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Abstract

This paper reviews current use and evolving role of polyclonal and monoclonal antibody products for the
prevention and treatment of viral diseases. Antibodies continue to be indicated for prophylaxis either prior to an
anticipated exposure especially in situations of travel, or more commonly following an exposure. The predominant
indication for use of antibody products is to prevent infection. With the availability of vaccines for the prevention of
chickenpox, hepatitis A, hepatitis B, measles, rabies and smallpox, the role of passive immunization is reserved for
susceptible individuals and those at high risk for complications of infection. Risks of transmission of infections
associated with use of human plasma-derived products have been reduced by improvements in donor screening and
virus removal and inactivation procedures. An additional safety concern has been addressed by the removal of
thimerosal as a preservative. Within the last 5 years, two antibodies have been licensed for a viral indication,
RespiGam™ and Synagis™ both for prevention of respiratory syncytial virus infection. RespiGam™ is a human
plasma derived antibody and Synagis™ is a humanized monoclonal antibody, the first such antibody to be licensed
for an infectious disease indication. CytoGam® for prevention of cytomegalovirus infection in kidney transplant
patients has recently been granted an expanded indication to include use in lung, liver, pancreas and heart transplant
patients. As the use of therapeutics becomes more sophisticated, researchers may find better ways of using antibody
products. © 2000 Published by Elsevier Science B.V.
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1. Introduction

Animal or human sera or plasmas containing
antibodies have been used worldwide for the pro-
phylaxis and therapy of infectious diseases of
known and unknown causes since the late 1800s
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(Casadevall, 1999). The development of mono-
clonal antibodies has raised hope for new prod-
ucts for use in prevention and treatment of
infectious diseases. Biotechnological advances
have had an impact on the availability of mono-
clonal antibodies to address a spectrum of medi-
cal conditions including allergy, asthma, cancers,
rheumatoid arthritis, and infectious diseases
(Casadevall, 1999). The first and only such
product to be licensed to date in the United States
(US), in 1998, is Synagis™ (American Academy
of Pediatrics, 1998). As basic mechanisms of anti-
body action continue to become elucidated anti-
bodies may be better designed to be more effective
(Krause et al., 1997; Vaughan et al., 1998). The
need to produce large quantities of monoclonal
antibodies and to assure safety have motivated
the exploration of non-traditional production
methods. This brief review will provide a status
report on the current use of polyclonal and mono-
clonal antibody products for the prevention or
treatment of viral diseases as well as other com-
mon uses.

2. Antibodies approved for the prevention or
treatment of viral diseases in the US

Antibody products licensed in the US, for the
prevention or treatment of viral diseases as shown
in Table 1, include: monoclonal antibody for res-
piratory syncytial virus (RSV), human immune
globulin, and pathogen-specific polyclonal human
immune globulins: cytomegalovirus immune glob-
ulin, hepatitis B immune globulin, rabies immune
globulin, RSV immune globulin, vaccinia immune
globulin, and varicella-zoster immune globulin
(http://www.fda.gov/cber/products.htm).

Immune globulin products consist of concen-
trated immune globulin G (IgG) fractions pooled
from the plasmas of thousands of healthy donors
to yield immune globulin mixtures with specific-
ities for human pathogens encountered by the
population at large. Immune globulin prepara-
tions must contain at least minimum concentra-
tions of diphtheria antitoxin, and neutralizing
antibodies to measles and poliomyelitis virus (US
Code of Federal Regulations Title 21, part

640.104). Otherwise these products have broad
reactivity. The presence and titers of antibodies to
other pathogens in the pool may be influenced by
the epidemiologic setting from which the plasma
donors were drawn. Thus, immune globulin reac-
tivities with particular antigens may vary by
product and even among lots of the same
product. Immune globulin is used in some circum-
stances when pathogen-specific immune globulin
is in short supply or not available. Immune globu-
lins are prepared for intravenous or for intramus-
cular administration.

High-titered pathogen-specific immune globu-
lins are prepared from pools of plasma obtained
from immunized donors (e.g. hepatitis B immune
globulin, rabies immune globulin, and vaccinia
immune globulin) or from plasma donors
screened for high antibody titers against the
pathogen (e.g. cytomegalovirus immune globulin,
respiratory syncytial virus immune globulin, and
varicella-zoster immune globulin).

Passively acquired antibodies can interfere with
the immune response to measles and rubella vac-
cines (Siber et al., 1993) and may generally inter-
fere with the immune responses to live viral
vaccines. Health care personnel should consider
the interval recommended for vaccine administra-
tion following immune globulin administration
where it pertains, as it varies depending on the
immune globulin dose and vaccine type (Centers
for Disease Control and Prevention, 1996, 1998a,
1999d).

3. Safety of immune globulin preparations

Clinically important adverse effects of intra-
muscular immune globulin administration are
very infrequent and are described in the package
inserts. Most adverse effects associated with the
use of intravenous immune globulin (IVIG) are
mild, transient and related to infusion speed. A
comprehensive review on the adverse effects of
IVIG and their pathophysiology, treatment and
prevention, divides such effects into those occur-
ring immediately (during the infusion, e.g. ana-
phylactoid reactions), those delayed for hours or
days (e.g. renal, pulmonary, dermatological ad-
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Table 1
Immune globulins approved for prevention or treatment of viral diseases in the United Statesa

RecommendationsIndicationProper name DoseTrade name

Pre-exposure prophylaxis for Centers for Disease Control andBayGamImmune Globulin (Human)
Prevention, 1999dhepatitis A

0.02 ml/kg i.m.Travel B3 months
Travel \3 months 0.06 ml/kg i.m. every 4–6 months
Post-exposure prophylaxis for 0.02 ml/kg i.m.
hepatitis A within 2 weeks of
exposure

Centers for Disease Control and0.25 ml/kg i.m.Measles prevention in susceptible
Prevention, 1998apersons exposed B6 days

previously
If immunocompromised 0.5 ml/kg i.m.
Prophylaxis of CMV diseaseCytoGamCytomegalovirus Immune 150 mg/kg i.v. within 72 h of
associated with transplantation of transplant then 2, 4, 6, 8, 12, andGlobulin Intravenous (Human)

16 weeks post-transplant; dose(CMV-IGIV) kidney, lung, liver, pancreas and
heart varies by type of transplant

Hepatitis B immune globulin 0.5 ml i.m., initiate vaccine seriesInfants born to HBsAg-positive Centers for Disease Control andBayHep B,
Nabi-HB Prevention, 1991a(human) (HBIG) mothers

0.06 ml/kg i.m., initiate vaccineAcute exposure to blood
containing HBsAg series
Sexual contact HBsAg-positive 0.06 ml/kg i.m., initiate vaccine

series
Infants B12 months of age 0.5 ml i.m., initiate vaccine series
exposed to primary care-giver
with acute HBV infection

20 IU/kg i.m., initiate vaccineBayRab,Rabies Immune Globulin Centers for Disease Control andPost-exposure prophylaxis
IMOGAM series(Human) (HRIG) Prevention, 1999a
Rabies-HT

