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Introduction

 Human cytomegalovirus (HCMV) remains the most com-
mon virus infection in  the developing fetus. Intrauterine 
transmission of HCMV to the fetus results in congenital 
(present at birth) infection of the newborn infant. Studies 
from several sites in the world have documented the com-
monplace occurrence of this perinatal infection with rates 
ranging from 0.2 % to as high as 3–6 % in live births [1–3]. 
More valid results from studies using newborn screening 
have reported congenital HCMV infection rates between 
0.05 and 1  % depending on characteristics of the mater-
nal populations [4, 5]. To place the prevalence of new-
borns with congenital HCMV infections in context with 
other well-recognized diseases of childhood, cystic fibrosis 
occurs in about 1/3000 live and trisomy 21 (Down’s syn-
drome) in about 1/700 live births. Thus, congenital HCMV 
infection occurs in a large number of infants and children 
with an estimated 40,000 new infections each year in the 
USA, 250,000 in India and 35,000 in Brazil based on birth 
rates in these countries. Although the vast majority of 
infants with congenital infection exhibit no clinical symp-
toms or well-recognized long-term sequelae, up to 10  % 
of infants will have manifestations of this infection during 
early development, particularly neurological sequelae [2, 5, 
6]. As a result, prevention and treatment of this intrauterine 
infection have been identified by private and government 
agencies as a priority for programs aimed at improving 
child health [7, 8].

Technological advances provided by modern molecular 
biology coupled with increasing interest in vaccine devel-
opment led to early optimism for the rapid development 
of a prophylactic vaccine for congenital HCMV infection. 
In addition, early studies using an attenuated HCMV vac-
cine in transplant patients suggested that HCMV-induced 
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disease could be modulated in immune suppressed hosts 
by vaccination and raised the possibility that similar 
approaches could also limit disease in infants infected 
in utero with HCMV [9]. More recently, hopes for a suc-
cessful vaccine to limit disease associated with congeni-
tal HCMV infection were bolstered by the results from 
a clinical trial using an adjuvanted recombinant protein 
as a candidate vaccine [10]. Although initially this study 
was heralded as supportive of the potential of such a vac-
cine platform, more careful analysis of the findings in this 
study indicated that protection from maternal acquisition of 
HCMV was transient and that the differences in outcome 
between vaccine and placebo groups was less than robust 
raising the possibilities that unrecognized confounders 
could have impacted the results of this trial. Furthermore, 
the study was not powered to allow the investigators to 
determine whether this vaccine platform would prevent 
intrauterine transmission or impact disease associated with 
fetal infection. As a result, further testing of this vaccine 
has been limited and newer vaccine platforms are being 
pursued by investigators in academia and industry.

Perhaps the most perplexing aspect of the natural history 
of congenital HCMV infection and one that clearly distin-
guishes it from other perinatal infection such as congenital 
rubella or congenital toxoplasmosis is the incomplete pro-
tection from infection, transmission or disease afforded by 
maternal HCMV immunity acquired prior to conception 
[4–6, 11–15]. Very early observations identified this unique 
characteristic of the natural history of congenital HCMV 
infection and when these older findings were coupled with 
more recent observations, clearly documented that maternal 
immunity is not completely protective in terms of the pre-
vention of virus transmission to the fetus nor it is protective 
in terms of limiting disease following fetal infection [11, 
12, 16, 17]. Although the mechanism(s) that accounts for 
the lack of protective immunity in women with naturally 
acquired immunity to HCMV is unknown, several obser-
vations derived from studies in pregnant women with pri-
mary HCMV infection have suggested testable hypotheses 
that could explain the failure of preconceptional maternal 
immunity to HCMV to limit intrauterine transmission and 
disease.

Natural history of congenital HCMV infections:  
the importance of preconceptional maternal HCMV 
immunity and intrauterine transmission

The natural history of congenital HCMV infections has 
been described in publications spanning 3–4 decades [1, 
5, 18, 19]. More recently, the application of rigorous epi-
demiological tools and study design has greatly improved 
our understanding of this complex maternal–fetal infection. 

Unfortunately, many of the concepts that continue to drive 
programs to prevent and/or modify congenital HCMV 
infections are based on results from early, less rigorously 
performed studies that were understandably limited by 
methodologies that were available when these studies were 
completed. Several characteristics of congenital HCMV 
infection have helped establish a framework for the interpre-
tation of data derived from studies of the natural history of 
this infection. The first is the classification of the maternal 
infection that is associated with the congenital HCMV infec-
tion. Maternal infections have been classified as primary 
infections (HCMV acquired in pregnancy in the absence of 
any evidence of serological immunity to HCMV with the 
de novo development of HCMV-specific IgG antibodies) 
and non-primary infections in which a congenitally infected 
infant is born to a woman who had documented serological 
immunity to HCMV prior to pregnancy. Older terminology 
for this latter category was reactivated/recurrent maternal 
infection even though no definitive evidence was available 
to support such designations. In fact, more recent findings 
have argued that the women with non-primary infections are 
frequently reinfected (superinfected) with serologically dis-
tinct strains of HCMV [20–22]. The second epidemiological 
classification is based on the expression by a congenitally 
infected newborn infant of clinical findings that are consist-
ent with congenital HCMV infections, a so-called sympto-
matic congenital infection as compared to infants that have 
no symptoms of congenital infection (asymptomatic infec-
tion). These two classifications simplified study design and 
assessment of the outcome of maternal and fetal infections. 
Unfortunately, the attempt to simplify the epidemiology of 
this complex maternal–fetal infection also resulted in the 
arbitrary application of these epidemiological classifications 
to diverse maternal populations and their offspring and led 
to delays in fully investigating the unique biology of this 
perinatal infection.

