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STERILIZATION OF HIV WITH IRRADIATION:
RELEVANCE TO INFECTED BONE ALLOGRAFTS

D. G. CAMPBELL AND P. L1

Royal Adelaide Hospital and Institute of Medical and Veterinary Science, Adelaide, Australia

Background: Bone allograft banks commonly sterilize frozen bone by irradiation. The dose~response relationship for HIV is calculated
and the dose required to inactivate the bioburden of virus that may be present in allograft bone is determined.

Methods: A virus titre experiment is performed using irradiated frozen HIV. The virus is maintained on dry ice (approximately ~70°C)
and is exposed to a cobalt 60 source with 0—40 kGy irradiation at 5 kGy intervals. Lymphocyte cell cultures are exposed to serial dilu-
tions of the irradiated virus. The virus titre is quantified by cytological changes of HIV infection and p24 immunofluorescence.
Results: There is a linear relationship between the virus titre and the radiation dose delivered. The inactivation rate of irradiated virus
was 0.1134 log, tissue culture infective doses s¢/mL per kGy (95% confidence intervals, 0.1248-0.1020). The irradiation dose required
to inactivate the HIV bioburden in allograft bone is 35 kGy. The irradiation dose required to achieve a sterility assurance level of 10-6
is 89 kGy. This dose exceeds current recommendations for sterilizing medical products and the current practice of many bone banks.
Conclusions: It is concluded that gamma irradiation _should be disregarded as a significant virus inactivation method for bone

allografts,
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INTRODUCTION

The risk of transmission of HIV from bone allografts has not
been completely eliminated by donor screening and methods
of virus inactivation are frequently employed. Few suitable
methods are available for the inactivation of infectious agents in
bone. Chemicals such as ethanol or povidone-iodine are effective
in vitro,’ but it has been shown that these methods are not as
effective when in contact with organic materials such as serum or
bone.5¢ Consequently emphasis has been placed on physical
methods such as irradiation. .

Bone allograft banks commonly sterilize frozen bone by irradi-
ation to sterilize bacterial contaminants and 15-25 kGy is fre-
quently used. Industry guidelines that do not directly relate to
bone allografts have suggested allograft banks use 25 kGy? or
calculate the sterility assurance level of irradiated bone.89

Knaepler et al. have reported virus inactivation of in vitro HIV
inoculated bone with 15 kGy irradiation.5 This observation has
not been confirmed by other studies which have suggested that
25 kGy may not be sufficient for sterilization of frozen bone.!0!!

Withrow et al. have examined virus inactivation using a feline
leukaemiia virus-infected bone model.!? Irradiation with 29 kGy
delayed but did not prevent virus infection of the recipient.
Fideler et al. have examined gamma irradiation sterilized patella
ligament-bone grafts from HIV infected donors with the poly-
merase chain reaction method.!3 They found doses of 20-25 kGy
did not destroy the genes of HIV but the viral nucleic acid was not
detectable in grafts treated with 30-40 kGy of gamma irradiation,

The inactivation of viruses by irradiation is dose dependent
and there is always a finite probability that an organism may
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survive. The probability of a single non-sterile item surviving
after irradiation is the sterility' assurance level.!4 The preferred
sterility assurance level is arbitrarily determined but usually a
minimum sterility assurance level of 10-¢ is recommended for
sterilization of medical products.®!4

The amount of irradiation required to inactivate the virus that
may reside in HIV-infected bones remains uncertain and the
dose required to achieve an adequate sterility assurance level
has not been addressed. We quantified the inactivation of HIV by
gamma irradiation. The maximum virus bioburden to be inactivated
in a bone allograft was estimated. The aim of the present study is
to assess the efficacy of sterilizing HIV-infected bone allografts
with irradiation.

METHOD

A virus titre experiment was performed using irradiated frozen HIV
virus.

