 1.12] 2.23 [0, 7.14]   1.08 [0, 15.43] 

Asian 1.86 [0, 4.95]  21.67 [0, 93.37]   

Hispanic 0.78 [0, 11.06]     

other 1.06 [0, 2.34]  6.74 [0, 36.46]   

 

Table 2: Transmission group and ethnicities in AHIVCOS/SHCS-cherries: The factor of the expected and observed frequency of the different 

cherries, and confidence interval. 
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Distribution of subtypes in the cohorts and the cherries
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Characteristics of domestic cherries
AHIVCOS AF SHCS AF

 

 

Transmission group

 

 

 

 

 

 

 

 

 

Ethnicity

 

 

MSM/MSM

femaleHET/maleHET

IDU/IDU

maleHET/MSM

femaleHET/femaleHET

femaleHET/IDU

IDU/maleHET

femaleHET/MSM

IDU/MSM

maleHET/maleHET

white/white

black/white

Asian/white

Hispanic/white

AHIVCOS

observed

37.5%

17.2%

10.5%

7.8%

4%

3.7%

3%

2.8%

2.8%

1.7%

74.7%

5.2%

2.8%

1.6%

AHIVCOS

expected

18.8%

6.4%

2.5%

15.5%

3.2%

5.6%

5.6%

15.4%

13.6%

3.2%

65.4%

15.6%

4.1%

1.2%

SHCS

observed

32.2%

14.5%

14.5%

7%

3.6%

6.8%

5.4%

3%

3.4%

2.8%

70.9%

6.4%

4.5%

4.7%

SHCS

expected

16%

6.4%

3.8%

13.2%

3.7%

7.6%

6.5%

15.5%

15.7%

2.7%

58.7%

19.4%

5%

4.7%

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Assortative Factor: Ratio of expected and observed pairings
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Characteristics of international cherries
AHIVCOS factor SHCS factor

 

 

Transmission group

 

 

 

Ethnicity

 

 

MSM

female HET

male HET

IDU

white

black

Asian

Hispanic

AHIVCOS

observed

48.5%

18.5%

18.8%

8.8%

73.1%

13.5%

5.4%

1.5%

AHIVCOS

expected

43.3%

17.8%

17.9%

15.7%

80.9%

9.6%

2.5%

0.8%

SHCS

observed

40.3%

25.9%

19.5%

9%

63.9%

23.1%

5.5%

4.2%

SHCS

expected

40.1%

19.3%

16.5%

19.6%

76.6%

12.7%

3.3%

3.1%

0 0.5 1 1.5 2 2.5 3
Factor: Ratio of expected and observed pairings
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