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1. Definitions

Physical Examination:

The definition as given includes the need for a Physical Examination of Living Donors. Given that these
donors are (in the main) patients undergoing total hip arthroplasty the possibility of the examination being
completed are minimal at best. Patients are assessed as suitable for surgery by the treating Orthopaedic
Surgeon; acceptance into the donor program is dependant on completion of Medical / Social
Questionnaire rather than a physical examination.

Recommend:

» Delete the words “living or” from first line of current definition. To now read: “Physical Examination
means a clinical based inspection of a deceased potential donor to determine suitability of the
person to be a donor and includes at minimum the relevance of any abrasion/laceration,
bruise/haematoma, fracture, tattoo, piercing, scars, skin lesion, surgical incision or other
distinguishing external feature that may be indicative of a behaviour, lifestyle or disease.”

2. Schedule 3 Medical & Social History

(2) A “Qualified Interviewer” can collect the required information via a telephone interview — this statement
has created a double standard between deceased and living donors. In the decease donor setting it is
routine to complete a Medical / Social History Interview over the phone with Next of Kin and medical
Officers.

Recommend:

« Delete the words “at a face-to-face interview” from last line of paragraph. To now read: “human
blood and blood components, human tissues or human cells must not be collected from a living
donor unless the Medical and Social History interview has been conducted by a qualified
interviewer with the donor or guardian/next-of-kin”.

(2) (a) Interviews can, and often do, occur up to 30 days prior to donation; especially when interviews are
conducted within hospital pre-admission clinics. Documentation of Medical / Social History within this
timeframe doesn't have a deleterious effect on acceptance of the particular donor.

Recommend:
= Change the words “at no more than 7 days prior to donation” from first line of paragraph. To now
read: “The interview must occur as close as possible to, but at no more than 30 days prior to
donation, unless(c) or (d) applies, and the history must be documented at that tine”.

« Delete (b)
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human cellular therapies

Table 2: Minimum medical and social criteria required to define a donor's risk of recent exposure to

infectious disease:
Recommend (recommended changes in red):

Standards for minimising infectious disease transmission via therapeutic
goods that are human blood and blood components, human tissues and

Donor Medical/Social History Criteria

Ineligibility Period

Allogeneic

Autologous

Tattoo or body piercing

Agree as written

Acupuncture

Needle stick injury etc

Agree as written

Agree as written

“Agree as written

'Agree as written

Agree as written

| Inmate of a prison

Sex worker, or received money for sex

Agree as written

Agree as written

Agree as written

Agree as written

Male to male sexual relationship Permanent Agree as written
Sexual relationship with a person known to have:
- Hepatitis C )
HIV Permanent Agree as written

- Male to male sex

Sexual relationship with a person known to be a

sex worker

Agree as written

Agree as written

Ever injected any drug for a non-medical reason

Agree as written

Agree as written

A recipient of human derived clotting factors that

do not meet the requirements of this order

12 months

Agree as written

A recipient of viable animal cells or tissues

Agree as written

Agree as written

Known to be infected with:
Hepatitis C
HIV
HTLV 1/HTLV 2

Suspected to be infected with:
-~ Hepatitis C
HIV
—~  HTLV 1/HTLV 2

Agree as written

Agree as written

Agree as written

Agree as written

Known, suspected or at risk of being infected with
Hepatitis B

Physical evidence of sepsis .......... etc

Agree as written

Agree as written

Agree as written

| Agree as written

Active infection of the cells and tissue to be

retrieved ....... etc

Agree as written

Agree as written

Active infection of Tuberculosis

Agree as written

Agree as written
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Recommendations Cont'd:

Ineligibility Period
Donor Medical/Social History Criteria

Allogeneic Autologous

' Typhus Agree as written “Agree as written

Assessment to be made
according to type of tissue
Risk of Prion Disease being donated (low risk | Agree as written
with MS Tissue, high risk

with neural / limbal tissue)

Recipient of human pituitary derived growth

e Agree as written Agree as written
| Recipient of allogeneic organ(s) Agree as written Agree as written
Recipient of allogeneic cells or deceased donor
tissue allograft that do not meet the requirements of | 12 months Nil
this Order
'Recipient of live vaccine(s) or Hepatitis B vaccine Agree as written Agree as written |

3. Schedule 5 Donor Testing & Examination

(1) Each donor of human blood and blood components, human tissues or human cellular therapies must
be tested and examined for evidence of infectious diseases in accordance with the relevant and applicable
donor groups. Assessment of donor blood samples and the physical examination of the donor are key
determinants of donor acceptability or rejection. Donors of human blood and blood components, human
tissues and cellular therapies must be evaluated as follows:

(a) Donor testing must include, at minimum serological and NAAT testing for the infectious disease
markers as indicated in Table 4 of this Schedule.

The Council of Europe (Guide to Safety and Quality Assurance for Organs, Tissue and Cells ') state the
following:

“For tissues prepared from surgical residues (an example of a surgical residue is a femoral head retrieved
during the course of total hip arthroplasty) HIV 1 & 2 and HCV antibody testing should be undertaken on
the donor at least 6 months after the donations before the tissue can be released unless validated antigen
testing for HIV (p24Ag) or molecular biology test (eg PCR) for HIV and HCV was negative at donation or
unless a validated method for viral inactivation is used.
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Recommend:

« Insert the following — “All tissue donors must be subject to HIV, HCV and HBV NAAT Screening.
For tissue grafts prepared from Living Donors initial serological screening must include NAAT
testing for HIV, HCV and HBV. Repeat serological screening should be undertaken on the donor
at least 1 month (30 days) after the donation before the tissue can be released.”

(c) A physical examination must be conducted by a competent person to ascertain the suitability of a
donor to donate cells or tissues and must take place,
i.  On the day of blood, cell or tissue collection; or
i. If not possible for cells and tissue, as close as practicable prior to the time of cell or tissue
collection, i.e. generally within 5 days and no more than 7 days; or
iii. For a deceased donor, prior to cell or tissue collection and no later than 24 hours after death.

Musculoskeletal tissue living donors are patients scheduled for elective total hip arthroplasty — they are
assessed as suitable for surgery by their treating Orthopaedic Surgeon. Typically, tissue banks don't have
physical contact with these donors; the inclusion of a requirement for physical examination will diminish
the availability of donor tissue of this type without adding to the safety of the donation..

Recommend:

+ Change wording to (1) (c) as follows — “A physical examination must be conducted on all
deceased donors ...................

(2) Where cells and tissues can be stored for long periods without impairing fitness for use, repeat
sampling and serological or NAAT testing of the living donor
(a) For HIV, HBV and HCV must be performed at a minimum of 180 days after collection of the
donation sample, to provide assurance that the initial sample was not collected during the window
period for infection.
(b) And the donor of a rare cell or tissue type is not available for the repeat 180 day sampling; the
initial donor sample must be tested by NAAT for HIV, HCV and HBV.

Nucleic Acid Amplification testing (NAAT) is among the newest technologies available to increase the
safety of tissue donor screening. It utilises the ability of the screening laboratory to isolate and detect
genetic material from deadly viruses such as Human Immunodeficiency Virus (HIV), Hepatitis C Virus
(HCV) and Hepatitis B Virus (HBV).

Previous testing methods involved the detection of antibodies that the body produces in response to an infection.
The main problem with this detection method is that the body takes a certain amount of time to produce the
antibodies in detectable amounts. This period of time, from the time of infection to the time of production of
detectable amounts of antibodies is called the “"seroconversion window” or the “window period”
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Historically to the "window period” problem; antibody screening had a very high rate of false-positives. To err on
the side of safety screening tests for HIV, HCV, HBV and HTLV were designed to detect as many positive blood
donors as possible, including those with very low levels of antibodies. Unfortunately some perfectly healthy
donors sometimes tested positive for these tests as test kit manufacturers sacrificed test specificity to gain test
sensitivity.

The advantage of NAAT is that it is both sensitive and specific.