Virus preparation
H3B cells (Institute of Medical and Veterinary Science, Ade-

laide, SA, Australia) were used as the virus donor cells for virus

supernatant. These cells are a clone derived from HIV-infected
lymphocytes and were greater than 95% HIV P24 antigen-positive
as judged by immunofluorescence and contained an average of two
copies of integrated HIV pro-viral DNA per cell.!s

H3B cells were propagated in RPMI-1640 growth medium

* (Cytosystems, GIBCO Laboratories, Grand Island, New York)

prepared using ultra-pure water supplemented with sodium car-
bonate 0.85 g/L, hepes 20 mmoV/L, L-glutamine 0.29 g/L, penicillin
25 pg/mL, streptomycin 25 pg/mL and phenyl red and further
supplemented with 10% heat-inactivated foetal calf serum
immediately prior to use. To prepare virus supernatant H3B
cells were maintained at a density of 5 x 107 cells/mL with an



hourly medium change. Cells were centrifuged at 200 x g for
30 min, the supernatant was harvested and the cells resuspended
in medium and incubated at 37°C supplemented with 5%
carbon dioxide. The supernatant was pooled, chilled on ice and
centrifuged at 2850 x g for 10 min at 4°C, divided into aliquots
of 5 mL and stored at ~70°C. One vial was thawed for virus
titre (greater than 105 tissue culture infective doses (TCIDs)
per mL) and reverse transcriptase activity (greater than 40 000
counts/mL).

Irradiation

Vials of frozen virus maintained on dry ice (approximately
-70°C) were exposed to a cobalt 60 source at a commercial
" facility (Australia Nuclear Science and Technology Organiza-
tion, Lucas Heights Research Laboratories, Lucas Heights,
NSW, Australia). The irradiation dose delivered to samples was
calculated by suspending ceric/cerous dosimeters in a receptacle
especially prepared for the virus. Dosimeters were irradiated
and measured at 20°C, which is the preferred temperature range
for dosimeters. Three dosimeters were examined for 2 h 15 min
each and the average dose rate measured was 6.39 kGy/h.

Frozen samples were maintained in a polystyrene lined metal can
loaded into a gamma pond canister and processed in the cobalt 60
reactor (LC2) for intervals calculated to deliver 0~40 kGy irradi-
ation at 5 kGy intervals.

Virus titres

HUT-78cells (National Institute of Health AIDS Research and Ref-

erence Reagent program) were employed as indicator cells of

HIV infection. When infected with HIV they coalesce to form

syncytia and immunofluoresce for p24 antigen. HUT-78 cells

maintained in subculture in RPMI-1640 growth medium (Cyto-

systems, GIBCO) supplemented with 10% heat-inactivated

foetal calf serum were subcultured 1 day before use and resus-

pended at a density of 1.5x 105 cells/mL in 150 cm?_flasks
(Costar, Cambridge, MA, USA).

HUT-78 cells were incubated with 0.001% Diethyaminoethyl-
Dextran (DEAE-Dextran) at 37°C for 30 min to enhance viral
absorption.1617 Cells were pelleted (200X g for 3 min) and
resuspended in RPMI-1640 medium and aliquoted 1 mL (1.5 X 10°
cells) in eppendorf tubes.

Irradiated and control virus samples were thawed to room
temperature and serially diluted 10-fold to 10-7 in serum-free
RPMI-1640 medium.

HUT-78 cell pellets (1.5 x 105 cells) were resuspended in 600 pL
of virus dilution or 600 pL. RPMI-1640 for controls and incu-
bated for 2 h. Cells were then washed three times in serum-free

medium resuspended in 1200 pL of RPMI-1640 supplemented -

with 10% foetal calf serum, and aliquots of 200 pL (2.5 x 104 cells)
were placed into six wells of a 48-well plate. The plates were
sealed and incubated at 37°C. o

A further 200 pL of foetal calf serum-supplemented medium was
added to each well the following day. Half volume medium
changes were made as required.

Observations for cytopathic effect were made on days five
and seven, when smears for immunofluorescence were made for
confirmation of microscopic findings. Microscopy observations
were made for cytopathic changes and the formation of multi-

nucleated giant cells, or syncytia, as described by Sodroski et al.18
__and Lifson et al.1920
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P24 antigen immunofluorescence

Cells were washed twice with phosphate-buffered saline (PBS) and
resuspended at 106 cells/mL in PBS, spotted onto immunofluo-
rescence slides (PH17, Wellcome, Sydney, NSW, Australia) and
allowed to air dry. Slides were then fixed in cold 1% formalin for
30 min, followed by 70% ethanol for 1 min.