Prevention of serious lower 750 mg/kg i.v. monthly duringRespiratory Syncytial Virus RespiGam American Academy of Pediatrics,
Immune Globulin Intravenous 1997, 1998RSV seasonrespiratory tract infection caused

by RSV in high risk infants and(Human) (RSV-IGIV)
children

Palivizumab Prevention of serious lower 15 mg/kg i.m. monthly duringSynagis American Academy of Pediatrics,
RSV season 1998respiratory tract disease caused

by RSV in high risk infants and
children

Vaccinia Immune Globulin Centers for Disease Control andTherapy of complications with 0.6 ml/kg i.m., doses may be
vaccinia vaccination Prevention, 1991b(Human) (IGIV) repeated at 2–3 day intervals
Post-exposure prophylaxis of 125 U/10 kg i.m. up to 625 U Centers for Disease Control andVaricella-Zoster Immune
highrisk persons exposed to Prevention, 1996Globulin (Human) (VZIG)
varicella virus

a See package insert for full prescribing information.
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verse effects), and late appearing adverse effects
(e.g. transmission of infectious agents) (Nydegger
and Sturzenegger, 1999). Immune globulins pre-
pared for intravenous administration incorporate
procedures to remove IgG aggregates associated
with anaphylaxis (Nydegger and Sturzenegger,
1999). Of the mild, and transient immediate ad-
verse effects, headache remains the single most
frequently reported (Nydegger and Sturzenegger,
1999). Other immediate mild non-specific reac-
tions include myalgia, back pain, nausea, vomit-
ing, diarrhea, fever, chills, flushing, and urticaria
(Anderson, 1999; Nydegger and Sturzenegger,
1999).

Human plasma products present a small poten-
tial risk of transmission of pathogenic agents.
These risks have been significantly reduced
through stringent qualification and screening stan-
dards for plasma donors and the inclusion of
validated virus removal and inactivation steps in
the plasma production process (Nydegger and
Sturzenegger, 1999). New and existing technolo-
gies continue to be examined for their application
to the safe production of plasma products.

Thimerosal is a mercury-containing preserva-
tive that has been used as an additive in biologics
including some blood products and vaccines since
the 1930s to prevent bacterial and fungal contam-
ination. In an effort to reduce exposure to mer-
cury, the FDA, and other US Public Health
Service agencies are collaborating to reduce the
thimerosal content of vaccines (Centers for Dis-
ease Control and Prevention, 1999e). Since this
issue was brought to the attention of the pharma-
ceutical industry, manufacturers have switched to
manufacturing some blood products free of mer-
curial preservatives (i.e. thimerosal).

There are several manufacturers licensed for
IVIG products in the US. An excellent review of
IVIG products available in the US, and their
characteristics and considerations for use in pedi-
atric infectious diseases, has been published (An-
derson, 1999). The manufacturing processes and
the characteristics of the IVIG may vary by man-
ufacturer. Characteristics of IVIG products that
vary and which may lead to the preferential use of
one product over another for a particular purpose
include: pH, choice of stabilizing agent (e.g. glu-

cose, maltose, sorbitol or sucrose) and concentra-
tion (ranging from 2 to 10%), and IgA content
(Anderson, 1999).

4. Indications for use of immune globulins

Labeled indications for use of IVIG include
primary immunodeficiency, immunodeficiency, id-
iopathic thrombocytopenic purpura, adult bone
marrow transplant, pediatric human immunodefi-
ciency virus (HIV) infection, B-cell chronic
lymphocytic leukemia, and Kawasaki’s disease.
The labeled indications for use of IVIG are not
specific to anticipated antiviral effects.

IVIG ‘off-label’ use is not uncommon. Short-
ages in availability of IVIG have prompted some
hospitals to develop guidelines with established
priorities of use for IVIG approved indications
(Gurwitch et al., 1998). IVIG has been used in
life-threatening situations for which no specific
product is recommended. IVIG is administered
for other clinical situations such as enterovirus
infection and parvovirus-induced anemia.

4.1. Use of immune globulin for pre6ention of
hepatitis A

Immune globulin provides protection against
hepatitis A virus (HAV) infection. Both immune
globulin for intramuscular administration and
IVIG contain anti-HAV. Anti-HAV titers differ
between immune globulin lots without apparent
clinical consequences (Centers for Disease Control
and Prevention, 1999d). Immune Globulin (Hu-
man), BayGam™ (Bayer, Pharmaceutical Divi-
sion, Elkhart, IN), is licensed for short-term
pre-exposure or post-exposure protection for pre-
vention against HAV (Table 1). BayGam™, a
solution of immune globulin prepared from
plasma pools from human donors, is for intra-
muscular administration and contains no preser-
vatives. Prevention of hepatitis A, summarized in
recommendations by the Advisory Committee on
Immunization Practices (ACIP), calls for wide-
spread active or passive immunization of appro-
priate susceptible populations and of those
individuals at high risk for infection or its adverse
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consequences (Centers for Disease Control and
Prevention, 1999d). US-licensed HAV vaccines
are not available as a pediatric formulation.

The ACIP recommends preexposure protection
against HAV infection, preferably by HAV vacci-
nation, for all susceptible persons traveling to or
working in countries that have high or intermedi-
ate HAV endemicity (Centers for Disease Control
and Prevention, 1999d). BayGam™ is recom-
mended for travelers less than 2 years of age
because the vaccine is currently not licensed for
use in this age group. Because protection might
not be complete until 4 weeks after vaccination,
persons traveling to a high risk area less than 4
weeks after the initial dose of HAV vaccine
should also receive immune globulin (0.02 ml/kg)
at a different anatomic injection site. BayGam™
provides effective protection against hepatitis A
for up to 3 months. For travelers not receiving
HAV vaccine and who require short-term protec-
tion (1–2 months), an immune globulin dose of
0.02 ml/kg is recommended. For travelers requir-
ing long-term protection (3–5 months), an im-
mune globulin dose of 0.06 ml/kg is recommended
with repeated dosing every 5 months if continued
exposure to HAV occurs.

Post-exposure prophylaxis for recently-exposed
persons not previously vaccinated with HAV vac-
cine, or without documented immunity to HAV,
involves a single dose of BayGam™ (0.02 ml/kg)
as soon as possible, but not more than 2 weeks
following the most recent exposure. The extent of
the exposure should be a factor in the decision to
administer immune globulin (Centers for Disease
Control and Prevention, 1999d).

4.2. Use of immune globulin for pre6ention of
measles, mumps, or rubella

The ACIP recommendations for measles,
mumps and rubella vaccine use include strategies
for elimination of measles, rubella, and congenital
rubella syndrome and control of mumps (Centers
for Disease Control and Prevention, 1998a). For
recommendations for use of vaccines the state-
ment should be consulted. In specific situations,
The ACIP recommends the use of immune globu-
lin (Centers for Disease Control and Prevention,

1998a). Immune Globulin (Human), BayGam™
(Bayer, Pharmaceutical Division, Elkhart, IN), is
licensed for use as prophylaxis in susceptible per-
sons exposed to measles (Table 1). BayGam™, a
solution of immune globulin prepared from
plasma pools from human donors is for intramus-
cular administration and contains no preserva-
tives. If administered within 6 days of exposure,
BayGam™ can prevent or modify measles in a
susceptible person. The usual recommended dose
of BayGam™ is 0.25 ml/kg of body weight, intra-
muscular (maximum dose=15 ml).

