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Abstract

Congenital cytomegalovirus (cCMV) infection is the most common cause of neurodevelopmental 

sequelae in the United States (US). The most common long-term disability associated with cCMV 

is sensorineural hearing loss (SNHL). Among children with cCMV-associated SNHL, over 40% 

will pass their newborn hearing screen (NHS). Therefore, to maximize the identification of infants 

at risk for SNHL, there is a strong rationale for universal cCMV screening. Early identification 

of cCMV also allows for the timely commencement of antiviral therapies for some infants, 

which in turn can improve clinical outcomes. Congenital infection must be diagnosed in the 

newborn infant in the first 21 days of life since demonstration of CMV infection beyond this 

time point commonly reflects postnatal acquisition, typically from breastfeeding. Although many 

advocates are enthusiastic about universal cCMV screening (1–3), other experts express hesitancy 

in embracing such a policy recommendation until there is more evidence of cost-effectiveness. 

Moreover, since most infants with cCMV are asymptomatic and have a good prognosis for normal 

neurodevelopmental outcomes, there is concern that universal screening may raise undue anxiety 

for parents of infants with asymptomatic cCMV infection (4). This review considers the pros 

and cons of different cCMV screening approaches, emphasizing enhancing awareness of new and 

emerging approaches for neonatologists in clinical practice.
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Background: Congenital CMV Infection

The overall prevalence of cCMV infection has been reported to range from 0.2% to 

2.5% (5, 6), with an overall prevalence of 0.64% estimated in a meta-analysis (7). The 

economic burden is substantial (8). Congenital transmission rates are higher in low- and 

middle-income countries (9) and vary substantially worldwide (10). The likelihood that 

cCMV will complicate a pregnancy is directly proportional to maternal seroprevalence rates 

in the population being studied (11). As noted in the accompanying manuscript in this issue 
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of Neonatology Today by Hillyer and colleagues (Hillyer et al., 2024), cCMV infection is 

a disease of health disparities that disproportionately impact black and multiracial infants 

(12–16).

Infants with cCMV are at risk for developmental disabilities, in particular, and SNHL. 

Indeed, of all infectious diseases, cCMV is the most common cause of disability in the 

US and probably globally. Most cCMV infections are not clinically apparent, and only 

12.7% of infants are reported to have symptoms at birth (5). Isolated SNHL occurring 

in the setting of cCMV, in the absence of any other clinical, laboratory, or neuroimaging 

evidence of infection, was defined by an international consensus panel as “asymptomatic” 

cCMV (17). These definitions are in flux, and European expert consensus statements have 

defined cCMV-associated SNHL as a “symptomatic” congenital infection (18, 19). Both 

symptomatic and clinically inapparent cCMV infections can result in SNHL. Approximately 

30–50% of those children with clinically apparent cCMV disease (symptomatic infants) and 

8–12% of those children who are born with clinically inapparent infections (asymptomatic 

infants) due to cCMV will either be born with or will subsequently go on to develop SNHL 

(20). Morton and Nance have noted that 21% of cases of SNHL at birth and 25% of cases 

of SNHL that occur by five years of age are caused by cCMV (21). The challenge for 

physicians who care for newborn infants is that over 40% of pediatric SNHL due to cCMV 

infection is not present at birth and, therefore, is missed by the NHS (22–25). The fact 

that SNHL may be delayed in onset and may occur in the absence of other clinically evident 

manifestations of the disease becomes a compelling reason to pursue newborn screening 

programs for cCMV. Early identification of cCMV provides the opportunity to carefully 

perform serial audiological monitoring of infants toward the early identification of SNHL. 

Early identification of SNHL, in turn, can prompt corrective interventions that will optimize 

speech and language outcomes (26).

