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Abstract
A vaccine comprised of recombinant cytomegalovirus (CMV) envelope glycoprotein B (gB) with
MF59 adjuvant developed in the 1990s recently was recently found to have efficacy for prevention
of CMV infection in a phase 2 clinical trial in young mothers. This review briefly considers the
rationale for gB as a vaccine antigen, the history of this CMV gB vaccine and the data supporting
vaccine efficacy.
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1. Introduction
The importance of congenital cytomegalovirus (CMV) infection as a cause of mental, motor,
auditory and visual disabilities has been known for decades.1–3 Development of vaccines for
prevention of congenital cytomegalovirus disease is recognized as an important public health
priority largely because of the conclusions of a committee of the Institute of Medicine of the
National Academy of Sciences which reviewed priorities for vaccine development.4 The
committee concluded that in terms of health care dollars saved and improvement in quality
adjusted life years, a vaccine for prevention of congenital CMV infection should be among the
highest priorities for the United States.

Results of clinical trials aimed at initial evaluation of immunogenicity and safety have been
reported for a variety of CMV vaccine formats.5–12 Although more than 20 years ago Towne
CMV was shown to have efficacy for prevention of CMV disease in seronegative renal
transplant patients who received a graft from a CMV seropositive donor,13 a more recent
clinical trial reported no efficacy for prevention of infection in parents of CMV shedding
children.14 This review will focus on the development on a subunit vaccine comprised of
recombinant CMV envelope glycoprotein B (gB) with a novel adjuvant, MF59, which was
recently shown to have efficacy for prevention of maternal CMV infection.15
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2. Rationale for gB as vaccine antigen
Glycoprotein B is present on all human cytomegaloviruses and is necessary for viral infectivity.
It mediates attachment and entry to infected cells, cell to cell transmission of virus and
syncytium formation.16–19 A significant proportion of neutralizing antibody to CMV in human
serum is specific for epitopes on gB and essentially all CMV infected humans have antibody
to gB.20–22 Key epitopes for neutralizing antibody on gB are highly conserved among human
CMV strains. Studies with murine CMV showed that both passive and active immunization
with agents specific for gB provided protection from challenge.23 In the guinea pig model of
congenital CMV infection, immunization with gB either as a plasmid DNA vaccine or a
recombinant protein decreased rates of fetal loss and fetal infection with CMV.24

3. Development of CMV gB vaccine
Towne CMV was the source of the UL55 (gB) gene used for the recombinant protein vaccine
developed at Chiron.25 The native gene was modified to facilitate in vitro production of antigen
in Chinese hamster ovary cell culture. In a series of phase I and phase 2 studies performed
during the 1990’s, CMV gB vaccine safety, immunogenicity, antigen dose and immunization
schedule were studied.7, 8, 26, 27 In addition MF59 a novel, proprietary adjuvant was compared
with alum. MF59 is a squalene in water emulsion which has been studied in a number of
investigational vaccines; MF59 is licensed for use with an inactivated influenza vaccine in
Europe.28 Immunogenicity of CMV gB vaccine was superior with MF59 compared with alum.
7, 8 Peak levels of antibody to gB were around 5-fold higher in recipients of 3 injections of
CMV gB/MF59 than those in persons with past CMV infection. Peak levels of neutralizing
antibody were similar to those measured in sera from persons with past infection. A small study
in preschool aged children showed that they achieved peak levels of antibody to gB and
neutralizing antibody that were much higher than those in adult vaccinees.26 In the dozen or
so clinical trials sponsored by Chiron, over 700 subjects (mostly healthy seronegative adults
plus a limited number of seronegative children and seropositive adults) received CMV gB
vaccine. Safety and reactogenicity data were reassuring. There were no serious adverse events
associated with vaccine. Local and systemic reactions were mostly mild and of short duration
(<48 hours) and appeared to be similar in frequency, severity and duration to those associated
with many licensed vaccines. Based on results of these early studies, an antigen dose of 25
micrograms of gB and injection schedule of 0, 1 and 6 months were selected for a phase 2
efficacy trial. Most of the studies of CMV gB/MF59 performed in the 1990s did not include
populations considered at increased risk for CMV infection and none of them were designed
to test vaccine efficacy. The rights to CMVgB vaccine were obtained by Aventis Pasteur (now
Sanofi Pasteur), in 2000.