A summary of the natural history of congenital HCMV 
infection is depicted in Fig.  1. Approximately 30  % of 
women experiencing a primary infection with HCMV 
during pregnancy will transmit virus to their develop-
ing fetuses, and current estimates argue that transmission 
is more common in the later part of pregnancy [1, 5, 23, 
24]. Of the infants infected in utero, about 5–10  % will 
exhibit some symptomatology at birth that is consistent 
with congenital HCMV infection (symptomatic infection), 
including hepatosplenomegaly, hepatitis, petechial rashes, 
chorioretinitis, microcephaly, and neurological findings, 
including seizures [25, 26]. Laboratory findings include 
elevated liver transaminases, direct hyperbilirubinemia, 
thrombocytopenia, abnormal neuroradiological findings 
and hearing loss [25–28]. More recently, some authors have 
included intrauterine growth restriction as a clinical finding 
of symptomatic congenital HCMV infection. Long-term 
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neurological sequelae develop in about 35–45 % of infected 
infants with clinical symptoms at birth, most often abnor-
mal hearing [25, 26, 29]. However, it is important to note 
that initial estimates on number of infants with severe long-
term sequelae in symptomatically infected infants were 
based on observations from large populations of congeni-
tally infected infants that contained both patients enrolled 
through screening studies and patient referred specifically 
secondary to symptoms consistent with congenital CMV 
infection. As a result, the true prevalence of disease and 
long-term sequelae in infants with symptomatic congenital 
HCMV infection was overestimated secondary to the con-
tamination of the study population by the referral popula-
tion (enrollment bias) [30]. Thus, some of the reported 
prevalence of specific clinical abnormalities in infants with 
symptomatic infections likely will require revision and 
additional natural history studies based on this more recent 
data [30].

Similarly, much of what is described about the out-
come of infections in pregnant women undergoing a non-
primary maternal infection is based on inferences from 
studies comparing outcomes to those of women following 
primary infection. As an example, it has been often stated 
that the rate of HCMV transmission from a women with 
preconceptional serological immunity to her offspring is 
about 1–2 % because this number reflects the overall rate 
of infants with congenital HCMV infection in a number 
of different maternal study populations with high HCMV 
seroprevalence. However, this concept is based on the 
assumption that every woman with preconceptional sero-
logical immunity in a population has the same risk of 
acquisition of HCMV during their pregnancy (reinfection) 
or perhaps, a similar chance virus reactivation during preg-
nancy. There is no published data to support either of these 

assumptions. In fact, data from studies of serologically 
non-immune women from the several maternal populations 
with differing HCMV seroprevalence have demonstrated an 
annual seroconversion (infection) rate in non-serologically 
immune women of only about 2–3 %, suggesting that only 
a small minority of women will be exposed to infectious 
HCMV during their pregnancy [31]. Thus, without a more 
definitive understanding of the natural history of HCMV 
infections in women with HCMV serological immunity 
prior to pregnancy, it remains uncertain whether preconcep-
tional serological immunity to HCMV can efficiently limit 
intrauterine transmission of HCMV following a reinfection 
with a new strain/family of virus or reactivation of a virus 
population in HCMV immune pregnant women.

To illustrate the potential variance of ranges of intrauter-
ine transmission in women with non-primary HCMV infec-
tions during pregnancy, we analyzed data derived from 
a population of women in Brazil who have near universal 
(>96  %) seroimmunity to HCMV prior to pregnancy [4, 
22]. Utilizing several serologic assays, we determined that 
overall, about 4.2 % of this population of over 7800 women 
had evidence of a reinfection with a new strain/family of 
HCMV during pregnancy [22]. The congenital infection 
rate of offspring in this population was 1.1 % (87 infected 
infants), and in women who delivered an infected infant, 
the rate of reinfection with a new strain/family of HCMV 
was about fourfold higher (17 %) [4, 22]. As illustrated in 
Fig.  2, the rate of intrauterine transmission in this mater-
nal population could be as high as 27 % if the 4.2 % risk 
of reinfection with a new strain of HCMV extends equally 
over this population, a rate very similar to that seen follow-
ing primary maternal infection (Fig. 2). Conversely, if the 
risk of reinfection is higher and reflected by the 17 % rate 
of reinfection in women who delivered an infected infant, 

Fig. 1   Natural history of 
congenital HCMV infections. 
Figure depicts the importance 
of the type of maternal infection 
during pregnancy to intrauterine 
transmission and the resulting 
outcome of the fetal infection

uninfected

uninfected
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the intrauterine transmission rate would drop to about 7 % 
(Fig.  2). Thus, preexisting maternal immunity to HCMV 
could potentially offer little to minimal protective activity 
from HCMV transmission to the developing fetus. If this is 
the case, then establishing levels of serological immunity 
that mimic those seen in mothers with naturally acquired 
serological immunity by prophylactic vaccines or passive 
transfer of immune serum could be expected to provide 
only limited protection from HCMV infection in the devel-
oping fetus. Consistent with this possibility has been the 
description of the failure of treatment with HCMV hyper-
immune immunoglobulin to prevent intrauterine transmis-
sion of HCMV in pregnant women undergoing a primary 
infection [32].

