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THESIS SUMMARY 
 
Around 50,000 hip and knee replacements are performed every year in Australia and 

this number has been increasing by around 13% annually since 1998 (Transplantation 

Society 2006).  The incidence and number of revision surgery has increased by a 

similar proportion.  Autogenous bone or allograft is still the gold standard grafting 

material and is currently used in a variety of reconstructive surgical procedures.  The 

use of any allograft material carries with it the risk of transfer of disease from donor to 

recipient. These tissues can transmit the same viral and bacterial infections as blood, 

and the products of a single donation may be transplanted to several recipients. In 

contrast to blood, musculoskeletal tissues may come from surgical and cadaveric 

donation.  Overall, the prevention of infection relies on the maintenance of rigid 

protocols for procurement, donor and allograft testing, secondary sterilisation, and the 

adherence to internal safety standards within the tissue banks.  

 

This thesis aims to determine the risk of viral infection among musculoskeletal tissue 

donors in Australia. We retrieved and analysed data retrospectively from three large 

tissue banks in Australia (Perth, Queensland, Victoria). This includes 12,415 

musculoskeletal tissue donors, 10,937 of which are surgical donors and 1,478 of which 

are deceased donors, for the period of 1993 -2004. This data was analysed to determine 

the prevalence and incidence of viral infections such as human immunodeficiency virus 

(HIV), hepatitis B virus (HBV), hepatitis C virus (HCV) and human T-lymphotropic 

virus (HTLV) in musculoskeletal allografts.  The results indicate that the risk of viral 

infection from musculoskeletal tissue transplantation in Australia is low. The 

probability of a donor being viremic but serologically negative at the time of donation 

is calculated to be 1 in 128,000 for HIV, 1 in 188,000 for HBV, 1 in 55,000 for HCV 
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and 1 in 118,000 for HTLV. These figures are further reduced with nucleic acid 

amplification testing (NAT); however NAT is more complex, time consuming, and 

expensive than most serological testing. 

 

Currently, in Australia, the majority of musculoskeletal tissue donations are from living 

surgical donors, predominantly consisting of retrieved femoral head postprimary hip 

arthroplasty. However, to fulfil the increasing demand for tissues, there is a trend to 

begin the use of materials obtained post-mortem from organ donation patients and from 

cadaveric sources. This thesis compared the risk of viral infection from living and 

nonliving musculoskeletal tissue donors in Australia. Results indicate that current 

mandatory retesting of surgical donors six (6) months postdonation reduces the risk of 

viral infection by approximately 95% by eliminating almost all infected donors in the 

window period. The results also suggest that the use of NAT as an additional screening 

tool for nonliving donors would reduce the residual risk to levels comparable to that in 

living donors. 

 

The risk of major blood-borne infections from musculoskeletal tissue donation in 

Australia is very low due to sensitive screening methods and effective donor 

recruitment and selection. Analysis of infection trends in tissue donors is an essential 

part of monitoring the effectiveness of donor deferral strategies, testing algorithms, and 

the safety of tissue supply. This thesis focussed on the trends in prevalence of HIV, 

HBV, HCV and HTLV infections in Australian musculoskeletal donations and 

evaluated the changes in incidence and residual risk in 12,415 musculoskeletal 

donations for the period 1993 to 2004. The results indicate that the overall prevalence 

of screened transfusion-transmitted viral infections did not vary significantly for 
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musculoskeletal donors over the study period, despite falling in the general population 

and first-time blood donors. In tissue donors, HIV incidence significantly decreased 

over time, and HBV decreased significantly during 1999-2001; however, there was an 

apparent increase in the estimated incidence of HCV in 2002-2004 compared with 

earlier years. Furthermore the residual risk estimate of HIV in the period 2002-2004 has 

declined 5-fold compared to estimates in the period 1993-1995. This is perhaps due to 

greater awareness of high risk behaviours among donors, improvement in donor 

recruitment and an overall decrease in infection levels in the general population. 

 

Musculoskeletal tissue is second only to blood as the most frequent transplanted human 

tissue. Viral infection is a potential complication of tissue transplantation. In this thesis 

the rates of HIV, HBV, HCV and HTV infection in musculoskeletal donors in Australia 

were identified and then compared with results in published data from Canada, 

Scotland and the United States. The study also compared that result with first-time 

blood donors because they have satisfied similar donor selection criteria (Galea et al. 

2006). The results indicate that prevalence and incidence estimates for viral infection in 

Australian tissue donors are higher than those in blood donors. This was also reported 

in studies from other countries. Accordingly, it is crucial that viral prevalence and 

incidence be monitored to evaluate the safety of tissue supply and to improve donor 

selection processes. 
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5.1 DISCUSSION 

 

Over 6,000 musculoskeletal grafts are implanted annually in Australia for use in trauma 

surgery, joint replacement arthroplasty, tendon reconstructive surgery, and in other 

treatment modalities. In order to safeguard patient safety from tissue implantation there 

is an ongoing need to minimise the possibility of disease transmission from donated 

bone grafts. However, there is no national data on the risk of infection associated with 

musculoskeletal allograft transplantation in Australia. 

