Review Article

Singapore Med

J

2009; 50(7)

:

663

CME Article

The use of antibodies in the treatment
of infectious diseases
Chan C

E

Z, Chan A H Y, Hanson B

J,

Ooi

E E

ABSTRACT
There is a long history of the use of antibodies
in the treatment and prophylaxis of infectious
diseases, because these molecules play a critical
role in directing the effector mechanisms of
the immune system against the pathogens they
recognise. However, the widespread application
of this therapy has been hampered by allergic
reactions, production costs and the availability
of alternative drugs such as antibiotics. Some
of these obstacles can now be overcome with
advances in biotechnology, which has enabled
the development of antibody -based drugs for
use first in treating cancer, and recently, for
treating infectious diseases. The efficacy of such
antibodies has been demonstrated in various in
vitro studies, animal models and clinical trials for
a variety of both viral and bacterial pathogens.
Antibodies appear to hold great promise as a new
class of drugs against infectious diseases.

Fig. I Schematic diagram shows the antibody structure.Two heavy
chains (blue) and two light chains (red) comprise the full antibody.
The lighter and darker shading indicates the variable and constant
regions respectively.The CDR is located at the tip of each Fab.
Fab: antigen -binding fragment; CD R: complementarity-determining
region; Fc: fragment crystallisable
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of heavy and light chains, forming the antigen -binding

antibodies

sections of the longer heavy chains interact to form the tail
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region which provides for target recognition. The unpaired
of the Y, linked to the arms by a flexible linker or "hinge".
This tail section, termed the fragment crystallisable (Fc)

INTRODUCTION

region, is common to all antibodies of the same type and
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Antibodies are the workhorses of the humoral immune

serves to provide the signal for effector functions. The

Laboratories,

response, providing both target recognition and the signal

antigen -binding domain, also called the fragment variable

for effector functions. As such, antibodies were once the

(Fv) region, binds the antigen through interaction with

treatment of choice for certain life -threatening infectious

the surface formed by six complementarity-determining

diseases until the advent of antibiotic therapy. However,

regions (CDRs), three each from the heavy and light

with the increasing prevalence of antimicrobial resistance

chains located at the tip of the domain. It is the amino

as well as the emergence of newly -recognised infectious

acid sequence of the CDRs that varies between individual

diseases, the use of therapeutic antibodies for infectious

antibodies and that is primarily responsible for determining

diseases could take on a new significance. We review the

the specificity of each unique antibody. Therefore, through

history and the current progress in the development of this

genetic recombination, the humoral immune response is

field for use in infectious diseases therapeutics.

capable of generating an antibody repertoire of immense
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bind the wide range of antigens found on pathogens.
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Human antibodies consist of four polypeptide chains, two

Antibody molecules mediate their protective effects

pairs of heavy and light chains in aY-shaped arrangement

through the recognition of specific antigens on their

(Fig. 1). The two arms of the Y are created by the pairing

target pathogens. For some protective effects, such as
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complement proteins in serum or Fc receptors (FcR) on the

REVIVAL OF PASSIVE IMMUNITY: ANTIBODY TECHNOLOGY DRIVES ANTIBODY
DEVELOPMENT
The last few decades have seen a revival of interest in the
therapeutic potential of antibodies, and antibodies have
become one of the leading classes of biotechnology derived drugs. As of last year, 17 antibody -based drugs
have been approved for use and over 160 are currently
under development. (6) Altogether, they account for 20% of
all biopharmaceuticals in development. Initially, the revival

surface of immune cells to the Fc region of the antibody.

was driven by a search for alternatives to traditional small

More recently, antibodies have been characterised that

molecule drugs. Despite decades of intensive research

have direct antifungal or antibacterial action in vitro.il'2i

on cancer and AIDS, these drugs have not succeeded in

In addition, it has been proposed that antibodies play

providing a definitive cure for either disease, and those

additional roles in regulating cell -mediated immunity and

that do show significant efficacy also have significant side

inflammatory responses.i3'

effects. In addition, many pathogens have demonstrated a

virus and toxin neutralisation, binding of the antibody

alone provides sufficient steric interference to disrupt
the interaction between the given antigen and its cellular

receptor, thereby abrogating virus uptake and replication
or intoxication. However, other protective effects, such
as phagocytosis, complement activation or antibody -

dependent cellular cytotoxicity (ADCC), depend on
the bound antibody recruiting other components of the
immune system. This occurs through the binding of

marked ability to gain resistance to antimicrobial drugs,

ANTIBODYTHERAPY IN THE PRE -ANTIBIOTIC

such as methicillin-resistant Staphylococcus (S.) aureus,

ERA

extreme drug -resistant Mycobacterium tuberculosis and

With the discovery of the protective properties of sera by

Plasmodium falciparum.