Natural history of congenital HCMV infections:  
the importance of preconceptional maternal HCMV 
immunity to the outcome of intrauterine HCMV 
infection

Although the lack of complete protection from intrauter-
ine transmission provided by HCMV seroimmunity has 
been recognized for over three decades, many investiga-
tors have continued to argue that maternal immunity to 
HCMV prior to pregnancy will prevent damaging congeni-
tal HCMV infections. This concept has been supported by 
studies comparing outcomes of infants infected follow-
ing primary maternal infections to congenitally infected 
offspring of women with non-primary infections during 
pregnancy [11, 33]. However, these early studies were 

often composed of populations of infants from referral 
populations as well as infants from screened populations 
and included women who could not be rigorously classi-
fied as having a primary or non-primary infection. Subse-
quent studies of the outcome of infants infected following 
a non-primary maternal infection from screened popula-
tions in which maternal HCMV serological status prior to 
pregnancy could be firmly established have demonstrated 
that the outcome of infants infected following primary and 
non-primary infections is remarkably similar [4, 15–17, 34, 
35]. Comparisons of outcomes from three larger studies are 
provided in Table 1 and illustrate that maternal immunity 
prior to pregnancy cannot be viewed as protective in terms 
of altering long-term outcome. It is important to note that 
these studies shown in Table 1 were conducted at three dif-
ferent institutions during three different time periods yet 
have provided similar conclusions. In contrast, others have 
argued that maternal immunity prior to pregnancy can pre-
vent the most severe congenital infections associated with 
in the most striking long-term sequelae. Although this 
claim may indeed be true, no well-conducted studies have 
been performed to support such a conclusion. Furthermore, 
infants with the most severe congenital HCMV infections 
with multiorgan system disease and severe CNS dam-
age represent perhaps <5 % of the total number of infants 
with congenital HCMV infections. Thus, any protection 
that is offered by preexisting maternal immunity must be 
viewed as being of benefit in only a limited number of 
infected infants and results in only a minimal impact on 
the overall disease burden from congenital HCMV infec-
tions. Together, available data fail to provide a convincing 

infection1 reinfection/reactivation1

2) Seroconversion -17%2

2-4%2

1) 1000 at risk for 1) Unknown number at risk

rate 2) Reinfection rate 4

3) Intrauterine transmission 3) Intrauterine transmission
rate 30%3 rate 27.5%-6.5%3

Primary Maternal Infection Non-Primary Maternal Infection
1000 women 1000 women

3-6 congenital infections4 11 congenital infections4

Fig. 2   Estimated transmission rates following different types of 
maternal HCMV infection during pregnancy. (1) Assumption that 
100 % of non-immune women (primary) susceptible to HCMV infec-
tion. Unknown number of immune women (non-primary) suscep-
tible to infection and/or reactivation; assume 100  % non-immune 
women susceptible to infection. (2) Seroconversion rates for women 
with primary infection based on reported rates of maternal seroposi-
tivity 60–80  % [31]. Reinfection rates of 4  % for entire population 
of women with non-primary infection and 17 % of immune women 
who delivered congenitally infected infants [22]. (3) Transmission 
rates following primary infection documented in several publications. 

Transmission rates following non-primary infection are not known; 
rates calculated based on reinfection rates during pregnancy (4 and 
17 %) [22]. (4) Congenital infections following non-primary mater-
nal infections from screened newborn populations in Brazil [4]. Con-
genital infections following primary maternal infection approximated 
based reported rates of congenital infections in newborn infants from 
maternal populations with annualized seroconversion rates of 2–4 %. 
Note that the number of infected infants following non-primary 
maternal infection is about threefold to fourfold greater than number 
following primary maternal infection [14]
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argument for a protective role of maternal immunity in the 
outcome of congenital HCMV infections.

The natural history of congenital HCMV infection: 
Insights into the lack of protection provided 
by maternal immunity

Early in the study of the epidemiology of congenital 
HCMV infections investigator determined that the num-
ber of infants with congenital HCMV infection following 
non-primary maternal HCMV infection greatly outnum-
bered infants infected following a primary maternal infec-
tion [11]. Various estimates have been made, but early data 
by Stagno and colleagues suggested that there were three-
fold to fourfold more congenitally infected infants deliv-
ered to women with non-primary HCMV infection than 
from women with primary infection in the same maternal 
population, a value that has been confirmed in more recent 
reports [11, 14]. Subsequent studies have confirmed the 
larger contribution of infected offspring of women with 
non-primary infections to the total number of infants with 
congenital HCMV infections, and meta-analysis of primary 
data has shown that the major contribution to the disease 
burden associated with congenital HCMV infection is from 
infected infants born to women with non-primary infections 
during pregnancy [1, 14]. Such findings are of particular 
importance in the developing world because limited stud-
ies in these population have reported that the HCMV sero-
prevalence in maternal populations in countries such as the 
Ivory Coast, Gambia, Brazil and India is >90 %, findings 
that indicate that almost all congenitally infected infants 
in these populations will result from non-primary maternal 
infections [3, 4, 36–40]. It is of interest that the incidence 
of congenital HCMV infection is highest in populations 
with the highest maternal HCMV seroprevalence [41, 42]. 
This characteristic of the natural history of HCMV is strik-
ing and best appreciated graphically (Fig. 3a). These data 
clearly demonstrated that as the HCMV seroprevalence of 
the maternal population increases, the rate of congenital 

HCMV infection increases and does not reach a threshold 
at which the incidence of congenital HCMV infections 
begins to fall. Thus, in the case of highly HCMV seroim-
mune maternal populations, it unlikely that a phenomena 
exists similar to community’s immunity to rubella that has 
been described as contributing to the decline of congenital 
rubella syndrome following epidemic outbreaks prior to the 
introduction of the rubella vaccine (see below).