The ACIP recommends immune globulin for
susceptible household contacts of measles pa-
tients, particularly those for whom the risk for
complications is increased (i.e. infants aged less
than or equal to 12 months, pregnant women, or
immunocompromised persons). Severely immuno-
compromised patients and other symptomatic
HIV-infected patients who are exposed to measles
should receive immune globulin prophylaxis re-
gardless of vaccination status because the vaccine
may not protect them (Centers for Disease Con-
trol and Prevention, 1998a). For patients receiving
IVIG therapy, a standard dose of 100–400 mg/kg
should be sufficient to prevent measles infection
after exposures occurring within 3 weeks after
administration of IVIG; for patients exposed to
measles greater than 3 weeks after receiving a
standard IVIG dose, an additional dose should be
considered. Immune globulin should not be used
to control measles outbreaks.

Immune globulin is not recommended for rou-
tine prophylaxis following rubella or mumps ex-
posures. Administration of immune globulin
should be considered only if a pregnant woman
who has been exposed to rubella will not consider
termination of pregnancy (Centers for Disease
Control and Prevention, 1998a).

Immune globulin and measles vaccine should
not be given at the same time. Passively acquired
measles antibodies can interfere with the immune
response to measles vaccine (Siber et al., 1993).
To avoid such interference in patients recently
receiving immune globulin prophylaxis (e.g. IVIG
therapy for HIV infection, immune globulin for
hepatitis A, immune globulin for measles, hepati-
tis B immune globulin, rabies immune globulin,
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respiratory syncytial virus immune globulin, vari-
cella zoster immune globulin) health care
providers may wish to consult this ACIP state-
ment for the recommended time interval before
administration of vaccines containing live measles
virus (Centers for Disease Control and Preven-
tion, 1998a).

4.3. Pre6ention of cytomegalo6irus infections

Cytomegalovirus (CMV) remains the single
most important pathogen in organ transplanta-
tion. Prior to the availability of specific CMV
prophylaxis or therapeutic intervention in the
form of antivirals such as ganciclovir and acy-
clovir, CMV immune globulin, CMV immune
plasma and IVIG were used in patients receiving
bone marrow transplants and reported to prevent
or modify clinical disease (Winston et al., 1982,
1987; Meyers et al., 1983). Randomized controlled
studies of CMV immune globulin for the preven-
tion of CMV infection in solid organ transplant
populations followed.

Cytomegalovirus Immune Globulin Intra-
venous (Human) (CMV-IGIV, CytoGam®) is
manufactured by Massachusetts Public Health Bi-
ologic Laboratories, Boston, MA and marketed
by MedImmune, Gaithersburg, MD. CMV-IGIV
is prepared from pooled adult human plasma
selected for high titers of antibodies for CMV.
Initially, CMV-IGIV was indicated for use in
renal transplant recipients who were seronegative
for CMV (R− ) and who received kidney trans-
plants from CMV seropositive donors (D+ )
(Nightingale, 1990). This indication has been ex-
panded to include the prophylaxis of CMV dis-
ease associated with transplantation of kidney,
lung, liver, pancreas and heart (CytoGam® pack-
age insert, 1998). The maximum recommended
total dosage per infusion is 150 mg/kg adminis-
tered in a multi-dose regimen (Table 1). The
package insert includes a statement to the effect,
that, for transplants of those organs other than
kidney from CMV seropositive donors into
seronegative recipients (D+/R− ), prophylactic
use of CMV-IGIV in combination with ganci-
clovir should be considered. Many transplant cen-
ters use CMV-IGIV routinely for all high-risk

(D+/R− ) solid organ or bone marrow trans-
plantations. Use of CMV-IGIV has also been
influenced by the introduction of ganciclovir and,
in some centers, acyclovir.

In separate clinical trials, CMV-IGIV provided
effective prophylaxis in renal transplant recipients
at risk for primary CMV disease. The first of
these was a prospective randomized placebo-con-
trolled trial of CMV-IGIV for the prevention of
primary CMV disease in renal transplant recipi-
ents. The incidence of virologically confirmed
CMV-associated syndromes was significantly re-
duced from 60% in 35 controls to 21% in 24
recipients of CMV-IGIV (Snydman et al., 1987).
Data from this and other studies supporting the
efficacy of CMV-IGIV in preventing CMV disease
in D+/R− kidney transplant recipients were
used in support of licensure of CMV-IGIV for
that indication (Nightingale, 1990; reviewed by
DesJardin and Snydman, 1998). In a study of
similar design in liver transplant patients the inci-
dence of severe CMV disease was reduced from
26% in 72 control patients to 12% in 69 patients
receiving CMV-IVIG (P=0.02) (Snydman et al.,
1993). In a separate study CMV-IGIV prophy-
laxis was associated with increased survival in
liver transplant recipients (Falagas et al., 1997).

The use of CMV-IGIV and antivirals for pro-
phylaxis of CMV disease has been recently re-
viewed and the extensive literature on treatment
trials using immune globulin, antivirals, or combi-
nations to prevent CMV disease in transplant
recipients summarized (DesJardin and Snydman,
1998; King, 1999). Uncertainty about benefits of
various antiviral and immunoprophylactic regi-
mens for the prevention of CMV infection and
disease is evident in this literature. DesJardin and
Snydman conclude that immunoglobulins are effi-
cacious in preventing CMV disease in solid organ
transplantation, with CMV-IGIV more beneficial
than IVIG. They further conclude that combina-
tion therapy with CMV-IGIV plus an antiviral
agent is more effective than monotherapy. King
suggests that in all transplant settings, ganciclovir
is the most effective anti-CMV agent and in al-
most all situations, ganciclovir alone is more ef-
fective than IVIG alone for the prevention of
CMV infection or disease. IVIG is beneficial in
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reducing other complications of CMV infection,
such as graft-versus-host disease post-BMT (Des-
Jardin and Snydman, 1998; King, 1999).

At a recent symposium, the appropriate uses of
CMV-IGIV and IVIG for prevention of CMV
infection in solid organ transplantation were con-
sidered to be somewhat restricted (Oestreicher,
1999). Although several agents have proven effec-
tive for CMV prophylaxis in kidney transplant
recipients, these experts agreed that long-term
ganciclovir therapy appears to be the most consis-
tently effective for preventing CMV disease, par-
ticularly in patients receiving antilymphocyte
therapy (Keay, 1999). However, for some very
high risk transplant patients, such as lung trans-
plant recipients, ganciclovir alone appears to be
incompletely effective. Some transplant centers
use CMV-IGIV in combination with ganciclovir,
especially in D+/R− lung transplant recipients
(Avery, 1999). Nonetheless, there are no pub-
lished data that demonstrate benefit with this
combination. CMV-IGIV or IVIG in combina-
tion with ganciclovir is considered the treatment
of choice for established CMV pneumonia in
bone marrow and stem cell transplant recipients
(Nichols and Boeckh, 2000).

