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Human cytomegalovirus (HCMV) infections are among the most common complications arising in transplant patients, elevating
the risk of various complications including loss of graft and death. HCMV infections are also responsible for more congenital in-

fections worldwide than any other agent. Congenital HCMV (cCMYV) infections are the leading nongenetic cause of sensorineural

hearing loss and a source of significant neurological disabilities in children. While there is overlap in the clinical and laboratory ap-

proaches to diagnosis of HCMV infections in these settings, the management, follow-up, treatment, and diagnostic strategies differ

considerably. As yet, no country has implemented a universal screening program for cCMV. Here, we summarize the issues, limi-

tations, and application of diagnostic strategies for transplant recipients and congenital infection, including examples of screening

programs for congenital HCMV that have been implemented at several centers in Japan, Italy, and the United States.
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It is well established that human cytomegalovirus (HCMYV)
causes a wide spectrum of disease, primarily in persons with
some level of immune compromise, for example allograft re-
cipients and preterm infants, as well as infection during gesta-
tion (congenital HCMV [cCMV]). Serious disease associations
include pneumonitis, retinitis, hepatitis, and, among congen-
itally infected infants, sensorineural hearing loss (SNHL) and
intellectual disability. HCMV infection in healthy children and
adults is generally mild, if not asymptomatic, but the virus is
responsible for about 10% of infectious mononucleosis cases.
Diagnostic testing to confirm cCMV and to monitor viral loads
and immune responses among solid-organ transplant (SOT)
and hematopoietic stem cell transplant (HSCT) recipients is
crucial to effective patient care.

What follows is a description of strategies for prevention, di-
agnosis, and monitoring of HCMV infections, based on pres-
entations made during the session on HCMV Diagnostics
at a September 2018 conference Cytomegalovirus Infection:
Advancing Strategies for Prevention and Treatment, which was
sponsored by the National Institutes of Allergy and Infectious
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HCMV DIAGNOSTICS INTRANSPLANTATION

Laboratory strategies for diagnosis of HCMYV infections in the
context of organ or hematopoietic stem cell transplantation rely
on direct detection of the virus and measurement of host im-
mune responses. Laboratory tests that directly detect HCMV
are recommended for surveillance, diagnosis, and monitoring,
while assays of immune status are relied upon for HCMV risk
assessment and stratification of risk factors.

Assays for Virus Detection

Direct detection of HCMYV in clinical specimens is the standard
method for the diagnosis of HCMV infection in transplant re-
cipients (Table 1) [1]. An updated set of definitions for HCMV
disease in transplant patients has been published, which now
includes a category of “probable disease” [2]. The most common
approach for direct virus detection involves detection and
quantitation of the HCMV genome using commercial quantita-
tive nucleic acid amplification tests (QNATs), which are highly
sensitive and offer rapid turn-around times. Whole blood and
plasma are the most common specimens for HCMV QNAT,
although cerebrospinal fluid and bronchoalveolar lavage fluid
(BAL) are sometimes used [3, 4]. Practical cutoff values have
been suggested for BAL samples that discriminate between
pneumonitis and pulmonary shedding in HSCT recipients, but
these values are likely variable depending on the assay used
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Table 1.

Characteristics, Clinical Uses, and Limitations of Cytomegalovirus Assays in Transplantation

Assays Test Characteristics and Examples

Clinical Uses

Limitations

Assays for virus detection

CMV Detects and quantifies CMV
QNAT nucleic acid

Results reported in 1U/mL

Various assays including Roche
(COBAS 6800 and 8800),
Qiagen (artus), Abbott, and
many laboratory-developed
tests (home-brew assays)

Antigenemia  Uses monoclonal antibody to
detect CMV pp65 antigen
expressed in leukocytes during
the early period of CMV
replication

Reported as number of
pp65-positive cells per
number of leukocytes counted

Culture Detects typical cytopathic
effect in human fibroblasts
(conventional cell culture) or
viral antigen by monoclonal

antibody (shell vial assay)
Histopathology Detects CMV antigen and
cytopathic changes in tissue
specimens
Assays of CMV immune response

Detects CMV IgG or IgM
antibodies

Various assays including
complement fixation,
enzyme-linked immunosorbent
assay, radioimmunoassay

CMV-specificT Detects INFy in blood or cells
cells after stimulation ex vivo with
CMV antigens

Various assays including
QuantiFERON-CMV,

Serology

Rapid and sensitive method for diagnosis
of CMV infection

Surveillance for preemptive therapy

Monitoring of antiviral response

Prognosticator of risk of CMV disease

Sensitive diagnosis of CMV infection
Surveillance for preemptive therapy
Monitoring of antiviral response
Prognosticator of risk of CMV disease

