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Abstract

Background Dried blood spot (DBS) testing provides an alternative to phlebotomy and addresses barriers to access-
ing healthcare experienced by some key populations. Large-scale evaluations of DBS testing programs are needed

to understand their feasibility. This study evaluated the implementation of a state-wide DBS HIV and hepatitis C virus
(HCV) testing pilot.

Methods The New South Wales (NSW) DBS Pilot is an interventional cohort study of people testing for HIV antibody
and/or HCV RNA from DBS samples in NSW, Australia. Participants at risk of HIV/HCV participated in testing via: 1)
self-registration online with a DBS collection kit delivered and returned by conventional postal service; or 2) assisted
DBS sample collection at 36 community health sites (including drug treatment and harm-minimisation services)

and prisons. Participants received results by text (HIV antibody/ HCV RNA not detected) or a healthcare provider

(HIV antibody/ HCV RNA detected). The RE-AIM framework was used to evaluate reach, effectiveness, adoption,

and implementation.

Results Reach: Between November 2016 and December 2020, 7,392 individuals were tested for HIV and/or HCV (21%
self-registration, 34% assisted in community, and 45% assisted in prison). Effectiveness: Of 6,922 people tested for HIV
(19% men who have sex with men, 13% living outside major cities, 21% born outside Australia), 51% (3,521/6,922) had
no HIV test in the past two years, 0.1% (10/6,922) were newly diagnosed with HIV, and 80% (8/10) initiated HIV treat-
ment within six months. Of 5,960 people tested for HCV (24% women, 35% Aboriginal and/or Torres Strait Islander,
55% recently injected drugs), 15% had detectable HCV RNA (878/5,960), and 45% (393/878) initiated treatment

within six months. Adoption: By the end of 2020, DBS via assisted registration was available at 36 community sites
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strated the utility of DBS in the prison setting.

and 21 prisons. Implementation: 90% of DBS cards arriving at the laboratory had the three full spots required for test-
ing; the proportion was higher in assisted (94%) compared to online (76%) registration.

Conclusions This study demonstrated the feasibility of DBS testing for HIV and HCV in key populations includ-
ing Aboriginal and Torres Strait Islander peoples, men who have sex with men, people who inject drugs, and demon-

Keywords HIV, Hepatitis C, Dried blood spot, Testing, Implementation, Models of care

Background

Stopping HIV transmission and eliminating hepati-
tis C virus (HCV) infection are key aims of global and
national health strategies [1-3]. Home-based self-testing
improves HIV testing uptake [4] and dried blood spot
(DBS) sampling improves HCV testing uptake [5]. Few
studies have evaluated the large-scale implementation
of DBS as a strategy to improve HIV and HCV testing
uptake among key populations.

Traditional testing pathways for HIV and HCV can
be complex and involve multiple visits which may delay
diagnosis and access to care or increase loss to follow-up
[6-8]. For HCV, the traditional testing pathway involves
an HCV antibody test to confirm exposure and, among
people who are HCV antibody positive, an HCV RNA
test to detect current infection. This two-step pathway
often requires multiple visits to practitioners and off-site
phlebotomists, leading to many people who are HCV
antibody-positive never receiving confirmatory HCV
RNA testing and thus linkage to care [9, 10]. For peo-
ple who have a long history of injecting drug use, poor
venous access can pose challenges for sample collection
[11], leading to negative experiences of blood sample col-
lection which may present a barrier for future HIV and
HCV testing [11].

DBS sampling enables home self-collection or assisted
collection at trusted services and requires minimal
resources for collecting, storing and transporting blood
specimens, making it suitable in many settings [12]. Fin-
gerstick samples reduce the need for venepuncture, mak-
ing it more accessible for people with poor venous access
[13]. DBS testing has been shown to improve HCV test-
ing uptake compared to standard of care [5, 14, 15] but
may be inferior to rapid point-of-care testing in terms of
treatment initiation [16, 17]. Large-scale evaluations of
DBS testing programs are critical to understand feasi-
bility, acceptability, and impact to inform health service
planning.