Many of the manifestations attributed to CMV
infection, as well as long-term mortality and/or
development of opportunistic infections, could be
due to other herpes viruses such as HHV-6 and
HHV-7 (Paya, 1999). Perhaps, beneficial effects of
CMV-IGIV prophylaxis resulted from antiviral
effects of CMV-IVIG on other herpes-related
viruses. A better understanding of the contribu-
tion of CMV-IGIV to the management of indirect
complications following transplantation may re-
veal targets for more specific prophylactic and
therapeutic interventions (Paya, 1999).

With regard to cost-effectiveness, a recently
published analysis comparing different strategies
of CMV chemoprophylaxis in a hypothetical co-
hort of liver transplant recipients suggests that
oral ganciclovir may be the single best interven-
tion of those compared (Das, 2000). Another
recent cost effectiveness analysis based on the use
of CMV-IGIV in the absence of other anti-CMV
prophylaxis, suggests routine prophylaxis with
CMV-IGIV is an appropriate use of resources
(Arbo et al., 2000).

Some progress has been reported in recent years
for monoclonal antibodies under clinical develop-
ment for CMV therapy (Paar and Pollard, 1996).
Human anti-CMV monoclonal antibodies have
been evaluated in small clinical trials as prophy-
laxis for CMV disease in bone marrow transplant
recipients (Aulitzky et al., 1991), for treatment of
retinitis and other CMV infections in AIDS pa-
tients, and as therapy for asymptomatic congeni-
tal CMV infection (reviewed by Paar and Pollard,
1996). Human CMV monoclonal antibody MSL
109 was shown not to be effective in slowing the
progression of CMV retinitis in AIDS patients
(McCarthy, 1996). In fact, highly active antiretro-
viral therapy has had a major impact on the
treatment of CMV disease in HIV-infected indi-
viduals, and current treatment regimens do not
include the use of anti-CMV antibody (Nichols
and Boeckh, 2000). The study of MSL 109 for
treatment of asymptomatic congenital CMV in-
fection was closed because the product was no
longer made available to complete the study (per-
sonal communication, Richard Whitley, Birming-
ham, AL).

4.4. Pre6ention of hepatitis B 6irus infections

Two Hepatitis B Immune Globulin (Human)
(HBIG) products are currently licensed for use in
the US (Table 1), BayHep B™ (Bayer, Pharma-
ceutical Division, Elkhart, IN) and Nabi-HB™
(Nabi, Boca Raton, FL). Both products are solu-
tions containing hepatitis B hyperimmune globu-
lin prepared from human plasma donations by
individuals with high titers of antibody to the
hepatitis B surface antigen (anti-HBs). Both
HBIG preparations are for intramuscular admin-
istration and contain no preservative. HBIG has
been shown to be efficacious in the prevention of
transmission of hepatitis B virus (HBV) post-ex-
posure. It should always be used in regimens that
include hepatitis B vaccine.

The current ACIP recommendations for pre-
vention of HBV transmission in the US include a
comprehensive hepatitis B vaccination strategy
and selective use of HBIG (Centers for Disease
Control and Prevention, 1991a, 1999b). The post-
exposure regimen used to prevent the transmis-
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sion of HBV depends not only on the type of
exposure, but also on the consideration of several
factors. For infants born to mothers who are
hepatitis B surface antigen (HBsAg) positive, the
immunoprophylaxis regimen includes concurrent
administration of the first dose of hepatitis B
vaccine and HBIG (0.5 ml) within 12 h of birth.
HBIG should be administered by intramuscular
injection at an anatomical site different from that
used for the vaccine (Centers for Disease Control
and Prevention, 1991a). Subsequent doses of vac-
cine should be administered according to the rec-
ommended schedule (Centers for Disease Control
and Prevention, 1991a). If the HBsAg status of
the mother is not known, the infant should receive
hepatitis B vaccine within 12 h of birth, at the
same dose as for infants born to HBsAg-positive
mothers. If the mother is subsequently determined
to be HBsAg positive, the infant should receive
HBIG for additional protection, within 7 days of
birth.

The ACIP recommendations for post-exposure
prophylaxis in circumstances outside of the peri-
natal period involve consideration of such factors
as: the type of exposure to hepatitis B; the HBsAg
status of the source of the exposure; the hepatitis
B vaccination history of the exposed person, and
their response to the hepatitis vaccine. Generally,
the treatment of choice to prevent transmission of
HBV from a confirmed source to a non-immune
recipient, is a regimen of HBIG given in a single
dose (0.06 ml/kg) intramuscular injection concur-
rently with the first dose of hepatitis B vaccine
administered at a separate site. More specific
guidelines are available and should be consulted
(Centers for Disease Control and Prevention,
1991a).

Prevention of recurrent hepatitis B in liver
transplant recipients currently utilizes high dose
HBIG, usually administered intravenously. A re-
cent publication of the American Liver Founda-
tion Program on Hepatitis B and Liver
Transplantation provides expert opinion on treat-
ment strategies for liver transplant patients with
hepatitis B infection (Vierling and Teperman,
2000a). Polyvalent HBIG is the current ‘gold
standard’ for preventing hepatitis B recurrence
following liver transplantation for HBV-related

liver disease (Vierling and Teperman, 2000b), al-
though it is not labeled for use in this indication.
Lifetime passive immunization with intravenous
HBIG, to achieve and maintain anti-HBs in
serum, is the accepted standard of care
(Colquhoun et al., 2000). It is recommended that
the frequency of dosing be adjusted to maintain
serum levels of anti-HBs at \500 IU/l during the
first 2 weeks after transplantation and \100 IU/l
thereafter (Dickson, 1998; Sawyer et al., 1998;
Dodson et al., 1999b; Colquhoun et al., 2000;
Vierling and Teperman, 2000b). Patients at high
risk for reinfection (i.e. those positive for either
HBeAg or HBV-DNA before transplantation)
may require higher target level (e.g. \500 IU/l)
maintenance HBIG therapy (Lake, 1995; Dodson
et al., 1999b).

Although HBIG has become the standard of
care for prevention of recurrent hepatitis B in the
liver transplant setting, several concerns remain.
HBIG products available in the US have been
approved for intramuscular administration only,
and intravenous administration of high dose
HBIG for hepatitis B prophylaxis has been associ-
ated with side-effects (Lake, 1995; Al-Hemsi et al.,
1996; McGory et al., 1996; Terrault et al., 1996).
The side-effects are those seen with other prepara-
tions of antibodies given intravenously (discussed
above). In general, using a slow infusion rate and
pre-medicating with analgesics and/or antihis-
tamines controls the side-effects.

The high cost associated with long-term (life-
long) intravenous HBIG administration is a con-
cern. Alternative regimens have been proposed
including intramuscular rather than intravenous
HBIG for maintenance therapy (Lake, 1995). Al-
ternatively, enhanced potency preparations of
HBIG may allow longer dosing intervals, thereby
reducing the number of doses required and the
associated costs (Adler et al., 1999).