4. Choosing a study population for a CMV vaccine efficacy trial
A study of obstetric patients in Birmingham, Alabama, strengthened the rationale for vaccine
prevention of congenital CMV infection and provided the data required to estimate the sample
size needed for a phase 2 efficacy trial. Results showed that seronegative mothers acquired
CMV between deliveries at a rate of ~6% per year and that past CMV infection reduced the
congenital infection rate by around 67% in subsequent pregnancies compared with the rate in
newborns of women who were seronegative when first tested.29, 30 Seronegative women from
this obstetric population were an attractive group for an efficacy trial because of their relatively
high rate of incident CMV infection and because if enrolled near the time of birth of a newborn,
many of them would have another newborn within three years. In addition, approaching women
on postpartum wards offered the opportunity to meet them face to face in order to obtain consent
and to obtain serum for screening without the discomfort of venipuncture. Blood samples from
all obstetric patients are submitted to hospital blood banks and remnant maternal or cord serum
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can be obtained from the hospital laboratory with consent of the patient and appropriate local
approvals.

5. A phase 2 clinical trial to test efficacy of CMV gB vaccine
5.1 Study Population and Design

A phase 2, randomized, double blind, placebo controlled clinical trial of CMV gB/MF59
vaccine in young mothers was initiated in 1999. The primary endpoint was time to CMV
infection. Secondary goals included determining the congenital CMV infection rate in babies
born to trial participants, assessment of vaccine safety, immunogenicity and comparison of
viral shedding and viremia between vaccine and placebo groups. A sample size of 400
(randomized 1;1, vaccine:placebo) was expected to provide the ability to test a hypothesis of
50% efficacy with the probability of a type I error of ≤ 0.05 and power ≥ 0.80 with an estimated
CMV infection rate of 20% over 3.5 years in placebo recipients. None of the investigators
involved in the planning or execution of this clinical trial had confidence that immunization
with CMV gB/MF59 vaccine would be able to prevent maternal infection. In large measure,
the rationale for the efficacy trial was based on the need to learn more about the biology of
primary CMV infection in healthy young women and to test a trial model based on ability to
accurately predict both maternal and congenital CMV infection rates.

Written consent to screen women for CMV antibody was obtained from subjects on postpartum
hospital wards and serum was obtained from the hospital blood bank for that purpose. Subjects
were screened for IgG antibody to CMV and seronegative women in good health who lived in
the Birmingham metropolitan area were invited to enroll in the clinical trial within one year of
the birth of a newborn if they met inclusion and exclusion criteria. Women who were
breastfeeding were excluded because of the lack of data on vaccine safety for lactating women
and breastfed infants. Enrollment was completed in April 2006. Additional subjects (exceeding
400) were enrolled to replace those who were randomized but not did not receive study vaccine
(due to discovery of an exclusion), or were found to be seropositive on the day of enrollment,
or did not receive all three study vaccines.

5.2 Endpoint detection
It is very unlikely that any clinical manifestations will herald the onset of CMV infection in
healthy adults or children, and therefore it is necessary to use repeated laboratory testing to
find infections in clinical trial participants. If antibody assays are used for this purpose, one
must find a way to distinguish the antibody response to infection from that induced by vaccine.
In addition, testing subjects for antibody to CMV could potentially unblind laboratory
personnel. Although testing subjects for the presence of CMV in blood, urine or other body
fluids by real time PCR or other means avoids the problems inherent in serologic testing for
infection, knowledge of the prevalence, magnitude and duration of viremia or viral shedding
in normal healthy subjects is limited. Virologic events that appear and then clear between
follow-up dates could be missed. A simple and rapid method of screening subjects for antibody
to CMV proteins other than the vaccine antigen, gB, was developed and validated using sera
from persons with naturally acquired CMV infection and from participants in past clinical trials
of CMV gB/MF59 vaccine 31, 32. Sera from vaccine clinical trial participants were preabsorbed
with gB (vaccine antigen provided by Sanofi Pasteur for laboratory use) and then tested for
CMV IgG antibody with a standard, commercial assay. Preabsorption with gB removes
antibody to CMV from sera of subjects who have only vaccine induced immunity while
subjects who have naturally acquired infection remain CMV antibody positive. This method
does not unblind technicians performing the assay; vaccine recipients are negative unless CMV
infection has occurred. A positive gB absorbed CMV IgG result triggered confirmation of
infection by detection of virus in body fluids (urine, saliva, vaginal swab or whole blood) by
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culture or real time PCR or if no virus was detected, by a commercial immunoblot assay
(Mikrogen Recomblot CMV, Neuried, Germany).

5.3 Results of the phase 2 efficacy trial
The clinical trial results were recently published, providing a more detailed exposition of
methods as well as safety and efficacy results than can be presented here15. Figure 1 shows the
numbers of subjects screened, enrolled, and excluded from data analysis and the accrual of
endpoints for both CMV gB vaccine and placebo groups at the time data was analyzed. After
the second scheduled review of efficacy when 75% of expected endpoints had occurred, the
DSMB reported that vaccine was superior to placebo and that a preset boundary for efficacy
had been crossed. The DSMB recommended continuing the clinical trial per protocol until all
subjects had completed at least 6 months follow-up after the third injection of study vaccine.