F. Yao et al has published two papers referencing NAAT screening for Australian tissue donors, the first study
discusses the risk of HIV, HBV, HCV and HTLV infection among musculoskeletal tissue donors in Australia. His
initial study published in 2007 compared the ' wlndow period" when donors were screened by routine serological
screening methods versus NAAT sc:eenlng Results given were:

Table: 1.1 Seroconversion Window Times Serological V Nat Screening — F. Yao et al

Window Period Window
Agent Serological Period
Screen (Days) | NAT (Days)
=  HIVAb 22 7
+ HBsAg 59 20
« HCVAb 70 ¥/
=  HTLV 51 -

The stated “window period can be further confirmed by reports published by S. Zou et al 3which gives the
“seroconversion window” with NAAT screening in place as:

Table: 1.2 Seroconversion Window Times Serological V Nat Screening — S. Zou et al

Seroconversion Period NAT
= 7 Days HIV
= 7 Days HCV
= 20 Days HBV

The second study by F. Yao et al investigated and compared the risk of viral infection between the living and
non-living musculoskeletal tissue donor poo! whereby the |nC|dence rates among tissue donors were determined
by extrapolating from rates among first-time blood donors *. Estimated probability that the living donor was
viraemic at the time of donation was detailed as follows:

Table: 1.3 Estimated Incidence of Undetected Viraemia among Surgical Donors — F. Yao et al

___Serological Screening NAT Screening |
.+ 1in 128,000 HIV < 1in312,000HV |
= 1in 238,000 HBV * 1in 476,000 HBV
« 1in 52,000 HCV = 1in 455,000 HCV

1in 130,000 HTLV B
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A poster presented by Ming-Hao Zheng at the 6" Combined Meeting of the Orthopaedic Research Societies
(2006) discussed the cost-effectiveness of NAAT for HIV and HCV screening in musculoskeletal tissue donors *,
While drawing the conclusion that the introduction of NAT testing for musculoskeletal tissue donors is not cost-
effective, graphical representation contained in the poster presented again shows the marked reduction in the
“window period” for each NAAT screening method.

Since the availability of NAAT screening tissue banks worldwide have modified their Standards and accepted
best practices to allow for the dramatic reduction in “window period” timeframes.

The Council of Europe gives the choice of donor screening method to the retrieving bank. The following
quotation is taken from page 52 of the 3" Edition of the Council of Europe Guide to safety and quality assurance
for organs, tissues and cells (2006) *:

“3.5 Re-testing of living donors of stored allogeneic material

In living tissue/cord blood donors, re-testing for transmissible diseases after 6 months is mandatory unless the
donated tissue underwent a terminal validated inactivation step. If re-testing is not performed, then tests of
higher sensitivity (validated NAT) may be performed from the initial sample in line with national guidelines.”

Recommend:

* Add new (2) (b) as follows — “for living donors initially screened with NAAT technology; repeat
screening for HIV, HBV and HCV must be performed at a minimum of 30 days after collection of
the donation sample, to provide assurance that the initial sample was not collected during the
window period for infection.

Eg: Proposed Living (Femoral Head) Donor Screening Protocol:

Initial Screen 30 Day Screen

HIV 1&2 Combo (Ab / Ag) HIV 182 Combo (Ab / Ag)
Hepatitis B S Ag / Core Ab Hepatitis B S Ag / Core Ab
Hepatitis C Hepatitis C

Syphilis HTLV 1 &2

HIV 1 NAT CMV

HCV NAT RhD (If required)

HBV NAT

«  Re-number current (2) (b) as (2) (c)
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In Australia, there are no current national estimates
of the risks of transmisslon of human immunodefi-
clency virus (HIV), hepatitis B virus (HBV), hepatitis
C virus (HCV) or human T-lymphotrophie virus (HTLV)
by musculoskeletal tissue transplantation. We deter-
mined the prevalence rates of antibodies against HIV
(anti-HIV), HCV (anti-HCV} and HTLV (anti-HTLV) and
Hepatitis B surface antigen {(HBsAg) for 12415 muscu-
loskeletal tissue donors from three major bone tissue
banks across Australia for the period 1993-2004. The
prevalence (per 100000 persons) was 64.44 for anti-
HIV, 407.13 for HBsAg, 534.63 for antl-HCV and 121.88
for anti-HTLV. The estimated probability of viremia at
the time of donation was 1 in 128000, 1in 189000, 1in
55000 and 1in 118000, respectively. With the addition
of nucleic acld amplification testing (NAT), the proba-
bility of donor viremia would be reduced to 1in 315000
for HIV, 1 in 385000 for HBV and 1 in 500 000 for HCV.
The prevalence of HIV, HBV, HCV and HTLV although
low, are higher among musculoskeletal tissue donors
than among first-time blood donors. The risks asso-
clated with musculoskeletal donation will be reduced
with NAT, though further cost analysis is required prior
to its implementation.

Key words: Biomaterials, bone allotransplantation, or-
thopedic surgery, virus transmission
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Introduction

Besides blood, musculoskeletal allografts are the most fre-
quently transplanted human tissue (1). {n Australia, the ma-
jority are from surgical donors, though some are retrieved
from postmortem organ donation patients and deceased
donors (1). Current measures to safeguard tissue recipient
safety include the evaluation of all potential donors by a
medical history questionnaire, donor serological screening,
microbiological monitoring of bone grafts and blo-burden
reduction with gamma radlation. In addition, assessment
of plasma hemodilution was undertaken routinely to en-
sure the validity of serology test results.

Mandatory serological screening (as defined by the Aus-
tralian Therapeutic Goods Administration) for muscu-
loskeletal tissue and blood donors includes hepatitis B
surface entlgen (HBsAg), hepatitis B core antibody (anti-
HBc) and antibodies egainst hepatitis C virus {anti-HCV),
human immunodeficiency virus (antl-HIV) and human
Tlymphotrophic virus {anti-HTLV). All of these viruses have
been transmitted by bone tissue allo-transplantation pre-
dominantly associated with donations collected in the win-
dow period, defined as the time between infection and
the first detectable viral marker {2-7). The residual risk of
hepatitis B virus {HBV), HCV, HIV and HTLV transmission
from screened blood has been estimated for a number
of countries including Australia (3,4,8,9). Equivalent prob-
abllity estimates for musculoskeletal allografts would be
helpful to:

1. Monitor and benchmark internationally safety stan-
dards for musculoskeletal tissue implantation;

2. Evaluate the safety impact and determine cost-bensfit
of proposed risk reduction measures (e.g. nucleic acid
amplification testing [NAT});

3. Support the patient consent process with evidence-
based risk estimates and

4. Contribute to Incraased confidence in the subsequent
use of bone tissue products by medical practitioners
and patients.

Methods

Prevalence of viral Infections among musculoskeletal

t/ssua donors

Pravalance was defined 8s the number of donors with confirmed posi-
tive tests divided by the total number of donors tested (10). Data on the
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Table 1: Prevalence of virel infection among musculoskelets! tissue donors in comparison to first-time blood donors for the period

1993-2004 i
Muscuioskeletal tissue donors First-time blood donors
Confirmed positive Confirmed positive

Number {prevalence per Number (prevalence per

Year tested 100000 persons} tested 100000 persons)

Anti-HIV

1993-2004 12416 8 (64.44)* 664 686 34(6.12)

HBsAg

1993-2004 12281 60 (407.13)* 664686 904 (136.97)

Anti-HCV

1993-2004 12345 66 (534.63)* 664686 1431(216.29)

Anti-HTLV

1993-2004 11487 14 (121.88)* 664686 - 23 (3.46)

The asterisk denotes a statistically significant difference (p < 0.06) between r%usw(oskeleial tissue donors and first-time blood

donors.

prevalence rates of anti-HIV, HBsAg, antl-HCV end anti-HTLV in muscu-
loskeletal tissue donors were obtained from datebases of the Perth Bone
end Tissue Bank (PBT8), Oueensland Bone Bank (QBB} and Donor Tissue
Bank of Victoria [DTBV) for the period 1993-2004. During this period, all
three bone banks followsd the Code of Good Manufacturing Practice—
Human Blood and Tissues (11).

