Edith Cowan University
Research Online

Theses: Doctorates and Masters Theses

1-1-2003

A mathematical analysis of the financial and medical impact of
hepatitis C among drug users in Perth, Western Australia

Raelene Kirkpatrick
Edith Cowan University

Follow this and additional works at: https://ro.ecu.edu.au/theses

6‘ Part of the Health Economics Commons

Recommended Citation

Kirkpatrick, R. (2003). A mathematical analysis of the financial and medical impact of hepatitis C among
drug users in Perth, Western Australia. Edith Cowan University. Retrieved from https://ro.ecu.edu.au/
theses/1332

This Thesis is posted at Research Online.
https://ro.ecu.edu.au/theses/1332


https://ro.ecu.edu.au/
https://ro.ecu.edu.au/theses
https://ro.ecu.edu.au/thesescoll
https://ro.ecu.edu.au/theses?utm_source=ro.ecu.edu.au%2Ftheses%2F1332&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1085?utm_source=ro.ecu.edu.au%2Ftheses%2F1332&utm_medium=PDF&utm_campaign=PDFCoverPages

Edith Cowan University

Copyright Warning

You may print or download ONE copy of this document for the purpose
of your own research or study.

The University does not authorize you to copy, communicate or
otherwise make available electronically to any other person any
copyright material contained on this site.

You are reminded of the following:

e Copyright owners are entitled to take legal action against persons
who infringe their copyright.

e A reproduction of material that is protected by copyright may be a
copyright infringement. Where the reproduction of such material is
done without attribution of authorship, with false attribution of
authorship or the authorship is treated in a derogatory manner,
this may be a breach of the author’s moral rights contained in Part
IX of the Copyright Act 1968 (Cth).

e Courts have the power to impose a wide range of civil and criminal
sanctions for infringement of copyright, infringement of moral
rights and other offences under the Copyright Act 1968 (Cth).
Higher penalties may apply, and higher damages may be awarded,
for offences and infringements involving the conversion of material
into digital or electronic form.



USE OF THESIS

The Use of Thesis statement is not included in this version of the thesis.



A MATHEMATICAL ANALYSIS OF THE FINANCIAL AND
' MEDICAL IMPACT OF HEPATITIS C AMONG DRUG

- USERS IN PERTH, WESTERN AUSTRALIA.

 R.Kirkpatrick B.A. (Ed)

o " A'research Project Submitted in Partial Fulfilment of the Réqﬁiminehts for the

Award of
Master of Science (Mathematics and Planning)

S S At the Faculty of Computing, Health and Science at Edith Cowan University

.'-]')_a:t_e(')l‘ Submission: 14'" August 2003



Abstract

Declaration

- CONTENTS

Acknowledgements

CHAPTER
1.

BACKGROUND TO HEPATITISC * ST L
Pathophysiology
Prevalence

Treatment

INJECTING DRUG USE: Transmission, Prevalence Rates and

Practices
Transmission Modes

Prevalence Rates

Incidence and Prognosis of cirrhosis and hepatocellular cascinoma

Injecting Drug Use Practices

Transmission through needle sharing

THE MATHEMATICAL MODEL
Background to Mathematical Models
Mathematical Models

Numerical Approximation Techniques

Computational Methods

M_ODEL PARAMETERS
Population Sizes '
Number of IVDU cirrhosis/fHCC cases

~ Number of IVDLF's with hepatitis C Infection .

Number of IVDU’s that do not have the hepatms C virus _-

Page 1

: 20

25

25

S 26
.42
a2
s

54

54

60
66

68

80
80

82
82
83



‘Recruitment and Migration Rates
Rate of Needle Sharing Per Unit Time
Probability of Transmission During a Single Needle Sharing Act -

Death Rate Due to hepatocellular carcinoma/cirrhosis

SIMULATION RESULTS
Total Intravenous Drug Using Population, 14,700
Total Intravenous Drug Using Population, 19,600

TREATMENT COSTS

Treatment Costs from other Research

Treatment Costs in 20 years Time for hepatitis C in Western Australla

CONCLUSION

Limitations and possible improvements to the mathematical model. '-

' REFERENCES

S _._ pagez R

84

85
85

85

-
100
RER1Y
ERIE

126

128

131



Table 1.
Table 2.
" Table 3,

Table 4.

Table 5.
Table 6.

Table 7.
Table 8.

Table 9,

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Tabie 17.

Table 18.

Table 19.

TABLE OF TABLES
Prevalence of HCV types in different donor populations
Side effects of Interferon treatment,
Significant risk factor associated with HCV transmission among
blood donors (Kaldor et al. 1992).
Comparison of anti-HCV seropositive and seronegative groups.
(Bell et al. 1990)
Percentage of injecting drug users seropositive for hepatitis C
virus, by sex, age at interview and duration of injecting (Crofts et
al. 1993).
Percentage of male and female intravenous drug users who were
HCYV seropositive, and odds ratios for seropositivity after adjusting
for age and duration of injecting (Crofis et al. 1993),
Univariate analyses of HCV prevalence among 201 1DUs
attending Kirketon Road Centre { van Beek ct al. 1994),
Multivariate logistic analyses of HCV prevalence among IDUs
attending Kirketon Road Centre { van Beek ct al. 1994),
HCYV antibody prevalence in prison entrants in Victoria, Australia,
according to use of injecting drugs, October 1991 to September
1992. (Croft, N_ct al. 1995).
Incidence of infection with hepatitis C virus among subjects
entering prison more than once, October 1991 to September 1992,
( Crofls, N et al. 1995).
Characteristics of 11CV Positive Respondents (n=6) (Carruthers
and Loxiey, 1994).
HCV reactive serology by age, treatment, ageftreatment, last drug
injected and duration of injecting drug use. (Bevan, Loxley and
Carruthers, 1996).
Bicnnial incidence of hepatitis C virus in a cohon of Victorian
injecting drug users, 1990-1995. (Crofls and Aitken, 1997).
Age-standardised hepatitis C prevalences and confidence intervals,
by city and gender (Loxley et al, 1997),
Self reported positive Hepatitis C result by key variables for those
Hepatitis C tested: Percent respondents.
Percentage of respondents positive for hepatitis C by length of use.
(Lenton, S & Tan-Quigley, A 1997).
Mean age at first heroin use for respondents born in different
decades. (Lynskey and Hall, 1998).
Number and rate of diagnosis of hepatitis C infections 1994-1998
for Western Australia. (Annual Surveillance Report, 1999).

Number of diagnoses of hepatitis C infection, 1998, by age group

Page 3

Page
16
23
26

27

27

28

30
3

33

3

35

36

38
38
39
40
40
41

41



Table 20.
Table 21.

Table 22.
Table 23,

Table 24,
Table 25.
Table 26.

Table 27.
Table 28.
Table 29.

Table 30.
T#blc 3L
Table 32.
Table 33.
Table 34.

Table 35.

Table 36

Table 37.

Table 38.

Table 39.

and sex (Annual Surveillance Report, 1999).

Comparison of needle sharing practices in the 1989 and 1990
ANAIDUS studies (Ross, Stowe, Wodak and Gold 1993),

HRBS scores for injectors (ever injected) (n = 167) (Carruthers
and Loxley, 1994).

Frequency and percentage of responses to questions comprising
the HRBS Drug Uses sub Scale (Bevan, Loxley and Carruthers,
1996).

Self-reported re-use and sharing of needles on the last injecting
occasion for respondents who had injected in the last month
(n=194) (Bevan, Loxley and Carruthers, 1996).

Risk management stratcgics for injecting: Injectors (n = 79)
{Carruthers and Loxley, 1994).

Comparison of HRBS scores Fitpack vs Perth ASHIDU. (Lenton
& Tan-Quigley, 1997).

Times in past month respondent shared other injecting equipment
(Lenton & Tan-Quigley, 1997).

Rate of needle sharing by duration of use and year of IDUs
accessing needle and exchange programs. (1999 Annual
Surveillance Report).

Hepatitis C virus prevalence and incidence among 202 injecting
drug users interviewed three times or more, by levels of risk,
1990-1995 (Crofts and Aitken 1997),

Seroconversion hazard rates and means times to infection with
HCV among injecting drug uscrs in two independent studies in
Victoria and Sydney (Crofts et al 1997),

Number of persons in each age group by gender in 2001, Source
for population data: Cdata2001i.

Estimated number of intravenous drug users in Western Australia
by duration of use.

Estimated number of intravenous drug users with cirrhosis/HICC
by duration of use in 2001.

Estimated number of intravenous drug uscrs infected with the
hepatitis C virus by duration of use in 2001,

Estimated number of intravenous drug users not infecied with the
hepatitis C virus by duration of usc in 2001,

Estimated number of persons recruited to the IVDU per annum.
Rate of necdle sharing per month.

Parameters: Population 14,700, low infectivity rates and a low
probability of infection from a single needle sharing act.

Number of susceptible, infectious and removals after 20 years with
varying recruitment and migration rates.

Number of susceptible, infectious and removals afier 20 years with

Page 4

43

46

47

47

49

50

51

52

53

81

81

82

83

84

84
85
88

90

93



'i'al}lc 40,
Table 41.
Table 42,
" Table 43,
Table 44.
Table 45.
Table 46.
Table 47.
Table 48.

Table 49.
Table 50.
Table 51.

Table 52.
Table 53.
Table 54.
Table S§.
Table 56.

Table 57.

varying recruitment and migration rates.

Parameters: Population 14,700 with high infectivity rates and a
low probability of infection from a single needle sharing act.

Number of susceptible, infectious and removals after 20 years with
varying recruitiment and migration rates.

Number of susceptible, infectious and removals after 20 years with
varying recruitment and migration rates

Parameters: Population 19,600 with low infectivily rates and a low
probability of infection from a single needle sharing act.

Number of susceptible, infectious and removals after 20 years with
varying recruitment and migration rates.

Number of susceptible, intectious and removals after 20 years with
varying recruitment and migration rates.

Parameters: Population 19,600 with high infectivity rates and a
low probability of infection from a single needle sharing act.

Number of susceptible, infectious and removals after 20 years with
varying recruitment and migration rates.,

Number of susceptible, infectious and removals afler 20 years with
varying recruitment and migration rates,

Division into discase stages of the Sheill (1999) cohont.
Cost of medical care, per individual, for the Sheil! (1999) cohort.

Undiscounted medical costs of hepatic discase in 20 yczirs, using
inflationary rates of 1%, 2% and 3%.

Discounted medical costs of hepatic discase in 20 years, using
inflationary rates of 1%, 2% and 3%.

Division into discase stages for best and worst case scenario from
simulation.

Costs for medical care for best case scenario for population
14,700

Costs for medical care for worst case scenario for population
14,700.

Costs for medical care for best case scenario for population
16,600.

Costs for medical care for worstst case scenario for population
19,600.

Page 5

96

100

_'102

105

106

108

110

116
17
118

119

120

121

122

123

124



| Figure 1.

| Figure 2,
Figure 3.
Figurc 4.
Figure 5.

Figure 6.
“Figure 7.
 Figure 8.

Figure 9.

.Figure 10.
: .Fig'urc 1.
~Figure 12.
.Figurc 13.
Figure 14,
Figure 15.

| Figure 16.

" 'FTABLE OF FIGURES

Progression of liver cell failure. Pathophysiology of symptoms that
oceur in liver disease.

The outcome of hepatitis C virus exposure.
Transmission modes of hepatitis C, adapted from Maddrey (1994)
Lack of accuracy of Euler's Method.

Population of Western Australia in 2003 by age group and gender.
Source: Cdata2001,

Number of susceptibles after 20 ycars, population 14,700, low
infectivity rates and a low probability of infection from a single
needle sharing act,

Number of infectious afler 20 years, population 14,700, low
infectivity rates and a low probability of infection from a single
necdle sharing act.

Number of remavals after 20 years, population 14,700, low
infectivity rates and a Jow pyobability of iniection from a single
needie sharing act.

Number of susceptibles afier 20 years, population 14,700, low
infectivity rates and a high probability of infection from a single
needie sharing act.

Number of infectiout after 20 years, population 14,700, low
infectivity rates and a high probability of infection from a single
needle sharing act.

Number of removals afier 20 years, population 14,700, low
infectivity rates and a high probability of infection from a single
needle sharing act.

Number of susceptibles after 20 years, population 14,700, high
infectivity rates and a low probability of infection from a single
needlc sharing act.

Number of infectious after 20 years, population 14,700, high
infectivity rates and a low probability of infection from a single
needle sharing act.

Number of removals after 20 years, population 14,700, high
infectivity rates and a low probability of infection from a single
needle sharing act.

Number of susceptibles after 20 years, population 14,700, high
infectivity rates and a high probability of infection from a single
needle sharing act.

Number of infectious after 20 years, population 14,700, high
infectivity rates and a high probability of infection from a single
needle sharing act.

Page 6

| .- -Page

.13

15
19
67
80

88
89
90
91
92

92
94
95
96
97

98



Figure 17,
Figﬁrc 18.
| Figurc 19.
Figure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
Figure 25.
"Figure 26.
-. Figur;: 27.
| Figure 28.

Figure 29.

Number of su ceptibles after 20 years, population 14,700, high
infectivity rates and a high probability of infection from a single
needle sharing act.

Number of susceptibles after 20 years, population 19,600, low
infectivity rates and a low probability of infection from a single
needle sharing act.

Number of infectious after 20 years, population 19,600, low
infectivity rates and a low probebility of infection from a single
neced!e sharing act.

Number of removals after 20 years, population 19,600, low
infectivity rates and a low probability of infection from a single
needle sharing act.

Number of susceptibles aier 20 years, population 19,600, low
infectivity rates and a high probability of infection from a single
needle sharing act.

Number of infectious after 20 years, population 19,600, low
infectivity rates and a high probability of infection from a single
necdle sharing act.

Number of removals after 20 years, population 19,600, low
infectivity rates and a high probability of infection from a single
needle sharing act.

Number of susceptibles after 20 years, population 19,600, high
infectivity rates and a low probability of infection from a single
needle sharing act,

Number of infectious after 20 years, population 19,600, high
infectivity rates and a low probability of infection from a single
needle sharing act.

Nunber of removals after 20 years, population 13,600, high
infectivity rates and a low probability of infection from a single
needle sharing act.

Number of susceptibles alter 20 years, population 19,600, high
infectivity rates and a high probability of infection from a single
necdie sharing act.

Number of infectious after 2C years, population 19,600, high
infectivity rates and a high probability of infection from a single
ncedle sharing act.

Number of removals after 20 years, population 19,600, high
infectivity rates and a high probability of infection from a single
needle sharing act.

Pﬁge 7

98
lQl
101
102
103
1I04
104
106
107
107
109
109

110



ABSTRACT

The ability of public health planners continues to be hampered by uncertainties
encountered with transmissible diseases. Key epidemiological factors such as, how
many Western Australian injecting drug users are hepatitis C seropositive or will become
infected, duration of intravenous drug use, the intensity of infection, the fraction of those
infected that will develop end-stage disease and afler how long a period, ail combine to

limit the ability of a mathematical model to predict future trends,

These models can, however, provide information about certain epidemiological
parameters and identify data required to predict future trends. They can be applied to
make predictions about the course of infection in the individual and provide a guide to
the interpretation of the observed data. This research aims to develop a model of the

- transmission and spread of hepatitis C, adapting existing models used to predict the
spréad of HIV and AIDS in one and two sex communities, This mode! will be used to
demonstrate the dynamics and incidence of hepatitis C infection among injecting drug

users in Perth, Western Australia,
Predictions derived from the model will then be used to undertake an analysis of the cost

of treating those with hepatitis C and cirrhosis related complications, resulting in a

prediction of the financial impact of hepatitis C on the Western Australian community.
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BACKGROUND TO HEPATITIS C

1.1 Pathophysiology.

The liver is an essential component in the maintenance of life. Not only does it rank first
in actual mass, but first in the variety, range and complexity of its functions. It is
involved in almost every metabolic function of the body, but is individually responsible

for more than 500 separate functions (Price & Wilson, 1982).

