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Appendices

APPENDIX 1 – Chronology of key events cited in this submission

	1966
	Original Therapeutic Goods Act 1966 passed.

	1967
	Hepatitis B virus discovered.

	1975
	The term non-A non-B hepatitis coined.

	1975
	World Health Assembly recommendations on self-sufficient, voluntary, regulated blood supplies.

	1978
	An animal model developed for hepatitis C. First unequivocal evidence that NANB hepatitis was caused by a transmissible agent. 

	1982
	First Australian studies on post-transfusion NANB hepatitis published. 

	~1984
	ALT testing was under active discussion, with a worldwide move to volunteer donors for fresh blood products.

	1986
	Blending of Australian and New Zealand sourced plasma ceased.

	1987
	The National Blood Transfusion Committee did not support routine surrogate testing.

	1989
	HCV virus discovered and test developed. First Australian cases of HCV described by Gust.

	1990
	Routine HCV testing of blood donations began.

	1991
	The Therapeutic Goods Act 1989 came into effect.

	1991
	Commonwealth Serum Laboratories was made a public company (CSL) wholly owned by the Commonwealth.

	1994
	CSL was privatised.

	1996
	The Australian Red Cross Blood Service was established.

	1997
	The Krever Commission Report released in Canada.

	1999
	Further regulation of imported plasma and its processing in Australia.  

	2000
	Regulation of fresh blood products commenced under the Therapeutic Goods Act 1989

	2000
	Nucleic acid testing (NAT) of blood was introduced in Australia. 

	2001
	The Review of the Australian Blood Banking and Plasma Sector (Stephen) Report was released. 

	2003
	The National Blood Authority was established.


APPENDIX 2 – HEPATITIS AND THE VIRUSES THAT CAUSE IT

Acute Viral Hepatitis
“Acute viral hepatitis is a systemic infection affecting the liver predominantly. Almost all cases of acute viral hepatitis are caused by one of five viral agents: hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), the HBV-associated delta agent or hepatitis D virus (HDV), and hepatitis E virus (HEV). All types of viral hepatitis produce clinically similar illnesses. These range from asymptomatic to fulminant
 and fatal acute infections common to all types, on the one hand, and from subclinical persistent infections to rapidly progressive chronic liver disease with cirrhosis
 and even hepatocellular carcinoma
, common to the blood-borne types (HBV, HCV, and HDV), on the other”
.
Hepatitis B
The hepatitis B virus particle has an outer coat and an inner core which surrounds the DNA genome. Hepatitis B surface antigen (HBsAg) is associated with the outer coat. It is present in serum, both in virus particles themselves and as non-infectious 'defective' particles. 

The presence of HBsAg in serum implies that the blood is infectious. During acute infection it usually appears in the incubation period, weeks before symptoms develop, and disappears slowly during convalescence. In many patients, part of the viral genome remains in the liver cell and continues to produce hepatitis B surface antigen for months or years after the patient has become non-infectious. The corresponding antibody appears after clinical recovery and usually persists for life. The presence of anti-HBs indicates that the patient is immune.  In up to 10% of adult patients, but in most infected infants or immunosuppressed patients, the antigen persists, antibodies do not appear, and these persons develop chronic hepatitis or become carriers of the virus. 

Hepatitis B core antigen is associated with the viral inner core. It is not detectable in serum without special testing. Antibody to it appears at the onset of clinical illness and gradually diminishes, usually over many years. 

Hepatitis B is transmitted sexually and from mother to infant, as well as by blood and body fluids. The incubation period is approximately 12 weeks.

The prevalence of hepatitis B carriers in adult populations varies from as low as 0.1% in Northern Europe, North America and non-Aboriginal Australians, to as high as 15-20% in parts of sub-Saharan Africa, Asia, the Pacific and in Aboriginal Australians. Hepatitis B vaccination confers long lasting protection.

Delta Agent
The delta agent (Hepatitis D virus, HDV) is a virus that can only replicate in the presence of hepatitis B virus. Thus it occurs at the same time as, and worsens, an acute attack of hepatitis B, or it may cause a further bout of hepatitis in carriers of hepatitis B. 

Hepatitis C virus 
Hepatitis C virus (HCV) particles and virus proteins are difficult to detect in serum. Infection is diagnosed by detection of specific anti-HCV antibodies which are usually measurable by the time symptoms develop. Over half of infected patients remain persistently infected and may develop liver disease. Different genotypes of HCV are prevalent in different geographical regions and the prevalence varies from as low as 0.5% in most Western countries to as high as 10% in parts of the middle East and South East Asia. Protective immunity does not appear to develop after infection.

Hepatitis C is transmitted mainly by inoculation of blood and body fluids. There is no vaccine.  

Appendix 3 – Detailed response to Terms of Reference (a) and (b)

The Department felt that due to the technical nature of terms of reference (a) and (b), it would help the Committee to have access to expert opinion. The Department therefore commissioned Professor Yvonne Cossart, Bosch Professor of Infectious Diseases at the University of Sydney, to address these terms of reference. Professor Cossart has been an eminent researcher in the field of blood-borne diseases during the thirty-year period covered by this Inquiry. 

In Australia, any expert in transfusion hepatitis has links to one or more of the bodies involved in providing services in the sector. Professor Cossart has served on the New South Wales Red Cross Blood Transfusion Service's Technical and Scientific Advisory Committee. 

To assure the Committee that the expert advice was free of bias, the Department commissioned Associate Professor William Rawlinson, Virologist at the South Eastern Area Laboratory Health Service, the Prince of Wales Hospital, NSW, to review Professor Cossart's paper. He has advised that in his view it is a reasonable and balanced summary of the evidence.

Term of reference (a) – Paper by Professor Yvonne Cossart

Introduction

1. Transmission of blood-borne infections has been an issue in transfusion since its inception. Syphilis and malaria were the first to be noted but “serum hepatitis” emerged as the major problem during World War II when the use of blood transfusion and serotherapy expanded rapidly. Human transmission experiments differentiated serum hepatitis (now called hepatitis B) from “infectious” hepatitis A, defined the long incubation period of about 12 weeks and confirmed the existence of an asymptomatic carrier state. A long period ensued when attempts to identify hepatitis B carriers amongst donors by liver function tests or hepatitis history proved fruitless. 