CMV Screening Approaches: Targeted, Expanded-Targeted, and Universal

SNHL is a major driving force behind cCMV screening. However, NHS is inadequate 

for finding all babies destined to have CMV-associated audiologic difficulties, given the 

frequently delayed-onset pattern of cCMV-associated SNHL. In the absence of cCMV 

screening, many cases of cCMV-associated SNHL will be missed. For those infants with 

cCMV that have delayed-onset SNHL, waiting until a child demonstrates evidence of 

hearing loss to test for CMV is not acceptable. There are three issues to consider:

1. Finding evidence of an active CMV infection in an infant beyond 21 days 

of age cannot be presumed to represent in-utero transmission of the virus 

since postnatal acquisition of CMV, most commonly from breast milk, is 

ubiquitous in breast-fed infants (27), and this mode of infection is not associated 

with SNHL. To be sure, postnatal acquisition of CMV infection in premature 

infants from breast milk is a particular concern for practicing neonatologists. 

Premature infants in the NICU setting may acquire CMV from breast milk, 

and subsequently, these infants may shed virus in urine and saliva. This can 

be a late complication of an infant’s NICU stay, occurring sometimes after 

many weeks of hospitalization. Since pasteurization destroys viral infectivity, 
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donor milk does not pose this risk, although pasteurization does modify salutary 

components of milk (lactoferrin, defensins, leukocytes, etc.). Although such 

postnatal infections may be associated with disease, generally, they are not of 

great clinical significance (28), and there is no evidence to suggest that they 

carry a risk of neurodevelopmental sequelae such as SNHL. Since the finding 

of a positive CMV study from saliva and/or urine in a premature infant in the 

nursery setting after 21 days of age might be mistaken for cCMV infection, a 

routine baseline CMV study obtained in the immediate newborn period should 

be considered for infants at the time of all NICU admissions. This policy, 

recommended in the accompanying manuscript in this issue of Neonatology 
Today by Pesch et al., can improve the clarity of cCMV diagnosis in the NICU.

2. Second and more significantly, waiting until a child has delayed-onset 

SNHL before consideration of the diagnosis of cCMV represents a “missed 

opportunity” where early surveillance and monitoring could have improved 

speech and language outcomes.

3. Third, the practicing neonatologist needs to recognize that the most recent 

edition (2024–2027 edition) of the Red Book published by the American 

Academy of Pediatrics (AAP) now suggests a change in the valganciclovir 

treatment approach for cCMV infection (29). If SNHL can be demonstrated, 

even without other signs and symptoms, a six-week course of oral valganciclovir 

is now recommended. This new development, driven by the results of the 

CONCERT study in The Netherlands, represents a substantial change in clinical 

practice in 2024 (30, 31).

If cCMV screening is warranted, what should be the approach to the establishment and 

structure of such a screening program (Table 1)? An approach that has gained momentum 

throughout the US and Canada in recent years is so-called targeted screening (also known 

as “hearing-targeted” screening). This type of screening is driven by the finding of a “refer” 

or “fail” status on the NHS. A CMV test can be ordered for these newborns that fail the 

NHS (32–41), and such a test can be ordered to evaluate whether congenital infection is 

present. Targeted screening has been implemented in several states in the US. The American 

Academy of Audiology endorsed targeted screening in a publication in 2023 (42). A concern 

with respect to targeted cCMV screening is the intrinsically high failure rate for NHS; most 

infants who “refer” on the NHS have normal hearing (43). The expected percentage of 

targeted screening tests that are positive for cCMV in infants that fail the NHS is not known 

with certainty but appears to fall between 1.5–3% (33, 44, 45).

In addition to infants that fail the NHS, the targeted screening definition has been expanded 

to include a category of expanded targeted screening. In this approach, suggestive clinical 

findings, such as abnormal head size, small-for-gestational-age status, low birth weight 

status, petechial rash, and other findings (44, 46, 47), trigger a targeted screening test. 

Although it might be argued that experienced clinicians know when to consider a diagnosis 

of cCMV infection (48), often there are classic signs and symptoms that are overlooked, 

and cases of cCMV infection are missed (49–51). Of importance to neonatologists is the 

issue of whether newborns that are SGA, IUGR, or have unexplained premature birth should 
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be included in the expanded targeted screening approach. The diagnosis of cCMV should 

probably be considered in all infants with unexplained premature birth since there appears to 

be a higher cCMV prevalence in premature infants (52, 53).

