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IMPORTANCE Congenital cytomegalovirus (cCMV) infection is a major cause of childhood
deafness. Most cCMV infections are not diagnosed without newborn screening, resulting in
missed opportunities for directed care.

OBJECTIVE To estimate the cost-effectiveness of universal and targeted newborn cCMV
screening programs compared with no cCMV screening.

DESIGN, SETTING, AND PARTICIPANTS Models were constructed using rates and outcomes
from prospective cohort studies of newborn cCMV screening in US postpartum care and early
hearing programs. Costs of laboratory testing, treatment, and hearing loss were drawn from
Medicaid data and published estimates. The benefits of cCMV screening were assumed to
come from antiviral therapy for affected newborns to reduce hearing loss and from earlier
identification of hearing loss with postnatal onset. Analyses were performed from July 2014
to March 2016.

INTERVENTIONS Models compared universal or targeted cCMV screening of newborns with a
failed hearing screen, with standard care for cCMV infection.

MAIN OUTCOMES AND MEASURES The incremental costs of identifying 1 cCMV infection,
identifying 1 case of cCMV-related hearing loss, and preventing 1 cochlear implant; the
incremental reduction in cases of severe to profound hearing loss; and the differences in
costs per infant screened by universal or targeted strategies under different assumptions
about the effectiveness of antiviral treatment.

RESULTS Among all infants born in the United States, identification of 1 case of cCMV
infection by universal screening was estimated to cost $2000 to $10 000; by targeted
screening, $566 to $2832. The cost of identifying 1 case of hearing loss due to cCMV was as
little as $27 460 by universal screening or $975 by targeted screening. Assuming a modest
benefit of antiviral treatment, screening programs were estimated to reduce severe to
profound hearing loss by 4.2% to 13% and result in direct costs of $10.86 per newborn
screened. However, savings of up to $37.97 per newborn screened were estimated when
costs related to functionality were included.

CONCLUSIONS AND RELEVANCE Newborn screening for cCMV infection appears to be
cost-effective under a wide range of assumptions. Universal screening offers larger net
savings and the greatest opportunity to provide directed care. Targeted screening also
appears to be cost-effective and requires testing for fewer newborns. These findings suggest
that implementation of newborn cCMV screening programs is warranted.
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C ytomegalovirus (CMV) is the most common congeni-
tal infection and a leading cause of childhood hearing
loss, cognitive deficits, and visual impairment. The

prevalence of congenital CMV (cCMV) infection has been es-
timated to be 0.64% at birth, which translates into more than
20 000 neonates with congenital infection born annually in
the United States.1 Of these neonates, at least 3000 are esti-
mated to develop permanent neurologic disabilities each year
due to cCMV infection.2,3 Approximately 10% to 25% of all
childhood sensorineural hearing loss (SNHL) can be attrib-
uted to cCMV infection.4,5 With an estimated annual cost of
up to $4 billion in the United States, cCMV infection is an enor-
mous public health concern.2

A minority of newborns with cCMV infection have clini-
cally evident manifestations of disease at birth, which are
largely nonspecific. As many as 50% of these symptomatic in-
fants will experience neurologic sequelae, including SNHL. An
additional 10% to 15% of the asymptomatic newborns will ex-
perience SNHL due to cCMV infection that can be present at
birth or appear years later.6,7 A definite diagnosis of cCMV re-
quires direct viral detection in saliva, urine, or blood samples
during the first 2 to 3 weeks of life; if detected later, postnatal
CMV infection cannot be excluded. Polymerase chain reac-
tion (PCR) analysis for CMV in saliva samples is sensitive, con-
venient, and amenable to large-scale screening.8 At present,
diagnosis of cCMV infection depends largely on clinical sus-
picion. However, only a small proportion of symptomatic cCMV
infections (and essentially none of the asymptomatic ones) are
diagnosed using this approach.9-14 All infants with cCMV in-
fection, symptomatic or asymptomatic, may benefit from early
diagnosis for anticipatory guidance, early identification of late-
onset hearing impairment, and appropriate support.3 Treat-
ment of newborns with symptomatic cCMV infection with the
antiviral drug valganciclovir hydrochloride for 6 months also
results in improved hearing and developmental outcomes.15