The lack of protective immunity provided by preexisting 
maternal immunity is unique to HCMV when compared to 
other microbes associated with perinatal infections such as 
toxoplasma gondii, rubella virus and herpes simplex virus 
(HSV). Exposure of pregnant non-immunocompromised 
women with preconceptional immunity to toxoplasma gon-
dii and rubella rarely results in damaging infection of the 
fetus. Scattered case reports have described rubella reinfec-
tion of pregnant women with existing rubella immunity, 
thus suggesting an infrequent occurrence of reinfections 
and transmissions. Similarly, transmission of toxoplasma 
has been reported in pregnant women with underlying defi-
cits in immunity such as those with HIV [43, 44]. Herpes 
simplex virus infection do occur in newborn infants born 
to women with seroimmunity to HSV, but the rate of trans-
mission and the clinical course of the ensuing infection are 
markedly modified by maternal immunity that is transpla-
centally transferred to the newborn infant [45, 46]. Thus, 
HCMV is unique within this group of agents associated 
with clinically significant perinatal infections in that mater-
nal immunity provides only limited protection from infec-
tion and from disease in the offspring. An informative con-
trast to the natural history of congenital HCMV infection is 
provided by the natural history of congenital rubella syn-
drome and its control by a successful vaccine [47]. Rubella 
virus infection in women of child-bearing age occurred in 
periodic epidemics, and studies have suggested that these 
increases in rates of infection could be traced to falling lev-
els of immunity in the population [47–49]. Similarly, the 
incidence of congenital rubella syndrome followed increas-
ing rates of rubella infection in population until maternal 
seroimmunity exceeded about 85  % [49]. At this level of 

Table 1   Outcome of congenital HCMV infection as function of maternal infection

a  Hearing loss. Preliminary analysis did not show significant differences between overall long-term outcome in offspring of women with pri-
mary or non-primary infections during pregnancy that were included in this study

Study Maternal infection Symptomatic infection Sequelae/Poor outcome

Townsend, et al. [15] Primary 8/82 (9.8 %) 5/82 (6.1 %)

Non-Primary 6/45 (13.3 %) 9/45 (20 %)

Ahlfors, et al. [16] Primary 9/30 (30 %) 5/23 (22 %)

Non-Primary 9/232 (28 %) 8/23 (35 %)

Ross, et al. [34] Primary 19/176 (11 %) 19/176 (11 %)a

Non-Primary 14/124 (11 %) 14/124 (11 %)a



268	 Med Microbiol Immunol (2015) 204:263–271

1 3

rubella seroprevalence, the incidence of congenital rubella 
fell to nearly zero suggesting that vaccine coverage >85 % 
would be sufficient to dramatically reduce the incidence of 
congenital rubella syndrome. Such a threshold of maternal 
HCMV seroprevalence that would lead to the elimination 
of congenital HCMV infection does not appear to exist 
(Fig.  3b). In fact, modeling of the impact of primary and 
non-primary maternal HCMV infection and congenital 
HCMV infections suggests that the burden of congenitally 
infected infants born following primary maternal infec-
tion will not significantly impact the much larger burden 
of infants infected following non-primary infection [42]. 
Alternatively, the natural history of congenital syphilis is at 
least superficially, remarkably similar to that of congenital 
HCMV infections. The prevalence of congenital syphilis 
infections is closely related to the incidence of syphilis in 
the community as measured by serology that reflects the 
presence of active infection in infected individuals such 
that an increasing prevalence of active syphilis in women 
of child-bearing age results in increasing incidence of cases 
of congenital syphilis (Fig.  3c) [50]. Similar to congeni-
tal HCMV infections, protective immunity to T. Pallidum, 
the spirochete that causes syphilis, is not well understood 
but apparently non-existent in community-acquired infec-
tions as evidenced by a well-recognized occurrence of 
reinfections with T. Pallidum even in women with recently 
treated infections that have documented T. Pallidum spe-
cific IgG antibodies [51]. Importantly, reinfections in these 

previously infected women can lead to transplacental trans-
mission and congenital syphilis. The lack of the develop-
ment of protective immunity following infection has not 
been fully defined but sequence variability within the TprK 
surface protein of T. Pallidum among isolates recovered 
from clinical samples suggests the possibility that protec-
tive immunity is limited to homologous challenge [51–53].

