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that factor consumption is increased in the presence of sepsis, as
previously reported." Close interaction is essential between mem-
bers of different teams managing the same patient, to avoid the
inadvertent use of drugs which could precipitate bleeding.

In conclusion, our data suggest that cryoprecipitate in doses
much lower than what is usually recommended could be adequate
for major surgery and wound healing in severe vWD. This is
important because it will lead to lower costs and a reduction in the
risk of transmitting transfusion-associated virus infections.
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p24 antigen screening to reduce the risk
of HIV transmission by seronegative
bone allograft donors
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ABSTRACT
Background. During the last decade, more than 2000 bone

allografts harvested from 888 donors and processed by the
.Queensland Bone Bank have been transplanted in over t 500
patients in Australia and New Zealand. A strict protocol to
eliminate HIV transmission by fresh frozen allografts is followed;
and not a single case of HIV transmission has been reported.

Hethods. All donors were screened and strict donor exclu-
sion criteria were used. All donor blood samples were subjected
to double testing including antibody to HIV- t, HIV-2 and
HTLV-l and p24 antigen. The allografts negative for these tests
were subjected to processing, including removal of extraneous
tissue, pulsatile lavage to remove marrow elements, and immer-
sion in 97% alcohol for 20 minutes. Allografts were subjected
to 25 cGy irradiation before transplantation.

Results. Allografts were retrieved from a total of 950 donors
and 5 t were discarded after screening for contamination by
organisms other than HIV- t. Eleven donors negative for HIV- t
antibodies tested positive for p24 antigen and were discarded.
Allografts from donors testing negative for both the tests
(n= 888) were irradiated and used for transplantation.
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Condusions. Routine p24 antigen testing and irradiation of
allograft should be mandatory for bone banks, especially those
freezing fresh allografts. p24 antigen testing is inexpensive, rapid
and easy. Certain guidelines must be followed to avoid misleading
results of p24 testing.
Natl Med J India 2000; t 3: t 90-2

INTRODUCTION
Human immunodeficiency (HIV) virus infection is of importance
to bone banks because of the potential inability to detect an infect-
ed donor who tests negative during the 'window' period. Trans-
mission of HIV-1 has been reported following transplantation of
bone from HIV-1 infected but seronegative donors.P It is thus
necessary for tissue banks to attempt to reduce the chances of
HIV-1 transmission through seronegative donors. The Queensland
Bone Bank follows a strict protocol for donor selection, p24 anti-
gen testing in addition to HIV-1 antibody testing and secondary
sterilization of allografts using gamma irradiation.

METHODS
The Queensland Bone Bank relies on careful donor selection"
criteria (Table I). Each living donor is interviewed by the bone
bank co-ordinator and the patient record is carefully scrutinized.
The phase of screening is completed by a thorough physical
examination by medical officers. For cadaveric organ donation,
permission is usually obtained from therelative by the treating
intensivist. 'At-risk' donors are excluded and autopsy provides an
additional margin of safety, which is mandatory."

Donor testing
Routine haematological and biochemical tests are performed.
Serological tests deemed to represent the minimum standard are
listed in Table II. Because of the documented transmission of
HIV-l from seronegative organ donors, assay for HIV antibody
alone is inadequate. We routinely screened donors for p24 antigen
and if either HIV antibody or p24 antigen was positive, the graft
was discarded. Enzyme immunoassay was used for the detection
of HIV-1 p24 antigen in the donor serum. This is an in vitro
sandwich solid phase enzyme immunoassay [HIV AG-l Mono-
clonal Antibody Kit (Abbott)]. Reactive specimens were tested
using monoclonal blocking antibody, which utilizes the principle
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TABLEI. Exclusion criteria used at the Queensland Bone Bank,
Australia

General
I. Active systemic infection
2. Active infection involving tissues to be procured
3. Active or past history of a slow virus disease
4. History of or existence of active hepatitis or unexplained jaundice
5. Diffuse connective tissue disease, metabolic bone diseases and other

serious systemic disorders of unknown aetiology. Rheumatoid arthritis
is included in this definition