Major functions essential for sustaining life include; the formation and excretion of bile,
carbohydrate metabolism, protein metabolism, fat metabolism, vitamin and mineral
storage, detoxification, and a flood and filter mechanism. Total destruction or removal of

the liver results in death within ten hours.

" Not only is the liver remarkable for the range of essential functions that it performs, it
also possesses a phenomenal regenerative capability. Under normal circumstances only
10-20% of liver tissue needs to be functioning optimally to sustain life. Regeneration of
liver tissue remains possible, following assault or disease, when up to 50% of hepatic

 cells have been damaged or destroyed (Price & Wilson, 1982).

1.1.1 hepatitis C.

In broad terms, hepatitis describes the inflammation of the cellé of the liver, where the
causative agents include drugs, toxic materials, malignant diseases, alcohol, and micro-
organisms, including Epstein-Barr virus, Cytomegalovirus and hepatitis viruses (eg

hepatitis A, hepatitis B) (Griffiths-Jones, A 1994).
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The hepatitis C virus (HCV) was isolated in 1988 (Choo et.al 1990). Previous to this, all
cases of hepatitis not found to be caused by any of the above agents, were listed as
hepatitis non-A, non-B. Since its isolation, two other causative viruses in the non-A,
non-B hepatitis category have been identified, hepatitis D and hepatitis E. Of the three
subgroups, hepatitis C is responsible for the majority of blood-borne non-A, non-B

hepatitis cases (Lisaati, P. & Talotta, D, 1994).

Hepatitis C is a single-stranded RNA virus that can be further subdivided into distinct
isolates or genotypes. A universal classification system for these genotypes established
six major phylum, typesl to 6 where each have several closely related subgroups (i a to
c).(N[‘Omish, F. et al. 1994). Investigations into a group of false-negative pathology
tests among Asian sufferers has lead to the identification of further genotypes, 7,8 and 9

in Thailand, and types 10 and 11 among Indonesians.

1.1.2 Clinical presentation,

As with all hepatitis viruses, clinical presentation may at best be vague. As many as 50%
of people with hepatitis C may be completely asymptomatic (Steven, 1.D. et al 1994),
and those that do present with symptoms will usually report feelings of tiredness,

anorexia, muscle pain, and occasionally right abdominal pain (Griffiths- Jones, A 1994).

‘While presenting symptoms are either mild or undetectable, at least half the adults with
the disease progress to chronic, persistent infection (Hantz, O. et al 1993). In many

cases, chronic hepatitis C causes slow, insidious damage to liver cells that often leads
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to cirrhosis and hepatocellular carcinoma decades after the initial infection (Hantz, O. et

al 1993),

Liver damage, cause by invasion and replication of the virus, consists of inflammation
and mononuclear cell infiltration. This occurs in the portal ducts and the parenchyma
leading to hepatic cell necrosis. There is a corresponding increase in the size and number
of Kupffer cells responsible for the phagocytosis of bacteria and otl.er foreign particles in
the blood. Cellular collapse and necrosis is the end result. The accumulation of necrotic
tissue in the lobules and ducts of the liver lead to changes in its structure. This change in
structure affects all liver functions (Lisanti, P. & Talotta, D. 1994). The progression of
these changes to liver functions can be seen on the diagram below, modified from

Phipps, Long and Woods (1979).

-Fivcr inflammation } | Gastrointestinal symptoms
y nausea, vomiting
Pain anorexia
weight loss
fatigue
| Liver Necroii-s'} Decreased metabolism
{
Increased Portal pressure Decreased bilirubin metabolism
Decrease hormonal metabolism
Increased Venous pressure
—[Total Liver Failurc ] Hecpatic Enccphalopathy
Hcpatic coma
i
Death

Figure 1. Progression of liver cell failure. Pathophysiolvogy of symptoms that occur
in liver disease.
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1.1.3 Diagnosis.

Diagnosts is possible through the detection of antibodies by enzyme immunoassay.
There is, however a window period of 14 — 180 days (Lisanti, P, & Talotta, D. 1994),
before antibodies appear. The presence of hepatitis C antibodies indicates exposure to
the disease only. False positive results occasionally appear, however diagnosis can be
further verified using ELISA ( enzyme-linked immunosorbent assay) (M°Omish, F. et al.
1994). This assay detects antibodies to specific viral proteins. PCR (polymerase chain
reaction) another confirmatory test, investigates the presence of genomic material
(RNA). There has been increased refinement in testing procedures in the period 1994 —
1996, leading to detection of the virus within 14 days of exposure and higher specificity
and sensitivity. A negative result, however, does not indicate an absence of HCV, as
some people (~ 4%, Nakagiri et al, 1993), are only intermittently antibody positive

(Steven, 1.D. et al 1994).

1.1.4 Prognosis.

Cirrhosis of the liver, an end stage complication of chronic hepatitis C, is characterised
by large and small degenerative nodules that are encased in scar tissue. Interspersed with
these are normal liver parenchyma. Approximately 75% of cases of cirrhosis prove fatal
within 1 - S years (Price & Wilson, 1982). Pathological changes progress slowly with
only minor clinical symptoms until the major and late manifestations of the disease
develop. These include: jaundice, peripheral cedema, bleeding disorders, hepatic

encephalopathy, splenomegaly and oesophageal and gastric varices (Price & Wilson,
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1982), In all cases, these symptoms are life threatening and can only be treated
palliatively, at great expense to the community. There is no treatment to reverse the

development of the fibrotic nodules, other than liver transplantation.

Hepatitis C is also closely linked with thé development of hepatoretiular carcinoma.
While hepatitis C has not been proven to be directly c&cinogcnic, studies indicate that
there is significant malignant transformation in the form of chronic necroinflammatory
hepatic disease, (as in the case of cirrhosis), that leads to the formation of carcinogenic
tumours (Kew, M.C. 1994). Cancerous cells tend to compress the surrounding normal
liver tissue and spread quickly via invaston of the portal vein. Haemorrhage and cell
destruction are major complications of hepatic carcinoma. Otherwise, progression of the

disease may be asymptomatic.

Iwarson describes the outcomes of exposure to Hepatitis C in the following diagram;

Hepatitis C virus cxposure
i . "
Acutc hepatitis Subclinical hepatitis
(15-20%) {B0-85%)
Resolving Chronic Resolving Chronic
liver discasc liver discasce
(70-80%) (70-80%)

Figure 2. The outcome of hepatitis C virus exposure.
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1.2 Prevalence.

1.2.1 Geographical distribution.

As stated previously, hepatitis C has eleven distinct genomic types known to date. These
are Types 1 to 11 with subgroups a, b, and c. The eleven major genomes have discrete
nucleotide sequences in the 5’-Non-Coding Region of the virus (M*Omish, F. et al.
1994), that allow identification from DNA amplification and PCR testing. Improvements
in testing procedures has greatly increased the ability to reliably differentiate, using
standard tests, between the subgroups of each genomic type. As the virus continues to

evolve, it is possible more genotypes will be identified.

In a study undertaken by M‘Omish and colleagues, 1994, 447 samples from nine
different countries were examined, in an attempt to plot the global distribution of
different genome groups. The participating countries were: Scotland, Finland, The
Netherlands, Australia (Perth), Egypt, Hungary, Japan, Taiwan and Hong Kong. The

table below shows the results of the investigation.

Country No. of Number & percent of donor samples of HCV genotype
Samples' 1 2 3 4 5 6
Scotland 144 67(d7%) 21(14%) 56(3%%) 0 0 0
Australia 24 12(50%)  3(13%) 8(33%) O 14%) 0
Finland 12 3(25%)  5(42%) 4(33%) O 0 0
The Netherlamds 31 18(58%) 7(Q3%) S506%) 1(33% O 0
Hungary 47 46 (98%) 0 4] 1 (2%} 0 0
Egypl 19° 0 0 0 17(90%) © 0
Taiwan 3 53(5T%) 40 (43%) 0 0 0 0
Japan 40 3N (7% 9(3%) © 0 0 0
Hong Kong r 22(5%%)  1(3%) O 0 0 12(32%)
Total 447 252 86 73 19 1 12

Table 1. Prevalence of HCV types in different donor populations

* Number of PCR-posilive samplcs typed by Restriclion Fragment Length Polymorphism (RFLP)
* Two donors were infected with variants that could not be classified as type 110 6

° Two donors showed cvidence of mixed infoction with types 1 and 6
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Table 1 illustrates that the predominant genotype in Perth, Western Australia is type 1,
comprising 50% of the samples tested. Proportional incidence of types 2 and 3 are 13%
and 33% respectively. The significance of the proportions of the genotype mix will be

dealt with when discussing treatment of hepatitis C.

A study by Lin et. al., (1996), investigated response rates to a-Interferon among two
hundred and thirty hepatitis C sufferers. This study represents one of the first studies to
investigate genotype spread in Australia. Thirty-two of sixty-five subjects were previous
injecting drug users. Other transmission factors included occupational exposure (3%,
n=2), blood transfusion (32%, n=21) and unidentified exposure (16%, n=10% Twenty-
four subjects were found to have type 1 hepatitis C, 38 type 3 and 3 were fcund to have

mixed type 1 and 3 hepatitis C.

1.2.2 Transmission.

While the major transmission mode for hepatitis C is parenteral in up to half the reported
cases the mode of transmission remains unknown (Maddrey, W.C. 1994). Thus,
intravenous drug users and recipients of blood transfusions, prior to 1990, comprise the
two major known risk groups. Smaller risk groups include male homosexuals and sex
industry workers (Steven, 1.D. et al 1994). Injecting drug users comprise the major risk
group. A number of surveys have ¢stablished tne prevalence of HCV among intravenous
drug users to be higher than 70% (Van Beek, L et al. 1994). Some studics have found
infection rates of 100%. Current data supgests the modal infection route comes from the

sharing of injecting equipment (Steven, 1.1, et al 1994).

Page 17




Transmission of hepatitis C via blood transfusions was a primary source of infection,
prior to the development of accurate screening techniques in 1990, Due to the mildness
of specific presenting symptoms, and the high percentage of asymptomatic carriers, the
true number of those infected with hepatitis C from blood transfusions did not become
apparent until after 1988. The Centre for Disease Control (USA) now estimates 150,000
or more acute HCV infections each year (Maddrey, W.C. 1994). The rate of infection via
blood transfusion has declined since 1990, as blood products undergo heat treatment to
destroy the virus. Prothrombin (a clotting factor) is unable to undergo this preventive
measure, (Steven, 1.D. et al 1994), which still lcaves Hacmophiliacs at risk of infection.
By 2002, the Australian Red Cross Blood Service estimated the risk of contracting

hepatitis C via a transfusion as 1 in 330,000 units transfused.

There have been some studies that support the significance of sexual transmission of the
virus (Gabrielli, C et al. 1994, Sato, B, ¢t al 1994). The establishment of a proportional
ratc of infection has not been established, but is thought to be in the region of 5%
(Maddrey, W.C. 1994). Coupled with the sexual mode of transmission is cvidence of a
higher rate of transmission among those already infected with either the hepatitis B
and/or HIV/AIDS virus (Gabrielli, C et al. 1994, Sato, B, ¢t al 1994, Van Beek, 1. ¢ al.
1994} with those working in the sex industry without adequate protection most likely to
acquire the virus through sexual transmission (Nakashima, K., et. al 1992}. The pic chart
below, adapted from Maddrey 1994, illustrates transmission modes of the hepatitis C

virus.
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Transmission of Hepatitis C

IDU

Occupational Blood Tranfusion
2% sexual Contact 10%
5%

Figure 3. Transmission modes of hepatitis C, adapted from Maddrey (1994)

There are three other minor methods of contracting the hepatitis C virus. Organ
transplant recipients are at risk. However, all donors are screened for HCV and the risk
is minimal. Foetal infection has not been substantiated, although there does appear to be
a higher incidence among mothers that are both HIV and HCV antibody positive. Health
care workers are another group of people that are at risk of exposure, primarily through
needle-stick injury. The rate of infection is lower with hepatitis C than with hepatitis B,
and is estimated to represent 2-3% of the total population of those infected (Steven, 1.D.

et al 1994).
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1.3 Treatment.

1.3.1 Alpha-2b-Interferon

Interferons are a group of low-molecular weight protetns produced by leukocytes
(interferon alpha), fibroblasts (interferon beta), and T-lymphocytes (interferon gamma)
(Zein, N.N & Rakela, J. 1995). These proteins occurring naturally in humans have an
anti-viral effect, utilised by a variety of mechamsms. Thesc include the inhibition of
viral replication, inhibition of viral protein production and the prevention of virions
relcase from infected cells (Zein, N.N & Rakela, J. 1995). Highly purificd interferons
were made available for public consumption following the introduction of recombinant

DNA technology.

There are three commercially available types of interferons. Two of them are
recombinant interferons, interferon alpha-2a and interferon alpha-2b, while the third is a

naturally occurring interferon, interferon alpha-NL (Zein, N.N & Rakela, 1. 1995).

Due to the high percentage of people with an absence of clinical signs it is often difficult
to institute a-Interferon therapy in the early stages of the disease. Where inflammation
of the liver is detected, it is recommended that treatment begin. Those patients with
advanced cirrhosis and major ncuropsychological symptoms are not appropriate

candidates for a-interferon therapy (Maddrey, W.C. 1994).

'Treatment of acute-phase hepatitis C infection with a-interferon has produced initial

evidence that it may prevent progression to chronic hepatitis C. 1t must be
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emphasised that this evidence is not conclusive due to small sample sizes and the varying

dosages used in cach study (Zein, N.N & Rakela, J. 1995),

Alpha-interferon is the medication of choice in the treatment of chronic hepatitis C. The
generally accepted regime involves the administration of 3 million units, by injection,
three times a week for twenty-four weeks ( Hantz, O, Tunn, F. and Trepo, C. 1993,
Maddrey, W.C. 1994, Schiff, E.R. 1993, Zein, N.N & Rakela, ). 1995), Studies have
shown that only 50% of those treated respond, with a return to normal alanine
aminotransferase treatment (ALT) levels, after six months of therapy. Only 25% of these
maintain a sustained recovery (Maddrey, W.C. 1994, Zein, N.N & Rakela, J. 1995), with
females and younger persous expericncing beiter responses to treatment. The reasons
why a sustained response is not maintained are not completely clear, although factors that

influence the response to interferon therapy have been identified.

a) Age and gender: A study by Causse et al, demonstrated an independent positive
correlation with female sex {P<0.03) and younger age (P<0.05) (Zein, N.N & Rakela, J.
1995). Hantz, Turin and Trepo (1993) also indicate younger age as an indicator for

enhanced response to interferon therapy.

b) Dosage and duration of therapy: Studics are still progressing in an effort to identify a
regime that will produce maximum benefit, combined with minimum side effects.

Currently optimal dosage and duration of therapy have not been established, and a more
effective regime than 3 million units, three times a week, for twenty-four weeks, may be

identified.