Slides were washed for 5 min in PBS followed by a 20 min
wash in 0.05% non-idet P40 (Bochringer Mannheim, Mannheim,
Germany). The slides were then washed a further two times
followed by incubation with monoclonal antibody to HIV p24
(Chemicon, Tenecula, CA, USA, cat. no. MAB 880-A), diluted
1/100 in PBS, for 45 min in a humid chamber at room temperature.
After washing twice with PBS, fluorescein isothiocyanate conjugate
(FITC)-conjugated sheep anti-mouse immmunoglobulin (Silenus
Laboratories, Miami, FL, USA), diluted 1/20 in PBS, was added and
incubated for 30 min in a humid chamber at room temperature. The
cells were washed twice in PBS before coverslip mounting with
glycerol. v

p24 antigen-positive cells were evaluated using a fluores-
cence microscope. Non-infected HUT-78 cells were the nega-
tive controls and H3B cells were the positive controls.

Calculation of virus inactivation

Virus titres were calculated by the Spearman-Karber method?!
for determination of TCIDs,.

Linear regression analysis was used for the analysis of irradiated
virus titres. Microsoft Excel version 4.0 (Microsoft Corporation,
Redmond, Washington DC, USA) was used to calculate the
slope of the regression line, coefficient of determination of the
data (r2), and P value. The regression line was obtained with
the equation:

¥ =2, + a, X + error

and was illustrated with CA-cricket graph computer software
(1990, Computer Associates International Inc, San Diego, CA,
USA).

RESULTS

Productive infection was observed in all HUT-78 cell cultures
inoculated with positive controls or irradiated samples but
varied in the virus titre. There was universal agreement with
p24 antigen immunofluorescence and microscopic observations of
HUT-78 culture cells harvested for antigen immunofluoresence.

The virus titration results calculated by the TCIDy, method
were subjected to linear regression analysis and values were
derived from the regression curves. Twenty-three samples
were available for analysis from two independent irradiation
episodes, a number of samples were lost due to events independent
of the irradiation and titre calculation (bacterial contamination
of the HUT-78 cell culture plates).

There was a linear relationship between the logarithm of the bio-
logical activity of the virus and the radiation dose delivered, the
coefficient of determination was 0.953 and P < 0.001. From the
radiosensitivity curve of HIV-infected HUT-78 cells (Fig. 1)
the inactivation rate was —0.1134 log,, TCIDsymL per kGy
(95%confidence intervals, —0.1248 to —0.1020). The radiation dose
that provides a 90% reduction of biological activity (Dy, value) was
8.82 kGy. =
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Fig. 1.  Virus titre of gamma irradiated HIV determined by HUT-78
cell culture inoculation.
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Fig. 2. Dose-response curve of an HIV-infected femoral head
treated with gamma irradiation. The bioburden is an estimate of the
human-infective dose that may occur in an acutely infected femoral
head allograft donor during the window period (prior to HIV-antibody
production). We have used a worst case scenario assuming the HIV
bioburden in bone to be equivalent to the maximum known concen-
tration of HIV in serum.

DISCUSSION

Unlike chemical agents gamma irradiation is not dependent on
physical contact. It is, therefore, possible to determine the dose-
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related effectiveness of irradiation as a sterilizing agent for HIV.
The constant nature of irradiation inactivation of viruses makes
it possible to calculate the dose-response relationship for HIV
and mathematically determine the dose required to inactivate a
known bioburden of virus.22 If the bioburden of HIV in allograft
bone is known it should be possible to calculate the dose
required to achieve a certain probability of the virus surviving the
treatment. Our calculation of the dose of irradiation required to
achieve a sterility assurance level of less than one per million
HIV-infected bone allografts is shown in Fig. 2.

Irradiation of HIV in serum maintained on dry ice at approxi-
mately ~70°C resulted in an inactivation rate of 0.113 TCIDs,
dose/mL per kGy over a range of irradiation doses that are clini-
cally relevant to bone allograft specimens. The results corre-
spond to those of Hiemstra er al. who report the largest previous
study of 11 HIV samples.3 The decimal reduction value (D,
value) of the current study was 8.82 kGy and is comparable to
the D), value of 8 kGy calculated by Hiemstra et al. Studies
with smaller sample sizes have suggested the D), value to be
6.10 kGy2 and ‘greater than 4 kGy’.25 The D,, values for HIV
approximates other viruses and retro-viruses?6-28 but HIV is one of
the more radio-resistant viruses.

