Gail Sofer

Viruses present dangers (and
therefore challenges) to
biopharmaceutical manufacturing
processes. The virus inactivation
method chosen depends on the
virus and its surrounding medium.
This survey article, organized by
sample type, lists viral inactivation
methods published during the
past decade. Part 1 presents data
for skin and bone and for cells
that are not platelets or blood
cells.
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i “ Virus Inactivation in the 1990s

— and into the 21st Century
Part 1: Skin, Bone, and Cells

ith this multipart article, I will
summarize viral inactivation
methods published during the last
decade of the 20th century and into
the year 2001. Data were gathered
from scientific journal publications and
summarized by test article. In some cases,
older publications were reviewed. Eliminating
inactivation of bacteriophage and plant viruses
as well as in vivo studies narrowed my search
through the Internet Grateful Med (no longer
online, incorporated into www.ncbi.nlm.nih.
gov/PubMed). Only papers written in English
were included, and the key search terms I
used were virusand viral inactivation. The
main intent was to retrieve those papers that
provide manufacturing or final product viral
inactivation methods. In most cases, the
effects of various inactivation techniques on
product viability were not further investigated.
Virus inactivation references are sorted
by test article, which includes cells, plasma
and plasma products, tissue culture media,
biotechnology products, vaccines, tissues
such as bone and skin, and equipment. I also
looked at disinfection techniques to provide
information that might be relevant for
sanitizing processing equipment or ensuring
worker safety. Of approximately
460 references finally entered into the
database, those dealing with plasma and
plasma products are, not surprisingly, the
most numerous.

Skin

Table 1 summarizes the methods reported
for viral inactivation in skin. Abbreviations
for all viruses mentioned can be found in the
“Virus Abbreviations” sidebar.

Glycerol. At concentrations of 70% or
higher, glycerol was found to completely
inactivate cell-free HIV-1 within 30 minutes
at 4 °C (1). Cell- or skin-associated HIV-1,
however, was not totally eliminated with
70% or 85% glycerol at 4 °C. Cell- or skin-
associated HIV-1 was recovered after

storage in 85% glycerol at 4 °C for up to
72 hours, but virus isolation was infrequent
after storage for more than five days. At

20 °C or 37 °C, either 70% or 85% glycerol
could inactivate cell- or skin-associated
HIV-1 within eight hours. The article
reporting those results addresses the
importance of washing test articles to
remove glycerol that may interfere with the
biological test system (1). In that article, the
de Backere (2) procedure was used, except
that the glycerolization procedure was
performed at 37 °C instead of 33 °C.

Glycerol was found to be effective for
inactivating HSV-1 and polio as model
intracellular viruses in cadaver skin, but
only under certain conditions (3). At4 °C,
85% glycerol could not fully inactivate
intracellular HSV-1 or polio even after four
weeks. At 20 °C, 85% glycerol inactivated
intracellular HSV-1 within one week but
could not fully inactivate polio after four
weeks. HSV-1 was inactivated by 98%
glycerol within one week and polio within
two weeks.

Extracellular HSV-1 was inactivated by
85% glycerol at 4 °C, but a 50-day
incubation was required. Polio, however,
survived even after 50 days at 4 °C. At
37 °C, 24 hours were needed to completely
inactivate polio (4,5). Experiments
performed in a virus transport medium
containing either 85% or 98% glycerol at
4°C, 20 °C, or 37 °C showed that 98%
glycerol completely inactivated both HSV-1
and polio at either 4 °C or 20 °C (5).

Table 2 summarizes glycerol methods of
viral inactivation for skin.

Alcohols, dyes, and disinfectants. The
inactivation of HIV-1 in suspension by
ethanol, isopropanol, and industrial
methylated spirits was investigated to
evaluate the efficacy of alcohols as skin
disinfectants (6). High titers of HIV in
suspension were rapidly inactivated by 70%
ethanol independent of protein load (10%






and 100% serum). Ethanol (70%)
inactivated both cell-free and cell-associated
viruses suspended or dried in 10% serum
within two minutes. Cell-associated virus in
neat serum was more difficult to inactivate
when dry than when in suspension. When
virus was dried onto a glass surface, the
inactivation rate decreased when high levels
of protein were present.