The RE-AIM framework has been developed to facili-
tate research translation into practice [18]. The frame-
work uses five dimensions to understand the public
health benefit of an intervention, including those at an
individual level (Reach, Effectiveness, and Maintenance)
and staff/setting levels (Adoption, Implementation,

Maintenance) [18]. The framework can be applied flex-
ibly and adapted to the available evaluation resources
through “pragmatic use of key dimensions rather than
comprehensive applications of all elements” [18] and in
this study we report on four dimensions. This study used
the RE-AIM framework to evaluate the reach, effective-
ness, adoption, and implementation of DBS sampling for
HIV and HCV testing in New South Wales, Australia.

Methods

Study population and design

The NSW DBS Pilot is an observational cohort study
of participants at risk of HIV or HCV infection in New
South Wales, Australia. Participants were recruited via
online self-registration for home-based sample collec-
tion, assisted registration at community sites (drug treat-
ment, needle and syringe programs, mobile outreach,
homelessness settings, or mental health settings) or
assisted registration in prison. DBS sampling was used
to test for HIV antibody and/or HCV RNA. Online self-
registration was primarily targeted to people at risk of
HIV while assisted registration pathways was primarily
targeted people at risk of HCV. Only DBS cards which
provided three full spots of blood sample were able to
be tested and included in the analysis. Participants for
this analysis were enrolled between November 2016 and
December 2020 and followed until June 30, 2021 (six-
months post-testing).

The NSW DBS Pilot began in November 2016, offer-
ing HIV testing via online self-registration to people
aged > 16 years self-reporting the following HIV risk fac-
tors: gay and other men who have sex with men (MSM),
people from Sub-Saharan Africa and Southeast Asia, and
people with current/previous sexual partners from Sub-
Saharan Africa and Southeast Asia. In September 2017,
assisted site-based registration and HCV testing were
introduced, with Aboriginal or Torres Strait Islander
people and people with a history of injecting drug use
eligible for inclusion. Following the introduction of HCV
testing, people eligible for HCV testing were automati-
cally eligible for HIV testing; participants were asked
if they wanted testing for HCV alone or HCV and HIV.
In June 2019, inclusion criteria for HCV testing were
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expanded to include people born in Asia/Africa and peo-
ple with a history of incarceration.

The study protocol and amendments were approved by
St Vincent’s Hospital (Sydney) Human Research Ethics
Committee (2019/ETH09614 HREC/15/SVH/400), the
Aboriginal Health and Medical Research Council Human
Research Ethics Committee, and the NSW Corrective
Services Ethics Committee.

DBS testing

DBS collection kits distributed to sites and study par-
ticipants included a test card, a lancet, alcohol swabs,
band-aids, cotton balls, a foil envelope, and a paid return
envelope. From December 2017, kits included a visual
aid to facilitate sample collection (Supplementary Fig. 1).
Procedures for DBS sample collection and testing (elu-
tion, spot size, punching protocols, validation, testing
algorithm) are described elsewhere [19, 20]. Tests used
in the NSW DBS Pilot included: Murex HIV-1.2.0 anti-
body ELISA (Diasorin, Macquarie Park, Australia) for
HIV antibody, New Lav-Blot-1 (Bio-Rad, Gladesville,
Australia) and Aptima HCV Quant Dx assay (Hologic,
Macquarie Park, Australia) for HCV RNA testing. The
testing algorithm is shown in Supplementary Fig. 2 [19,
21, 22]. All detectable results were confirmed with testing
via venepuncture.

Procedures

The study methods have been described previously [23].
For online registration, participants accessed a public
website (https://dbstest.health.nsw.gov.au/) to assess eli-
gibility, received a collection kit, and delivered a sample
by return paid envelope to be tested at the St Vincent’s
Centre for Applied Medical Research Centre, NSW
State Reference Laboratory for HIV, St Vincent’s Hospi-
tal, Sydney. The online survey was available in Chinese
(Traditional), Indonesian, Thai, Vietnamese, Arabic, Por-
tuguese, French and Spanish (community languages rec-
ommended by Multicultural HIV and Hepatitis Service).