Variability in the sequence of envelope proteins of the 
HCMV virion has been described as strain-specific anti-
body responses that suggest incomplete protection from 
heterologous viruses [20, 54–56]. In addition, non-specific 
mechanisms that limit virus neutralizing antibody rec-
ognition of infectious virions including the existence of a 
glycan shield have been reported [57]. Similarly, a multi-
tude of virus-encoded immune evasion functions has been 
shown to limit CD8+ and CD4+ T lymphocyte as well as 
NK cell recognition of HCMV-infected cells [58, 59]. In 
experimental animal models, these immune evasion func-
tions have been shown to facilitate virus dissemination and 
persistence [60–62]. Recently, the critical role played by 
the immune evasion functions encoded by rhesus macaque 
CMV (RhCMV) that target class I MHC presentation of 
viral antigens in the reinfection of previously immune ani-
mals has been described [63]. Thus, the capacity of HCMV 
to reinfect previously immune hosts and to be transmitted 
to the developing fetus can be readily reconciled by the 
capacity of the virus to evade immune control. The ease 
with which these primate CMVs can reinfect an immune 

Fig. 3   HCMV seropreva-
lence and congenital HCMV 
infection. a Rates of HCMV 
maternal seropositivity obtained 
from Stagno et al. [41]. b Values 
for rates of rubella seroreactiv-
ity (%) and congenital rubella 
syndrome (cases/105) from 
Cutts et al. [49]. c Estimates 
for case of congenital syphilis 
and community syphilis activity 
(cases/105) from MMWR [50]
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host is somewhat unanticipated but has been elegantly 
shown in studies utilizing RhCMV as a replicating vaccine 
vector platform to deliver simian deficiency virus (SIV) 
antigens to RhCMV immune rhesus macaques [64]. These 
studies have provided very convincing evidence of the 
capacity of vectored SIV antigens to generate a protective 
effector/memory CD8+ T lymphocyte response and clearly 
demonstrated that animals could be repeatedly reinfected 
with the homologous RhCMV vector backbone containing 
different components of SIV [65]. These data have con-
vincingly demonstrated that immunity induced following 
infection with RhCMV cannot prevent subsequent infec-
tion with the homologous strain of RhCMV, a finding con-
sistent with the relatively frequent reinfection of immune 
women with new strains of HCMV.

Incomplete protective maternal immunity 
and congenital CMV infection: implications 
for development of prophylactic vaccines for congenital 
HCMV infections

The bulk of available evidence argues that simply inducing 
natural immunity to HCMV will not alter the current natu-
ral history of congenital HCMV infection in any population 
[42]. The mechanisms that account for the incomplete pro-
tection by maternal immunity to HCMV are unknown even 
though numerous potential explanations that account for the 
failure of immunity have been described. Yet the question 
remains can protective immunity be induced by increasing 
the magnitude or quality of natural immunity? Published 
studies have reported differences in both the magnitude 
and quality of antibody responses in women who trans-
mitted viruses as compared to those who did not transmit 
virus to their fetuses following a primary infection [66–68]. 
However, these responses followed a primary infection, and 
results from these studies cannot be directly compared to 
responses in women with existing serological immunity to 
HCMV who may have been immunologically boosted by 
reinfection multiple times before pregnancy. An alterna-
tive possibility is that HCMV has evolved mechanisms to 
evade conventional immune responses, including responses 
against structural envelop proteins that appear to be the 
primary targets of virus neutralizing antibodies. If so, then 
immunization against novel targets that modify the early 
events of HCMV infection could potentially induce protec-
tive immunity, albeit non-conventional in the sense of con-
ventional vaccines. One possibility that has been recently 
described is immunity to the HCMV-encoded IL-10. In 
model systems to investigate such an approach, investiga-
tors-induced immunity to the viral IL-10 encoded by the 
closely related RhCMV and then analyzed RhCMV replica-
tion in rhesus macaques [69]. The production of antibodies 

reactive with the viral IL-10 modified the course of virus 
replication and excretion suggesting that inhibiting the 
function of virus-encoded molecule thought to be impor-
tant for the early phases of virus infection could shift con-
trol of virus infection to be in favor of the host [69]. Other 
approaches currently under consideration could potentially 
lead to prophylactic vaccines that could prevent HCMV 
infection and limit maternal as well as fetal infection.

Implications of incomplete protection 
from transmission and disease afforded 
by preconceptional maternal HCMV immunity

In this brief review of existing data, it could be argued that 
maternal immunity to HCMV that develops following natu-
ral infection provides only limited protection from intrau-
terine transmission and in contrast to a widely held concept, 
from symptomatic congenital infection. Although it could 
be debated whether the most severely affected congenitally 
infected infants are only born to women with primary infec-
tion during pregnancy, such infants with severe congenital 
infections contribute only a minor component to the overall 
burden of disease associated with congenital HCMV infec-
tion. Careful reviews of older reports and more recent studies 
clearly demonstrate the need for more comprehensive stud-
ies of the natural history of congenital HCMV infections 
that follow non-primary maternal infections. The results 
of such studies could be of great value to vaccine develop-
ment programs and to other interventions such as universal 
counseling of pregnant women to limit exposure to HCMV. 
Finally, deployment of candidate vaccines that induce adap-
tive immune responses that parallel those seen in women 
with naturally acquired HCMV infection could have limited 
benefit in many maternal populations as the vast majority of 
women in these populations have established immunity to 
HCMV acquired during childhood and in early adolescence.

Acknowledgments  Material included in this manuscript was 
derived from studies supported by the NIH (NICHD R01 HD061959 
to WJB).

