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Human cytomegalovirus (HCMV) is the most common viral infection acquired by the developing human fetus and can result in damage to the developing
central nervous system. Although vaccine development to modify this congenital infection is ongoing, the unique epidemiology of maternal HCMV infections appears
discordant with strategies for vaccine development. Several characteristics of congenital HCMV infections suggest that the efﬁcacy of vaccines designed to induce responses similar to those that follow natural infection will be limited.
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C

ongenital (present-at-birth) infection with human cytomegalovirus (HCMV) has
been well documented as the most common viral infection acquired in utero, yet
awareness of this relatively common cause of disease in infants and children remains
surprisingly limited (1, 2). More recently, the description of the Zika virus outbreak in
Brazil signiﬁcantly increased awareness of the potential of intrauterine viral infections
to lead to severe central nervous system (CNS) damage (3–6). Fortunately, results from
nearly 5 decades of natural history studies of congenital HCMV infections have provided a roadmap for studies of the consequences of Zika virus infections that occur
during pregnancy.
The prevalences of congenital HCMV infection vary widely depending on the
characteristics of maternal populations, such as age and maternal HCMV seroprevalence. However, a reasonable estimate of the overall birth prevalence of congenital
HCMV infection is about 4 to 5/1,000 live births based on recent ﬁndings from a large,
multicenter study performed in the United States (7, 8). When the prevalence of
congenital HCMV infections is compared to those of other causes of disease and
disability in infants, such as congenital heart malformations (10/1,000) and cystic
ﬁbrosis (0.3/1,000), or those of chromosomal abnormalities, such as trisomy 21 (1.2/
1,000), the signiﬁcance of congenital HCMV infection as a cause of disease in infants
and children can be appreciated. In the United States, it is estimated that approximately
20,000 to 30,000 infants are born infected with HCMV each year, and in countries such
as India, this number may exceed 250,000. Because up to 10% of infected infants
exhibit some type of neurological sequelae associated with this infection, the magnitude of the burden of disease associated with congenital HCMV infection is signiﬁcant.
Hearing loss is by far the most frequent long-term sequela in congenitally infected
infants and occurs in 8 to 15% of infected infants (9). It has been reported that
approximately 25% of all cases of sensorineural hearing loss in children in the United
States can be attributed to congenital HCMV infection (9, 10).
Currently, there is no approved treatment that can be used to prevent the transmission of HCMV from mother to fetus. Treatment of infants with congenital HCMV
infections with the antiviral drug ganciclovir was shown to modestly reduce the
incidence of hearing loss in infected infants, and although encouraging, this study must
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be viewed as incomplete because of the limited duration of follow-up of treated
patients (11). Similarly, there is no licensed vaccine to prevent infection in pregnant
women or transmission to a developing fetus or to limit disease in infants infected in
utero. Development of an efﬁcacious vaccine remains a high priority for federal agencies, and several pharmaceutical companies are actively pursuing vaccine development.
Candidate vaccines, including attenuated live-virus vaccines and adjuvanted viral proteins, have provided insight into the development of an effective vaccine but not
deﬁnitive evidence of efﬁcacy (12–14). Efforts to develop vaccines to limit disease
associated with congenital HCMV infections have identiﬁed several hurdles that continue to challenge vaccine development. (i) We have limited information on the
components and the speciﬁcities of the protective adaptive immune response, including the utilization of potentially noninformative in vitro surrogates of protective immunity in clinical studies. (ii) There are concerns surrounding the use of replicationcompetent vaccines in women of childbearing age. (iii) An enormous number of
enrollees is required if the efﬁcacy of a candidate vaccine will be deﬁned by its capacity
to modify outcomes of infants born to women with HCMV infection during pregnancy,
and this is perhaps the most vexing concern. In contrast, if a vaccine could prevent
maternal acquisition of HCMV and/or inhibit virus transmission to the developing fetus
and if these endpoints were considered evidence of HCMV vaccine efﬁcacy by regulatory agencies, then clinical trials would become feasible. However, the unique epidemiology of HCMV infections in immunocompetent women suggests that even these
endpoints may be difﬁcult to achieve and that vaccines that induce adaptive immune
responses to HCMV that are similar to those that follow natural infection will likely fail
to signiﬁcantly modify the outcome of maternal HCMV infections during pregnancy in
the vast majority of women.
HCMV INFECTIONS DURING PREGNANCY. (i) MATERNAL IMMUNITY AND FETAL
INFECTION
Although the risks of HCMV infection in women of childbearing age can vary
depending on the HCMV seroprevalence within maternal populations, the annualized
rate of HCMV infection during pregnancy has been estimated to be 2 to 3% in the
United States (15). HCMV infection during pregnancy in nonimmune women (primary
maternal infection) is associated with an approximately 30% transmission rate of HCMV
to the developing fetus, a rate that is dependent on gestational period at the time of
maternal infection (16–18). However, in contrast to the situation with other congenital
infections, such as rubella, parvovirus infection, and toxoplasmosis, preconceptional
maternal immunity to HCMV does not prevent transmission to the fetus, and even
women with long-standing immunity to HCMV can transmit virus to their fetuses
(19–24). This unique feature of the natural history of maternal HCMV infection provides
an explanation for the observation that as HCMV seroprevalence increases in maternal
populations, the rate of congenital HCMV infection also increases such that the highest
rates of congenital HCMV infections are found in populations in which women of
childbearing age have the highest prevalence of serological immunity to HCMV (25).
In contrast to women with primary HCMV infection during pregnancy, pregnant
women with preexisting immunity to HCMV (nonprimary maternal infection) have a
rate of intrauterine transmission that is frequently stated to be 1%, based on the rate
of congenital HCMV infection observed in populations of seroimmune women (26).
Thus, the difference in transmission rates between women undergoing primary infection and women undergoing nonprimary infection has frequently been cited as evidence that maternal adaptive immunity can signiﬁcantly reduce rates of intrauterine
transmission. However, the transmission rate of 1% following nonprimary maternal
infection is based on dated ﬁndings as well as several untested assumptions. The ﬁrst
assumption is that congenital infection following nonprimary maternal infections
results from the recurrence of an existing persistent maternal infection that is by
deﬁnition present in 100% of seroimmune women. This dogma was derived largely
from studies initiated in the late 1970s that utilized restriction enzyme digestion of viral
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FIG 1 Estimated rates of HCMV intrauterine transmission as a function of maternal infection (seroconversion) in nonimmune women (primary infections) and reinfection (seroconversions) in immune women
(nonprimary infections). Several possible seroconversion rates in immune women are shown, with
transmission rates calculated based on the prevalence of congenitally infected infants from seroimmune
maternal populations.