There were no statistically significant differences between CMV gB vaccine and placebo
recipients in key demographic and personal variables.15 CMV infections occurred in 31/216
(14%) placebo recipients and 18/225 (8%) CMV gB vaccine recipients. Forty-seven infections
were confirmed by detection of virus in body fluids and two infections in CMV gB vaccine
recipients were confirmed by western blot. Infection rates were compared using Kaplan-Meir
curves expressing the probability of remaining uninfected with passage of time, Figure 2.
Results show that CMV gB vaccine recipients were more likely to remain uninfected over the
42 months interval of follow-up, P = 0.02. The rate of CMV infection per 100 person-years
was 6.6 in placebo recipients compared with 3.3 in vaccine recipients, an overall efficacy of
50% (95% confidence interval, 7; 73). Proportional hazards multivariate analysis showed that
vaccine regimen was the only exposure that was significantly associated with infection; the
hazard ratio for CMV gB vaccine was 0.51 (95% confidence interval, 0.29; 0.92), P = 0.02.

Congenital CMV infection occurred in 1/81(1%) and 3/97 (3%) babies born respectively to
CMV gB vaccine and placebo recipients. The infected baby born to a vaccine recipient was
normal at birth and has remained free of sequelae. One of the infected babies born to placebo
recipients was severely affected with clinical and laboratory signs of congenital infection at
birth and significant developmental disability; the other two were normal at birth and have
remained free of sequelae. All four congenital infections were the result of maternal infections
that occurred during pregnancy. These numbers are too small to allow any conclusions
regarding the vaccine’s ability to prevent congenital infection beyond its efficacy for
prevention of maternal infection.

Pain, warmth, induration and erythema at the injection site occurred more often in CMV gB
vaccine recipients than in placebo recipients. Fever, rash, headache, nausea and fatigue
occurred with similar frequency among vaccine and placebo recipients. Arthralgias (6%),
myalgias (16%) and chills (8%) occurred more often among CMV gB recipients and
differences compared with rates in placebo recipients were statistically significant after one or
more of the vaccine injections15. Local and systemic reactions to CMVgB/MF59 immunization
were generally mild and of short (< 1 day duration). There was no difference between vaccine
and placebo groups in the overall rate of adverse events, serious adverse events or serious
adverse events involving babies born during the clinical trial. Adverse events considered
possibly related to test article occurred in 16/231 (7%) CMV gB vaccine recipients and in 4/226
(2%) placebo recipients, P = 0.01; most of these events were considered mild.

5.4 Anticipated results
Although the trial was unblinded and subjects were informed of their study vaccine
assignments, all active subjects will be followed until they have completed the planned 3.5
years of follow-up. Completion of all study visits will increase the number of pregnancies and
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newborns studied, provide a large number of samples from which to study persistence of
antibody to gB and neutralizing antibody over an extended period of time and will provide
valuable data on CMV viremia and virus shedding in infected subjects.

6. The future of CMV gB vaccine
It is hoped that continued evaluation of CMV gB vaccine will lead to a phase 3 clinical trial
that will provide a robust test of the vaccine’s ability to prevent CMV infection in women of
childbearing potential. Although some might question the need for a vaccine with less than
optimal efficacy, when there is no alternative means of preventing maternal and congenital
CMV infection, 50% efficacy could be very attractive, especially to women at high risk of
CMV infection. It is worth noting that our trial was performed in a population that appears to
have relatively intense exposure to CMV and a high rate of congenital CMV infection due to
reinfection in women with immunity to CMV33. One could speculate that in other populations
with less intense exposure to CMV, efficacy might be higher. Could the vaccine’s efficacy for
prevention of congenital CMV infection exceed the efficacy for prevention of maternal
infection? A phase 3 clinical trial with congenital infection as the primary endpoint would
answer this question.
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Figure 1.
Study population and endpoint accrual.
*After randomization 3 subjects assigned to CMV vaccine and 4 assigned to placebo were
found to meet an exclusion criterion and were not immunized. Serum antibody results from
the day of randomization (not available on that day) showed that 6 CMV vaccine recipients
and 10 placebo recipients were not seronegative and therefore did not meet inclusion criteria.
†CMV gB group, reasons for less than 3 vaccines: lost to follow-up (4), adverse event (5),
noncompliance (7), withdrew from study (5), CMV infection (2), pregnancy (6), vaccine not
available (18)
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‡Placebo group, reasons for less than 3 vaccines: lost to follow-up (16), adverse event (2),
noncompliance (4), withdrew from study (4), CMV infection (4), pregnancy (13), vaccine not
available (17)
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Figure 2.
Kaplan-Meier curves comparing probability of remaining CMV uninfected; subjects at risk at
each interval are shown in the accompanying table. Up to 42 months from enrollment, CMV
gB vaccine recipients (N = 225) were more likely to remain uninfected than placebo recipients
(N = 216), P = 0.02.

Pass Page 10

J Clin Virol. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


