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Introduction 

In recent years the transmission of the human 
immunodeficiency virus by blood transfusion and 
blood component therapy has focussed attention 
on the risks of viral contamination inherent in 
deriving therapeutic biologicals from biological 
sources. For those involved in the manufacture of 
viral vaccines, however, the biological substrates 
used to generate viruses have always been criti- 
cally considered a safety risk. As Griffiths (1988) 
has recently described, the history of vaccine 
manufacture has seen an evolution correlated to 
the use of safer substrates - from animals to eggs, 
to primary cells and then to the use of human 
diploid cells in the 1970s. Today, as we approach 
the 1990s, continuous or immortal cell lines are 
being introduced in vaccine manufacture, e.g. the 
production of polio vaccine from VERO cells. In 
fact, the 1980s has seen a tremendous interest in 
the use of continuous cell lines for the production 
of not only vaccines but also therapeutic biologi- 
cals since bacteria were found to be unsuitable 
expression and production vehicles for many re- 
combinant biologicals. Due in part to the large 
investment in research and development in mam- 
malian cell technology during the 1980s a num- 
ber of therapeutic biologicals, e.g. monoclonal 
antibodies and tissue plasminogen activator tPA, 
have now entered the market place. 

The use of continuous cell lines has aroused 
controversy, with some scientists regarding it as a 

retrograde step in terms of safety due to the 
inherent oncogenic potential of these cells, 
whether from viruses, oncogenes or both. Others 
(Moyer and Moyer, 1987; Petricciani et al., 1981, 
1987) have argued that, provided adequate qual- 
ity control assurance programs are designed and 
followed, the risks are negligible. This whole 
area is clearly extremely important from a medi- 
cal health point of view and extensive debate is 
required to resolve the problems inherent in the 
use of continuous cell lines. The issues involved 
however are both complex and wide-ranging and 
it is therefore of paramount importance that dis- 
cussions leading to the development of guidelines 
and quality assurance procedures are based on ac- 
curate scientific data and not on existing dogma. 

This review focusses on the risks of viral 
contamination and hence transmission of viruses 
to patients and production personnel associated 
with the use and large-scale production of mono- 
clonal antibodies (mabs). However, by implica- 
tion it includes all biological materials used to 
produce therapeutic biologicals, particularly con- 
tinuous cell lines. 

Viral contamination: The scope of the problem 

Murine hybridomas 

The potential hazards of murine viral contamina- 
tion of mab preparations intended for therapeutic 



use were well reviewed recently by Carthew 
(1986) and are clearly significant. This problem 
is particularly acute when large-scale production 
includes the use of ascites preparations induced 
in either mice or rats. These problems have been 
recognised by the various national and interna- 
tional health authorities who have issued fairly 
comprehensive guidelines, e.g. Points to consider 
in the manufacture and testing of monoclonal 
products for human use, issued by the Office of 
Biologics, FDA, June 1987; Guidelines on the 
production and quality control of monoclonal 
antibodies of  murine origin intended for use in 
man, Commission of the European Communities 
Committee for Proprietary Medicinal Products 
(1988); Guidelines for the production of mabs 
intended for therapeutic use, issued by The Aus- 
tralian National Biologicals Standards Labora- 
tory, Department of Community Services and 
Health (1988). These guidelines have attempted 
to tackle the complex and wide-ranging problems 
created by the development of new biologicals 
using cell culture technology. These include not 
only the endogenous and adventitious viruses 
which might contaminate continuous cell lines 
and which are reviewed here, but also residual 
cellular DNA and other factors such as trans- 
forming proteins. 