DNA to compare viruses isolated from infected women and their infants (27). In
addition to the limited sampling of genomic diversity inherent in restriction fragment
length polymorphism (RFLP) analyses, the extensive in vitro ampliﬁcation of viral
isolates required prior to these analyses introduced a range of potential biases secondary to passage of clinical viral isolates. As DNA sequencing of individual viral genes
became more commonplace and the genetic diversity of isolates of HCMV were
observed, reinfection (superinfection) of immunocompetent women with new strains
of HCMV were reported (28–30). Reinfection with an antigenically distinct strain of virus
in these studies could be demonstrated by development of corresponding serologic
reactivity to the new viral strain and conﬁrmed by recovery of viruses encoding new
antigenic determinants (28, 30). Importantly, reinfection of seroimmune pregnant
women was also associated with transmission of the newly acquired virus to the fetus
(28, 30). Similarly, more controlled studies of rhesus macaques have clearly demonstrated that macaques with robust preexisting adaptive immunity to rhesus CMV could
be readily reinfected with laboratory and wild strains of rhesus CMV (31–33). Thus,
current literature strongly argues that existing adaptive immunity to HCMV cannot
prevent infection with a new strain of HCMV and that the assumption that all women
with nonprimary HCMV infection during pregnancy are at similar risks secondary to
recurrence of an existing persistent infection cannot be supported with available data.
A second major assumption that is often implicit in comparisons of rates of
transmission between women with nonprimary HCMV infections and women undergoing primary infection during pregnancy is that the two populations have similar risks
for HCMV reinfection (or even recurrence). This assumption is unproven. Rates of
exposure to HCMV, including exposure to new strains of the virus, and perhaps more
importantly, the breadth of protective immunity in HCMV-immune women that may
reduce the risk of reinfection with new strains of virus, are unknown. Thus, direct
comparison of rates of HCMV intrauterine transmission between women with nonprimary infections and HCMV-nonimmune women will likely be noninformative. To more
fully illustrate the potential fallacies in estimates of the importance of adaptive immunity in limiting intrauterine transmission of HCMV in pregnant women undergoing
nonprimary infections, I compared the rates of intrauterine transmission of HCMV in
1,000 women undergoing primary and nonprimary HCMV infection that would yield
the expected number of congenitally infected infants born to these populations
based on the prevalence of congenital HCMV in different populations (Fig. 1) (2). As can
be seen, 1,000 nonimmune women are uniformly susceptible to infection, and approximately 3% will acquire HCMV during pregnancy, resulting in 30 maternal infections.
Assuming the consistently reported 30% transmission rate, 9 infants (9/1,000) will be
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TABLE 1 Type of maternal HCMV infection and outcome of congenitally infected infants
Maternal infection typea
Primary
10 (8/82)
11 (14/124)
50 (1/2)