Although universal newborn screening offers the benefit
of identifying all infected infants, the low sensitivity of CMV
testing reported using dried blood spots8,16 (the sample used
for all other universal newborn laboratory testing) means that
an additional sample is required (ie, saliva or urine). In addi-
tion, most infants with cCMV infections (approximately 80%)
will not develop CMV-related disability and therefore would
not benefit from screening. Thus, cCMV screening strategies
aimed at high-risk newborns have been evaluated, most com-
monly targeting infants with a failed newborn hearing
screen.17,18 Targeted cCMV screening based on failed new-
born hearing screens would not capture infections that result
in late-onset hearing loss. Although estimates have been cal-
culated for the benefits of universal screening3 and the cost
of targeted screening programs,19,20 formal cost-effective-
ness analyses have not been performed for either strategy.

Methods
Model Structure
We constructed the following 2 models to estimate the effect
of cCMV screening programs on hearing loss and costs com-

pared with standard care for most newborns (no screening):
one to evaluate universal newborn screening and one for tar-
geted screening (eFigure in the Supplement). Because this
study used only secondary data in aggregate, it was ex-
empted from human subjects protection review by the Uni-
versity of British Columbia.

Rates and Outcomes of cCMV Infection and
Related Hearing Loss
The prevalence of cCMV infection at birth was assumed to be
0.5% based on the CMV and Hearing Multicenter Screening
(CHIMES) study,16 in which approximately 100 000 new-
borns were screened in 7 US sites. In the universal cCMV screen-
ing model, all newborns underwent testing for cCMV infec-
tion within 3 weeks of birth using PCR analysis of an oral swab,
which has 97% sensitivity and 99% specificity.8 With tar-
geted screening, only newborns with failed hearing screens un-
derwent testing for cCMV infection. Targeted cCMV screen-
ing was assumed to take place before a comprehensive
audiologic evaluation given that this evaluation is typically only
performed after 3 weeks of age. We assumed that 1.5% of new-
borns have a failed hearing screen and that, of these, 10% will
have confirmed hearing loss.21 Based on previous data,4,5 we
estimated that 13.3% of all infants with hearing loss at birth had
cCMV infection. The prevalence of cCMV infection and the like-
lihood of late-onset hearing loss among infants with a false-
positive hearing screen result (ie, newborns found to have nor-
mal hearing by auditory brainstem response evaluation) were
assumed to be the same as for the general population. We con-
servatively assumed that 25% of symptomatic cCMV infec-
tions would be diagnosed clinically (ie, identified without
screening) and treated with an antiviral.3,9-14 Estimates for the
timing and severity of hearing loss were based on 551 chil-
dren with cCMV infection identified through a universal new-
born screening program from 1980 to 2001 and evaluated pro-
spectively as previously described.22

Assumptions and Statistical Analysis
Analyses were performed from July 2014 to March 2016. We
used a real discount rate of 1%, which approximates the cur-
rent interest rate on 30-year, inflation-protected US bonds.
Medicaid reimbursement rates were used for all cost esti-
mates unless otherwise specified. We estimated screening costs

Key Points
Question Is newborn screening for congenital cytomegalovirus
(cCMV) infection cost-effective?

Findings In a cost-effectiveness study that compared universal
(for all newborns) or targeted cCMV screening (newborns with a
failed universal newborn hearing screen) with no screening under
a wide range of assumptions regarding the US costs of testing,
treatment, and hearing loss related to cCMV infection, universal
and targeted cCMV screening were relatively low cost, or cost
saving if costs related to lost productivity were included.

Meaning Universal and targeted newborn screening programs for
cCMV infection in the United States appear to be cost-effective.
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of $10 to $50 per newborn undergoing testing,19,20 which in-
cludes the oral swab and CMV PCR analysis and a confirma-
tory urine PCR analysis for any newborns with a positive test
result.23 We did not include administrative costs; we acknowl-
edge that start-up costs to add CMV screening to existing pro-
grams might increase costs, but these are expected to be one
time and modest given the assumption that infrastructure al-
ready in place for newborn screening would be used. For ex-
ample, all US states have established universal newborn screen-
ing programs for hearing loss by audiometry and for genetic
diseases using dried blood spots.

