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Abstract

Introduction

We conducted a detailed analysis of trends in new HIV diagnoses in Australia by country of

birth, to understand any changes in epidemiology, relationship to migration patterns and

implications for public health programs.

Methods

Poisson regression analyses were performed, comparing the age-standardised HIV diagno-

sis rates per 100,000 estimated resident population between 2006–2010 and 2011–2015 by

region of birth, with stratification by exposure (male-to-male sex, heterosexual sex–males

and females). Correlation between the number of permanent and long-term arrivals was

also explored using linear regression models.

Results

Between 2006 and 2015, there were 6,741 new HIV diagnoses attributed to male-to-male

sex and 2,093 attributed to heterosexual sex, with the proportion of diagnoses attributed to

male-to-male sex who were Australian-born decreasing from 72.5% to 66.5%. Compared

with 2006–2010, the average annual HIV diagnosis rate per 100,000 in 2011–15 attributed

to male-to-male sex was significantly higher in men born in South-East Asia (summary rate

ratio (SRR) = 1.37, p = 0.001), North-East Asia (SRR = 2.18, p<0.001) and the Americas

(SRR = 1.37, p = 0.025), but significantly lower as a result of heterosexual sex in men

born in South-East Asia (SRR = 0.49, p = 0.002), Southern and Central Asia (SRR = 0.50,

p = 0.014) and Sub-Saharan Africa (SRR = 0.39, p<0.001) and women born in South-East

Asia (SRR = 0.61, p = 0.002) and Sub-Saharan Africa (SRR = 0.61, p<0.001). Positive
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associations were observed between the number of permanent and long-term arrivals and

HIV diagnoses particularly in relation to diagnoses associated with male-to-male sex in men

from North Africa and the Middle East, North Asia, Southern and Central Asia and the

Americas.

Conclusion

The epidemiology of HIV in Australia is changing, with an increase in HIV diagnosis rates

attributed to male-to-male sex amongst men born in Asia and the Americas. Tailored strate-

gies must be developed to increase access to, and uptake of, prevention, testing and treat-

ment in this group.

Introduction

Migrants in high income, low prevalence countries can be disproportionately affected by HIV,

with higher diagnosis rates and a greater likelihood of being diagnosed late, with a CD4 count

under 350 cells/ul [1–3]. Historically migrants from high prevalence countries such as in Sub-

Saharan Africa have been the most affected, but emerging evidence from Europe suggests this

is changing, with decreases in HIV diagnoses attributed to heterosexual exposure in African

migrants and increases in new HIV diagnoses attributed to male-to-male sex in Latin Ameri-

can migrants [1, 2].

Australia has a concentrated HIV epidemic, with around three quarters of new diagnoses

each year attributed to male-to-male sex and one-fifth to heterosexual exposure [4]. The num-

ber of HIV diagnoses in Australia attributed to sex between men increased from 655 in 2007 to

755 in 2012 and has remained stable since [4]. This stabilisation coincided with promotion of

“treatment as prevention” and increases in testing frequency, treatment coverage and viral

suppression [4, 5]. However a shift in HIV risk may be taking place, with the proportion of

HIV diagnoses attributed to male-to-male sex in overseas-born men who are Asian-born

increasing from 30% in 2006 to 57% in 2015 [4]. Simultaneously there have been an increase

particularly in younger migrants from Asian countries such as China [6]. India, the Philip-

pines, Viet Nam and Malaysia were also among the top ten countries of birth in Australia in

2016 [6].

Migrants with HIV in Australia have differing histories and reasons for migration. Under-

standing this diversity is important in designing programs which maximise access to HIV test-

ing, treatment and care to reduce HIV transmission. Australia has committed to working

towards elimination of transmission of HIV by 2020 [5], and addressing the needs of overseas-

born populations who may be at risk of HIV an important component of achieving this goal.

In this study, we sought to determine if, similar to other high-income countries, the epide-

miology of HIV by country of birth and exposure in Australia has changed over time, and if

any changes are related to migration patterns. Findings are intended to inform HIV programs

for people born overseas.

