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A. Data on testing and treatment
Hepatitis C testing data: rebates from Australia’s Medicare Benefit Scheme (MBS)

The MBS covers hepatitis C antibody tests, qualitative polymerase chain reaction (PCR)-based RNA tests, and quantitative PCR-based RNA tests.
When tests are requested by service providers, laboratories bill the MBS using specific item numbers. The MBS item number for hepatitis C antibody tests is shared with
a number of other common blood tests, meaning that hepatitis C antibody tests cannot be independently identified. Accordingly, only hepatitis C RNA testing could be
assessed; as RNA testing is required for treatment, it may better reflect linkage with care than antibody testing alone. The number of hepatitis C RNA tests reflects a
number of factors, including the coverage of hepatitis C antibody testing, retention in care following a positive antibody test result, monitori ng during treatment, and
testing to detect reinfection after treatment.
The MBS has three charge categories for hepatitis C RNA testing that can be accessed independently (table 1). Service providers specify whether the RNA test is
qualitative to confirm active hepatitis C infection; quantitative in preparation for treatment; or qualitative to confirm tre atment success. In practice, this is an imperfect
classification. Sometimes service providers omit these details (in which case laboratories will allocate the test to one of the three item codes), and there is also a restriction
of one diagnostic RNA test rebate per person per year, which can lead to service providers requesting alternative codes to avoid cost to the patient (table 1). Nevertheless,
these data represent the only complete, aggregate measure of hepatitis C RNA testing in Australia.
Hepatitis C treatment data: prescriptions from the Pharmaceutical Benefits Scheme (PBS)

The PBS covers all hepatitis C prescription data for Australia, since it is a government funded subsidy scheme open to all Au stralian residents. Data were obtained only for
initial prescriptions, rather than repeat prescriptions, meaning that our assessment included treatment initiation rather than treatment completion (tr eatment completion data
are not available). Data were disaggregated by prescriber type and treatment regimen. Prescriber types were classified as specialist or non-specialist according to PBS
definitions (specialist prescriber types included “gastroenterologist”, “hepatologist” and “infectious diseases physician”, while non-specialist prescriber types included
“general practitioner”, “addiction worker” and “other” [eg, physician registrars]). Individual prescriber types were assigned according to the prescriber’s primary listed
specialty and registered postcode within the PBS system. Treatments regimens were classified into two groups: interferon-based (peginterferon alpha 2a or alpha 2b ±
ribavirin, boceprevir, telaprevir), and interferon-free direct acting antivirals (DAAs) (sofosbuvir, daclatasvir, sofosfubir/ledipasvir, sofosfubir/velpatasvir,
paritaprevir/ritonavir/ombitasvir/dasabuvir ± ribavirin, grazoprevir/elbasvir), referred to hereafter as “DAAs”. The prescription data did not contain any demographic or
risk behaviour data, meaning that differences in treatment uptake by age, gender or other factors could not be assessed.
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Table 1. Medicare Benefits Scheme (MBS) item number for polymerase chain reaction (PCR)-based hepatitis C RNA testing
Item
number
69499
or
69500

MBS description

Interpretation

Comments and limitations

Detection of hepatitis C viral RNA if at least one of the following criteria
is satisfied:

RNA testing of
antibody-positive
people to detect
current infection

These codes reflect diagnostic testing among those with
hepatitis C antibodies. Limitations: includes repeated
tests for some individuals, and may underestimate the
number of hepatitis C diagnostic tests due to some
healthcare providers ordering viral load tests (below) to
avoid cost to the patient.

Viral load testing in
preparation for
treatment (following
Australian
1
guidelines )

These codes reflect the number of treatments.
Limitations: includes some diagnostic tests, ordered to
avoid costs to the patient, which may be negative or
repeat tests for some individuals.

Testing to confirm
treatment success
(sustained viral
response after 12
weeks of treatment
[SVR12])

As items 69499/69500 are restricted to one per person
per year, qualitative hepatitis C RNA monitoring during
treatment requires this separate item code.

 the patient is hepatitis C seropositive;
 the patient's serological status is uncertain after testing;
 the test is performed for the purpose of:
 determining the hepatitis C status of an immunosuppressed or
immunocompromised patient; or
 the detection of acute hepatitis C prior to seroconversion where
considered necessary for the clinical management of the patient.

69488
or
69489

Quantitation of hepatitis C RNA load in plasma or serum in:

 the pre-treatment evaluation, of a patient with chronic hepatitis C
hepatitis, for antiviral therapy; or

 the assessment of efficacy of antiviral therapy for such a patient
69445
or
69451

Detection of hepatitis C viral RNA in a patient undertaking antiviral
therapy for chronic hepatitis C
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B. Model sensitivity analysis
Some additional scenarios were projected to assess the importance of data limitations. We modelled incidence and
prevalence among people who inject drugs if:
 there were 10% more tests, reflecting the number of tests occurring in prisons;
 there were only half as many tests, reflecting a situation in which the results of half the RNA tests were negative
(50% RNA test positivity rate);
 treatment uptake among people who inject drugs was only half that of the rest of the population, compared with the
baseline projection, which assumed equal treatment uptake regardless of injecting status.
The major conclusion of our study, that Australia should focus on increasing testing rates to achieve hepatitis C
elimination, was not altered by the findings of our sensitivity analyses (figure 1).
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The model sensitivities to structural and population parameters have also been examined extensively previously.
These analyses found, consistent with other models of hepatitis C transmission, the greatest sensitivities to be:
3
 if the length of injecting career in Australia were shorter than the estimated 17 years, treatment-as-prevention
would be less effective, and for a given number of treatments incidence would be reduced less;
4
 if there were fewer people who inject drugs in Australia than the estimated 93 000, incidence reduction would be
greater than estimated;
4
 if there were more people who inject drugs in Australia than the estimated 93 000, incidence reduction would be
less than estimated.
Figure 1. Model sensitivity analyses
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C. Hepatitis C diagnostic testing (Medicare Benefits Schedule items 69499 and 69500), by age
category and sex, and treatment initiation (Pharmaceutical Benefits Scheme), January 2013 –
June 2018, by state and territory
Figure 2. New South Wales