Highly specific for the diagnosis of
CMV infection

Culture can be used to assess phenotypic
antiviral drug testing

Gold standard for diagnosis of most end-organ
CMV diseases

Pretransplant screening of transplant candidates
and potential donors for evidence of
prior CMV infection

Depending on the CMV serology of
donor and recipient, the risk of CMV is
determined (see text)

Indicator of the risk of CMV disease after
transplantation

Potential for guiding prevention and treatment
strategies (studies are needed to support this
potential indication)

Lack of consensus viral load threshold that is appli-
cable across patients and clinical settings

Lack of standardization among various aspects of
QNAT (variable limits of detection and range of
quantification, sample type, gene target and
amplicon size, among others)

Patients with different risk profiles will likely have
different viral thresholds

Lack of assay standardization

Need for samples to have enough leukocytes (limited
in HSCT and neutropenia)

Labor intensive

Lack of automation

Subjective interpretation

Low sensitivity (compared to QNAT and antigenemia)
Slow turn-around time

Invasive procedure is needed to obtain tissue spec-
imen for histopathology

IgM is not recommended routinely due to false
positivity

Utility of CMV serology for diagnosis of CMV after
transplant is limited

Lack of standardization among assays

Limited number of prospective studies and interven-
tional trials that utilize these assays for disease
management

T-spot.CMV, T-track.CMV,
many laboratory-developed tests

Abbreviations: CMV, cytomegalovirus; HSCT, hematopoietic stem cell transplant; INF-y, interferon-y; QNAT, quantitative nucleic acid amplification test.

and the population being tested [3]. HCMV QNAT of blood
or plasma is also useful to support diagnosis of probable end-
organ HCMV disease (eg, pneumonia or gastrointestinal dis-
ease) or when obtaining biopsy samples for histopathology is
risky [3-5].

The quantitative nature of HCMV QNAT allows for assess-
ment of the degree of HCMV replication, which is expressed
as the absolute viral load value. Trends in viral loads over time
(viral load kinetics) directly correlate with the likelihood of se-
vere HCMYV disease [6, 7]. Thus, higher viral loads or steep rises
in viral loads correlate with a higher risk for severe HCMV dis-
ease [6-8].

QNAT is the preferred method for HCMV surveillance to
guide the application of preemptive antiviral therapy. HCMV
QNAT of blood is performed at weekly intervals during the
high-risk period (ie, first 12 weeks after transplant). Once a de-
fined viral load threshold is reached, preemptive therapy is ini-
tiated, with the goal of preventing progression of asymptomatic

infection into clinical disease [7]. HCMV QNAT is recom-
mended at least once weekly to monitor response to antiviral
treatment [1]. Declines in viral load during antiviral therapy
correlate with clinical resolution of CMV disease [9]. In con-
trast, a continued rise in viral load or a minimal decline suggests
refractory or drug-resistant HCMV [10]. Guidelines recom-
mend treating patients until the negative threshold is reached
because persistence of viremia at the end of antiviral treatment
is a risk factor for relapse [1].

The major limitation of HCMV QNAT is a lack of well-estab-
lished viral load thresholds to guide various clinical applications.
For example, there is no consensus viral load value for appli-
cation to all patients for the initiation of preemptive therapy.
A major reason for this is the lack of standardization among
various laboratory-developed and commercially available
HCMV QNAT [11]. In a study that compared 33 laboratories
using different HCMV QNAT, there was wide interassay varia-
bility in viral load reporting [12]. Because the major contributor
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to this variability was a lack of calibrator standard [11], a World
Health Organization (WHO) international standard for cali-
bration of HCMV QNAT was developed. However, despite cal-
ibration to the WHO international standard, clinically relevant
differences remain in viral load values determined by various
HCMV QNAT [13]. Variability in different aspects of HCMV
QNAT protocols, such as assay performance (limits of detec-
tion and quantification), sample type, method for nucleic acid
extraction, gene target, and amplicon size contribute to viral
load variability [13, 14]. Moreover, clinically relevant viral load
values will likely differ depending on the type of patients and
their risk profiles [15].

Because of the limitations outlined above, consensus guide-
lines recommend that transplant providers determine assay-
specific viral thresholds that are tailored to their clinical
practice; these viral thresholds will likely differ among various
patient profiles [1].