Materials and methods

HIV surveillance procedures

Under procedures described previously [7], all new HIV diagnoses in Australia are first noti-

fied by laboratories and/or doctors to State and Territory health authorities, who analyse and

HIV in migrants, Australia
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report this data to the National HIV Registry, maintained by the Kirby Institute at UNSW Syd-

ney on behalf of the Australian Government Department of Health [8]. Data was de-identified

before provision to the lead author for this analysis, with name code (full name is converted to

2x2 code before reporting by states and territories to the national registry) removed and date

of birth converted to age at diagnosis. Consent was not sought from individuals as this would

have involved re-identification of data and individuals in order to contact them, which in itself

could constitute a breach of privacy.

Data extracted from the National HIV Registry for this analysis were year and age at diag-

nosis, sex, country of birth (routinely collected from 2002), mode of exposure to HIV (males

who have sex with males (MSM); MSM with dual risk of injecting drug use (IDU); heterosex-

ual sex; and other/undetermined exposure, including mother-to-child transmission, direct

blood/tissue exposure, and iatrogenic exposure, likely place of acquisition (Australia or over-

seas) and year of arrival in Australia.

Countries of birth were grouped into one of eight regions (Australia, Oceania, North-West

Europe, Southern and Eastern Europe, North Africa and the Middle East, South-East Asia,

North-East Asia, Southern and Central Asia, Americas and Sub-Saharan Africa) based on cate-

gories used by the Australian Bureau of Statistics (ABS) [9]. The ABS has primary responsibil-

ity in Australia for collection of population data.

The likely place of acquisition and year of arrival variables have only been available nation-

ally since 2015, so analysis of these variables was undertaken using data from this year alone.

Data on estimated resident population (ERP) [10] and permanent and long-term arrivals

by year, age, sex and country of birth for each year [11, 12] were sourced from the ABS. Projec-

tions of ERP by country of birth are calculated on an annual basis using multiple components,

including census count, births, deaths and net overseas migration [13]. Permanent arrivals

include travellers who hold a permanent visa (regardless of duration of stay); long-term arriv-

als include both residents returning from an absence, or visitors with duration of stay of one

year or longer [14].

Analysis

Desk-based, secondary data analysis was conducted. All people newly diagnosed with HIV in

Australia between 1 January 2006 and 31 December 2015 with the HIV exposure recorded as

male-to-male or heterosexual sex were included. Excluded cases had a prior diagnosis over-

seas, no country of birth was recorded, and/or were transgender, the last exclusion to allow

stratification of risk by sex.

The study period was divided into two equal five-year intervals for comparison of changes

over time–(i) 2006 to 2010 and (ii) 2011 to 2015. Descriptive analysis was conducted to calcu-

late the proportions of HIV diagnoses by region of birth, by sex and mode of exposure (male-

to-male sex or heterosexual). The Wilcoxon rank sum test was used to compare median age at

diagnosis by region of birth and exposure, using people born in Australia as the comparison.

Pearson’s chi-squared test was used to compare overseas-born diagnoses by likely place of

acquisition and reported exposure.

Average annual HIV diagnosis rates per 100,000 population were calculated by region of

birth for each time period, with stratification by exposure (male-to-male sex, heterosexual

males and heterosexual females), and age standardisation using the 2001 ABS standard popula-

tion [15] as a reference. Average annual age-standardised HIV diagnosis rates by region of

birth were compared using univariate Poisson models, with the age-standardised number of

diagnoses as the outcome, region of birth as the independent variable and ERP as the

HIV in migrants, Australia
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population offset. Results are presented as an incidence rate ratio (IRR) for each region of

birth compared with Australia.

The difference in the average annual age-standardised HIV diagnosis rate between

2006–2010 and 2011–2015 for each region of birth was analysed using univariate Poisson

models, with number of diagnoses as the outcome and time interval as the independent vari-

able. Summary rate ratios (SRRs) for each region of birth and exposure category were calcu-

lated, using the 2006 to 2010 time period as the reference.

To understand the relationship between migration patterns and new HIV diagnoses, we

used linear regression models for each region of birth and mode of exposure, with number of

HIV diagnoses per year as the dependent variable and permanent and long-term arrivals as

the independent variable. Models were adjusted by including age as a covariate in the multi-

variate analysis. This analysis provides a more sensitive measure of any relationship between

migration patterns and HIV diagnoses than using ERP alone, as ERP is based on population

projections whereas permanent and long-term arrivals are real-time data.