Estimated Incldence of viral Infectlons among musculoskeletal
tlssue donors

Forblood donors, incidence was definedas the number of donors who sero-
converted par 100000 person-years at risk among a group who repeatedly
donated blood (12). As described by Seed etal. (4), the number of ‘person
years of observation’ was not available necassltating a minor modification
1o the incidence estimate for donors from the Australian Red Cross Bioed
Services (ARCBS). Further, the incidence for HBV was multiplied by an AR-
CBS adjustmentfactorof 1.88 to compensate for potential underestimation
of HBVincldence bacause of the transient nature of HBsAg (3,4). First-time
blood donor incidence rates were derived by multiplying the repeat donor
Incidence rates by a correction factor of 2.03 (3).

The incidence rate of new Infactions smong musculoskeletal tissue donors
was estimated using a method similer to 2ou et al. (2) as follows. First,
the ratio of the reported prevalence rates in new blood denors and tis-
sue donors was calculated. Second, it was essumed that prevalence dif-
ferences bstween populations are proportional to incidence differences.
The incidence in tissue donors was then calculated by multiplying the
incidence in new blood donors by the prevalencs ratlo of the two pap-
ulations, Because of the lack of seroconverslons during some 3-year
intervals precluding incldence estimation for that perlod, the incidence
estimation In musculoskeletal donors was restricted to the 2002-2004

period.

Estimated probability of viral infectlons among muscuioskeletal
tissue donaors

The estimated risk of infectivity-—the probability of an undetected window
period donation occurring within the study perlod—was determined by the
incidence/Vindow Period Model (3,4,8,12,13). This estimate of the iesidual
risk of viral fransmisslon is calculated by assessing the rate of new infection
in repeat danors (viral incidence), then multiplying this by the probability
of such 8 donor donating whife in the undetectable window period. The
accuracy of this risk modeling for HIVHCV NAT has been retrospactively
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validated, conflrming Hs utility es a component of costbenefit analyses
{4.9.14,15),

Results

Prevalence of viral infections among musculoskeletal
tissue donors and first-tfme blood donors

Measured prevalence rates among 12415 musculoskele-
tal tissue donors (10937 surgical donors, 1478 deceased
donors) for the period 1993~2004 are shown in Table 1.
This database encompasses approximately 85% of the to-
tal number of musculoskeletal tissue donations in Australia
within that perlod (1). The prevalence rate (per 100 000 per-
sons) was 64.44 for antl-HIV, 407.13 for HBsAg, 534.63 for
anti-HCV and 121.88 for anii-HTLV.

Estimated incidence of viral infection

among musculoskeletal tissue donors

Wa determined the incidence rates among tissue donors
by extrapolating from the rates among flrst-time blood
donors. The estimated incidence rates among muscu-
loskeletal tissue donors was 12.97 per 100000 person-
years for HIV, 4.43 per 100000 person-years for HBY, 10.04
per 100000 person-years for HCV and 6.06 per 100000
person-years for HTLV (Table 2).

Estimated risk of infectivity among musculoskeletal
tissue donors

Table 3 shows the estimeted probability of & viremic but
serologically negative donation and the predicted NAT
yield for HIV, HBV and HCV. We calculzted this probability
by multiplying the estimated Incidence in musculoskele-
tal donors by the estimated window period of each viral
marker denoted as a fraction of a year. By virtue of the
shorter window perfods afforded by NAT, the projected
probability of undstected viremia {per 100000 donors} is
reduced from 0.78 t0 0.32 for HIV, 0.53 to 0.26 for HBV
and 1.82 to 0.20 for HCV.

American Journal of Transplantation 2007; 7. 2723-2726
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Tahle 2: Estimated incide_nce of virel infection among musculoskefet?! gissue donors in Australia B

Total donors

Prevalence ratio

Incidence rate in

Estimated incidence Number of cases

Total Musculoskelets: first- first-tima blood donors rate in musculoskeletal expected among

Yaar number time blood donors per 100000 person-years donors musculoskeletal donors
Anti-HIV

2002-2004 6268 13,12 0.30 3.94 0.21

1993-2004 12416 12.59 1.03 1297 1.61
HBsAg

2002-2004 5198 27 1.13 3.06 0.16

1993-2004 12281 2.99 148 4.43 0.64
Antl-HCV

2002-2004 6212 6.12 2,40 12.29 0.684

1993-2004 12345 248 4.04 10.04 1.24
Anti-HTLV

2002-2004 4903 16.09 0.30 4.83 0.24

1993-2004 11487 36.22 0.17 6.06 0.720
Discussion infection {upper limit 39000) and 1 in 118000 for HTLV

This is the first Australian study of viral prevalence, inci-
dence and residual risk in musculoskeletal tissue donors,
combining data from three bone tissue banks for the pe-
riod 1993-2004. The majority were surgical bone donors
(88.10%), though some tissues were retrigved from post-
mortem organ donation patients and deceased donors.
Benchmarking with anti-HIV, HBsAg, anti-HCV and anti-
HTLV prevalence data from Australian blood donors con-
firrns that while prevalence rates in musculoskeletal allo-
grafts are low, they are comparably higher than blood donor
rates {p < 0.08).

By applying the Incidence/Window Period model to our in-
cidence estimates for musculoskeletal donors, we calcu-
lated the probability of a donor being viremlc but serolog-
ically negative at the time of donation to 1 in 128 000 for
HIV infection(upper limit 1 in 74 000), 1in 188000 for HBV
infection (upper limit 1 in 167 000), 1 in 65000 for HCV

infection {upper limit 1 in 83000). These figures indicate
that the risk of viral infection from musculoskeletal tissue
transplantation In Australia is low. However, the common
perception among clinicians that the risks associated with
the transmisslon of viral infections from a musculoskefetal
tissue donor is equivalent to that of a first-time blood donor
is Inaccurate.

In this study implementing NAT to screen individual tissue
donors Is estimated to reduce the residual risk of transmis-
sion of HIV from 1 in 128000 to 1 in 316000, HBV from
1in 188000 to 1 in 385000 and HCV from 1 in 55000
to 1 in 500000. Howsever, this risk reduction comes at
a cost. NAT is more complex, time consuming and ex-
pensive than most serologicaf testing. Some costs may

be offset by t ive serolog-

ical tests and spread over the total number of products

sourced from one donor. Despite demonstrating its ability
to interdict HCV sero-negative organ and tissue donors and

Table 3: Estimeted probability of undetected viral Infections in musculoskeletal tissue donors in Australia

Nucleic-acid amplification testing

Window period Estimated incidence Estimated probability Window Projected

Viral days per 100000 per 100000 period probabillity per
marker (95% ClI) person-ysars donors {96% Cl) days 100000 donors
Anti-HIV

2002-2004 3.94 0.24 (0.06-0.41) 0.10 {0.08-0.11)

1993-2004 22 (6-38)16 12.97 0.78 (0.21-1.35) 9 {7.8-10.2)18 0.32 (0.28-0.36)
HBsAg

2002-2004 3.086 0.37 (0.31-0.42) 0.18

1993-2004 43.6 (37.4-49.7)V 4.43 0.63 (0.45-0.60) 2187 028
Anti-HCV

2002-2004 12.29 2.22 (1.28-3.16) 0.26 (0.21-0.29)

1993-2004 66 (38-94)13.18 10.04 1.82 (1.06-2.59) 7.4 (6.1-8.7)18 0.20 (0.17-0.24)
Anti-HTLV

2002-2004 4.83 0.67 (0.48-0.95) - -

1993-2004 51 (36-72)1% 6.06 0.86 (0.60-1.20) - -
AmericanJournal of Transplantation2007; 7: 2723-2726 2725
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advocating its implementation in a French study (20), the
cost-effectiveness of nucleic acid testingmay not compare
favorably with that of other health preventative measurss
such as the application of more stringent donor exclusion
criteria or better reporting methods such as the formation
of a central database. This is certainly the experience with
HIV and HCV NAT donor screening in the United States
where its cost effectiveness has been assessed as poor

{14),

Prospective studies are now no longer feasible in devel-
oped countries like Australia with a very low residual risk
of viral Infection. The resuits of this study are highly de-
pendent on the validity of the assumptions inherent in the
mathematical risk model (3,4,8,12,13) and the accuracy of
the data used. Musculoskeletal donors are usually only able
to donate once during their lifetime, therefore incidence
was extrapolated from rates obtained In first-time blood
donors. However, the accuracy of the Incidence/\Window
Period model in predicting the NAT yield for HiV and HCV
in US and Australian blood donations has been validated
by retrospective analysis, and risk modeling is now the
most practical mathod of estimating the residual risk of
viral transmission in developed countries {4,21). it is also
important to emphasize that our conclusions were based
on predominantly surgical musculoskeletal tissue donors
in Australia, which represent a low prevalence setting, and
may not be generalized to other regions.

