
History and Applications

Monoclonal antibodies (mAbs) are antibodies
produced by a single B-cell clone when an
antigen epitope interacts with the immune
system. They differ from their easily repro-
ducible counterpart, polyclonal antibodies, in
that mAbs are more specific and more homo-
geneic. 

The development of hybridoma technology
marks a major breakthrough in mAb produc-
tion. By fusing B-cells with myeloma cells,
Köhler & Milstein (1) developed a way to
immortalise the B-cells and produce virtually
unlimited quantities of mAbs. Since Köhler
& Milsteins Nobel Prize-winning work,
mAbs have become important tools in the
laboratory and in the clinic (2). These prod-
ucts are now widely used as therapeutic
agents, components of kits for immunoas-
says and affinity chromatography, as carri-
ers in drug targeted therapy, and in basic
research experiments (for example, as
immunomarkers).

The introduction of mAb technology also
created possibilities for replacing animal
tests with in vitro tests. For example, the
mAb-based in vitro “potency” test for the
rabies vaccine (an ELISA test with the
monoclonal antibody against one of the gly-
coproteins and nucleoproteins of the rabies
virus as coat) serves as an alternative to the
lethal challenge tests performed in mice (3).

At present, more than 100,000 different
mAbs are available (4). Most are produced in
small quantities (< 0.1g) solely for bench-
related purposes. Larger amounts are often
required for use in diagnostic kits and
reagents (0.1–0.5g), for routine diagnostic
procedures and in preclinical evaluation
studies (0.5–10g), and for prophylactic and
therapeutic purposes (> 10g; 5).

Development and Production

The mAb production process includes a num-
ber of steps (Figure 1). In order to obtain the
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necessary B-cell clones, a donor animal is
immunised. The schedule in laboratory ani-
mals consists of a primary immunisation fol-
lowed by one or more boosts. The use of a
purified antigen increases the probability of
obtaining a highly specific B-cell response.
Also, the antigen is often mixed with an adju-
vant to enhance the immune response.

Balb/c mice are the most common hosts
used in immunisation, since many of the
myeloma cell lines available for fusion are of

Balb/c origin (6). When Balb/c mice are
unable to produce the B-cell clone of interest
or for specific purposes, mAbs are obtained
from other species such as the rat, hamster
and human (4). At the end of the immunisa-
tion period, the animal is sacrificed and its
spleen is used as the source of cells for
fusion. The B-lymphocytes can also be
obtained from gut-associated lymphoid tis-
sue and mesenteric or peripheral intestinal
lymph nodes. Peripheral B-lymphocytes are
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Figure 1: Schematic outline of the production of monoclonal antibodies in mice

Immunise mouse (or other animal species) with antigen

Test bleed to determine antibody response

Final antigen boost

Isolate spleen cells (B-cells)

Fuse cells with myeloma cell line

Culture in microtitre plates with HAT medium

Unfused splenic lymphocytes Fused hybridomas Unfused myeloma cells die
(do not survive in culture) (sensitive to HAT)

a) Screen wells for specific antibody production
b) Clone positive cells by limiting dilution
c) Rescreen clones for specific antibody production
d) Reclone positive wells
e) Confirm specific monoclonal antibody production
f) Expand in culture and induce monoclonal antibody production in vivo or in vitro

From reference 6.

HAT = hypoxanthine, aminopterin, thymidine.



generally required for human mAbs (7).
Although the primary in vitro stimulation of
B-lymphocytes has been reported, the cells
have been almost entirely of the IgM type,
and it is the IgG type that is preferred (8, 9).
Usually, the IgG type of B-cell clones can
only be obtained by the restimulation of
memory cells derived from in vivo primary
immunisation (10).

Having been obtained, the antibody-pro-
ducing cells are fused with non-secretory
myeloma cells. Fusion procedures include
electrofusion, Epstein-Barr transformation
and chemical fusion (the most frequently
used method) by polyethylene glycol. All
fusion procedures are based on in vitro tech-
niques. The lymphocyte–myeloma hybrido-
mas are then cultured in vitro on microtitre
plates containing HAT (hypoxanthine,
aminopterin, thymidine) medium. Selection
in HAT medium allows only hybridoma cells
to survive. Hybridomas positive for the spe-
cific antigen epitope are further selected and
subcloned in vitro. Finally, the desired mAbs
are produced by injecting the clones into
mice or by growing them in culture. 

Aspects of In Vivo Immunisation and
In Vivo Production 

The classical process of mAb production
includes two separate procedures in labora-
tory animals: immunisation to generate B-
cell clones; and production of mAbs by
ascites induction. Both procedures raise ani-
mal welfare concerns and have prompted the
pursuit of in vitro alternatives. Since the
IgG-type of B-cell clones are usually only
obtained after in vitro restimulation of mem-
ory cells derived from in vivo primary immu-
nisation, refinement is, for the time being,
the only possible Three Rs approach to min-
imise the side-effects of immunisation. Possi-
ble refinements include the selection of the
adjuvant inducing the least severe side-
effects, and adjusting the volume and selec-
tion of the route of immunisation (11). 