For all analyses, the population denominator used for calculation of HIV diagnosis rates in

men—whether attributed to male-to-male sex or heterosexual sex—was the overall male popu-

lation, as population numbers stratified by mode of exposure are not available. This method is

consistent with those used in producing national surveillance estimates [4].

All analyses were performed using STATA IC 14 [Stata Corp, College Station, TX], with the

significance level set at p>0.05.

Ethics

Ethical approval was received from the University of New South Wales Human Research Eth-

ics Committee (Reference HC16482).

Results

Epidemiological characteristics by region of birth

Table 1 summarises the characteristics of all new HIV diagnoses by region of birth. Between

2006 and 2015, there were a total of 11,451 HIV diagnoses in Australia, of these 9,869 (86.1%)

were new diagnoses, with no prior diagnosis overseas. Of these new diagnoses, 9,566 (97%)

had country of birth recorded, and 8,840 of 9,566 (92%) reported male-to-male or heterosexual

sex as their exposure to HIV. After excluding six transgender individuals, a final sample of

8,834 persons diagnosed with HIV in Australia between 2006 and 2015 were included in the

analysis.

Between 2006–2010 and 2011–2015, the proportion of HIV diagnoses attributed to male-

to-male sex which were in men decreased from 72.5% to 66.5%, while the proportion born in

South-East, North-East or Southern and Central Asia increased from 9.7% to 15.8%. The pro-

portion attributed to heterosexual sex which were in Australian-born men and women

increased from 33.7% to 42.5% while the proportion born in Sub-Saharan Africa and South-

East Asia decreased from 27.2% to 18.2%, and 15.8% to 12.3% respectively.

Age

Age at diagnosis is an important factor in understanding who is at risk and for targeting of pre-

vention, treatment and care programs.

For diagnoses attributed to male-to-male sex, the median age at diagnosis compared to

Australian-born men was significantly lower in both time periods in South-East Asian and

North-East Asian born men, higher for men born in North-West Europe, and lower in 2011–

HIV in migrants, Australia
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2015 alone for men born in the Americas. For diagnoses attributed to heterosexual exposures,

the median age at diagnosis compared to the Australian-born was significantly lower in both

time periods in men and women born in Oceania, South-East Asia, Southern and Central Asia

and Sub-Saharan Africa and higher in those born in North-West Europe. The median age at

diagnosis compared to Australian-born was higher in 2006–2010 alone for those born in

Southern and Eastern Europe and lower in 2011–2015 alone for men and women born in

North Africa and the Middle East and North-East Asia. There were no significant differences

in age for other region of birth or exposure groupings compared to Australian-born, in either

2006–2010 or 2011–2015.

In 2006–2010, amongst HIV diagnoses attributed to male-to-male sex, the highest propor-

tion were among Australian-born men, followed by men born in South-East Asia, North-West

Europe, Oceania, the Americas, North-East Asia, Southern and Eastern Europe, Sub-Saharan

Africa, North Africa and the Middle East and Southern and Central Asia. In 2011–2015, the

highest proportion were among Australian-born men, followed by men born in South-East

Asia, North-West Europe, North-East Asia, Oceania, the Americas, Southern and Eastern

Europe, Southern and Central Asia, Sub-Saharan Africa, and North Africa and the Middle

East.

In 2006–2010, amongst HIV diagnoses attributed to heterosexual sex, the highest propor-

tion were among Australian-born men and women, followed by those born in Sub-Saharan

Africa, South-East Asia, North-West Europe, Oceania, North Africa and Middle East, South-

ern and Central Asia, Southern and Eastern Europe, the Americas and North-East Asia. In

2011–15, the highest proportion were among Australian-born men and women, followed by

those born in Sub-Saharan Africa, South-East Asia, Oceania, North-West Europe, North

Africa and Middle East, Southern and Central Asia, North-East Asia, Southern and Eastern

Europe and the Americas.