Infants with confirmed cCMV infection were assumed to
undergo a medical evaluation. Those with a failed hearing
screen were also assumed to have an expedited comprehen-
sive audiologic evaluation within the first month of life (rather
than by 3 months24) to guide the use of antiviral treatment. All
cCMV-infected children without hearing loss at birth were as-
sumed to have audiologic testing every 6 months to monitor
for late-onset hearing impairment24; this follow-up was as-
sumed to lead to earlier identification of hearing loss by a mean
of 24 months. These follow-up costs end at the sixth birthday
or when hearing loss is discovered. For infants with asymp-
tomatic infection who have no hearing loss at birth, antiviral
treatment is not recommended and no consensus exists on
other testing. For infants with symptomatic infections at birth,
with or without hearing loss, antiviral treatment with valgan-
ciclovir is indicated given evidence of improved hearing
outcomes.15 All infected newborns with symptoms and/or hear-
ing loss at birth were also assumed to undergo basic labora-
tory testing, cranial ultrasonography, and ophthalmologic ex-
amination. We assumed that all infants with an abnormal
finding on ultrasonography or on a neurologic examination
would undergo brain magnetic resonance imaging and that
these results would represent 20% of symptomatic and 1% of
asymptomatic infants identified as a result of CMV screen-
ing. Identification of cCMV infection through screening was
assumed to save the costs of testing for other common causes
of hearing loss.25

For infants with infection and hearing loss at birth but no
other apparent disease, equipoise exists among experts about
whether antiviral therapy is indicated.18,19,26,27 As such, the uni-
versal and targeted screening were modeled with and with-
out antiviral treatment of this group. Costs of drugs and moni-
toring for toxic effects were included for all children treated
with valganciclovir. Costs savings were based on a recent trial26

that found improved outcomes at 24 months in 77% of new-
borns treated with 6 months vs 6 weeks of valganciclovir. Be-
cause approximately 22% of infants were observed to im-
prove without treatment in an earlier trial,28 we estimated that
the current standard treatment improves hearing in approxi-
mately half of symptomatic infants. We therefore modeled the
effect of antiviral treatment so that 50% of children in each
hearing loss category were assumed to improve by 1 hearing
loss category; that is, 50% of children who would have had pro-
found hearing loss had severe hearing loss; 50% who would
have had severe hearing loss had moderate hearing loss; 50%
who would have had moderate hearing loss had mild hearing
loss; and 50% who would have had mild hearing loss had nor-

mal hearing. We assumed that benefits are permanent and that
this treatment has no effect on hearing loss with onset after
24 months. We applied this effect to all cases of hearing loss
that developed within 2 years of birth for children with symp-
tomatic infection. We assumed the same antiviral benefits if
given to children who had hearing loss at birth but were oth-
erwise asymptomatic. Although valganciclovir treatment of
symptomatic cCMV infection may also result in improved neu-
rocognitive outcomes,26 these outcomes were not included ow-
ing to insufficient data to estimate the associated benefits and
costs. We also modeled the cost-effectiveness of cCMV screen-
ing using higher and lower antiviral effectiveness and in the
absence of antiviral treatment for any child.

Cost savings for children with asymptomatic cCMV infec-
tion without hearing loss at birth and for symptomatic chil-
dren with onset of hearing loss beyond 24 months are as-
sumed to result from earlier identification of hearing loss by
virtue of repeated follow-up audiologic evaluations. Early iden-
tification has been found to reduce the functional impair-
ments resulting from hearing loss.29 Kennedy et al30 found that
early identification of hearing loss resulting from newborn
hearing screens was associated with a 24% improvement in re-
ceptive language compared with no screening. We assumed
that the impact of early intervention for late-onset hearing loss
was one-half that for hearing loss present at birth, which is con-
sistent with other estimates.31 As such, we estimated a 12% re-
duction in the costs associated with any category of hearing
loss owing to the earlier identification of hearing loss that re-
sults from cCMV screening and audiologic follow-up.

Once hearing loss was identified, costs of care were bro-
ken down into the following 4 categories: (1) medical, (2) au-
diologic, (3) equipment, and (4) therapy and special educa-
tion programs. We assumed that only 50% of cases of bilateral
profound hearing loss receive a cochlear implant32-34 at a cost
of $100 000.20 We also estimated the costs related to loss of
productivity as an adult. We assumed no loss of productivity
for adults with mild or moderate hearing loss. For severe and
profound hearing loss, the loss of productivity was estimated
to be $926 000 in 2016 US dollars.35 Life expectancy was as-
sumed to be 79 years. Modeling estimates were generated using
Excel software (version 2010; Microsoft Corp).