Given the substantial percentage of infants with cCMV who have delayed SNHL, the utility 

of targeted and expanded-targeted cCMV screening is unclear: there is still concern that 

many babies destined to have cCMV-associated hearing loss will be missed. Pesch et al. 

argue that universal screening is the most appropriate solution. With universal screening, 

no cases are missed (assuming a sufficiently sensitive screening test). Recently, advances in 

technology have made the dried blood spot (DBS) a tenable source for newborn screening, 

a cost-effective strategy insofar as the DBS is already routinely collected for the panoply of 

other newborn screening tests that are an intrinsic part of newborn care. Enhanced extraction 

techniques yield a sensitivity of the DBS PCR (for a two-primer-pair comparison) in the 

~85% range (54). Moreover, and as pointed out by the two other articles in this edition of 

Neonatology Today (Pesch et al., 2024; Hillyer et al., 2024), universal screening helps to 

ensure health equity since, in principle, every newborn gets tested in a universal screening 

program.

What do expert groups opine about universal cCMV screening? More recently, the American 

Academy of Otolaryngology and Head and Neck Surgeons endorsed the concept of 

implementation of a universal cCMV screening approach (55). This seems to be the path 

forward and should be considered for implementation as a part of the standard NICU 

admission order set (Pesch et al., 2024). The AAP has not yet taken a position on 

newborn screening for cCMV, although an updated practice guideline for managing cCMV 

is expected in 2024–2025 and may address this question.

CMV Screening Approaches: Is There a Downside?

The potential “downsides” of cCMV screening chiefly center around the issue of whether 

such testing meets the classic Wilson and Jungner (56) criteria for a newborn screenable 

disorder: specifically, the question of the sensitivity of the screening test; the cost-

effectiveness of newborn screening; and the efficacy of inventions for infants found to 

have the infection. The demonstration of enhanced sensitivity of the DBS PCR through 

methodologic improvements shown in recent studies (55) has engendered enthusiasm for 

incorporating cCMV into newborn DBS-based screening programs. Recent reports of high-

throughput universal cCMV screening using a pooled saliva technique also offer the promise 

of enhanced sensitivity at reduced costs (57), although it is essential to be mindful of the 

risks of false positive PCR results (due to colostrum/breast milk) when saliva is used as 

the screening template (58). Minnesota commenced universal DBS-based cCMV screening 

in 2023, and preliminary results from the first year of screening have been reported (59). 

New York State is currently screening all newborns for cCMV, using the DBS as a template, 

under the aegis of a NICHD-sponsored study, and universal screening is likely to continue as 

standard practice beyond the study period. Connecticut also passed legislation in 2023 that 

will mandate universal screening, which is expected to commence in 2025.
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Two other “downsides” of cCMV screening, particularly universal screening, merit 

discussion. First, there is concern that universal screening may create unwarranted parental 

anxiety (a “vulnerable child syndrome”). This stems from the fact that most infants 

identified with cCMV by universal screening are expected to have clinically inapparent 

infections and are predicted to be asymptomatic with a good prognosis for a normal outcome 

(60). Pesch et al. challenged the concern regarding excessive parental anxiety (61), and, 

given a choice, most parents would prefer to know about their child’s cCMV infection, 

even if sequelae never ensued (62). Surveys of women of child-bearing potential support 

universal cCMV screening (63). Second, the concern for over-treatment with antivirals 

(ganciclovir and valganciclovir) is important, particularly for asymptomatic/clinically 

inapparent infections. Although the AAP has recently expanded the indications for antiviral 

therapy (29) to include treatment of otherwise-asymptomatic infants with isolated SNHL, 

universal newborn screening might increase the number of asymptomatic children with 

cCMV receiving antivirals on an unwarranted basis. There is a lack of data on the long-term 

safety of ganciclovir and valganciclovir (64), but even though no human cancers have been 

linked to these drugs, the concerns about the carcinogenic potential of these agents warrant 

continued surveillance.