In contrast, hybridoma clones can be
grown in tissue culture, or as a tumour line
implanted in mice (or in rats for rat
hybridoma cells), a technique referred to as
ascites production (12). Both procedures
were mentioned in the original article on
mAb production by Köhler & Milstein (1).
However, for various reasons, such as pro-

duction capacity and the ease of the proce-
dure, the main production method is ascites
production. 

According to a 1991 report by the Business
Communications Company, an estimated 2.6
million mice were used worldwide for the
production of mAbs each year, at that time,
40% of them in the USA (13). Other reports
estimate the use in the USA to be at least 0.5
million (9) to 1 million (Kimbrell, A. Petition
requesting the National Institutes of Health
to prohibit the use of animals and implement
non-animal alternatives in the production
and use of monoclonal antibodies. 23 April,
1997). In the UK, the use of animals for
ascites production fell from 46,188 to 2,391
in the period 1990 to 1994 (14).

With in vivo ascites production, the mice
are primed, preferably by intraperitoneal
(i.p.) inoculation with pristane (6). The effect
of the primer is two-fold: it suppresses the
immune system so that the growth of the
hybridoma cells in the abdominal cavity is
not (strongly) impaired; and it causes toxic
irritation, which leads to peritonitis and the
secretion of serous fluid (15). A hybridoma
cell suspension is injected (i.p.) 7–10 days
later. After 7–21 days, the abdomen of the
inoculated animal becomes swollen, indicat-
ing ascites production and tumour growth.
The ascites fluid is removed and the animals
can be re-tapped two days later.

Some modifications of the procedure have
been reported to optimise or modify ascites
production. These include the use of Freunds
incomplete adjuvant (FIA) as an alternative
to pristane (16), the use of nude and severely
compromised immunodeficient (SCID) mice
(17), or the use of Balb/c-derived cross-bred
F1 hybrids (18). 

In vivo mAb production has a number of
advantages and disadvantages, which are
summarised in Table I. The characteristics
of this production method are shown in
Table II.

Traditionally, in vivo production is
favoured, amongst others due to an inherit
resistance to, or lack of familiarity with, in
vitro methods (for example, 24–26). This
cannot be entirely valid, since an essential
part of the production of all mAbs is the
cloning and subcloning of hybridoma cell
lines of potential interest, by using in vitro
culture methods.

Generally, it is accepted that ascites pro-
duction involves some (27) to substantial (28)
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animal pain and suffering, as caused by the
various procedures: i.p. injection of primer
(pristane or FIA), the effect of the primer
after administration; the i.p. inoculation of
hybridoma cells; the growth of the tumour
cells in the abdominal cavity (primary effects)
as solid peritoneal plaques that infiltrate the
abdomen wall and/or abdominal organs; and
the tapping of the animal. An overview of the
clinical, pathophysiological and pathological
effects is presented in Table III.

More specifically, i.p. injection, as classi-
fied according to the Dutch statistics, is
believed to cause moderate distress. Ascites
and tumour growth are known to cause suf-
fering in human patients (15) and, in partic-
ular, the complex pathophysiological and
pathological changes may cause severe fear,
distress, pain and suffering in the animals
involved. Although ascites tapping is
believed to give relief, the immobilisation of
the animal and the abdominal clamping cre-
ate distress.

In Vitro Production

Although in vitro procedures for mAb pro-
duction have been available for many years,
the use of these procedures has been limited,
due to their inadequacy and/or high costs.
Traditionally, in vitro methods were expen-

Table I: Advantages and disadvantages of in vivo monoclonal antibody
production

Advantages Disadvantages

High monoclonal antibody concentration Contamination of preparation with
per ml ascites (1–28mg/ml) endogenous mouse immunoglobulins

Ease of the procedure, not requiring Variability in the capacity of
specific skills hybridomas to elicit ascites (19, 20)

Not labour intensive Generally lower immunoreactivity
(60–70%) compared to monoclonal antibodies

Rapid production produced in vitro (90–95%; 5)

Relatively low costs of production Potential for change of DNA in the
hybridoma (21)

Most (but not all) hybridoma cell
lines grow after intraperitoneal Reduced specificity due to serum
administration contaminants (22, 23)

Animal facilities are often Need for animal facilities
available in the laboratory

Inter-animal and inter-batch
differences in quality of monoclonal 
antibodies

Animal welfare aspects

Table II: Characteristics of monoclonal
antibody production by induction of
ascites

Characteristic Specification

Scale < 200mg/mouse
Volume 1–10ml/mouse
Concentration 1–28mg/ml
Production time 2–4 weeks
Cost 0.5–12 US$/mg

526                                                                                                                         C.F.M. Hendriksen.



sive to set up, produced low concentrations
of antibodies, and were labour intensive. In
recent years, however, in vitro methods have
been substantially improved, even for small-
scale production. 

Ideally, an in vitro system developed to
replace an in vivo method should be simple,
should be equally or less expensive, should
not require special culture conditions, should
produce high concentrations of mAb/ml,
should be free of contamination, should be
re-usable, and should require a reasonable
period of time to produce relatively pure
mAbs in adequate quantities (29, 30).

Currently, there are no in vitro techniques
that meet all these criteria, but, depending
on the quality and quantity of mAbs needed,
investigators can now select a simple, easy to
handle, small-scale production system or a
technically complex, large-scale production
system. 