von Behring and Kitasato in 1890, the administration of

In contrast to traditional drugs, antibodies have two

hyperimmune sera from immunised animals or immune

properties that make them highly attractive as therapeutic

human donors, termed serum therapy, was considered as

agents. The first is their low toxicity, as antibodies are

an option for the treatment of infectious diseases. Indeed,

endogenous proteins native to the body. The second is

in 1894, von Behring, in collaboration with others,

their high specificity. In contrast to the shotgun approach

was producing anti -diphtheria serum in dairy cattle for

of chemotherapy and radiotherapy, the high specificity of

therapeutic use.i4' By the early 20th century, serum therapy

antibodies opens up the possibility of directed targeting,

was widely used to treat a variety of bacterial infections,

making them extremely attractive as potential cancer

such as Streptococcus pneumoniae and Neisseria

therapies. However, initial studies on the therapeutic use

meningitidis.'s' Unfortunately, this treatment often had
significant side effects due to the immune response
against the animal -derived antibodies, the most severe
being serum sickness, a type of delayed hypersensitivity

of antibodies against cancer only started in the 1960s,

response characterised by fever, chills, rashes, arthritis,

Unfortunately, these studies had little success due to the

and occasionally glomerulonephritis. Furthermore, the

inherent problems associated with using sera in humans.

when researchers attempted to identify the unique surface

markers of cancerous cells, which could be used as
targets against which polyclonal sera could be made.(7)

specificity of individual antibodies meant that separate

Hybridoma technology, first reported in 1975, was

immune sera had to be raised for different pathogens,

thought to be the answer to the problems facing polyclonal

and in the case of Streptococcus pneumoniae, individual

sera. By immortalising murine B lymphocytes through

serotypes. (5)

fusion with a myeloma cell for the first time, it was now

Hyperimmune sera also had the disadvantage of
being a polyclonal antibody preparation containing
undefined concentrations of multiple specific and nonspecific antibodies. As a result, it was extremely difficult
to standardise serum quality and ensure the efficacy of

the therapeutic serum products. These complications,

together with the discovery of penicillin and the rise of
the antibiotic age, brought about the abandonment of
serum therapy for the treatment of bacterial infections
by the early 1940s. Nevertheless, this early adoption of
antibody -based therapy demonstrates the therapeutic
potential of antibodies.

possible to produce individual high-affinity, specific
antibodies, termed monoclonal antibodies (mAbs),
continuously.'$' Unfortunately, the excitement over these
antibodies as therapeutics was short-lived when early
clinical trials with mAbs against cancer targets showed
that their administration to patients triggered an immune
response against the foreign antibody and the generation
of human anti -mouse antibodies.i9' Often, this resulted
in allergic reactions and faster clearance of the delivered

antibody, and in some cases, neutralisation of therapy and

tumour escape.

10-12

Advances in our understanding of molecular biology
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Serum therapy 1900s
Mouse hybridoma 1975

Chimeric

Constant region
replacement 1984

Humanised

CDR grafting 1986

Human hybridoma 1982

Monoclonal

Human

Human antibody library 1991

Transgenic mice 1999
Fig. 2 Chart shows the milestones in antibody technology. Various biotechnology developments
(boxes) have enabled the shift from polyclonal serum towards monoclonal and increasingly more human
antibodies.

have enabled the development of genetic engineering

demonstrated in a meta -survey of the anti -antibody

techniques to overcome such adverse reactions, a list of

hypersensitivity responses (AAR) produced by the various

which is given in Fig. 2. This is achieved by converting

murine, chimeric and humanised therapeutic antibodies in

murine and other non -human antibodies into antibodies that

clinical trials.(17) This survey classified these responses as

would trigger a reduced or even negligible hypersensitivity

negligible if AAR occurred in less than 2% of patients,

response by replacing non -human regions with the
corresponding human region.(") This conversion was
initially achieved by substituting the constant region of
a mouse antibody with the corresponding human one.(14)
Aside from reduced immunogenicity, such a chimeric
antibody was able to engage more effectively the immune
effector functions such as ADCC and phagocytosis.
However, these chimeras still contain a completely
murine variable region. In order to further eliminate the
mouse sequences, CDR grafting was developed. CDR
loops responsible for antigen recognition were taken
from the murine antibody sequence and cloned into the
respective regions of the corresponding human antibody,
resulting in an almost completely human antibody with the