We conclude that the existing measures used to evaluate
musculoskeletal tissue donors are effective with the prob-
ability of collecting a graft from a donor with viremia being
small, but not negligible. Evidence from countries having
already Implemented NAT for tissue donor screening as
waell as the ‘residual risk’ modeling applied here indicate
that the probability could be further reduced by addition of
NAT. Whether or not this Is appropriate is dependent on a
formal cost-benefit analysis yet to be undertaken.
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ABSTRACT THIS ARTICLE
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Background Tissue-banking organizations in the United States have introduced various review » FDF
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and testing procedures to reduce the risk of the transmission of viral infections from tissue

grafts. We estimated the current probability of undetected viremia with hepatitis B virus (HBV), e

hepatitis C virus (HCV), human immunodeficiency virus (HIV), and human T-lymphotropic virus COMMENTARY
(HTLV) among tissue donors. > Editarsal
by Goodman, J. L.
> Latters

Methods Rates of prevalence of hepatitis B surface antigen (HBsAg) and antibodies against
HIV (anti-HIV), HCV (anti-HCV), and HTLV (anti-HTLV) were determined among 11,391 donors
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to five tissue banks in the United States. The data were compared with those of first-time blood =~ # Aduss femanal Arcive
donors in order to generate estimated incidence rates among tissue donors. The probability of DA CAR i s
viremia undetected by screening at the time of tissue donation was estimated onthe basis of : ::::::’::":"e ;

the incidence estimates and the window periods for these infections. PP -—

Results The prevalence of confirmed positive tests among tissue donors was 0.093 percent for PR RTARS

anti-HIV, 0.229 percent for HBsAg, 1.091 percent for anti-HCV, and 0.068 percent for anti-
HTLV. The incidence rates were estimated to be 30.118, 18.325, 12.380, and 5.586 per
100,000 person-years, respectively. The estimated probability of viremia at the time of donation was 1 in 55,000, 1 in

34,000, 1in 42,000, and 1 in 128,000, respectively.

P PubMed Cilaten

Conclusions The prevalence rates of HBV, HCV, HIV, and HTLV infections are lower among tissue donors than in the
general population. However, the estimated probability of undetected viremia at the time of tissue donation is higher among
tissue donors than among first-time blood donors. The addition of nucleic acid—ampiification testing to the screening of
tissue donors should reduce the risk of these infections among recipients of donated tissues.

Hepatitis B virus (HBV), hepatitis C virus (HCV), human immunodeficiency virus (HIV), and human T-lymphotropic virus (HTLV)
have all been transmitted by tissue transplantation 123 These viruses have also been transmitted by blood transfusion, almost always as
a result of the collection of blood during the so-called viremic window period, before infection can be detected by laboratory

testing 2367 The probability of collecting blood during this window period has been extensively evaluated 3212.LL However, similar
estimates have not been made for tissue donors, even though such estimates would be helpful in evaluating the efficiency of current and

fiiture measures designed to ensure the safety of tissue transplantation.

Tissue banks in the United States obtain, process, and distribute a variety of tissues, including heart valves, venous tissue, bone, bone-
derived products (such as powders used for dental work), and connective tissue. The vast majority of these tissues come from cadavers,
and all are essentially avascular and can be stored for long periods. Although tissue donors may also provide organs for transplantation,
the converse is not necessarily true. The infectivity of different tissues varies, in part as a reflection of their anatomical origin and nature,
but also as a result of processing after collection. For example, a highly processed bone powder would be much less likely to transmit a
viral infection than would a fresh-frozen bone segment. Currently, the measures used to assess tissue donors include a retrospective
review of ihe donor's medica! history and testing of cadaveric blood samples for hepatitis B surface antigen (HBsAg) and antibodies

against HIV (anti-HIV), HCV (anti-HCV), and HTLV (anti-HTLV).

Methods

http://nejm.highwire.org/cgi/content/full/351/8/751 16-Nov-09
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The Study

We estimated the probability of viremia at the time of tissue donation by using the incidence-window-period model developed to
estimate the residual risk of viremia among blood donors£3:88 [ order to do this, we estimated the incidence rates of HIV, HBV, HCV,
and HTLV infection on the basis of measured prevalence rates among tissue donors and available data from other sources. Information
on the duration of the window periods of viremia, before seroconversion, for these infections was obtained from the peer-reviewed

literature.8-LL

Determination of Prevalence Rates among Tissue Donors

Data on the prevalence of anti-HIV, HBsAg, anti-HCV, and anti-HTLV in tissue donors were obtained from existing databases of the
Northwest Tissue Center (for 2001 through 2002), the American Red Cross Tissue Services (for 2000 through 2002), the
Musculoskeletal Transplant Foundation (for 2002), the Community Blood Center/Community Tissue Services(for2001), and LifeNet
(for 2002). The data did not include any donor identifiers. During the periods covered, all five centers followed the review and testing
standards of the American Association of Tissue Banks.}2 Four of the centers reported confirmed positive results; one reported only the
results of the screening tests. For donors at this center, we estimated the rates of confirmed positive results by subtracting the number of
false positive results (determined on the basis of specificity analyses of data from the other sites) from the number of reactive screening
results. Pooled data were used to determine age- and sex-specific prevalence rates for the markers; prevalence was defined as the

number of donors with confirmed positive tests divided by the total number of donors tested.
Estimation of Incidence Rates among Tissue Donors

The incidence rate of new infections among tissue donors was estimated by applying age- and sex-specific incidence rates for first-time
blood donors to the tissue-donor population. Prevalence and incidence rates among voluntary donors and donors of directed whole blood
were obtained from a research database of blood donors to the American Red Cross Blood Services.1! Incidence was defined as the
number of donors who seroconverted per 100,000 person-years among a group who repeatedly donated blood. Dodd et al Ll and Janssen
et al13 reported incidence ratios among first-time donors as compared with those who maderepeated donations of 2.42 for HCV
infection and 2.43 for HIV infection. No such data were available for HBV and HTLV infections. On the basis of the ratios for HIV and
HCV, aratio of 2.5 wasassumed for HBV and HTLV. The ratios were applied to the incidence rates among persons who donate blood
repeatedly to estimate incidence rates for first-time blood donations. These incidence rates were adjusted to reflect the difference in
prevalence rates between blood and tissue donors by multiplying by the ratios of prevalence rates in the two groups. Prevalence and
incidence rates for corresponding groups in the general population were also obtained through a search for published epidemiologic
datal413.16 a4 unpublished data from the Centers for Disease Control and Prevention (CDC) (Alter M: personal communication)and
were used in a similar manner to derive alternative estimates of incidence rates among tissue donors.

Estimation of the Probability of Viremia

We estimated the risk of infectivity — the probability that any tissue donor was in the viremic window period with an infection that was
undetected by means of serologic screening methods at the time of donation — by the method developed by Petersen et al¥ Busch et
al. 3 Lackritz et al.,% and Schreiber et al.8 The estimated probability is obtained from the product of the incidence rate and the length of

the window period for each infection.