Page 21



c) Type of interferon: There has been very little investigation into the effectiveness of the
different types of interferons available. A study by C. Cimino et al, (1992, cited in Zein
et al, 1995), identified ten patients who, after not responding to the recommended
treatment with interferon alpha-2a, were then treated with lymphoblastoid interferon 6
million units, three times a week for 2 months, followed by a reduction to 3 million units,
three times a week for 4 months. Five of the recipients showed a return to normal ALT

levels at the end of the treatment (Zein, N.N & Rakela, J. 1995).

d) Liver Histology: Biopsy of the liver, prior to interferon therapy, allows a precise
measurement of the progression of chronicity. As the disease proceeds healthy liver
tissue is replaced with scarred and fibrotic tissue. Studies have shown that patients with
little or no fibrosis responded to therapy significantly better than those with severe
hepatic disease. A summary of these studies shows that the rate of sustained response to
therapy is greater in those patients with only mild hepatitis compared to those with active
disease, evidenced by fibrosis or cirrhosis. Those with cirrhosis have the least likely

response to interferon treatment (Zein, N.N & Rakela, J. 1995).

e) Serum HCV RNA level: Blood sampling to measure the level of hepatitis C virus
RNA levels prior to the commencement of interferon therapy, appears to be a useful
predictor of responsiveness to the treatment. Those people with significantly lower titre
levels were more likely to be long-termn responders. It is interesting to note thatina
study by Hagiwara and associates, higher titre levels corresponded with those patients

with advanced liver disease, following biopsy (Zein, N.N & Rakela, J. 1995).
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f) HCV genotype: Studies have shown that partial or complete short-term biochemical
response to interferon was demonstrated in 55% of patients with HCV type 1b, whereas,
an 89% response rate was identified with patients of other types, primarily type 2a, 2b
and type 3. A statistically significant difference of P=0.01 was demonstrated. These
studies however are still preliminary, and there is some conjecture that mutation of the

viral RNA is the cause of resistance to therapy (Zein, N.N & Rakela, J. 1995).

A list of the side effects of interferon therapy are listed below along with the percentage
of patients experiencing them. (Zein, N.N & Rakela, J. 1995). It should be noted that
some of the side effect are quite severe and may require extreme and long term medical

support in their own right.

Percent of
Side effecis Patients (%)

Flu-like syndrome

Fever, headache, chills, myalgia, fatigue 60-80
Bone marrow hypoplasia

Anaemia, leucopoenia, thrombocytopenia <5
Cardiovascular disorders

Arrhythmia, cardiomyopathy, hypertension <5
Endocnrine disorders

Exacerbation of diabetes mellitus, thyroid, gynecomastia <5
Gastrointestinal disorders

Taste alteration, anorexia, diarrhoea 15-25
Liver and biliary

Jaundice, autoimmune hepatitis, hepatic failure/

encephalopathy <5

Table 2. Side effects of Interferon treatment.

Two other problems exist with therapy involving interferons. The treatment is very

expensive, ranging from $33,000 to $70,000 per course of treatment, dependent on the
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severity of the disease at the commencement of treatment (Sheiil, A, et al. 1994).
Finally, interferon must be administered subcutaneously. In most cases this involves

visiting the doctor or hospital three times a week, causing inconvenience and added cost.
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INJECTING DRUG USE: TRANSMISSION, PREVALENCE RATES
AND PRACTICES,

This chapter undertakes a full review of Australian studies examining transmission
modes, prevalence rates and injecting drug use practices of intravenous drug users. The

review is undertaken in chronological order.

2.1 Transmission Modes.

Intravenous drug users (IVDU’s) comprise the major population group at risk of
contracting hepatitis C (HCV). Transmission occurs primarily through the sharing of
needles and injecting equipment, including spoons, filters and water. Studies conducted
in Australia have shown transmission rates among injecting drug users to be dependent
on duration of injecting drug use, age and frequency of needle sharing. To a lesser extent
opiate users are more likely than stimulant injectors to have contracted the virus as are
those previously exposed to hepatitis B and heterosexual IVDU’s rather than homoserai

IVDU’s (van Beek et al. 1994),

Kaldor et al., (1992) estimated risk factors for hepatitis C from a cohort of blood donors
in Sydney over a fourteen month period. Tnjecting drug use was identified as the major
risk factor in 47.7% of HCV infections, with a relative risk (estimated as an odds ratio)
of 63 (95% confidence interval, 19-260). Other significant transmission factors include
tattoos (40%), more than one lifetime sexual partner (9.1%), a previous sexually
transmitted disease (30%) and time spent in prison (12.3%). The authors discuss the
limits associated with their findings, including a self-report method that may have
introduced bias, but many of their findings have been supported elsewhere (Waddell,

R.G. 1994; van Beck et al. 1994; Croft, N et al. 1993; Crofts N. et al 1995). Table 3
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shows the significant risk factors associated with HCV transmission identified in this

study.,
Risk Factor Cases (%) Relative Risk 2-tailed P
' responding (95% confidence value
yes to Interval)
survey
Injecting Drug Use 105(47.7%) 63(19-260) <0.00001
Tattoo 67(30.4%) 11(4.9-26) <0.90001
More than one
lifetime sexual partner 88(40.0%) 7.2(4.1-13) <0.0001
Sexually transmissible
disease” 66(30.0%) 4.6(2.5-8.4) <0 9001
Hepatitis-like 36(16.4%) 4.92.1-12) < ;001
symptoms
Hepatitis contacts'®  56(25.4%) 2,1(1.3-3.6) 0.0024
Prison inmate 27(12.3%) 14(3.3-91) <0.0001
Institution resident™"  38(17.3%) 2.9(1.4-4.6) 0.00075

Table 3. Significant risk factor associated with HCV transmission among blood
donors (Kaldor et al. 1992).

* jtcms not mutually exclusive

+ Syphilis, ponorrhoes, genital herpes, genital warts, non-specific uretfiitis,
++ Sexual or femilial contact with a pason who had hepatitis

+H Anned forces, hospital, boarding school, children’s home

2.2 Prevalence Rates.

One of the earliest studies on the prevalence of hepatitis C among Australian intravenous
drug users was undertaken by Bell and associates in 1990. At a time when diagnostic
testing of hepatitis C was in its infancy, 172 intravenous drug users had their blood tested
for HCV antibodies comparing prevalence rates against duration of drug use. Infectivity

increased markedly s= {ength of drug used increased (see Table 4).

Bell et al. concluded that the odds of being HCV seronegative decreased by a
multiplicative factor of 0.55 (95%C.1. 0.32 to 0.96) for each additicnal two years of

intravenous drug use.
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Anti-HCV  Men Wome  Total Age Duration of injecting

status (n) n (n) (n) (years) drug use (months)
Seropositive 29 49 148 256440 63136
Seronegative 13 11 24 249451 37125

Table 4. Comparison of anti-HCV sexopositive and seronegative groups. (Bell et al,
1990)

Desland and Batey (1991) reported mean ages of first injecting from two study groups in
Sydney, New South Wales. Participants recruited from a Court Diversion program
reported a mean age of first injecting of 14.0 years (SD 3.7 years) while those from a

self-referred group had a mean age of 16.3 years (SD 4.7 years).

In a study of injecting drug users in Victoria (Crofts et al. 1993), 303 men and women
were tested for the presence of HCV antibodies. Results for those testing positive are
given as; a) duration of injecting drug use by age at interview (Table 5) and b) an odds

ratio model after adjusting for age and duration of injecting (Table 6).

Duration of Percentage of injecting drug users (n)

injecting <25 years 25-29 30-34 35+ years Total
_years years years

Men

0-4 37%(38) 25%(8) 67%(3) 0(2) 37%(51)

5-9 67%(18)  63%(19) 67%(9) 100%(2) 67%(48)

10-14 - 100%(17) 93%(14) 100%(8) 90%(39)

15+ - 100%{(45) 100%(16) 90%(28) 93%(45)

Total 46%(56) 64%(45)  83%(42) 90%(40)  70%(183)

omen

0-4 35%(40) 60%(5) 0(4) 100%(1) 40%(50)

5-9 75%(16)  70%(10) 100%(2) 100%(3) T7%(31)

10-14 - 100%(12) 83%(6) 67%(3)  90%(21)

15+ - 100%(1) 70%{10) 100%(7) 83%(18)

Total 46%(56) B2%(28)  73%(22)  93%(14) 65%(120)

Total 46%(112)  T1%(73)  83%(64) 91%(54)  68%{303)

Table 5. Percentage of injecting drug users seropositive for hepatitis C virus, by
sex, age at interview and duration of injecting (Crofts et al. 1993).
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Yariable Number 0dds ratio 95% CI

positive (%)

Men(n=183)
Scxual orientation .
Heterosexual 157(69%) 1.0
Bi/Homoscxual 21{59%) 0.62 0.2-1.8
Current primary drug
Non-opiate 43(33%) 1.0
Opiatc 133(77%) 4.48 1.9-16
First injected drug Non-opiate 85(49%) 1.0
Opiate 99(83%) 3.45 1,6-7.6
Prison history No 106(55%) 1.0

. Yes 85(82%) 2.30 1.0-5.4
Mcthadonc history
No 110(55%) 1.0
Yes 81(84%) 2.94 1.2-73
Currently on methadone
No 147(60%) 1.0
Yes 44(91%) 4.32 0.9-9.5
Region
Metropolitan 164(67%) 1.0
Rural 27(70%) 0.56 0.2-1.6
Women (n=120)
Sexual oricntation
Heterosexual 88(67%) 1.0
Bi/Homoscxual 35(53%) 0.81 0.2-2.6 N
Current primary drug
Non-opiate 24(44%) 1.0
Opiate 93(68%) 2.57 0.9-7.5
First injected drug
Non-gpiate 65(59%) 1.0
Opiate 55(66%) - 049 0.2-1.3
Prison history
No 107(59%) 1.0
Yes 17(88%) 3.08 0.6-5.6
Mcthadonc history '
No 77(49%) 1.0
Yes 47(85%) 6.80 2.1-2.1
Currently on methadone
No 94(55%0) 1.0
Yes 30(83%) 6.35 1.4-9.7
Region
Metropolitan 107(63%) 1.0
Rural 17(65%) 0.51 0.1-1.9

Table 6. Percentage of male and female intravenous drug users who were HCV
seropositive, and odds ratios for seropositivity after adjusting for age and duration
of injecting (Crofts et al. 1993).
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Men with a prison history, who used an opiate either as current primary drug or first
injected drug, and who had a history of methadone or other drug treatment were more
likely to have contracted HCV. For women a significant association was found with a
methadone history, and a marginal association with current opiate use. Contrary to the
findings for the men a negative marginal association was found among females for use of

an opiate as first drug injected.

Waddell, 1994, tested 989 injecting drug users presenting to a sexually transmitted
disease clinic in South Australia, He identified a transmission rate of 29.6% (males,
26%, females, 36%), with a follow up of 696 individuals. Two people serconverted
giving an incidence of HCV infection of 3.5 per 100 person-years (95% confidence
interval (0.4-12.7 per 100 person-years). In contrast to the Kaldor study there were a
higher percentage of amphetamine and occasional injecting drug users than opiate users

in this study.

One of the most comprehensive investigations into the transmission of HCV among
injecting drug users was conducted by van Beek et al. in 1994. Two hundred and one
known injecting drug uscrs attending the Kirketon Road Centre in Sydney were tested for
HCV antibodies. Characteristics of injecting drug use and their association with HCV

transmission are summarised in Table 7.
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Héharacteristic

Number HCV 95% P
prevalence (%)  CI value'
Sex:
Male 94 55 45-65
Female 107 63 53-72 0,3
Age Group:
15-19 30 17 3.3-30
20-24 65 5] 39-63
25-19 44 70 57-84
30-M4 33 70 54-85
35+ 29 93 84-100  <0.001
Years since first injecting:
<3 50 26 14-38
3.6 29 38 20-56
6-10 34 62 45-78
10+ 36 94 87-100
Unknown 52 77 66-88 <0.001
Frequency of injecting;
Occasional 48 40 26-53
Repular 130 67 59-75
Unknown 23 57 36-77  0.004
Drugs injected:
Stimulants only 37 22 8.4-35
Opiates only 70 74 52-74
Bath 76 63 52-74
Unknown 18 61 39-84 <0,001
Sharing of equipment:
Never 40 38 22-53
Evcr 147 65 57-12
Unknown 14 36 39-89 0.003
Sexual practice:
Homosexual 20 35 14-56
Bisexual 4] 56 41-71
Heterosexual 107 70 61-7%
Unknown - 33 42 26-59 <0 001
Involvement in sex industry:
No 107 62 52-71
Yes 94 56 46-66 0.54
HIV paositive:
No 180 60 5367
Yes 14 57 31-83
Unknown 7 43 6.2-80 0.66
HBV Infection:
Unexposed 103 42 32-51
Exposed 95 78 T0-86
Unknown 3 67 13-100 <0.001
Table 7. Univariate analyses of HCV prevalence among 201 1DUs attending

Kirketon Road Centre ( van Beek et al. 1994),
"p value = the significance of the difference in HICV prevalence between the levels of the (acior indicated.
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Age was significantly associated with HCV prevalence (p<0.001) as was length of
injecting drug usc, frequency of drug use, opiate use, sharing of injecting druy cquipment
and heterosexuval practices. Those working in the sex industry had a slightly lower HCV
prevalence than those not, 56% vs. 62%, though this differcnce failed to reach statistical
significance. Exposure to hepatitis B was strongly associated with HCV (78% exposed

vs. 42% unexposed (p < 0.001)).

Characteristic Odds Ratio  95% Confidence p-value’
[nterval
Years since first injecting
<3 10
36 1.1 (0.34-3 8%
7-10 2.6 0.83-8.4
1+ 19.3 29-130
Mnkaown WS b e
Drug injected
Stimulants only 1.0
{leroin only 59 1.8-19
Both 55 1.7-17
_Unknown 34 . 06AIR 0011
Sexual practice
Homosexual 1.0
Bisexual 33 0.76-14
i feterosexual 49 1.3-19
_Unknown 1.4 03264 0.026
Age
15-19 1.0
20-24 45 1.2-16
25-29 50 1.2-20
30-34 3.5 0.72-16
35+ 12.7 1.5-105 0.064
Frequency of injecting
Occasional 1.0
Regular i.7 06747
Unknown 1.0 02244 0.458

Table 8. Multivariate logistic analyses of HCV prevalence among IDUs attending
Kirketon Road Centre ( van Beek et al. 1994).

“p value = the significance of the dillerence in HCV prevalence batween the levels of the lactor indicsted, when al
other {actors in the teble are included 1n the logistic model,
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Multivariate analysis using logistic regression (Table 8), showed significant factors
involved in HCV transmission to include years since first injecting, drug injected sexual

practice, age and frequency of injecting.

Nick Crofts, in 1994, cxamined the magnitude of the hepatitis C cpidemic and its
implications for future health planning. In this editorial he states;

“Almost every population of IDU's so far studied has shown very high prevalences of
gxposure to HCV: 90% and more among entrants to methadone programmes, 30-70% in
field recrutted and clinic samples in the West. There are indications of cven higher rates
of HCV infection among IDU’s in South-cast Asia and South America. Risks begin with
the first injection, and in some populations rates of exposure as high as 40% has occurred
within 2 years of beginning to inject. By the time 1DU's have been injecting for several
years, their chances of having been exposed to HCV approach 100%. thgh incidences
have also been observed: 20% p.a. in 2 cohort in Ausiralia, and 10% p.a. in a cohort in
the Netherlands. [t is estimated that there are as many as 10,000 or more new HCV
infections per year as a result of IDU in Australia.™

Crofts et al., 1995, conducted a one year study of all prison entrants in Victoria. A total
of 3,627 men and women (>99% of all cntrants), were tested for hepatitis B and C
antibodies and HIV antibodics. Of the sample, 1,561 {43%) were injecting drug users.
The prevalence rate among this group was 65.3%, with injecting drug using women

having the highest seroprevalence. Table 9 shows the prevalence of HCV antibodics in

Victonian prisons by gender.
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Detail Users of No use of Odds ratio

injecting drugs  injecting drugs (95%
confidence
S N _ interval)

Men: -

No. by drug use’ 1436 1749

Mean (SD) age(years) 26.8 (6.8) 31.5(10.2)""

No.(%) anti-HCV pos 897/1,410 274/1,712 9.15
_ X638 . (80) (1.71009)"

Women:

No. by drug usc’ 125 54

Mean (SD) age(years) 268 (6.1) 32.7(10.6)"

No.(%) anti-HCV pos 100/118 14/53 15.50
e (848)  (264) (65t037.5)

All men and women: 1561 1803

Mean (81) age(ycars) 2068 (6.5) 316(102)

No.{(%) anti-HCV pos 997/1,528 288/1,765 9.61
S5SNI (- ) MU | () BN U K R A B N

Table 9. HCV antibody prevalence in prison entrants in Victoria, Australia,
according to use of injecting drugs, October 1991 to September 1992. (Croft, N. et
al. 1995).