tolerable if AAR occurred in 2%-15% of patients and

specificity of the former murine antibody.(") More recently,

methods for obtaining fully human monoclonal antibodies,

methods that take advantage of developments in computer

both in vitro through antibody library screening and in vivo

bioinformatics have been developed to scan non -human

by the immortalisation of B cells and the development

antibodies for known human HLA class

or II epitopes.

of transgenic animals (Fig. 2). An antibody library is

Removal of these epitopes through point mutation of

essentially a genetic collection of different antibodies,

specific amino acids is expected to completely abrogate

usually the antibody repertoire that is found in one

detection by the immune system. (16)

or more individuals, and can consist of up to

I

The importance of reducing immunogenicity
with chimeric and humanised antibodies was amply

marked if AAR occurred in more than 15% of patients.

Out of a total of 44 murine antibodies surveyed, 84% of
these produced marked AAR in patients during clinical
trials. In contrast, only 40% of the chimeric and 9% of the

humanised antibodies surveyed produced marked AAR.
On the other hand, 55% of humanised antibodies had a

negligible AAR, dropping to 33% and 9% for chimeric and
mouse antibodies, respectively.

THE DEVELOPMENT OF FULLY HUMAN
MONOCLONAL ANTIBODIES
The drive to humanise animal -derived monoclonal
antibodies was complemented by the development of

101x11

clones. (18) Obtained by cloning out the antibody genes of
B

lymphocytes from human donors or using synthetic
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Infix (source)
viral

-u-

human

-ba(c)-

bacterial

-o-

mouse

-fU(ng)-

fungal

-a-

rat

-le(s)-

infectious lesion

-e-

hamster

-tox(a)-

toxin

i-

primate

-Ii(m)-

immune system

-xi-

chimeric

-ki(n)-

interleukin

-zu-

humanised

-ci(r)-

cardiovascular

-axo-

rat/murine hybrid

-mu(I)-

musculoskeletal

-xizu-

chimeric + humanised

-neu(r)-

nervous system

-o(s)-

bone

-co(I)-

colonic tumour

-me(I)-

melanoma

-ma(r)-

mammary tumour

-go(t)-

testicular tumour

-go(v)-

ovarian tumour

-pr(o)-

prostate tumour

-tu(m)-

miscellaneous tumour

target

as

target

666

Suffix

-vi(r)-

as

:

-mab

Fig. 3 List shows the nomenclature of monoclonal antibodies. Nonproprietary names of monoclonal antibodies can be separated into
prefix,two infixes and one suffix.The suffix is always mab and the prefix is variable.The first infix is defined by the antibody target and
the second infix by the source of the antibody.Therefore Pali-vi-zu-mab is a chimeric (zu) antibody against a virus (vi),whileAda-lim-umab is a fully human (u) antibody against an immune system cytokine (li),TNF-a [Adapted from Guidelines to Naming Biologics, United
States Adopted Names (USAN) Council].
a

antibody genes made from a fixed human framework

to increase the affinity of mAbs against the protective

and randomly generated CDRs, these antibodies are

antigen (PA) of Bacillus (B.) anthracis, demonstrated that

then expressed on the surface of a suitable host, e.g.

the efficacy of antibodies can be improved by enhancing

yeast, bacteria or phage (bacterial virus), as a polyclonal

affinity.(2°)

collection and then screened for individual monoclonal

While further in vitro manipulation may be required

antibodies that bind the desired antigen. This method

for antibodies generated in vitro due to the lower affinity

of antibody screening is termed yeast, bacteria or phage

of such antibodies isolated from initial screening, in vivo

display, depending on the type of host used. Occasionally,

screening enables the isolation of high affinity antibodies

antibody libraries are made that just consist of variants of

that have been affinity matured in the course of selection

one parent antibody, generated through mutations of the

by the immune system. Methods to immortalise human B

variable region. These libraries are usually used to evolve

cells using the Epstein -Barr virus were developed in the

antibodies with higher affinity or broader specificity from

late 1970s(21) and have been used to produce fully human

a parent antibody.