6. Death from unknown causes
7. Chronic parenteral drug causes
8. Heavy irradiation to the area of tissues being collected
9. Substances which may be transferred in toxic doses

Specific
I. Clinical or laboratory evidence of HIV infection
2. Men who have had a sexual relationship with another man one or more

times since 1977
3. Past or present intravenous drug abusers
4. Persons immigrating since 1977 from countries where heterosexual

activity is thought to playa major role in the transmission of HIV, e.g.
Haiti and central Africa

5. Haemophiliacs who have received clotting factor concentrates
6. Sexual partners of any of the above
7. Men and women who have engaged in prostitution since 1977 and their

heterosexual partners within the preceding six months
8. Symptoms of HIV infection include unexplained weight loss; night

sweats: blue or purple spots typical of Kaposi's sarcoma on or under
the skin or on mucous membranes: swollen lymph nodes lasting more
than one month: persistent white spots or unusual lesions in the month:
fever greater than 99° F for more than 10 days: persistent cough and
shortness of breath; and persistent diarrhoea.

of specific antibody neutralization to confirm the presence of
HIV -1 antigen.

Suitable allografts were then processed, extraneous tissues
removed, pulsatile lavage carried out to remove the marrow ele-
ments and the allograft immersed in 97% alcohol for 20 minutes.
The grafts were then frozen at -70°C. The allografts were rou-
tinely subjected to 25 cGy gamma irradiation for secondary
sterilization and stored. The antibody tests for HIV seroconversion
were repeated at six months. Only those with negative results were
released from the bank.

RESULTS
From 1987 to 1997,950 donors were tested for HIV antibodies.
None of these donors tested positive for antibodies to HIV-l,
HIV -2 or HTL V-1. Eleven donors (1%), who were seronegative
for HIV -1 antibodies, tested positive for p24 antigen; tissue from
these donors was discarded. Allografts from donors negative for
both the tests were irradiated and used for transplantation. Fol-
lowing these stringent criteria and strict standards for allograft
selection, testing and processing, we have not had a single case of
HIV transmission from bone allograft transplantation.

DISCUSSION
Strategies for combining two screening tests for HIV infection in
potential donors have met with resistance due to cost consider-
ations. HIV -1 RNA detection by polymerase chain reaction (PCR)
may shorten the window period but is expensive. The HIV antigen
is generally believed to be circulating at detectable levels within
1- 2 weeks of exposure.' It is accepted that antigen testing would
narrow the window of infectivity and non-detection." Further,
significant quantities of p24 antigen circulate (apart from intact

191

TABLEII. Serological tests

Initial screening
Rheumatic
Cytomegalovirus
Epstein-Barr virus
RPRffPHA

.Hepatitis B surface antigen
Histopathological examination
Creutzfeld-Jacob disease (including brain histology); on cadaveric donors

Tests done on follow up screening after 180 days
Human immunodeficiency virus-I and 2
Hepatitis C

HIV-1 and HIV-2
p24 antigen
HTVL-I
Hepatitis C antigen/antibody
Microbiological examination

HIV virions) as part of defective virus particles deficient in RNA
detectable by PCR.7 Serum p24 assay, therefore, may have greater
clinical relevance, especially in the early stages of the disease. p24
antigen measurement is rapid, inexpensive and easily evaluated
and is often used as a surrogate marker for therapeutic efficacy."

p24 antigen testing has proven useful in the early detection of
HIV in infants? and has a sensitivity of >80% at 1-2 months of age
and 100% specificity, as evaluated, up to 4 months of age. 10The
test can be carried out even with limited laboratory facilities. Also,
high p24 antigenaemia in mothers has been shown to be associ-
ated with high infectivity and a higher risk of mother-to-infant
transmission of HIV -1. II