Assays of HCMV Immune Responses in Transplant Recipients
Guidelines recommend that the risk of HCMV disease should
be assessed prior to transplantation for all transplant recipients
so that the appropriate HCMV prevention strategy can be im-
plemented [1]. The most common method involves HCMV
IgG screening of transplant candidates and potential donors
[1]. Based on this, SOT recipients are categorized as high risk
(HCMV-seropositive donor and HCMV-seronegative recip-
ient), moderate risk (HCMV-seropositive SOT recipients),
or low risk (HCMV-seronegative donor and recipient). All
HCMV-seropositive HSCT recipients are at high risk. In con-
trast to its pretransplant value, HCMV serology has limited
utility in the posttransplant setting [1].

Assays that detect HCMV-specific CD4 and CD8 T cells can
help to inform the likelihood of HCMV disease after transplan-
tation. Several methods are available, including measurement
of interferon-y (INF-y) concentration in blood (INF-y release
assays), or the enumeration of INF-y-producing HCMV-
specific T cells by enzyme-linked immunospot (ELISPOT) or
flow cytometry [16, 17]. In principle, transplant patients with
undetectable or low HCMV-specific T cells are at high risk for
disease following primary HCMYV infection, end-organ HCMV
disease, and refractory, relapsing, or antiviral-resistant HCMV
[16, 17]. In a prospective study, patients who developed HCM V-
specific immunity (indicated by positive HCMV INF-y release
assay) had a very low risk of HCMYV relapse, while patients who
did not develop HCMV-specific immunity had a high risk of
relapse upon discontinuation of antiviral prophylaxis [16].

The major limitation of cell-mediated immune assays is their
lack of standardization. Moreover, most studies that correlated
cell-mediated immune assays with the risk of HCMV are largely
descriptive. Controlled interventional studies are needed that
incorporate these immune assays into the management of
HCMYV after transplantation. As part of such evaluations, the

immunologic assays should be performed in conjunction with
viralload testing to optimize the development of improved strat-
egies for prevention, treatment, and monitoring posttransplant
HCMYV infections [1, 17, 18]. We anticipate that integration of
viral load and host immune status information will enable de-
velopment of personalized, rather than one-strategy-fits-all, ap-
proaches to HCMV management after transplantation [1].

DIAGNOSIS OF MATERNAL AND CONGENITAL
HCMV INFECTIONS

cCMV infections are a leading cause of SNHL and neurologic
disabilities in children [19, 20]. cCMV infection may follow
maternal primary and nonprimary infection during pregnancy.
The highest-risk scenario is among seronegative mothers in-
fected during pregnancy. Transmission to the fetus occurs in
around 32% of these cases and leads to disease in about 13% of
congenitally infected newborns [21-23].

Among HCMV seropositive women, reactivation of an en-
dogenous HCMYV strain or reinfection with a new strain gives
rise to a fetal infection in about 1% of pregnancies. This rate
is much lower than for primary infections, but reactivations
and reinfections occur much more frequently. Consequently,
HCMV-seropositive women are a major source of congenital
infections worldwide [24]. Primary and nonprimary maternal
infections can result in severe sequelae [21].

In the absence of an effective vaccine, other forms of preven-
tion are needed. Several studies have found that coaching avoid-
ance of contact with bodily fluids of young children can reduce
HCMYV seroconversion in pregnant women. For example, a con-
trolled trial provided evidence that a prevention strategy based
on identifying and educating susceptible pregnant women at
risk for primary infection was effective at reducing the rate of
maternal HCMYV infection and thereby cCMV (adjusted odds
ratio, 0.14; 95% confidence interval, .05-.41) [25]. Based on
data from such cohort or case-control analytical studies, the
International Congenital Cytomegalovirus Recommendations
Group recommended that “all pregnant women should be edu-
cated about congenital cytomegalovirus infections and preven-
tive measures” [26]. Related to this, the US Centers for Disease
Control and Preventions guidance to health care providers
states that “Avoiding contact with saliva and urine from young
children might reduce the risk of CMV infection, although re-
search studies don't provide a clear answer. Some examples of
how to avoid contact include kissing children on the cheek or
head rather than the lips and washing hands after changing dia-
pers” [27]. The American College of Obstetrics and Gynecology
advises that “CMYV can be spread by contact with an infected
child’s urine or other bodily fluids. Pregnant women who work
with young children, such as day care or health care workers,
should take steps to prevent infection ...” and “Pregnant women
with young children at home also are at risk and should take
these steps.” [28].
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Increased recognition of cCMV and its devastating long-
term effects has led to heightened exploration of strategies for
the early identification of infected newborns and those at in-
creased risk for SNHL and other sequelae. These include tar-
geted screening of infants who fail their newborn hearing
screening, infants at higher risk for cCCMV (eg, preterm infants),
and screening of all newborns for HCMV (universal screening).
Four US states currently mandate or offer HCMV testing in
newborns who fail newborn hearing screening, while several
other states require education of pregnant women and public
health care professionals about HCMV. Some states are consid-
ering legislation to mandate or offer HCMV screening and/or
education. Globally, cCMV awareness is increasing, leading to
consideration and implementation of HCMV testing of infants
who fail newborn hearing screening or universal screening in
Canada, Europe, Australia, and Japan. Because (1) 85%-90% of
HCMV-infected newborns are asymptomatic at birth, (2) in-
fants symptomatic at birth have diverse clinical presentations,
and (3) the often-delayed appearance of cCMV-related SNHL,
universal screening in the newborn period has emerged as the
only viable strategy for early identification of all infants with
cCMV. In one study, cost-effectiveness estimates for newborn
cCMV screening predicted net societal savings for universal
screening relative to targeted screening [29].

