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Abstract

Background

It is estimated that approximately half of new HIV diagnoses among heterosexual migrants

in Victoria, Australia, were acquired post-migration. We investigated the characteristics of

phylogenetic clusters in notified cases of HIV among heterosexual migrants.

Methods

Partial HIV pol sequences obtained from routine clinical genotype tests were linked to Victo-

rian HIV notifications with the following exposures listed on the notification form: heterosex-

ual sexual contact, injecting drug use, bisexual sexual contact, male-to male sexual contact

or heterosexual sexual contact in combination with injecting drug use, unknown exposure.

Those with heterosexual sexual contact as the only exposure were the focus of this study,

with the other exposures included to better understand transmission networks. Additional

reference sequences were extracted from the Los Alamos database. Maximum likelihood

methods were used to infer the phylogeny and the robustness of the resulting tree was

assessed using bootstrap analysis. Phylogenetic clusters were defined on the basis of boot-

strap and genetic distance.

Results

HIV pol sequences were available for 332 of 445 HIV notifications attributed to only hetero-

sexual sexual contact in Victoria from 2005–2014. Forty-three phylogenetic clusters contain-

ing at least one heterosexual migrant were detected, 30 (70%) of which were pairs. The

characteristics of these phylogenetic clusters varied considerably by cluster size. Pairs were

more likely to be composed of people living with HIV from a single country of birth (p =

0.032). Larger clusters (n�3) were more likely to contain people born in Australian/New
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Zealand (p = 0.002), migrants from more than one country of birth (p = 0.013) and viral sub-

type-B, the most common subtype in Australia (p = 0.006). Pairs were significantly more

likely to contain females (p = 0.037) and less likely to include HIV diagnoses with male-to-

male sexual contact reported as a possible exposure (p<0.001) compared to larger clusters

(n�3).

Conclusion

Migrants appear to be at elevated risk of HIV acquisition, in part due to intimate relationships

between migrants from the same country of origin, and in part due to risks associated with

the broader Australian HIV epidemic. However, there was no evidence of large transmission

clusters driven by heterosexual transmission between migrants. A multipronged approach

to prevention of HIV among migrants is warranted.

Introduction

Heterosexual sexual transmission of HIV accounts for approximately 20% of new HIV notifi-

cations in Australia annually and has remained stable from 2008–2017, with migrants making

up approximately 40% of these notifications [1–6]. Although many HIV infections among

those migrating from high prevalence countries to low prevalence countries are likely to be

acquired before migration, migrants may also be vulnerable to acquiring HIV in the destina-

tion country [7, 8]. Results from a study of HIV in heterosexual migrants in the United King-

dom (UK) from 2004–2010 using CD4 cell counts at diagnosis and a subsequent study

migrants diagnosed at 57 clinics across Europe between 2013–2015 using a combination of

clinical and self-report data, indicated that 33% and 63% of diagnosed HIV cases, respectively,

were likely to have been acquired post-migration [9, 10]. We previously applied a CD4 count

model to data from HIV notifications with heterosexual exposure to HIV in the Australian

state of Victoria, with the results suggesting that approximately 50% of migrants were likely to

have acquired their HIV post-migration to Australia [3].

Molecular epidemiology, including phylogenetic analysis, is increasingly being used as to

monitor and characterise HIV transmission and inform public health and prevention

responses [11–14]. Molecular epidemiology has also been used to demonstrate increases in

non-B subtypes in Australia and several European countries [15–23], and to estimate the num-

ber of infections likely to have been acquired post-migration in some cases [22]. However,

these studies have not examined the characteristics of phylogenetic clusters, beyond using

them to determine acquisition post-migration. A mathematical model of HIV infection in the

Netherlands found that highly assortative sexual mixing between migrants who came from the

same region of origin resulted in higher HIV prevalence among migrants [24]. We used phylo-

genetic analysis and subtyping of routine HIV pol sequencing (undertaken as part of clinical

care) to better understand heterosexual HIV risk and transmission among migrants and

explore the role of networks in transmission.

Methods

Study population

The key population of interest was migrants in the Australian state of Victoria who were newly

diagnosed with HIV and reported heterosexual sexual contact as the route of transmission.
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Victoria is Australia’s second most populous state and has the second highest number of peo-

ple diagnosed with HIV and new HIV diagnoses [25, 26].