Since the in vitro systems are still being
optimised, any overview of their limitations
reflects upon state-of-the-art technologies
that are not yet widely used. The general
advantages and disadvantages of the in vitro
systems are summarised in Table IV. How-
ever, because of the wide range of in vitro
methods, the comments made do not neces-
sarily apply to all the systems. 

These methods can be categorised accord-
ing to the principles underlying their culture

systems (5). There are static and suspension
culture systems, membrane-based and
matrix-based culture systems, and the high
cell density bioreactor. Bioreactors include
all culture systems which are capable of gen-
erating cell densities greater than 1 × 108

cells/ml. In the matrix/membrane systems,
cells are cultured in compartments separated
from the nutrient supply by perfusion mem-
branes, or cells are immobilised on matrices
and are perfused continuously with fresh
medium. In vitro methods can also be cate-
gorised as small-scale (< 0.1g), medium-scale
(0.1–0.5g) and large-scale (> 0.5g) produc-
tion methods.

The quantities produced depend on differ-
ent variables, for example, production capac-
ity per cell, cell density in culture,
production volume, and opportunities for
replenishment of the medium. The pros and
cons of employing in vitro methods vary from
system to system.

The static and agitated suspension cul-
tures (i.e. T-flasks, roller bottles, spinner
flasks) are inexpensive and easy to handle. In
these systems, medium and cells are in the
same compartment and generally there is no
(continuous) replenishment of the medium.
In closed systems, there is no microbial con-
tamination. The production time is relatively
short. Even so, these systems produce mAb
at low concentrations and the product is

Table III: Clinical, pathophysiological and pathological effects of ascites
production

Clinical Pathophysiological Pathological

Abdominal distension Anorexia Peritonitis
Decreased activity Anaemia Infiltrative tumour growth
and body mass Dehydration Adhesions in the abdomen

Shrunken eyes Tachypnoe Enlarged
Difficulties in walking Circulatory shock abdominal organs
Hunched posture Decreased venous, Blood in the
Respiratory distress arterial and renal abdominal cavity
Death blood flow

Ascites production
Immunosuppression

From reference Kimbrell, A. Petition requesting the National Institutes of Health to prohibit
the use of animals and implement non-animal alternatives in the production and use of mon-
oclonal antibodies. 23 April, 1997.
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impure. The supernatant fluid has to be
purified and concentrated before use. There
is also a risk of product decomposition by
enzymatic processes.

Recent modifications of the static and sus-
pension cultures (i.e. the gas-permeable bags
[24] and super-spinner flasks [31]) have
increased mAb yields. 

Membrane-based and matrix-based cul-
ture systems, such as the dialysis mem-
brane technique (20), are also easy to
handle and do not require expensive
equipment. Low amounts of medium are
required, so low costs for medium and
serum supplements (for example, fetal calf
serum [FCS]) are incurred. Unlike suspen-
sion cultures, these cultures show a high
level of mAb purity, but the disadvantages
are far more numerous. The potential for
microbial contamination is high. No sam-
ples can be collected while the cells are
being cultured, so optimisation of the tech-
nique is more complicated. The desired
product can be decomposed by the enzy-
matic processes that are part of the sys-

tem. The membrane-based and matrix-
based culture systems produce relatively
low mAb concentrations (27–400g/ml),
although, with some modifications (for
example, the Glass Mouse and Tecno-
Mouse), they can yield higher cell densi-
ties. A combination of the dialysis
technique and the roller bottle is the oscil-
lating bubble chamber (32).

The high cell density (heterogeneous) biore-
actors category includes all culture systems
which are capable of generating cell densities
greater than 1 × 108 cells/ml (5, 33). In these
systems, cells, or in some cases mAbs, are
physically retained in the system. An example
of this system is the hollow fibre bioreactor.
Medium passes through bundles of hollow
fibres, enabling the cell growth compartment
to be perfused continuously. Hollow fibre
bioreactors are universally the first choice if
large or medium quantities of mAbs are
needed. The advantages of these systems
include high yield, high purity and high con-
centration (0.6–20mg/ml) of mAbs. Purity can
be improved by gradual serum reduction in

Table IV:  Advantages and disadvantages of in vitro methods

Advantages Disadvantages

Low variation in quality between Low level of monoclonal antibodies/ml
batches of monoclonal antibodies requiring concentrationa

No contamination with murine Introduction of in vitro systems
immunoglobulins might require a substantial capital

outlayb and expertise
No contamination with murine
pathogens Use of fetal calf serumc

No animal suffering Hybridoma cells might be damaged
by shear forcesd

High immunoreactivity (compared
with in vivo-produced monoclonal antibodies)

aMonoclonal antibody concentration in hollow fibre systems is comparable to monoclonal anti-
body concentration in ascites.
bDepending on the type of in vitro systems. Small-scale production units are cheap, whereas
hollow fibre systems require a substantial capital outlay.
cMedium containing fetal calf serum is being increasingly replaced by serum-free medium.
dOnly where stir growth systems are being used. By cell encapsulation in polymers, cells can
partly be protected (24).
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the culture media. Sustained production can
be continued for a long time. Frequent har-
vesting decreases the potential for degradation
resulting from prolonged exposure to cellular
proteases in the culture media. There is a risk
of microbial contamination and mechanistic
failure. The system is relatively expensive
because of the capital investment costs and
the use of disposables, and a high level of
expertise is also required. Other examples of a
high cell density bioreactors include the (mini-
)fermentor (30), ceramic matrix systems, and
systems based on microencapsulation.