Studies have been conducted to evaluate the use
of HBIG to prevent recurrent HBV infection due
to the emergence of resistance to nucleoside ana-
logue therapy following hepatic transplantation.
Lamivudine, an orally administered nucleoside
analogue treatment for chronic hepatitis B virus
infection, has been studied for its ability to pre-
vent reinfection associated with transplantation
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(Grellier et al., 1996), and for treatment of recur-
rent infection after transplantation (Perrillo et al.,
1999). The development of drug resistant mutants
limits the usefulness of this monotherapy (Perrillo
et al., 1999, 2000). Combination therapy with
lamivudine and HBIG prevented hepatitis B recur-
rence following liver transplantation at a median
1.1 years of follow-up (Markowitz et al., 1998).
Passive immunization with HBIG alone, or in
combination with nucleoside analogues, is now
considered the treatment of choice to delay or
prevent reinfection in transplant patients known
to be HBV DNA-positive (Colquhoun et al.,
2000). Clinical trials are necessary to establish the
optimum drug combinations, regimens and strate-
gies (Perrillo et al., 2000; Peters et al., 2000).
Clinical trials investigating these issues are now
beginning.

A majority (�86%) of post-transplantation de
novo hepatitis B infections may be attributable to
the use of livers from anti-hepatitis B core antigen
(anti-HBc) positive donors (Dickson et al., 1997).
There is limited experience with prophylactic regi-
mens to prevent de novo HBV infection in recipi-
ents of livers from anti-HBc-positive donors.
Vaccination of HBV-negative transplant candi-
dates is recommended but may not always be
successful due to the immunocompromised status
of these patients (Peters et al., 2000). Combination
prophylaxis with HBIG and lamivudine in anti-
HBs-negative, HBsAg-negative patients receiving
hepatic allografts from donors positive for anti-
HBc appears promising (Dodson et al. 1999a).

Some attention has been given to the emergence
of viral escape mutants during HBIG use. Muta-
tions in the S-gene have been found in virus
isolates from patients who developed re-infection
of HBV after liver transplantation while receiving
HBIG (Ghany et al., 1998; Protzer-Knolle et al.,
1998; Carman et al., 1999). These S-mutants are
rare.

Clinical experience with anti-HBV monoclonal
antibodies is limited. Three patients with chronic
hepatitis B infections receiving liver transplants
were treated with an anti-HBV monoclonal anti-
body (SDZ OST 577, Sandoz Research Institute,
East Hanover, NJ). All three patients became
negative after liver transplantation and antibody

therapy. However HBV escape mutants were iso-
lated within 252 days of transplantation (McMa-
hon et al., 1992).

4.5. Pre6ention of hepatitis C 6irus infections

The administration of current preparations of
immune globulin for post-exposure prophylaxis of
hepatitis C is not effective and is therefore not
recommended (Centers for Disease Control and
Prevention, 1998b). Interest in the development of
an anti-hepatitis C virus (HCV) product as a
therapeutic intervention for HCV — analogous to
HBIG for HBV — has been encouraged by
demonstration in chimpanzees of high-titer anti-
HCV neutralizing antibodies capable of neutraliz-
ing HCV (Farci et al., 1994, 1996; Krawczynski et
al., 1996). Indirect support for this approach is
provided by the results of a single-mask, random-
ized, controlled trial of 899 anti-HCV negative
steady heterosexual partners of anti-HCV-positive
patients. The anti-HCV negative partners received
placebo or immune globulin by intramuscular in-
jection. (The immune globulin was prepared prior
to the mandatory screening for anti-HCV.) The
treatment was repeated every 2 months for the
duration of the study. Of the 884 partners com-
pleting the study, six in the comparison group
versus one in the immune serum globulin group
became infected (P=0.03; Piazza et al., 1997),
suggesting that the use of immune globulin pre-
pared from unscreened donors was associated with
a reduction in risk of HCV infection in partners.
Similarly, the results of retrospective studies of
patients who had liver transplantation for HCV-
related liver disease and were co-infected with
HBV and received HBIG (in particular, HBIG
prepared before mandatory screening for anti-
HCV) were protected against recurrent hepatitis C
(Feray et al., 1998, 1999). An immune globulin
preparation enriched for HCV antibody by screen-
ing plasma pools for anti-HCV has been devel-
oped (Civacir™, Nabi, Boca Raton, FL) and a
Phase I clinical trial for its use in patients with
HCV infection receiving liver transplants is in
development (National Institute of Allergy and
Infectious Diseases, National Institutes of Health,
Collaborative Antiviral Study Group).
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4.6. Pre6ention of rabies

Two Rabies Immune Globulin (Human) (RIG)
products are currently licensed for use in the US
(Table 1). BayRab™ (Bayer, Pharmaceutical Di-
vision, Elkhart, IN) and Imogam® Rabies-HT
(Aventis-Pasteur, Pasteur-Merieux Serum et Vac-
cins, Connaught Laboratories, Swiftwater, PA).
Both products are a solution of antirabies hyper-
immune globulin prepared from plasma of human
donors hyperimmunized with rabies vaccine. Both
are for intramuscular administration and contain
no preservative. Preparation of Imogam® Rabies-
HT includes a prolonged heat treatment step (58–
60°C, 10 h) to inactivate viruses (Lang et al.,
1998). Occasionally, the availability of RIG has
been restricted prompting the consideration of the
emergency substitution of a new-generation
purified equine rabies immune globulin (ERIG)
under US Investigational New Drug Application.
ERIG is currently available in some other coun-
tries (Hanlon et al., 1999). Although considered
essential in standard rabies post-exposure prophy-
laxis, HRIG and ERIG are not readily available
throughout much of the developing world (Wilde
et al., 1999), where human rabies is more common
than in the US.

Rabies is a disease for which effective control
measures are known, resulting in few human ra-
bies cases in the US and most industrialized coun-
tries. Human rabies cases continue to occur in
greatest numbers in developing countries. The
high cost of post-exposure prophylaxis, the lack
of effective canine rabies control in some coun-
tries, and the inconsistent availability of rabies
biologics, remain major obstacles to the control of
rabies worldwide (Meltzer and Rupprecht, 1998;
Wilde et al., 1999). Pre-exposure and post-expo-
sure issues for rabies vaccine and passive im-
munoprophylaxis, in the context of rabies in the
US are described in the recommendations of the
ACIP for Human Rabies Prevention (Centers for
Disease Control and Prevention, 1999a). The
ACIP statement and additional information are
available at the National Centers for Disease
Control and Prevention web site (http://
www.cdc.gov/ncidod/dvrd/rabies). The decision to
give pre-exposure prophylaxis and booster doses

of vaccine is based on assessment of risk of expo-
sure. The decision to give post-exposure prophy-
laxis is based upon type of exposure, the animal
rabies epizootiology and evaluation of the in-
volved species, the circumstances of the biting or
exposure incident, and the vaccination status of
the exposing animal. The post-exposure regimen
is based on previous rabies vaccination history of
the exposed person (Centers for Disease Control
and Prevention, 1999a).