Discovery of hepatitis B and control of post-transfusion jaundice

2. The discovery of hepatitis B virus in 1967
 and the subsequent use of routine screening by progressively more sensitive methods to reject Hepatitis B surface antigen (HBsAg) positive donations has greatly reduced the incidence of post-transfusion jaundice globally. As screening was introduced internationally wide geographic variation in the prevalence of hepatitis B amongst healthy blood donors was found. This proved to be a reflection of the prevalence of infection in the general population, and this in turn led to the recognition of the pivotal role of perinatal transmission in high prevalence countries. The high level of immunity in adult recipients in these countries (>80% compared with 6% in Western Europe, the USA and Australia) explained why few cases of post-transfusion hepatitis had been observed in residents as opposed to expatriates in these geographical areas where there were many viraemic blood donors
. Within individual countries there was also considerable variation in hepatitis B carriage, particularly high rates being found in paid donors in the United States
,
 and several European countries. 

3. The role of hepatitis B in community acquired acute and chronic hepatitis was subsequently defined.

Recognition of post-transfusion Non-A Non-B hepatitis

4. During the 1970s formal evaluation of the efficacy of HBsAg screening by systematic testing of recipients for liver function test abnormalities showed that in contrast to its success in controlling post-transfusion jaundice, this routine testing was failing to reduce the incidence of sub-clinical post-transfusion hepatitis
. Moreover these cases, occurring in recipients of HBsAg negative blood, were also seronegative for hepatitis B. In 1975 the name “non-A, non-B (NANB) hepatitis” was coined
, and the search for its cause or causes began.

Term of reference (b) – Paper by Professor Yvonne Cossart

BLOOD BANKERS’ UNDERSTANDING OF HEPATITIS C

1970s

5. There was concern amongst blood bankers worldwide that there was still transmission of “hepatitis” by transfusion of blood which had been screened for hepatitis B. This concern was maintained even though acute NANB infection was seldom recognised clinically and most cases could only be detected by performing serial (weekly or fortnightly) liver function tests on recipients. A number of long term studies were begun to establish the prevalence and consequences of this new entity, and to seek laboratory markers of its cause or causes.

6. Wide discrepancies were reported in the incidence of post-transfusion non-A non-B hepatitis in different countries, Table 1. One of the lowest rates (2% of recipients, or 4 units per 1000 of blood transfused) was observed in cardiac surgery patients in Australia
, about ten fold less than that reported in clinically similar settings in the United States, parts of Europe
,
,
,
 and Japan, but similar to reports from the UK
 and Netherlands. 

Table 1

Prevalence of NANB post-transfusion hepatitis in different centres after introduction of HBsAg screening of donations

	Centre
	Donor source
	Number of patients
	Date of recruitment
	%of recipients with NANB

	USA Bethesda (NIH)

	volunteer
	126
	1970-2
	3.7

	USA 
New Jersey
-
	volunteer
	364
	1973-5
	8.5

	
	mixed
	57
	
	19.3

	
	commercial
	101
	
	28.7

	USA (11 VA hospitals)

	volunteer
	539
	1969-73
	6.9

	
	commercial
	267
	
	17.3

	USA
(4 centres)

	volunteer
	389
	1974-6
	7.5

	
	mixed 
	 31
	
	35.5

	
	commercial
	 26
	
	42

	Australia7
	volunteer
	842
	1979-80
	2.0

	Netherlands

	volunteer
	393
	1984-6
	2.3

	Spain

	? volunteer
	218
	1998-9
	7.9

	Australia

	volunteer
	
	1998-9
	1.1

	Italy

	? mixed
	246
	1980-3
	13.8

	UK

	volunteer
	248
	1980-2
	2.8

	Germany

	volunteer
	1476
	1985-8
	2.1

	Canada

	volunteer
	576
	?1986-87
	9.2


7. In the US there was also great variation from centre to centre and this was largely attributable to the use of blood derived from paid donors in the centres with higher prevalence.
 An analogous situation had already been recorded for hepatitis B. When screening was introduced in New York 0.09% of volunteer donors were HBsAg positive compared with 1.2% of paid donors. The ratio in Barcelona was 0.4 to 1.0, in Tokyo 1.2 to 2.2 and in Philadelphia 0.11 to 1.57.

8. A confusing finding of several of these studies was the occurrence of hepatitis B in transfused patients who had undergone major surgery but received no HBsAg positive units of blood
. It was not clear how these related to “NANB” hepatitis particularly as it was by then known that superinfection of hepatitis B carriers with the delta agent
 suppressed hepatitis B markers in the serum, but induced liver disease
. At the time most cases were attributed to false negative screening test results probably due to antigenic variation in hepatitis B
 or poor sensitivity of the methods
, rather than nosocomial transmission during the patient’s hospitalisation.
 Because of the perceived (but unsubstantiated) limitations of HBsAg screening it was even suggested in 1972 that ALT screening should be introduced to reduce the number of these unexpected hepatitis B transmissions
, but in a review published in 1978 Holland, 
 writing from the vantage point of the NIH Blood centre made no mention of the use of ALT testing of donors to reduce post-transfusion hepatitis.

9. The miniscule number of untransfused patients who had undergone similar surgical procedures and could thus serve as controls, hampered interpretation of studies of NANB hepatitis
 but in 1978 the Transfusion Transmitted Viruses study
 reported a rate of 2.2% of postoperative “NANB” hepatitis in untransfused controls whereas that in transfused patients was tenfold higher.

10. These systematic studies of transfusion recipients also defined the incubation period of NANB hepatitis as about 6 weeks – ie intermediate between that of hepatitis A and B
. Follow up of patients with acute NANB detected by serial liver function tests showed that raised ALT results could be detected in about half the cases for a decade or even longer after infection although the patients appeared clinically 
well 
,
,
,
,
,
.