For assisted registration in community, the online sur-
vey was completed with the assistance of site staff and/or
peer workers who then collected a DBS sample. Samples
were returned to the laboratory.

Assisted registration in prison was primarily offered
through high-intensity testing campaigns run by Jus-
tice Health (a service of the state department of health
and separate to corrective services) over 2-3 days at
one site. One of the inclusion criteria for testing is ever
being in prison, therefore anyone currently in prison
was eligible for the study. The testing was advertised
in advance (where possible, in collaboration with
committees of people who are incarcerated in that
prison) and sample collection stations were set up in
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recreational areas within the prison to avoid the need
for people to be escorted to and from the prison health
centre for sample collection. External staff with lived
experience, such as peer workers from community-
led organisations (NSW Users and AIDS Association
and Hepatitis NSW) were involved in the recruitment
of participants, to explain what the study involved
and to explain possibilities for treatment. The survey
was completed with the assistance of Justice Health
staff who then collected a DBS sample. Samples were
returned to the laboratory.

Results were provided via SMS, phone call, or site staff,
depending on recruitment setting, linkage to confirma-
tory testing and care was provided either by the site or
the state-wide sexual health service. All sites completed
a case report form for people with a non-negative result
which provided information on treatment initiation or
loss to follow-up at six months.

No study-specific compensation was offered, but some
sites implemented incentives through local initiatives.

Implementation support to sites

Sites were assisted by a state-wide coordinator to obtain
ethics approval, apply for local governance approval and
set up their investigator site files. Site staff were pro-
vided training in person or virtually and were guided to
develop standard operating procedures and to determine
a suitable care pathway for participants. The state-wide
coordinator liaised between sites and the testing labora-
tory to order test kits and to manage any problems with
test registrations or sample quality. All costs for test kits,
pathology services, training and support were borne by
the sponsor (not the site or participant).

Exposures

Demographic and behavioural factors hypothesised to be
associated with no recent testing were determined from
the literature and included: (i) testing setting (online self-
registration, assisted registration in community, assisted
registration in prison) (ii) gender [male, female, other
(including non-binary and transgender)], (iii) age at sur-
vey, (iv) Aboriginal and/or Torres Strait Islander, (v) born
outside of Australia [no, yes (Asia/Africa), yes (other)],
(vi) speaks English at home, (vii) recently injected drugs
(no, yes, prefer not to say). Due to changes in the survey
from the beginning of 2019, the definition of recent drug
injection changed from ‘in last 12 months’ (pre-2019) to
‘in last month’ (2019 onwards).

Statistical analysis
This study used the RE-AIM dimensions to evaluate the
following measures:
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Reach
The number of tests performed over the study period

were assessed by registration pathway and test type
(HIV/HCV/both).

Effectiveness

The proportion of people with no recent (last two years)
HIV or HCV test was assessed among people tested for
HIV or HCV, respectively. Logistic regression models
were used to estimate crude and adjusted odds ratios
(aOR) and corresponding 95% confidence intervals (95%
CI) to evaluate the factors associated with no recent
HIV/HCV testing. Variables with p value<0.10 in the
unadjusted logistic regression models were retained in
adjusted models if no collinearity was identified.

The proportion of people newly diagnosed with HIV,
the proportion of people with detectable HCV RNA, and
proportion initiating treatment for HIV and HCV was
assessed.

Adoption

The number and type of sites participating in the assisted
registration pathway and the number of tests per site per
year were assessed.

Implementation

The proportion of all returned samples with adequate
spots for testing was assessed. The median time from
registration to sample testing was assessed overall and by
registration pathway.

For all analyses, statistically significant differences were
assessed at a 0.05 level; p-values were two-sided. All anal-
yses were performed using Stata v14.0 (StataCorp, Col-
lege Station, Texas).

