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The way to a successful vaccine against human cytomegalovirus is hampered by the peculiar biology of this infection. However, some
candidate vaccines have been shown to protect seronegative women and transplant recipients, and we should know soon whether

they can prevent congenital infection.

The history of cytomegalovirus (CMV) vaccines began in the
1970s when Elek and Stern [1] in England and Plotkin and
associates [2] in the United States developed live attenuated
strains of the virus and tested them in adult volunteers. Both
strains were well tolerated and immunogenic, but only devel-
opment of work on the United States strain was continued.
Kidney transplant recipients who were CMV seronegative
and who received a kidney from a seropositive donor are at
high risk of CMV disease, but vaccination of recipients with
the Towne strain greatly reduced serious symptoms and graft
rejection [3]. Early work on a subunit vaccine using glyco-
protein B (gB) also seemed promising [4, 5]. However, com-
mercial enthusiasm for a CMV vaccine was limited until 2000,
when the Institute of Medicine (now the National Academy
of Medicine) issued a report on needed vaccines and placed
a CMYV vaccine in its highest priority [6]. That report greatly
accelerated interest in CMV by the major manufacturers. The
development of vaccines against CMV is now considered an
important goal [7-10].

Years of work have identified the antigens that are likely to
be important for vaccination: the gB surface glycoprotein; the
pentamer protein complex, also on the surface of the virus; the
gH/gL/g0 trimer; and the pp65 tegument protein. The first 3
generate antibodies with important functions, and the last one
is the most important inducer of T-cellular immune responses.
The immediate early proteins are also included in some vac-
cines as generators of T-cell responses.

The gB glycoprotein has had the most study as a vaccine an-
tigen [4]. Antibodies to gB prevent entry of CMV into fibro-
blasts. A vaccine was developed originally by Chiron (now
GlaxoSmithKline), formulated with vaccine gB antigen and
MF-59, an oil-in-water adjuvant [5]. That gB-based vaccine was
subsequently developed by Sanofi Pasteur. Human trials with
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the gB/MF-59 vaccine have been conducted in women with the
aim of preventing viral acquisition, and in solid organ trans-
plant patients with the aim of preventing posttransplantation
CMV disease. The gB vaccine was moderately successful in
preventing acquisition of CMV by seronegative women, (al-
though antibodies and protection waned with time), and it also
boosted antibodies in seropositive women [11-13]. gB was also
strikingly successful in reducing CMV viremia and the need for
treatment in recipients of kidney or liver transplants [14]. Thus,
gB is the leading antigen for inclusion in a potential CMV vac-
cine, particularly in its trimeric form, which is more immuno-
genic [15].

However, in 2005 an important discovery was made, namely,
that another antigen on the surface of the virus—which com-
prised 5 separate proteins, forming a pentamer—generated the
majority of neutralizing antibodies in humans, in particular
those that prevented entry into epithelial cells [16]. Moreover,
studies in pregnant women conducted at the University of Pavia
revealed that the immune response that most closely correlated
with prevention of transmission of CMV from infected sero-
negative pregnant women to their fetuses was a rapid increase
in antibody to the pentamer [17]. Thus, the pentamer seems to
be another promising antigen for a maternal vaccine that pro-
vides fetal protection.

T-cell responses may also be needed: functional CD4" T cells
to prevent congenital infection through promotion of neutral-
izing antibodies and perhaps through stimulation of other an-
tibody functions, and CD8" T cells to prevent CMV transplant
disease. As mentioned above, the pp65 tegument protein seems
to be best for induction of the CD8" T cells, as shown through
its incorporation into various vectors with resultant strong
CD8" T-cell responses [18]. However, in the rhesus monkey,
fetal infection with rhesus CMV is prevented by immunoglob-
ulin alone [19].