Time since arrival

There were 383 people born overseas and diagnosed with HIV in 2015. Of these, data on time

since arrival was available for 197 (51.4%) diagnoses, on likely place of acquisition for 297

(77.6%) diagnoses, and on both time since arrival and likely place of acquisition for 177

(46.2%) diagnoses. The median time since arrival was three years (IQR 1–11 years) for men in

whom male-to-male sex was the likely exposure, six years (IQR 1–17 years) for men and five

years (IQR 1–11 years) for women in whom heterosexual sex was the likely exposure.

Of the 230 new HIV diagnoses attributed to male-to-male sex for whom data on likely place

of acquisition was available, 78 (33.9%) were acquired overseas. The proportion acquired over-

seas was higher for HIV diagnoses attributed to heterosexual contact (47 or 70.2%, X2 = 28.0,

p<0.001).

Changes in HIV diagnosis rate by region of birth

Results of the Poisson regression analysis are at Table 2.

New HIV diagnoses attributed to male-to-male sex. In 2006 to 2010, age-standardised

HIV diagnosis rates attributed to male-to-male sex were significantly higher in men born in

South-East Asia (IRR 1.90, 95% CI 1.63–2.21) and the Americas (IRR 2.37, 95% CI 1.91–2.95)

compared with Australian-born men. Rates were significantly lower compared to Australian-

born men in men born in Southern and Eastern Europe (IRR 0.68, 95% CI 0.55–0.83), North

Africa and the Middle East (IRR 0.45, 95% CI 0.30–0.67) and Southern and Central Asia (IRR

0.24, 95% CI 0.15–0.38), but not significantly different for men born in Oceania, North-West

Europe, North-East Asia and Sub-Saharan Africa.
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In 2011 to 2015, age-standardised new HIV diagnosis rates attributed to male-to-male sex

were significantly higher in men born in South-East Asia (IRR 2.56, 95% CI 2.27–2.89), North-

East Asia (IRR 1.85, 95% CI 1.59–2.15) and the Americas (IRR 3.18, 95% CI 2.68–3.79) com-

pared with men born in Australia. Rates were significantly lower in men born in Southern and

Eastern Europe (IRR 0.80, 95% CI 0.66–0.96), North Africa and the Middle East (IRR 0.56, 95%

Table 2. HIV diagnosis rates by region of birth and exposure, with summary rate ratios, 2006–2015.

2006–2010 2011–2015 †SRR 2006–2010 vs

2011–2015

Age std.

rate

IRR 95% CI p value Age std.

rate

IRR 95% CI p value SRR 95% CI P value

Male-to-male sex Australia 5.97 1 6.07 1 1.02 0.96 1.08 0.538

Oceania 7.15 1.20 0.99 1.45 0.060 7.12 1.17 0.99 1.39 0.071 1.00 0.78 1.28 0.970

North-West Europe 5.60 0.94 0.82 1.07 0.353 6.60 1.09 0.96 1.22 0.175 1.18 0.99 1.40 0.060

Southern and Eastern

Europe

4.05 0.68 0.55 0.83 <0.001 4.83 0.80 0.66 0.96 0.018 1.19 0.91 1.57 0.209

North Africa and the

Middle East

2.66 0.45 0.30 0.67 <0.001 3.37 0.56 0.40 0.78 0.001 1.27 0.75 2.14 0.373

South-East Asia 11.34 1.90 1.63 2.21 <0.001 15.57 2.56 2.27 2.89 <0.001 1.37 1.14 1.65 0.001

North-East Asia 5.16 0.86 0.68 1.11 0.249 11.23 1.85 1.59 2.15 <0.001 2.18 1.64 2.89 <0.001

Southern and Central Asia 1.45 0.24 0.15 0.38 <0.001 2.37 0.39 0.29 0.53 <0.001 1.63 0.95 2.82 0.079

Americas 14.17 2.37 1.91 2.95 <0.001 19.34 3.18 2.68 3.79 <0.001 1.37 1.04 1.79 0.025

Sub-Saharan Africa 6.16 1.03 0.76 1.40 0.842 5.23 0.86 0.64 1.16 0.324 0.85 0.55 1.30 0.450