 

In the past few years, tissue banks have made significant progress regarding the 

provision of safe and efficacious grafts, however there is little knowledge by medical 

clinicians and the general public of the risk of disease transmission from this source.  

Orthopaedic patients receiving transfusions may worry about the safety of the blood 

they receive, but be blissfully unaware of the possible risks associated with the allograft 

bone in their femur or hip.  The risk of disease transmission from donor to recipient is 

always present.  Therefore the supply of safe allograft material is central to the success 

of an allograft reconstruction program. Since 1993, all musculoskeletal tissue banks in 

Australia have been regulated by the Therapeutic Goods Administration (TGA), which 

issues a framework for donor tissue screening, retrieval, processing, distribution, and 

reporting of adverse events (Australian Therapeutic Goods Administration 2000).  

However, there is no evidence-based data on the risk of viral and bacterial infection 

associated with musculoskeletal tissue transplantation in Australia.  As such there are 

immediate limitations to the assessment of current screening and processing methods, 

and little support by way of information medical practitioners can provide to their 

patients and the general population. 
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Currently, there are no national estimates of the risk of viral infection from 

musculoskeletal tissue transplantation in Australia. Using data from three large tissue 

banks in Australia (Perth, Queensland and Victoria), this project evaluated the risk of 

human immunodeficiency virus (HIV), hepatitis B virus (HBV), hepatitis C virus 

(HCV) and human T-lymphotrophic virus (HTLV). By applying the Incidence/Window 

Period model to incidence estimates for musculoskeletal donors, the probability of a 

donor being viremic but serologically negative at the time of donation was calculated to 

be 1 in 128,000 for HIV, 1 in 188,000 for HBV, 1 in 55,000 for HCV and 1 in 118,000 

for HTLV. These figures indicate that the risk of viral infection from musculoskeletal 

tissue transplantation in Australia is low. With the addition of nucleic acid 

amplification testing (NAT), the probability of donor viremia would be reduced to 1 in 

315,000 in HIV, 1 in 385,000 for HBV and 1 in 500,000 for HCV. NAT reduced the 

risk of viral infection, but is very complex, time consuming and expensive. 

 

Screening with NAT of musculoskeletal tissue donors for HIV and HCV has been 

implemented in the United States and other developed nations. In Australia, however, 

the majority of musculoskeletal tissue donations are from living surgical donors. This 

thesis investigates the prevalence and estimated incidence of HIV, HBV, HCV and 

HTLV in living donors and nonliving donors in Australia, to ascertain whether there is 

a greater risk of viral infection associated with tissues obtained from nonliving donors 

and whether NAT screening tests should be implemented. Results indicate that current 

mandatory retesting of surgical donors six (6) months post donation reduces the risk of 

viral infection approximately 95% by eliminating almost all donors in the window 

period.  NAT screening of donations from non-living donors would similarly reduce the 
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window period, and consequently the residual risk by approximately 50 percent for 

HBV, 60 percent for HIV, and 90 percent for HCV. NAT screening for non-living 

musculoskeletal tissue donations will reduce the risk of viral transmission to rates 

similar to that among living donors undergoing 6-month serological retesting. 

 

Monitoring trends in infectious disease rates is important in determining the safety of 

the tissue supply including the effectiveness of donor deferral criteria, serological 

testing, and other screening measures. This project evaluated the changes in the 

prevalence, incidence and residual risk of major transfusion-transmitted viral infections 

between 1993 and 2004 using data collected from three major musculoskeletal tissue 

banks in Australia. The results showed that prevalence for all viral markers were higher 

in musculoskeletal tissue donors than in first-time blood donors. For musculoskeletal 

tissue, donor trend analysis showed that prevalence rates of HIV, HBV, HCV and 

HTLV remained relatively stable. However, there was a significant decrease in the 

estimated incidence of HIV for tissue donors during the study period (p<010001). Our 

results suggest that the current risk of transmission of HBV is 1 in 274,000, and HCV is 

1 in 45,000. The residual estimate for HIV in the period 2002 through 2004 is 1 in 

417,000, a decline of more than five-fold when compared to the 1 in 80,000 estimated 

in the period 1993 through 1995. In Australia, the current risk of a musculoskeletal 

tissue graft recipient becoming infected with a retrovirus or a hepatitis virus is 

extremely low. These findings affirm the effectiveness of current stringent donor 

selection criteria and screening methods in reducing the residual risk of transfusion-

transmitted viral infections. 
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The comparison of viral prevalence and incidence among tissue donors provides an 

indication of the relative safety of the tissue supply in different countries. The common 

perception among clinicians that the risk associated with the transmission of viral 

infection from a musculoskeletal tissue donor is equivalent to that of a first-time blood 

donor is inaccurate. Our findings show that while prevalence rates in tissue donors are 

low, they are comparably higher than blood donor rates (p<0.05), a pattern also 

reported by Canada, Scotland and the United States. However, it must be admitted that 

the results of this study are highly dependent on the assumptions inherent in the 

mathematical risk model and the accuracy and completeness of the original data 

collection.  Comparisons of data between countries are also affected by differences in 

donor selection policies, the evolution and differences in screening tests, and 

differences in the donor profile. 