Improved methods for detecting cCMV have been developed
and validated in recent years. The gold standard for identifi-
cation of infants with cCMV had been detection of infectious
virus in saliva or urine specimens obtained within the first 2-3
weeks of life [26, 30, 31]. Development of new methods for spec-
imen collection and application of high-throughput molecular
methods such as quantitative polymerase chain reaction (QPCR)
have largely supplanted culture-based methods in most labora-
tories, and are paving the way for widespread implementation
of targeted cCMV screening programs internationally [32-35].

In the sections that follow, we discuss prenatal diagnosis of
HCMYV in pregnant women at high risk of transmitting HCMV
to the fetus. Such information has been used to develop algo-
rithms for prevention, diagnosis, and screening for cCMV
that have been implemented at centers in Japan, Italy, and the
United States (Figure 1). These programs provide information
and models that can be used to develop perinatal screening
programs elsewhere for wider societal application.

DIAGNOSIS OF MATERNAL HCMYV INFECTIONS

Clinical diagnosis of maternal HCMYV infection is unreliable be-
cause most pregnant women with active infection are asympto-
matic; therefore, laboratory diagnosis is the principal approach
to identify women with primary HCMV infection (Table 2).

Serology
Two fundamental questions connect to serologic diagnosis
of HCMV during pregnancy: (1) in what context(s) might

serological testing for cCMV be offered? and (2) are serolog-
ical tests for HCMV clinically meaningful in the context of
cCMYV diagnosis?

While various HCMV serologic methods have demonstrated
value as research tools, their incorporation into clinical diag-
nostic algorithms requires careful evaluation and interpreta-
tion. A review of prenatal immunological diagnostics concluded
that, due to the degree of individual variability of HCMV im-
munological parameters among pregnant women, on an in-
dividual case basis, immunologic data alone do not reliably
predict the risk of fetal HCMV transmission [39]. However, as
most maternal HCMV infections are asymptomatic, another
review concluded that reliable detection of women at risk of
transmitting the virus to their fetus is dependent on implemen-
tation of serological and virological testing early in pregnancy
(before 12-14 weeks of gestation) [40]. Because serological and
PCR testing performed for the first time late during gestation
(ie, after 14-16 weeks of gestation) are uninformative about
HCMV serostatus prior to the time of testing [41], maternal
HCMV infections cannot be reliably diagnosed as primary
versus nonprimary in women whose serological status is not
known prior to pregnancy. In addition, while primary HCMV
infection during pregnancy carries a higher risk of fetal infec-
tion, at the population level, transmission during reactivation
or reinfection are more common and contribute significantly to
the burden of cCCMV disease [24]. Further work will be required
before antenatal screening can be recommended for diagnosis
of HCMYV status in pregnant women.

All of the serologic endpoints for primary HCMYV infection
(seroconversion, positive IgM, and low avidity index [AI]) have
limitations. Seroconversion requires pre- and postinfection
specimens, which would need to be collected at intervals of sev-
eral weeks, making this impractical. IgM assays have well-es-
tablished limitations such as a narrow detection window,
long-term persistence of HCMV IgM among some individuals,
reappearance of HCMV IgM upon reactivation or reinfection,
and the generally poor specificity of IgM antibodies (false posi-
tives). Consistent with this, Sonoyama et al [42] demonstrated
that among 50 women with positive or equivocal IgM, only 9
delivered cCMV-infected newborns; the combination of low
HCMV AI and detection of fetal abnormalities by ultrasound
substantially improved the identification of cCMV cases.