Unless otherwise specified, frequencies were compared with the use of the chi-square test; all reported P values are two-sided. Possible
ranges of the estimated risks of infectivity resulting from the collection of tissues during the window periods for these infections were
determined by means of Monte Carlo simulation with the use of Crystal Ball software.!Z Basically, possible variations in the prevalence
rates among tissue donors and firsi-time blood donors according to sex and age, incidence rates among those who repeatedly donated
blood according to sex and age, overall prevalence and incidence estimates and their assumed sex- and age-based distributions in the
general population, incidence ratios for first-time donors as compared with those who repeatediy donated blood, and window periods
were incorporated into the incidence- and risk-determination models to derive the 2.5 and 97.5 percentiles of the risk estimates. For
prevalence and incidence rates, 95 percent confidence intervals were incorporated into all models except for those for the prevalence of
HIV and for the incidence of the three markers in the general population; these models used a 50 percent variation owing to the lack of
data on confidence intervals. A variation of 50 percent was also applied to the incidence ratios for HIV, HBV, HCV, and HTLV
infections between first-time donors as compared with those who repeatedly donated on the basis of the variations in the incidence rates
for HIV3 and HCV.1t Al the ratios were assumed to follow triangular distributions. The window periods were assumed to follow

triangular distributions with different degrees of variation, as reported by Schreiber et ald

Results

Prevalence of Viral Infections among Tissue Donors

Results obtained from 2000 through 2002 from a total of 11,391 tissue donorsare shown in Table 1. The data include the numbers of
tissue donors with results that were confirmed to be positive and, when necessary, the estimated numbers of confirmed positive results,
as explained above. The rate of confirmed positive results (prevalence rate) was 0.093 percent for anti-HIV (95 percent confidence

http://nejm.highwire.org/cgi/content/full/351/8/751 16-Nov-09
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interval, 0.036 to 0.150), 0.229 percent for HBsAg (95 percent confidence interval, 0.139 to 0.319), 1.091 percent for anti-HCV (95
percent confidence interval, 0.896 to 1.286), and 0.068 percent for anti-HTLV (95 percentconfidence interval, 0.019 to 0.117). The
prevalence rate of anti-HCV was higher among male donors than female donors, whereas the reverse was true for anti-HIV and anti-

HTLV.

View this table: Table 1. Prevalence of Infectious-Disease Markers among Tissue Donors, According to Age and Sex.
[in this window]

lin.a new window]

To check the estimated frequency of confirmed positive results among the unconfirmed reactive results from a single center, we used a
recombinant immunoblot assay (RIBA 3.0 SIA test, Chiron) to test 50 serum samples obtained post mortem that were initially reactive
for anti-HCV. Thirty-six (72 percent) were positive, seven (14 percent) were indeterminate, and seven (14 percent) were negative.
Similarly, we used Western blotting (HIV Western Blot Kit, Cambridge Biotech) to test nine serum samples that were initially reactive
for HIV. Seven were negative, and two were indeterminate. Among tissue donors from other tissue centers, 74 percent of samples that
were reactive to anti-HCV on initial screening were confirmed to be positive (81 of 110) and 11 percent of samples that were reactive to
anti-HIV on initial screening were confirmed to be positive (2 of 19). The differences between these values and values found by
evaluation testing were not significant (x2=0.006, P=0.98 for anti-HCV and P=1.00 for anti-HIV by Fisher's exact test), indicating that

the approach used to extrapolate the rates of confirmed positive results was appropriate.
Prevalence and Incidence of Viral Infections among Blood Donors

Table 2 shows the prevalence rates of confirmed positive results for anti-HIV, HBsAg, anti-HCV, and anti-HTLV among first-time
blood donors, stratified according to sex and age. Incidence rates of new infections were obtained for those who repeatedly donated
blood in the period from 2000 through 2001, according to sex and age group, as previously published.Jl For HBsAg, the incidence was
adjusted as described by Schreiber et al.8 and Korelitz et al18 This adjustment involves multiplying the incidence rate by a correction
factor (2.38) to compensate for the transient expression of HBsAg in acute infections.

View this table: Table 2. Prevalence of Infectious-Disease Markers among First-Time Donors of Whole Blood in 2001, According

[in this window] to Age and Sex.

[in.a new window]

Prevalence and Incidence of Viral Infections in the General Population

According to U.S. data from the CDC!¢ (and from the AIDS [Acquired Immunodeficiency Syndrome] Public Information Data Set at
www.cde.gov/hiv/software/apids.htm), the current prevalence of HIV infection (excluding AIDS) is approximately 0.20 percent. The
incidence of HIV infection is estimated to be 40,000 cases per year, with approximately 70 percent of cases in males and 30 percent in
females; the age distribution of incident HIV infections is not available. The age distribution of patients with AIDS — 18.30 percent of
whom are less than 30 years of age, 70.85 percent 30 to 49 years of age, and 10.85 percent 50 years of age or older — was assumed for

HIV infections.

For viral hepatitis, the CDC estimates that 78,000 HBV infections and 25,000 HCV infections occurred in 2001 (from the Division of
Viral Hepatitis, at www.cdc.gov). The age distribution of incident HBV infections for 2000 — 37.09 percent younger than 30 years of
age, 46.80 percent 30 to 49 years of age, and 16.11 percent 50 years of age or older — wasassumed for cases of HBV. The age
distribution for incident HCV infections for 2001 was 29 percent younger than 30 years of age, 64 percent 30 to 49 years of age, and 7
percent 50 years of age or older, and the male:female ratio was 1.7:1 (Alter M: personal communication).

No current prevalence dataare available for HBV or HCV. On the basis of testing of serum samples from persons who participated in
the Third National Heaith and Nutrition Examination Survey from 1988 through 1994, McQuillan et al.13 reported a prevalence rate of
HBsAg of 0.42 percent, and Alter et al.14 reported a prevalence of anti-HCV of 1.8 percent. Furthermore, the study by McQuillan et
al.1% showed a male:female ratio of 1.4:1 with respect to the prevalence of total HBV infections. These data are assumed to represent the
current status and were used in this assessment. No data are available on HTLV infection in the general population.

Estimated Incidence Rates among Tissue Donors

By extrapolating from the rates among first-time blood donors, we estimated that the incidence rates among tissue donors were 30.118
per 100,000 person-years for HIV, 18.325 per 100,000 person-years for HBsAg, 12.380 per 100,000 person-years for HCV, and 5.586
per 100,000 person-years for HTLV (Table 3). The prevalence ratios for tissue donors relative to those in the general population were
0.46 for HIV, 0.54 for HBsAg, and 0.61 for HCV; the corrcsponding estimated incidence rates per 100,000 person-years for tissue
donors were 7.099, 15.100, and 4.910, respectively (Table 4). The estimates derived from the blood-donor approach were higher than
those derived from the general-population approach. Prevalence and incidence data from blood donors are less likely to be

underestimates, owing to the systematic testing of each donation.

htto://neim.highwire.ore/cei/content/full/351/8/751 16-Nov-09
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View this table: Table 3. Estimated Incidence of HIV, HBsAg, HCV, and HTLV among Tissue Donors.

lin_ & new window]

View this table: Table 4. Estimated Probability of Viremia Undetected by Testing Methods at the Time of Tissue Donation,
[in this window] According to the Blood-Donor Approach and the General-Population Approach.
[in & new window]

Estimated Risk of Infectivity among Tissue Donors

Table 4 shows the estimated probability of viremia at the time of tissue donation that was undetected on screening with the use of
current serologic methods, as well as the projected effect of nucleic acid—amplification testing of individual samples on the window
periods of infection and the projected probabilities. The estimates of incidence rates that were derived from the blood-donor approach

were used for the projection.

Discussion

Our prevalence results were based on data from five tissue banks across the United States. A survey of tissue banks accredited by the
American Association of Tissue Banks, conducted in June 2000 for calendar year 1999, showed rates of reactivity on screening of 0.35
percent for HIV (66 of 19,091 donations), 0.94 percent for HBsAg (179 of 19,090 donations), 1.49 percent for HCV (285 of 19,130
donations), and 0.53 percent for HTLV (101 of 19,072 donations).ﬂ Our results — 0.34 percent, 0.71 percent, 1.51 percent, and 0.60
percent, respectively — are close to those of the survey. Such consistency suggests that our data are representative of the tissue-donor

population in the United States.