Heterosexual—Men Australia 0.65 1 0.72 1 1.10 0.93 1.30 0.251

Oceania 1.03 1.57 0.96 2.60 0.075 1.48 2.05 1.39 3.01 <0.001 1.43 0.78 2.64 0.247

North-West Europe 1.08 1.65 1.20 2.26 0.002 1.32 1.84 1.39 2.42 <0.001 1.23 0.84 1.81 0.296

Southern and Eastern

Europe

0.43 0.66 0.35 1.25 0.205 0.84 1.17 0.74 1.86 0.496 1.94 0.90 4.18 0.089

North Africa and the

Middle East

2.41 3.69 2.37 5.73 <0.001 2.26 3.14 2.06 4.79 <0.001 0.94 0.52 1.69 0.832

South-East Asia 3.39 5.19 3.86 6.96 <0.001 1.68 2.33 1.62 3.35 <0.001 0.49 0.32 0.77 0.002

North-East Asia 0.14 0.21 0.05 0.94 0.041 0.51 0.71 0.36 1.42 0.333 3.74 0.72 19.43 0.116

Southern and Central Asia 2.32 3.55 2.42 5.20 <0.001 1.16 1.61 1.03 2.49 0.035 0.50 0.28 0.87 0.014

Americas 1.54 2.35 1.21 4.56 0.011 1.70 2.36 1.32 4.22 0.004 1.10 0.46 2.63 0.822

Sub-Saharan Africa 18.85 28.82 23.31 35.64 <0.001 7.27 10.10 7.67 13.29 <0.001 0.39 0.28 0.52 0.000

Heterosexual—

women

Australia 0.32 1 0.34 1 1.05 0.83 1.34 0.669

Oceania 2.17 6.80 4.63 9.98 <0.001 1.83 5.43 3.73 7.92 <0.001 0.84 0.52 1.36 0.484

North-West Europe 0.67 2.10 1.37 3.21 0.001 0.41 1.21 0.73 2.03 0.461 0.61 0.33 1.13 0.118

Southern and Eastern

Europe

0.39 1.22 0.60 2.48 0.585 0.71 2.10 1.22 3.61 0.008 1.81 0.77 4.29 0.177

North Africa and the

Middle East

2.65 8.28 5.16 13.29 <0.001 2.74 8.15 5.30 12.52 <0.001 1.04 0.57 1.87 0.904

South-East Asia 4.88 15.27 11.72 19.90 <0.001 3.00 8.91 6.72 11.81 <0.001 0.61 0.45 0.83 0.002

North-East Asia 0.38 1.19 0.51 2.77 0.693 0.53 1.57 0.83 2.95 0.165 1.39 0.50 3.90 0.531

Southern and Central Asia 0.58 1.81 0.77 4.28 0.174 0.45 1.35 0.62 2.92 0.451 0.78 0.25 2.43 0.671

Americas 1.34 4.18 2.04 8.57 <0.001 0.64 1.90 0.75 4.80 0.175 0.48 0.15 1.51 0.208

Sub-Saharan Africa 20.95 65.55 51.44 83.53 <0.001 12.87 38.21 29.68 49.19 <0.001 0.61 0.48 0.79 <0.001

IRR = incidence rate ratio, SRR = summary rate ratio,
†2006–2010 vs. 2011–2015 SRR, based on univariate Poisson models for each region of birth with number of diagnoses as the outcome and time interval as the

independent binary variables.

https://doi.org/10.1371/journal.pone.0212268.t002
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CI 0.40–0.78) and Southern and Central Asia (IRR 0.39, 95% CI 0.29–0.53). Rates were not sig-

nificantly different for men born in Oceania, North-West Europe and Sub-Saharan Africa.

Between the time periods 2006–2010 and 2011–2015, HIV diagnosis rates attributed to

male-to-male sex increased 1.37 times (95% CI 1.14–1.65) in men born in South-East Asia,

2.18 times (95% CI 1.64–2.89) in men born in North-East Asia and 1.37 times (95% CI 1.04–

1.79) for men from the Americas, as expressed by the SRR. Changes for other regions of birth

were not significant.