The detection of anti-HCMV IgM in pregnant women is not
a reliable marker for primary infection; a complementary test
is needed, such as HCMV IgG avidity testing. Assessment of
anti-HCMV antibody avidity prior to 12-16 weeks of gestation
can identify most women with primary infections who are more
likely to give birth to an infected newborn. A recently published
study found that measurements of HCMV avidity during the
first trimester of pregnancy have potential prognostic value
for determining risk of newborn SNHL [43]. Interpretation of
these results is very important because avidity assays vary from
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Figure 1.  Algorithms for prevention, diagnosis, and screening for cCMV, as implemented at centers in Japan, Italy, and the United States. A, cCMV screening and diagnosis
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Table 2. OQutline of Diagnostics for cCMV Infection and Disease

Prenatal
Maternal Fetus Postnatal
Infection
Serology Virology Serological screening
Seroconversion HCMV DNA in amniotic fluid HCMV IgM in cord or newborn blood
HCMV IgG and IgM Virology
HCMV IgG avidity PCR/culture of virus from urine or saliva
Virology
HCMYV DNA in maternal bodily fluids
Disease

Clinical presentation
Fever, fatigue and headache
Mild mononucleosis and flu-like symptoms

Abnormal findings

Others
Transmission to fetus
Pentamerspecific antibodies
Rapid increase of HCMV IgG antibody avidity index

Imaging by ultrasound or magnetic
resonance imaging

Abnormal findings
Imaging by computerized tomography
or magnetic resonance
Auditory brainstem response
Developmental quotient

Retrospective diagnosis
HCMV DNA in dried blood spots and
dried umbilical cords

Abbreviations: cCMV, congenital cytomegalovirus; HCMV, human cytomegalovirus; PCR, polymerase chain reaction.

one laboratory to another; reference values and controls must
be carefully assessed. Two very important rules must be con-
sidered to correctly interpret an avidity test result: (1) in samples
with very low levels of anti-HCMYV IgG, an accurate evaluation
HCMYV IgG-avidity is not possible; and (2) HCMV IgG avidity
testing should only be performed on serum samples dually pos-
itive for HCM V-specific IgG and IgM antibodies. Interpretation
of intermediate/moderate/grey zone results is also challenging.
Because the available data are from small clinical studies, mod-
erate HCMV IgG avidity indices detected within 12 weeks of
gestation must be interpreted with caution. An international
standard serum panel with well-defined HCMV Als is needed.

Maternal Nucleic Acid Testing

Very little data are available on the natural history of HCMV
shedding in body fluids during primary infection in immuno-
competent individuals and the clearance of HCMV DNA after
primary infection varies greatly among different compartments
of shedding. Therefore, the detection of HCMV-DNA plays a
secondary role in the diagnosis of primary HCMV infection in
pregnant women and can only support serological diagnosis.

Data suggest that detection and, possibly, quantification of
HCMV-DNA in maternal bodily fluids can be useful for pre-
diction of intrauterine transmission in women with primary in-
fection. Women who transmitted the virus to their fetus were
approximately 2-fold more likely to be shedding CMV DNA in
their blood, cervical secretions, and urine [44, 45]. Prolonged
maternal DNAemia was also associated with increased risk of
fetal infection [46-49].

Diagnosis of nonprimary HCMV infection is challenging.
As mentioned above, serological testing is not definitive for
identifying nonprimary infections. While it is possible that lab-
oratory testing could play a role in the diagnosis of nonprimary

HCMYV infection in women with known serological status be-
fore pregnancy, large prospective studies are needed to develop
and validate algorithms for optimal timing of specimen collec-
tion, evaluation of serologic assays, and detection of viral DNA
in different body fluids. Approaches for management of HCMV
infection during pregnancy that have been implemented at cen-
ters in Japan, Italy, and the United States are outlined in Figure 1.

PRENATAL DIAGNOSIS OF CONGENITAL HCMV
INFECTION

Prenatal diagnosis, both invasive (amniocentesis and/or
cordocentesis) and noninvasive (ultrasonographic examina-
tion), is sometimes offered to pregnant women at high risk
of transmitting HCMV to the fetus, particularly to pregnant
women with documented primary infection, an undetermined
type of infection during the first trimester of gestation, and
when abnormal ultrasound findings suggest cCMV infection.