The TCIDs, assay is a direct measurement of viral infectivity and
has several advantages over alternative methods. Reverse tran-
scriptase assay or antigen-capture assays were used in early
reports of HIV radiosensitivity and erroneously reported the
virus to be unusually radiosensitive.230 The TCIDs, assay is
several orders of magnitude more sensitive than either reverse
transcriptase assay or antigen-capture assays and is measured
over a greater range.3!

The virucidal effectiveness of gamma irradiation is directly
related to damage to the virus genome?32 and radiation inactivation
has been used to determine the size of the virus genome. Hiemstra
et al. estimated the size of HIV to be 3 x 103 kDa2 which
closely approximates the known size of the genome3334 suggesting
the inactivation rate and D g-value to be correct. Because the
efficacy of virus inactivation by irradiation is related to the size of
the genome, and not physical or biological properties, the D,¢-value
obtained is also applicable to other HIV strains and quasispecies
with a similarly sized genome.32 ’

The irradiation dose required to sterilize an HIV-infected allo-
graft is determined by the inactivation rate and the amount of
virus in the bone. The amount of virus in the bone is termed the
bioburden. Sterilization of bone grafts infected with HIV is most
important during the early stages of infection before antibodies can
be detected and the donor eliminated by routine screening tests
(window period). During the window period the bioburden in
serum is a maximum of 10¢ TCIDsy/mL.?5 Human bone-derived
cells are not susceptible to productive HIV infection’¢ and it is
unlikely that the bioburden in bone will exceed serum. The most
common bone allograft used is a femoral head (average 50 mm
diameter) and the maximum bioburden would be 5.8 log,, TCID if
an equivalent blood volume is assumed. The actual HIV bioburden
in allograft bone will vary with the temporal relation of HIV
infection and the amount of red marrow/blood present in the
bone. We have assumed a worst case scenario using calculations to
include or exceed the maximal possible bioburden.

An additional factor is the minimum number of surviving
organisms required to cause an infection in the allograft recipient.
Even if one or a few organisms are eluted from the bone the
potential of causing an infection is minimal. Only very few of the
most virulent micro-organisms are capable of initiating infection
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when a single cell gains access to sub-epithelial tissues. Most
other organisms require 1000 or. more organisms to initiate an
infection and most bacteria require a critical initial number of
cells even to initiate growth in vitro.® The in vivo infectious dose of
HIV is unknown but the simian immunodeficiency virus (SIV) is an
approximate animal model for HIV and the in vivo infectious
dose of SIV has been evaluated. Infection occurs in rhesus
monkeys challenged with SIV at a dose of 100 TCID5,.37 If the SIV
model is assumed, the in vivo infective dose of HIV is 1/100
of the TCID. Therefore, the 5.8 log,, TCID of an HIV-infected
femoral head is equivalent to an allograft recipient infective dose
of 3.8 log,,. The human-infection dose response curve for a
gamma irradiated femoral head infected with HIV was calcu-
lated (Fig. 2). ;

From our calculations the irradiation dose required to inactivate
- the HIV bioburden is 35 kGy. The irradiation dose required to
achieve a sterility assurance level of 10-¢is 89 kGy and this
dosage exceeds current recommendations for routine radiation
sterilization of bone allografts. Achieving a sterility assurance
level of 10-6 with 89 kGy would result in graft destruction. It is
likely that a similar or greater dose is required to inactivate other
serious virus infections including Hepatitis B and Creutzfeldt-
Jakob disease.38.3% The bioburden and D,,-value for Hepatitis C is
unknown.

The HIV sterilization dose of 89 kGy exceeds current recom-
mendations for sterilizing medical products and the current
practice of bone banks which use gamma irradiation for sec-
ondary sterilization. It is concluded that gamma irradiation is
not a reliable method of HIV inactivation of bone allografts.
Rigorous donor screening remains essential to minimize the risk of
virus transmission to allograft recipients. Allograft irradiation
has mostly been used as a method of secondary sterilization to
- prevent bacterial infection and the present study does not detract
from this long-standing and effective practice.
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