RIG is recommended as part of the rabies
post-exposure regimen for persons not previously
immunized against rabies, and includes concur-
rent administration of rabies vaccine (Centers for
Disease Control and Prevention, 1999a). RIG is
administered once, to provide immediate antibod-
ies until the patient responds to rabies vaccine.
The recommended dose of human RIG (20 IU/kg
body weight) provides maximum circulating anti-
body with minimum interference of active immu-
nization by rabies vaccine. After thorough
washing with soap and water, the full dose of
RIG, if feasible, should be thoroughly infiltrated
in the area around and into the wound(s). Any
remaining volume should be injected intramuscu-
larly at a site distant from vaccine administration.
There are no reported cases in which rabies devel-
oped in persons given the appropriate complete
post-exposure regimen.

4.7. Antibody preparations for pre6ention of
respiratory syncytial 6irus infections

Two products are currently available in the US
for the prevention of serious lower respiratory
tract respiratory syncytial virus (RSV) infection in
children at high risk of developing severe RSV
disease (Table 1). Respiratory Syncytial Virus Im-
mune Globulin Intravenous (Human) (RSV-
IGIV, RespiGam™) is a solution of immune
globulin G enriched in neutralizing antibodies to
RSV. RSV-IGIV is prepared from pooled human
plasma selected for high titers of neutralizing anti-
body against RSV and contains no preservative.
Licensed in 1996, RespiGam™ was the first inter-
vention with demonstrated safety and efficacy in
the prevention of RSV infections in high-risk
children (Groothuis et al., 1993; The PREVENT



L.A. Sawyer / Anti6iral Research 47 (2000) 57–77 67

Study Group, 1997). Prophylaxis with
RespiGam™ in high-risk infants reduced the inci-
dence of RSV hospitalization by 41% and the
duration by 53% (The PREVENT Study Group,
1997). RespiGam™ is manufactured by Massa-
chusetts Public Health Biologic Laboratories
(Boston, MA) and is marketed in the US by
MedImmune (Gaithersburg, MD). RespiGam™
750 mg/kg is given monthly during the RSV sea-
son by intravenous infusion over a 4-h period.
RespiGam™ is indicated for the prevention of
serious lower respiratory tract infections caused
by RSV in children under 24 months of age
with bronchopulmonary dysplasia, or a history
of premature birth (535 weeks gestation)
(RespiGam™ package insert, 1996).

Licensed in the US in 1998, Synagis™
(palivizumab, MEDI-493, MedImmune, Gaithers-
burg, MD), a humanized monoclonal antibody
(IgG1k), is the first and only monoclonal anti-
body yet licensed for an infectious disease indica-
tion. The antibody was humanized (95% human,
5% murine antibody sequences) using recombi-
nant DNA technology and is directed against a
neutralizing epitope on the RSV F glycoprotein
(Johnson et al., 1997). Administered to high-risk-
infants once a month during the RSV season and
given intramuscularly at a dose of 15 mg/kg,
Synagis™ resulted in a 55% reduction in hospital
admissions for RSV illness compared to placebo
(PB0.001) (The IMpact-RSV Study Group,
1998). For several reasons, including the ease of
administration (intramuscular versus intravenous
route), lack of interference with childhood live
viral vaccines, and absence of theoretical risks
associated with the administration of human
blood products, Synagis™ is the preferred of the
two available licensed products for most situa-
tions (American Academy of Pediatrics, 1998).

The most appropriate use of these products is
of considerable debate among pediatricians
(Moler et al., 1999). Advantages and disadvan-
tages of each product have recently been reviewed
(Meissner et al., 1999b) however no direct com-
parison of the two products has been conducted.
Neither product is approved for the prophylaxis
of RSV infection in patients with cyanotic con-
genital heart disease. Likewise, neither product is

approved for the treatment of RSV infection.
Recommendations for the use of RSV-IGIV
(RespiGam™) (American Academy of Pediatrics,
1997) were recently updated and include recom-
mendations for the use of palivizumab
(Synagis™) (American Academy of Pediatrics,
1998). A consensus opinion on the most appropri-
ate use for palivizumab followed (Meissner et al.,
1999b). Estimates of the RSV-related health care
expenditures for prophylaxis with palivizumab are
based on assumptions that may not be applicable
to all geographic locations (Storch, 1998; Joffe et
al., 1999; Marchetti et al., 1999; Moler et al.,
1999; Stevens et al., 2000) and may not be
justified (Moler, 1999). A method for establishing
local guidelines based on the local cost of RSV
prophylaxis and geographic variables associated
with rehospitalization rates for premature infants
with RSV infection is being utilized to identify
when it is appropriate to use these products (Hall
et al., 1999). As more data become available
through publications on the impact of these prod-
ucts in clinical practice (Redding et al., 1999)
recommendations may be refined.

Another humanized monoclonal antibody,
RSHZ19 (SB 209763) has also been tested in
clinical trials and has not been shown to be
effective in reducing hospitalization for RSV-in-
duced disease (Meissner et al., 1999a). RSHZ19 is
directed against a neutralizing epitope on the RSV
F glycoprotein that is distinct from the epitope
recognized by palivizumab, and in a direct com-
parison study, palivizumab had consistently
greater antigen binding, RSV neutralizing, and
fusion inhibiting activities compared to RSHZ19
activities, which may account for the difference in
clinical efficacy (Johnson et al., 1999).

RSV initiates infection in the nasopharynx, an
accessible site for direct application of antibody.
Theoretically, application of antibodies on mu-
cosal surfaces could provide better protection
than systemic administration of antibodies (Hem-
ming et al., 1995). A purified murine RSV F-spe-
cific monoclonal IgA antibody, HNK-20 (Oravax,
Cambridge, MA), has been produced. Results of
murine experiments suggest that nasal instillation
of HNK-20 was no better than an IgG mono-
clonal antibody reactive with the same RSV epi-
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tope in reducing RSV titers in the lung, and was
less effective than systemically-administered IgG
monoclonal antibody in protecting against RSV
infection following challenge (Fisher et al., 1999).
In contrast, Weltzin and Monath, report the re-
sults of a controlled trial of prophylactic nasal
instillation of HNK-20 conducted in several hun-
dred infants at risk for severe RSV, in which
beneficial trends were noted as a decrease in RSV
hospitalizations among infants younger than 4
months receiving treatment, although their data
has not been reported in publication (Weltzin and
Monath, 1999).

Once RSV infection is established in the lower
respiratory tract therapeutic passive immunization
may not be effective in reducing disease. Aero-
solized IVIG administered by inhalation therapy
to infants at high risk for severe RSV disease on
the first day of hospitalization for RSV lower
respiratory tract infection did not show benefit
(Rimensberger et al., 1996). The negative results
are not definitive, however, since the IVIG used
had low titers of RSV neutralizing activity (Ri-
mensberger et al., 1996). RSV-IGIV administered
as one infusion (1500 mg/kg) to previously
healthy infants and young children hospitalized
for RSV lower respiratory tract infection resulted
in beneficial trends for those with more severe
disease, but did not reduce duration of hospital-
ization or ICU stay in the entire group random-
ized to the treatment arm of the study (Rodriguez
et al., 1997a). Efficacy was not demonstrated in a
study of RSV-IGIV administered as one infusion
(1500 mg/kg) to infants and young children at
high risk for severe RSV infection hospitalized
with RSV lower respiratory tract infections (Ro-
driguez et al., 1997b). Synagis™, administered as
one 15-mg/kg intravenous dose to infants hospi-
talized with RSV infection requiring intubations
and mechanical ventilation, significantly reduced
RSV concentrations in tracheal aspirates but had
no measurable clinical efficacy (Malley et al.,
1998).