Results
Reach
Between November 2016 and December 2020, there were
8696 tests among 7392 people. Overall, 21% (1559/7392)
participated via online self-registration, 34% (2523/7392)
via assisted registration in the community, and 45%
(3310/7392) via assisted registration in prison (Table 1). The
number of people tested increased between 2017 and 2020
(430, 2017; 979, 2018; 3433, 2019; and 3854, 2020). Online
self-registration testing stayed constant, while assisted reg-
istration testing increased during the study period, with a
decline in testing observed in Quarter 2 of 2020 following
the beginning of the COVID-19 pandemic (Fig. 1). Most
people were tested for HIV and HCV (74%, Fig. 1).
Compared to assisted registration in community/
prison, the online self-registration pathway reached a
higher proportion of people aged<25, MSM, people
with a sexual partner from Asia or Africa, people born
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in Asia or Africa and people who do not speak Eng-
lish at home (Table 1). Assisted registration in commu-
nity settings reached a higher proportion of people who
recently injected drugs. Assisted registration in prison
reached a higher proportion of Aboriginal and Torres
Strait Islander people. For both assisted registration in
the community and the online self-registration pathway,
around a fifth of participants lived outside of major cities.

Effectiveness

Among people tested for HIV (n=6922), 51% had not
been tested for HIV in the two years prior to enrolment.
Factors associated with not having received a recent
HIV test included older age (>55 vs<25 years, aOR 1.37;
95%CI 1.11-1.70) and speaking a language other than
English at home (aOR 1.28; 95%CI 1.09-1.50). People
who were Aboriginal or Torres Strait Islander (aOR 0.75;
95%CI 0.67—-0.84), men who have sex with men (aOR 0.67;
95%CI 0.58-0.76), and people who had recently injected
drugs (aOR 0.51; 95%CI 0.46—0.56) had a reduced odds of
not having received recent HIV testing (Table 2).

Among 6922 people tested for HIV, 10 people were
newly diagnosed (0.1%) (n=9 via online registration;
n=1 in prison). Eight (8/10, 80%) initiated treatment
within six months (one initiated treatment after six
months and one returned to their home country).

Of all people tested for HCV with available data
(n=4112), 45% had not been tested in the two years
prior to enrolment. Factors associated with not hav-
ing received a recent HCV test included older age (>55
vs <25 years, aOR 1.47; 95%CI 1.12—1.93) and not speak-
ing English at home (aOR 1.59; 95%CI 1.25-2.02). People
who were Aboriginal or Torres Strait Islander (aOR 0.76;
95%CI 0.66—0.88) and had recently injected drugs (aOR
0.46; 95%CI 0.40-0.53) had a reduced odds of not having
received recent HCV testing (Table 3).

Among people tested for HCV, 15% (878/5960) had
detectable HCV RNA; 5% (15/328) in online self-regis-
tration, 17% (409/2357) in assisted registration in com-
munity, 14% (454/3275) in assisted registration in prison
(p<0.001). Among people with detectable HCV RNA,
45% (393/878) initiated treatment within six months;13%
(2/15) in online self-registration, 26% (107/409) in
assisted registration in community, 61% (277/454) in
assisted registration in prison (p <0.001).

Adoption

By the end of 2020, DBS via assisted registration was
available at 36 community sites and 21 prisons. Among
community sites, the median time from study enrolment
to the end of the study period was 2.3 years (IQR 1.7—
2.7 years) and the median number of people tested per
site per year was 18 (IQR 5-46).
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Table 1 Characteristics of people tested by registration type (NSW DBS Pilot, November 2016- December 2020)
People tested Online self-registration  Assisted registration Assisted registration
community prison
N % n % n % n % p