" Drug w nol known for 242 men and 18 wamen "7 T 0 001
For the duration of the study, 312 entrants were readmitted to prison. These people were
re-fested.  Estimates were calculated for incidence per 100 person years at 38.2

{Confidence interval: 19.1 to 76.4) for injecting dnug users (sce Table 10).

Detail  No. initially No. of sero- Mean (SD)}  Range of Incidence rate

sero- converfers  period of observation  per 100 person
negative observation days years (95%
days confidence
interval)

Drug 47 8 163 (89) 3-348 382

users (19.1t076.4)
Non drug 72 2 171 (89) 4-339 59

users (1.5 t023.6)
Total 119 10 168 (89) 3-348 18.3

{9.8 10 34.0)

Table 10, Incidence of infection with hepatitis C virus among subjects entering
prison more than once, October 1991 (o September 1992, (Crofts, N et al. 1995),
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The National Centre for Rescarch into the Prevention of Drug Abuse, Curtin University
of Technology, has conducted several studies on injecting drug use in Perth, Western
Australia between 1994 and 1997, Carruthers and loxley, 1994, investigated the
prevalence of HCV among young injecting drug users, age 12 to 20 (n=234). The
prevalence rate of HCV among this young cohort was 5.5% (n=6 of 109 tested).

Charactenistics of those positive can be scen in Table 11,

One significant limitation of this study resuited from the method of bloed collection for
HCV testing. Finger-prick collection was noted to be difficult due to clotting of blood
and in transferring the blood from the thumb to the tube. Revisions of collection
techniques were instituted, however the initial problems may have resulted in the low
proportion of samples taken (46%) compared to the questionnaire sample. The

prevalence rate for this sample may be higher than 5.5%.
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Characteristic Number

Gender:

Male 3
Fecmale 3
Age:

15 years

16 years

18 years

19 years

20 years
Aboriginal:
Yes

No 5
Injecting?:

Yes

No

Drug used most often
Heroin/Homebake

Speed

Tranquillisers

Alcohol

High Risk Behaviour Score(/30)
!

4

6

8

10

Risky Piercing

Risky Tattooing

Duration of injecting:

less than one year

three years ' 2
Heard of HCV:

Yes 4
No

Preferred Drugs:
Heroin 2
Ecstasy 1
Amphetamine 2
Tranquillisers 1

Table 11. Characteristics of HCV Positive Respondents (n=6) (Carruthers and
Loxley, 1994).
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The 1996 Report of the Australian Study of HIV and Injecting Drug Use (ASHIDU),
Bevan, Loxley and Carruthers, provides a comprehensive examination of injecting drug
use behaviours and prevalence of blood-borne viruses (HBV, HCV and HIV) in a group

of 220 recruits in Perth, Western Australia.

Characteristic nper % x p
group

Age Group 185 729 <0.001

Up to 20 46 15.2

21t0 25 42 16.7

26t0 30 31 258

31to 35 30 73.3

36 years + 36 88.9

Treatment 179 36.8 <0.001

Never 66 12.1

Ever 113 584

Age/Treatment 179 595 <0.001

Young/never 47 6.4

Young/ever 36 278

Older/never 19 263

Older/ever 717 727

Last drug injected 165 13.6 0.001

Amphetamines 8! 272

Opioid 75 56

Other drug 9 333

Duration of 1DU 185 739 <0.001

0-4 years 63 N

5-9 years 51 25.5

10-14 years 21 61.9

15ycars+ 50 86.0

Table 12, HCYVY reactive serology by age, treatment, age/treatment, last drug
injected and duration of injecting drug use. (Bevan, Loxley and Carruthers, 1996).

The average age of respondents was 27.5 years, standard deviation 7.5 years, range 14 to
47 years. Males comprised 68.6% (n=151) of the study group. Blood samples for HCV
testing was collected from 185 respondents, with 7 not supplying blood and 28 supplying

a sample insufficient for testing. Of the 185 respondents tested, 76 were HCV antibody
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positive, a prevalence rate of 41.1%, 95% confidence intervals 37.48% to 44.72%.
Characteristics of those testing positive for HCV antibodies are listed in Table 12. Chi-

squared testing was performed and significant results listed.

Variables associated with HCV status include: age of the injecting drug user, with the
higher proportion of those hepatitis C positive in the older age groups; having ever been
in a treatment group (for example a Methadone programme); combined age-treatment
groups with young/ever more likely to be reactive to HCV than young/never and
older/ever more likely to be HCV reactive than older/never, amphetamine users less
likely to be HCV reactive than opioid users and duration of injecting drug use. Age and
length of injecting drug use were highly correlated, r = 0.88 (Bevan, Loxley and

Carruthers, 1996).

Hando et al t1997) profiled the demographic, drug use and criminal correlates of 279
youths detained in New South Wales Juvenile Justice Centres. A quarter of the sample
(24%) had injected an illicit drug. Three-quarters (77%) of those who had used heroin
and two-thirds (64%) of those who had used amphetamines had injected those
substances. One-third (37%) of those who had injected reported using a needle before or
after someone else had used it, and 18% reported doing so in the month before detention.
Over half (58%) of those who had shared needles in the past month did not always clean

them.

Crofts and Aitken (1997) assessed the incidence of blood-bome infection among a cohort

of injecting drug users over the period 1990 to 1995. Annual hepatitis C prevalence rates
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among this cohort ranged from 81% in 1990 to 69.6% in 1995 (lowest rate, 67.7% in
1993), although it is not clear if all participants were tested each year. Incidence rates

were also calculated and are given below.

1990-1991  1992-1993 1994-1995 Overall

hepatitis C virus

Seroconverters 5 5 6 19
Person-years at risk 30.1 73.4 74.1 177.6
Incidence {per 100 py) 16.6 10.9 8.1 10.7
95% Cl 6.9-40.0 5.5-21.8 3.6-18.0 6.8-16.8

Table 13. Biennial incidence of hepatitis C virus in a cohort of Victerian injecting
drug users, 1990-1995. (Crofts and Aitken, 1997).

Loxley et al (1997) were investigators in the 1994 Australian Study of HIV and Injecting
Drug Use (ASHIDU). Their paper reports age standardised infection rates of hepatitis C
across four Australian cities. In Perth, Western Australia, the infection rate for males

was 56.4% and for females 44.1%.

City Men 95% CI Women 95% CI

Adelaide 54.4 50.0-58.8 51.3 45,5-57.1
Melboumne 61.1 56.7-65.5 63.3 57.8-68.8
Perth 564 52.0-60.8 441 37.5-50.7
Sydney 73.1 69.2-77.0 68.4 62.8-74.0
National 59.4 57.2-61.6 38.6 56.6-61.6

Table 14. Age-standardised hepatitis C prevalences and confidence intervals, by city
and gender (Loxley et al, 1997),

The Fitpack Study, (Lenton & Tan-Quigley, 1997), examines the injecting drug patterns
and behaviours of recreational and occasional injecting drug users. This cohort
traditionally have minimal contact with conventiona! drug treatments agencies and
represent an unknown subgroup for this population. Accessed by questionnaire through
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the sale of Fitpacks (needle and syringe packs), 513 responded, a response rate of 20%.
Hepatitis C questions were self-report only, vihere 64.9% reported testing for HCV, with
those positive for the virus 25.2%. While this rate is lower than the ASHIDU sample
(Bevan, Loxley and Carruthers, 1996), mean length of lifetime injecting is

correspondingly lower. Table 14 illustrates key variables associated with self-reported

HCYV testing.
Positive HCV result (%)

No Yes n(1)  sig(2)
Under 26 years of age 60.5 149 292 0.0000
Females 46.6 38.1 275 0.276%
Are married of living with sex partner 470 520 295  0.5417
Have children 414 588 290 0.0143
Are employed 47.0 29.8 296  0.0135
Live in the city 87.8 84.6 245  0.6983
First injected at less than 18 years of age 46.1 41.7 286  0.6128
Less than 10 years of injecting 79.1 219 281  0.0000
Stimulants injected with this Fitpack 67.9 36.3 296  0.0000
Depressants injecied with this Fitpack 43.0 822 296 0.0000
Injected stimulants in past month 76.8 46.1 296  0.0000
Injected depressants in past month 51.3 81.7 296  0.0000
Injected at least daily in past month 349 61.3 296  0.0001
Shared needles in past month 40.9 442 296  0.7246
Shared other equipment in past month 55.7 59.3 296  0.6864
Prior contact with specialist drug agency 55.4 296 289  0.0001
Have been charped with a drug offence 50.1 75.2 296  0.0003

Table 5. Self reported positive Hepatitis C result by key variables for those

Hepatitis C tested: Percent respondents.

1) Eack row represents 2 cells of a 2x2 contingency table and n is overall value for all 4 cells of the
2x2 table.

2) Chi-squared test corrected for continuity. Bonferroni adjustment was employed at an experiment
wise error rate of 0.03 which set alpha for each comparison at 0.0029,

Those testing positive for HCV were more likely to have children, to have been charged
with a drug offence and to have had contact with a specialist drug treatment agency. A
positive HCV result was associated with having injected for 10 or more years, injecting

depressants with the Fitpack and having had contact with a specialist drug treatment
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agency. Length of duration of injecting drugs in predicting HCV positivity remained
consistent with earlier research (Bevan, Loxley & Carruthers, 1996; van Beek et al,
1994). The Lenton study reports those respondents injecting for under 10 years had a
self-report HCV positivity rate of 6,9% while for those injecting for 10 years or more, the

rate was 52.5% (Lenton, S & Tan-Quigley, A. 1997).

Fitpack (n=285) Ashidu (n=140)
4 years or less 2.1% 7.9%
5-9 years 13.4% 30.8%
10-14 years 52.7% 55.6%
15+ years 52.4% 75.6%

Table 16. Percentage of respondents positive for hepatitis C by length of use.
(Lenton, S & Tan-Quigley, A. 1997).

Lynskey and Hall (1998) examined changes in age of initiation to heroin use over time.
They examined results of both the ANAIDUS and ASHIDU studies comparing age of
initiation to heroin use with the respondent’s decade of birth (see Table 16). While the
mean change in age of initiation was not statistically significant there was a consistent

decrease among heroin users born in later decades.

Mean age at first heroin use

ANAIDUS ASHIDU
Decade of Males Femaales Persons Males Females Persons
birth
1940-1949 20.1 20.5 20.2 26.1 26.0 26.1
1950-1959 184 17.6 18.2 20.2 20.8 203
1960-196% 16.7 17.5 17.0 194 205 19.8
1970-1979 14,8 14.7 14.7 17.5 17.5 17.5

Table 17. Mean age at first heroin use for respondents born in different decades,
(Lynskey and Hall, 1998).
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The National Centre in HIV Epidemiology and Clinical Research produces an Annual
Surveillance Report on HIV/AIDS, Hepatitis C and Sexually Transmissible Infections in
Australia. Nationally, more than 125,000 persons have been diagnosed with hepatitis C
infections since 1990. Since 1994 the number of new cases has remained relatively
stable at 18,000 to 20,000 per year. It is estimated that the number of known cases
represents 60% of all cases of hepatitis C in Australia, based on duration and severity of
disease and known efficacy of reporting systems (Annual Surveillance Report, 1999).
Injecting drug use is the major transmission factor in 75% to 80% of all Australian cases.

In Western Australia the number of newly diagnosed case of hepatitis C are as follows:

Year Number of persons Rate per 100,000
population (June 1996)

1994 1,314 74.4

1995 1,146 64.9

1996 1,146 64.9

1997 1,137 64.4

1998 " 1,261 71.4

Table 18. Number and rate of diagnosis of hepatitis C infections 1994-1998 for
Western Australia. (Annual Surveillance Report, 1999),

Nationally, diagnosis of hepatitis C by age group and gender for1998 are as follows:

Age group (years) Male Female Total*
04 69 60 133
5-14 25 2] 46
15-19 724 659 1,401
20-29 3,416 2,239 5,738
30-39 3,823 2,270 6,136
40-49 2,521 1,129 3,673
50-59 393 221 619
60+ 368 309 687
Not known 24 8 41
Total 11,363 6,916 18,474

Table 19, Number of diagnoses of hepatitis C infection, 1998, by age group and Sex
(Annual Surveillance Report, 1999).

*Tolals include diagnoses in people whose sex was not reported.
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Crofls et al (1999) compared transmission rates of hepatitis C and HIV among Australian
intravenous drug users, They identified a prevalence rate of hepatitis C of 65% and
estimated the incidence of new cases to be in the order of 6,000 to 10,000 per year across

Ausiralia for this group.

2.3 Incidence and Prognosisof Cirrhosis and hepatocellular carcinoma.

Crofts (1994) stated that the majority of persons exposed to hepatitis C become
chronically infected.

“* Among an unknown proportion, there is an incubation period of 20-30 years to end-
stage liver disease and in a smaller proportion to hepatocellular carcinoma.”

In 1997, Alex Wodak summarised the incidence and prognosis of hepatitis C infected
persons as follows:

“About 20% develop cirrhosis over a 20 year period of whom about 5% develop liver
failure and another 5% liver cancer within 5 or more years. Complications of chronic
hepatitis C infection will result in many patients requiring frequent hospitalization.
Perhaps 50% of people with chronic hepatitis C develop a lingering illness with
debilitating fatigue precluding employment and often home duties. Fatigue may be one
of the most expensive aspects of the hepatitis C epidemic.”

Yano et al (1994) quantified the survival rate of persons with hepatitis C induced

cirrhosis. Ten years after being diagnosed with cirrhosis of the liver 62.3% were still

alive, however, after fifteen years this number had decreased to 35.9%.

2.4 Injecting drug use practices.

There are many practices undertaken by injecting drug users that put them at risk of
contracting blood-borne viruses. These include; the sharing of needles and other
injecting equipment, unsafe sexual practices and high risk tattooing and body piercing.

Other environmental factors that appear associated with an increased risk of contracting
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hepatitis C include type of drug injected, participation in methadone programmes,

incarceration and co-infection with hepatitis B and or the human immunodeficiency virus

(HIV).

Ross et al (1993) compared needle sharing practices among respondents of the two
ANAIDUS studies undertaken in 1989 and 1990. As different groups of respondents
were sampled for each study, results here are a comparison of practices across time rather

than across individuals.

Description 1989 1990
Number of times needles & syringes used before too 29431 1.942.3
worn to use again

% of times use new needles and syringes 73.5+262  84.3+21.8
% of times easy to get new needles and syringes 8433207 93.0414.3
Number of times new ncedles & syringes obtained when

using 65.6+102.3 37.4162.2
% of time necdles & syringes used after someone else 19.0£258  9.7418.5
% of time needles & syringes used first then shared 5094324 3824358
Number of people accepted used needles & syringes from '

in past 6 months 1.846.6 0.943.9
Number of people who used a needles & syringe before

it’s discarded 20442 1.241.1
Reasons for sharing

Factor 1: Don’t care when withdrawing or intoxicated 5.141.7 6.0£1.6
Factor 2: Unavailability of equipment 0.310.6 0.110.4
Factor 3: Belief that risk is low 0.5+0.7 0.240.5
Time since last used needles & syringes after someone else

Never 19.4 310
Years 278 282
Months 30.2 273
Weeks 13.9 8.2
Days 8.6 53

Table 20. Comparison of needle sharing practices in the 1989 and 1990 ANAIDUS
studies (Ross, Stowe, Wodak and Gold 1992},
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There was a downward shift in the rate of needle sharing in the year between sampling
with a corresponding increase in the use of new needles and syringes. Of concern is the

13.5% of respondents in 1990 who conceded sharing daily or weekly.