We included all migrants with new HIV diagnoses aged�18 years notified to the Victorian

Department of Health and Human Services, where the likely exposure to HIV was recorded as

heterosexual sexual contact. People born in any country other than Australia or New Zealand,

were classified as migrants, irrespective of citizenship status, and Australian and New Zealand-

born individuals were classified as non-migrants. Consistent with previous analyses, New Zeal-

anders were grouped with Australian-born people [3]. In addition, the following notifications

were used to facilitate characterisation of phylogenetic clusters among cases classified as het-

erosexually acquired: all notifications in non-migrants aged�18 years attributed to heterosex-

ual sexual contact and all notifications attributed to bisexual sexual contact or injecting drug

use (including those attributed to injecting drug use and male-to-male sex [MSM]) in those

�18 years irrespective of migrant status.

Data sources

The Victorian Department of Health and Human Services receives notifications of HIV from

both the laboratories performing the test and the diagnosing doctors, as mandated by the Pub-

lic Health and Wellbeing Act 2008 and its associated regulations. Notification data were

obtained from 1st January 2000 (as very little sequencing was done prior to 2000) to 30th of

June 2014. From 2000–2004 relatively few HIV notifications were sequenced. Therefore,

although these sequences were included in the phylogenetic analysis to allow for possible clus-

tering with later notifications, notifications from 2005 onward were the focus of the analysis.

Patient characteristics

Patient and associated diagnosis characteristics including date of diagnosis, patient demo-

graphics (sex and date and country of birth), clinical characteristics at the time of diagnosis

(CD4 count, any reported symptomatology), HIV testing history (date and result of the previ-

ous HIV test), possible route/s of exposure, likely country of exposure and year of arrival to

Australia (for people born outside of Australia or New Zealand) were extracted from notifica-

tions data. Multiple HIV exposures can be selected on the notification form: for the purpose of

these analyses, exposures were categorised as heterosexual sex (where heterosexual sexual con-

tact was the only reported exposure), bisexual (where MSM and heterosexual sexual contact

were both listed on the form), heterosexual sex with injecting drug use, MSM with injecting

drug use and other/unknown.

HIV sequence data

Sanger sequencing of the HIV pol gene is used in routine clinical practice to determine antire-

troviral drug susceptibility and HIV subtype. Pre-treatment HIV pol sequences were identified

for the period 2000–2014 in the Victorian Infectious Diseases Reference Laboratory (VIDRL)

database and the Burnet Institute Clinical Research Laboratory HIV database, where clinical

samples from patients with HIV infection receiving their clinical care at The Alfred hospital (a

Victorian HIV care service), were routinely sequenced as part of HIV genotype testing during

this period. Both laboratories participated in quality assurance programs. Data were linked

with HIV notifications by matching name codes (the first two letters of cases’ first name and

surname) and date of birth, recorded in all three datasets.

Reference sequences were selected from the Los Alamos database using a stratified random

sample, with strata defined by country of birth and viral subtype. Where available, three
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sequences were selected from each country of birth and viral subtype combination represented

in the study sample. The final sample included 177 reference sequences.

Classifying notifications on the basis of the probable timing of HIV

acquisition relative to migration

For our analyses, evidence of probable place of HIV acquisition was classified as “strong”,

“medium” or “weak” on the basis of testing history, laboratory evidence of recent infection

and CD4 count at diagnosis. Those individuals with a clinic and/or laboratory-confirmed pre-

vious negative HIV test post-migration to Australia and those with laboratory evidence of

recent infection (group IV indeterminate Western blot and HIV detected by virological assay)

post-migration to Australia were classified as having strong evidence of HIV acquisition post-

migration. Those with a self-reported previous negative HIV test post-migration to Australia

were classified as having medium evidence of HIV acquisition post-migration.

Weak evidence of place of acquisition was classified on the basis of their CD4 count at diag-

nosis. We adopted the formulae used in the UK’s HIV & AIDS New Diagnoses & Deaths Data-

base [3, 9] which estimates time since HIV acquisition based on modelled estimates of the

median estimated CD4 counts at HIV acquisition and the median rate of CD4 decline after

diagnosis. We used known CD4 count at diagnosis from our dataset to estimate time between

HIV exposure and diagnosis which we subtracted from date of diagnosis to estimate date of

acquisition and upper and lower confidence intervals for this estimate [3, 9]. If the year of

arrival to Australia was before the lower bound confidence interval of the estimated year of

acquisition, a HIV case was classified as weak evidence of acquisition post-migration. All other

cases including those where the bounds of the confidence interval around estimated year of

acquisition included year of arrival were classified as weak evidence of having acquired their

infection before migration [3].