Lack of association between past transfusion and current liver disease

11. Very few patients – as low as 3% - presenting clinically with acute sporadic NANB during the 1970s had a history of recent blood transfusion
, 
, 
. 

12. Reports of post-transfusion hepatitis to surveillance systems fell to low levels after the introduction of hepatitis B screening
 reflecting the high proportion of hepatitis B cases who became jaundiced compared with the silent acute phase of Non-A non-B hepatitis.

13. Follow up studies of patients who developed NANB hepatitis after transfusion were often recruited only from those patients with ongoing ALT abnormalities after one or more years had elapsed since infection
 thus excluding patients with a benign outcome. 

14. Specific investigation of haemophiliacs and other recipients of multiple transfusions failed to show consistent increase in morbidity or mortality from liver failure
,
 although there were several studies showing that liver biopsies, when they could be obtained, did show varying degrees of chronic hepatitis and fibrosis
.

15. Many multiply transfused patients had evidence of current or past hepatitis B resulting from transfusion prior to routine screening of donations, and residual hepatitis B virus DNA was present in the liver long after it had cleared from the serum
. This made it unclear whether their liver disease was caused by persistent but defective hepatitis B, variants of hepatitis B, or the putative “non-A non-B hepatitis” virus
. An Australian study
 showed that 66% of haemophiliacs had markers of current or past hepatitis B, 13 (5.4%) developed hepatitis B and 66 NANB hepatitis over a four year period ending in 1982.

16. In liver clinics in different countries a varying proportion of cases with chronic liver disease in blood recipients were attributable to hepatitis B infection
, 
, but the aetiology of many cases was not known, and a history of blood transfusion was present in only a small minority of both hepatitis B positive and negative cases. Many were attributed to other viruses such as EBV and CMV, autoimmune, toxic, genetic or medicinal drug causes
. Injecting drug use was well known as a risk for transmission of acute hepatitis B
 but episodes of “transaminitis” or raised ALT levels were frequently observed in users lacking hepatitis B markers and were variously attributed to other viruses eg CMV and EBV or toxicity of impurities such as talc in street drugs. At an international meeting in 1981 Hans Popper a very distinguished liver pathologist dismissed chronic liver disease due to NANB hepatitis as only a possibility.

Lack of consensus about the clinical significance of post-transfusion NANB hepatitis

17. In the face of the geographical differences in prevalence observed in these studies of NANB hepatitis and the lack of an established link between transfusion of HBsAg negative blood and chronic liver disease there was little international consensus about the implications for transfusion services apart from the need for research to identify the specific virus or viruses involved.

1980s

Scientific responses

18. Transmission of NANB infection to chimpanzees was achieved in 1978
,
 but it was not clear whether there were one, two or even more agents
,
 and many different groups failed to find a specific virus or laboratory marker of infection despite intense efforts over the following years. The conflicting results obtained when a reference panel of sera from patients from the NIH Blood Centre prospective study were tested in parallel by the different research groups were reviewed by Alter in 1981
 and again in 1984
 .

19. During this frustrating period the concept of surrogate screening of blood donations re-emerged. This was advocated on the basis of retrospective testing of donations implicated in cases of post-transfusion non-A non-B hepatitis which were part of long term follow up studies in a small number of research centres. Two different strategies were proposed – testing donations for abnormality of a sensitive liver function test, and/or testing donations for markers of previous hepatitis B. The first assumed that donors who were infective would have abnormal liver function tests, while the second assumed that past exposure to one blood-borne virus might predict a high probability of exposure to others. Both have significant limitations. 

ALT testing: 

20. An arbitrary upper cut off must be applied to exclude “abnormal” donors because there was (and is) no international agreement about the upper limit of the normal range for the alanine aminotransferase (ALT) test
. Modest degrees of metabolic stress on the liver eg from social consumption of alcohol or therapeutic doses of commonly used medications elevate the transaminase level
, and there are systematic differences in results according to gender and body weight
,
. Some donations with elevated ALT results were found amongst donors involved in cases of post-transfusion hepatitis, but in other cases all the donors involved had normal ALT results. Moreover there were many donors with raised ALT whose blood had been used without incident. These proportions differed in different studies and it was not clear (as discussed by Alter in 1981
) if this was due to technical factors in testing or cut off selection, the presence of different viruses, or the proportion of paid as opposed to volunteer donors. It was clear however that using a low cut off would result in rejection of about 5% of the entire blood take 
 on a single round of testing. The proportion of donors lost would thereafter progressively increase as many non-infectious factors cause a rise in ALT of this magnitude
 and in the absence of a specific test there is no reliable way to reinstate donors once rejected. In 1981 the NIH Blood Bank initiated routine donor ALT testing and exclusion of donors with ALT >50IU/L The incidence of post-transfusion hepatitis in the next three years was the same as that in the three years preceding ALT screening
. After review of the situation in 1982 the American Red Cross advised against routine ALT testing
 but vigorous advocacy for ALT testing continued particularly on the basis of retrospective analysis of studies in the US where commercial blood use had caused high levels of NANB in recipients,
 and despite the intervention study 
, which showed no reduction in NANB after exclusion of donations with an ALT >50IU/l. in the NIH setting where despite reliance on volunteer donors the rate was over 4%.

21. The debate continued throughout the 1980s and studies in several different countries were undertaken to provide evidence about the value of ALT screening. In 1988 a Dutch study
 reported a post-transfusion rate of only 2.3% - similar to that of non-transfused patients in the US – but showed a statistical correlation between donor ALT elevation and risk of transmission. There was no non-transfused control group.