Studies conducted by the National Centre for Research into the Prevention of Drug
Abuse, investigating the rate of needle sharing among injecting drug users, all utilise a
common measuring instrument, the High Risk Behaviour Scale (HRBS). This six item
questionnaire examines frequency of drug use in the last month, frequency of using a
needle after someone else in the last month, number of people that used the needle
previous to the respondent in the last month, frequency of cleaning needles that other
people have used prior to re-use in the last month, frequency of the use of bleach after
someone has used the needle prior to re-use in the last month and the frequency of
someone using a needle afier the respondent in the last month. Respondents are given

the choice of six responses rated from 0 to 5, giving a possible total of 30.

Level of risk % of injectors Number
No risk {score =0) 20.4 32
Low risk (score = |- 2) 389 61
Moderate to high risk (score > 3) 40.8 64

No risk = no sharing in (he past month
Low risk = shared once with one ot no person in the Last month
Moderate to high risk = shared more than once with more than one person in the past month,

Table 21. HRBS scores for injectors (ever injected) (n = 167) (Carruthers and
Loxley, 1994).

One hundred and sixty seven respondents involved with The Hepatitis C and Young
Drug Users Study (Carruthers & Loxley, 1994) completed the HRBS. Scores ranged

from 0 to 24 with a mean score of 3.5 (sd = 5.36, 95% confidence interval 0 - 14.6). The
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results were further subdivided into three groups, no risk (HRBS = 0), low risk (HRBS =

1 -2) and moderate to high risk (HRBS > 3).

Mean HRBS were significantly lower for amphetamine users when compared to heroin
and hom.ebakc users (F) = 5.93; p = 0.01). Seventy three percent (n=128) of those who
had ever injected illicit drugs reported sharing other injecting equipment in the preceding
twelve months. These tncluded spoons, filters, cups and glasses, the drug mix,

tourniquets and swabs (Carruthers & Loxley, 1994),

Van Beek et al, (1994), reported on a number of behavioural characteristics of 201
injecting drug users in Sydney, New South Wales. Among occasional injectors, 40%
were hepatitis C positive, while 67% of regular injectors were infected with the virus.
When frequency of sharing injecting equipment was investigated, 38% of those who had

never shared equipment were infected, as were 65% of those who had shared.
Two hundred and twenty respondents completed the HRBS in the ASHIDU study

{Bevan, Loxley and Carruthers, 1996). The mean scorc was 3.1 (sd 3.8; range O to 20).

Table 22 shows the frequency of responses for each question.
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Sub-scale item _ HRBS score frequency %

Number of times injected in the past mouih 220
Hasn’t injerted 0 26 11.8
Once a woeek or less | 70 38
More than once a week 2 91 41.4
Once a day 3 17 1.7
2-3 times a day 4 13 59
_More than threc times a dity ) 3 1.4
Number of times used a ncedle after 220
someone clse in past month
Mo times 0 185 4.1
One time ] 14 6.4
Two times 2 5 23
3-5 times 3 9 4.4
6-10 times 4 2 0.9
Morc than 10 times 3 3 14
Missing data 2 09
Number of different people used needle before you in past monith 220
Nonc 0 185 .
One person 1 3 14.1
Two people 2 3 1.4
3-5 peoplc 3 0 00
6-10 people 4 0 0.0
Morc than 10 people 5 0 0.0
Missing data [ 0.5 .
How often in the Iast month cleaned needles before reusing them 220
Docsn’t re-usc 0 185 84.1
Every timc 1 27 12.3
Often 2 2 RV
Somectimes 3 | 0.5
Rarcly 4 2 09
Never b 3 1.4
How often in last moonth cleaned needles with bleach before re- 220
using
Docsn’t re-use 0 185 84.1
Every time | 15 6.8
Often 2 1 0.5
Somctimes 3 1 05
Rarcly 4 0 0.0
Never 5 18 8.2
How many times in the ast month has someone
used a necdle after you have used it. 220
No times 0 186 84.5
One time | 2 54
Two times 2 9 4.1
3-5 times 3 9 41
6-10 times 4 1 0.5
More than 10 times 5 0 0.0
Missing data 3 L4

Table 22. Frequency and percentage of responses to questions comprising the
HRBS Drug Uses sub Scale (Bevan, Loxley and Carruthers, 1996).
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When questioned about sharing of needles at the last injecting occasion, 90.7% reported

using a new needlc with 7.2% reporting sharing of needles { Table 23).

Percentage %

Frequency
Used new needles only 176
Used anothers needles
Regular sexual partner 5
Close friend 3
Reused own needles
Injected alone 4
injected with one other 4
_Injected with morc thanonc other 2

90.7

26
1.5

21
21
1.0

Table 23. Self-reported re-use and sharing of needles on the last injecting occasion
for respondents who had injected in the last month (n=194) (Bevan, Loxley and

Carruthers, 1996).

The Youth, AIDS and Drugs Study {Loxley, 1997), reports a2 mean HRBS score of 4.1,

range 0-29, sd 5.6. The respondents for this study were aged between 14 and 20 years of

age and are therefore comparable to the 1994 Hepatitis C and Young Drug Users study

(Carruthers and Loxley, 1994). Respondents were assessed for risk management

strategics related to their injecting drug use. The results are summarised in Table 24,

Frequency Percentage

Accept used needles from no-one 35
Accept used needles from lover or friend only if bleached 12
Accept used needles only from lover 22
Accept used needles only from a lover or close friend 8
Unclear 2

44
15
28
{0

3

Table 24, Risk management strategies for injecting: Injectors (n = 79} (Carruthers

and Loxley, 1994),
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The Fitpack study (Lenton & Tan-Quigley, 1997) analyses the HRBS scores calculated
from this study against ASHIDU data using the Chi-squared test (Table 25). Subjects of
the Fitpack study reported injecting, receiving a used needle and passing on a used
needle more frequently than those in the ASHIDU study (Bevan, Loxley & Carruthers,

1996) and were more likely to have used a needle after a larger number of people.

Respondents were also asked the frequency of sharing other injecting equipment in the
last month. Of the 510 responses only 41.5% reported never sharing equipment and
nearly 245 sharing on ten or more occasions {Table 26). Logistic regression analysis
demonstrates that those likely to share equipment are more than four times as likely to
have an income less than $10, 000 and four times as likely 1o have shared needles in the

past month.
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% RESPONDENTS

Sub-scale item Fitpack ASHIDU® Sig.(p)®
Number of times injected in the pagt month

Hasn't injected 31 118 0.0000.
Once a week or less® 21.1 31.8

More than once a week but not daily 37.1 414

Once a day 14.8 17

2-3 timcs a day 16.7 59

More than three times a day 7.3 1.4

Number of times used a needle after someonc else in past month

No timcs 72.3 34.8 0.0000
Onc time 10.9 6.4

Two times 7.0 23

3-5 times 54 4.3

6-10 times 13 0.9

Morc than 10 times 3.1 1.4

Number of different people used needle before you in past month

Nong 729 84.5 0.0000
Onc person 156 14.2

Two people 5.0 1.4

3-5 prople 37 0.0

6-10 people 1.9 0.0

Morc than 10 people 1.0 0.0

How often in last month cleaned needles with bleach before re-using

Docsn'’t re-usc'” 72.2 8.1 0.0000
Every time 68 6.8

Oficn 1.7 0.5

Sometimes 5.3 0.5

Rarcly 8.1 6.0

Never™ 5.7 8.2

How many times in the last month has someone used a needle after you have
wsed it.

No times 68.4 857 £.0000
Onc time 10.2 5.5
Fwo times 78 4.i
3-5 times 8.0 4.1
6-10 times 1.9 0.5
Moarc than 10 times 38 0.0

Table 25. Comparison of liRBS scores Fitpack vs Perth ASHIDU. (Lenfon & Tan-
Quigley, 1997).

1) ASHIDU datz. is in Valid perceent (excludes missing data)

2) Test is non parametric Chi squared. Where expocted frequency less than § eells were collapsed.

3) Collapses two response catcgorices in Fitpack

4y Estimaled valucs as described above.
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Number of times Frequency percentage %

Never 212 41.5
Once 30 5.8
Two times 33 6.6
3-5 times 79 15.5
6-10 times 34 6.8
More than 10 times 122 239
Total 510 100.0

Table 26. Times in past month respondent shared other injecting equipment
(Lenton & Tan-Quigley, 1997).

Dolan et al (1998) described a mathematical model of HIV transmission in New South
Wales prisons. Parameter estimations of the mean number of shared injections per

injecting drug user inmate per week ranged between 0.13 and 0.41.

Crofts et al (1999) reported an incidence of hepatitis C of 4% to 11.9% per year among
intravenous drug users who reported never sharing needles and 17% to 30.2% per year

among those who did.

The 1999 Annual Surveillance report, in a survey of persons using needle and exchange

programs reported rates of needle sharing at between 9% and 21% in 1997 and 10% and

29% in 1998.
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Year Male (%) Female (%) 'Total (%)

1997  Injecting less than three years 11 A 15
Injecting more than three years 13 15 14
Not reported i1 22 14
1998  Injecting less than three years 13 24 17
Injecting more than three years 17 20 18
Not reported 19 14 18

Table 27. Rate of ncedle sharing by duration of use and year of IDUs accessing
needle and exchange programs. (1999 Annual Surveillance Report).

2.5 iransmission through needle sharing.
[n 1993, Waddell reported prevalence rates of hepatitis C among clients attending a STD
clinic in South Australia. Follow up testing was undertaken among 73 clients and an

incidence rate of 3.5 per 100 person years (95% C.1. 0.4 to 12.7) was determined,

Crofts, Stewart, Hearne et al {1995) assessed the spread of bloodbome viruses among
entrants to Victorian prisons over a twelve month period from 1991 until 1992. They
calculated a hepatitis C seroconversion rate of 18.3 per 100 person years (95% C.1. 9.8 to
34.0) for the total sample (3429 males and 198 females). Among only those entrants
identified as intravenous drug users the seroconversion rate was 38.2 per 100 person
years {95% C.1. 19.1 to 76.4) and among those aged 30 years or less the incidence was

41.0 per 100 person years (95% C.1. 20.5 to 82.0).

Crofts and Aitken (1997) examined the incidence of hepatitis C and risk behaviours
among a cohort of Victorian injecting drug users. Respondents were interviewed at least
three times over a five year period (1990 to 1995) and were grouped according to reports

of needle sharing or not at each interview. Results indicate that although 66 respondents
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reported never sharing needles or syringes, 65% were hepatitis C positive, with two
seroconverting over the study period. This led to speculation that the virus was being

transmitted via other injecting equipment, for example, the sharing of water and swabs.

Reports of sharingof HCV Sero- Person- Incidence per
Needles and syringes  status converters yearsai 100 py (95%CI)
) + risk
Half or more of all
interviews (n=63) 14 49 6 35.5 16.9 (9.8-48.5)
Fewer than half of all
interviews (n=73) 21 52 7 48.6 14.4 (6.0-24.0)
_None {(n=66) 23 43 2 46.4 43 (1.5-14.3)

Table 28. Hepatitis C virus prevalence and incidence among 202 injecting drug
nsers interviewed three times or more, by levels of risk, 1990-1995 (Crofts and
Aitken 1997),

In 1997 Crofts and colleagues investigated the epidemiology of hepatitis C infection

among Australian injecting drug users.

By examining the prevalence and incidence rates of two independent studies they
calculated hazard rates and mean times until infection for injecting drug users in New
South Wales and Victoria. Little difference was observed in the mean time to infection

between the two groups (approximately 7 years).
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Injecting drug use Total

Mean time to

Started before  Started since infection (y)
1987 1986 (95%CT)
Victoria
“Hazard rate (95%CI) 0.171 0.129 0.146 6.9
(0.126, 0.169) (59,7.9)
Rate ratio (95%CI) 1.32
(0.82, 2.14)
Sydney
Hazard rate (95%CI) 0.258 0.129 0.148 6.8
(0.115, 0.188) (6.0,8.7)
Rate ratio (95%CI) 1.56
(0,67, 3.28)
Combincd
Hazard rate (95%Cl) 0.178 0.129 0.147 6.8
(0.103,0.159)  (0.133, 0.229)  (0.129, 0.166) (6.0, 7.8)
Ratc ratio {95%C¥) 1.32

(0.82, 2.14)

Table 29. Seroconversion hazard rates and means times to infection with HCV
among injecting drug users in two independent studies in Victoria and Sydney

(Crofts et al 1997).

Crofts, Aitken and Kaldor (1999) attempted to explain the vastly differing rates of

transmission of HIV and hepatitis C among intravenous drug users by modelling the

probability of infection as a function of an infectivity rate,

acknowledged the estimates were crude results were as follows:

IVDU population prevalence rate (A)

Carrier rates (B)
Needlestick infection probability estimates (C)
High
Low
Probability of infection (AxBxC) High
Low

While the authors

62.4%
80%

10.0%
2.7%
4.9%
1.3%

The authors estimated a probability of infection with hepatitis C of between 1% and 5%

for each needle sharing act.
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THE MATHEMATICAL MODEL
3.1 Background to Mathematical Models.

Mathematical models related to infectious diseases in humans in the early 1990’s
concentrated in the main on modelling the transmission and spread of HIV/AIDS within
one and two sex communities (Anderson and May, 1989; Castillo-Chavez, 1989,
Comiskey, 1993; Comiskey et al. 1993). During this time, research on hepatitis C had
focussed primarily on transmission rates and modes as described in Chapter 2. As more
data became available researchers have begun to construct mathematical models to

predict the long-term spread and effects of the disease.

Mather and Crofts (1999), constructed a computer simulation of a Markov modef to
account for the large number of parameters and hig" levels of variation associated with
hepati+'s C transmission among injecting divg users. Their examination of previous
infectious disease models, such as influenza and measles, suggested a short disease
interval where the individual was only infectious for the span of the disecase, leading to
complete recovery. At this stage the individual had either developed a long-lasting

| immunity or returned to a susceptible state, as in the case of influenza, Few models had
examined disease processes, such as hepatitis C, where infection and iliness are a long-
term proposition, with decades long incubation periods and enduring infectious states

after recovering from acute infection.

Mather and Crofis used a stochastic micro-population model that essential followed the

history of distinct individuals. This was done by dividing their cohort into sub-
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populations in order to define the parameters at a group level and allow controlled
experimentation within each group. An example of such a group is a prison population,
where the prevalence rate is distinct and who have different behavioural characteristics to
other groups. The system was treated as a finite-state stochastic process, however as the
time units were small in comparison to the natural history of the infection, the process
was treated as a Markov simulation. The stages of the disease process were described as
those who were susceptible to infection, those infected and those who removed
themselves from the population (removals) or died. Their resulis demonstrate a high
sensitivity to very small changes in the interaction levels within the groups and to
changes to the probability of infection through a single contact with an infected person.
The use of a closed population was seen as a limitation to this model and the authors
speculated that an open population would allow them to assess how a reduction in the

level of interaction would affect the prevalence rates.

Law (1999) developed models of the hepatitis C epidemic in Australia based on
estimates of the pattern of injecting drug use. Due to the paucity of accurate data on the
numbers of injecting drug users in Austratia, the Delphi technique was used to achieve
consensus estimates for the number of regular and occasional IDU’s. Seventeen experts
participated by completing a brief questionnaire used to estimate regular and occasional
injecting drug use, with a second iteration performed by all participants. It was estimated
that there were 100,000 regular and 175,000 occasional injecting drug users in Australia
in 1997, Assumptior;s such as the HCV incidence rate among both groups, infection
rates from transfusion or other transmission routes, the natural history of the disease and

progression to cirrhosis and hepatocellular carcoinoma (HCC) were made from existing
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studies or Government reports. Because of the uncertainty of some of these assumptions,
extensive sensitivity analyses were performed on these parameters using upper and lower

limits.