Those notifications in migrants that could not be classified using any of the methods above

(no evidence of recent infection, no negative test in Australia and either CD4 count or year of

migration not available), location of HIV acquisition were classified as unknown.

Sequencing methods

A 1035 base-pair product spanning the entire coding region for protease (PR) and the first 246

codons of reverse transcriptase (RT) was amplified from HIV-1-specific RNA derived from

500 μL of plasma and sequenced using the ABI Prism reagents, hardware and software

(Applied Biosystems, Foster, CA; HXB2 co-ordinates of the sequence dataset set are 2253–

3287). The methods have been described in detail previously [15]. HIV strains were initially

subtyped based on their pol sequences using the Stanford HIV database (http://hivdb.stanford.

edu/). Subtype assignment was confirmed by submitting sequences to the Los Alamos database

(http://www.hiv.lanl.gov) and the NCBI HIV genotyping tool (http://www.ncbi.nlm.nih.gov/

projects/genotyping/). If subtype assignment was unclear due to potential recombination,

Recombinant Identification Program (https://www.hiv.lanl.gov/content/sequence/RIP/RIP.

html) and Jumping Profile Hidden Markov Model (http://jphmm.gobics.de/) were used to

assign the subtype.

Phylogenetic analysis

Sequences were aligned using the Bio Edit tool (mbio.ncsu.edu/BioEdit). Codons associated

with drug resistance were removed to avoid clustering due to convergent evolution (hivdb.

stanford.edu/s/who). The nucleotide substitution model was selected based on the Akaike

Information Criteria. Maximum likelihood methods used to construct a phylogenetic tree
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using Mega 6.0 [27] based on the general time reversible nucleotide substitution model with

gamma distribution and a proportion of invariable sites. The robustness of the resulting tree

was assessed using bootstrap with 1000 replicates.

Phylogenetic clusters were defined on the basis of genetic distance (<0.045) and bootstrap

support (>0.95) using the command line version of ClusterPicker version 1.2. Genetic distance

was defined using ClusterPicker’s “ambiguity” method which is the p-distance for A, C, T, G

sites and sites with IUPAC ambiguity codes. The characteristics of phylogenetic clusters were

visualised using Pajek 5.07.

Statistical analysis

Chi-squared (categorical variables) and Kruskal-Wallis tests (numeric variables) were used to

assess differences in notification characteristics between migrants and non-migrants. Potential

associations between phylogenetic cluster size and the composition of the clusters were

assessed using Fisher’s exact (categorical variables) and Kruskal-Wallis tests (numeric vari-

ables). The probability that phylogenetic clusters containing migrants from the same country

of origin would be observed by chance was assessed by calculating the binomial probability of

same country clusters being observed given that the largest group of migrants migrating from

the same country was 45 and 876 sequences were included in the phylogenetic analysis.

We assessed factors associated with phylogenetic clustering using univariable and multivar-

iable logistic regression associated with phylogenetic clustering, with a backward selection

approach used to build the multivariable model which initially included variables whose p-

value was<0.25 in univariable regression. The cut-off for statistical significance for all analyses

was p<0.05.

Ethics

Approval for the study including a waiver of informed consent for use of retrospective data

was granted by The Alfred Office of Ethics and Research Governance (project 218/14).

Results

There were 445 new HIV diagnoses in Victoria between 2005–2014 in people reporting het-

erosexual sex as the only exposure (Fig 1). Of these, 332 (75%) had pol sequence data available.

The characteristics of new HIV diagnoses with sequence data available are described in

Table 1. Compared to individuals born in Australia/New Zealand, migrants were on average

younger at notification (median 36 years vs 42 years, p = 0.013) and less likely to have evidence

of newly acquired infection (9% vs 21%, p = 0.003). Among migrants, the most common

region of birth was sub-Saharan Africa (35%) followed by South-East Asia (22%). The HIV-1

subtype distribution was substantially different among migrants (22% B, 41% C, 24% CRF01_

AE, 13% other) compared to Australian/New Zealand-born individuals (63% B, 12% C, 21%

CRF01_AE, 4% other; p<0.001, Table 1). Availability of HIV partial pol sequence did not differ

by age, sex, country of birth (Australian/New Zealand born vs migrant), or CD4 count.