neutralising antibodies against the hepatitis C virus from

The advantages of in vitro selection are that specific

seropositive donors. (22) In a unique combination of genetic

antibody characteristics, such as a slow dissociation rate

engineering and immunological techniques, transgenic mice

from the antigen, higher affinity and specificity or even

carrying human immunoglobulin genes and expressing a

cross specificity, can be selected for, depending on the

fully human repertoire of antibodies have been made, e.g.

screening and selection process. The power of in vitro

XenoMouse, and then used to screen for antibodies against

screening techniques was demonstrated in two recent

a variety of pathogens including SARS coronavirus, HIV -1,

studies. Garcia -Rodriguez et al used a yeast display based
on co -selection with two Clostridium botulinum neurotoxin

Porphyromonas gingivalis, Pseudomonas aeruginosa and
Cryptococcus neoformans.t23-27 Another method used to

types to evolve a mAb which originally had a high affinity

generate mice with human immunoglobulin repertoires is

for toxin type Al and a low affinity for type A2 to a mAb

to generate chimeric mice carrying human -derived immune

with a high affinity for both.i19i This proved that it is

cells. This was done by repopulating mice whose immune

possible to engineer wider specificity into antibodies by

system has been eradicated by radiation with functional

evolving a single antigen binding region to recognise two

lymphocytes obtained from human donors (Trimera mice).

different epitopes. Another study, which used phage display

This system was used to generate XTL001, a combination
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of two human mAbs now in clinical trials for prophylaxis

to antibody deficient patients, but has been found to be

of hepatitis B reinfection in liver transplant patients.'28'29)

useful in the treatment of a variety of autoimmune and

sophistication of antibody therapeutics coming on to
the market. The first therapeutic antibody approved
for use, muromonab (OKT3), in 1986, used to prevent
organ rejection, was a murine mAb. Subsequently,
chimeric and humanised mAb, basiliximab (Simulect)

inflammatory diseases due to its immunoregulatory
properties.(33) These properties have also led IVIG to
be used for the treatment of sepsis, where it is thought
to reduce pathology by suppressing inflammation,(34)
although various clinical trials and meta -analyses have
reported conflicting results of its efficacy. (35-37) The process
by which a successful cure is attained remains unclear and

and daclizumab (Zenapax), both antibodies against IL2,

probably relies on processes extrinsic to immune effector

were approved in 1998 and 1997 respectively, for treating

mechanisms.

the same condition.'7'30i The first cancer therapeutic

IVIG also appears to provide some benefits in
the treatment of certain pathogens. In this regard, it

The success and utility of antibody humanisation
and selection techniques can be seen in the increasing

antibody, rituximab (Rituxan), approved in 1997, was a
mouse -human chimera. This was rapidly followed by a

humanised antibody produced by CDR grafting, called
trastuzumab (Herceptin), and used to treat HER2+ breast
cancer, in 1998. The first and only antibody currently

approved for the treatment of an infectious disease,

palivizumab (Synagis), is a humanised mAb. Recently,
adalimumab (Humira), a fully human mAb isolated from
a human antibody phage display library, was approved in

probably functions like hyperimmune sera and relies
on immune effector mechanisms such as opsonisation
or neutralisation. Commercial IVIG has been shown
to neutralise Staphylococcal and Streptococcal
superantigens, opsonise bacteria in vitro and protect
against infection in mice in vivo.08-4°) Positive case
studies in human patients have also been reported, but
no conclusive clinical trial has yet been conducted. (41,42)

2002 and targets TNF-a for the treatment of autoimmune

In addition, IVIG has been reported to be able to

diseases.i31i This wide variety of antibody targets and

antibodies have been known for almost a century. A
survey of early 20th century clinical studies on serum

protect against as well as treat complications arising
from CMV infection after organ transplantation.'43-45'
However, in vivo and in vitro experimental data, as well
as large-scale clinical trials on the efficacy of IVIG,
are lacking. Unfortunately, there are also examples for
which antibody administration was of limited efficacy,
notably in Mycobacterium tuberculosis and Listeria
monocytogenes infection.'46'47' It is noteworthy that many
bacterial infections for which antibodies show protective
or therapeutic efficacy are those where toxin secretion is
a major pathological component, while those infections

therapy for pneumococcal pneumonia and meningococcal

for which antibodies are less effective are those involving

meningitis showed a significant improvement in mortality

intracellular pathogens. Although antibody -based therapy

among treated patients.i5' Serum therapy continues today

today still mostly relies on polyclonal preparations,
mAbs have also started to make an appearance, with
one mAb, palivizumab, approved for prophylaxis
against RSV in high -risk neonates, besides many others
in the pipeline. Many of these mAbs were developed
for infections previously treatable or prevented with
polyclonal preparations, such as RSV, hepatitis B, CMV
and S. aureus. This is not surprising given the inherent
advantages of mAbs over polyclonal preparations.