A detailed overview of the various mAb
production methods will be published in late
1998/early 1999, as a special issue of
Research in Immunology. 

In Vivo Versus In Vitro Production

Various systems for the production of mAbs
have been compared in a number of papers,
according to a number of parameters, includ-
ing the concentration of mAb/ml, the total
production volume, the production time, and
the costs per mg. Table V summarises this
information. In Table V, concentrations of
mAbs/ml are hybridoma-related and affected
by medium composition, gassing, etc. In a sin-
gle system, different mAb concentrations for
one hybridoma can be found (34). The cost
calculations are based on various assump-
tions, as some authors base ascites production
costs on the cost price of the animals, while
others include labour costs and the overheads

Table V: Comparison of in vivo and in vitro systems for the production of
monoclonal antibodies

Prod-
Concen- uction Cost/

Production Process Cell Volume tration Scale time mg
system mode density (ml) (µg/ml) (mg) (weeks) (US$)

Ascites Batch 1–10 1,000– < 250 2–4 0.5 –12
28,000

Roller Batch Low 150–2,000 40–220 20–120 2–3 1–15
bottle

Dialysis Batch Low 10–25 27–400 < 50 2–5 2.5–40
tubing

Spinner Batch Low 1,000 10–200 50 2–3 1–20
flask

Ceramic Contin- High 3,000 30–50 10–30 3–12 a

matrix uous

Hollow Contin- High 25–1,000 600– 100–500 3–12 0.75–20
fibre uous 20,000

Fermentor Contin- High < 2,000 500– 2–100 2–12 0.75–5
uous 5,000

The figures are based on information included in references 15, 31 and 34–41.
aNo information available.
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of the animal facility. The same holds true for
the in vitro systems.

The investments that need to be made for
mAb production vary significantly, depend-
ing on the technique chosen, and on whether
some of the equipment and other necessities
are already available. Apart from the need
for basic equipment for cell culture laborato-
ries, such as a flow cabinet and an incubator
(which must be available anyway for sub-
cloning of hybridomas), other investments
must be made to set up an in vitro system.
These can vary between $25,000 and $40,000
for a central unit for in vitro production (36).
Equipment for purification and concentra-
tion can result in additional costs. 

The development and use of in vitro pro-
duction methods has brought about some
shifting trends with regard to methods, costs
and animal welfare. In small-scale, easy to
use systems such as T-flasks and roller bot-
tles, the limiting factor for replacing in vivo
methods is largely due to the fact that mAb
concentrations are lower than when they are
produced by the ascites method. The in vitro
product therefore requires more concentra-
tion before use than do in vivo mAbs. This
factor has driven the development of small-
scale systems that optimise mAb concentra-
tions (for example, gas-permeable bags,

oscillating bubble chambers). These tech-
niques have only recently become available
and are not yet routinely used. On a larger
scale, high cell density bioreactors (for exam-
ple, hollow fibre systems) and mini-fermen-
tors provide the same concentration levels as
the ascites production method. 

Previously, in vivo ascites production was
clearly more cost-effective than in vitro pro-
duction. As animal studies become more
expensive because of animal welfare regula-
tions and quality assurance policies, the gap
is closing (Table VI). The cost of in vitro pro-
duction methods is now becoming relatively
low (for example, as costs for equipment
decrease) in comparison.

Any in vitro versus in vivo policy must
take into account the fact that some
hybridoma cell lines do not adapt well to in
vitro conditions, especially under serum-free
culture conditions. Cell lines that grow
poorly make in vitro mAb production impos-
sible. Even so, poor growth of hybridoma
cells in culture is becoming the exception
rather than the rule. With the addition of
serum or a serum-replacing additive, virtu-
ally all hybridomas can be prompted to grow
well. About 8% (42) to 1% (W. de Leeuw, per-
sonal communication) of the hybridomas
made are problematic, mostly due to techni-

Table VI: Summary of costs for monoclonal antibody production by ascites
systems versus in vitro systems

Ascites production In vitro production

Animals Equipment for culture and
production

Housing (specific
pathogen-free conditions) Materials, including medium,

fetal calf serum and disposables
Disposables

Labour
Labour (especially daily
observations) Downstream processing to

concentrate and (in some systems)
Protocol review by the local to purify monoclonal antibodies
Animal Care and Use Committee
or external review committee

Downstream processing to purify
monoclonal antibodies
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cal problems (for example, contamination,
the effects of shear forces). The initial selec-
tion and subcloning of hybridoma cells is by
in vitro culture, so these cells must have
some potential for growing in vitro (B. de
Geus, personal communication).

Additionally, there are, albeit rarely, some
hybridoma cell lines which fail to grow in
vivo after i.p. inoculation.