Invasive Prenatal Diagnosis

Quantification of viral DNA in amniotic fluid (AF) is the most
appropriate method for diagnosis of fetal HCMYV infection [48].
When amniocentesis is performed at least 8 weeks after the
onset of maternal infection [50] and at least 20-21 weeks’ ges-
tation [48], the sensitivity of AF qPCR ranges from 80% to 90%
with a specificity of 100%. Enders and coworkers suggested that
amniocentesis could be performed earlier than 21 weeks’ gesta-
tion without significant loss of sensitivity, but this must be con-
firmed in a larger controlled study [50]. Cases of cCMV with
negative AF qPCR results have been sporadically reported (neg-
ative predictive value of approximately 95%). This may reflect
either low qPCR sensitivity or because transmission occurred
after amniocentesis. Although negative amniocentesis tests for
HCMV do not eliminate the possibility of cCMV infection,
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children with cCMV whose mothers had negative AF tests gen-
erally have better long-term outcomes [51]. Collection of AF
during maternal HCMV DNAemia poses no risk for iatrogenic
transmission of HCMV to the fetus. Maternal DNAemia at the
time of amniocentesis is associated with a 3-fold greater chance
of congenital infection but is not associated with symptomatic
disease [47]. The prognostic value of HCMV-DNA loads in the
AF is controversial. Although high viral loads in AFs may be
associated with symptomatic or asymptomatic cCMV, severe
disease is more likely with high viral loads [52].

While cordocentesis might provide prognostic informa-
tion about outcomes in infected infants, it poses a risk to the
fetus and is not generally recommended for diagnosis of fetal
HCMV infection. The prediction of perinatal outcomes in
HCM V-infected fetuses was enabled via the assessment of mul-
tiple markers (-2 microglobulin, platelet count, and CMV-
DNAemia) [52, 53]. However, the prognostic utility of these
markers needs to be confirmed in studies that include larger
numbers of symptomatic and asymptomatic cCMV cases.

Noninvasive Prenatal Diagnosis

The sensitivity of ultrasound imaging for the detection of cCMV
infection is only approximately 15% [54]. Ultrasound findings
suggestive of fetal infection, presented in theoretical chronolog-
ical order of their development, include placentitis (defined by a
thickness of 4 cm or more and a heterogeneous appearance typ-
ically with calcifications coexisting with hypoechoic areas in the
placenta), oligohydramnios, hyperechogenic bowel that usually
represents meconium ileus, and hepatosplenomegaly and possibly
ascites (due to cholestatic hepatitis and liver insufficiency). Less
common ultrasound findings include anemia-related hydrops and
calcifications of the fetal liver and spleen. Intrauterine fetal growth
restriction can be detected by ultrasound, but it may develop due
to either fetal infection or placental dysfunction. Damage to the
fetal brain is a late finding that can be identified by variable and
progressive features on prenatal imaging [40].

When the HCMYV status of the fetus is known, ultrasound
evaluation is useful for detecting and monitoring fetal abnormal-
ities, such as cerebral abnormalities indicative of severe disease
[55]. Farkas et al evaluated the neurodevelopmental outcome
of HCMYV infected fetuses in whom serial neurosonographic
examinations appeared normal and found that such results
predicted normal early neuropsychological outcomes [56]. In
several well-documented series, normal ultrasound examin-
ations were associated with a residual risk of 1%-5% for severe
infection at birth, including deafness, and 0%-5% for more
severe neurodevelopmental sequelae [54, 56, 57]. A definitive
prognosis for an infected fetus showing either no ultrasound
features or mild anomalies is difficult to establish until about
30 weeks of gestation. Combining targeted ultrasound exami-
nation and magnetic resonance imaging in third trimester fe-
tuses with confirmed HCMV infection provides reliable (95%

sensitivity) identification of central nervous system lesions re-
lated to cCMV infection [58]. Although this is useful, the avail-
ability of accurate prognostic assessments earlier in gestation is
desirable. This is especially crucial in countries where elective
termination of pregnancy is not permitted after 24 weeks of ges-
tation. Table 3 shows the interpretations of prenatal diagnosis
results, performed at 20-21 weeks of gestation, for fetal HCMV
infection counseling.

One important caveat regarding prenatal testing is that cur-
rently available techniques have limitations when considered in
the context of an individual pregnancy. As mentioned above, the
degree of variability of HCMV immunological parameters among
pregnant women is such that these data cannot predict the risk of
fetal HCMYV transmission on an individual case basis [39].

IDENTIFICATION OF INFANTS WITH CONGENITAL
HCMYV INFECTION

Infants with cCMV shed large amounts of virus in saliva and
urine; both specimens are useful for the diagnosis of cCMV
in infants. Specimens for cCMV diagnosis should be collected
from the infant within the first 2-3 weeks of life to distinguish
congenital from postnatally acquired HCMV infection.

Virus isolation by culture from urine or saliva has long been
the gold standard for identifying infants with cCMV [30, 31].
Studies have demonstrated that QNAT of newborn saliva and
urine specimens has high sensitivity and specificity for screening
and diagnosis of infants with cCMV [32-34, 38, 59]. PCR assays
have the advantages of being less expensive, with rapid turna-
round times, and no requirement for maintaining tissue culture
facilities. A DNA extraction step is not required for the QNAT
testing of saliva specimens [33, 38]. PCR is also less affected by
specimen storage and transport conditions and can be adapted
for use in high-throughput newborn screening programs.