The measured prevalence rates among tissue donors fall between those found among first-time blood donors and those attributed to the
general population. This is not surprising, since tissue donors, although more representative of the general population than are blood
donors, are carefully selected on the basis of medical history, physical examination, and interviews with the next of kin. Such a process,
however, is not as effective as the face-to-face interview that is conducted with blood donors.2L

By imputing rates from first-time blood donors and, separately, from the general population, we used an indirect approach to assign
incidence rates to tissue-donor populations. For our primary estimates, we adjusted these rates to reflect the different prevalence rates
among the tissue donors and the populations used for comparison. We used the resulting incidence rates with estimated window periods
to estimate the probability of viremia at the time of tissue donation that would have gone undetected on screening with the use of current

serologic tests.

Our data are based on information from 11,391 tissue donors. Donations from approximately 20,000 tissue donors are processed
annually in the United States, generating roughly 1 million separate products. According to our estimates, the probability that a donor is
viremic at the time of donation is 1 in 55,000 in the case of HIV infection, 1 in 34,000 in the case of HBV infection, 1 in 42,000 in the
case of HCV infection, and 1 in 128,000 in the case of HTLV infection. We suggest that the respective upper bounds of these figures
would be 1 in 22,000, I in 19,000, I in 17,000, and 1 in 41,000; in other words, 1 or fewer donors would be viremic per year. These
figures clearly indicate that the risk of infectivity is low, and in fact, most transplanted products are treated to reduce or eliminate the
risk of infectivity. However, since tissues from a single donor may be used in an average of 50 patients, a single donor has the potential

to infect an unknown, although probably small, number of recipients.2

The implementation of nucleic acid—amplification testing of "minipools” (pools of 16 to 24 blood donations) has markedly reduced the
residual risk of viremia and transfuision-transmitted infection; the reduction in risk is directly proporticnal to the decrease in the length of
the window period achieved by the use of this approach, by 5 days for HIV and by 60 days for HCV.1-22 Studies have shown that
nucleic acid-amplification testing of individual donations would reduce the window period to 7 days for HIV and HCV and to 20 days
for HBV.12:23 [f individual testing were to be used for tissue donors, the probability of donor viremia would be reduced to 1 in 173,000
for HIV, 1in 421,000 for HCV, and 1 in 100,000 for HBV. Assuming that it would cost approximately $150 ($50 per virus on the basis
of current charges) to test each donor for the three viruses, the overall cost of eliminating one potentially infectious donor would be $4.0
million in the case of HIV infection, $2.3 million in the case of HCV infection, and $2.6 miltion in the case of HBV infection.
Presumably, that cost would be spread over 1 million or more tissue products each year. Currently, efforts are under way to implement

nucleic acid-amplification testing of cadaveric samples.

Overall, we believe that current measures used to evaluate tissue donors are effective and that the probability of collecting products from
a viremic donor is low, but not negligible. On the basis of the model used for donated blood, this probability could be further reduced by
the addition of nucleic acid-amplification testing at an approximate cost of less than $5 per product.

Dr. Dodd reports having received consulting or lecture fees from Roche and Chiron; Dr. Strong consulting and lecture fees from Roche Molecular Systems and
holding equity in Human BioSystems; and Dr. Stramer consulting fees from Chiron and Gen-Probe.
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We are indebted to Ed Notari and Fahti Musavi from the Jerome H. Holland Laboratory of the American Red Cross for help with processing and analysis of the
data, and to Duke Kasprisin for valuable advice and comments.
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(D.MS).

Address reprint requests to Dr. Zou at the Transmissible Diseases Department, American Red Cress, 15601 Crabbs Branch Way, Rockville, MD 20855, or at

zous(@usa. redcross org .
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Introduction

Summary

Screening of musculoskeletal tissue donors with nucleic acid testing (NAT) for
human immunodeficiency virus (HIV) and hepatitis C virus (HCV) has been
implemented in the United States and other developed nations. However, in
contrast to the donor demographics in the United States, the majority of Aus-
tralian musculoskeletal tissue donations are primarily from living surgical
donors. The objective of our study was to determine and compare the risk of
viral infection associated with musculoskeletal tissue donation from living and
nonliving donors in Australia. We studied serum samples from 12 415 consec-
utive musculoskeletal tissue donors between 1993 and 2004. This included
10 937 surgical donations, and 1478 donations obtained from postmortem
organ donation patients and cadaveric donors. Current mandatory retesting of
surgical donors 6 months postdonation reduces the risk of viral infection by
approximately 95% by eliminating almost all donors in the window period.
The addition of nucleic acid amplification testing for nonliving donors would
similarly reduce the window period, and consequently the residual risk by
approximately 50% for hepatitis B virus, 55% for HIV, and 90% for HCV.
NAT, using appropriately validated assays for nonliving donors, would reduce
the residual risk to levels comparable to that in living donors (where the 95%
reduction for quarantining pending the 180-day re-test is included).

Transplantation of tissue from a living or deceased
donor exposes the recipient to viral transmission. Mea-

Musculoskeletal tissue is only second to the blood as the
most frequently transplanted human tissue and there con-
tinues to be an enormous demand for these allografts
throughout the world. Currently in Australia, the majority
of musculoskeletal tissue donations are from living surgi-
cal donors, predominantly consisting of retrieved femoral
heads postprimary hip arthroplasty. However, to fulfil the
increasing demand for tissues, there is a trend to begin
the use of materials obtained from postmortem organ
donation patients and cadaveric donors.

© 2C08 The Authors
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sures to safeguard tissue recipient’s safety include a review
of the donor’s medical history, microbiclogical monitor-
ing, bio-burden reduction, plasma haemodilution, and
donor serological screening for hepatitis B surface antigen
(HBsAg), and antibodies against human immunodefi-
ciency virus (anti-HIV), hepatitis C virus (anti-HCV),
and human T-cell lymphotropic virus (anti-HTLV). How-
ever, the donor-selection procedures for nonliving donors
are more challenging - the medical history question-
naire has to be completed by the next-of-kin, and the
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confirmatory serological testing undertaken routinely for
living donors 6 months postretrieval cannot be performed
in the case of nonliving donors. This article describes the
prevalence and estimated incidence of HIV, hepatitis B
virus (HBV), HCV, and HTLV in living donors compared
with rates obtained during the same period from nonliv-
ing donors in Australia, to ascertain whether there is a
greater risk of viral infection associated with tissues
obtained from nonliving donors.

Methods

We studied serum samples from 12 415 consecutive mus-
culoskeletal tissue donors from three large tissue banks in
Australia between 1993 and 2004. This included 10 937
surgical donations (living donations), and 1478 donations
obtained from postmortem organ donation patients and
cadaveric donors (nonliving donations). Informed oral
consent to tissue donation and blood sampling for viro-
logical testing was obtained from either the next-of-kin or
donor who had fulfilled the medical exclusion criteria
and behavioural risk assessment. Mandatory serological
testing for HIV, HBV, HCV, and HTLV were performed
for all specimens obtained at the time of donation, and
surgical donors were required to return for a follow-up
test 6 months post-tissue donation to rule out serocon-
version. Allografts from these donors were not utilized
until the 6-month postretrieval serology testing returned
a negative result.

Determination of prevalence, estimated incidence,
and estimated probability of viral infections among
musculoskeletal tissue donors

Prevalence was defined as the number of donors with
confirmed positive tests divided by the total number of
donors tested [1]. Age- and gender-specific prevalence
rates of anti-HIV, HBsAg, anti-HCV, and anti-HTLV in
musculoskeletal tissue donors were obtained from data-
bases of the Perth Bone and Tissue Bank (PBTB),
Queensland Bone Bank (QBB), and Donor Tissue Bank
of Victoria (DTBV) for the period 1993 through 2004.
During this period, all three bone hanks complied with
the Code of Good Manufacturing Practice - Human
Blood and Tissues [2]. First-time blood donor rates were
obtained from the corresponding Australian Red Cross
Blood Services (ARCBS) sites. Statistical comparisons
were performed using Fisher’s exact test or Pearson chi-
squared test as appropriate. A P-value <0.05 indicated
that a difference was significant. The 95% confidence
interval (CI) for prevalence rates were obtained by the
Fleiss quadratic method, which is adapted when propor-
tions are close to zero.