Total 7392 1559 2523 3310
Test performed

HIV+HCV 5467 74% 269 17% 2275 90% 2923 88%

HIV only 1441 19% 1282 82% 123 5% 36 1%

HCV only 484 7% 8 1% 125 5% 351 11% <0.001
Gender

Male 5752 78% 1340 86% 1626 64% 2786 84%

Female 1573 21% 205 13% 855 34% 513 15%

Other 67 1% 14 1% 42 2% 11 0% <0.001
Age

=<25 1194 16% 490 31% 152 6% 552 17%

25-34 2308 31% 607 39% 394 16% 1307 39%

35-44 1981 27% 243 16% 832 33% 906 27%

45-54 1279 17% 120 8% 760 30% 399 12%

>55 630 9% 99 6% 385 15% 146 4% <0.001
Aboriginal and/or Torres Strait Islander

No 5255 71% 1499 96% 1791 71% 1965 59%

Yes 2137 29% 60 4% 732 29% 1345 41% <0.001
Major city postcode?

No 894 21% 354 23% 540 21%

Yes 3188 78% 1205 77% 1983 79% 0.328
Men who have sex with men

No 6054 82% 548 35% 2287 91% 3219 97%

Yes 1338 18% 1011 65% 236 9% 91 3% <0.001
Sexual partner from Asia or Africa

No 6171 83% 981 63% 2300 91% 2890 87%

Yes 1221 17% 578 37% 223 9% 420 13% <0.001
Born outside of Australia

No 5896 80% 845 54% 2145 85% 2906 88%

Yes, Asia or Africa 757 10% 489 31% 108 4% 160 5%

Yes, other 739 10% 225 14% 270 1% 244 7% <0.001
Speaks English at home

No 813 11% 418 27% 142 6% 253 8%

Yes 6579 89% 1141 73% 2381 94% 3057 92% <0.001
Recently injected drugs

No 3780 51% 1436 92% 756 30% 1588 48%

Yes 3360 45% 98 6% 1655 66% 1607 49%

Prefer not to say 250 3% 23 1% 112 4% 115 3% <0.001

Proportions are column proportions

Acronyms: HCV Hepatitis C virus

@ Major city postcode not reported for prison setting

Implementation

Overall, 90% of DBS cards arriving at the laboratory had
three full spots required for testing, with a higher pro-
portion in assisted (94%) compared to online testing
(76%, p<0.001) (Fig. 2). In December 2017, a visual aid

to support sample collection was introduced (Supple-
mentary Fig. 1), leading to a significant increase in the
proportion of cards with three full spots among those
receiving online testing (51% from November 2016-
December 2017 vs 82% 2018-2020, p <0.001) (Fig. 2).



Carrington et al. BVIC Infectious Diseases (2024) 24:137

Page 6 of 11

1400 [l Online self-registration

1200 | M Assisted registration (community)
1000 Assisted registration (prison)

800 B HIV and HCV

600 B HIvonly

400 HCV only

200

N TITT

Q4Q1Q2Q30Q4Q1Q2Q30Q4Q1Q2Q3Q4Q1Q2Q30Q4

2017 2018 2019

1400
1200
1000
800
600
400
200

2020

0
Q4Q1Q2Q30Q4Q1Q2Q3Q4Q1Q2Q3Q4Q1Q2Q3Q4

2017 2018 2019

2020

Fig. 1 People tested within the NSW DBS Pilot, by registration pathway and analyte tested

The median time from registration to lab arrival was
7 days for assisted registration in prison, 9 days for
assisted registration in community, and 15 days for online
self-registration (Fig. 3).

Discussion

This study applied the RE-AIM framework to evaluate
the reach, effectiveness, adoption, and implementation
of a state-wide program to enhance HIV and HCV test-
ing through DBS sample collection in New South Wales,
Australia. DBS facilitated increased reach of testing, par-
ticularly for certain sub-groups such as those who had
not recently tested. Testing for HIV via online self-reg-
istration had high uptake among MSM and people born
overseas. Assisted registration with DBS was shown to
be valuable in detecting current HCV infection in both
the community and prison settings, particularly among
people who inject drugs. Minimal operator training and
its suitability for use outside of clinical settings means
that DBS for HIV and HCV testing is a useful tool in the
home, community, and prison.