Phylogenetic clustering

Overall, 876 sequences were included in the phylogenetic analysis, including reference

sequences (Figs 1 and 2). Of these, 258 (29%) were in 92 phylogenetic clusters. Of the 332 noti-

fications from 2005 onward where heterosexual sex was listed as the only exposure and pol
sequences were available, 206 (62%) were from migrants and 126 (38%) were Australian/NZ

born, with 118 (36%) samples in 65 phylogenetic clusters. Of these 118 samples identified in a
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cluster, 66 (56%) were migrants and 52 (44%) were Australian/NZ-born notifications. Based

on multivariable analysis, newly acquired infection, region of birth (“Other” compared to sub-

Saharan Africa) and B- subtype were independent predictors of phylogenetic clustering (S1

Table).

Australian HIV notifications include 206 in migrants to Australia with heterosexual expo-

sure from 2005–2014 and 493 other Australian HIV notifications from 2000–1014. Interna-

tional reference sequences (n = 177) were sampled from the Los Alamos database.

Phylogenetic clusters, identified on the basis of bootstrap value and genetic distance, are col-

oured red.

Of the 65 phylogenetic clusters identified, 43 contained at least one migrant who reported

heterosexual sex as the only mode of transmission (Fig 3). The size of the clusters ranged from

2–10 with 30 clusters (70%) consisting of pairs (cluster size = 2) (Fig 3). The characteristics of

the pairs were considerably different to those of the larger clusters (Table 2, Fig 3). Compared

to clusters larger than two, pairs were more likely to include at least one female (87% vs. 54%

of clusters larger than 2, p = 0.037) and more likely to be composed of migrants from the same

Fig 1. Flow chart of study inclusion.

https://doi.org/10.1371/journal.pone.0237469.g001
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country of origin (40% vs 0% of clusters larger than 2; p = 0.032). Larger clusters were more

likely to include bisexual/MSM-IDU (70% vs. 17% of pairs; p<0.001), people born in Austra-

lia/New Zealand (including people from multiple countries of origin) (92% vs 40% of pairs;

p = 0.002) and people from multiple countries of origin that do not include Australia (62% vs.

21% of pairs, p = 0.013) The proportion of clusters that included heterosexual migrants with

any (p = 0.890) or strong (p = 1.000) evidence of HIV acquisition after migration did not differ

by cluster size (Table 2).

Of the 43 phylogenetic clusters including 67 migrants who reported heterosexual sex as

their only mode of transmission, 22 individuals (33%) were in 12 clusters with only migrants

from the same country (Tables 2 & 3). Of the 22, HIV acquisition was estimated to have

occurred before migration for nine, seven after migration and six were unknown (Table 3).

Given that there were 876 sequences in the analysis and the largest group migrating from the

same country was 45, the probability of observing a same-country pair by chance was

p = 0.003. Therefore, the observation of 12 same country pairs overall and seven same country

pairs with evidence of infection acquired after migration, were statistically significant (both

Table 1. Characteristics of 332 HIV notifications with heterosexual exposure category and pol sequences available, 2005–2014.

Migrants Australian/NZ-born p-valuea

N 206 126

Sex at birth

Male 109 (53) 79 (63) 0.081

Female 97 (47) 47 (37)

Median age at HIV diagnosis (IQR) 36.1 (30.1–46.8) 42.3 (31.5–50.6) 0.013

Year of HIV diagnosis

2005–2009 108 (52) 61 (48) 0.478

2010–2014 98 (48) 65 (52)

Median CD4 count at HIV diagnosis (IQR)b 243 (70–430) 304 (102–538) 0.068

Evidence of newly acquired infection

Yes 19 (9) 26 (21) 0.003

No 187 (91) 100 (79)

Region of birth N/A

North Africa and Middle East 13 (6) -

Americas 5 (2) -

North East Asia 7 (3) -

South East Asia 46 (22) -

Southern and Central Asia 17 (8) -

North and West Europe 20 (10) -

South and East Europe 11 (5) -

Oceania 7 (3) 126 (100)

Sub-Saharan Africa 71 (35) -

Unknown 9 (4) -

HIV-1 subtype

B 45 (22) 80 (63) <0.001

C 85 (41) 15 (12)

CRF01_AE 49 (24) 26 (21)

Other 27 (13) 5 (4)

ap-value for difference between migrants and Australian born cases.
b35 migrants and 32 Australian-born cases missing CD4 count data.

https://doi.org/10.1371/journal.pone.0237469.t001
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p<0.001). Nonetheless, these observed infections in single-country clusters accounted for a

minority (7/29; 24%) of all Australian acquired infections among migrants.