Except for the most severely affected, most infants with
cCMV are not identified at birth. This includes infants with
cCMYV who present with milder or nonspecific clinical findings,
or are completely asymptomatic. Because a significant propor-
tion of infants with asymptomatic cCMV (10%-15%) develop
SNHL, implementation of screening programs for detection
of cCMV is being considered internationally. Strategies under
consideration include targeted screening of infants who fail
their hearing screening, those with nonspecific clinical findings
such as intrauterine growth restriction, and preterm infants. An
alternative approach is to screen all newborns for cCMV (uni-
versal screening). Specimens considered for screening purposes
include dried blood spots (DBS), saliva, and urine. In addition,
PCR testing of dried umbilical cord specimens has been used to
retrospectively diagnose cCMV [60, 61].

Dried Blood Spot Testing
In the United States, DBS are collected from all newborns
for metabolic screening. Their potential for relatively easy
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Table 3. Outcome of Fetal HCMV Infections at Birth After Prenatal Testing Performed at 20-21 Weeks' Gestation

Ambniotic Fluid gPCR Ultrasound Findings

Outcome at Birth

Negative Negative

Low viral load Negative

High viral load Severe brain abnormalities

High viral load Negative

No congenital infection (~95% of cases)

Congenital infection without long-term

neurological sequela (~5% of cases)

High probability of asymptomatic

congenital infection

Symptomatic congenital infection

Congenital infection; additional assessments are needed to refine the prognosis

Abbreviations: HCMV, human cytomegalovirus; gPCR, quantitative polymerase chain reaction.

integration into newborn HCMV screening programs has led
to evaluation of their utility for cCMV newborn screening.
Retrospective studies and studies of selected newborn popu-
lations suggested that testing DBS from newborns could be
useful for identifying infants with cCMV [62-65]. In a study of
20 448 infants as part of the HCMV and Hearing Multicenter
Screening Study (CHIMES), HCMYV testing with DBS PCR was
less sensitive than saliva rapid culture, suggesting limited value
for cCMYV screening [66]. The method employed for extraction
of DNA from DBS can affect analytic sensitivity [67]. Efforts
to improve methods for DNA extraction and PCR testing of
DBS to achieve sensitivity sufticient for use in cCMV screening
programs continue [68-71].

Testing of Urine and Saliva Specimens to Screen Newborns for cCMV
Detection of infectious virus or viral antigens in urine or saliva
have long been the gold standard for identification of infants
with cCMYV [30, 31]. Sensitivities for PCR detection of HCMV
DNA are similar with both specimen types (99.7% agreement)
[32, 72]. In a newborn HCMYV screening study, qPCR assays
of dried saliva and liquid saliva specimens were compared to
saliva rapid culture for the detection of HCMV in 34 989 new-
borns; the qPCR methods had 97.4%-100% sensitivity and
99.9% specificity [33]. In a follow-up study, more newborns
were identified by PCR compared to culture-based testing of
saliva samples, with 97.4% concordance between saliva qPCR
and rapid culture (Figure 2) [38, 59].

One of the concerns about testing saliva to detect CMV-
infected infants is the possibility of misidentifying newborn
HCMYV infection due to the presence of HCMYV in the mother’s
genital tract and breast milk. However, in the CHIMES study,
the frequency of HCMV-positive results attributable to breast
milk contamination of saliva qPCR was <0.03% [33]. The fre-
quency remained low even when adjusted for national HCMV
seroprevalence and breastfeeding rates, indicating that sa-
liva PCR results are unlikely to be significantly influenced by
breastfeeding [73]. However, because saliva-based qPCR assays
are not standardized, it is important that individual assays be
evaluated to identify whether a cutoff level is needed to achieve
the optimal balance between sensitivity and specificity. Based
on results from the initial phase of the CHIMES study, a cutoff

CHIMES (06/08 ~11/11)
72 239 infants screened for CMV
[

266 infants with cCMV
confirmed by saliva PCR and RC

[
251 14 1

PCR+ PCR+ PCR~
RC+ RC- RC+

Figure 2. Saliva PCR identifies more newborns with congenital CMV infection
than does a rapid culture assay: data from the CHIMES study [38]. Abbreviations:
cCMV, congenital cytomegalovirus; PCR, polymerase chain reaction; RC, rapid
culture.

value was established of =5 copies/reaction to reliably identify
infants with cCMV and to significantly reduce false-positive re-
sults [33]. Finally, the risk of breast milk contamination of PCR
saliva samples may be further reduced by collecting screening
swabs before feeding. As it is a standard practice to confirm all
newborn screening results, a positive newborn saliva test for
CMYV should be confirmed by collecting and testing either a
second saliva sample or a urine sample (Figure 1C).