Hepatitis core antibody testing:

22. Hepatitis B core antibody testing on the other hand, is only useful in countries where most donor exposure to hepatitis B occurs in adult life. Anti-HBc when present alone (ie without anti-HBs as the marker of recovery and immunity) is a marker of very recent hepatitis B infection ie the “window” between the acute and convalescent phase of infection and may thus be associated with a risk of recent exposure to other similar infections. For instance in the Sydney 1982 study there was a statistical association between the presence of anti-HBc alone as a predictor of implication of the donation in a case of NANB post-transfusion hepatitis. However this association was only found in some countries.
,
,

Donor selection:

23. A very high risk of post-transfusion hepatitis, both B and NANB had always occurred in the United States and Southern and Central Europe and was related to the use of blood from paid donors. These sources had very much higher rates of detection of hepatitis B surface antigen
,
,
, hepatitis B core antibody “alone”, raised ALT levels (and once testing was available anti-HIV). 

24. Despite this evidence many countries were unable to achieve a sufficient supply of blood for transfusion and processing into blood products from volunteer sources
. Whereas in the UK, Australia and some European countries all blood donors had been volunteers since the inception of blood banking, it was only in 1970 that the prestigious but relatively small NIH Blood Bank was able to convert to an “all-voluntary” blood donor system
.

Interim action:

25. In countries where commercial blood was still in use, the highest priority was given to achieving exclusive reliance on volunteer donors. 

26. At that time (early 1980s), neither ALT or anti-HBc testing was introduced on a routine basis in any country because it was clear that only a minority of infectious donations would be detected
, that exclusion of blood collected from paid donors would yield a much greater improvement, and that many donors would be excluded because their ALT had been raised on a single occasion and there would be no satisfactory criteria for reinstating them in the panel or assessing their health status. The cumulative loss of donors would thus seriously impact on the blood supply. An additional issue was the retrospective nature of the available studies of surrogate testing since the characteristics of the donor panels were radically changing due to the impact of much more active questioning of blood donors about risk factors for HIV infection
.

Ongoing research and action:

27. HIV prevention was the overriding priority of transfusion medicine during the mid-1980s and HIV co-infection greatly complicated assessment of hepatitis related liver diseases in multiply transfused patients. Issues of recipient compensation also became prominent and wide publicity accompanied litigation by individuals and group actions in a number of different countries.

28. There was still no progress towards identification of the agent or agents of NANB hepatitis, but cumulative evidence from the same small number of ongoing long term studies suggested that even a decade after infection about half of the patients who developed raised ALT levels about 6 weeks after transfusion continued to have raised ALT results, and in a small number of these individuals who agreed to liver biopsy, this was associated with some degree of liver fibrosis
. The lack of non-transfused controls in these studies made them hard to interpret in view of the difficulties in setting an upper limit of normal for the ALT test and the ethical issues involved in requesting control patients to undergo a liver biopsy.

29. Against this political and scientific background some individual transfusion services, notably in the United States where the incidence of NANB post-transfusion hepatitis was highest and transition to volunteer donor panels was slowest, introduced ALT and/or anti-HBc testing of donations on a routine basis. The influential NIH centre opted to introduce ALT screening simultaneously with exclusion of paid donors and they attributed the striking drop in icteric post-transfusion hepatitis mainly to the latter
. Further experience
 however showed no reduction in NANB hepatitis. In other countries such as the Netherlands, the United Kingdom and Australia where the rate of post-transfusion hepatitis had remained at a very low level, most transfusion services decided that the evidence for using surrogate testing should be re-evaluated in donations collected after introduction of the HIV-instigated stringent epidemiological screening of donors. It was thought that the rejection of donors with risk factors for HIV would also eliminate many with hepatitis B or C since they shared risk factors for infection such as injecting drug use and at least in the case of hepatitis B, sexual exposure. 

30. In Australia applications for financial support to conduct these re-evaluation studies were rejected by the NH&MRC and the NSW and Commonwealth Departments of Health, so they were instituted on a small scale as a collaboration between the NSW and WA Red Cross Transfusion services and the University of Sydney. Most patient recruitment occurred in the same cardiac surgery unit as the earlier (1979-81) study, and it was now feasible to ALT test donations and to recruit a non-transfused cohort of patients undergoing cardiac surgery. This new study was overtaken by the discovery of hepatitis C in 1989. 

31. This second Australian study
, did resolve some long standing questions. It showed that the rate of transmission of NANB hepatitis had halved (to 2 cases per 1000 units) in the decade since the earlier study in the same environment. This was attributed to the effect of exclusion of donors with risk factors such as injecting drug use and multiple sex partners. The study also found that the statistical association between anti-HBc and risk of transmission was no longer significant. Three factors were probably involved: the decline in acute hepatitis B amongst injecting drug users due to saturation exposure and past infection leading to immunity of older age injectors; adolescent vaccination prior to drug use amongst younger injectors; and more efficient exclusion of past injectors from the donor pool by the more stringent questionnaire. 

Discovery of hepatitis C virus

32. As soon as anti-HCV tests became available
,
 (late 1989) stored samples from donors and recipients were tested in many different centres. At first these tests were insensitive, but after refinement (third generation tests) they showed that at least 80% of cases of NANB hepatitis worldwide were due to HCV
, and that surrogate ALT or anti-HBc testing offered no advantage over routine testing of donations for anti-HCV. 

1990s

33. Tests of stored samples from cases of post-transfusion NANB hepatitis showed that anti-HCV antibody becomes positive soon after infection and then persists indefinitely whether or not the patient clears the virus from the circulation. The presence of virus was detectable by the reverse transcriptase polymerase chain reaction (RT PCR) method, and it was also shown that RT PCR negative donors did not transmit infection and that patients, including recipients, who had cleared the virus from the blood did not develop chronic liver disease.

Testing of stored samples from earlier studies of post-transfusion hepatitis.

34. Testing of samples from earlier prospective studies demonstrated that a very high proportion of cases of post-transfusion NANB hepatitis was caused by HCV, leaving only a small or negligible role for “non-A non-B non-C non-D non-E” hepatitis. 