Yao et al.

The incidence rate of new infections among musculo-
skeletal tissue donors was estimated using a previously
published method (3] as follows. First, the ratio of the
reported prevalence rates in new blood donors and tissue
donors was calculated. Second, it was assumed that preva-
lence differences between populations are proportional to
incidence differences. The incidence in tissue donors was
then calculated by multiplying the incidence in new blood
donors by the prevalence ratio of the two populations.

The estimated risk of infectivity — the probability of an
undetected window period (WP) donation occurring
within the study period — was determined by the Inci-
dence/Window Period Model [4--8]. This estimate of the
residual risk of viral transmission is calculated by assess-
ing the rate of new infection in repeat donors (viral inci-
dence), then multiplying this by the probability of such a
donor donating while being in the undetectable WP. The
accuracy of this risk modelling for blood donor HIV/
HCV nucleic acid testing (NAT) has been retrospectively
validated, confirming its utility as a component of cost—
benefit analyses [5,9-11].

Results

[n total, we obtained results from 12 415 musculoskeletal
tissue donors between 1993 and 2004, including 10 937
surgical donors (88.10%) and 1478 donations obtained
from postmortem or cadaveric donors (11.90%). This
database encompasses approximately 85% of the total
number of musculoskeletal tissue donations in Australia
within that period [12]. On average, there were 918 living
donors (range: 380-2212) and 123 nonliving donors
(range: 63-261) screened per year, and 45.58% of all
donors were female.

Prevalence of viral infections among living and nonliving
donors

Age- and gender-matched prevalence rates among 10 937
surgical musculoskeletal tissue donors for the period
1993-2004 are shown in Table 1. Surgical donors were
mostly in the older age group as donors tend to be
patients undergoing joint replacement procedures.
Approximately 95% of living donors were 50 years of age
or older (median age 65 years [inter-quartile range (IQR):
59-73 years)] and 49.14% were female. The prevalence
rate (per 100 000 persons) amongst surgical donors was
64.00 (95% ClI, 25.75-131.48) for anti-HIV, 342.34 (95%
CI, 241.04471.21) for HBsAg, 570.48 (95% CI, 437.61-
730.92) for anti-HCV, and 111.82 (95% ClI, 58.09-195.26)
for anti-HTLV.

The prevalence rates of confirmed positive results for
viral infection among deceased donors, stratified accord-

© 2008 The Authors
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Table 1. Prevalence of viral markers among living musculoskeletal donors, according to age and gender (1993-2004).

Male donors

(prevalence per 100 000 persons)

Female donors

(prevalence per 100 000 persons)

All donors
(prevalence per 100 000 persons)

Number tested

Confirmed positive

Number tested

Confirmed positive

Number tested Confirmed positive

Anti-HIV
<30 35 0 (0.00) 31 0 (0.00) 66 0 (0.00)
30-49 305 0(0.00) 218 0 (0.00) 523 0(0.00)
250 5223 4 (76.58) 5125 3(58.54) 10 348 7(67.65)
Total 5563 4(71.90) 5374 3(55.82) 10937 7 (64.00)
HBsAg
<30 29 0(0.00) 31 0 (0.00) &0 0 (0.00)
30-49 297 3(1010.10) 2N 0 (0.00) 508 3(590.55)
250 5166 16 (309.72) 5074 18 (354.75) 10 240 34 (332.03)
Total 5492 19 (345.96) 5316 18 (338.60) 10 808 37 (342.34)
Anti-HCV
<30 30 0 (0.00) Nn 0 (0.00) 61 0 (0.00)
30-49 298 3(1006.71) 214 3(1401.87) 512 6(1171.88)
250 3203 31 (595.81) 5092 25 (490.97) 10 295 56 (543.95)
Total 3531 34(614.72) 5337 28 (524.64) 10 868 62 (570.48)
Anti-HTLV
<30 i 0 (0.00) i3 0 (0.00) 64 0 (0.00)
30-49 301 0(0.00) 210 0(0.00) S1l 0 (0.00)
250 5128 6(117.01) 5029 6(119.31) 10 157 12 (118.15)
Total 5460 6(109.89) 5272 6(113.81) 10732 12(111.82)

Table 2. Prevalence of viral markers among nonliving musculoskeletal donors, according to age and gender (1993-2004).

Male donors

(prevalence per 100 000 persons)

Female donors

(prevalence per 100 000 persons)

All donors
(prevalence per 100 000 persons)

Number tested

Confirmed positive

Number tested

Confirmed positive

Number tested Confirmed positive

Anti-HIV
<30 261 0(0.00) 56 0(0.00) 317 0(0.00)
30-49 449 1(22272) 11t 0 (0.00) 560 1(17857)
250 483 0 (0.00) [BF:] 0 (0.00) 601 0 (0.00)
Total 1193 1(83.82) 285 0 (0.00) 1478 1 (67.66)
HBsAg
<30 281 3(1149.43) 55 0(0.00) 316 3(949.37)
30-49 449 8(1781.74) 103 0(0.00) 554 8(1433.69)
250 483 2 (414.08) 116 0(0.00) 599 2(333.89)
Total 1193 13 (1089.69) 280 0(0.00) 1473 13 (882.55)
Anti-HCV
<30 261 0(0.00) 55 1(1818.18) 316 1 (316.46)
30-49 43 0(0.00) m 1(900.90) 560 1(178.57)
250 483 21(414.08) 118 0(0.00) 601 2(332.78)
Total 1193 2(167.64) 284 2 (704.23) 77 4 (270.82)
Anti-HTLV
<30 154 0(0.00) 36 0 (0.00) 190 0 (0.00)
30-49 228 1 (438.60) 75 0 (0.00) 303 1(330.03)
250 244 1 (409.84) 18 0(0.00) 262 1 (381.68)
Total 626 2(319.49) 129 0(0.00) 755 2 (264.90)

ing to age and gender, are shown in Table 2. In contrast
to surgical donors, 21.45% of nonliving donors were less
than 30 years of age, 37.89% 30-49 years of age, and

© 2008 The Authors
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40.66% 50 years of age or older [median age 46 years
(IQR: 39-53 years)). In addition, only 19.28% of deceased
donors were female. Excluding anti-HCV, the prevalence
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Table 3. Estimated incidence and probability of undetected viral infections among living and nonliving musculoskeletal tissue donors in Australia.

Estimated probability
(NAT)

Estimated probabilityt (antibody)
per 100 000 donors (95% CI)

Estimated incidence rate*
per 100 000 person-years

0.32 (0.28-0.36)

Living donors Anti-HIV 12.88 0.78 (0.21-1.34)
HBsAg 3i58 0.42 (0.36-0.48) 0.21
Anti-HCV 10.7M 1.94 (1.12-2.76) 0.22 (0.18-0.26)
Anti-HTLV 5.49 0.77 (0.54-1.08) -

Nonliving donors Anti-HIV 13.61 0.82 (0.22-1.42) 0.34 (0.29-0.38)
HBsAg 9.61 1.15(0.98-1.31) 0.57
Anti-HCV 5.08 0.92 (0.53-1.31) 0.10(0.08-0.12)
Anti-HTLV 13.02 1.82 (1.28-2.57) -

*Estimated incidence in tissue donors (per 100 000 person years) = {(prevalence in tissue donors)/(prevalence in first-time blood donors)} x inci-
dence in first-time blood donors [3,19].

Tissue donor prevalence rates were retrieved from databases of the Perth 8one and Tissue Bank, Queensland Bone Bank, and Donor Tissue Bank
of Victoria. First-time blood donor prevalence rates were retrieved from databases of the corresponding Australian Red Cross Blood Services (ARC-

BS) sites.
Incidence in first-time blood donors (per 100 000 person-years) = (number of seroconverters x 100 000 x 2.03)(number of repeat donors x 0.42)

{4,5).