Discussion

This study examined the characteristics of phylogenetic clusters involving heterosexual

migrants living in Victoria, Australia from 2005–2014. The majority (70%) of 43 clusters that

included at least one migrant with heterosexual risk were pairs and all clusters with more than

one migrant from a single country of origin were pairs. The number of same country migrant

pairs that we observed was significantly greater than expected by chance, including among

pairs with evidence of post-migration acquisition of HIV. Whilst this suggests that the sexual

networks among migrants from the same country of origin does contribute to the risk of HIV

infection after migration, the overall number of same country-of-origin clusters was small and

confined to pairs rather than larger clusters. In addition, the risk of heterosexually acquired

infection among migrants appears to be partially attributable to sex between migrants from

the same country (within couples) and partially attributable to risk from sex with those born in

Australian/New Zealand, including those reporting male-to-male sex.

The eight clusters consisting of four or more notifications included mainly men, people

born in Australian/NZ and migrants from multiple countries of origin, and those reporting

male-to-male sex as a possible route of HIV acquisition. These clusters were also mainly viral

subtype B, the predominant HIV subtype transmitted through male-to-male sex in Australia

Fig 2. Maximum likelihood phylogeny of HIV pol sequences from Australian HIV notifications and international reference sequences.

https://doi.org/10.1371/journal.pone.0237469.g002
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[5]. These findings suggest that migrants in larger clusters are predominantly acquiring their

HIV after migration and HIV risk is occurring through sexual contact with people born in

Australia/New Zealand and may include male-to-male sex. Further work is required to see

how well-connected sequences from migrants are with those from the Australian gay commu-

nity. It is possible that some of the reported heterosexual exposures in these clusters were due

to male-to-male sexual exposure that was not reported due to social desirability bias, which

Fig 3. The characteristics of 43 phylogenetic clusters containing at least one migrant with heterosexual exposure to HIV. Each circle

represents an HIV notification. Lines connect notifications within the same cluster. The symbols in the centre of each circle represent the

exposure to HIV listed on the notification form. The colour of the symbol in the centre of each circle represents sex. The fill colour of the circle

represents migrant status, estimate and level of evidence for timing of HIV acquisition relative to migration.

https://doi.org/10.1371/journal.pone.0237469.g003

Table 2. Characteristics of 43 phylogenetic clusters containing at least one heterosexual migrant with new HIV

diagnosis, 2005–2014.

Size of cluster p-value

2 3 4–10

Total number of clusters 30 5 8

Sex of cluster members
Cluster includes females: n (%) 26 (87) 3 (60) 4 (50) 0.037

Proportion of cluster female: median (IQR) 0.5 (0.5–

0.5)

0.3 (0.0–

0.7)

0.1 (0.0–

0.3)

0.001

Sexual orientation and sexual behaviour of cluster members
Cluster includes MSM: n (%) 5 (17) 2 (40) 7 (88) <0.001

Cluster includes bisexuals: n (%) 4 (13) 1 (20) 7 (88) <0.001

Proportion of cluster MSM: median (IQR) 0.0 (0.0–

0.0)

0.0 (0.0–

0.3)

0.5 (0.4–

0.6)

<0.001

Injecting drug use in the cluster
Cluster includes PWID (including MSM who inject drugs): n (%) 2 (7) 1 (20) 7 (88) <0.001

Cluster includes PWID (excluding MSM): n (%) 1 (3) 0 (0) 1 (13) 0.518

Proportion of cluster reporting injecting drug use (includes MSM):

median (IQR)

0.0 (0.0–

0.0)

0.0 (0.0–

0.0)

0.2 (0.1–

0.3)

<0.001

Country of origin in the cluster
Cluster composed only of migrants from one country of origin: n

(%)

12 (40) 0 (0) 0 (0) 0.032

Cluster includes Australian/NZ born: n (%) 12 (40) 4 (80) 8 (100) 0.002

Cluster includes migrants from two or more countries of origin: n

(%)

6 (21) 2 (40) 6 (75) 0.013

Number of different countries of origin per cluster (includes Aust/

NZ): median (IQR)

2 (1–2) 2 (2–2) 3 (3–4) <0.001

Proportion of cluster Australian/NZ born: median (IQR) 0.0 (0.0–

0.5)

0.3 (0.3–

0.3)

0.6 (0.5–

0.6)