The scope of the viral problem is enormous 
with up to twenty-two viruses listed in the Euro- 
pean guidelines as potential contaminants in the 
manufacture of murine mabs alone and twenty- 
four in the Australian guidelines. Some of these, 
such as the retroviruses, are known to be onco- 
genic while at least for five others, including the 
Hantaan virus and lymphocytic choriomeningitis 
virus, evidence exists for a capacity to infect man 
or primates. In addition there are other murine 
viruses which are capable of replicating in human 
cells in vitro. Many mouse hybridomas examined 
to date have contained viral particles, some of 
which expressed reverse transcriptase (RT) and 
were infectious (Bartal and Hirshaut, 1987; Levy, 
1983; Weiss, 1982a). Weiss (1982b) found the 
NS-1 cell line was full of A-type particles but 
released no detectable C-type particles, whereas 
12 of 17 hybridomas released large quantities of 

C-type particles as determined by EM or RT 
assay. In addition eight of the twelve C-type 
positive cell lines generated viruses infective for 
human cells although there is no evidence to date 
to indicate that these retroviruses infect humans. 
It has been reported that DNA sequences resem- 
bling retroviral genomes have been found in all 
mammalian and avian species that have been 
investigated (Bartal and Hirshaut, 1987). In a 
recent study of CHO cells, a popular expression 
vehicle for proteins of pharmaceutical interest, it 
was shown that all cell lines examined, both 
parental and recombinant, contain and express at 
least one family of retroviral sequences (Wurm et 
al., 1989). Another more recent report concern- 
ing murine hybridomas estimated that at least 
twenty percent or more of the cell lines express 
one or more families of retroviruses (Lubiniecki, 
1989). 

Virus-like particles resembling type A and 
type C retroviruses have been observed in CHO- 
K1 cells (Heine e t  al., 1979 and Petricciani, 
1981). The type A-like particles are thought to be 
associated with the ventricle in rDNA modified 
cells (Heine et al., 1979). Budding type C-like 
particles are reported to occur infrequently in a 
small percentage of sections from CHO-KI cells 
and cell bank materials (Manley et al., 1978). In 
their detailed characterization of recombinant 
CHO cells Lubiniecki and May (1985) detected 
virus-like particles resembling type A and C 
retroviruses by electron microscopy but the parti- 
cles had no biological properties, i.e. they were 
found to be defective. Thus the presence of retro- 
viral genomic sequences and the detection of 
virus-like particles in the cytoplasm of cells does 
not necessarily pose an infection risk although 
clearly this does not negate the need for well 
designed strategies for eliminating these potential 
viral contaminants. 

Human monoclonals  

The generation of human mabs has not solved the 
viral problem but rather changed the range of 
viruses that have to be considered in quality 



assurance programs. Human mabs have been 
generated by a number of different techniques 
including human-human fusions, human-murine 
fusions, human-human-murine fusions and final- 
ly direct immortalization of human lymphocytes 
by the Epstein-Barr virus (EBV). There are a 
number of viruses which are known to infect 
human lymphocytes, including HTLV, HIV, Her- 
pes 6, CMV, Hepatitis B, Hepatitis non-A non-B 
and, of course, EBV, which all have to be consid- 
ered as potential contaminants of human mab 
preparations. Thus the source of human lympho- 
cytes would need to be extensively screened for 
these different viruses. The generation of human 
mabs often involves the use of rosetting tech- 
niques using sheep red blood cells, which could 
be contaminated with viruses such as the Lenti- 
virus and, although much more unlikely, prions 
such as Scrapie. Also many procedures for pro- 
ducing human mabs employ mouse feeder layers 
in generating EBV-transformed cells which could 
theoretically generate recombinant human-mouse 
retroviruses. This is also a problem with human- 
murine heteromyelomas although the significance 
of these, at present purely theoretical, problems 
has yet to be established. The problems inherent 
in using EBV-transformed cell lines were first 
discussed in association with interferon produc- 
tion from Namalwa cells. The safety concerns 
relevant to interferon have been discussed in 
detail elsewhere (Finter and Fantes, 1980) and 
were clearly resolved to the satisfaction of the 
licencing authorities since interferon from these 
cells is now available for therapeutic use. 