35. Anti-HCV positive donors were extensively reviewed and about 40% were non-viraemic (ie RT PCR negative). These HCV RT PCR negative donors differed little from anti-HCV negative donors in terms of ALT levels or other markers of liver disease. Lookback of the outcome in recipients of past donations by these donors seldom, if ever, revealed transmission. Anti-HCV positive donors who were RT PCR positive on the other hand, had on average higher ALT levels than RT PCR negative donors, and in a substantial proportion the ALT was raised beyond the locally accepted upper limit of normal, though one third to one half fell within the normal range. Correlation with anti-HBc was inconsistent in different centres and at different times. 

36. Recipients of RT PCR positive blood had a very high risk of developing post-transfusion hepatitis C. About 40% were transiently viraemic but became RT PCR negative by the end of 12-18 months of follow up. Sixty percent were persistently infected and few, if any, subsequently cleared the virus from the blood. There was great disquiet when liver biopsies revealed chronic hepatitis and even cirrhosis on some of these asymptomatic recipients with persistent HCV in the blood and ongoing abnormalities of liver function tests. The significance of these findings for particular individuals and for HCV infected individuals in general is still in doubt because of the very slow and intermittent progression of liver damage and the influence of cofactors such as age at infection
, alcohol consumption
, HIV or other hepatitis virus infections
,
 and underlying disease which necessitated transfusion in the first place. 

37. There are few studies assessing the overall morbidity and mortality of transfusion recipients. Two studies in the US in 1994
 and Sweden in 1993
 showed that over half the recipients had died within five years. A UK estimate of the overall contribution of transfusion recipients to the pool of chronic HCV-related liver disease showed that the proportion was low and declining because of the effect of mortality from other causes amongst recipients
. A prospective study of mortality in patients who developed NANB hepatitis after transfusion in the US shows no increased mortality compared with uninfected transfused controls after 18 
 and 25 years of follow up
. However a Canadian study showed poorer quality of life in infected recipients than in uninfected but transfused controls
. 

38. Donor mortality may be a more reliable indicator of the consequences of HCV infection, avoiding confounding effects of the underlying diseases which necessitated transfusion in recipient cohorts. They are also on average younger than recipients, with a longer life expectancy during which HCV effects might become manifest. 

Testing of routine donors:

39. The proportion of anti-HCV positive donations collected in Western countries in the early 1990s ranged from 0.5-2%. Males between 25-40 years of age were the most affected demographic group within the donor pool. In some developing countries much higher rates were found on blood donor screening, and positive results were more evenly distributed in the donor pool.

Review of anti-HCV positive donors

40. In Western countries the source of infection was injecting drug use in the great majority of HCV positive donors
 despite the very specific process for self-exclusion introduced as a precaution against HIV transmission. Transfusion in the past was a less common risk factor
,
,
 and a history of hepatitis in the past was very unusual. 

41. In many other countries injecting drug use was rare amongst anti-HCV positive donors
,
,
,

42. There were also reports of sero-conversion of donors attributed to nosocomial transmission 
, and in some countries such as Germany 
 and France
 there was disquiet about the risk of nosocomial transmission in the health system generally.

43. Clinical review of anti-HCV positive donors raised the same concerns about the presence and significance of liver function test and biopsy abnormalities as the findings in recipients.
 Defining the natural history of HCV infection became the major issue in research especially in relation to the optimal timing of the newly available antiviral treatment.

Follow up of cases of post-transfusion hepatitis C

44. All studies revealed some cases with ongoing liver function test abnormalities and biopsy evidence of liver disease, but there were great differences in the proportion and severity. Many factors contributed to these differences
. For instance the cohort of patients studied at NIH by Alter and his colleagues over many years had included only patients who had raised liver function tests one year after transfusion and thus excluded those who resolved infection. Other studies involved the use of blood products such as immunoglobulin
,
 where the virus dose was of a much lower order than following transfusion of a unit of whole blood. Control groups of transfused patients who had not been exposed to HCV were not followed in parallel with the infected cohorts, and retrospective testing of recipients involved in earlier studies were used as comparators.

45. The most difficult issue in comparing and interpreting these studies is whether the rate of progression is linear or fluctuating. In general, estimation of long term outcome by extrapolation of disease progression from serial investigations over relatively short time periods yielded much more pessimistic predictions than those over long time frames or observed in very long term cohort studies
. Liver clinic cohorts were naturally biased towards poor outcome because most HCV infected patients first attend because of established disease
 and issues concerning cofactors such as alcohol use were not always explored
.

46. Most recent studies reveal a relatively benign outcome for most HCV infected individuals 
,
, despite the occurrence of severe and progressive liver disease including cirrhosis and hepatocellular cancer in some patients
. Very long term studies report a long term chronic liver disease rate of less than 10% in patients infected with HCV by transfusion in the past
,
.

Surrogate testing

47. Retrospective testing of donations implicated in transmission of cases serologically diagnosed as hepatitis C was used to clarify this issue. 

48. It was possible to compare the sensitivity and specificity of ALT testing and anti-HCV for preventing NANB hepatitis 
 and, at least in the low prevalence environment in the Netherlands the poor predictive value of ALT expected from clinical observations was confirmed. 

49. In 1990 a randomised controlled trial of ALT and anti-HBc testing was reported from Spain 
and failed to show any difference in the risk of NANB in patients receiving blood screened by the surrogate tests and the controls. Another similar study from France gave similar results. 
, but a Canadian study
 demonstrated benefit in addition to the larger effect of donor exclusion policy based on epidemiological risk factors
.

50. HJ Alter, in a review of the issue of surrogate screening over the past three decades
 concluded that, despite its conceptual appeal, ALT screening had never been substantiated as a routine measure to prevent post-transfusion NANB hepatitis, and its introduction was driven by concern about the emerging problems in recipients rather than evidence of its efficacy.

NAT testing

51. Acute community acquired hepatitis C in donors
 and uncertainties about the ability of anti-HCV testing to detect all virus subtypes led to the introduction of testing for the presence of the viral genome in donor samples. This added further complications to the screening system at a time when most untoward outcomes of transfusion were already attributable to non-infectious problems.
, and the rate of residual infection makes direct measurement of its value impracticable
,
. 