Inactivation of VSV in viable human
foreskin fibroblasts by poly r(A-U) was
potentiated by xanthene dyes, including
rhodamine 123, rhodamine B, rhodamine
6G, and sulforhodamine B (7).

In a study on hand disinfection, 80%
ethanol was insufficient to inactivate polio-
contaminated hands (8). In a suspension
study, however, 80% ethanol reduced the
infectivity of polio within two minutes by
three log. Those results demonstrated that
recovery of polio on the hands was
reproducible from person to person.
Rotavirus in suspension was inactivated
within a minute by about five log;, using a
disinfectant called Desderman, which
contains 95.3% ethanol (v/v) and
2,3 4 5-tetrabrome-6-methyl phenol. The
same disinfectant, however, required five
minutes for inactivation of rotavirus on
hands (8).

Bone

As noted in the section on skin, the methods
that are employed for in vitro virus
inactivation are not usually as effective with
organic materials, such as tissues. Gamma
radiation, supercritical carbon dioxide fluid
extraction, hydrogen peroxide, sodium
hydroxide, ethanol, demineralization, and
acid treatment have all been evaluated for
virus inactivation in bone. Table 3
summarizes the methods used for viral
inactivation of bone.

Gamma radiation with 29 kGy did not
completely inactivate FeLV-infected bone
(9). In another study, the effects of several
different doses of gamma radiation were
evaluated for inactivation of HIV in fresh-
frozen, whole patellar bone ligament—bone
grafts taken from an infected cadaver (10). It
was determined that 20 or 25 kGy did not
destroy the HIV genes as determined by
PCR, but in grafts treated with 3040 kGy
DNA of HIV was not detectable (10).

In a reference on the inactivation of HIV
in banked bone for human allografts 25 kGy
of gamma radiation inactivated cell-free HIV
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and HIV-infected T-cells (10). In another set
of experiments, polypropylene vials with
2-mL suspensions of chronically infected
cells or cell-free supernatants were placed
within the medullary canal of bone exposed
to the same dose of gamma radiation. In
contrast to the previous reference, the
inactivation was considered complete using a
radiation dose of 25 kGy (11).

The maximum amount of virus bioburden
to be inactivated in a bone allograft was
estimated for a study performed to
determine the dose required to inactivate
HIV-infected bones (12). That dose was
35 kGy. The authors, however, noted that a
dose of 89 kGy would be required for a
sterility assurance level of 10-0 (for HIV),
and a dose that high would destroy the
allograft. They recommended disregarding
gamma radiation as a significant virus
inactivation method for bone allografts.

Table 1. Viral inactivation methods for skin

Virus Abbreviations

Of the following, only HAV is a
nonenveloped virus.

BVDV  Bovine viral diarrhea virus

MV Cytomegalovirus

DHBV  Duck hepatitis B virus

FelV Feline leukemia virus

HAV Hepatitis A virus

HBV Hepatitis B virus

HeV Hepatitis C virus

HIV Human immunodeficiency virus
HSV Herpes simplex virus

PRV Pseudorabies virus

SIN Sindbis virus

SIV Simian immunodeficiency virus
Vsv Vesicular stomatitis virus

Test Article Viruses Methods References
Split skin grafts HIV Glycerol 1
Skin allografts, dermal fibroblasts HSV-1, polio Glycerol 3,4
Skin, banked HSV-1, polio Glycerol 2,5
Skin HIV-1 Ethanol, isopropanol 6
Foreskin VSV Xanthene dyes 7
and poly(r-U)
Skin polio, rotavirus Ethanol, Desderman 8