Other potential  sources o f  viral contamination 

There are other potential viral risks which are not 
directly related to the cells themselves. For exam- 
ple, the use of bovine serum in cell culture carries 
with it the risk of bovine viral diarrhoea virus and 
infectious bovine rhinotracheitis virus. The recent 
discovery of bovine spongiform encephalopathy 
in some cattle in the U.K. increases the pressure 
to develop serum-free media. However, even 
serum-free media usually incorporate products of 

bovine origin, such as insulin, transferrin and 
bovine albumin, and thus cannot be considered 
free of associated viral risks. In a recent review 
on pestiviruses, Collett et al., (1989) have dis- 
cussed the difficult task of trying to distinguish 
unequivocally viral components from host cell 
contaminants. They state that this problem is a 
direct consequence of the low level of pestivirus 
growth in cultured cells and the problem is com- 
pounded by the fact that pestiviruses often conta- 
minate cell cultures undetectably and are present 
in tissue culture supplements (especially bovine 
sera). MacLeod (1988) has suggested the use of 
human plasma supplements to replace material of 
bovine origin. Although there are clear advan- 
tages in that the sensitization of patients to for- 
eign proteins is avoided, the viral risk remains as 
a major problem. 

Other problems involve the potential contami- 
nation of cell lines by adventitious viruses during 
the production process. As yet detailed informa- 
tion concerning murine hybridoma cell lines has 
not appeared in the literature, although in a recent 
comprehensive study Wiebe et al. (1989) found 
that 7 out of 44 viruses infected CHO-K1 cells; 
these included mumps and parainfluenza types 1, 
2 and 3. As with the endogenous viruses, these 
potential contaminants must be considered in the 
design of the overall production process with 
particular emphasis on appropriate purification 
schemes. Some of these measures are discussed 
in the following section. 

Viral contamination: solutions to the prob- 
lem? 

Preventive measures 

These measures are designed so that, on the one 
hand, all input materials to the process are tested 
to ensure minimal viral risk and, on the other, all 
output or end product from the process does not 
contain any evidence of contaminating viruses. 
The guidelines issued by the various health 
authorities with regard to the generation of mabs 
for therapeutic use have addressed these prob- 



lems in some detail and have concentrated on the 
following major areas: 

(a) Screening of all materials used in the process 
including the cell substrate (e.g. testing for 
Hantaan LCM and retroviruses, etc.) and the 
media components, particularly serum sup- 
plements. With regard to the screening of the 
cell substrate it is important to establish a 
primary cell seed, a master cell bank and then 
the manufacturer's working cell bank 
(WCB). This approach allows for the WCB 
to be characterized for identity, stability and 
microbial contaminants, including mycoplas- 
mas, in addition to the endogenous and ad- 
ventitious viruses previously mentioned. 
From the data presented earlier concerning 
the contamination of cell lines with human 
viruses, Wiebe et al., (1989) it is clear that 
processes should be designed to avoid direct 
contact between personnel and cell substrates 
and products. In addition, it is equally as 
important to protect operators from potential 
viral contamination risks and this is an area 
which has received little attention despite the 
fact that process workers could now be in- 
volved in handling large quantities of anti- 
bodies during their working lives. 

(b) Screening of all product batch lots and final 
products to ensure that there is no evidence of 
viral contamination. The Commission of the 
European Communities' working party for 
murine mabs (1988) recommends testing for 
twenty-two viruses while the Australian 
guidelines suggest twenty-four viruses 
should be assayed. In the "Points to consider 
in the manufacture and testing of mabs for 
human use" (issued by the USA Dept. Health 
and Human Services, 1987) a mouse anti- 
body production test (map) is recommended 
for the detection of the following viruses: 
retrovirus type 3, Hantaan virus, polyoma, 
pneumonia virus of mice, mouse adenovirus, 
minute virus of mice, mouse hepatitis, ectro- 
melia, Sendai and mouse encephalomyelitis 
virus (GD VII viruses). In a recent report it 

was stated that the map test is suitable for 
detecting 13 viruses (Shek, 1987). Other as- 
say procedures are suggested for lymphocytic 
choriomeningitis virus (LCMV), mouse sali- 
vary gland virus (murine CMV), mouse rota- 
virus (EDIM), thymic virus and LDH vi- 
ruses. LCMV, for example, does not necessa- 
rily induce the formation of antibodies. In 
addition, tests should also be included for 
murine leukaemia viruses, such as the XC 
test (Klement et al., 1969) for ecotropic vi- 
ruses, the S+L-test (Peebles, 1975) and the 
MCF assay (Cloyd et al., 1981) for xenotrop- 
ic viruses. It is also suggested that reverse 
transcriptase assays for retroviruses should 
be performed utilizing both Mg ++ (Kacian 
and Speigelman, 1974) and Mn ++ (Liu et al., 
1977). More recently (Onions et al., 1989) 
the adaption of the polymerase chain reaction 
to the assay of retroviruses has increased the 
sensitivity of detection of these viruses. 