VIROLOGISTS’ UNDERSTANDING OF HEPATITIS C

1970s

52. The first unequivocal indication that “NANB” hepatitis was caused by a transmissible agent was obtained in 1978 when inoculation of plasma from affected humans caused hepatitis in chimpanzees
,
,
. The animals developed mild hepatitis but abnormalities of liver function tests were often persistent
, though liver pathology was minimal.
 This made it difficult to interpret challenge experiments designed to show if immunity followed infection
, but it was generally thought that there were at least two transmissible agents involved
  and that immunity if any was fleeting
.

1980s

53. Liver biopsies from animals who had received different inocula showed different features on electron microscopy
,
 leading to the belief that there were at least two distinct agents involved, though this was contested
. 

54. Studies by the CDC group showed that the NIH agent H was approximately 80 nm in diameter
, and was chloroform and ether sensitive
.
 This data was used in the design of virus inactivation steps during the change from cold ethanol plasma fractionation procedures to gel filtration methods
. These properties suggested that the virus might belong in the Flavivirus group which includes some significant human pathogens including yellow fever virus.

55. All attempts to grow the virus in cell culture or to transmit it to other animals failed, but the serum of experimentally infected chimpanzees could be assayed for infectivity
 which was found to be approximately 106 ID50/ml. This material later served as the starting point for the experiments which eventually yielded a molecular clone of the HCV virus.

56. Throughout the 1980s many groups attempted to find a test which would identify NANB hepatitis or its antibody in serum. Most developed serological tests based on antibodies derived from convalescent patients and antigens made by extracting serum or liver of patients with active disease. 

57. It was still not clear how many agents caused post-transfusion NANB hepatitis but the agent (hepatitis E) responsible for large outbreaks of an enterically transmitted NANB hepatitis was identified in 1983
 and shown to be a calicivirus quite unrelated to the parenterally transmitted infection.

58. There was considerable progress in understanding the delta agent
 which was shown to be a defective virus which could only replicate in liver cells already replicating hepatitis B.

59. Co- or super-infection with delta caused much more severe liver damage than hepatitis B infection alone. Delta was to be found only in situations where the high prevalence of hepatitis B provided a sufficient density of susceptible hosts to ensure transmission. Such situations included regions of South America, the Pacific and Asia as well as dialysis units and circles of IV drug users in Western countries.

60. Molecular techniques were developed for detection of viruses in blood and tissues. When these were applied to hepatitis B it was found that virus persisted in the liver long after apparent recovery
. This accounted for the long known ability of the virus to reactivate under circumstances where an “immune” person is immune suppressed therapeutically. It also raised questions about the involvement of defective hepatitis B virus in cases of NANB hepatitis
.

61. The use of molecular cloning methods enabled the Chiron Corporation scientists to clone fragments of RNA from infective chimpanzee serum
. At least 1 million such fragments were cloned into E coli and the proteins expressed. One fragment produced a polypeptide which reacted with serum from a convalescent NANB hepatitis patient and from this diagnostic tests were quickly produced

1990s

62. Firstly the virus was assigned to the pestivirus group on the basis of its physical properties and the organisation of the genome which more closely resembled pestiviruses than the closely related flavivirus group
.

63. Key insights into the virus structure and replication strategy were achieved by molecular techniques but the virus remains uncultivable which hampers investigation of immunity and vaccine development. 

64. The mechanism which allows HCV to persist in the body is the production of successive mutations which evade the specific immune response of the host
. The key factor responsible for virus clearance in 40% of infected people has not been identified, nor is it clear whether previous infection and virus clearance protects against a new exposure.

65. Use of specific tests for virus and antibody have shown that transmission is almost entirely related to inoculation of blood or body fluids
. About 10% of viraemic mothers transmit to their infants and sexual transmission is very unusual. Globally HCV infects about 170 or more million individuals, the highest prevalence occurring in poor countries where unsafe injections of medicinals or vaccines are the main route of transmission. In Western countries most transmission occurs between injecting drug users. This raises questions about the origin and persistence of HCV in the human population but no animal reservoir has been found. However the molecular techniques used to discover HCV have revealed several other human blood-borne viruses eg “Hepatitis G”
, TTV
 and Sen-V
. Their implications for the transfusion service are at present regarded as unimportant because they are common in the population at large and have no clear disease associations. 

66. Genetic analysis of virus strains from different countries showed characteristic regional sequence patterns
 suggesting that the virus has long been established in human populations
. These techniques also permitted tracing of the spread of particular strains in relation to specific modes of transmission such as IV drug use.

HEPATOLOGISTS’ UNDERSTANDING OF HCV

1970s

67. The discovery of hepatitis A virus and development of diagnostic tests resulted in definition of a new category of acute hepatitis referred to as non-A non-B hepatitis. This occurred in two very different settings. The first type, referred to as parenteral NANB hepatitis
 was recognised in association with blood transfusion, renal dialysis and other sophisticated medical interventions in Western countries. The other, “enteric NANB hepatitis” occurred in large water-borne outbreaks in tropical countries, especially in the Indian sub-continent
.

68. The first type was often referred to as “transaminitis” indicating its essentially sub-clinical nature and a belief that it was often caused by drugs or toxins (for instance one large outbreak in a Scandinavian dialysis unit was caused by hardener leaching from the plastic tubing used in intravenous therapy lines
). Long lists of drugs associated with acute hepatitis
 were compiled, and the occurrence of abnormal ALT in many common infections such as glandular fever
 and cytomegalovirus infection was recognised. Abnormal liver function tests were also common in injecting drug users quite apart from the frequent occurrence of acute hepatitis B. This was attributed to impurities in street drugs, especially talc
, which could often be seen microscopically in liver biopsies from injecting drug users.