The overall HIV prevalence (0.1%) is lower than that
among gay and bisexual men attending publicly funded
sexual health clinics and private GP clinics with high
caseloads of gay and bisexual men in NSW (0.5% in 2022
[24]). The online self-registration pathway was most
successful at testing key populations for HIV, includ-
ing MSM (65%) and people born overseas (45%). This
is similar to data from public sexual health clinics in
NSW in 2022, where 62% of HIV tests were performed

among MSM and 41% among people born overseas [24].
It is encouraging that 80% of people with an HIV diag-
nosis initiated treatment within six months. Although
HIV prevalence was lower compared to that found when
testing in other services, using DBS in online self-regis-
tration may extend the reach of HIV testing to popula-
tions who do not regularly attend services and are less
engaged in care.

Overall, the proportion of people participating in the
NSW DBS Pilot who live outside of major cities (21%)
is less than the proportion of all people tested for HCV
RNA in NSW who live in rural/regional areas (44%)
[25]. Nonetheless, DBS allows people to collect a sample
at home or with a clinic on outreach so it may improve
uptake among people who are not otherwise able to
access a clinic where HCV RNA testing is offered. In the
assisted registration pathways, the prevalence of current
HCYV infection was 17% in community and 14% in prison.
This is comparable to Australian studies among people
who inject drugs attending drug treatment and needle
and syringe programs (17%, 2019-2021) [26] and peo-
ple in prison (19%, 2014—2019) [27]. The NSW DBS Pilot
reached similar populations to Australian studies of HCV
but may improve the capacity of sites that do not have
access to point-of-care testing, by allowing them to test
for HCV with limited resources. Of all HCV treatment
initiations in New South Wales for the period 2017-2020
(n=19,351) [28], 2% were diagnosed in the NSW DBS
Pilot. The model of high intensity testing campaigns in
prison, where large numbers of people can be tested in
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Table 2 Characteristics of people not recently tested for HIV by registration type (NSW DBS Pilot November 2016- December 2020)

Total people tested for

No HIV test in last two

Factors associated with no HIV test in

HIV in pilot years last two years
N n % cOR aOR
Total 6922 3521 51%
Registration pathway
Online self-registration 1551 931 60% 1.35(1.19-1.54)
Assisted registration—community 2401 1264 53% 1
Assisted registration—prison 2970 1326 45% 0.73 (0.65-0.81)
Test performed
HIV+HCV 5481 2676 49%
HIV only 1441 845 59%
Gender
Male 5365 2724 51% 1
Female 1491 767 51% 1.03 (0.92-1.15)
Other 66 30 45% 0.81(0.50-1.32)
Age
=<25 1138 662 58% 1 1
25-34 2158 1016 47% 0.64 (0.55-0.74) 0.64 (0.56-0.75)
35-44 1851 833 45% 0.59 (0.51-0.68) 0.65 (0.55-0.76)
45-54 1195 629 53% 0.80 (0.68-0.94) 0.90 (0.76-1.07)
>55 580 381 66% 1.38(1.12-1.69) 1.37 (1.11-1.70)
Aboriginal and/or Torres Strait Islander
No 4953 2650 54% 1 1
Yes 1969 871 44% 0.69 (0.62-0.77) 0.75 (0.67-0.84)
Men who have sex with men
No 5599 2859 51% 1 1
Yes 1323 662 50% 0.96 (0.85-1.08) 0.67 (0.58-0.76)
Sexual partner from Asia or Africa
No 5729 2810 49% 1
Yes 1193 711 60% 1.53(1.35-1.74)
Born outside of Australia
No 5482 2658 48% 1
Yes, Asia or Africa 741 468 63% 1.82(1.55-2.13)
Yes, other 699 395 57% 1.38(1.18-1.62)
Speaks English at home
No 788 485 62% 1.63 (1.40-1.90) 1.28 (1.09-1.50)
Yes 6134 3036 49% 1 1
Recently injected drugs
No 3477 2027 58% 1 1
Yes 3203 1338 42% 0.51(0.47-0.57) 0.51 (0.46-0.56)
Prefer not to say 240 155 65% 1.30(0.99-1.71) 1.23(0.93-1.62)

Proportions are row proportions
Acronyms: HCV hepatitis C virus, cOR crude Odds Ratio, aOR adjusted Odds Ratio

the yard or other shared space, shows the potential for
scale up of DBS in under-resourced settings.