Figure 3. Victoria
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Figure 4. Queensland

Figure 5. South Australia
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Figure 6. Western Australia

Figure 7. Tasmania
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Figure 8. Australian Capital Territory

Figure 9. Northern Territory
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D. ARIMA models
The best-fit ARIMA model for the total diagnostic RNA tests (MBS item number
69499+69500) contained only a first degree auto-regressive term (table 2). The model was
therefore:
𝑦𝑡+1 = 𝛽1 𝐷𝐴𝐴 + 𝛽2 𝑦𝑡 + 𝛼 + 𝜖𝑡+1
where 𝑦𝑡+1 and 𝑦𝑡 represent the observed number of tests in period t+1 and t respectively,
DAA is an interruption term (DAA=0 for t<2016Q2, DAA=1 for t>=2016Q2), 𝜖𝑡+1 is an
error term for the period t+1, and 𝛽1 , 𝛽2 and 𝛼 are constants determined through regression.
The best-fit ARIMA model for the treatment numbers contained first and second degree
auto-regressive terms. The model was therefore:
𝑦𝑡+1 = 𝛽1 𝐷𝐴𝐴 + 𝛽2 𝑦𝑡 + 𝛽3 𝑦𝑡−1 + 𝛼 + 𝜖𝑡+1
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Table 2. ARIMA model coefficients for diagnostic RNA testing and treatment init iation in Australia, January 2013 – June 2018, including an interruption
term from April 2016 (the second quarter) for direct acting antiviral (DAA) availability
p

d

q

DAA coefficient

Intercept/constant term
(if applicable)

First degree autoregressive
coefficient (if applicable)

Second degree autoregressive
coefficient (if applicable)

2

0

0

5647 (3661–7634)***

1794 (511–3076)***

0.90 (0.53–1.28)***

–0.50 (–0.86 to –0.14)**

1

0

0

1125 (359–1890)***

4323 (3541–5106)***

0.8 (0.56–1.04)***

15–24

0

0

1

–12 (–22 to –1) †

80 (74–86)***

0.34 (–0.02–0.69)

25–34

0

0

1

–3 (–41 to 34)

335 (311–359)***

0.74 (0.45–1.04)***

35–44

0

0

1

115 (52–177)***

602 (563–641)***

45–54

1

0

0

212 (71–354)**

737 (627–847)***

55–64

2

0

0

197 (21–373)*

617 (374–861)***

1.29 (0.9–1.67) ***

65–74

1

0

0

51 (–7 to 109)

123 (47–200)**

0.89 (0.73–1.06) ***

15–24 ‡

1

1

0

12 (–15 to 39)

25–34

2

0

0

17 (–55 to 90)

392 (265–519)***

0.44 (0.11–0.78)*

35–44

1

0

0

65 (19–112)**

449 (417–481)***

0.56 (0.22–0.91)**

45–54

1

0

0

75 (–18 to 169)

468 (395–540)***

0.68 (0.38–0.98)***

55–64

1

0

0

186 (44–327)*

313 (186–439)***

0.78 (0.53–1.04)***

65–74

1

0

0

47 (15–79)**

81 (58–105)***

0.77 (0.49–1.06)***

Moving average coefficient (if
applicable)

Treatment
Total

Testing
Total
Male

0.45 (0.08–0.81)*
0.66 (0.33–0.98) ***
–0.42 (–0.8 to –0.03)*

Female
–0.46 (–0.81 to –0.11)*
0.49 (0.13–0.84)**
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The forecast package in R was used to determine suitable degrees of the auto-regressive (p), moving average (q) and difference (d) terms.
Statistically significant increases: * P < 0.05; **P < 0.01; ***P < 0.001. Statistically significant decrease: † P < 0.05. Red: No statistically significant increase.
‡ No statistically significant increase with DAA introduction, but a longer term increase indicated by first degree difference term in the best-fit ARIMA model.
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E. Additional MBS codes for HCV RNA testing
Viral load quantitative RNA testing more closely reflected treatment numbers (figure 10), which was expected because
1
guidelines recommend this test pre-treatment. RNA tests to confirm treatment success were lower than the treatment
numbers and slightly time-lagged (figure 2). The time lag reflects treatment data being defined by treatment initiation,
while testing to confirm treatment success is recommended 12 weeks after treatment completion (meaning 24–36
weeks after the treatment data point). The lower number of tests to confirm treatment success could explained by a
6-9
number of factors, including a potentially high proportion of patients not returning for this test.
Figure 10. Hepatitis C viral load testing in preparation for treatment (Medicare Benefits Schedule items
10
69488, 69489), by age category and sex, and treatment initiation (Pharmaceutical Benefits Scheme),
Jan 2013 – June 2018

Figure 11. Hepatitis C viral load testing to confirm treatment success (Medicare Benefits Schedule items
10
69445, 69451), by age category and sex, and treatment initiation (Pharmaceutical Benefits Scheme),
Jan 2013 – June 2018
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