Results
The net financial impact of universal or targeted cCMV screen-
ing was calculated as the sum of the screening-related costs
(Table 1) and the difference between the hearing loss–related
costs derived from the Special Education Expenditure Project36

(Table 2) with and without screening. We assumed the follow-
ing 2 screening effects: (1) an improvement in hearing owing
to antiviral therapy for infants with clinical manifestations of
cCMV infection at birth and (2) benefits resulting from earlier
identification of hearing loss and earlier interventions. The
proportion of infants with cCMV infection who developed
hearing loss, categorized as mild to moderate or severe to pro-
found, at a given age is shown in Table 3. The total proportion
of symptomatic infections in this cohort was 14%, which is
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similar to the mean proportion from published screening
studies.3 Among all 551 children with cCMV infection, 22
(4.0%) had hearing loss at birth (consistent with cCMV infec-
tion accounting for approximately 2 cases of SNHL per 10 000
population or 13.3% of all SNHL at birth), and 71 (12.9%) devel-
oped hearing loss at any time, which is again consistent with
published estimates.3,4,6,7

The total costs to identify 1 case of cCMV infection and 1
case of cCMV-related hearing loss using the universal and tar-
geted screening models and with a range of testing costs are
shown in Table 4. The cost to prevent cochlear implantation
for 1 child was estimated to be as little as $39 401, assuming

antiviral treatment of symptomatic infants identified by tar-
geted screening with a moderately inexpensive test. How-
ever, we estimated a cost ranging from $4 064 157 to
$12 620 277 to prevent cochlear implantation for 1 child through
universal screening depending on the cost of the test used.

Depending on assumptions related to antiviral treat-
ment, the results of the universal and targeted screening mod-
els ranged from modest direct costs of $10.86 (sensitivity analy-
sis, $6.97 to $14.73) to net savings of $37.97 (sensitivity analysis,
$14.60 to $61.34) per newborn undergoing screening (Table 5).
Both screening approaches were more cost-effective if anti-
viral therapy was assumed to be given and effective for iso-
lated hearing loss at birth rather than just to newborns with
clinically evident symptoms of cCMV infection. Even in the ab-
sence of any antiviral treatment, the direct costs of screening
were modest, ranging from $2.01 per newborn undergoing tar-
geted screening to $14.16 per newborn undergoing universal
screening. Without treatment, the benefits of screening were
derived exclusively from early identification of late-onset hear-
ing loss. Under all assumptions, universal screening was slightly
more cost-effective than targeted screening when the total life-
time functional cost of hearing loss was included.

Discussion
Newborn cCMV screening strategies have been increasingly rec-
ognized for their potential medical benefits.3,17,18,27 Debate
about these programs has increased as a result of recent ad-
vances in diagnosis and treatment. Convenient, accurate, and
inexpensive testing for cCMV in newborns with the use of oral
swabs is now available.8,23 In addition, randomized clinical trial
data indicate that oral antiviral therapy for symptomatic cCMV
infection is safe and effective.26 Available evidence indicates
that current approaches to identification of newborns with
cCMV-related disease are inadequate, and most infants with
a cCMV infection will not receive timely and appropriate care
in the absence of some type of screening program.3,13,14

Targeted cCMV screening, triggered by suspected new-
born hearing loss, has been shown to be feasible in the United
States and United Kingdom.17,18 Notably, offering cCMV test-
ing for newborns with hearing loss is mandated by law in some
US states.37 Preliminary reports of the cost of these programs
are comparable to those of other screening programs.19,20 Al-
though universal newborn screening could benefit thou-
sands of children per year in the United States,3 it has not been
adopted for cCMV infection, in part because of questions re-
garding cost-effectiveness. We find that universal and tar-
geted screening programs appear to reduce total costs under
most assumptions.