Effective therapy of RSV infection developing
in adults and children following bone marrow
transplant, organ transplant, or chemotherapy for
leukemia, has not been established (Englund et
al., 1997). Ribavirin solution for inhalation (VI-

RAZOLE®, ICN Pharmaceuticals, Costa Mesa,
CA) is an antiviral approved in the US for the
treatment of hospitalized infants and young chil-
dren with severe lower respiratory tract infections
due to RSV infection. The clinical effectiveness of
ribavirin therapy for RSV has been questioned,
and the American Academy of Pediatrics limits
recommendations of ribavirin use to selected in-
fants and young children at high risk for serious
RSV disease (American Academy of Pediatrics,
1996). Those with underlying immunosuppressive
disease or therapy are included among them.

RSV infection is often a fatal complication of
bone marrow transplantation, thus research into
the optimum therapy continues. RSV immune
globulin given prophylactically and therapeuti-
cally to immunosuppressed cotton rats challenged
with RSV had an effect on viral replication reduc-
ing the titer to nearly undetectable levels (Ottolini
et al., 1999). Encouraging results have also re-
cently been published in which the use of aero-
solized ribavirin and RSV-IGIV (RespiGam™)
administered under a compassionate-use protocol
for the treatment of RSV pneumonia in several
pediatric patients undergoing bone marrow trans-
plantation was associated with increased survival
suggesting the combination may increase survival
above that in such patients treated with ribavirin
alone (De Vincenzo et al., 2000). Other promising
results include those of a pilot trial in adult bone
marrow transplant patients, using aerosolized rib-
avirin and IVIG for the treatment of RSV upper
respiratory tract illness suggesting that the combi-
nation may be useful in preventing progression of
RSV upper respiratory tract infection to RSV
pneumonia and death (Ghosh et al., 2000). Con-
trolled clinical trials are necessary to establish
whether aerosolized ribavirin alone or in combi-
nation with IVIG, RSV-IGIV or Synagis™ is
most effective in preventing and/or treating RSV
disease in immunocompromised patients.

4.8. Antibody preparations for 6accinia

Vaccinia vaccination has lead to the eradication
of natural smallpox virus transmission. In May
1983, Wyeth Laboratories, Lancaster, PA, then
the only active US licensed producer of vaccinia
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virus vaccine, discontinued distribution of the
vaccine. ACIP guidelines, updated in 1991, reflect
the current recommendations for limited distribu-
tion of vaccinia vaccine to laboratory and health-
care workers occupationally exposed to vaccinia,
recombinant vaccinia viruses or other ortho-
poxviruses that can infect humans (Centers for
Disease Control and Prevention, 1991b). Vaccinia
Immune Globulin (Human), VIG, prepared by
Baxter Healthcare, from plasma pools donated by
recipients of vaccina vaccine must be immediately
available when the vaccine is administered to treat
unexpected complications (Table 1). VIG is the
only product shown to be effective for treatment
of adverse events resulting from live vaccinia virus
immunization, including: eczema vaccinatum, vac-
cinia necrosum, ocular vaccinia, some cases of
progressive vaccinia, and severe generalized vac-
cinia. The VIG is distributed by the CDC in the
case of medical emergency. CDC is the only
source of vaccina vaccine and VIG for civilians.
The possibility that smallpox (variola virus) could
be used as a biological warfare agent has
prompted renewed interest in the development of
treatment and prevention strategies (Henderson et
al., 1999). Such research requires access to variola
virus. The stocks of vaccina vaccine and VIG will
need to be replenished in order to meet the needs
of the investigators for research and development
in this infectious disease area.

4.9. Pre6ention of 6aricella-zoster 6irus infections

Varicella-Zoster Immune Globulin (Human)
(VZIG) for use in the US is produced by the
Massachusetts Public Health Biologic Laborato-
ries and is distributed by American Red Cross
regional distribution centers and service areas.
VZIG is a solution of human immune globulin
prepared from plasma obtained from blood
donors identified by routine screening to have
high antibody titers to varicella-zoster virus.
VZIG is for intramuscular use and contains no
preservatives VZIG package insert, 1996. Vari-
cella vaccine (Varivax; Merck, West Point, PA)
was licensed in the US in 1995. Recommendations
for prevention of primary varicella infection
(chickenpox) emphasize the use of varicella virus

vaccine (American Academy of Pediatrics, 1995;
Centers for Disease Control and Prevention, 1996,
1999c; American Academy of Pediatrics, 2000).
Recommendations for the use of VZIG have not
been specifically updated since an ACIP statement
published in 1996 (Centers for Disease Control
and Prevention, 1996). VZIG is recommended for
passive immunization of susceptible, immunocom-
promised children (B13 years of age) after sub-
stantial exposure to varicella or herpes zoster;
neonates whose mothers have signs or symptoms
of varicella within 5 days before or 2 days after
delivery, and some premature infants who have
substantial postnatal exposure (Centers for Dis-
ease Control and Prevention, 1996). VZIG is rec-
ommended for susceptible immunocompromised,
and some healthy adolescents (]13 years of age)
and adults who have had substantial exposure to
varicella. VZIG should be strongly considered for
susceptible pregnant women who have been ex-
posed to varicella virus, to prevent complications
of varicella in the mother. The recommended dose
of VZIG is 125 U per 10 kg body weight up to a
maximum of 625 U, administered intramuscularly
(Table 1). Maximum benefit is obtained when
administered as soon as possible and within 96 h
of exposure. The appropriate dose for prophylaxis
in adults has not been established, however 625 U
is considered a sufficient dose of VZIG to modify
or prevent infection in healthy adults (Centers for
Disease Control and Prevention, 1996). VZIG is
expensive and provides only temporary protection
(i.e. �3 weeks) and it is not recommended for
treating clinical varicella or herpes zoster or for
preventing disseminated zoster (Centers for Dis-
ease Control and Prevention, 1996).

4.10. HIV infection

Studies have been conducted to evaluate the
potential use of anti-HIV antibodies to prevent
HIV infection pre- or post-exposure. A significant
concern regarding the potential for success in this
area has been the realization that human sera do
not easily neutralize viruses transmitted between
humans, so-called primary viruses. Animal models
have been helpful in testing the concept of passive
protection and providing evidence that passive
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antibody may be protective (reviewed recently by
Haigwood and Zolla-Pazner, 1998). Significant
results have been obtained in the hu-PBL-SCID
mouse model in which severe combined im-
munodeficient (SCID) mice are populated with
human peripheral blood mononuclear cells
(PBMCs). After receiving a potent neutralizing
murine monoclonal antibody SCID mice were
protected against primary virus challenge
(Gauduin et al., 1997). Recent studies in the HIV-
1/simian immunodeficiency virus (SIV) chimeric
virus (SHIV) macaque model have provided en-
couraging results. Purified immunoglobulin from
chimpanzees infected with several different HIV-1
isolates was used to passively immunize
macaques. The antibody was shown to have HIV
neutralizing activity and to block infection follow-
ing intravenous challenge with a chimeric simian-
HIV (SHIV) derived from a primary virus isolate
(Shibata et al., 1999). In a separate study,
macaques were protected against vaginal trans-
mission of a pathogenic SHIV by passive infusion
of anti-HIV-1 neutralizing monoclonal antibodies
with or without HIV immune globulin (Mascola
et al., 2000). These results are particularly inter-
esting because the vaginal challenge model as
opposed to the intravenous challenge route might
be more relevant as a model of human exposure.
These results seem to indicate that antibodies may
protect against HIV infection. However, clinical
trials to demonstrate efficacy have been difficult
(Lambert and Moye, 1999) and in a hospital
exposure setting are not possible due to the large
sample size requirements.