The models developed by Law indicated there were 196,000 (range 149,000 - 234,000)
individuals with hepatitis C in Australia in 1997, increasing at a rate of 11,000 (range
8,500 — 13,500) new infections. The models also indicate 47,000 (35,000 - 60,000) had
cleared the disease, 134,000 (101,000 — 167,000) had chronic HCV infection, 8,500

(4,000 - 13,000) has HCV-related cirrhosis and 80 (40 — 130) had develop HCC in 1997,

Kane et. al. (1999) produced a simple mass-action model utilising a general linear
equation with variables representing the prevalence of a pathogen in a population, the
transmission efficiency of the pathogen, the susceptibility of a population to that
pathogen, the transmission efficiency of the pathogen, the proportion of unsafe injections
and the number of injections a person receives. This research, prepared for the World
Health Organisation, specifically addressed unsafe injecting practices among developing
countries, where immunisation programs and medications are delivered via reused,
unsterilised needles. The equation used to estimate an individuals risk of becoming
infected is:

P(T)=1-(1-P(5).P().P(e))"
where P(7} is the probability of an individual becoming infected each year, P(s) is the
probability that an individual is susceptible to the pathogen, P(¥) is the probability that
the organism will be transmitted via injecting equipment contaminated with infected

blood, P(e} is the probability the individual is exposed to contaminated injecting
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equipment and # is the number of injections an individual receives in one year. Ple}isa
function of the prevalence of a virus, P(v) and the proportion of injections that are
unsafe, P(u), where Pfe) - P(v).Pfu). Susceptibility was a function of HCV in the
particular population, where P(s) - / - Prevalence(HCV-positive individuals). The
simple mass-action linear model estimated 2.3 — 4.7 HCV infections per year resulting
from unsafe injecting practices in the developing world. The authors go on to qualify
their results, indicating there is no practical way 1o estimate the number of injections
given outside the health sector in these countries, and that more complex, stratified

models may produce more accurate estimates.

In a dissertation prepared by Zhanhai Gao (2001), mathematical models were prepared to
model the human immunodeficiency viruse (HIV) and hepatitis C virus (HCV)
epidemics in Australia. Gao derives a dynamical model of the HIV and HCV epidemics
through needle sharing among injecting drug users and simulations of the prevalence

and incidence of these viruses among IDU’s are made. The effects of needle sharing and
cleaning of equipment is examined. The second part of his model assesses the
epidemiological consequences of injecting drug use and sexual transmission of HIV in
Australia and examines the effect of highly active antiretroviral therapies on the HIV

epidemic.

In 2003, Freeman and associates conducted an ecologic analysis to predict the
progression of cirrhosis in chronic hepatitis C virus infection. The ecologic analysis was
used to estimate the relative risk of cirrhosis for factors identified as significant in

fibrosis progression. Factors included ethnicity, sex distribution, alcohol consumption,

Page 57



age at infection, mode of HCV infection, serum transanimase levels, histological
evidence of infection, HBV status, HIV co-infection and viral load. A time period of 20
years of HCV infection was used. In order for the relative risk of cirrhosis to be
estimated using linear regression techniques, a transformation was performed:

¥ = In{-In[1 - cirrhosis(20)]} and then least squares linear regression lines were fitted

fOr ¥ = 1oy cosegory T XB o - Comfidence intervals were based on the standard error of
the slope of the regression line. The relative risk of cirrhosis, RR,,,, = exp(B ..}, was

estimated and a stepwise multiple linear regression was performed to adjust for

colinearity between factors.

. Feeeman et. al. found that male sex (RR. = 1.08), heavy alcohol consumption{(RR = 1.61),
©  elevated serum ALT (RR = 1.23) and histology demonstrating high-grade
necroinflammatory activity were all factors independently associated with progression to

cirrhosis. Other factors were not found to be si gnificantly influential.

Law et. al. (2003), reiined earlier published models, (Law, 1999), to provide a overview
of HCV incidence, previlence and long-term prognosis in 2001. Using methods
described previously (Law, 1999), and recent published data from research and
government reports, a more accurate picture of the incidence and prevalence of HCV
infection in Australia was developed. Their results indicated that in 2001, the number of
people with HCV antibodies numbered 210,000 (157,000 — 252,000) with and incidence
rate of 16,000 (11,000 — 19,000) that year. Of these 83% of cases were estimated to be
due to injecting drug use, 5% due to blood transfusions and 9% due to other transmission

routes. They further estimated that by 2020, there would be 836,000 Australians living
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with HCV infection. The number of individuals with cirrhosis, in 2001, was estimated to

be 6,500 (5,000 — 8,000) and 50 (40 - 60) cases of HCC.

Murray et. al. (2003) constructed a mathematical model using differential equations to
assess the impact of behavioural changes on the spread of HIV and HCV among injecting
drug uscrs. The model described /(#) the number of IDU's who are infectious at time /£,
Parameters for this model are; a/, the average rate of new infections per year, b/, the
average rate of loss cach year of infected 1DU’s through all means and ¢, the rate of new
infections per year from non-needle-sharing means. This gives:

ﬁ:a[—bf—%c
dt

The parameter, a, is calculated, a = p(1—d)mu(n,a), where p is the probability of

infection through sharing a needle or equipment, 2 is the average number of IDU’s using
the same equipment per ¢pisode, m is the average number of injecting episodes per year,
d is the fraction of needles that are cleaned before use, and u is the number of uninfected

IDU’s at risk.

For each individual, the number of people they have shared needles with over one year is

defined by m(n-1). The critical sharing level for incidence 5; =m_ (n, -1)/2, is

determined when
b=a,
= p(l-dym (n,-1)/2
Hernce
2b
s, =mn, ~1}=
a f.‘l( el ) p(l—d)
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Critical sharing levels for prevalence, s, are calculated;

_2b+n)

i-d)’ where t is the annual rate of increase in total IDU numbers.
M-

8, = mq,(ncp ~1)

The authors discussed their results in light of the impact that needle exchange programs
and the resulting lowering of needle sharing. The impact on the incidence of HIV after
the late 1980°s is quite marked however the impact on HCV incidence is less so. This is

thought to be due to higher infectivity of HCV through needle sharing than HIV.

3.2 Mathematical Models.

It is proposed to initially construct a single sex model of the SIR form described by
Anderson and May, 1989, utiiising threc separate stages, those Susceptible (8), those
Infectious (1) and those in the Removal (R) category. 'The use of non-linear differential

equation transmission models will be employed.

The population will be divided into three categories; those susceptible to infection
(susceptibles), those currently infected (infectious) and those that progress to a chronic,
non-infectious state or death (removals). Unlike models constructed to simulate
HIV/AIDS transmission, where removals arc designated by conversion to AIDS,
hepatitis C does not have a clear transition stage. Development of cirrhosis or

hepatocellular carcinoma will be used as the point of transition to the removals category.
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The mode! will be age dependent with subgroups that denote duration of injecting. This
subgroup structu: ~ arises from studies outlined in Chapter 2, where onc of the key factors
of HCV transnussion related to duration of drug use. In Table 5 (Croft et. al., 1993), we
see how prevalence rates are dependent on the number of years the individual has been
injecting drugs. For this reason these subgroup will be divided in the same manner and
will be denoted as 1, those with 0-4 years injecting; 2, those wilth 5-9 years injecting; 3,

those with 10-14 years injecting and 4, those with 15 or more ycars injecting.

As explained by Anderson and May, 1989, the number of susceptible IVDU’s increase
duc to recruitment and decrease following transition to the infectious class after needle
sharing. A decrease in the infectious class occurs as a result of normal migration rates
out of injecting populations. The rate of change in the number of infectious depends on
recruitment from susceplibles and where transition to active hepatitis C and
cirrhosis/hepatocellular carcinoma among infectious occurs. A natural attrition for both
susceplibles and infectious will also occur duc to death by drug and other disease-related
causes. Finally the rate of change in the removals class is determined by those that are
infectious and develop cirrhosis/hepatocellular carcinoma, and loss due to death and

normal migration out of the drug using population,

Once developed the model will be solved by numerical approximation technigues,
described more fully later in this chapter, and the Microsoft 1ixcel spreadsheet.
Computer simulations of the spread of hepatitis C through the IDU population will be
performed. These will concentrate on providing estimates of the prevalence of hepatitis

C in the drug using community of Perth, Western Australian as they move from one
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subgroup to another (susceptible 1o infectious, infectious to removals) using varying IDU

population denominators.

Once a comprehensive model has been developed it can then be refined to include
accurate estimates of injecting drug users, who in 20 years time fal! into the susceptible,
infectious or removals categories. This information will then be used to estimate the cost

of treating those persons with active HCV infection and those with cirthosis or HCC.

3.2.1 Modet 1|

The initial model is designed to simulate a simple rate of needle sharing model, where
gender differences and length of use are not considered. An important difference
between the modcls described below and previous work done on HIV/AIDS transmission
using SIR models is the interaction between susceptibles, infectious and removals.

While development of cirrhosis is judged to be the transition point o the removals
category, many individizals in this group remain asymptomatic for many years and will

continue to inject drugs and interact with individuals in the other two groups.

This basic modei is:

X{1)  the number of injccting drug users susceptible to contracting hepatitis C,

()  the number of injecting drug users infected with hepatitis C,

A()  the number of injecting drug users with cirrhosis of the liver or hepatocellular
carcinoma, and

P()  the total population of injecting drug users
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L - a- ﬁX(r)”"J(“A(" X (1)
dviy _ Y1) + A(F)
22 <oy T uayras
PO vy - w8140

Pa) =X() + Y1) ' A1)

where

A = the recruitment ratc to the IDU population

1 . . . o
—— =the mean incubation period for hepatitis C
o

& = the cirrhosis/hepatocellular carcinoma retated death rate

p = the migration rate out of the population

B = the probability of transmission during a single needle sharing act

= the rate of needle sharing per unit time

3.2.2 Model 2,

This second model incorporates the major transmission factor: - length of time engaged
in injecting drug use. Four groups have been established where group 1 consists of those
injecting for less than five years, group 2 those injecting for 5-9 years, group 3 those
injecting for 10-15 years and group 4 those injecting for greater than 15 years. Groups

nre identificd by the subscripts 1 to 4, where X;(1) represents the number of susceptible

individuals in group 1 attime t.
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This model also has those in the removals category continuing to mix with those who are
susceptible or infectious. The groupings reflect length of time an individual has been
engaged in injecting drugs and given the nature of their interactions with other IDU’s,
they are equally likely to be mixing with individuals of other groups. A person who has
been injecting drugs for three years has an equally likely chance of interacting with
others who have been injecting for eight, ten or fifteen years, especially if their lifestyle
has marginalised them from socicty, As such the model reflects this likelihood of an
individual, i.e. X;(#) having the opportunity of sharing injecting equipment from all other

infectious and removals.

The model, when simulated, has monthly iterations. Thus for a twenty year projection,
240 iterations are performed. To reflect this monthly simulation, the movement through

the susceptible, infectious, and removals categories are also incremented monthly, reflect

1
by the proportion, —.
Y propo: 60

This model now becomes:

S = nenbr 0 OO wx 0~ 0,0
20 i, (0T L, 04 £ 0,0 X,0)
40 BX,()Y(’},*(';“” PACIR S AGEEA0)
L0 - it 07O 0+ 5 0
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dY, (:) - ¥Y(0)+ A{1) 1

L2 =ik, ) S0 - a0 - 1)
dr,(0)  a Y(0)+ AQ)

22 =, (=S - ) e AORAG)
Rl S (RO CAORIAD)
A (1) + A() 1

= T B+ (0) + (0
dA (1) _ _ 1

&t =ak () - (1 +0)A4,(1) 60‘41(‘)
dA (1) _ 1 _

T ah () - (1 +8)A 0+ (4, - 4,(0)
O _ oy 1) - (u+8)4, (4 (400 - A(0)
LD - ar, - AW+ A0)

PO =300 + X0 + AD)

where

A =the recruitment rate to the IDU population

L. the mean incubation period for hepatitis C
a
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§ = the cirrhosis/hepatocellular carcinoma related death rate

p = the migration rate out of the population

ﬁ = the probability of transmission during a single needle sharing act

n = the rate of needle sharing per unit time

3.3 Numerical Approximation Tecknigues:

3.2.1 Euler’s Method.

Euler’s Method (Gerald and Wheatley) is a numerical technique that employs the first
two terms of the Taylor-series

ll(xn) ylll( 0)

yx) = y(xg) v ¥ (Kedx-xg) 1 =0 e -xg)? b =" e _xg) 4L

to approximate the solution to first order differential equations. This method relies on
the step size h being small enough to allow truncation of the Taylor-series after the first

derivative term. This gives

y"(é)h‘ ty< E<xpt b

(& error term)

Yxo '+ B) = y(xg) vh Y xgh v —"—

Here y(xg) is given by the initial condition and y' (xg) is evaluated from f{xsyo} given by
the differential equation, dy/dx — f{x,y). This method is an iterative method, advancing

the solution, y(xo + A), y(x; + h), y(x2 + h) etc.

The algorithm for Euler’s Method may be expressed:
Va1 =¥n + hy',t Of) (O(H) the local error)
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A major limitation of Euler’s method in approximating first order differential equations

is, unless the step is extremely small it lacks accuracy (see Figure 4).

-~ slope at x; computed with x1,y;

Vi : 7 {(from Euler)
.u-l"-.-—_.-—-—-—.
~~.. Truey, value
Yo /
Xo 1

Figure 4, Lack of accuracy of Euler’s Method.

3.3.2 Modified Euler’s Method.

In order io caleulate the correct average slope between y, and y,., it is necessary to

calculate the mean of the slopes at both ends of the interval. This could be done by using

'yt
Yurs :yn + hyn 2yml

Unfortunately it is not possible to evaluate y',.; when y,.; is unknown. The modified
Euler method overcomes this by estimating a value of y,. ; using Eulers method (3.3.1)

and then using this value to compute y' 4, giving an improved value for y,.,
g putey p Y
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3.4 Computational Methods.
3.4.1 Model 1 Using Eulers Methed.

The model was approximated with Euler’s Method using Excel v5.0 for Windows.

Parameters used were:

Lambda the recruitment rate to the IDU population {per month)

n the rate of needle sharing per unit time (per month)
betahat the probability of transmission per act of needle sharing
x(0) the number of IDU susceptibles at the start of the simulation
y(0) the number of IDU infectious at the start of the simulation
mu migration rate out of the population (per month})

alpha 1/alpha = mean incubation period (in months)

deita death rate due to HCC/cirrhosis (per month)

a(0) number of IDU cirrhosis/HCC cases at start of simulation
hx step for x

hy step fory

ha step for a.

hx, hy and ha all represent the step increment of the Eulers model. To distinguish
between the theoretical model and the computational model, now x(0) -- X0}, the initial
number of susceptibles at time, 1 - 0.