In vitro culture requires the use of FCS
and thereby introduces another moral prob-
lem. Obviously, the harvesting of FCS raises
animal welfare concerns (43), but, in com-
parison, ascites production is among the
most stressful procedures conducted in labo-
ratory animals. The animal welfare issues
are of a different order (both qualitatively
and quantitatively), and involve inducing
both tumour growth and ascites production.
Furthermore, FCS is increasingly being
replaced by FCS serum-replacing additives
or the use of serum-free media, partly
because one of the major costs of mAb pro-
duction in vitro is that of FCS-containing
media (44).

Some publications reported a difference in
the quality of mAbs produced in vitro com-
pared with those produced in vivo (45). In
general, however, the quality of mAbs is pri-
marily to do with the glycosylation structure
of the mAb. Glycosylation can be influenced
by a variety of factors, such as the culture
conditions and supplements in the medium
(46). These factors can be standardised in in
vitro culture, but not in in vivo culture (5,
47). For this reason, differences can be found
in mAbs produced in different animals, but
not in a mAb batch produced after in vitro
culture. Greater consistency is desirable,
especially in the production of therapeutics.

New Developments

Several new approaches which escape from
the traditional procedure of mAb production
are being studied or are already in use. Ulti-
mately, these methods will replace the use of
laboratory animals altogether, including
those used for immunisation purposes. A
promising approach is phage-display technol-
ogy. This technique permits the selection of
antibody fragments, which are expressed on
the surface of filamentous phage particles,
from large libraries constructed from the B-
cells of individuals or assembled in vitro from

the genetic elements encoding antibodies
(48, 49). The procedure is extremely rapid
and is independent of the immunogenicity of
the target antigen.

Other recombinant DNA-based technolo-
gies are based on mAb production by the
introduction of genes encoding for the heavy
and light antibody chains into, for example,
plants (50), insect cells (51), bacteria (52) or
yeast (53).

Legislative Framework

In several European countries, developments
in in vitro technology have resulted in the
establishment of guidelines on in vivo ascites
production. A summary is given in Table VII.
The guidelines differ from country to coun-
try. Recently, the UK government imple-
mented a policy leading to the eventual
prohibition of use of the ascites production
method (54).

In the US, the National Institutes of
Health issued a very clear directive to the
Institutional Animal Care and Use Commit-
tees, requiring the use of in vitro methods
(55). The agency stated that: “the validity
and reliability of alternative methods for the
production of mAbs are well-established”,
and that “these methods should be used
whenever scientifically appropriate” (56).  

In general, the European guidelines refer
to the national laws on animal experimenta-
tion, as well as to the European laws on ani-
mal experimentation, namely Directive
86/609/EEC (57) of the European Union
(EU) and the European Convention of the
Council of Europe (58). The Directive is
legally binding on the 15 Member States of
the EU. Article 2 of the Directive covers any
use of an animal for experimental or other
scientific purposes which may cause pain,
etc., while Article 3 applies to the use of ani-
mals for other purposes, including the man-
ufacture of drugs and other substances or
products. Thus, Directive 86/609/EEC
applies unequivocally to all use of live ani-
mals in the production of mAbs, whether the
antibodies are intended for use as research
tools, for diagnostic assays, or for therapeu-
tic purposes (D. Straughan, unpublished doc-
ument).

Article 7 of the Directive is of direct rele-
vance to the discussion on mAb production,
since it includes the following measures.
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— Article 7.2: “An experiment shall not be
performed if another scientifically satis-
factory method of obtaining the result
sought, not entailing the use of animals,
is reasonably and practically available.”

— Article 7.3: “In a choice between experi-
ments, those (should be selected) which
use the minimum number of animals . . .
cause the least pain, suffering, distress
and lasting harm and which are most
likely to provide satisfactory results.”

— Article 7.4: “All experiments shall be
designed to avoid distress and unneces-
sary pain and suffering to experimental
animals.”

From the outcomes of the recent confer-
ences, workshops (Appendix 1) and reports

on in vitro and in vivo mAb production, it
can be concluded that:

1. in vitro production systems produce mAb
of the same quality as mAbs produced in
vivo (i.e. they are scientifically satisfac-
tory); and

2. in vitro production systems are now
available, which produce mAbs as cost-
effectively and labour-effectively as in
vivo production (i.e. they are reasonably
and practicably available).

Therefore, it is concluded that Article 7.2 of
the Directive should now be applied to mAb
production in laboratory animals.

Occasionally, hybridomas might not be
produced in vitro or might not grow in vitro
(just as, occasionally, hybridomas do not

Table VII: Guidelines in European countries on in vivo monoclonal antibody
production

Country Year Type of guideline

Germany 1989 In vivo production only permitted for (59):
— monoclonal antibodies for diagnostic and therapeutic purposes
— passage of infected hybridoma cells
— monoclonal antibodies for new scientific problems

The Netherlands 1989 In vivo production is only permitted with< 10 animals (60)

1996 Prohibition of the use of animals
Exemptions to be approved by a national committee of expertsa

Sweden 1990 In vivo production can be justified in certain cases, to be decided 
by the local animal ethics committees (61)

Switzerland 1994 In vivo production only permitted for (28):
— monoclonal antibodies for diagnostic and therapeutic

purposes in case of emergencies
— to rescue single hybridomas

UK 1991 In vivo production only permitted using < 20 animals per 
hybridoma (62)