Half of MSM tested for HIV reported no HIV test in
the two years prior to enrolment, higher than a survey
of MSM in Sydney in 2022 (38% with no HIV test in the
last year [29]) and higher than community-based testing

sites in 2019 (15% with no HIV test in the last year [30]),
demonstrating that the Pilot outperforms other HIV test-
ing strategies to reach people testing less frequently. In a
2016 survey of culturally and linguistically diverse popu-
lations in NSW, 80% reported no HIV test in the last year
[31] compared to 62% reporting no HIV test in the two
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Table 3 Characteristics of people not recently tested for HCV RNA by registration type (NSW DBS Pilot September 2019°- December

2020)
Variables Total people tested for No HCV test in last two Factors associated with no HCV test in
HCV in pilot years last two years
N n % cOR aOR
Total 4112 1851 45%
Registration pathway
Online self-registration 240 177 74% 3.58 (2.65-4.84)
Assisted registration—community 1815 798 44% 1
Assisted registration—prison 2057 876 43% 0.95 (0.83-1.07)
Test performed
HIV+HCV 3581 1675 47%
HCV only 531 176 33%
Gender
Male 3150 1433 45% 1
Female 918 394 43% 0.90 (0.78-1.04)
Other 44 24 55% 144 (0.79-2.61)
Age
=<25 495 245 49% 1 1
25-34 1192 500 42% 0.74 (0.60-0.91) 0.76 (0.61-0.94)
35-44 1212 466 38% 0.64 (0.52-0.79) 0.73 (0.58-0.90)
45-54 806 400 50% 01 (0.80-1.26) 20 (0.95-1.52)
>55 407 240 59% 47(1 13-1.91) 47 (1.12-1.93)
Aboriginal and/or Torres Strait Islander
No 2755 1333 48% 1 1
Yes 1357 518 38% 0.66 (0.58-0.75) 0.76 (0.66-0.88)
Men who have sex with men
No 3824 1701 44% 1 1
Yes 288 150 52% 1.36 (1.07-1.72) 1.28 (1.00-1.65)
Born outside of Australia
No 3430 1439 42% 1
Yes, Asia or Africa 284 185 65% 2.59(2.01-3.33)
Yes, other 398 227 57% 1.84 (1.49-2.27)
Speaks English at home
No 337 210 62% 2.15(1.71=2.71) 1.59 (1.25-2.02)
Yes 3775 1641 43% 1 1
Recently injected drugs
No 2406 1233 51% 1 1
Yes 1481 474 32% 045 (0.39-0.51) 046 (0.40-0.53)
Prefer not to say 225 144 64% 1.69 (1.27-2.25) 1.74 (1.30-2.32)

Proportions are row proportions
Acronyms: HCV hepatitis C virus, cOR crude Odds Ratio, aOR adjusted Odds Ratio

@ Question on HCV testing recency was introduced in September 2019

years prior to enrolment in the NSW DBS Pilot. Given
that the pilot has been successful in reaching people who
have not recently tested for HIV, there is an opportunity
to sustain engagement with these populations by incor-
porating evidence-based complementary interventions
such as text message reminders [32].

Forty-five percent of all participants reported not hav-
ing received HCV testing in the two years prior to enrol-
ment. Among people who inject drugs, 32% reported
not having received recent HCV testing, lower than a
national survey of people who inject drugs (57%) [33],
suggesting that the NSW DBS Pilot may be reaching a
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Fig. 2 Proportion of DBS cards returned with three full spots
by quarter and registration type (NSW DBS Pilot November
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Fig. 3 Median number of days of each stage of DBS testing
by registration type (NSW DBS Pilot November 2016- December 2020)

population of people who inject drugs better linked to
healthcare. Promotion of the online self-registration
pathway targeted mainly MSM but further investigation
is needed to understand how this pathway could enhance
HCYV testing for other populations.