Certain mandatory guidelines must be followed before p24
antigen testing is carried out to avoid false-negative and mislead-
ing results. p24 antigen assay is often reportedly negative in
patients in the asymptomatic phase of HIV infection and this
reason is often advanced for its limited utility. However, it has
been shown that p24 antigen in these patients is bound to anti-p24
antibodies (p24 ab) with which it forms immune complexes."
Acid pre-treatment of samples or boiling the serum results in
immune complex dissociation (ICD) and improves antigen detec-
tion. \3 In fact, heat-mediated ICD combined with ELISA boosted
by signal amplification has been reported to detect HIV -1 expres-
sion as sensitively as a PCR for viral RNA, but at only a fraction
of the cost. 14The cost of testing p24 antigen is 25 Australian
dollars compared to PCR for viral RNA which costs 200 Austra-
lian dollars.

p24 antigen has been shown to degrade over time and assess-
ment of p24 antigen values from batch assays with long term
storage could bias study results towards a low yield or a false-
negative assay." This is a plausible explanation for p24 antigen
assays being negative when tested retrospectively. For best re-
sults, p24 assays should be performed in real time.

There is evidence that p24 antigenaemia becomes evident in
6-15 daysl5.16before the most sensitive HIV -1 antibody test. This
fact is of importance in cadaveric donors who might have acquired
the infection shortly before death.

Kinloch et al. 17have reported the risk of HIV transmission by
screened blood of those donors so infected; 37% were not iden-
tified by third-generation antibody tests but the p24 antigen was
detected in all. Nuchprayoon et al. 18have reported that lout of
every 18000 donors will be negative for anti-HIV antibodies but
positive for p24 antigen.lv'? The incidence in our review, how-
ever, is much higher and 1% (111950) of donors testing negative
for HIV -1 antibodies tested positive for p24 antigen.

Viral antigen marker levels have been known to decline with
the production of HIV antibodies." The p24 antigen analysis is
often believed to be negative in the late stage of the disease but it
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by using available modalities optimally
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still cannot undermine its usefulness in the early stages. In
addition, using lCD, it may be possible to detect antigenaemia
even in the late stages of the disease, when most of the antigen is
bound as immune complexes with the antibodies.

The p24 antigen test is often reported to be non-specific with
high false-positive results. However, with improved methods
available to test p24 accurately, 14 we feel it should be incorporated
in the protocol for HIV screening in bone banks. Our suggested
protocol for serological testing for HIV is shown in Fig. I.
Notably, cadaveric donors testing positive for p24 antigen should
always be discarded as we feel a negative PCR in these cases will
not exclude the presence of the window phase. However, living
donors, when testing positive for p24 can be tested for viral
nucleic acids by peR and if they test negative, the bone can be
quarantined. A repeat PCR performed six months later on the
donor serum can decide whether the bone should be used or not.

It will be inaccurate and improper to infer that p24 analysis
alone accounts for the negligible rate of HIV-I transmission in the
Queensland Bone Bank. In fact, the donor exclusion criteria are
the most important first step leading to minimal risk of HIV trans-
mission. The transmission of HIV-I by bone allograft is believed
to be due to sequestered blood and marrow elements" and a
thorough pulsatile lavage is carried out for all allografts to wash
out most of the viral burden, if present. Pulsatile lavage has been
known to reduce the bioburden and chances of disease transmis-
sion. Secondary sterilization by immersing allografts in 97%
alcohol and subsequently irradiating with 25kGy of gamma rays
effectively sterilizes the allograft without compromising the mech-
anical strength.v-" The amount of radiation absorbed by the bone
cortex at this dose is minimal."

Allografts from living donors are quarantined until repeat
antibody testing more reliably excludes subsequent seroconversion
in the donor.

None of our donors tested positive for HIV antibodies. This
emanates from a combination of two factors. The first is that the
incidence of HIV is low in Australia compared to other developed
countries and second, the donor exclusion criteria used are strin-
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gent. Though heightened donor screening practices may result in
unnecessary exclusion of donors, they have been effective in
minimizing disease transmission.

In conclusion, we feel that given the presence of even a small
risk of HIV infection through bone allograft from a seronegative
donor, it is important to develop strategies for prevention of
transmission. It is particularly relevant since evidence now exists
that early HIV infection before HIV antibody production may be
the most infectious period. p24 antigen testing may allow earlier
detection of an infectious donor, thus closing the window of
seronegativity or help identify an HIV antibody-seronegative
cadaveric donor at little additional cost.
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