Nonprimary
23 (7/30)
11 (19/176)
5 (2/39)

Total

11 (23/208)

11 (28/245)

Neurological sequelae

6 (5/82)
38 (3/8)

30 (9/30)
75 (6/8)

Total

9 (8/90)

39 (15/38)

Hearing loss

0 (0/8)
33 (1/3)
11 (19/176)

29 (2/7)
27 (6/22)
10 (13/124)

Total

11 (20/187)

14 (21/153)

Study location
(reference[s])
Sweden, U.K. (34, 35)
USA (36)
Brazil (24)

Sweden, U.K. (34, 35)
USA (37)b
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Outcome
Symptomatic congenital infection

USA (37)
Brazil (38)
USA (36)

aValues

are percentages (numbers of infants with the speciﬁc outcome over the total number of infected
infants in the study).
bOnly infants with symptomatic infections were analyzed in this study.

congenitally infected with HCMV. In contrast, the number of immune women susceptible to nonprimary infection during pregnancy is unknown, as is the number of
seroconversions (reinfections); thus, the rates of transmission cannot be accurately
calculated. However, assuming several different rates of reinfection (seroconversion to
a new strain of HCMV) in immune women, transmission rates can also be estimated
based on the expected outcomes of 12 congenitally infected infants (Fig. 1). Intrauterine transmission rates in these women might range between 1 and 40%. As an example,
if immune women have the same risk of acquisition of HCMV as nonimmune women
(3% seroconversion rate to a new viral strain), then the rate of intrauterine transmission
in these women undergoing nonprimary infection would be 40% (Fig. 1). Thus, the
assumption that all HCMV-immune women have the same risk of recurrence of a
persistent infection during pregnancy and thus the same risk for intrauterine transmission has likely led to an overestimate of the effect of preexisting HCMV adaptive
immunity on the prevention of intrauterine transmission.
(ii) MATERNAL IMMUNITY AND THE OUTCOME OF CONGENITAL INFECTION
Although many investigators concede that maternal immunity cannot completely
prevent intrauterine transmission of HCMV, dogma in this area of research continues to
be that maternal immunity can prevent disease in infected infants. However, as in the
case of the impact of maternal immunity on intrauterine transmission, this concept has
remained in the absence of data from well-controlled studies. Studies from Sweden
beginning in the 1980s suggested that there was little difference between the outcomes of infants born to women with primary HCMV infections during pregnancy and
the outcomes of infected infants born to women with nonprimary infection (34). Results
from natural history studies at several different institutions have shown that congenital
HCMV infections that follow nonprimary maternal infections can result in a spectrum of
disease in infected infants that is similar to that observed in infants infected following
primary maternal infections (35–37) (Table 1). These outcomes include both the stigmata of clinically apparent congenital HCMV infection in the newborn period (symptomatic infections) and the presence of neurological sequelae in infected infants (Table
1). It is important to note that limitations in serological assays utilized to deﬁne the type
of maternal infections in these studies may have resulted in misclassiﬁcations of the
type of maternal infection (primary versus nonprimary) in some of the pregnant women
enrolled in these studies. However, even if strict criteria, such as de novo IgG seroconAugust 2017 Volume 91 Issue 15 e02392-16
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version during pregnancy, are utilized to classify the type of maternal infection, the
outcomes of infected offspring of women undergoing primary and nonprimary infection during pregnancy are strikingly similar, albeit with smaller sample sizes (35).
More-recent studies in populations with near-universal serological immunity before
pregnancy demonstrated that overall outcomes in congenitally infected infants were
similar following both primary and nonprimary maternal HCMV infections during
pregnancy and, perhaps more importantly, were similar to the outcomes of infants born
to women with primary infections that have been reported over the last 3 decades
(24, 38).
It has been argued by some investigators that even if maternal immunity cannot
prevent intrauterine transmission of HCMV infection or signiﬁcantly modify long-term