Another issue has recently come to the fore, and that is
whether CMV spreads from the nasopharynx through cell-free
viremia or cell-associated virus. The evidence suggests that re-
infection in seropositive women succeeds through cellular in-
fection in the presence of antibody [20]. On the other hand,
the first infection in seronegative women may generate some
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cell-free viremia that can cross the placenta and infect the fetus,
which would explain why fetal transmission is more common
in seronegative women [21, 22]. Figure 1 illustrates this concept
[23]. Thus, for maximum efficacy, a vaccine that induces both
antibodies and cytotoxic T cells may be important, although
even a vaccine that only prevents cell-free virus would be valu-
able for seronegative women.

A major source of controversy is whether immune responses
to CMV can protect against infection of pregnant women and
passage of virus to their fetuses. Because seropositive women
sometimes do transmit CMV to their fetuses, some workers
question whether immunization of these women can add to
protection. However, the situation is not black and white.
A study by Leruez-Ville et al [21] in France concluded that
transmission to the fetus from seropositive women occurred at
a rate one-fourth of the rate of transmission from seronegative
women. Those authors also observed that there was a major so-
cioeconomic difference between the 2 groups, in that seroposi-
tive transmitters were more likely to be poor and to be exposed
to more children, and thus repeatedly exposed to CMV.

Simonazzi et al [22] in Italy also found that whereas sero-
positive women could transmit CMV to their fetuses, this oc-
curred at a rate of only 3%, although the transmission rate from
seronegative women is thought to be 30%. However, studies in
Brazilian women, who are almost all seropositive, showed rates

of transmission as high as 6% [24]. In addition, antibodies to
gB and the pentamer did not seem to prevent transmission to
the fetus from all infected Brazilian women, although only the
titer of those antibodies was studied, and not the speed of pro-
duction [25].

In this writer’s opinion, one must distinguish 2 types of pop-
ulation in order to understand CMV transmission. It seems
that induction of antibodies in exposed previously seronegative
women can prevent transmission of CMV to their fetuses, al-
though the specificity and function of those antibodies are not
completely characterized. Seropositive women are partly pro-
tected against transmission to the fetus, but that protection can
be overcome if women are exposed to CMV on multiple oc-
casions. Thus, for example, seropositive women in the United
States, France, and Italy will have relatively strong protection
against transmission to their fetuses, whereas women in Brazil
and other poor countries in which exposure to CMV is common
and frequent will have less protection against fetal infection. The
situation is analogous to that of human immunodeficiency virus,
in which protection may be seen after first exposures but the
likelihood of infection increases with repeated challenges [26].

It is important to distinguish the various situations in
which a CMV vaccine would be useful. The most obvious is
to immunize a seronegative woman against primary CMV in-

fection by contact with an infected child or adult. However, as
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Proposed scheme for cytomegalovirus (CMV) infection in pregnancy. Women are often exposed to toddlers excreting CMV. Both seronegative and seropositive

women can be exposed, particularly the latter if they live in countries where children are often infected. The CMV infection in both cases rapidly becomes intracellular,
although first infections in seronegative women are likely to include cell-free virus in the plasma. In both types of women, CMV spreads to multiple organs. In seronegative
women, spread to the placenta cells and on to the fetus is likely, whereas in seropositive women who are repeatedly infected, the placenta usually but not always remains
virus free. Thus, seropositivity is a relative protective factor. (Source: Jackson and Sparer [23].)
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mentioned above, seropositive women may also be reinfected
by CMV [24, 27]. A key question is whether the risk to the
fetus is as great during reinfection of the mother as in the
situation of primary infection. Because seropositive women
sometimes do transmit CMV to their fetuses, some workers
question whether their immunization of these women can
add to protection [28]. In addition, CMV can reactivate in
seropositive subjects under conditions of immunosuppres-
sion, and pregnancy may be in some sense in that category.
However, almost nothing is known about reactivation of
CMYV as a cause of congenital infection, other than the likeli-
hood that such reactivation does occur during pregnancy and
must be accounted as a threat to the fetus.