References

	 1.	 Kenneson A, Cannon MJ (2007) Review and meta-analysis of the 
epidemiology of congenital cytomegalovirus (CMV) infection. 
Rev Med Virol 17:253–276

	 2.	 Britt WJ (2010) Cytomegalovirus. In: Remington JS, Klein JO, 
Wilson CB, Nizet V, Maldonaldo Y (eds) Infectious diseases of 
the fetus and newborn infant, 7th edn. Elsevier Saunders, Phila-
delphia, pp 706–755

	 3.	 Manicklal S, Emery VC, Lazzarotto T, Boppana SB, Gupta RK 
(2013) The “silent” global burden of congenital cytomegalovirus. 
Clin Microbiol Rev 26:86–102



270	 Med Microbiol Immunol (2015) 204:263–271

1 3

	 4.	 Mussi-Pinhata MM, Yamamoto AY, Moura-Britto RM, Lima- 
Issacs M, Boppana S et  al (2009) Birth prevalence and natural 
history of congenital cytomegalovirus (CMV) infection in highly 
seroimmune population. Clin Infect Dis 49:522–528

	 5.	 Boppana S, Fowler KB (2007) Persistence in the 
population:epidemiology and transmission. In: Arvin AC-FG, 
Mocarski E, Roizman B, Whitley R, Yamanishi K (eds) Human 
herpesviruses: biology, therapy, and immunoprophylaxis. Cam-
bridge, Cambridge, UK, pp 795–813

	 6.	 Boppana SB, Ross SA, Fowler KB (2013) Congenital cytomeg-
alovirus infection: clinical outcome. Clin Infect Dis 57(Suppl 
4):S178–S181

	 7.	 (2000) Vaccines for the 21st century: a tool for decisionmak-
ing. In: Stratton KR, Durch JS, Lawrence RS (eds) 2000 by the 
National Academy of Sciences, Washington, DC

	 8.	 Krause PR, Bialek SR, Boppana SB, Griffiths PD, Laughlin CA 
et  al (2013) Priorities for CMV vaccine development. Vaccine 
32:4–10

	 9.	 Plotkin SA, Friedman HM, Fleisher GR, Dafoe DC, Grossman 
RA et al (1984) Towne-vaccine induced prevention of cytomeg-
alovirus disease after renal transplants. Lancet 1:528–530

	10.	 Pass RF, Zhang C, Evans A, Simpson T, Andrews W et al (2009) 
Vaccine prevention of maternal cytomegalovirus infection. N 
Engl J Med 360:1191–1199

	11.	 Stagno S, Pass RF, Dworsky ME, Henderson RE, Moore EG et al 
(1982) Congenital cytomegalovirus infection: the relative impor-
tance of primary and recurrent maternal infection. N Engl J Med 
306:945–949

	12.	 Ahlfors K, Harris S, Ivarsson S, Svanberg L (1981) Secondary 
maternal cytomegalovirus infection causing symptomatic con-
genital infection. N Engl J Med 305:284

	13.	 Stagno S, Reynolds DW, Huang E-S, Thames SD, Smith RJ et al 
(1977) Congenital cytomegalovirus infection: occurrence in an 
immune population. N Engl J Med 296:1254–1258

	14.	 Wang C, Zhang X, Bialek S, Cannon MJ (2011) Attribution of 
congenital cytomegalovirus infection to primary versus non-pri-
mary maternal infection. Clin Infect Dis 52:e11–e13

	15.	 Townsend CL, Forsgren M, Ahlfors K, Ivarsson SA, Tookey PA 
et al (2013) Long-term outcomes of congenital cytomegalovirus 
infection in Sweden and the United Kingdom. Clin Infect Dis 
56:1232–1239

	16.	 Ahlfors K, Ivarsson SA, Harris S (2001) Secondary maternal 
cytomegalovirus infection—A significant cause of congenital dis-
ease. Pediatrics 107:1227–1228

	17.	 Boppana SB, Fowler KB, Britt WJ, Stagno S, Pass RF (1999) 
Symptomatic congenital cytomegalovirus infection in infants 
born to mothers with preexisting immunity to cytomegalovirus. 
Pediatrics 104:55–60

	18.	 Alford CA, Stagno S, Pass RF (1980) Natural history of perinatal 
cytomegalovirus infection. Perinatal Infections. Excerpta Medica, 
Amsterdam, pp 125–147

	19.	 Alford CA, Stagno S, Pass RF, Huang ES (1981) Epidemiology 
of cytomegalovirus. In: Nahmais A, Dowdle W, Schinazi R (eds) 
The human herpesviruses: an interdisciplinary perspective. Else-
vier, New York, pp 159–171

	20.	 Boppana SB, Rivera LB, Fowler KB, Mach M, Britt WJ (2001) 
Intrauterine transmission of cytomegalovirus to infants of women 
with preconceptional immunity. N Engl J Med 344:1366–1371

	21.	 Ross SA, Arora N, Novak Z, Fowler KB, Britt WJ et  al (2009) 
Cytomegalovirus reinfections in healthy seroimmune women. J 
Infect Dis 201:386–389

	22.	 Yamamoto AY, Mussi-Pinhata MM, Boppana SB, Novak Z, 
Wagatsuma VM et  al (2010) Human cytomegalovirus reinfec-
tion is associated with intrauterine transmission in a highly cyto-
megalovirus-immune maternal population. Am J Obstet Gynecol 
202:297.e291–297.e298

	23.	 Enders G, Daiminger A, Bader U, Exler S, Enders M (2011) 
Intrauterine transmission and clinical outcome of 248 pregnan-
cies with primary cytomegalovirus infection in relation to gesta-
tional age. J Clin Virol 52:244–246

	24.	 Stagno S, Pass RF, Cloud G, Britt WJ, Henderson RE et al (1986) 
Primary cytomegalovirus infection in pregnancy. Incidence, trans-
mission to fetus, and clinical outcome. JAMA 256:1904–1908