Limited studies have been done to evaluate the
use of antibodies for treatment of established HIV
infection. Poignard et al., 1999 evaluated high
serum concentrations of HIV neutralizing mono-
clonal antibodies, alone or as a cocktail of mono-
clonals for treatment of established HIV-1
infection in hu-PBL-SCID mice. They observed
little sustained effect on viral load. Neutralization
escape occurred after a few days of treatment.
These results suggest that the use of anti-HIV
antibodies to treat established HIV-1 infection in
humans might not be feasible.

4.11. Entero6irus

Enterovirus infection of neonates and of anti-
body-deficient patients may result in serious dis-
ease and death. Reviewed recently (DesJardin and
Snydman, 1998; Rotbart et al., 1998), immune
globulin used prophylactically and therapeutically
in these populations has been of variable success
and has not been evaluated in sufficient numbers
of patients in controlled clinical trials to establish
efficacy. Because there are 68 recognized en-
teroviruses that circulate in unpredictable patterns
each immune globulin preparation differs in anti-
body reactivity to the various enterovirus
serotypes. On theoretical grounds, it would be
expected that preparations with high neutralizing
antibody specific for the infecting serotype would
be more likely to be beneficial. However, it is not
currently possible to assess potency to guide use
at the bedside.

4.12. Par6o6irus

Parvovirus B19 infection of persons unable to
mount an effective humoral immune response re-
sults in chronic infection and anemia. The evi-
dence for effective use of intravenous
immunoglobulin for the treatment of chronic par-
vovirus B19 infection is limited to small-uncon-
trolled clinical trials and case reports, including
patients with acquired immune deficiency syn-
drome, congenital immunodeficiencies, and
leukemia patients undergoing chemotherapy, re-
viewed briefly by DesJardin and Snydman, 1998.
Commercial lots of IVIG have been shown to
contain variable titers of parvovirus B19 antibod-
ies (Schwarz et al., 1990). In the absence of data
from controlled trials, the therapeutic titer of
parvovirus B19 antibodies and the optimum regi-
men of immune globulin for effective intervention
are not established. Monoclonal antibodies with
parvovirus B19 neutralizing activities have been
described. Among these, human monoclonal anti-
bodies with potent in vitro parvovirus B19 neu-
tralizing activity may be appropriate candidates
for further development as immunotherapeutics
for chronically infected patients and acutely in-
fected pregnant women (Gigler et al., 1999).
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4.13. Viral hemorrhagic fe6ers

Treatment of viral hemorrhagic fevers has been
evaluated in animal models and in limited num-
bers of people; however, at this time there is
insufficient clinical data to support the use of any
particular antibody preparation in humans. Hu-
man monoclonal antibodies may hold greater
promise than immune globulin preparations pre-
pared in the past. Using current technology, anti-
bodies to a number of viral hemorrhagic fevers
are being developed. As an example, a panel of
recombinant human monoclonal antibodies to
Ebola virus antigens has been isolated from phage
display libraries constructed from RNA from
donors who recovered from infection (Maruyama
et al., 1999). Antibodies derived using these meth-
ods may be useful for passive immunization and
vaccine development.

5. Mucosal passive immunization

Prevention of transmission of epidemic infec-
tious diseases via passive immunization of mu-
cosal surfaces is of great public health interest
(Zeitlin et al., 1999). Application of antibodies to
respiratory mucosal surfaces as nose drops, aero-
sol, or nasal spray have been evaluated in limited
numbers of patients, for prevention of several
common respiratory tract viral infections includ-
ing Coxsackie, influenza, rhinovirus and RSV (re-
viewed recently by Weltzin and Monath, 1999).
Oral administration of antibody has been studied
for the prevention or treatment of rotavirus infec-
tion. Human immune globulin, bovine colostrum
and bovine antibodies from hyperimmunized
cows have been used for this purpose on an
experimental basis; however, routine use of such
products is not an established practice. Antibodies
delivered to the vaginal mucosa of mice protect
against vaginal transmission of genital herpes in-
fection, but other species have not been studied
(Whaley et al., 1994; Zeitlin et al., 1996). Ad-
vances in monoclonal antibody technology, e.g.
antibody production in transgenic plants, may
substantially reduce production costs and thereby
assure the availability of large quantities of spe-

cific antibodies for safe and effective use world-
wide.

6. Recent advances in recombinant antibody
technology

Strategies to overcome the limitations of
murine monoclonal antibodies as human thera-
peutics include the generation of mouse-human
chimeras (retaining �30% of the murine se-
quences), and of humanized monoclonal antibod-
ies (retaining �5% of the murine sequences).
These modifications have successfully minimized
the post-administration human anti-mouse anti-
body response to these products. Hybridoma
technology is being replaced by newer methods
including the use of in vitro phage-display of
combinatorial antibody libraries, and techniques
such as chain shuffling, to generate novel antibod-
ies as reagents, and as diagnostic and therapeutic
molecules (Hayden et al., 1997; Rader and Bar-
bas, 1997; Hudson, 1999). Recently, this technol-
ogy has been used to select and humanize
antibodies from immune rabbits (Rader et al.,
2000). Possibly, one of the most promising re-
search advances has been the creation of trans-
genic mice that produce a highly diverse human
antibody response with high affinity for specific
antigens (Mendez et al., 1997).

Significant progress has been made in the ex-
pression of recombinant antibodies in plants (see
recent review by Fischer et al., 1999). The use of
plants as bioreactors for large-scale production of
clinical grade pharmaceutics requires the develop-
ment of a production system that meets the rigor-
ous requirements of the current FDA standards
for pharmaceutical products. A discussion of the
issues with regard to the feasibility of such an
undertaking is the subject of a recent publication
(Russell, 1999). In the first human trial of a
monoclonal secretory IgA antibody produced in
transgenic tobacco plants, investigators were able
to demonstrate protection against oral Strepto-
coccus mutans colonization (Ma et al., 1998). Pre-
clinical studies of a humanized anti-HSV
glycoprotein B monoclonal antibody produced in
transgenic soybean plants showed that when ap-
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plied to the vaginal mucosa, the monoclonal anti-
body prevented transmission of HSV-2 infection
in mice (Zeitlin et al., 1998). These results suggest
potential promise for the use of this technology.
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