Separate goals of vaccination against CMV include preven-
tion of primary infection in solid organ transplant recipients
and prevention of reactivation or reinfection in hematopoi-
etic stem cell transplant recipients who are seropositive [29,
30]. So far, CMV vaccines have worked better in solid organ
transplant recipients to protect them against primary infec-
tion. Prevention of reactivation, as in hematogenous stem
cell recipients has proven more difficult, probably because
that population is more immunosuppressed. Thus, CMV
vaccines have multiple indications. Despite the numerous
candidate vaccines in trial, there are many unanswered ques-
tions about prevention of CMV, including whether infec-
tion in seropositive women can be prevented by induction
of antibodies or cellular responses, whether T-cell responses
are useful to prevent infection in seronegative women, and
whether protective responses can be prolonged over the age
of childbearing.

CURRENT CANDIDATE CMV VACCINES

Table 1 lists the candidate vaccines known to the author, ac-
cording to their content, their targets, and the stage of their
testing. The companion article [31] gives details about those

HOWTO LICENSE AND USE A CMV VACCINE

There are various ways to demonstrate the efficacy of a CMV
vaccine. These include artificial challenge with low-passage
virus, cohort studies in pre-pregnant women to prevent fetal in-
fection at birth or to prevent fetal disease, and prevention of dis-
ease or infection in solid organ and hematogenous transplant
recipients or infection in children in daycare or their mothers.
The Food and Drug Administration in the United States has
indicated a preference for a study in which women would be
vaccinated before becoming pregnant and then followed up
to test their infants for CMV infection [32]. The latter would
be easy to determine, because essentially 100% of infected in-
fants will excrete CMV in saliva and urine at birth, detect-
able by means of polymerase chain reaction or virus isolation.
However, such a study would be long and expensive. In addi-
tion, large and frequent challenges by exposure of mothers to
toddlers excreting CMV might give a false-negative result for
protection, so some measure of the size and extent of expo-
sure will be necessary to evaluate vaccine efficacy. Much easier
would be to demonstrate protection of nonpregnant women
against artificial challenge with a low-passage wild CMV, or
prevention of acquisition of CMV by vaccinated women ex-
posed to children in daycare.
Efficacy in solid organ transplant recipients by prior vaccination
has already been demonstrated but would need confirmation in
larger studies [3, 14]. Once licensed, a CMV vaccine could be
given to girls at the age of puberty, women contemplating preg-
nancy, and even universally to toddlers to reduce their excretion
of CMV and resultant contact exposure of their mothers [33].
In summary, there are promising candidate CMV vaccines
with partial proof of their efficacy in preventing virus acquisition
by seronegative persons and modifying posttransplantation dis-
ease. What is lacking is definitive proof of efficacy in preventing
congenital infection in infants born to initially seronegative or

seropositive women, which we hope will become available in

candidates. coming years through licensure of a vaccine or vaccines.
Table 1. Candidate Cytomegalovirus Vaccines in Development
Sponsor Vaccine Type Study Phase Target
Merck Live, replication defective Phase 2 Congenital infection
Sanofi gB, pentamer subunit Phase 2 Pre- Congenital infection

clinical
City of Hope pp65 subunit, adjuvant Phase 1 Infection in transplant recipients
City of Hope MVA presenting pp65, IE1, IE2 Phase 2 Infection in transplant recipients
Moderna gB, pentamer mRNA Phase 2 Congenital infection
GlaxoSmithKline gB, pentamer subunit, adjuvant Preclinical Congenital infection
Hookipa LCMV vector gB, p65 Phase 1 Infection in transplant recipients
Variations Bio gB Phase 1 Congenital infection
Serum Institute of India Dense bodies Preclinical Infection in transplant recipients
Queensland Institute gB, pp65, p50 Polypeptide with TLR-9 adjuvant Preclinical Congenital infection
Pfizer Approach not public Preclinical Congenital infection
Astellas DNA Failure Infection in transplant recipients

Abbreviations: gB, glycoprotein B; IE1 and IE2, immediate early protein 1 and 2; LCMV, lymphocytic choriomeningitis virus; mRNA, messenger RNA; MVA, modified vaccinia Ankara; TLR-9,

Toll-like receptor 9.
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