Table 2. Glycerol used as a viral inactivation method for skin

Glycerol Inactivation
Test Article Concentration2  Temperatured  Time Results Reference
Cell-free HIV-1 70 4 30 min. Complete 1
Cell- or skin- 85 4 72 hours Incomplete 1
associated HIV-1
Cell- or skin- 85 4 75 days A few virus 1
associated HIV-1 recovered
Cell- or skin- 70 20 8 hours Complete 1
associated HIV-1 or 85 or 37
Intracellular HSV-1 85 4 4 weeks Incomplete 3
Intracellular HSV-1 85 20 1 week Complete 3
Intracellular HSV-1 98 20 1 week Complete 3
HSV-1 85 4 50 days Complete 5
HSV-1 85 37 2 hours Complete 5
HSV-1 98 4 0 days Complete 5

or20

Polio 85 4 4 weeks Incomplete 3
Polio 85 4 50 days Incomplete 4
Polio 85 20 4 weeks Incomplete 3
Polio 85 37 24 hours Complete 5
Polio 98 20 2 weeks Complete 4

aConcentration expressed as a percentage

bTemperature in degrees Centigrade (°C)







Table 4 summarizes the results of gamma
irradiation used for viral inactivation in bone.

Demineralization. To evaluate the
effectiveness of demineralization
(decalcification) in HCI and treatment with a
virucidal agent, two test materials were
prepared (13). Human cortical bone tested
free of HIV before it was spiked with
5.26 X 109 viral particles. The second test
sample came from a donor who died of
AIDS. Demineralization in 0.6 N HCI with
0.025% virucidal agent (ethanol combined
with a nonionic detergent) destroyed HIV.

Ethylene oxide for virus inactivation in
bone was also discussed (13). Unpublished
results showed that ethylene oxide (a strong
alkylating agent) inactivates HIV in dense
cortical bone, but ethylene oxide may
significantly affect bone induction. Residual
levels of ethylene oxide cause
morphological changes in fibroblasts
cultured with an allograft.

An author reviewing the safety of freeze-
dried bone allografts noted that no case of
HIV transmission from mineralized or
demineralized freeze-dried bone allograft
has yet been reported (14). Bone infected
with HIV was treated with a virucidal agent
and demineralization, but HIV replication
could not be demonstrated.

The effectiveness of demineralization
(using a proprietary three-step process) was
evaluated in spiking studies with HIV,
DHBV,BVDV, CMYV, and polio (15). The
process resulted in a reduction of infectivity
of greater than six log, for all viruses and
as much as 12 log;, for polio in a
100-500 pm bone powder (probably due to
high titer in the test solutions and high
sensitivity of the assay system).

Supercritical fluid extraction, hydrogen peroxide,
sodium hydroxide, and ethanol. Supercritical fluid
extraction was evaluated as a viral
inactivation method for bone tissue.
Hydrogen peroxide (35% w/w for two hours
at 40 °C), sodium hydroxide (one M for an
hour at 20 °C), and ethanol (95% for three
hours at 20 °C) treatments were also
evaluated (16). When all four steps were
incorporated into the viral inactivation
process, log; reduction values of greater
than 14.2 for HIV, greater than 18.2 for SIN,
more than 24 .4 for polio, and greater than
17.6 for PRV were achieved. Supercritical
fluid extraction alone provided log
reduction values of greater than 4.0 for HIV,
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greater than 4.3 for SIN, more than 6.6 for
polio, and greater than 4.0 for PRV (16).

Ethanol is also reported effective for
inactivating SIV in contaminated bone (14).
No monkeys receiving ethanol-treated bone
became infected. In contrast, all those
receiving nonprocessed frozen bone
allografts tested positive for SIV.

Cells (Excluding Plasma and RBCs)
Platelets and red blood cells (RBCs) will be
discussed in Part 2 of this multipart article.
This section reviews virus inactivation in
other types of cells.