methods of generation is reflected in their complex
nomenclature, described in Fig. 3.

EFFICACY OF ANTIBODY THERAPEUTICS IN CURRENT CLINICAL USE

THE

Ultimately, if therapeutic antibodies cannot protect
against or treat infection, all techniques for antibody
development are irrelevant. The protective effects of

with hyperimmune sera being used for the prophylaxis
or treatment of various bacterial and viral diseases,

albeit with mixed results. It has been recommended for
prophylaxis of viral diseases such as cytomegalovirus
(CMV), respiratory syncytial virus (RSV) and hepatitis
B as well as for

prophylaxis and the treatment of tetanus,

botulism and diphtheria, where it functions as an antitoxin.i32i In addition, it is also commonly used as an anti -

venom for the treatment of stings and snakebites.
A new form of

antibody therapy using intravenous

ANTI -BACTERIAL ANTIBODIES

immunoglobulin (IVIG) has also been introduced. IVIG

Various studies have shown that targeting bacterial exotoxins

is a preparation of human polyclonal antibodies pooled

is a viable strategy for antibody therapy. B.

from a large number of healthy donors, and unlike

the causative agent in anthrax and a potent biological

hyperimmune sera, is not enriched for antibodies specific

weapon, produces a tripartite exotoxin consisting of a PA,

to any particular pathogen. It was initially administered

lethal factor (LF) and oedema factor (EF). Post -exposure

anthracis,
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prophylaxis with a mAb against PA protected against a lethal

Another area of focus for bacterial antibody therapy

inhalational anthrax challenge in rabbits and monkeys, and

is in the treatment of antibiotic -resistant bacteria, such

a mAb against LF protected rats against a challenge with

as S. aureus. One antibody that has reached the clinical

lethal toxin, a combination of PA & LE'48,49' An anti -PA

trial stage is tefibazumab (Aurexis), a humanised mAb

mAb was also found to act synergistically with the antibiotic

that binds clumping factor A (C1fA), a major virulence

ciproftoxacin for protection against inhalational anthrax.'5o'

determinant in S. aureus. Tefibazumab has been shown

Another significant exotoxin-producing pathogen is the

to induce phagocytosis of CIfA-coated beads by human

Shiga toxin -producing Escherichia coli, which causes

polymorphonuclear cells in vitro, protect against an
intravenous challenge with S. aureus in a rabbit model
of infective endocarditis and enhance the efficacy of
vancomycin therapy in the rabbit therapeutic model. (58) In
a phase two clinical trial of tefibazumab in patients with
S. aureus bacteraemia, the treated group was found to
have reduced nasal colonisation, although no significant
difference in clinical outcomes was observed between
the treated and placebo groups due to the small sample
size. (59) Therapeutic antibodies have also been found to be
useful in treating fungal infections. Borrowing from the
development of antibody -radioisotope conjugates for the
treatment of cancer, treatment with an mAb directed against
Cryptococcus neoformans capsular glucuronoxylomannan
labelled with either radioactive bismuth -213 or rhenium 188 improved survival rates of infected mice, although the
treatment was not 100% successful (60)

severe gastrointestinal disease. Complications such as

haemolytic uraemic syndrome, acute renal failure and
death can result from toxin entry into the bloodstream, and
currently, only supportive treatments are available. A human

IgG1 mAb generated in transgenic mice against Shiga toxin
subunit A prevented fatal systemic complications in piglets

following administration after the onset of diarrhoea(51)

Examples of other exotoxins against which mAbs have
been shown to have some efficacy include Pseudomonas

aeruginosa exotoxin A, Clostridium perfringens epsilon
toxin and Clostridium botulinum neurotoxin.'52-54' However,
the targeting of exotoxin requires prior knowledge of the

pathology of the infectious agent and initial characterisation
of the exotoxin.
Of a more generic nature, surface carbohydrates such as

lipopolysaccharide (LPS) and lipoolgosaccharide contain

regions that show relatively little variability between
bacteria subtypes and have been explored as potential target