0.002

Viral subtype of cluster
B: n (%) 8 (27) 2 (40) 7 (88) 0.006

Timing of HIV infection among heterosexual migrants in the cluster
Cluster includes heterosexual migrants with any evidence of HIV

infection after migration: n (%)

18 (60) 3 (60) 4 (50) 0.890

Cluster includes heterosexual migrants with strong evidence of HIV

infection after migration: n (%)

10 (33) 1 (20) 3 (38) 1.000

The denominators for all percentages are the total number of clusters in the column. p-values for differences between

clusters of different sizes (n = 2, n = 3, n�4) based on Fisher’s exact test for categorical variables and Kruskal Wallis

test for continuous variables.

https://doi.org/10.1371/journal.pone.0237469.t002
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may be higher among migrants from countries or cultures where male-to-male sex is stigma-

tised. A recent study of Australian HIV diagnoses in migrants found that diagnoses attribut-

able to male-to-male sex appeared to be increasing in migrants from several regions of origin,

although this was based only on a comparison between two periods rather than an analysis of

trends [6].

To the best of our knowledge, the only published study of HIV transmission networks in

migrants is a mathematical modelling study of the heterosexual HIV epidemic in the Nether-

lands, which investigated the effects of sexual mixing patterns on the epidemic [24]. Modelled

estimates based on empirical data on sexual mixing and sexual behaviour from cross-sectional

surveys suggested that the majority of HIV infections in migrants from high prevalence coun-

tries were acquired in the Netherlands, but the epidemic was very stable due to low levels of

risk behaviour among migrants and highly assortative mixing within migrants from the same

region. That study focussed on only migrants from high and medium HIV prevalence regions

whereas our study was on all heterosexual migrant notifications. Sexual mixing and sexual

behaviour among migrants to Australia may differ from migrants to the Netherlands. None-

theless, a key finding of the modelling study was that the heterosexual epidemic in the Nether-

lands was stable due to low levels of risk behaviour among migrants from high prevalence

countries. This finding is consistent with the findings of our study in that phylogenetic clusters

consistent with heterosexual transmission alone were small (all n�3 and most n = 2).

The results of our study suggest the risk of HIV acquisition among heterosexual migrants

to Australia post-migration is from a variety of sources; for some this is within country of origin

networks including transmission before or after migration and for others it is following migra-

tion and is related to the Australian predominantly MSM HIV epidemic. The proportion with

evidence of acquisition after migration did not vary with cluster size, highlighting that HIV risk

for migrants after migration is hybrid, both from small clusters which are likely to represent

couples that are often composed of migrants from the same country of birth, and from risks

associated with the Australian epidemic, which is largely driven by male-to-male sex. Within

country of origin transmission networks accounted for a minority of transmission and the

infections that occurred post-migration may have been preventable by timely diagnosis and

ART treatment of partners living with HIV. Unfortunately previous findings from Australia

and other high income countries are that migrants are at increased risk of delayed diagnosis [3,

28–32] and delayed ART treatment [33]. While there remains structural barriers to HIV testing

and care for migrants in Australia, including a lack of access for some migrants to universal

health coverage [33], qualitative research has also found that diverse groups of migrants to Aus-

tralia perceive HIV risk in Australia to be low [34]. In addition to changes to eligibility universal

health coverage that include migrants, non-stigmatising and culturally appropriate education

about the risk of HIV and STIs in Australia in migrant groups may also be needed.

Table 3. Single country of origin clustering among 67 heterosexual migrants with new HIV notification 2005–

2014 who are members of phylogenetic clusters, by timing of HIV acquisition relative to migration.

Number of notifications Cluster with only same country migrants

n (%)

Total 67 22 (33)

Strong evidence acquired after migration 12 3 (25)

Moderate evidence acquired after migration 4 0 (0)

Weak evidence acquired after migration 13 4 (31)

Weak evidence acquired before migration 16 9 (56)

Unknown 22 6 (27)

https://doi.org/10.1371/journal.pone.0237469.t003
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Limitations

Analysis of partial pol sequences obtained through routine clinical practice continues to be a

key strategy for population genomic studies in HIV [11]. However, while phylogenetic cluster-

ing implies closely related infection, it does not necessarily imply direct transmission. It is pos-

sible that there were other infections in the transmission networks that have not yet been

diagnosed, were diagnosed in another state or country and therefore were not notified in Vic-

toria, were diagnosed prior to the study period, or did not have a pol sequence available. It is

possible that some cases that were classified as having acquired HIV infection post-migration

to Australia were exposed to HIV whilst travelling back to their country/region of birth or

other regions abroad, which was not measured in this study. Furthermore, it was not possible

to describe the possible transmission networks of those who were not in phylogenetic clusters.