Lymphocytes. HIV-1 infected
T lymphocytes can be inactivated in vitro by
nonoxynol-9 (N-9) using a surface active
agent (C31G) or by sodium dodecyl sulfate
(SDS) at concentrations of 0.05% and
greater (17). At lower concentrations, the
various HIV-1 strains appear to have
different sensitivity to microbicides. In
FeLV-infected T-cells, photodynamic
inactivation of FeLV was achieved with a
benzoporphyrin derivative and red light
(600-700 nm) (18). That preliminary work
led to further investigations on the use of
photodynamic inactivation for whole blood
(discussed in Part 2).

In CD4+ lymphocytes (SupT cells) and
two CD4-B cell lines (Ramos and Raji),
HIV-1 lost infectivity when treated with

Table 3. Viral inactivation methods for bone

trypsin (19). With trypsin at low
concentrations that are nontoxic to cells, this
method should completely inactivate HIV-1
in cell cultures.

Mouse embryo fibroblasts were infected with
murine CMV. Hypericin augmented with
light inhibited the CMV replication cycle in
that study (20).

Baby hamster kidney (BHK) cells. Recombinant
vaccinia virus present in BHK cells was
inactivated by paraformaldehyde (PFA) and
binary ethylenimine (BEI) (21).

Murine cell line. The poxviruses ectromelia
and vaccinia, along with HSV-1, was
inactivated by inducible nitric oxide in
murine macrophage-derived cells (cell line
RAW 264.7) and in bystander cells of
epithelial and fibroblast origin (22).

Cells used in laboratory analysis. Unlike the
vaccinia virus tested in BHK cells, cell-
associated HIV was not quickly inactivated
by the 1% PFA used to fix cells
(phytohemagglutinin-stimulated cells and a
subclone of H9 cells chronically infected
with HIV) (23). Infectious virus were
detectable in specimens for as long as
18 hours after fixation. Levels were higher
in those treated for up to three hours at 4 °C.
Increasing temperature increased the
effectiveness of PFA. Temperatures of
22 °C and 37 °C were more effective
than 4 °C.

polio, HBV, HCV, BVD

Test Article Viruses Methods References
Bone tissue HIV-1, SIN, Supercritical carbon dioxide fluid 16
polio, PRV extraction, hydrogen peroxide,
sodium hydroxide, and ethanol
Banked bone HIV-1 Gamma radiation 10,11,12
Bone allograft HIV, DHBV, HAV, Demineralization 13,14,15

Table 4. Gamma radiation as an enveloped virus inactivation method for bone

Gamma Inactivation
Test Article Radiation (kGy) Results Reference
FeLV-infected bone 29 Incomplete 9
HIV in bone grafts 20 or 25 Incomplete 10
HIV in bone grafts 30-40 HIV DNA undetectable 10
HIV in banked bone 25 Cell-free HIV inactivated 11
HIV in banked bone 25 HIV from infected T cells 11

inactivated

HIV-infected T cells in bone 25 HIV inactivated 11
Cell-free supernatants from 25 HIV inactivated 11
infected cells placed in bone
Bone allograft 35 HIV inactivated 12
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HIV-1 was rapidly inactivated in infected
cells using psoralen (AMT) and UVA light
(24). Chronically infected U937 cells and
human T-lymphoblastoid lines CEM and
HUT-78 were used to evaluate the
effectiveness of that viral inactivation
procedure.

Sodium lauryl sulfate (SLS) inactivated
HIV-1 in cultured Ig5 cells (25). Pretreating
HIV-1 with SLS decreased infectivity more
than pretreating the cells did. VSV, which
infects cells by a different mechanism than
that of HIV-1, was not affected by SLS.

(Lymphocytes are discussed in the “Other
Cells” section. See reference 19).

Looking Ahead

The next installment of this article will
examine viral inactivation in red blood cells
and platelets. Future installments will focus
on plasma products, cell and tissue culture
media, vaccines, and biotechnology
products.
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