First-time blood donor incidence rates were derived by multiplying the repeat donor incidence rates by a correction factor of 2.03, and the num-
ber of person-years of observation which is equivalent to 0.42, as calculated by the standard incidence method in a published study of Australian
blood donors [4,5].

Further, the incidence of HBV was multiplied by the ARCBS adjustment factor of 1.88 to compensate for the potential underestimation of H8V
incidence because of the transient nature of hepatitis B surface antigen.

tEstimated probability of viremia = (window period/365 days) x incidence rate; 95% Cls were calculated from the 95% Cls of the window peri-

ods (WP)
Antibody WP: 22 (95% Ci, 6-38) for anti-HIV [13], 43.6 (95% CI, 37.4-49.7) for H8sAg [14], 66 (95% Cl, 38-94) for anti-HCV [7,15], 51 (95%

Ci, 36-72) for anti-HTLV [16].

NAT WP: 9 (95% Ci, 7.8-10.2) for anti-HiV [11], 21.8 for H8sAg [14], 7.4 (95% CI, 6.1-8.7) for anti-HCV [11].

of viral infection was higher for deceased donors than
surgical donors. The rate of confirmed positive results
(prevalence rate per 100 000 persons) for nonliving
donors was 67.66 (95% CI, 1.85-376.06) for anti-HIV,
88255 (95% Cl, 471.01-1504.53) for HBsAg, 270.82
(95% CI, 73.79-691.96) for anti-HCV, and 264.90 (95%
Cl, 32.34-953.91) for anti-HTLV. However these differ-
ences only reached statistical significance for HBV infec-
tion (882.55 vs. 342.34, y2 = 9.29, P = 0.002).

Estimated incidence and estimated risk of infectivity
among living and norliving donors

Table 3 compares the estimated incidence rates and the
predicted NAT yield for HIV, HBV, HCV, and HTLV
between living and nonliving donors. We determined the
incidence rates among tissue donors by extrapolating
from the rates among first-time blood donors. The inci-
dence of HBV was adjusted by a correction factor to
compensate for potential underestimation because of the
transient nature of HBsAg [4,5]. We estimated the inci-
dence rates among surgical donors were 12.88 per
106 000 person-years for HIV, 3.53 per 100 000 person-
years for HBV, 10.71 per 100 000 person-years for HCV,
and 549 per 100 000 person-years for HTLV. Besides

anti-HCV, the estimates derived for nonliving donors
were higher than those derived for living donors, though
none of these differences reached statistical significance.
The incidence rates for nonliving donors were estimated
to be 13.61, 9.61, 5.08, and 13.02 per 100 000 person-
years respectively.

The estimated probability that a living donor was virae-
mic at the time of donation was 1 in 128 000 for HIV, 1
in 238 000 for HBV, 1 in 52 000 for HCV, and 1 in
130 000 for HTLV. With the addition of NAT, this would
be reduced to 1 in 312 000 for HIV, 1 in 476 000 for
HBV, and 1 in 455 000 for HCV. Similarly, if individual
NAT testing were to be used for nonliving tissue donors,
the probability of donor viraemia would be reduced to 1
in 294 000 for HIV, 1 in 174 000 for HBV, and 1 in
1 000 000 for HCV.

Discussion

Given its increasing popularity, it is important for medi-
cal professionals and the general population to be aware
of the risks of transfusion-transmitted diseases associated
with musculoskeletal tissue transplantation and the limits
of the screening tests used. By way of testimony to the
relative safety of the existing Australian system, not a

@ 2008 The Authors
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single case of viral infection on account of musculoskele-
tal tissue transplantation is known to have occurred in
Australia since 1993. This finding is consistent with the
residual risk estimates derived here, given the number of
donors screened to date (12 415) and the highest estimate
(HCV in living donors) of 1 in 52 000 would not as yet
predict the occurrence of a breakthrough infection.

With the exception of HCV, prevalence rates of viral
infection were higher among deceased donors than surgi-
cal donors. Estimated incidence rates were also higher
among nonliving donors, with the difference between the
incidence rates for HBV and HTLV close to reaching sta-
tistical significance (3.53 vs. 9.61 for HBsAg, x2 = 3.27,
P =0.071; and 5.49 vs. 13.02 for anti-HTLV, x2 = 3.56,
P =0.059). The underlying causes of these differences
could be related to the changes in the risks of these
pathogens in the general population, changes in factors
that occur around the time of donation, and by the risk
factors that are present in early life (age-period-cohort
effect). For example young adults in the 1960s and 1970s
may have experimented with intravenous drugs and
become infected with HCV, and these people would have
entered into the 50 years and older age-group during the
late 1990s and early 2000. Similar findings were observed
in a recent study by Zou et al. (17], which showed signifi-
cant downward trend in the prevalence of all major
blood-borne infections among first-time blood donors in
the United States with the exception of anti-HCV
amongst male 50-59 years of age.

In the context of the recipient risk, it is important to
note that the risk estimates we derive for living donor al-
lografts are conservative because they do not consider the
risk reduction contributed by the requirement to re-test
the donor 6 months after donation. Although it is diffi-
cult to accurately determine the quantitative impact of
this intervention perhaps it is best considered in the con-
text of the estimated WP for each virus. The upper 95%
CI for the duration of the WP is 38 days for anti-HIV,
94 days for anti-HCV, 49.7 days for HBsAg and 72 days
for anti-HTLV [7,13-16]. Assuming the worst case sce-
nario where infection occurred on the day of retrieval
and the donor was re-tested 180 days postsurgery, then
the probability that the donor’s infection remains unde-
tectable on both occasions is reduced by more than 95%
for all viral markers, as the upper 95% CI for the WP is
<180 days.

Despite the low residual risk of viral infection, it is
imperative that new interventions with the potential to
further reduce the risk are carefully considered as they
become available. NAT for HIV and HCV RNA is an
example, which has already been widely implemented
for screening blood donors as well as for tissue allografts
in the United States, where the majority are sourced

© 2008 The Authors
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from nonliving donors [19]. NAT reduces the WP (and
consequently the residual risk) by 55% for HIV (WP
reduced from 22 to 9 days) and approaching 90% for
HCV (WP reduced from 66 to 7.4 days) [11,i4]). More
recently some countries have also implemented NAT for
HBV DNA, which when performed on single blood
donations can reduce the WP by approximately 50%.
For living donors where retesting already eliminates the
majority of the WP infections, NAT may only be clini-
cally significant to prevent HCV transmission from a
seronegative HCV RNA-positive donor. A recent French
study of NAT in tissue donors showed that serosilent
infection may have contributed to 0.2% of confirmed
positive HCV infections [18]. In the context of nonliv-
ing donors, NAT is certainly a more attractive option
given its ability to markedly reduce the WP and conse-
quently the residual risk.

Another benefit in favour of the use of NAT instead of
the 180-day retesting for living donors would be the
opportunity of increasing the supply of tissue available on
account of the inclusion of some donations which would
have been deferred from the failure of surgical patients to
return for serological retesting. Currently the rate of
patients who fail to return for retesting and have com-
pleted all other medical exclusion criteria is 10-12%
approximately [12]. In a setting where surgical bone is
the most significant component of the tissue banking pro-
gram, and the annual demand appears to be growing fas-
ter than the Australian supply, this last reserve may be
considered as a viable potential tissue source.

Evidence from countries which have implemented NAT
has shown it to be cost-ineffective. However, NAT for
HIV and HCV is now mandatory for both tissue and
blood products in most developed nations. The results
from this study show that the risk of viral infection
among living and nonliving musculoskeletal tissue dcnors
in Australia is low, though the differential risk profile
between the two donor groups is problematic. One
potential solution to address the imbalance is consider-
ation of NAT using appropriately validated assays for
nonliving donors which would reduce the residual risk to
levels comparable to that in living donors (where the
95% reduction for quarantining pending the 180-day
re-test is included).
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