1998 Prohibition of the use of animals
Exceptions only possible if in vitro production fails or for specific 

diagnostic or therapeutic purposes (54)

a Official letter of the Veterinary Public Health Inspectorate. VHI/D/U/-967/jw dated 5 Janu-
ary 1996.
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grow in vivo). In such cases, and for other
scientifically justified reasons, exemptions to
the general prohibition may be granted.
Experience in The Netherlands has shown
that, since in vivo production was prohibited,
on 1 January 1996, nine requests for ascites
production have been made to the national
committee of experts. No information is
available on the total number of mAbs pro-
duced in The Netherlands, but this number
must be substantial. Six applications were
approved based on the following arguments:
a therapeutic mAb with existing regulatory
approval (one application); poor growth or
production in vitro (three applications); dif-
ferences in quality between in vivo and in
vitro mAbs (one application); and an excep-
tional diagnostic emergency (one applica-
tion). Three applications were rejected and
the applicants were advised to optimise their
culture and/or purification process (W. de
Leeuw, personal communication).

The establishment in The Netherlands of
institute-related or university-related core
facilities on in vitro mAb production, which
started early in the 1990s, has been very
helpful in the shift from in vivo to in vitro
production. 

Statement

Since alternatives to the in vivo production
of mAbs (both large-scale and small-scale)
are available and experts agree on their sci-
entific validity and practicality, the use of
animals for this purpose should be prohib-
ited, with reference to Article 7.2 of Directive
86/609/EEC. As the responsible authority,
the European Commission should be
requested to take action toward the prohibi-
tion of ascites production in the Member
States of the EU. A transitional period of no
more than two years should be allowed, to
enable users time to acquire and implement
in vitro techniques, and for administrative
reasons, before such a ban is implemented.
The establishment of core facilities should be
supported.

As in rare circumstances there might be
very good scientific reasons for in vivo pro-
duction, exceptions for in vivo production
should be permitted on a case-by-case basis,
and criteria should be developed for the con-
sideration of applications. It is recommended
that an EU expert group should be estab-

lished to develop such a set of criteria, to
examine applications for in vivo production
and to monitor the implementation of the
prohibition in the EU. National expert
groups should be established for the
approval of in vivo ascites applications. To
keep expertise in ascites production at a high
level, it is recommended that in vivo produc-
tion be centralised, and that only one or two
laboratories in each Member State should be
permitted to perform production by the
ascites method. 

The success of a prohibition partly depends
on the efficient distribution and communica-
tion of information to individual scientists,
ethics committees, and national and interna-
tional organisations. European and national
scientific associations, such as the Federation
of European Laboratory Animal Science Asso-
ciations, as well as international umbrella
organisations from the pharmaceutical indus-
try (for example, European Federation of
Pharmaceutical Industries Associations),
should be asked for their support. An impor-
tant ramification of a ban is that a European
scientist might by-pass the regulations by
subcontracting mAb production to non-Euro-
pean countries. Hence, harmonisation of leg-
islation on mAb production and of
institutional policies should be sought world-
wide.

Appendix 2 summarises some of the gen-
eral objections to a prohibition of ascites pro-
duction. The conclusion is that these
objections are neither relevant nor scientifi-
cally justified. 

Summary of Conclusions and 
Recommendations

1. Monoclonal antibodies are antibodies of
defined specificity, produced by a single
clone of B-lymphocytes.

2. Monoclonal antibodies are important
tools both in laboratories and in clinics.

3. Most mAbs are produced in small quan-
tities (< 0.1g) by research scientists.
Larger amounts are often required for
diagnostic kits and reagents and for
therapeutic and prophylactic purposes.

4. The classical process of mAb production
includes two separate procedures in lab-
oratory animals: a) immunisation of
donor animals to generate B-cell clones;
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and b) production of mAbs by ascites
induction.

5. Currently, no in vitro alternatives are
available for immunisation. However,
there are possibilities for refinement
(adjuvant, route of immunisation, etc.).

6. Ascites induction is based on initial
priming, followed by i.p. administration
of hybridoma cells. Large numbers of
animals are being used for this purpose
worldwide.

7. Ascites production leads to complex clin-
ical, pathophysiological and pathological
changes, and is believed to cause sub-
stantial pain and suffering in the ani-
mals used.

8. EU Directive 86/609/EEC applies
unequivocally (Article 3) to mAb produc-
tion, irrespective of whether mAbs are
used as research tools, for diagnostic
assays, or for therapeutic or prophylactic
purposes.

9. Nowadays, in vitro production systems
are available, for both small-scale and
large-scale production, which are equally
or almost equally as cost-effective as
ascites production. In addition, mAbs
produced in vitro are of equal quality to
mAbs produced in vivo. 

10. Only a limited number of hybridoma cell
lines fail to grow or produce in vitro, gen-
erally because of technical failures or cell
culture problems.

11. Experience in some of the EU Member
States that have banned ascites produc-
tion shows that this does not impede the
quality of research.