outcomes in congenitally infected infants, it can limit or prevent intrauterine infections
that are associated with severe CNS damage that often includes structural brain
abnormalities. The phenotype of severe CNS damage following intrauterine HCMV
infection is observed in only a fraction of newborn infants infected in utero, likely on the
order of 3 to 5% of congenitally infected infants (39, 40). Thus, the frequency of infants
with such CNS disease is low in most clinical series, and sufﬁcient numbers of such cases
are not available to either conﬁrm or reject this hypothesis. Lastly, older publications
describing congenitally infected infants with clinically apparent CNS disease invariably
included signiﬁcant numbers of infants identiﬁed by clinical presentation and not
through universal screening of newborn populations. Thus, the presence of bias in case
ascertainment has rendered much of the existing literature less reliable in terms of the
estimate of the incidence of congenitally infected infants who have severe CNS disease
(39). Larger and more-complete data sets will help deﬁne the importance of preconceptional immunity and prevention of severe infections of the developing brain
following intrauterine HCMV infection.
(iii) IMPLICATIONS FOR PROPHYLACTIC INTERVENTIONS
The importance of nonprimary maternal HCMV infections as a source of congenital
HCMV infections has been appreciated for decades. It has been estimated that between
70 and 80% of all infants with congenital HCMV infections are born to women
undergoing nonprimary infection during pregnancy (41). The contribution of nonprimary maternal HCMV infections to the overall incidence of congenital HCMV infections
is even more striking in Africa, Asia, and South America, where maternal immunity to
HCMV is often ⬎95% in women of childbearing age and rates of congenital HCMV
infections are often higher than in most other regions of the world (42). Findings from
a study in Brazil demonstrated that 88.6% (39/44) of congenitally infected infants were
born to women with nonprimary infections compared to 4.5% (2/44) born to women
with primary infections (24). Maternal immunity to HCMV in this maternal population as
measured by serum HCMV-speciﬁc IgG antibodies was nearly universal (⬎96%), and as
expected from this high maternal HCMV seroprevalence, the rate of congenital HCMV
infection was 1.1% (87/8,047). Findings from this study strongly suggest that providing
natural immunity to HCMV by early exposure to HCMV or by prophylactic vaccines that
induce immunity as measured by surrogate assays of naturally acquired immunity to
HCMV would have little impact on the prevalence of congenital HCMV infections.
Modeling of the impact of maternal HCMV immunity on the natural history of congenital HCMV infection has also suggested a limited role of maternal immunity, as measured by current surrogates of protective immunity, in the modiﬁcation of the natural
history of congenital HCMV infections (43). As was noted earlier, the rate of congenital
HCMV infections continues to increase as the rates of maternal seroimmunity increase,
an epidemiology that is in direct contrast to that observed for rubella virus infections
in that the incidence of congenital rubella virus infection falls as the rate of maternal
rubella immunity increases (25, 44–46). This relationship between rubella immunity and
prevention of congenital rubella virus infections underpins the success of rubella
vaccines that induce antibody responses similar to those measured following infection
with wild rubella virus.
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In summary, there is a lack of convincing evidence that maternal immunity to HCMV
as commonly measured provides solid protection from maternal infection, intrauterine
transmission, and perhaps most importantly, long-term sequelae of congenital HCMV
infections. Thus, investigators must consider several possibilities, including that either
(i) HCMV-induced immunity plays little if any role in the natural history of this common
congenital infection or (ii) the metrics of immunity currently used as surrogates of
protective maternal responses to HCMV that might modify congenital infections are
inaccurate and of limited predictive value, which is perhaps a more appealing alternative explanation.
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