 

5.2 FUTURE DIRECTION 

Despite demonstrating its ability to interdict HCV sero-negative organ and tissue 

donors, a French study suggested that the cost-effectiveness of such testing may not 

compare favourably with that of other health preventative measures, such as the 

application of more stringent donor exclusion criteria, or better reporting methods 

(Challine et al. 2004).  This is certainly the experience with HIV and HCV NAT donor 

screening in the US where its cost effectiveness has been assessed as poor – in the order 

of 4.7 and 11.2 million US$ per quality-adjusted life year (QALY) saved.  This is 

substantially higher than the upper limit of $50,000 per QALY normally applied to 

assess healthcare interventions.  Further studies are needed to evaluate the efficacy of 

nucleic acid amplification testing (NAT) in Australia, as an additional screening tool. 

NAT is more complex, time consuming, and expensive than most serological testing 
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which may discourage implementation.  Some of the cost may be offset by the 

discontinuation of less effective serological tests. Similarly cost effectiveness maybe 

achieved by spreading the cost over the total number of products sourced from one 

donor. 

 

Cytomegalovirus (CMV) infections usually cause minimal, often asymptomatic disease 

in individuals with normal, healthy immune systems.  However, in immuno-

compromised patients, CMV infections represent a significant risk for serious, or even 

fatal, morbidity. Furthermore, post-transplantation, systemic CMV disease appears to 

be a negative prognostic factor for long-term graft survival.  One key parameter for 

preventing transfusion-transmitted CMV is to determine the frequency of primary 

CMV infection among sero-negative bone donors.  Only a few studies have been 

published concerning this in blood donors, and there is no literature regarding the risk 

of primary CMV infection in bone donors. 

 

A study by the Perth Bone and Tissue Bank (PBTB) in 2005 showed an overall 

rejection rate of 32% for musculoskeletal tissue donors, a figure in the upper range of 

the 17-36% rejection rate reported by other banks (Ivory & Thomas, 1993; Lord et al. 

1988; Tomford et al.1990).  Allografts may be contaminated with exogenous micro-

organisms during the retrieval or processing of tissue. Future studies should evaluate 

the risk of bacterial infection in musculoskeletal tissue donors and factors which may 

contribute to the increased bacterial bio-burden from recovered tissue including the 

recovery environment, the length of time from death to tissue harvesting, the cause of 

death, and the number of staff involved during tissue harvesting.  
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Screening for markers of infectious disease, although important, is an incomplete 

solution to the problem of ensuring safety of musculoskeletal allografts. Pre-donation 

screening of donors for risk factors of transmissible diseases should still be considered 

of primary importance in reventing transmission of disease. A review of the 

musculoskeletal donor selection criteria for both living and nonliving donors should be 

conducted in order to reduce the risk of infection in musculoskeletal allograft 

transplantation. 

 

The demand for musculoskeletal tissue is growing in Australia.  It has been estimated 

that in 10 years 50% of all orthopaedic procedures will involve tissue grafts (Hackett 

2001).  In Australia, 88% of musculoskeletal allografts are retrieved from surgical 

donors with the majority sourced from femoral heads obtained post primary total hip 

replacement (Transplantation Society 2006). Future studies should evaluate the supply 

and demand of musculoskeletal allografts in Australia, including overall availability, 

size and composition of the national pool of cadaveric donors, and ways to increase the 

rate of donation. 

 

The increasing demand in musculoskeletal allograft underpins attempts to increase the 

supply from available donors.  Data-driven analysis of the pool of potential donors is 

essential to evaluate the performance of tissue procurement organizations.  More 

donors are needed to fill the growing need for tissue donation and refusal to donate 

remains a significant obstacle to tissue donation rates (Maloney & Altmaier. 2003). A 

better understanding of Australian tissue donor beliefs and motivations is needed to 

develop targeted interventions to improve the process, thus potentially increasing the 

number of families who consent to tissue donation. Recruiters must know how 
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motivation variables and correlation patterns differ with donor experience and gender, 

and then be able to develop targeted recruitment and retention strategies (Glynn et 

al.2006; Hupfer et al. 2005; Suarez et al. 2004). The combination of retrospective 

analysis of data concerning rates of musculoskeletal tissue donation and identification 

of factors which affect it, will lead to improved education of medical professionals and 

hospital staff, and greater awareness among potential donors and the general 

population. 
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