12. Based on points 9, 10 and 11, it is con-
cluded that Article 7.2 of Directive
86/609/EEC is applicable to ascites pro-
duction: “An experiment shall not be
performed, if another scientifically satis-
factory method of obtaining the result
sought, not entailing the use of animals,
is reasonably and practicably available.”
Therefore, a policy to prohibit in vivo
mAb production in the EU Member
States should be endorsed. A transi-
tional period of two years should be
allowed.

13. In vivo ascites production should only be
permitted in exceptional cases and under

the following conditions: full documenta-
tion and verification of efforts in cases
where in vitro production is claimed to
have failed; expertise in in vitro culture
of the research group; approval by an
expert committee, either at a national or
an international level; if approval is
given, it should be only for in vivo pro-
duction in an assigned laboratory having
experience with in vivo production; spec-
ification in the statistics on the use of
animals.

14. A number of steps should be taken to try
to improve expertise in in vitro mAb pro-
duction, i.e. the establishment and
financial support of core facilities to cen-
tralise expertise and the organisation of
training courses in in vitro production
techniques. 

15. Activities should be undertaken (for
example, with the US counterparts) to
seek harmonisation in legislation and
regulation with regard to mAb produc-
tion, as a matter of urgency.
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A number of congresses and workshops have
been held over the last few years to evaluate
the opportunity for replacement of in vivo
ascites production by in vitro systems. The
conclusions of these meetings are briefly
summarised below. 

At a national hearing held at ZEBET
(National Centre for the Documentation and
Evaluation of Alternatives to Animal Exper-
iments, Berlin, Germany) in 1989, national
experts evaluated the current in vitro meth-
ods. The consensus of opinion among the
experts was that the in vivo production of
monoclonal antibodies (mAbs) should only
be permitted in the following exceptional
cases: when the mAbs are intended for diag-
nostic and therapeutic purposes in humans,
and provided that no other options are avail-
able; when hybridoma cells need to be res-
cued, because they have either failed to grow
in vitro or they have become infected; and
when mAbs are needed to investigate new
scientific problems (1).

A symposium entitled Monoclonal anti-
body production: are animals still needed?
(Bilthoven, The Netherlands, November
1995), was held to evaluate the 1989 Dutch
Code of Practice for the Production of Mon-
oclonal Antibodies (2). This Code strongly
supports in vitro mAb production and limits
the number of animals per hybridoma to
5–10. The symposium was attended by
about 120 researchers, bioprocess technolo-
gists and animal welfare officers. From the
discussions, it became clear that several
institutes in The Netherlands have estab-
lished core facilities for in vitro mAb pro-
duction. In some institutes, ascites
production had been completely replaced by
in vitro production. There was a general
consensus at the symposium about the
validity of in vitro production systems (3).
Based on this outcome, and referring to
Article 7.2 of the European Union (EU)
Directive 86/609/EEC (4), the Veterinary
Public Health Inspectorate ordered a ban
on ascites production, on the condition that,
based on good scientific justification,
exemptions could be granted (Official letter

of the veterinary Public Health Inspec-
torate. VHI/D/U/-967/jw dated 5 January
1996). A national committee of experts was
set up to evaluate protocols for approval.

The ECVAM workshop on monoclonal
antibody production (Angera, Italy, 1996),
attended by 12 experts, was held to review
the status of various types of in vitro tests
and to make recommendations about the
best way forward (5). The main conclusions
and recommendations of this workshop were
as follows.

— Various in vitro mAb production sys-
tems have been developed to meet the
needs of a diverse range of users, mak-
ing the ascites method of mAb produc-
tion redundant.

— There are differences in the regulations
between European countries, as well as
differences in the extent to which they
are implemented.

— The in vivo production of mAbs should
be prohibited in those countries which
are members of the EU and/or have rat-
ified the European Convention for the
Protection of Vertebrate Animals Used
for Experimental and Other Scientific
Purposes (6).

— Before a ban on in vivo production
comes into force, centres of excellence
offering advice, and, if appropriate,
assistance should be established, to help
laboratories adapt to the use of in vitro
methods. A transitional period of no
more than two years should be allowed,
to enable users time to acquire and
implement the new techniques, and for
administrative reasons, before such a
ban is implemented.

— Commercially available mAbs should be
unambiguously labelled to show
whether they were produced in vivo or
in vitro.

— Ascites-produced mAbs imported into
the EU should be labelled to indicate
their country of origin.

Appendix 1

Recommendations from Recent Congresses and Workshops
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— To ensure that in vivo mAb production
is not performed unnecessarily, there is
an urgent need for effective inspection
systems, as well as for the resources to
implement them, at the level of individ-
ual user establishments.

— Project reviews and inspection systems
should be subject to approval. In coun-
tries where there is no project review
system, one should be introduced. Dur-
ing the review of applications, advice
should be sought from those with expe-
rience in in vitro methods.