69. The importance of HBV as a cause of liver cirrhosis and carcinoma was gradually defined.
 In Asia and sub-Saharan Africa where carrier rates in the health population were highest, hepatitis B related chronic liver disease was much more prevalent than in Western countries, where alcohol was the major aetiological agent. It was soon shown however that persistent hepatitis B infection leads to comparable risk of cirrhosis in all geographical regions although there is an additional risk of primary liver cancer in some areas attributable to exposure to dietary toxins
. In all areas of the world the cause of chronic liver disease remained obscure in a large minority of cases after hepatitis B and excessive alcohol consumption had been eliminated. These cases were classified as “cryptogenic” and because autoimmune antibodies could be detected in the serum of many of these cases they were thought to be caused by an immunological mechanism. It was notable that these patients for the most part lacked a history of an episode of acute hepatitis in the past or a risk factor for hepatitis such as blood transfusion. 

1980s

70. The introduction of neonatal hepatitis B vaccine in high prevalence countries began to show benefit in terms of a reduction in carrier rates and liver disease in young children. In Western countries it was targeted at high risk groups including injecting drug users and attendees at sexually transmitted disease clinics. In general however hepatitis was overshadowed by HIV as an infection risk in both these epidemiological risk groups. More intense health surveillance in the wake of HIV helped define the natural history of NANB hepatitis in both groups, showing that it was very common amongst injecting drug users
, but of low prevalence in STD clinics except among patients who were also drug users. There was little attempt to develop long term outcome studies in these difficult-to-trace patient groups, and they did not account for a substantial proportion of patients in liver clinics. When they did, they often reported other risk factors for liver disease such as high alcohol consumption.

71. Patients from the prospective post-transfusion hepatitis studies were under observation by hepatologists. After one or more decades many still had fluctuating ALT levels but clinical liver disease was unusual. Liver biopsies however showed changes consistent with ongoing infection and progressive liver damage in patients with continuing elevation of their liver enzymes.

72.  In Japan, where post-transfusion NANB hepatitis was very prevalent, liver clinics began to report cirrhosis and primary liver cancer in hepatitis B negative patients with and without a history of blood transfusion
. This led to a re-evaluation of the situation in Western countries, but no firm conclusion could be drawn in the absence of a specific test.

1990s

73. The application of specific HCV testing to individual patients revolutionised clinical understanding of the role of the virus in chronic liver disease
. A high proportion of cases of “cryptogenic cirrhosis” were viraemic for HCV
 as were asymptomatic blood recipients with ongoing liver function test abnormalities
. 

74. A consensus picture emerged where acute infections which did not resolve within about one year led to persistent, probably life long, viral replication in the liver
. After several decades a proportion of these persistently infected individuals developed clinical liver disease
, 
,
 The exact timing and overall risk is still being ascertained, but early estimates based on retrospective data were almost certainly too pessimistic
,
. Sequential studies of post-transfusion and other
 cohorts being prospectively studied have yielded lower estimates of clinically significant liver damage at successive time points. These are more in line with the results of mathematical analysis of community surveillance data.
 However all current studies are handicapped scientifically because HCV treatment is now often instituted in individuals at a relatively early phase of infection so the natural course of infection cannot be known.

75. Treatment of chronic viral hepatitis entered clinical practice during the 1990s. It requires a combination of a specific antiviral drug (such as ribavirin in the case of hepatitis C) and interferon, which is a lymphokine secreted by the host in response to many virus infections and plays a crucial role in their control. Treatment is lengthy and expensive but newer regimes and drug modifications have resulted in a much higher percentage of cures
.

76.  The extent of HCV infection amongst injecting drug users was unexpectedly high and this led to predictions of very high prevalence of chronic liver disease in Western countries in years to come
. The high transmissibility of HCV amongst injecting drug users in Australia contrasts with the much lower rate for HIV
. 

77. Community acquired HCV infection is difficult to study because of the non-specific picture of acute infection. The proportion of cases attributable to injecting drug use varies in different places and at different times
,
,
. Studies of injecting drug users have yet to demonstrate clear evidence of immunity after viral clearance with or without the persistence of anti-HCV antibody. A vaccine for either prevention or treatment of HCV is thus still far off.

78. Specific HCV testing of blood donors and liver disease patients during the 1990s revealed great variation from country to country
. In several poor countries this has been convincingly attributed to shortcomings in infection control during mass immunisation or treatment campaigns. In Egypt, for instance HCV prevalence is highest in the Nile delta where shistosomiasis control programs required repeated injections of an anti-helminthic drug which was usually distributed in multidose containers or syringes
. The burden of liver disease is already high amongst middle aged and elderly individuals in these countries
 and even in emigrants who left the high prevalence area many years ago. In Italy
 and Japan
 HCV is mainly found in older age groups and this is attributed to iatrogenic transmission as a consequence of problems in funding immunisation campaigns immediately post war. These findings
, 
 suggest an incubation period of four or five decades between initial infection and development of clinical liver disease
. Since many infected patients remain healthy it remains to be seen if they will escape disease entirely or whether more will succumb in time
,
. 

79. The association of HCV infection and primary liver cancer was first observed in Japan but during the course of the decade was recognised as a complication of HCV related cirrhosis in all countries. This was unexpected because no tumours have been associated with pestivirus infections of animals and there is no obvious virological mechanism of carcinogenesis. This is an area of active research.

80. Although injections both medicinal and non-medicinal are clearly effective in transmitting HCV
 sexual contact appears to be extremely inefficient
 and viraemic mothers transmit to only about 10% of their offspring. Some types of injection such as acupuncture
 are much less important epidemiologically than others. Much remains to be learned about the natural history of HCV. 

APPENDIX 4 – Response to term of reference (f) 

This paper was written by Professor Yvonne Cossart, Bosch Professor of Infectious Diseases at The University of Sydney.

Introduction

All reports of retrospective testing of stored donor samples after specific hepatitis C tests became available show that some anti-HCV positive donations would have been rejected and a proportion of post-transfusion NANB cases prevented had surrogate testing and donor deferral been implemented during the 1980s. The number of cases prevented and overall effect would have depended on: the actual level of the cut off level used to define ALT abnormality; the ethnic and social composition of the donor panel of the time; and the actual rate of post-transfusion NANB hepatitis following transfusion of units retained or rejected. These parameters are not easy to assess in retrospect and were even more difficult to estimate at the time because surrogate testing of donations was only one of four major strategies used during the 1980s to reduce the risk of non-A non-B hepatitis after blood transfusion
. 