New HIV diagnoses in men attributed to heterosexual contact. In 2006 to 2010, age-

standardised HIV diagnosis rates attributed to heterosexual contact were significantly higher

in men born in North-West Europe (IRR 1.65, 95% CI 1.20–2.26), North Africa and the Mid-

dle East (IRR 3.69, 95% CI 2.37–5.73), South-East Asia (IRR 5.19, 95% CI 3.86–6.96), Southern

and Central Asia (IRR 3.55, 95% CI 2.42–5.20), the Americas (IRR 2.35, 95% 1.21–4.56) and

Sub-Saharan Africa (IRR 28.82, 95% 23.31–35.64) compared to Australian-born men. Rates

were lower or not significantly different for men born in Southern and Eastern Europe, North-

East Asia or Oceania compared with men born in Australia.

In 2011 to 2015, new HIV diagnosis rates attributed to heterosexual contact were signifi-

cantly higher in men born in Oceania (IRR 2.05, 95% CI 1.39–3.01), North-West Europe (1.84,

95% CI 1.39–2.42), North Africa and the Middle East (IRR 3.14, 95% CI 2.06–4.79), South-

East Asia (IRR 2.33, 95% CI 1.62–3.35), Southern and Central Asia (IRR 1.61, 95% CI 1.03–

2.49), the Americas (IRR 2.36, 95% CI 1.32–4.22) and Sub-Saharan Africa (IRR 10.10, 95% CI

7.67–13.29) than in the Australian-born. Rates were not significantly different for men born in

Southern and Eastern Europe or North-East Asia.

Between the time periods 2006–2010 and 2011–2015, new HIV diagnosis rates attributed to

heterosexual contact decreased significantly in men born in South-East Asia (SRR 0.49, 95%

CI 0.32–0.77), Southern and Central Asia (SRR 0.50, 95% CI 0.28–0.87) and Sub-Saharan

Africa (SRR 0.39, 95% CI 0.28–0.52). Changes for other regions of birth were not significant.

New HIV diagnoses in women attributed to heterosexual contact. Age-standardised

new HIV diagnosis rates attributed to heterosexual contact from 2006 to 2010 were higher

than in women born in Oceania (IRR 6.80, 95% CI 4.63–9.98), North-West Europe (IRR 2.10,

95% CI 1.37–3.21) North Africa and the Middle East (IRR 8.28, 95% CI 5.16–13.29), South-

East Asia (IRR 15.27, 95% CI 11.72–19.90), the Americas (IRR 4.18, 95% CI 2.04–8.57) and

Sub-Saharan Africa (IRR 65.55, 95% CI 51.44–83.53) than in Australian-born women. Rates

were not significantly different for women from Southern and Eastern Europe, North-East

Asia and Southern and Central Asia compared with those born in Australia.

From 2011 to 2015, new HIV diagnosis rates attributed to heterosexual contact were signifi-

cantly higher in women born in Oceania (IRR 5.43, 95% CI 3.73–7.92), Southern and Eastern

Europe (IRR 2.10, 95% CI 1.22–3.61), North Africa and the Middle East (IRR 8.15, 95% CI

5.30–12.52), South-East Asia (IRR 8.91, 95% CI 6.72–11.81) and Sub-Saharan Africa (IRR

38.21, 95% CI 29.68–49.19) than in Australian-born women. Rates were not significantly dif-

ferent for other regions of birth.

Between 2006–2010 and 2011–2015, HIV diagnosis rates attributed to heterosexual contact

decreased significantly in women born in South-East Asia and Sub-Saharan Africa, by 0.61

(95% CI 0.45–0.83) and 0.61 (95% CI 0.48–0.79) times respectively. Changes for other regions

of birth were not significant.

Correlation between HIV diagnoses and permanent and long-term arrivals

After adjusting for age, HIV diagnoses attributed to male-to-male sex had a significant positive

association with permanent and long-term arrivals for those from North Africa and the
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Middle East, North-East Asia and the Americas, and a borderline significant positive associa-

tion for those from Southern and Central Asia (Table 3). For male diagnoses attributed to het-

erosexual sex, there was a significant negative association with permanent and long-term

arrivals for those from South-East Asia, and a positive association for those from Southern and

Central Asia and Sub-Saharan Africa. For female diagnoses attributed to heterosexual sex,

there was a significant negative association with permanent for those from South-East Asia,

and a positive association for those from Oceania, Southern and Central Asia and Sub-Saharan

Africa (Table 3). Associations for all other regions of birth and exposures were not significant.