Conclusions from the symposium, Alterna-
tives in Monoclonal Antibody Production,
organised by The Johns Hopkins Center for
Alternatives to Animal Testing and The
Office for Protection from Research Risks,
National Institutes of Health (24–25 Sep-
tember 1997, Baltimore, MD, USA), clearly
stated that in vitro methods for mAb produc-
tion should be the accepted methods, espe-
cially since core facilities are available to
provide mAbs to investigators who are
uncomfortable with the in vitro methods or
who believe mAbs could not be produced for
a reasonable cost in their laboratories (7).
The use of the ascites method should be the
exception and should be cautiously justified.
In the US, Institutional Animal Care and
Use Committees are responsible for advising
investigators about proper alternatives to
the ascites method. If, after careful consider-
ation, it is determined that the ascites
method must be used to produce mAbs, the
investigator should do everything possible to
minimise stress, pain, etc.

The Second World Congress on Alterna-
tives and Animal Use in the Life Sciences
(20–24 October 1996, Utrecht, The Nether-
lands) included a workshop on the produc-
tion of monoclonal and polyclonal antibodies.
Workshop participants felt that neither sci-
entific nor economic arguments could justify

the continued use of in vivo ascites produc-
tion, except when it is documented that in
vitro production fails to produce the desired
mAbs. In these cases, permission should be
given to use animals (8).
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Some general issues have been raised against
a prohibition of the use of ascites production:

“. . . a total ban on using mouse ascites meth-
ods would impede or stop the progress of
important research.” (1)

Experience from those European countries
which prohibit the use of animals for ascites
production shows that the change from in
vivo to in vitro production did not have a
negative effect on biomedical research pro-
grammes. On the contrary, it is obvious that
the increased knowledge and expertise in in
vitro monoclonal antibody (mAb) technology
has additional benefits to other areas of in
vitro research, for example, vaccine produc-
tion.

“Industry is comfortable with ascites produc-
tion and is not likely to switch to in vitro
methods as time and money should be
devoted to products, not process.” (2)

Introducing in vitro production technology
into a laboratory requires an initial outlay
for equipment, for training and for building
up expertise, whereas animal facilities are
already available in most laboratories. This
might be an obstacle to the implementation
of in vitro technology. However, it should be
kept in mind that: a) even in the case of
ascites mAb production, cell culture facilities
are needed for the fusion and subcloning of
hybridoma cells; b) costs for animal experi-
ments are likely to increase in the future,
while costs for in vitro production technology
are likely to decrease; c) cell culture facilities
are increasingly being established in labora-
tories, for different kinds of purposes, and
the spin-off of in vitro production technology
is extremely helpful in improving these facil-
ities; and d) from a public relations point of
view, in vivo ascites production is counter-
productive. 

Experience in The Netherlands has
shown that economic aspects are not the
main issues in the implementation of in
vitro techniques. The pharmaceutical com-
panies in The Netherlands were the first to

replace ascites production with in vitro sys-
tems. Most of the mAbs produced by these
companies were for bench-related activities
and not for commercial purposes. Larger
obstacles are the small independent
research groups, often found at universities,
which are biased in favour of the ease of
using animals, which lack experience in cell
culture techniques and cell culture facili-
ties, or which are led by traditions and old
habits within their research setting. Mono-
clonal antibodies are tools in experimental
studies and hardly ever the objective of the
study itself. Scientists quite often do not try
to replace their study tools, if this is not
profitable for the study itself. A way out of
these situations is the establishment of core
facilities. This means a win-win situation in
providing investigators with specialised lab-
oratory services and obtaining the product
in a cost-effective way. 

“A prohibition of ascites production in
Europe can easily be by-passed by subcon-
tracting ascites production to non-European
countries.”

An important ramification is that European
scientists might by-pass the regulations by
subcontracting ascites production to non-
European countries. For example, addresses
can be found on the Internet of commercial
companies offering in vivo mAb production,
even in multiple litre quantities.

Although it would be impossible to com-
pletely prevent subcontracting, some
approaches have been suggested (3):
a) labelling commercially available mAbs to
show whether they were produced in vivo or
in vitro; b) labelling ascites-produced mAbs
imported into the EU to indicate their coun-
try of origin; and c) indicating in scientific
journals how mAbs were produced, and
including this requirement in the Instruc-
tions to Authors. An additional approach
might be to request management boards of
institutes to sign a memorandum of under-
standing that ascites mAbs can be used only
with strong scientific justification.

Appendix 2

Comments on General Objections Against a Prohibition of the
Use of Animals for Ascites Production
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It is strongly recommended that ECVAM
should undertake activities (for example,
with its US counterparts) to promote har-
monisation in legislation and regulation with
regard to mAb production. 

“In vitro production techniques require more
expertise and skills than ascites production.
As most investigators only occasionally need
mAbs and only in small amounts, it cannot
be expected from these investigators to set
up an in vitro production facility.”

Firstly, it should be realised that the estab-
lishment of a new hybridoma cell line always
needs cell culture facilities for selection and
cloning. In addition, it can be argued that,
for small-scale production, in vitro tech-
niques are available which are simple to use
and inexpensive. However, the best way for-
ward is to establish centralised (core) facili-
ties for mAb production in research
laboratories. These core facilities can build
up expertise and offer a wide range of tech-

niques, for both small-scale and large-scale
production. They can offer advice and be
helpful in troubleshooting, and they can stay
up-to-date with new developments. Experi-
ence has shown that core facilities are very
cost-effective in terms of production. Their
expertise in cell culture techniques has addi-
tional benefits for other, related, cell culture
activities.
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