The use of a filter-based diaper insert to collect urine for
HCMV screening has demonstrated high sensitivity, low cost,
and low contamination risk; saliva collected on such filters
works as well as urine filters [34]. Using the urine filter-based
assay, 71 cCMV cases were identified from 23 000 newborns
[36]. CMV DNA was undetectable in 3 out of 12 DBS obtained
from HCMV-positive infants, indicating that DBS testing is
insufficiently sensitive for cCMV screening. The filter-based
screening method was successfully introduced into several hos-
pital diagnostic laboratories in Japan [74]. The filter for diaper-
based urine collection was recently changed from the original
FTA-Elute to a new ADVANTEC 4A filter, making it less ex-
pensive, free from minor skin irritations, and more durable in
clinical setting.

Substantial evidence now demonstrates that saliva and urine
collected from infants offer comparably excellent sensitivity,
although each presents challenges when applied to routine
screening. The core issue has transitioned from “saliva versus
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urine” to logistical and experienced-based preferences for “filter
versus liquid” collection.

Implementation of Newhorn CMV Screening in Japan

An approved in vitro diagnostic assay confirmatory nucleic acid
amplification test was required to establish a system for rou-
tine newborn CMYV in Japan. As part of the assay’s evaluation,
universal screening by nucleic acid amplification was compared
with data from a risk-based targeted screening approach. After
assessment of newborns on the basis of 20 clinical or diagnostic
indications (risks) for cCMV infection (see below), 575 were
identified as having suspected cCMV. From this group, all 20
cCMYV cases identified using commercial assays of liquid urine
specimens were also identified by urine-filter screening con-
ducted in parallel [37], with complete concordance between the
2 assays. Compared with universal PCR-based screening, use
of the set of 20 clinical or diagnostic indicators of cCMV risk
provided a substantial enrichment in cCMV cases in the set of
specimens evaluated by the nucleic acid amplification assay.
By reducing the number of tests, the net cost of the screening
program was reduced. Based on these results, the Genelys
CMV (SHINO-TEST) assay was approved as an in vitro diag-
nostic that is eligible for medical insurance coverage in Japan
for HCMV testing of newborns with various indications asso-
ciated with, but not individually specific for, cCMV. These in-
clude fetal abnormalities, tendency toward bleeding, neurologic
sequelae, maternal positive IgM and low Al, fetal ultrasound
abnormalities, and relevant clinical symptoms. Data from this
study led to an update of the 2014 cCMV diagnostic algorithm
recommended by the Japanese Study Group (Figure 1A).

FUTURE DIRECTIONS OF CCMV DIAGNOSIS

Advances in diagnostic capabilities have been essential for de-
veloping our current understanding of HCMV biology and its
roles in human disease.

The use of sensitive and specific CMV qPCR has become the
standard of care for solid organ and hematopoietic stem cell
recipients as a means for monitoring and treating HCMV dis-
ease in transplant patients. Practical and effective approaches
suitable for use in cCMV screening programs have been devel-
oped and implemented in some places. Results from screening
programs of pregnant women in Europe indicate that the
availability of specialized screening laboratories can lead to
reductions in decisions to terminate pregnancy [75].

While significant progress has been made, it is essential
to continue development of an ever-more robust and well-
equipped toolbox for diagnosis of CMV infections in transplant
recipients and in the context of congenital infections. This in-
cludes continued development of clinically applicable assays
for cell-mediated immunity [17, 18, 76], biomarkers such as
soluble HLA-G [77], peptides [78], and cytokines in accessible
bodily fluids [79]. Other areas include improved resolution and

image analysis algorithms for ultrasound detection of fetal ab-
normalities, and application of new methods for nucleic acid
amplification (eg, loop-mediated isothermal amplification) and
microfluidics technologies that offer the possibility of rapid re-
sults at lower cost. Wide application of the recently established
international standard will help to eliminate the observed varia-
bility of DNA-based assay sensitivity [13]. Sensitive and specific
markers are needed for prognostic identification of cCCMV cases
with potential to result in disease that can be used sufficiently
early during gestation to inform pregnancy counseling.

Availability of improved therapeutics will provide additional
motivation to develop improved diagnostic assays and algo-
rithms. Large-scale international clinical and epidemiologic
collaborations will be needed to realize the dream of controlling
the societal burdens imposed by HCMV.
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