The computations for the model involved the following steps:

x Iteration 1:  =x(0)

Iteration j22: =x_, +{x', ,*hx)
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y Iteration 1: = y(0)}

Iteration j>2: =y, , + (3, ")

a Iteration 1: =a(0) -

Iteration j>2: =a,, +{(a,, *ha)

P Iteration 1: =x;+y+a

x; =lambda-(n*betahat*x,*((y+a)/p))-fmu*x)
y; =(*betahat*x;*((y/+a)/pj-{(mu+alpha)*y;)
a; =(alpha*y)-((mu-+delia)*ay)

3.42 Model 1 and Modified Euler’s Method.

The model was approximated with the modified Euler’s method using Excel v5.0 for

Windows. Parameters used were:

Lambda the recruitment rate to the IDU population (per month)

n the rate of needle sharing per unit time (per month)
betahat the probability of transmission per act of needle sharing
x(0) the number of IDU susceptibles at the start of the simulation
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y(0)
mu
alpha
delta
2(0)
hx
hy

ha

the number of IDU infectious at the start of the simulation
migration rate out of the population (per month)

1/alpha = mean incubation period (in months)

death rate due to HCC/cirrhosis (per month)

number of IDU cirrhosis/HCC cases at start of simulation
step for x

step for y

step for a.

hx, hy and ha all represent the step increment of the Euler’s model

The computations for the mode! involved the following steps:

X

newx

newy

newa

lteration 1:  =x(0)
Iteration j22: = x.;t (hc*((k!+£2)/2)

Iteration j:  newx; = x;t (hx*kl)

Iteration 1: = y(O).
Iteration j22: =yt (hy*((k3+K4)/2))

Rerationj:  newy; - yi(hy*k3)

lteration 1. = a(0)
Iteration j22:  =ay; t (ha*((k51 k6)/2))

Iteration j:  newa; = a;+ (ha*ks)

Iteration j =3+ Y+ ay
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newp

Vi

kl:

k3

k4

k5

k6

Iteration j

Iteration j

[teration

fteration j

Iteration j

Iteration

Iteration j

newp; = newx; + newy, + neway

=lambda-(n*betahat*x;*((y; +-a)/p))-(mu*x)
= lambda-(n*betahat*newx*((newy,+ newa)/newp)-

{mu*newx,)

- (n*betahat " *((y; @) p))-((mu-ralpha)*y)
=(n*betahat*newx;*((newy;+ neway)/newpy)-

{{mu valpha) *newy;)

- (alpha*yy)-((mu + delta) *a)

=(alpha*newy)-({mu delig) *neway}

3.4.3 Model 2 and Euler’s Method.

This was the first simulation of hepatitis C transmission using length of injecting drug

use. As we saw in Chapter 2, persons infected with hepatitis C are not diagnosed with

cirrhosis of the liver or hepatocellular carcinoma less than 15 years after commencing

injecting. For this reason, only one group is used for those in the removals category,

namely a4. The model was approximated with Euler’s method using Excel v5.0 for

Windows. Parameters used were:

Lambda

n

the recruitment rate to the IDU population (per month)

the rate of needle sharing per unit time (per month)
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betahat
x1(0)
x2(0)
x3(0)
x4(0)
yl.(O)
y2(0)
y3(0)
y4(0)
p(0)
mu
alpha
delta

ad4{0)
hx

ha

the probability of transmission per act of needle sharing
number of IDU susceptibles at start of simulation using 0-4 yrs
number of IDU susceptibles at start of sisnulation using 5-9 yrs
number of IDU susceptibles at start of simulation using 10-14 ys
number of IDU susceptibles at start of simulation using 15+ yrs
number of IDU infectious at start of simulation using 0-4 yrs
number of DU infectious at start of simulation using 5-9 yrs
number of IDU infectious at start of simulation using 10-14 yrs
number of IDU infectious at start of simulation using 15+ yrs
Total number of IVDU's at start of simulation

migration rate out of the population (per month)

1/alpha = mean incubation period (in months)

death rate due to HCC/cirrhosis (per month)

number of IDU cirrhosisPfHCC cases at start of simulation using 15+ years

step for x
step fory

step for a.

hx, hy and ha all represent the step increment of the Euler’s model.

The computations for the model involved the following steps:

x1

Iteration 1:  =x1{(®)
Iteration j22: = x1j.;+{x1';.; */x}

Iteration 1:  =x2(0)
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x3

x4

y3

a4

Pi

Heration j22:

Iteration 1:

Iteration j>2:

Iteration 1:

Iteration j>2:

Iteration 1:

Iteration j22;

lteration 1:

Iteration j>2:

Iteration 1:

Iteration 3>2:

Iteration 1:

Iteration j22.

Tteration 1:

Iteration j>2:

Iteration 1:

Iteration j=2:

Iteration 1:

Iteration j22:

Tteration }

= 2+ (x2'4*h)
=x3(0)

=x3, 1 (X3 .1%hx)

= x4(0)

= x4, 14 (x4 .1 %h)

xi = x1(0) + x2(0) 1 x3(0) + x4(0)

xXp = x‘_i 1 .1‘2} t X3j A .l’4j

=y1(0}

=Ylirt (pY %y

=2(0)

= Y2 (Y2 1.1 *hy)

=y3(0)

=3yt (33 )

= ya(0)

= Y4t (4 1.1%y)

yi = Y1) v y2(0) v y3(0) + y4(0)

/BT R TR L

= a4(l)

= ad,. 1 (a4 1. *ha)

=Xt yta
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xT Iteration § = lambda-(n*betahat*x1;*((y;\ a)/p))-(mu*x1)-1/60%x1;
x2' lterationj = -(n*besahar*x2,*((y, a)ip))-(mu*x2)+ (1°60*(x1-x2))
x3 Iteration ) = ~(n*betahar*x3,*((y; t a)/p)-{mu*x3) 1 (1°60%(x2-x3))
x4' lterationj = -(n*betahat*x4,*((y, + a)p))-(mu*x4) +(1/60%3)

y1 Iterationj = ﬁ:‘berahar*x L0y a)p)-((mu s alpha) *yi) - 1/60%y),

y2' lteration ) = (n*betahat*x2*((y, a ) p))-({mu alpha)*y2) + (1/60%), -y2,})
y3 Iteration j = (n*hetahat*x3, *((y,+ a).p))-((mu + alpha) *y3)» (1°60*(y2-y3))
ya' fteration j  (m*hetahat*xd,*((y, « a)p))-((mu s alpha}*yd) ¢ (1°60%3)

ad' lteration § = (alpha*yd }-{(mu + delta) *ad)

3.44 Model 2 and Modified Euler’s Method.

Once again because persons infected with hepatitis C are not diagnosed with cirrhosis of
the liver or hepatocellular carcinoma less than 15 years after commencing injecting only
one group is used for those in the removals category, namely a4. The model was

approximated with modified Euler’s Method using Excel v5.0 for Windows. Parameters

used were:

Lambda the recruitment rate to the [DU population (per month)
n the rate of needle sharing per unit time (per month)
betahat the probability of transmission per act of needle sharing
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x1(0)
x2(0)
x3(0)
x4(0)
y1(0)
y2(0)
y3(0)
y4(0)
p(0)
mu
alpha
deita
a4(0)

hx

ha

number of IDU susceptibles at start of simulation using 0-4 yrs
number of 1DU susceptibles at start of simulation using 5-9 yrs
number of 1DU susceptibles at start of simulation using 10-14 ys
number of 1DU susceptibles at start of simulation using 15+ yrs
number of 1DU infectious at start of simulation using 0-4 yrs
number of IDU infectious at start of simulation using 5-9 yrs
number of IDU infectious at start of simulation using 10-14 yrs
number of IDU infectious at start of simulation using 15+ yrs
Total number of IVDU’s at start of simulation

migration rate out of the population (per month)

1/alpha = mean incubation period (in months)

death rate duc to HCC/Cirrhosis {per month)

number of 1DU Cirthosis/HCC cases at start of simulation using 15+ years
step for x

sicp fory

step for a.

hx, hy and ha all represent the step increment of the Euler’s model.

The computations for the model involved the following steps:

x1

newxl

fteration 1:  =x1(0)
lteration j22: =x1,.y + (r*((k11, + K21)/2)

lteration j:  newxlj = x1, 1 (hx*k11)
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x2

newx2

x3

newx3l

x4

newx4

Iteration 1:
Heration §>2:
Iteration j:
lteration §:
lteration j22;
Iteration j:
Iteration 1:
Iteration j>2:

Iteration j:

= x2(0)
= x2.1 ) (X (k12 1422)/2)
newx2; = X2 (x*k12)

= x3(0)

= X311 (R*((k13,4 k23,)/2)
newx3; = x3, | (x*k13)

= x4(0)

= x4, 1 (he*(K14;+ K24,)/2)

newxdj = x4, (hx*k14,)

xr =x1(0) 4 x2(0) 1 x3(0) + x4(0)

X =xly t x200 X34 x4,

- newx; - newx; 4 newx2, t+ newx3; + newxd,

yi

newyl

y2

newy2

y3

iteration 1:
[teration j>2:

Iteration j:

Iteration 1:
Iteration j22:

Iteration j:

Tteration 1:

Iteration j>2:

=yl{0)
=yl (Ry*((k31,1k41)/2)

newyl; =y, (hy*k31)

= y2(0)
=y2,1 4 (hy*((k32,1k42,)/2)

newy2; = 2, (hy*k32)

=y3(0)

= y3,.5 1 (hy*((k33,1 k43 )/2)
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newy3 Iteration j;  newy3; =y3;+ (hy*A33)

v4 Iteration 1: = y4(0)
Iteration j22: = 34, t (hy*((k34,1 k44,)/2)

newy4 Iteration j:  newyd; = pd;1 (hy*k34)})

yioyU(0) ¢« y2(0) + y3(0) | pa(0)
Y=Yy vt 53 0 y4

newy; — newyl, t newy2; \ newyl, | newyd,
a4 Iteration 1: = ad4(0)
lteration j22: =ad,, i (ha*((k54,1k64,)/2}

newad lteration j;:  newad; = a4, ' (ha*k54))}

newz; newy, t newad,

P; lierationj  p % ¢yt q

newp lteration newp,  HEWX, ' pewy; i Hewa,

xI' k1l  [teration = lambda-(n*hetahat*s1,*((, ' a):p))-(mu*xi)
k21 lteration ] = lambda -(n*betahat*newx 1* (news, newp,)) -

(mu*newx1y) - (1 60%ewr])
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x¥

x4

o

y2

y¥

k12

k22

k13

k23

ki4

k24

k3!

k4t

k32

k42

k33

k43

fteration )

Iteration j

{teration j

Iteration j

Iteration j

Iteration |

Tteration |

Iteration |

Iteration j

lteration )

lteration j

lteration

= ~(n*betahat*x2,*((y; 1 a)/p))-(mu*x2) 1
(1/60*x1; - x2))

= -(n*betahat *(newx2) *(newz/newp)) -
(mu*newx2) + (1/60*(newxl, -newx2,))

= -(n*betahat*x3,*((y, 1 a)/p))-(mu*x3 ) 1
(1/60*(x2, -x3,))

= -(n*betahat*newx3y) *(newz/newpy))-
me*newx3) + (1/60*(newx?; - newx3)

= -(m*hetahat*x4,*((y, + a)p))-(mu*xd) + (1/60*x3)

= -(i*betahat *newxd)) *(newz/newp))-

(mu*newxdy) + (1/60%newx3)

= (m*betahat*x| *((y, v a)/p)i-((mu+ alpha)*y1) -
(1/60*y1,)

= (n*hetahat*newx\, *(newz/newp,) )
((mu t alpha)*(newyl)) - (1/60*newyl)

= (r*betahar*x2,* ((y, + a)/p))-((mu + alpha) *y2) 1 (1/60
‘0l 2

= (n*betahat *newx2, *(newzynewpy)-((mu + alpha)
*(mewy2)) + (1/60*(newyl, - newyl)

= (n*betahat*x3,*((y, ' a)/p))-((mu + alpha)*y3) 1 (1/60
0% y3)

= (n*hetahat*newx3 *(newz,/newp,))-

{(mu + alpha)*(newy3))) 1 (1/60*(newy2; - newy3,})
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y4' k34
k44
ad' k54
ked

Iteration |

Iteration j

Iteration j

Iteration j

= (n*hetahat*xA,* (v a)/p))-((mu valpha) *v4)
+{1/60*3)

= (n*hetahat*newxd;*(newz/newp,))-
((mu valpha)*(newydy) \(1/60*newy3y)

= (alpha*yd)-((mu i delta)*ad,)

= (alpha*newyd)-((mu | delta) *newad,)

To summarise, two models were developed using two approximation techniques. The

Euler 1 model produces results equivalent to those produced by Euler 2 (the model

incorporating length of drug use). The modified Euler's model 1 also produces resuit

equivalent to the modified Euler's 2 model (the model incorporating length of drug use).

This 1s expected as the same parameters were used to test all four models. There is a

slight difference in results between the Euler models and the modified Euler’s models,

this being due to rounding. All further work was carried out using the modified Euler’s

method incorporating length of injecting drug use.
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MODEL PARAMETERS

4.1  Population Sizes.

The model requires estimations of the number of persons in each risk group. These
estimations will be based to a large extent on the population numbers of Western
Australia. In 2001 (the last census year), the distribution of the Western Australian

population, in five year age groups was as defined by Figure 5.

Population of Western Australia, 2001 —e— Male
—m— Female

2L

14%1%
616Gl
yZ-0C
6252
ye-0e
6E-GE
2404
w 4
yS-0S
oy
79.09 -
69-G9
.0,
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68-G8
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66-G6
+00L

Figure 5. Population of Western Australia in 2001 by age group and gender.
Source: Cdata2001

The population groups to be incorporated into the model are those aged 15 to 49 years, as
seen in Chapter 2, these age groups represent those most at risk of HCV through
injecting drug use. In 2001, 51.5% of the Western Australian population or 943, 653
persons were in this category (see table 30). Proportionately, Western Australia has

9.8% of the national population.
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Given an estimated 150,000 to 200,000 intravenous drug users in Australia (Hulse, 1993;

Wodak, 1994; Wodak, 1995, Wodak, 1997; Crofts, 2001), the number of IVDUs in

Western Australia can be approximated to 14,700 to 19,600 persons.

Age group Female Male  Tetal population Estimated number of
IVDUs in WA
15_19 66,413 69,866 136,279 2,123 t0 2,831
20 24 60,736 63,257 123,993 1,93210 2,575
2529 63,711 64,084 127,795 1,991 t0 2,654
30 34 69,413 68,360 137,773 2,146 to 2,862
35 39 71,750 69,806 141,556 2,205 10 2,940
40 44 72,363 70,491 142,854 2,225 10 2,967
45 49 67,467 65,936 133,403 2,078102,771
Grand Total 471,853 471,800 943,653 14,700 o 19,600

Table 30. Number of persons in each age group by gender in 2001, Source for
population data: Cdata2001,

Croft (1993) produced results of a cohort of intravenous drug users showing age and

duration of use. Use the same percentages (table 30} the number of Western Australian

intravenous drug users by duration of use is shown in table 31.

pop=14,700 pop=1%,600
0-4 years 3,844 5,125
5-9 years 3,196 4,260
10-14 years 2,800 3,734
15+ years 4,860 6,480
total 14,700 19,600

Table 31, Estimated number of intravenous drug users in Western Australia by
duration of use.
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4.2  Number of IVDU cirrhosis HCC Cases.

Literature suggests that approximately 20% of all cases of HCV (Crofts, 2001; Dore et,
al, 2002; Freeman et. al. 2003; Law et. al. 2003.), develop cirrhosis over a 20 year period.
This means that only those injecting for more than 15 years are eligible for inclusion in

this category. The estimated number of 1VDUs with cirrhosis or HCC are given below.

cirrhosis cirrhosis
(pop = 14700) (pop = 19600)
04 0 0
5-9 0 0
10-14 0 0
15+ 972 1296

Table 32. Estimated number of intravenous drug users with cirrhosis/ HCC by
duration of use in 2001.