The map test procedure as reported by 
Collins and Parker (1972) involves the inocu- 
lation of mice 4 weeks of age or older with 
the specimen plus appropriate controls. Vi- 
rus-specific antibodies produced as a re- 
sponse to any viruses present in the specimen 
are then detected by serological tests, usually 
ELISAs, performed approximately 4-weeks 
post-inoculation. It is important that the ani- 
mals used for these tests are either viral 
antibody-free or gnotobiotic. In addition to 
the detection of murine viruses, cell Cultures 
capable of detecting a wide range of human 
and bovine viruses should also be inoculated. 
Finally, the European guidelines recommend 
that there should be tests in animals for 
adventitious agents involving the inoculation 
of different groups, e.g. suckling mice, adult 
mice and guinea pigs, with test material and/ 
or disrupted cells from the seed lot propa- 
gated beyond the maximum level. Thus very 
comprehensive and expensive screening and 
testing procedures are recommended to en- 
sure the viral safety of mabs and recombinant 
biologicals. It is axiomatic, however, that 
these tests, as comprehensive and as well 



designed as they are, cannot, with absolute 
certainty, detect as yet unknown viruses. 
That such viruses exist is surely the major 
lesson to be learnt from the AIDS epidemic! 
Thus process control strategies designed to 
remove viruses are equally as important as 
those designed to prevent viral contamina- 
tion. 

R e m o v a l  o f  v i ruses  

Downstream processing technologies were devel- 
oped to purify mabs to a level largely determined 
by the ultimate use of the mab, clearly less 
demanding for diagnostic use than for therapeutic 
use. More recently the various licencing author- 
ities have required that purification techniques 
should have the capacity to remove not only 
unwanted immunoglobulins, e.g. bovine from se- 
rum and murine from ascites, and DNA but also 
viruses. Data from Levy et  al. (1984) showed that 
purification of mabs, produced in ascites using 
protein A, completely eliminated all detectable 
murine leukaemia viruses and nucleic acids, even 
when these agents were added in quantities far in 
excess of those normally expected. It is now 
apparent that the murine retroviruses are particu- 
larly sensitive to low pH and a reduction in pH to 
3.5 can cause a 3 to 4 log kill (Martin, 1985). It is 
therefore quite likely that the low pH buffer 
systems required for elution of mabs from protein 
A leads to significant viral kill and thus the 
reduction in viral titre associated with the use of 
protein A is due to an indirect inactivation me- 
chanism rather than virus removal. 

It is also important that the purification be 
validated to demonstrate that the procedures em- 
ployed should be both effective and reproducible 
in removing viruses. The validation process 
usually involves the 'spiking' of  a crude prepara- 
tion in pilot-scale studies using a representative 
selection of appropriate viruses, some of which 
may be radiolabelled. Similar studies are per- 
formed to validate DNA removal. The purifica- 
tion scheme should result in an acceptable reduc- 
tion in viral load. A major problem, however, 

inherent to this approach is the choice of viruses 
for use in the validation process since viruses 
vary so greatly in their structure, biophysical and 
biochemical properties. Clearly it would not be 
possible to test all potential contaminants and 
hence there is a need for some standardization of 
this type of work which could be accepted inter- 
nationally. The WHO would be an appropriate 
international body to consider this comply issue 
since it was the WHO who took the initiative in 
facilitating the acceptance of continuous cell 
lines as substrates for biologicals production in 
the early '80s, i.e. approval of a polio vaccine 
derived from a continuous cell lines (WHO Tech. 
Report, 1987). 