ANTIBODIES AND VIRAL DISEASE

antigens. Usually the antibody is targeted against shared or

Palivizumab, the only mAb currently on the market for

invariant epitopes such as the core carbohydrate backbone,

the treatment of infectious diseases, was developed as

as many bacterial species often exhibit variability in their

a prophylactic treatment against the viral disease RSV.

carbohydrate side -chain residues. In addition, the targeting

Although mAbs have been shown to be able to neutralise

of LPS may have the advantage of preventing septic

many viral pathogens in vitro, the utility of mAb therapy in

shock by promoting the clearance of LPS endotoxin in the

viral diseases is still a matter of contention as it is unclear to

bloodstream. However, studies with mAbs against these

what extent viral clearance depends on antibody -mediated

carbohydrates have shown mixed results. mAbs raised

against Streptococcus pneumoniae serotype 6B capsular

immunity. The clearance of a viral infection is usually
associated with T cell -mediated adaptive immunity.
CD8+ T cells act by killing virus -infected cells, thus
preventing viral replication and reducing the viral load.
However, in acute infections, neutralising therapeutic
antibodies may still be able to help by suppressing viral
replication and viraemia, giving the host immune system
time to develop an effective response for viral clearance.
In addition, antibodies can promote the killing of infected
cells expressing viral proteins on their surface through the
activation of natural killer (NK) cells that mediate ADCC,
in addition to their viral neutralisation properties.' 61'62)

polysaccharide with strong cross reactivity for serotype

For viral infections where the host immune system is

6A showed avidity -dependent in vitro opsonisation and

unable to completely clear the virus, leading to a chronic

in vivo protection against a bacterial challenge with either

infection, the administration of neutralising antibodies

subtype.(57) Thus, while a generic target for bacteria is

may not be able to achieve complete clearance. In two

attractive, much work is still needed for it to be applied in

separate clinical trials using human mAbs against a

the clinical setting.

hepatitis B virus

against the inner core LPS of various Neisseria meningitidis
serotypes have shown poor phagocytic activity despite their
avidity for whole cell bacteria and showed poor binding
to full-length LPS. (55) Targeting Gram-positive bacteria has

shown more positive results. mAbs produced against the
deacetylated core carbohydrate backbone of the S. aureus

surface carbohydrate, poly-N-acetylglucosamine (PNAG),
conferred protection from a bacterial challenge in mice
and performed better than mAbs against a fully acetylated

wild -type PNAG.(56) In another study, mAbs raised

S

antigen to treat patients with chronic
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generated and brought to clinical use in a relatively short

in serum were significantly and rapidly reduced after

period of time as compared to traditional drugs.

antibody administration.(63'6) Heijtink et al also showed the

after cessation of therapy in half of the patients, and this

Thus, antibodies are prime candidates for drug
development for emerging infections such as SARS
and H5N1 avian influenza. Indeed, despite their recent

correlated with the persistence of the administered mAb in

appearance, antibodies have already been made against the

antigen levels

above pathogens and tested for their therapeutic efficacy in

eventually recovered once antibody levels in the serum

various animal models. Treatment with a chimeric mouse-

declined following the cessation of therapy. Nonetheless,

human mAb or with mAbs isolated from convalescent

regular administration of therapeutic antibodies may

human patients was able to completely protect mice

still prove useful by preventing disease transmission, the

infection of healthy cells or the development of pathology

infected with the H5N1 virus when administered up to
72 hours post-infection.(66,67) Prophylactic administration

through the continued suppression of viral levels.

of human mAbs against the SARS coronavirus, selected

maintenance of a 90% reduction in

S

antigen levels 15 days

serum. However, in both studies, DNA and

S

In other studies with HIV, researchers have shown that

either by phage display or in transgenic mice, was able

the regular administration of therapeutic antibodies may

to reduce the lung viral load in infected ferrets and mice

lead to the development of escape mutants. In a landmark

respectively.(68,69) In a study of West Nile virus (WNV)

clinical trial, a combination of three broadly neutralising

infection in mice, the administration of a high -affinity

HIV antibodies administered over a period of 12 weeks

humanised mAb up to two days after infection afforded

was able to delay viral rebound after the cessation of

complete protection, and administration between three and

antiviral treatment as compared to controls. However,

five days post -infection provided partial protection.(7o,71)

viral levels eventually recovered despite the continued

This protection was partially dependent on Fc function, as

administration of all three antibodies. An analysis of viral

mice treated with a mutant mAb defective for complement

isolates collected subsequent to antibody administration

fixation or FcR binding had reduced survival rates.