4.3  Number of IVDU’s with hepatitis C virus Infection.

Hepatitis C is a notifiable disease. The 1999 HIV/AIDS, Hepatitis C& Scxually
Transmissible Enfections in Australia: Annual Surveillance Report shows Western
Australia had 4,502 new cases of hepatitis C infection in 1998 at a rate of 98.7 per
100,000. Literature suggests the incidence of hepatitis C among injecting drug users to
be between 7% and 15% per year, (Mather and Crofts, 1999; Law, 1999, Crofts, 2001,
Law et. al. 2003, Murray, et. al. 2003). As intravenous drug use is now acknowledged to
be responsible for 75 to 85% of all new hepatitis C infections in Australia, this translates
to between 3376 and 3827 new case of hepatitis C infection in Western Australia for

1998 due to intravenous drug use.
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According to the 1999 HIV/AIDS, Hepatitis C & Sexually Transmissible Infections in
Australia: Annual Surveillance Report, 17% of IVDU’s injecting for less than 3 years
were infected with the HCV virus nationally. Among those injecting for 3-5 years, 29%
were infected and 69% infected among those injecting for 6 years or more. These figures
are lower than those published by Crofts (1993) where he shows an infection rate of
38.6% for those injecting 0-4 years, a 70,9% infection rate for those injecting for 5-9
years, a 90% infection rate for those injecting for 10-14 years and 90.5% infected when
injecting for 15 years or more. The 1999 HIV/AIDS, Hepatitis C & Sexually
Transmissible Infections in Australia does not use the same age categories as those used
by Crofis, however estimations will be made using these lower infection percentages to
form a lower boundary, while the results of Crofts will be used as an upper boundary.

Adjusting for the number of estimated cases with cirrhosis/HCC, we get:

Total infected infected
{pop = 14,700) {pop =19,600)
Lower Upper Lower Upper
0-4 654 1,484 8N 1,978
5-9 2,205 2,266 2,940 3021
10-14 1,932 2,520 2,576 3,360
15+ 2,381 3.450 3,175 4,601
Total 7,121 9,668 9,563 12,961

Table 33. Estimated number of intravenous drug users infected with the hepatitis C
virus by duration ef use in 2001.

44  Number of IVDU’s that do not have the hepatitis C virus.
After subtracting those who are infectious or have cirrhosis/HCC from the IVDU

population we get:
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Total not infected not infected

{pop = 14,700) (pop =19,600)
Lower Upper Lower Upper
0-4 3,191 2,360 4,254 3,147
59 991 930 1,321 1,240
10-14 868 280 1,157 373
15+ 1,507 437 2,009 583
Total 6,533 3,986 8,741 5,343

Table 34. Estimated number of intravenous drug users not infected with the
hepatitis C virus by duration of use in 2001.

4.5  Recruifment and Migration Rates.

No published material was available on the recruitment rate to the IVDU population.
Murray (2003) estimates the rate of increase among IDU’s in Australia was 7% until
1937 and 5% thereafter. Varying rates will be used with 7% as an upper bound for the

model, given that the rates used by Murray are estimates.

If recruitment rates of 1%, 3%, 5% and 7% of the existing IVDU population are

considered we get:

1% 3% 5% 1%
pop = 14,700 147 441 735 1,029
pop = 19,600 196 588 980 1,372

Table 35, Estimated number of persons recruited to the IVDU per annum.

As the model currently estimates a monthly change all the above will be divided by 12.
For the lack of any published material, it will be assumed that the migration rate out of
the VDU poputation will match the recruitment rate (for example, at a rate of 3%, the

migration rate will equal 0.03/12 per month).
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4.6  Rate of Needle Sharing per Unit Time

The 1999 HIV/AIDS, Hepatitis C & Sexually Transmissible Infections in Australia:
Anrual Surveillance Report indicates that 15% of 1VDU’s injecting in the past month
and using for less than three years, shared needles and syringes. Likewise 14% of those
using for three years or more and injecting in the last month shared needles and syringes.

Thus if 15% of users share needles and syringes we have a rate of 0.15.

Total % sharing needies and  Rate of needle sharing
syringes per month,

0-4 15 0.13

59 14 0.14

10-14 14 0.14

15+ 14 0.14

Table 36: Rate of needle sharing per month.

4.7  Probability of Transmission During a Single Needle Sharing Act.

Crofts, Aitken and Kaldor (1999) estimated the probability of infection with HCV from a
needle sharing act was 1.3 to 4.9 (divided by 100). This estimate is consistent with an
editorial by Watson (2000) where the risk of transmission by an individual needle stick is

up to 6.1%.

4.8  Death Rate Due to hepatocellular carcinoma/cirrhosis.

The number of people at risk of dying from hepatocellular carcinoma or cirrhosis are

drawn from the population injecting for fifteen years or more, Literature suggests that 10
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years after a diagnosis of Cirrhosis, 75% were experiencing severe symptoms (Yanc M

et. al., 1996).

By calculating the proportion of persons with severe symptoms after 10 years and
dividing by 12 to obtain a rate per month, the death rate due to hepatocellular carcinoma

or cirthosis is 0.00625.
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SIMULATION RESULTS

5.1 Total Intravenoss Drug Using population, 14,700

Parameters that will remain constant are 1) the mean incubation rate of six weeks results

inavalueof 0.6 [—= 1]—5] and, 2) the rate in which hepatitis C progresses to cirrhosis,
a 1.

Evidence sugpests a time span of 20 to 30 years, therefore the average of 25 years will be

used resulting in a value of 0.003 [6= 5!6(25 * 12months)].

The probability of infection from a single needle sharing act is made up of two
parameters, the rate of needle sharing per unit time (0.14) x probability of infection
during a single needle sharing act. Crofts, Aitken and Kaldor estimated this to be 1.3 to
4.9, giving a low probability of infection from a single needle sharing acl 0f 0.182 and a

high probability of 0.686.

5.1.1 Population 14,700 with low infectivity rates and a low probability of infection
from a single needle sharing act.

Using the rates of infection supplied by the 1999 HIV/AIDS, Hepatitis C & Sexually
Transmissible Infections in Australia: Annual Surveillance report population numbers are

as follows:
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0-4 years 5-9 years

10-14 15+ years

years

IVDU'’s that do not have HCV, X(t) 3,191 991 868 1,507

IVDU’s who do have HCV, Y(t) 654 2,154 1,932 2,381

IVDU’s with cirrhosis/HCC, A(t) 0 0 0 972

Rate of needle sharing per month, (n) 0.15 0.14 0.14 0.14

Parameters
1% recruitment rate, (A) 147
Probability of transmission during single needle sharing act (/) 0.182
(Rate of needle sharing*probability of infection)
Migration rate out of IVDU population, (i) 1%
Mean incubation rate — 6 weeks, (l) 0.6
a

Death rate due to HCC/cirrhosis 0.00625

0.003

Rate at which hepatitis C develops into cirrhosis

Table 37. Parameters: Population 14,700, low infectivity rates and a low

probability of infection from a single needle sharing act.

Using model 2 developed in Chapter 3 and the parameters described in Table 37, with

initial conditions also in Table 37, we can provide the following output from the

simulations.

Number of susceptibles, X(t)

D

—=— Total Susceptible
———0-4 years
—=——59 years
—w=—10-14 years

—=— 15+ years

o Ww e e g = Tem

Number of months

-2 62 LBLBEBSLeEBEE AR

Figure 6. Number of susceptibles after 20 years, population 14,700, low infectivity
rates and a low probability of infection from a single needle sharing act.
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Figure 6 clearly illustrates a decline in the total susceptible population, with those in the
0 - 4 years injecting group in most rapid decline and those in the 10-14 years injecting
group is the slowest. The population of susceptible IDU’s is reduced by 50% after 74

months.

Number of infectious, Y(t) —=—0-4 years
59 years
—=—10-14 years
10000 - —+— 15+ years
/’\ ——— Total nfectious
L T

L 5EEBEREEE

"?R5 9T RB8585896BEERENA

Number of months

Figure 7. Number of infectious after 20 years, population 14,700, low infectivity
rates and a low probability of infection from a single needle sharing act.

Figure 7 indicates an increase in the number of infectious individuals, as those who are
susceptible move into this category. The numbers increase steadily for 124 months and
then start to decrease. The greatest movement comes from those individuals who have

been injecting for 15 years or more.

Figure 8 shows a steady increase in the number of individuals moving into the removals

category. The number of persons with cirrhosis or HCC doubles after 160 months.
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Figure 8. Number of removals after 20 years, population 14,700, low infectivity

rates and a low probability of infection from a single needle sharing act.

In this situation, where the lower infectivity rates are used, after 20 years this IVDU

population now numbers 12,337, with 946 not infected, but at risk, 8,889 infected and

still needle sharing and with 2,502 persons having severe cirrhosis or HCC.

Using the same initial population numbers and probability of infection, the table below

gives results based on recruitment and migration rates of 3%, 5% and 7%.

Recruitment Migration Susceptibles Infectious Removed Total
Rate Rate X(t) Y(t) A(t)
3% 3% 2,426 8,838 1,814 13,078
5% 5% 3,884 8,383 1,318 13,585
7% 7% 5,299 7,677 958 13,935

Table 38. Number of susceptible, infectious and removals after 20 years with
varying recruitment and migration rates.

As the recruitment rate increases among this cohort the number of susceptible IVDU’s

increases. The corresponding migration rate show a movement out of the drug using
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population and a smaller number of people suffering ill effects from cirrhosis and

hepatocellular carcinoma.

5.1.2 Population 14,700 with low infectivity rates and a high probability of infection
from a single needle sharing act.

Consideration will now be given to population number where the probability of infection

during a single needle sharing act is 0.686. Initial recruitment and migration rates will be

set at 1% and the other parameters and population numbers will be unchanged.

Number of susceptibles, X(t)

7000 -
6500
6000 -
w 5500 —« Total Susceptible
g 5000 —= 04 years
4500 { % —=—59 years
%;x 2 —w—10-14 years
i 3000 | \L\ —— 15+ years
2500 -
g 2000 4
Z 1500 -
1000 -
500 A

TeR5 258535895858 858 S
rrrrr . g o~ ~N

Number of months

Figure 9. Number of susceptibles after 20 years, population 14,700, low infectivity
rates and a high probability of infection from a single needle sharing act.

Figure 9 illustrates a rapid decline in the total susceptible population, with those in the 0 -
4 years injecting group in most rapid decline and those in the 10-14 years injecting group
is the slowest. The population of susceptible IDU’s is reduced by 50% after only 18
months. The higher probability of infection results in a rapid shift from the susceptible

group into the infected population.
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Figure 10. Number of infectious after 20 years, population 14,700, low infectivity
rates and a high probability of infection from a single needle sharing act.

There is an initial rapid rise in those infected followed by a decrease as they move into
the cohort affected by cirrhosis and HCC. The number of infectious individuals peaks at

60 months (n = 12,461) and slowly decreases thereafter.

Number with Cirrhosis/HCC, A(t)
= Total Removed
2700 -
2
2

- ek =
o 8
i i L " i L

Number of persons

T er el ey Cam. Tam L o P Vi at oh, (B e Dele fowen S [l W T R

TITReBBREB2EILRESEY B
Number of months

Figure 11. Number of removals after 20 years, population 14,700, low infectivity
rates and a high probability of infection from a single needle sharing act.
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Using the same initial population numbers and high probability of infection from a single
needle sharing act, the table below gives results based on recruitment and migration rates

of 3%, 5% and 7%.

Recruitment  Migration Susceptibles  Infectious Removed Total
__Rate ~ Rate = X(t) Y A()
3% 3% 577 10,392 1.947 12,916
5% 5% 963 11,037 1,456 13,456
% % 1,348 11,381 1,100 13,829

‘Yable 39. Number of susée_iliiwliik, infectious and removals after 20 years with
varying recruitment and migration rates.

The higher the recruitment rate the higher the number in the needle sharing but not
infected cohort becomes. However, as the number of infectious increases this is due
solely to weight of numbers rather than behaviour changes, Thus the infection rate
appears to be a key parameter from a HCV control policy viewpoint. The increase in the
number of infected persons is not great and reflects the number leaving intravenous drug
use prior to infection. The number of persons with cirrhosis'HCC, however does
decrease, indicative once again of people leaving before becoming infected with hepatitis

C.

5.1.3 Population 14,700 with high infectivity rates and a low probabiiity of infection
from a single necdle sharing act.

Using the rates of infection supplied by Crofts (1993) population numbers are as follows:
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0-4 years 5-9 years

10-14 15+ years

years
IVDU’s that do not have HCV, X(t) 2,360 930 280 473
IVDU’s who do have HCV, Y(t) 1,484 2,213 2,520 3,450
IVDU'’s with cirrhosis/HCC, A(t) 0 0 0 972
Rate of needle sharing per month, (n) 0.15 0.14 0.14 0.14
Parameters
1% recruitment rate, (A) 147
Probability of transmission during single needle sharing act (/) 0.182
(Rate of needle sharing*probability of infection)
Migration rate out of IVDU population, (p) 1%
Mean incubation rate — 6 weeks, (l) 0.6
a

Death rate due to HCC/cirrhosis 0.00625

0.003

Rate at which hepatitis C develops into cirrhosis

Table 40. Parameters: population 14,700 with high infectivity rates and a low

probability of infection from a single needle sharing act.

Like Figure 6. The results here indicate a decline in the total susceptible population, with

those in the 0 - 4 years injecting group in most rapid decline and those in the 10-14 years

injecting group is the slowest. The population of susceptible IDU’s is reduced by 50%

after 71 months.

Number of susceptibles, X(t)

i
/f

]
8

Number of persons
g 8

1000 -
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———0-4 years
—— 59 years

Number of months

Figure 12. Number of susceptibles after 20 years, population 14,700, high infectivity
rates and a low probability of infection from a single needle sharing act.
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In this situation, where the higher infectivity rates suggested by Croft (1993) are used,
after 20 years this IVDU population now numbers 12,200, with 822 not infected, but at
risk, 8,806 infected and still needle sharing and with 2,572 persons having severe

cirrhosis or HCC.

——0-4 years

Number of infectious, Y(t) 5-9 years

~—=——10-14 years
—+t— 15+ years
—=— Total Infectious
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Number of months

Figure 13. Number of infectious after 20 years, population 14,700, high infectivity
rates and a low probability of infection from a single needle sharing act.

The population of infectious individuals (Figure 13) peaks at 78 months, while the
number of persons moving into the removals category (Figure 14) doubles after 136
months. In contrast to the data obtained in 5.1.1, the higher infectivity rates have not

resulted in higher numbers of those infected only those removed.
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Number with Cirrhosis/HCC, A(t)
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Figure 14. Number of removals after 20 years, population 14,700, high infectivity

rates and a low probability of infection from a single needle sharing act.

Using the same initial population numbers and probability of infection, the table below

gives results based on recruitment and migration rates of 3%, 5% and 7%.

Recruitment Migration Susceptibles Infectious Removed Total
Rate Rate X(t) Y(t) A(t)
3% 3% 2,274 8,833 1,872 12,979
5% 5% 3,706 8,443 1,366 13508
7% 7% 5,095 7,790 997 13,882

Table 41. Number of susceptible, infectious and removals after 20 years with

varying recruitment and migration rates.

These results once again demonstrate a movement into the IVDU population where each

person is susceptible to infection and a corresponding movement out prior to infection

with hepatitis C.
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5.1.4 Population 14,700 with high infectivity rates and a high probability of infection
from a single needle sharing act.

This section will deal with higher infectivity rates and where the probability of infection

during a single needle sharing act is 0.686. Initial recruitment and migration rates will be

set at 1% and the other parameters and population numbers will be unchanged.

The graphs shown below demonstrate almost no difference in the total numbers in each
group when compared to section 5.1.2, despite a difference in the initial population
numbers for each of susceptible and infectious. This IVDU population now numbers
12,116, with 192 not infected, but at risk, 9,289 infected and still needle sharing and with

2,634 persons having severe cirrhosis or HCC.

Number of susceptibles, X(t)
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