Recently Builder et al. (1989) described pro- 
cess development and regulatory approval of 
tissue-type plasminogen activator and discussed 
the removal of virus-like particles during the 
purification process. They implied that multistep 
procedures were required for virus removal and 
that the total viral clearance was the product of 
the individual step clearances. Thus, in the exam- 
ple they quoted, if each step in the process 
removed brought about a four-log removal of 
virus and the process contained three steps, there 
would be a twelve-log clearance of virus. The 
process details for tPA were not described but the 
design of a three-step process for mab purifica- 
tion could involve ion-exchange chromatography, 
followed by affinity separation using protein A 
and size exclusion chromatography. Each step 
could reduce viral loads significantly as does the 
use of protein A purification (Levy et al., 1984). 
However at this stage there is no firm data to our 
knowledge describing the mechanism(s) by which 
viruses are 'removed'. In order to assume that the 
total viral clearance was a product of the removal 
at each step the mechanisms of removal would 
need to be different for each step. It is possible, as 
we stated earlier, that the large reduction in viral 
load observed with protein A by Levy et  al. 
(1984) was due to an indirect effect of the che- 
mistry of the process and, since mabs differ 
significantly in the chemical conditions required 
for their purification, it could be assumed the 
viral removal would also vary according to the 



conditions used. Crawford et al., (1983, 1987) 
have described a purification process for a human 
monoclonal antibody (UCH D4 produced by a 
cloned, EB virus immortalized B cell line which 
is specific for the RhD antigen on human red 
blood cells) which removes 'spiked' EB virus 
and DNA to the limits of detection. The purifica- 
tion scheme involved filtration via 0.22 and 0.1 
gm filters, treatment with DNAase and affinity 
chromatography using anti-human IgG. Affinity 
purification procedures using monoclonal anti- 
bodies have also been developed for the large- 
scale production of Factor VIII preparations 
(Lusher et al., 1988). The manufacturers have 
claimed that this approach significantly reduces 
viral load (Mannucci et al., 1988) thus confirm- 
ing the earlier work by Levy et al. (1984) with 
mabs. Thus well designed removal strategies can 
play an important role in reducing the risks of 
viral transmission from biologicals. 

Filtration has been used widely and successful- 
ly to remove bacteria from biological prepara- 
tions but, as yet, has proved impractical for virus 
removal due to the slow flow rates in the pres- 
ence of high protein concentrations. A recent 
report, however, has shown that with a novel 
porous regenerated cellulose hollow fiber, filtra- 
tion can remove HIV infectivity completely from 
a virus-rich culture supernatant while maintain- 
ing a high filtration rate and a high permeability 
for proteins (Hamamoto et al., 1989). Thus it 
may be feasible to incorporate filtration steps for 
viral removal in the overall purification process 
using specifically designed filters. 

Inactivation strategies 

From the authors' point of view the large array of 
complex testing and quality assurance procedures 
described in this review does not provide an 
absolute guarantee of safety with regard to viral 
contamination. While it is recognised that abso- 
lute safety can never be guaranteed, we believe 
the use of inactivation procedures in addition to 
removal strategies would significantly increase 
the safety margin. The inclusion of inactivation 

procedures would take account of our previously 
stated major concern - the presence of as yet 
unknown and hence undetectable viruses. In ad- 
dition, if the inactivation process could be de- 
signed to operate at the terminal stage of the 
production process, i.e. when the product has 
been added to the final container, then it would 
avoid further contamination from adventitious 
viruses. The European guidelines state that con- 
sideration should be given to incorporating pro- 
cedures which inactivate potential viral contami- 
nants and the Australian guidelines (1988) actual- 
ly recommend and describe a chemical inactiva- 
tion method for possible use with mabs. Although 
we recognise that this is another complex area in 
that it is difficult to inactivate viruses without 
compromising the biological activity of the prod- 
uct, we would argue most strongly that inactiva- 
tion procedures should be included as routine 
procedures in the overall production process. 

If the inactivation approach is to be adopted 
then it is clearly important to establish appropri- 
ate strategies whereby potential viral contami- 
nants are inactivated without affecting the bio- 
logical activity and, or, structure of the product. 
Inactivation strategies can be divided into two 
very broad categories: 
a. Physical methods 
b. Chemical methods (including radiation). 