Conclusion:

In conclusion, the era of cCMV screening is here! Of the cCMV screening options before us

—universal, targeted, expanded-targeted, or none-of-the-above—the only alternative that is 

not acceptable is “none-of-the-above.” Even when confronted with uncertainty in prognosis 

and long-term outcomes, parents prefer to have the knowledge that their infant has a 

cCMV infection (63). Screening will only become more commonplace in the years ahead. 

Two provinces in Canada—Ontario and Saskatchewan—have commenced universal cCMV 

screening, and two states in the US also screen all newborns for this infection—Minnesota, 

through legislative action (the “Vivian Act”) that commissioned the Minnesota Department 

of Health (MDH) to begin screening in 2023 (59), and New York, which currently screens 

all newborn through an NICHD-funded program. New York will almost certainly continue 

screening after the research program has concluded. Connecticut has also passed legislation 

to begin universal cCMV screening in 2025. Many US states currently conduct targeted 

screening for cCMV if infants refer (fail) on the NHS or expanded targeted screening if 

other risk factors are present. The states in the US that have either commenced screening or 

have legislation either submitted or under consideration by stakeholders in cCMV research 

and advocacy are shown in Figure 1 (65). Federal legislation, the “Stop CMV Act,” has 

been introduced in the US Senate (S.3864) by Senators Richard Blumenthal (D-CT), Chris 

Murphy (D-CT), and Roger Marshall (R-KS), and in the US House by Representatives 

(H.R.7542) by Mike Lawler (R-NY) and Greg Landsman (D-OH). The bill authorizes 

funding to states for hospitals and other healthcare entities caring for infants to administer 

congenital CMV tests and to provide standards and procedures for these tests (65). This 

would be a welcome development, and the pediatric and neonatology communities should 

advocate for this legislation.

As screening moves forward, it is imperative that state legislatures that pass bills directing 

health departments to perform targeted or universal screening adequately fund such 
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programs. In Minnesota, the fees in the Vivian Act legislation were generated, in part, 

by increasing the “per specimen” fee for screening by $43 to a total of $220 per specimen 

(Minnesota.gov statutes, 2023). Additional funds were earmarked to fund personnel costs 

required in administration and follow-up. Indeed, the cost of a DBS PCR assay is nominal, 

particularly if the test is included in the costs of other screening assays routinely performed 

in newborns. Instead, the costs are associated with the long-term neurodevelopmental and 

audiology follow-up required for screen-positive infants with confirmed cCMV. Despite the 

costs associated with a cCMV newborn screening program, a recent analysis demonstrated 

that universal cCMV screening was more cost-effective and averted more cases of severe 

hearing loss than did targeted cCMV testing—even in areas of low overall CMV prevalence 

(66). These observations are encouraging, but more data is needed on the cost-effectiveness 

of screening, parental acceptance of screening, the ideal substrate for testing (DBS or 

saliva), and the efficacy of and indications for antiviral treatments. As clinical practice 

evolves, health equity is also critical, as Hillyer et al. discussed in this Neonatology Today 
issue (Hillyer et al., 2024). Even as newborn screening moves forward, maternal education 

programs and preconception vaccines are needed to help reduce the disease and disability 

burdens associated with cCMV.
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Figure 1. 
Map of states in the US that currently either conduct targeted or universal cCMV screening, 

states that have legislation pending or under consideration, and states where there is 

stakeholder interest in legislation. Three states have universal cCMV screening: Minnesota, 

which commenced screening through legislation (the Vivian Act) in 2023; New York, which 

currently conducts universal cCMV screening through a NICHD-sponsored program, with 

a plan to incorporate screening permanently into the newborn screening program; and 

Connecticut, which passed legislation in 2023 (HB8821) to commence universal screening 

in 2025. All three states base the universal cCMV screen on DBS PCR analysis. (adapted 

from https://www.nationalcmv.org/about-us/advocacy)
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