and during viral rebound found an increasing resistance to

However, a point to note on the use of antibody

the neutralising effect of one of the three antibodies over the

therapeutics is that their efficacy may depend on the

course of several months, although the isolates remained

immunocompetence of the individual. Antibody treatments

sensitive to the other two antibodies.16S1 This suggests

that have been successful in protecting immunocompetent

that the other two antibodies were not able to achieve a

animals have been found to be ineffective in treating

neutralising effect in vivo, possibly due to low levels in the
may require continuous administration of a combination

immunocompromised individuals. For example, the
passive administration of human IgG prior and subsequent
to infection of WNV in T and B cell -deficient (RAG1 and

of antibodies that cover a broad range of epitopes and at

µMT) mice was unable to completely clear the infection but

levels that are individually neutralising in vivo, reminiscent

merely prolonged survival to approximately 35-50 days,

of current treatments of HIV using multiple drug therapy.

in contrast to wild -type mice, which had a 100% survival

serum. Thus, the successful treatment of such infections

rate. (72) This is an important consideration if the antibody is

A NICHE FOR ANTIBODY-BASED DRUGS
AGAINST EMERGING INFECTIONS?

to be used to treat pathogens that cause immunodeficiency,

Despite years of research, certain pathogens, such as HIV,

individuals, e.g. WMV.

e.g. HIV, or infect primarily immunocompromised

have proved to be extremely difficult to treat with antibody

AND

bacteria, appear to be amenable to treatment. Nevertheless,

CURRENT DRAWBACKS
POSSIBILITIES

antibodies have been shown to have prophylactic and

The disadvantages of antibody therapeutics are that it is

therapeutic efficacy against a wide range of viral, bacterial
two prime advantages of antibody -based therapeutics are

relatively expensive to manufacture, requires systemic
administration and is only specific to a particular pathogen
or serotype. However, it should be noted that cost estimates

their generally low toxicity and their short-term timescale

for antibodies are based on the first generation of antibodies

for development. This has been made possible by the
ability of current biotechnology to rapidly generate and

to hit the market. The widespread use of antibodies is

manipulate antibodies of various formats with a defined

has been carried out on addressing these disadvantages

specificity and reduced immunogenicity. Thus, antibodies

and recent discoveries have opened up a wealth of options

against a newly discovered pathogen could in theory be

for antibody development (Fig. 4). Advances in protein

therapy, while other pathogens, such as exotoxin-secreting

and fungal pathogens. Compared to traditional drugs, the

FUTURE

expected to drive the costs down. In addition, much research
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Fig. 4 Diagram shows future directions for antibody technology. Technologies are currently being developed to improve the specificity,
effectiveness and to reduce costs. Possible technologies for improving the specificity of antibody -based drugs include formulations of
multiple antibodies or selecting antibodies with broad specificity. The efficacy of current unmodified human antibodies can be improved
through the use of radioisotope or toxin conjugates, higher affinity antibodies or fragment crystallisable regions engineered to better
attract immune system effector functions. Costs of antibody production can also be reduced through production in cheaper expression
systems, such as bacteria or yeast.

engineering have made it possible to express antigen -

With the increasing sophistication of antibody

binding fragments (Fab) or even full-length antibodies

technology and the advantages of antibody -based therapy,

in bacteria.'73741 For antibodies requiring glycosylation

we can expect to see an increase in their share of the market

for efficacy, glycoengineered yeast (Pichia pastoris)

for infectious disease therapeutics. Also, even though the

optimised for expressing recombinant antibodies with

majority of currently -approved antibodies were developed

human N-glycosylation patterns have been developed.17S'

to treat cancer and autoimmune diseases, this does not

These technologies are expected to bring down both the

necessarily imply that antibodies are of lesser use in treating

cost and the time taken to produce antibodies.

infectious diseases, as that is their primary role in the body.