The major strength of this study is a comprehensive analy-
sis of all of the costs related to newborn cCMV screening using
data derived from large prospective cohorts. Net savings from
universal screening were estimated to be greater than those
from targeted screening, although screening costs are higher.
Savings from screening strategies are derived from improved
hearing with antiviral treatment of affected newborns but also
from earlier detection of late-onset hearing loss. One impor-

Table 1. Cost Assumptions Associated With Newborn cCMV Screeninga

Screening Item Cost, $ Comments
All screened newborns

Collection and CMV PCR
testing of oral swab

10-50
per test

Cost depends on volume
and efficienciesb

All newborns with cCMV
infection

Medical evaluation 150.38 Pediatric clinic visit to follow
up positive CMV test result
and investigate signs of
infection

Symtomatic newborns with
cCMV infection and/or
hearing loss at birth

Laboratory testing 23 CBC count and serum
chemistry panel

Cranial ultrasonography 82.03 To evaluate for brain
abnormalities due to cCMV
infection

Brain MRI 560.00 Performed on a proportion of
infants (eg, those with
abnormal findings of cranial
ultrasonography)

Ophthalmology
examination

115.44 To rule out CMV retinitis

All newborns with cCMV
infection without hearing
loss at birth

Audiologic follow-up 152.76
per visit

Every 6 mo until the
development of late-onset
hearing loss or 6 y of agec;
includes otoacoustic emission
testing tympanometry and the
cost of the audiologist’s time

All treated newbornsd

Valganciclovir
hydrochloride

4400 6-mo course, including
dispensing fees

Laboratory monitoring 385 CBC count and serum
chemistry panel performed
8 times during valganciclovir
therapy

Abbreviations: CBC, complete blood cell; cCMV, congenital cytomegalovirus;
MRI, magnetic resonance imaging; PCR, polymerase chain reaction.
a All costs are in current US dollars. Costs that would be incurred even in the

absence of cCMV screening (eg, newborn hearing screening studies) are not
included.

b The range of costs for CMV PCR is conservatively high and includes
confirmation of positive swab results with a urine PCR analysis according to
current estimates.23

c Late-onset hearing loss due to cCMV infection rarely occurs after 6 years of
age; children older than 6 years are expected to receive routine hearing
screening for school-aged children.24

d Different indications for treatment (eg, symptoms at birth or symptoms
and/or hearing loss at birth) were modeled given the equipoise among
experts.
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tant limitation is that the precise long-term benefits of anti-
viral therapy, an important component of our models, are not
well defined.15 As such, we performed sensitivity analyses
across a wide range of valganciclovir efficacy. Under the ex-
treme assumption that no effective antiviral therapy is avail-
able, we found that universal and targeted screening would still
be nearly neutral with respect to net costs. However, strong
evidence suggests that inhibitors of CMV replication improve
the outcomes of children with cCMV infection.15,27 Further-
more, the benefits of antiviral therapy may well increase as a
result of longer treatment courses and/or regimens that in-
clude more effective agents.38-41

The impact of earlier identification of late-onset hearing
loss due to cCMV infection is also not well defined, and dif-
ferent estimates would affect the cost-effectiveness of screen-
ing, particularly using the universal approach. We did not es-
timate the effects of screening or treatment on cognitive
outcomes owing to insufficient information on which to base
costs and effect despite evidence that antiviral therapy ap-
pears to improve developmental outcomes.15 If antiviral treat-
ment does reduce intellectual disability, cost savings of cCMV
screening would likely increase dramatically.42

Other limitations include our estimates of the costs of
screening, costs associated with hearing loss, and assump-
tions about the impact of early intervention. As such, we
evaluated a range of CMV PCR costs that include recent
estimates.19,20 Even if testing costs were as high as $50, uni-
versal screening would still be roughly cost neutral under
some scenarios in our model. These estimates are highly con-
servative given experience with per-sample PCR costs of less
than $10 in other newborn screening programs.43 Newborn
PCR-based screening programs for other diseases have
already demonstrated the possibility for cost savings,43,44

and the costs of high-throughput molecular diagnostics will
likely continue to decrease. Other efficiencies might further
increase savings. For example, improving the specificity of
screening for hearing or timeliness of confirmatory audio-
logic evaluation could reduce the number of CMV tests using
a targeted screening strategy. Identification of infants with
cCMV infection could result in costs for use of health care
resources that exceed our estimates (eg, excessive use of
magnetic resonance imaging of the brain), which would
reduce the savings associated with screening. On the other
hand, although we assumed some cost savings from