Conclusions

To the best of our knowledge, this is the first study to investigate the characteristics of possible

HIV transmission networks specifically among heterosexual migrants. We found that post-

migration risk of HIV infection in heterosexual migrants was attributable in part to sexual net-

works among migrants from the same country of origin (mostly pairs), but also attributable to

larger sexual networks that included those born in Australia and New Zealand and those

reporting male-to-male sex. A multipronged approach to prevention is warranted including

promoting timely diagnosis and treatment of HIV infected migrants and non-stigmatising cul-

turally appropriate education about HIV risk in Australia for migrants.
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7. Fakoya I, Álvarez-del Arco D, Woode-Owusu M, Monge S, Rivero-Montesdeoca Y, Delpech V, et al. A

systematic review of post-migration acquisition of HIV among migrants from countries with generalised

HIV epidemics living in Europe: mplications for effectively managing HIV prevention programmes and

policy. BMC Public Health. 2015; 15:561–. https://doi.org/10.1186/s12889-015-1852-9 PMID:

26085030.

8. Alvarez-del Arco D, Monge S, Azcoaga A, Rio I, Hernando V, Gonzalez C, et al. HIV testing and coun-

selling for migrant populations living in high-income countries: a systematic review. Eur J Public Health.

2013; 23(6):1039–45. Epub 2012/09/25. https://doi.org/10.1093/eurpub/cks130 PMID: 23002238;

PubMed Central PMCID: PMC4051291.

9. Rice BD, Elford J, Yin Z, Delpech VC. A new method to assign country of HIV infection among hetero-

sexuals born abroad and diagnosed with HIV. AIDS. 2012; 26(15):1961–6. Epub 2012/07/12. https://

doi.org/10.1097/QAD.0b013e3283578b80 PMID: 22781226.

10. Alvarez-Del Arco D, Fakoya I, Thomadakis C, Pantazis N, Touloumi G, Gennotte AF, et al. High levels

of postmigration HIV acquisition within nine European countries. AIDS. 2017; 31(14):1979–88. Epub

2017/09/01. https://doi.org/10.1097/QAD.0000000000001571 PMID: 28857779.

11. Poon AF, Gustafson R, Daly P, Zerr L, Demlow SE, Wong J, et al. Near real-time monitoring of HIV

transmission hotspots from routine HIV genotyping: an implementation case study. Lancet HIV. 2016; 3

(5):e231–8. Epub 2016/04/30. https://doi.org/10.1016/S2352-3018(16)00046-1 PMID: 27126490;

PubMed Central PMCID: PMC4853759.

12. Poon AF, Joy JB, Woods CK, Shurgold S, Colley G, Brumme CJ, et al. The impact of clinical, demo-

graphic and risk factors on rates of HIV transmission: a population-based phylogenetic analysis in Brit-

ish Columbia, Canada. J Infect Dis. 2015; 211(6):926–35. Epub 2014/10/15. https://doi.org/10.1093/

infdis/jiu560 PMID: 25312037; PubMed Central PMCID: PMC4351365.

13. Chan PA, Hogan JW, Huang A, DeLong A, Salemi M, Mayer KH, et al. Phylogenetic Investigation of a

Statewide HIV-1 Epidemic Reveals Ongoing and Active Transmission Networks Among Men Who

PLOS ONE Hetrosexual migrants phylogenetic clustering networks

PLOS ONE | https://doi.org/10.1371/journal.pone.0237469 September 1, 2020 13 / 15