	25.	 Pass RF, Stagno S, Myers GJ, Alford CA (1980) Outcome of 
symptomatic congenital CMV infection: results of long-term lon-
gitudinal follow-up. Pediatrics 66:758–762

	26.	 Boppana SB, Pass RF, Britt WJ, Stagno S, Alford CA (1992) 
Symptomatic congenital cytomegalovirus infection: neonatal 
morbidity and mortality. Pediatr Infect Dis J 11:93–99

	27.	 Boppana SB, Fowler KB, Vaid Y, Hedlund G, Stagno S et  al 
(1997) Neuroradiographic findings in the newborn period and 
long-term outcome in children with symptomatic congenital 
cytomegalovirus infection. Pediatrics 99:409–414

	28.	 Anderson KS, Amos CS, Boppana S, Pass R (1996) Ocular 
abnormalities in congenital cytomegalovirus infection. J Am 
Optom Assoc 67:273–278

	29.	 Stagno S, Whitley RJ (1985) Herpesvirus infections of preg-
nancy. Part I: cytomegalovirus and Epstein-Barr virus infections. 
N Engl J Med 313:1270–1274

	30.	 Dreher AM, Arora N, Fowler KB, Novak Z, Britt WJ et al (2014) 
Spectrum of disease and outcome in children with symptomatic 
congenital cytomegalovirus infection. J Pediatr 164:855–859

	31.	 Hyde TB, Schmid DS, Cannon MJ (2010) Cytomegalovirus 
seroconversion rates and risk factors: implications for congenital 
CMV. Rev Med Virol 20:311–326

	32.	 Revello MG, Lazzarotto T, Guerra B, Spinillo A, Ferrazzi E et al 
(2014) A randomized trial of hyperimmune globulin to prevent 
congenital cytomegalovirus. N Engl J Med 370:1316–1326

	33.	 Fowler KB, Stagno S, Pass RF, Britt WJ, Boll TJ et al (1992) The 
outcome of congenital cytomegalovirus infection in relation to 
maternal antibody status. N Engl J Med 326:663–667

	34.	 Ross SA, Fowler KB, Guha A, Stagno S, Britt WJ et  al (2006) 
Hearing loss in children with congential cytomegalovirus infec-
tion born to mothers with preexisting immunity. J Pediatr 
148:332–336

	35.	 Yamamoto AY, Mussi-Pinhata MM, Isaac MDL, Amaral FR, Car-
valheiro CG et  al (2011) Congenital cytomegalovirus infection 
as a cause of sensorineural hearing loss in a highly seropositive 
population. Pediatr Infect Dis J 30:1043–1046

	36.	 Dar L, Pati SK, Patro AR, Deorari AK, Rai S et  al (2008) 
Congenital cytomegalovirus infection in a highly sero-
positive semi-urban population in India. Pediatr Infect Dis J 
27:841–843

	37.	 Gaytant MA, Steegers EA, Semmekrot BA, Merkus HM, Galama 
JM (2002) Congenital cytomegalovirus infection: review of the 
epidemiology and outcome. Obstet Gynecol Surv 57:245–256

	38.	 Schopfer K, Lauber E, Krech U (1978) Congenital cytomegalovi-
rus infection in newborn infants of mothers infected before preg-
nancy. Arch Dis Child 53:536–539

	39.	 Kaye S, Miles D, Antoine P, Burny W, Ojuola B et  al (2008) 
Virological and immunological correlates of mother-to-child 
transmission of cytomegalovirus in The Gambia. J Infect Dis 
197:1307–1314

	40.	 Bello C, Whittle H (1991) Cytomegalovirus infection in Gambian 
mothers and their babies. J Clin Pathol 44:366–369

	41.	 Stagno S, Pass RF, Dworsky ME, Alford CA (1983) Congeni-
tal and perinatal cytomegaloviral infections. Semin Perinatol 
7:31–42

	42.	 de Vries JJ, van Zwet EW, Dekker FW, Kroes AC, Verkerk PH 
et  al (2013) The apparent paradox of maternal seropositivity as 
a risk factor for congenital cytomegalovirus infection: a popula-
tion-based prediction model. Rev Med Virol 23:241–249



271Med Microbiol Immunol (2015) 204:263–271	

1 3

	43.	 Campos FA, de Andrade GM, de Padua Santos Lanna A, Lage 
BF, Assumpcao MV et  al (2014) Incidence of congenital toxo-
plasmosis among infants born to HIV-coinfected mothers: case 
series and literature review. Braz J Infect Dis 18:609–617

	44.	 Mitchell CD, Erlich SS, Mastrucci MT, Hutto SC, Parks WP et al 
(1990) Congenital toxoplasmosis occurring in infants perinatally 
infected with human immunodeficiency virus 1. Pediatr Infect 
Dis J 9:512–518

	45.	 Kimberlin DW (2004) Neonatal herpes simplex infection. Clin 
Microbiol Rev 17:1–13

	46.	 Pinninti SG, Kimberlin DW (2013) Maternal and neonatal herpes 
simplex virus infections. Am J Perinatol 30:113–119

	47.	 Cooper LZ, Preblud SR, Alford CA (1995) Rubella. In: Reming-
ton JS, Klein JO (eds) Infectious diseases of the fetus and new-
born infant, 4th edn. WB Saunders, Philadelphia, pp 268–311

	48.	 (1994) Rubella and congenital rubella syndrome—United States, 
1 Jan 1991–7 May 1994. MMWR 43:391–401