Another means to lower costs is by engineering

Instead, this disparity can be attributed to the priorities

antibodies for higher efficacy so that lower doses are
required. One possibility is to engineer antibodies with

of the pharmaceutical and medical communities during

Fc regions that have a higher affinity for Fc receptors.1761

therapeutics in the pipeline today that target infectious

In doing so, these antibodies would have the advantage

diseases is increasing and we shall soon see the effects of

in competing with naturally circulating antibodies for

this reflected in the drugs approved for the market.

that period of development. The percentage of antibody

the Fc receptors present on immune cells responsible for
the effector mechanisms, e.g. NK cells that drive ADCC,

CONCLUSION

and hence require lower levels for equivalent efficacy as

Today, modern biotechnology enables researchers to

compared to unmodified antibodies. Another alternative

produce fully human antibodies against specific targets

concept already

using a variety of in vivo and in vitro screening methods.

demonstrated with the high affinity, high efficacy mAbs

Concurrently, research is being carried out on improving

against B. anthracis PA toxin mentioned earlier.'20' The

antibody efficacy, reducing production costs and improving

limited potential of a single antibody to target individual

affinity and specificity, with considerable success. With the

serotypes or pathogens can be solved through the use of

emergence of new viruses and multidrug resistant bacterial

engineer broadly specific

strains, investment in the development of therapeutic

is to generate higher affinity antibodies, a

in vitro selection techniques to

antibodies or by the use of multiple antibody formulations.

antibodies may yield dividends in our clinical preparedness

However, in light of the potential threat of serious emerging

to combat these emerging threats.

diseases such as H5N 1 and SARS, even an antibody capable

of successfully combating only one such disease would still
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SINGAPORE MEDICAL COUNCIL CATEGORY 3B CME PROGRAMME
Multiple Choice Questions (Code SMJ 200907B)
True
Question
(a)
(b)
(c)
(d)

False

Regarding the structure and function of antibodies:
The diversity in the complementarity-determining region enables the immune system
to recognise the wide variety of antigens present on pathogens.
The Fc region is not required for the protective functions of the antibody.
Certain protective functions, such as phagocytosis, complement activation and antibodydependent cellular cytotoxicity, require other components of the immune system.
Antibodies can have direct antibacterial or antifungal activity.
1.

Question 2. Regarding the history of antibody development:
(a) The first instance of therapeutic use of antibodies was against cancer.
(b) A high incidence of hypersensitivity responses was a factor in the abandonment of serum
therapy for antibiotics.
(c) Hybridoma technology is the only method for generating monoclonal antibodies.
(d) Humanised and chimeric monoclonal antibodies have a higher rate of anti -antibody
hypersensitivity responses in human patients compared to murine monoclonal antibodies.

Question 3. Regarding the current clinical use of polyclonal antibodies:
(a) Polyclonal antibody preparations has been recommended for prophylaxis of cytomegalovirus,
respiratory syncytial virus and hepatitis B.
(b) IVIG is a type of polyclonal antibody preparation that is not enriched for antibodies
against a particular antigen.
(c) Polyclonal antibody preparations have been showed to have good efficacy against intracellular
pathogens such as Mycobacterium tuberculosis and Listeria monocytogenes.
(d) Polyclonal antibody preparations have replaced the monoclonal antibody palivizumab for
prophylaxis of respiratory syncytial virus in high-risk neonates.
Question 4. Regarding the development of monoclonal antibodies to treat bacterial infections:
(a) Post-exposure prophylaxis against anthrax with a monoclonal antibody requires combination
therapy with antibiotics to be effective.
(b) Production of antibodies against bacterial toxins requires prior knowledge of the pathology
of the infectious agent and initial characterisation of the exotoxin.
(c) Carbohydrates such as lipopolysaccharide and lipooligosaccharide on bacterial surfaces
have been explored as targets for therapeutic antibodies.
(d) Targeting the core carbohydrate backbone is preferred because many bacterial species often
exhibit variability in their carbohydrate side -chain residues.

Question 5. Regarding the use oftherapeutic antibodies in viral infection:
(a) Recognition of viral proteins by antibodies enables natural killer cells to take up and kill
individual viral particles.
(b) Administration of monoclonal antibodies against hepatitis B S antigen in clinical trials
successfully suppressed viral load and cleared hepatitis B infection.
(c) The failure of antibody therapy to clear HIV infection is partially due to the development of
escape mutants.
(d) Antibodies can be rapidly generated against emerging viral infections, such as SARS and
H5N1 avian influenza.
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