https://doi.org/10.1097/QAI.0000000000000717
https://doi.org/10.1097/QAI.0000000000000717
http://www.ncbi.nlm.nih.gov/pubmed/26068723
https://doi.org/10.1186/s12889-015-1852-9
https://doi.org/10.1186/s12889-015-1852-9
http://www.ncbi.nlm.nih.gov/pubmed/26085030
https://doi.org/10.1071/sh17192
http://www.ncbi.nlm.nih.gov/pubmed/30318035
https://doi.org/10.1001/jama.2012.9046
http://www.ncbi.nlm.nih.gov/pubmed/22820630
https://doi.org/10.1371/journal.pone.0212268
http://www.ncbi.nlm.nih.gov/pubmed/30763366
https://doi.org/10.1186/s12889-015-1852-9
http://www.ncbi.nlm.nih.gov/pubmed/26085030
https://doi.org/10.1093/eurpub/cks130
http://www.ncbi.nlm.nih.gov/pubmed/23002238
https://doi.org/10.1097/QAD.0b013e3283578b80
https://doi.org/10.1097/QAD.0b013e3283578b80
http://www.ncbi.nlm.nih.gov/pubmed/22781226
https://doi.org/10.1097/QAD.0000000000001571
http://www.ncbi.nlm.nih.gov/pubmed/28857779
https://doi.org/10.1016/S2352-3018%2816%2900046-1
http://www.ncbi.nlm.nih.gov/pubmed/27126490
https://doi.org/10.1093/infdis/jiu560
https://doi.org/10.1093/infdis/jiu560
http://www.ncbi.nlm.nih.gov/pubmed/25312037
https://doi.org/10.1371/journal.pone.0237469


Have Sex With Men. J Acquir Immune Defic Syndr. 2015; 70(4):428–35. Epub 2015/08/11. https://doi.

org/10.1097/QAI.0000000000000786 PMID: 26258569; PubMed Central PMCID: PMC4624575.

14. Chaillon A, Essat A, Frange P, Smith DM, Delaugerre C, Barin F, et al. Spatiotemporal dynamics of

HIV-1 transmission in France (1999–2014) and impact of targeted prevention strategies. Retrovirology.

2017; 14(1):15. Epub 2017/02/23. https://doi.org/10.1186/s12977-017-0339-4 PMID: 28222757;

PubMed Central PMCID: PMC5322782.

15. Chibo D, Birch C. Increasing Diversity of Human Immunodeficiency Virus Type 1 Subtypes Circulating

in Australia. AIDS Res Hum Retroviruses. 2012; 28(6):578–83. https://doi.org/10.1089/aid.2011.0200

PMID: 22077905.

16. Castley A, Sawleshwarkar S, Varma R, Herring B, Thapa K, Dwyer D, et al. A national study of the

molecular epidemiology of HIV-1 in Australia 2005–2012. PLoS One. 2017; 12(5):e0170601. https://doi.

org/10.1371/journal.pone.0170601 PMID: 28489920

17. Dauwe K, Mortier V, Schauvliege M, Van Den Heuvel A, Fransen K, Servais JY, et al. Characteristics

and spread to the native population of HIV-1 non-B subtypes in two European countries with high migra-

tion rate. BMC Infect Dis. 2015; 15:524. Epub 2015/11/18. https://doi.org/10.1186/s12879-015-1217-0

PMID: 26572861; PubMed Central PMCID: PMC4647655.

18. Gifford RJ, de Oliveira T, Rambaut A, Pybus OG, Dunn D, Vandamme AM, et al. Phylogenetic surveil-

lance of viral genetic diversity and the evolving molecular epidemiology of human immunodeficiency

virus type 1. J Virol. 2007; 81(23):13050–6. Epub 2007/09/28. https://doi.org/10.1128/JVI.00889-07

PMID: 17898057; PubMed Central PMCID: PMC2169105.

19. Hughes GJ, Fearnhill E, Dunn D, Lycett SJ, Rambaut A, Leigh Brown AJ, et al. Molecular Phylody-

namics of the Heterosexual HIV Epidemic in the United Kingdom. PLOS Pathogens. 2009; 5(9):

e1000590. https://doi.org/10.1371/journal.ppat.1000590 PMID: 19779560

20. Lai A, Bozzi G, Franzetti M, Binda F, Simonetti FR, Micheli V, et al. Phylogenetic analysis provides evi-

dence of interactions between Italian heterosexual and South American homosexual males as the main

source of national HIV-1 subtype C epidemics. J Med Virol. 2014; 86(5):729–36. https://doi.org/10.

1002/jmv.23891 PMID: 24482324

21. Ragonnet-Cronin M, Lycett SJ, Hodcroft EB, Hue S, Fearnhill E, Brown AE, et al. Transmission of Non-

B HIV Subtypes in the United Kingdom Is Increasingly Driven by Large Non-Heterosexual Transmission

Clusters. J Infect Dis. 2016; 213(9):1410–8. Epub 2015/12/26. https://doi.org/10.1093/infdis/jiv758

PMID: 26704616; PubMed Central PMCID: PMC4813743.
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