Although there were 36 community sites participat-
ing in the pilot, the median number of tests per site per
year enrolled varied widely (IQR 5-46). Further research
is needed to identify enablers for testing in sites demon-
strating higher testing numbers. The median time from
sample collection to arrival in lab was similar across all
registration pathways (6-7 days). Reducing the time
from collection to arrival in the laboratory could reduce
the time to the delivery of results and improve linkage to
care, particularly in the community pathway. After the
introduction of the visual aid to assist with sample col-
lection, 90% of cards had the three full spots required to
process, comparable with an online postal DBS testing
project for STIs in England which reported 95% of cards
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successful processed [34]. The visual aid is an impor-
tant element in the implementation of any DBS program
which requires self-collection.

The findings have critical implications for local,
national, and international HIV and HCV testing strate-
gies. The NSW DBS Pilot is ongoing but the possibilities
for integration into standard of care are limited by the
regulatory environment. HIV testing from DBS sampling
is currently approved by the Therapeutic Goods Admin-
istration in Australia. However, there are no approved
tests for HCV RNA testing outside of a research study,
despite DBS being included in WHO recommendations
for HCV testing [35], limiting potential integration of
DBS into HCV clinical care. Approval would allow DBS
to be used as a tool to facilitate HIV and HCV diagnosis
outside of a research study and improve access to test-
ing among priority populations and people not recently
tested. Alternatively, collecting fingerstick capillary
whole-blood samples using microvette sample collec-
tion devices for testing in central laboratories could be a
viable option in the current regulatory context, and has
been used in the UK [36] and Myanmar [37]. Any scale-
up of DBS testing should consider support for more fre-
quent high intensity testing campaigns carried out in in
prison. The minimal training required to perform DBS
makes it a valuable tool to expand the scope of practice in
allied health workers including Aboriginal Health Work-
ers and peer workers in harm reduction services. DBS
testing via online self-registration is a strategy to improve
testing uptake amongst priority populations living in
regional and remote areas. Although point-of-care test-
ing for HIV and HCV can allow fast delivery of results
to facilitate single visit test-and-treat, there is still a need
for a range of testing modalities. Point-of-care HCV RNA
testing platforms are expensive and require considerable
training due to the increased complexity for operation of
point-of-care devices, which may limit scale-up across
all services that may be performing testing. DBS allows
sample collection with minimal resources (suitable for
outreach and to allow people to collect their own sample)
and allows sample collection in extreme weather condi-
tions. The latter is important in the Australian context
where hot weather can impact functioning of rapid point-
of-care testing machines. Further, DBS testing can be
combined with point-of-care antibody testing by using it
as a reflex testing approach in people who are HCV anti-
body positive.

There are limitations to this study. Processes for
recruitment and treatment initiation were not standard-
ised across pathways and community sites. Some sites
provided linkage to care on-site while others referred
off-site. Changes to the survey throughout the study
period impacted the quality of some variables including
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recent injecting and recent HCV testing. The lack of con-
trol arm is also a limitation. A wider range of approved
sample types by the Therapeutic Goods Administration
could improve the uptake of HIV and HCV testing but an
important element of this is understanding the cost-effec-
tiveness of each modality. An ongoing study will compare
testing via DBS sample with other testing modalities to
inform decision-making for the implementation of differ-
ent testing strategies.

Conclusions

Strategies are needed to improve HIV and HCV testing,
to improve treatment initiation, and reach national and
international elimination targets. The evaluation of the
first four years of the NSW DBS Pilot demonstrates that
large-scale DBS sampling is feasible and could improve
reach of testing, particularly in prisons and for people
who do not frequently test. DBS provides a useful innova-
tion to expand testing for HIV and HCV in Australia and
facilitate the goal of ending the HIV and HCV epidemics.
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