Although there is no data in the literature 
directly relevant to the inactivation of viruses in 
mab preparations, there exists a considerable 
body of knowledge relevant to viral inactivation 
from vaccine production. Viral vaccine manufac- 
turers have over the years developed a number of 
techniques for inactivating viruses, including 
chemicals such as formaldehyde, the aziridines 
and beta-propiolactone (BPL). 

Recently it was reported (Jiang et al., 1986) 
that recovery of poliovirus D-antigen after virus 
inactivation using BPL was significantly higher 
than when formalin was used. A previous study 
had also shown that use of BPL when compared 
to formalin for viral inactivation required less 
time to complete and antigen loss was less likely 
(Lo Grippo, 1960). BPL has been shown effec- 
tively to inactivate a wide range of viruses in- 



cluding encephalomyocarditis virus, rabies virus, 
poliovirus, ECHO viruses, Herpes viruses, mea- 
sles, mumps, influenza (A and B) and hepatitis. 
Lo Grippo and Hartman (1955) reported that BPL 
inactivation of the murine encephalomyelitis vi- 
rus resulted in relatively small loss of antigenicity 
compared to live virus. BPL has also been used in 
the production of an inactivated rabies vaccine 
for human use. Therefore this body of data should 
prove useful in the design and testing of inactiva- 
tion procedures for mabs although there are likely 
to be significant differences between the effects 
of chemicals on viruses compared to their effects 
on mabs. There are other sources of information 
in this area however which could prove as, if not 
more, relevant to the study of mabs, that is the 
data derived from the inactivation of viruses in 
proteins derived from human blood. 

In recent years medical scientists engaged in 
blood transfusion and plasma fractionation have 
had to investigate viral inactivation procedures 
for biologicals with respect to several major 
problems in the viral field, i.e. HBV, NANB and 
HIV-1 and -2. There is now a considerable body 
of data referring to the methods that have been 
developed for viral inactivation in blood prod- 
ucts. Pasteurization procedures were adopted to 
inactivate HBV in albumin preparations (60~ 
for 10 hours) and products treated in this way 
have had an excellent safety record. Unfortunate- 
ly this process was not as successful with the 
more heat resistant NANB virus and also proved 
more difficult to use with the more heat labile 
blood products such as immunoglobulins and 
coagulation factors, i.e. Factor VIII and Factor 
IX. The AIDS problem refocussed researchers' 
attention on the problems associated with these 
products and, while sensitive screening tests and 
donor selection strategies significantly reduced 
the viral transmission risks associated with co- 
agulation therapy, they did not eliminate them 
completely. As a result a number of inactivation 
strategies have been developed and are now used 
by different producers in an attempt to prevent 
viral transmission via blood product therapy. 
These have included: 
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(a) physical methods such as dry heating of 
freeze-dried products at temperatures ranging 
from 60 ~ to 80~ for 30-96 hours; heating of 
freeze-dried material in a slurry containing 
N-heptane; steam heating of free-dried prod- 
uct; heating in solution in the presence of 
stabilizers such as different sugars and gly- 
cine, i.e. modified pasteurization (Helder- 
brandt et  al. ,  1985; Horowitz et  al . ,  1985; 
Levy et  al. ,  1985; Petriciani et  al. ,  1985; 
Quinan et  al. ,  1985; Smith et  al. ,  1985). 

(b) Chemical treatments such as treatment in 
solution with solvent and detergent mixtures; 
treatment in solution with BPL with or with- 
out UV irradiation (Horowitz et  al. ,  1988; Lo 
Grippo et  al.,  1964; Manucci and Colombo, 
1988; Prince et  al. ,  1983; Prince et  al. ,  1986; 
Prince et  al. ,  1984; Stephan and Kotitschk, 
1987). 

The majority of these procedures have proven 
effective for inactivating HIV-1 but hepatitis 
non-A, non-B has proved more difficult to inacti- 
vate. 