Discussion

The epidemiology of HIV in Australia is changing. While HIV diagnosis rates for Australian-

born men and women in all exposure categories have been stable, rates attributed to male-to-

male sexual exposure among men born in South-East Asia, North-East Asia and the Americas

increased significantly between 2006–2010 and 2011–2015, and are higher than those of Aus-

tralian-born men. In 2011–2015 Asian-born men (from South-East Asia, North-East and

Southern and Central Asia) accounted for over 15% of all new HIV diagnoses attributed to

Table 3. Univariate and multivariate (adjusting for age) regression analyses, examining the relationship between HIV diagnoses and permanent and long-term

arrivals, 2006–2015.

Univariate Multivariate

Exposure Region of birth Coefficient R2 p-value Coefficient p-value

Male-to-male sex Oceania 0.0004 0.11 0.35 0.0004 0.20

North-West Europe -0.0001 0.03 0.61 -0.0001 0.74

Southern and Eastern Europe -0.0002 0.04 0.57 0.0003 0.35

North Africa and the Middle East 0.0006 0.53 0.02 0.0005 0.04

South-East Asia 0.0008 0.06 0.50 0.0006 0.39

North-East Asia 0.0013 0.42 0.04 0.0013 0.00

Southern and Central Asia 0.0001 0.04 0.60 0.0001 0.06

Americas 0.0013 0.50 0.02 0.0014 0.00

Sub-Saharan Africa 0.0003 0.12 0.32 -0.0001 0.50

Heterosexual—men Oceania 0.0002 0.26 0.14 0.0001 0.52

North-West Europe 0.0001 0.07 0.45 -0.0001 0.30

Southern and Eastern Europe 0.0001 0.03 0.65 0.0000 0.73

North Africa and the Middle East -0.0003 0.11 0.36 -0.0002 0.25

South-East Asia -0.0004 0.59 0.01 -0.0003 0.01

North-East Asia 0.0001 0.13 0.31 0.0001 0.23

Southern and Central Asia 0.0001 0.27 0.13 0.0001 0.02

Americas 0.0001 0.02 0.69 0.0000 0.88

Sub-Saharan Africa 0.0025 0.76 0.00 0.0022 0.00

Heterosexual—women Oceania 0.0004 0.25 0.14 0.0004 0.03

North-West Europe -0.0001 0.15 0.27 -0.0001 0.14

Southern and Eastern Europe 0.0000 0.00 0.85 0.0000 0.91

North Africa and the Middle East -0.0003 0.14 0.28 -0.0003 0.15

South-East Asia -0.0005 0.47 0.03 -0.0007 0.00

North-East Asia 0.0000 0.00 0.90 0.0000 0.64

Southern and Central Asia 0.0000 0.17 0.23 0.0001 0.04

Americas 0.0001 0.12 0.33 0.0001 0.49

Sub-Saharan Africa 0.0011 0.21 0.18 0.0007 0.29

https://doi.org/10.1371/journal.pone.0212268.t003
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male-to-male sex in Australia. Diagnosis rates attributed to heterosexual exposure amongst

men and women born in South-East Asia and Sub-Saharan Africa, and men born in Southern

and Central Asia, decreased over the ten years but remained higher than rates in Australian-

born people.

Migration patterns and the epidemiology of HIV in countries of origin may partially

explain these changes. With respect to male-to-male sexual exposure, increases in the number

of new arrivals were significantly correlated with increases in new HIV diagnoses for those

from North Africa and the Middle East, North-East Asia, Southern and Central Asia and the

Americas. In relation to heterosexual exposure, increases in new arrivals were associated with

increases in new HIV diagnoses in men from Sub-Saharan Africa, and decreases in new HIV

diagnoses for men and women from South-East Asia.