	49.	 Cutts FT, Vynnycky E (1999) Modelling the incidence of con-
genital rubella syndrome in developing countries. Int J Epidemiol 
28:1176–1184

	50.	 (2010) Congenital syphilis—United States, 2003–2008. MMWR 
Morb Mortal Wkly Rep 59:413–417

	51.	 Lafond RE, Lukehart SA (2006) Biological basis for syphilis. 
Clin Microbiol Rev 19:29–49

	52.	 LaFond RE, Centurion-Lara A, Godornes C, Rompalo AM, Van 
Voorhis WC et  al (2003) Sequence diversity of Treponema pal-
lidum subsp. pallidum TprK in human syphilis lesions and rabbit-
propagated isolates. J Bacteriol 185:6262–6268

	53.	 LaFond RE, Molini BJ, Van Voorhis WC, Lukehart SA (2006) 
Antigenic variation of TprK V regions abrogates specific anti-
body binding in syphilis. Infect Immun 74:6244–6251

	54.	 Britt WJ (1991) Recent advances in the identification of signifi-
cant human cytomegalovirus-encoded proteins. Transplant Proc 
23:64–69

	55.	 Pati SK, Novak Z, Purser M, Arora N, Mach M et  al (2012) 
Strain-specific neutralizing antibody responses against human 
cytomegalovirus envelope glycoprotein N. Clin Vaccine Immunol 
19:909–913

	56.	 Burkhardt C, Himmelein S, Britt W, Winkler T, Mach M (2009) 
Glycoprotein N subtypes of human cytomegalovirus induce a 
strain-specific antibody response during natural infection. J Gen 
Virol 90:1951–1961

	57.	 Kropff B, Burkhardt C, Schott J, Nentwich J, Fisch T et al (2012) 
Glycoprotein N of human cytomegalovirus protects the virus 
from neutralizing antibodies. PLoS Pathog 8:e1002999

	58.	 Jackson SE, Mason GM, Wills MR (2011) Human cytomegalovi-
rus immunity and immune evasion. Virus Res 157:151–160

	59.	 Powers C, Defilippis V, Malouli D, Frueh K (2008) Cytomeg-
alovirus immune evasion. In: Shenk T, Stinski MF (eds) Human 
cytomegalovirus. Springer, Berlin-Heidelberg, pp 333–359

	60.	 Lisnic VJ, Krmpotic A, Jonjic S (2010) Modulation of natural 
killer cell activity by viruses. Curr Opin Microbiol 13:530–539

	61.	 Krmpotic A, Busch DH, Bubic I, Gebhardt F, Hengel H et  al 
(2002) MCMV glycoprotein gp40 confers virus resistance to 
CD8+ T cells and NK cells in vivo. Nat Immunol 3:529–535 [see 
comment]

	62.	 Babic M, Krmpotic A, Jonjic S (2011) All is fair in virus-host 
interactions: NK cells and cytomegalovirus. Trends Mol Med 
17:677–685

	63.	 Hansen SG, Powers CJ, Richards R, Ventura AB, Ford JC et  al 
(2010) Evasion of CD8+ T cells is critical for superinfection by 
cytomegalovirus. Science 328:102–106

	64.	 Hansen SG, Vieville C, Whizin N, Coyne-Johnson L, Siess DC 
et al (2009) Effector memory T cell responses are associated with 
protection of rhesus monkeys from mucosal simian immunodefi-
ciency virus challenge. Nat Med 15:293–299

	65.	 Hansen SG, Ford JC, Lewis MS, Ventura AB, Hughes CM et al 
(2011) Profound early control of highly pathogenic SIV by an 
effector memory T-cell vaccine. Nature 473:523–527

	66.	 Boppana SB, Britt WJ (1995) Antiviral antibody responses and 
intrauterine transmission after primary maternal cytomegalovirus 
infection. J Infect Dis 171:1115–1121

	67.	 Furione M, Rognoni V, Sarasini A, Zavattoni M, Lilleri D et  al 
(2013) Slow increase in IgG avidity correlates with prevention 
of human cytomegalovirus transmission to the fetus. J Med Virol 
85:1960–1967

	68.	 Lilleri D, Kabanova A, Revello MG, Percivalle E, Sarasini A et al 
(2013) Fetal human cytomegalovirus transmission correlates with 
delayed maternal antibodies to gH/gL/pUL128-130-131 complex 
during primary infection. PLoS One 8:e59863

	69.	 Eberhardt MK, Deshpande A, Chang WL, Barthold SW, Walter 
MR et  al (2013) Vaccination against a virus-encoded cytokine 
significantly restricts viral challenge. J Virol 87:11323–11331


	Controversies in the natural history of congenital human cytomegalovirus infection: the paradox of infection and disease in offspring of women with immunity prior to pregnancy
	Abstract 
	Introduction
	Natural history of congenital HCMV infections: the importance of preconceptional maternal HCMV immunity and intrauterine transmission
	Natural history of congenital HCMV infections: the importance of preconceptional maternal HCMV immunity to the outcome of intrauterine HCMV infection
	The natural history of congenital HCMV infection: Insights into the lack of protection provided by maternal immunity
	Incomplete protective maternal immunity and congenital CMV infection: implications for development of prophylactic vaccines for congenital HCMV infections
	Implications of incomplete protection from transmission and disease afforded by preconceptional maternal HCMV immunity
	Acknowledgments 
	References