Despite this it is possible that some of these 
strategies could prove effective for use with mab 
preparations. There is, however, little back- 
ground literature available specifically concern- 
ing viral inactivation with human immunoglobu- 
lins upon which to design a rational process for 
mabs. This is because the various methods de- 
scribed were not developed for human immuno- 
globulin due to their excellent safety record with 
regard to HIV infection when manufactured by 
the cold-ethanol procedure. Recently, however, 
this belief that Ig manufactured by the cold- 
ethanol procedure is inherently non-infective has 
required modification in the light of reports of 
NANB transmission by some intravenous (iv) 
immunoglobulin products (Lever et  al. ,  1984; 
Ochs et  al. ,  1985). The manufacture of Ig for iv 
use involves procedures designed to produce a 
product with low levels of aggregates, anti-com- 
plementary activity and contamination with en- 
zymes of the contact activation system. This has 
been achieved by treating Cohn fraction 11 with 
traces of pepsin at pH4. It has been proposed 
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(Welch et  al . ,  1983) that pH4/pepsin treatment 
may provide a significant degree of viral inac- 
tivation and more recently Reid et  al. (1988) 
showed that this treatment did indeed inactivate 
a range of lipid-enveloped viruses including 
HIV- 1. 

Some of the techniques that have been used 
with blood products were initially used for the 
preparation of killed viral vaccines, e.g. BPL 
with or without the UV irradiation (Lo Grippo, 
1960; Prince e t  al . ,  1983). As described previous- 
ly, BPL has been widely and successfully used to 
inactivate viral vaccines although there have been 
reports of a tailing effect associated with its use 
(Doel, 1985). This agent has been employed to 
inactivate viruses in blood products without ap- 
parent problems (Heinrich e t  al. ,  1987) although 
there is some evidence that BPL treatment sig- 
nificantly affects the reactivity of polyclonal IgG 
with Fc receptors (Jungi e t  al . ,  1986). This is not 
perhaps surprising since BPL was not employed 
initially in order to inactivate viruses but to 
eliminate anti-complementary activity in immu- 
noglobulin preparations intended for iv use (Nel- 
son, 1988). Thus the use of BPL involves some 
kind of chemical modification of the immunoglo- 
bulin molecule, although to what degree is not 
really known. BPL readily interacts with proteins 
and thus the inactivation kinetics would be in- 
fluenced by both the nature of the proteins in the 
preparation and the protein concentrations pres- 
ent. In view of the problems encountered in the 
past due to viral inactivation during vaccine ma- 
nufacture it would be essential to develop accu- 
rate kinetics of viral inactivation if this, or any 
other chemical, were to be used for the treatment 
of mab preparations. 

There is as yet little data available concerning 
the application of viral inactivation strategies to 
mab preparations. In a recent report we have 
demonstrated (Harbour et  al. ,  1989) that it is 
possible to inactivate a particularly heat resistant 
virus (vaccinia) while retaining mab reactivity 
with its specific antigen. The procedure involved 
freeze-drying of the mab and subsequent heating 
at 80~ for 72 hours. The preliminary results 
from the application of this physical process were 

most encouraging but further detailed develop- 
ment work is required to assess the effect of the 
procedure on mab structure and function. The 
process that was developed has certain advan- 
tages over chemical methods, particularly the fact 
that it is an endstage process in that inactivation 
can be performed in the final product vial and 
thus further contamination by adventitious vi- 
ruses cannot occur. However, this type of pro- 
cess, being dependent on sophisticated equip- 
ment, would be more expensive than a chemical 
approach. In addition the procedure could prove 
difficult to optimize if different mabs, as one 
would expect, have different freeze-drying char- 
acteristics and heat susceptibilities, although 
these problems should not prove insurmountable. 
Perhaps an ideal process for a large producer 
would involve the preliminary use of a viral- 
inactivating chemical prior to mab purification in 
order to protect downstream processing person- 
nel, followed by a heat inactivation step designed 
to inactivate viruses as the final process step. 

As stated previously, we believe viral inactiva- 
tion procedures are essential components of the 
downstream processing of mabs. There is, how- 
ever, an urgent need for standards or appropriate 
models that can be agreed upon with whatever 
process is employed whether physical or chemi- 
cal. These include, on the one hand, viral models 
that can be used to assess the effectiveness of a 
particular inactivation program and, on the other 
hand, appropriate mab models with which to 
assess the effect of the process on the structure 
and functional integrity of the molecule. 
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