These trends are consistent with the presence of concentrated epidemics among men who

have sex with men (MSM) in countries in North-East Asia, Southern and Central Asia and the

Americas; and with changes in South-East Asian countries such as Thailand and Cambodia

from generalised to concentrated epidemics amongst populations such as MSM [16]. Findings

are also consistent with other high-income countries in Europe, where decreases in heterosex-

ually acquired HIV amongst Sub-Saharan Africa born men and women and increases in new

HIV diagnoses among MSM from other regions such as Central Asia, corresponding with

migration patterns, have also been observed [1, 2]. Studies of other infectious diseases such as

tuberculosis and hepatitis B have consistently found an association between migration patterns

and prevalence in high income countries [17, 18]. However for HIV findings are mixed, with a

recent study comparing migration intensity and peak national HIV prevalence in 141 coun-

tries finding no association, and highlighting the limitation of ecological analyses which do not

distinguish between infection acquired prior to or after arrival in host country [19].

A positive association between new arrivals and new HIV diagnoses does not mean people

born overseas acquired HIV prior to migration. Data for 2015 suggest overseas-born men

diagnosed with HIV attributed to male-to-male sex are more likely overseas-born men and

women diagnosed with HIV attributed to heterosexual sex to have acquired the infection in

Australia. Recent European studies also show overseas-born MSM diagnosed with HIV are

now more likely to have acquired the infection post migration [20, 21]. More research is

needed to understand the HIV-related risks and vulnerabilities of overseas-born MSM, includ-

ing potential lower levels of health literacy, and awareness of prevention strategies available in

Australia and how to access them. Behavioural and programmatic data suggest overseas-born

MSM are less likely to access pre-exposure prophylaxis (PrEP), compared with Australian-

born MSM [22] but are as likely to engage in behaviours such as condom-less anal sex [23].

Asian-born men diagnosed with HIV may have recently arrived in Australia [24], poten-

tially without permanent residency status or access to publicly funded treatment. Students

coming from countries such as China and Thailand also continue to increase [25], suggesting

this may be an important sub-group at risk of HIV. Facilitating timely testing and treatment

initiation through various modalities, including sexual health services and educational settings,

is important. Promoting access to, and uptake of, new prevention modalities such as pre-

exposure prophylaxis can also help reduce new diagnoses. Recent efforts to increase enrolment

among Asian-born MSM in PrEP trials have also highlighted the importance of ensuring

health promotion is conducted in community languages [M Vaughan, personal communica-

tion 20 August 2018].

The strength of this study is the use of population-wide data on new HIV diagnoses and

new arrivals, and high level of completeness of key variables such as country of birth in the

National HIV Registry. Limitations include first, the use of the overall male population as the

denominator in analyses for diagnoses in men attributed to male-to-male sex, as there are no

HIV in migrants, Australia
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population estimates for MSM disaggregated by region of birth. HIV diagnosis rates attributed

to male-to-male sex across all regions of birth have therefore been underestimated. The analy-

sis of association with migration patterns also assumes MSM from different regions of birth

are as likely to migrate as are heterosexual men.

Secondly, the National HIV registry does not collect information on visa status, so we could

not disaggregate cases by length of stay or visa category. Data on place of acquisition and year

of arrival was only available for 2015, and incomplete. Data from future years on these vari-

ables is needed to verify the findings. Finally, we purposely chose to present data by region

rather than country of birth to avoid stigmatising particular communities, however this analy-

sis may mask differences within a given region. Numbers for some regions such as the South-

ern and Central Asia remain small, so findings should be interpreted with caution.

Further research is needed into HIV risk amongst Asian-born MSM, their social and sexual

networks, behavioural and cultural factors which might increase risk amongst different sub-

groups and communities, and factors influencing the uptake of HIV prevention, testing and

treatment measures, to better tailor interventions for this group. Existing evidence suggests

integration of provider-initiated testing and counselling into primary care is a promising

approach [26], as is ensuring interventions are holistic, and account for the economic, cultural

and psycho-social context for ethnic minority MSM [27].

Conclusion

The epidemiology of HIV amongst overseas-born populations in Australia is complex and

changing. HIV programs must adapt to emerging groups at risk, such as Asian-born MSM,

while still effectively targeting groups such as South-East Asian and Sub-Saharan African born

heterosexual men and women who continue to experience high HIV diagnosis rates.
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