These strategies and their rationale were:

1. Limiting the amount of blood given to individual patients to the minimum essential level. This reflected the direct relationship between the number of units transfused and the risk of post-transfusion hepatitis.

2. Phasing out of paid donors throughout the transfusion system. This was a response to the greatly increased risk of post-transfusion hepatitis in recipients of blood supplied from commercial sources.

3. More intense epidemiological screening of volunteer donors. The HIV pandemic revealed that a significant proportion of volunteer donors did not perceive that they had risk behaviours which might expose them to infection with blood-borne viruses, so much more stringent pre-donation questionnaires were introduced to exclude donors with a history of previous sexually transmissible diseases or injecting drug use. 

4. Testing of donations for evidence of abnormal liver function tests (ALT elevation) or evidence of recent and incompletely resolved hepatitis B. It was hoped that ALT, the first of these “surrogate tests” would predict a higher risk of transmission of hepatitis by identifying donors with ongoing liver damage from any cause, including virus infection. The other test, anti-HBc, was only of interest if the donor also lacked antibody to hepatitis B surface antigen. It then indicated recent and/or incompletely resolved hepatitis B infection and thus was more likely to be present in individuals exposed to one blood-borne virus (hepatitis B) with potential risk of exposure to others eg Non-A non-B hepatitis.

These measures were given different priorities in different countries according to the evidence available about their relative value in the local situation. Assessment of the effect of each individual measure could only be made by specifically designed large scale controlled trials. Few of these were ever instituted, and it was recognised that the results obtained in one centre were of doubtful significance in terms of policy decisions in another, even within a single country, and that ongoing policy changes would quickly make the findings obsolete even for the particular centre where the study was performed. This cast doubt on the conclusions drawn from prospective large multicentre studies and from re-analysis or retesting of material from studies conducted even in the relatively recent past.

There was good global consensus about the value of the first three of these preventive measures but major controversy about the value of surrogate testing
. This has partly been resolved by the availability of specific tests for hepatitis C, but the controversy about the value at that time continues
. 

An estimate of the hypothetical benefit in Australia from exclusion of donors using surrogate markers:

If surrogate testing for both raised ALT (>50IU/L) and anti-HBc alone had been introduced during the late 1980s approximately 512 (0.091%) units would have transmitted HCV each year compared with 615 (0.11%) had the same number of donors been deferred on the basis of an arbitrary marker such as the initial of their surname.  

THESE ESTIMATES REFER TO THE RISK OF TRANSMISSION BY AN INDIVIDUAL UNIT OF BLOOD ONLY, THE NUMBER OF CASES OF HEPATITIS C PREVENTED WOULD BE SUBSTANTIALLY LESS BECAUSE MOST PATIENTS RECEIVE MULTIPLE UNITS OF BLOOD (eg 5-6 in the case of cardiac surgery in that period). No information is collected about the number of transfusions administered in Australia or the number of units per transfusion so a more precise estimate is impossible.

Factors that would have attenuated the impact:

THE RISK OF PERSISTENT POST-TRANSFUSION HEPATITIS C IS LESS THAN 25% OF THE RISK OF TRANSMISSION.

At least 40% of infected patients clear HCV within one year of infection and have no risk of ongoing liver disease. By the end of two years after a transfusion 50% of patients have died of their underlying disease before persistence is established.
 

THE RISK OF CHRONIC HCV RELATED LIVER DISEASE IS STILL LOWER.

The risk of clinically significant liver disease in persistently infected individuals is generally regarded as less than 25% over three decades. 

OBSERVATIONS FORMING THE BASIS OF THESE CALCULATIONS

The observations forming the basis of these calculations are as follows:

Number of blood transfusions administered per year in Australia:

This figure is not available. The nearest approximations (which will overestimate the true figure) is the number of units of blood and packed cells issued. Blood products are excluded because pooling of donations and subsequent processing introduce different variables.

Between 1985 and 1990 the average number of donations collected was just under 700,000 
 of which probably 80% were used for transfusion of whole blood or platelets.

Proportion of anti-HCV donations causing post-transfusion hepatitis if transfused:

The only direct data
 reported a transmission rate of 27%. This agrees well with indirect evidence about the proportion of anti-HCV positive donations which contain HCV RNA. On that basis 38% would have transmitted
 The higher level has been used in these calculations.

Proportion of Australian donors with ALT > 45 IU/ml:

This has been reported as 2.2% in Queensland, 
 and 4.9% in WA and 1.5% in 
NSW
 A figure of 3% has been used I these calculations. 

Proportion of Australian donors with anti-HBc alone: 0.8%
.

Proportion of Australian donors with raised ALT who are anti-HCV positive
: 8%.

Proportion of Australian donors with normal ALT who are anti-HCV positive (92% of all HCV) = 0.25%212.

Proportion of Australian donors with anti-HBc alone who are anti-HCV positive . Only one direct estimate is available 0.03%212.

Proportion of donors with raised ALT who are also anti-HBc positive 0.1%
.

Proportion of unselected donors who are anti-HCV positive:

The first round of testing
 for anti-HCV in Australia between Feb 1990 and June 1991 yielded the following rates WA 0.32%, Vic 0.27% NSW 0.31% Qld 0.25%.

A figure of 0.3% has been used in the calculations.

The following Tables explain the reasoning used:

Each year: 

	Units of blood released
	700,000

	3% ALT↑, 0.8 % anti- HBc alone total surrogate positive
	26,600

	These are not used and the remainder number
	673,400

	These ALT normal units will have a risk of HCV RNA of 0.25%
	1,683

	Of these 38% will transmit
	640


The risk of releasing a unit which will transmit HCV is 0.091%.

In the case of an unselected withdrawal of the same size:
	Risk in the remaining 673,400 units will be 0.3%
	2,020

	Of these 38% will transmit
	768


The risk of releasing an HCV RNA positive unit is 0.11%.
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