Table 2. Annual Cost Assumptions for Care of Children With Hearing Loss Due to cCMV Infectiona

Age Group by Severity
of Hearing Loss

Service and Cost
Total Cost
per Infant, $Medicalb Audiologyc Equipmentd Therapye

From identification of hearing loss to <6 y

Mild to moderate ENT yearly ($100 first visit;
$66 each subsequent visit)

OAE, tympanometry, and VRA
every 6 mo ($305.52)

Hearing aids ($1144),
FM system ($334)

0 $1850
($1884 the first year)

Severe to profound ENT yearly ($100 first visit;
$66 each subsequent visit)

OAE, tympanometry, and VRA
every 6 mo ($305.52)

Hearing aids ($858),
FM system ($668)

$6907 $8805
($8839 the first year)

6 to <13 y

Mild to moderate ENT every 2 y ($22 per year) OAE, tympanometry, and play
audiometry yearly ($178.55)

Hearing aids ($1001),
FM system ($334)

0 $1536

Severe to profound ENT every 2 y ($22 per year) OAE, tympanometry, and play
audiometry yearly ($178.55)

Hearing aids ($751),
FM system ($668)

$19 151 $20 771

13 to <18 y

Mild to moderate ENT once ($13.20) OAE, tympanometry, and
conventional audiometry yearly
($178.55)

Hearing aids ($1001),
FM system ($334)

0 $1527

Severe to profound ENT once ($13.20) OAE, tympanometry, and
conventional audiometry yearly
($178.55)

Hearing aids ($751),
FM system ($668)

$19 151 $20 762

≥18 y

Mild to moderate None None $948 0 $948

Severe to profound None None $948 0 $948

Abbreviations: cCMV, congenital cytomegalovirus; ENT, ear, nose, and throat;
FM, frequency modulation; OAE, otoacoustic emissions; VRA, visual
reinforcement audiometry.
a All costs are in 2016 US dollars. All hearing loss due to cCMV infection is

assumed to occur by 6 years of age.
b Otolaryngology (ENT) visits are estimated to occur at the frequency shown to

evaluate changing hearing loss or other issues identified by audiologic
follow-up. Visits are expected to be rare beyond 18 years of age and are
therefore excluded.

c Costs include audiologist time. The cost of auditory brainstem response
required to confirm audiometry results for a small minority of children is
excluded.

d We assumed that 50% of children with mild to moderate and all with severe to
profound hearing loss receive FM systems; that all children with hearing loss

receive hearing aids; and that 50% of children with severe to profound
hearing loss receive cochlear implants at a 1-time cost of $100 000, after
which they no longer incur hearing aid costs. The yearly cost for FM systems
have been calculated based on binaural fitting with replacement every 5 years,
including estimated costs for maintenance, repair, and replacement parts
using a representative retail price. The yearly costs for hearing aids have been
calculated based on binaural amplification with replacement every 4 years,
including ear molds, batteries, and fitting fees.

e For those younger than 6 years, includes any program designed to optimize
the development of language, speech, and communication for preschoolers.
Therapy for school-aged children includes speech therapy and assistance with
schooling, such as note taking. Costs are derived from the Special Education
Expenditure Project.36

Cost-effectiveness of Newborn Screening for Congenital Cytomegalovirus Infection Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics December 2016 Volume 170, Number 12 1177

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/peds/935880/ by a University of British Columbia User  on 06/23/2017

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2016.2016


Copyright 2016 American Medical Association. All rights reserved.

Table 3. Timing and Severity of Hearing Loss Among Children With cCMV Infection

Timing of Onset by Severity
of Hearing Lossa

All Children With cCMV Infection, No. (%)

Symptomaticb Asymptomatic Total
At birth

Mild to moderate 4 (0.7) 6 (1.1) 10 (1.8)

Severe to profound 6 (1.1) 6 (1.1) 12 (2.2)

≤12 mo

Mild to moderate 3 (0.5) 6 (1.1) 9 (1.6)

Severe to profound 5 (0.9) 8 (1.5) 13 (2.4)

>12 to 24 mo

Mild to moderate 2 (0.4) 1 (0.2) 3 (0.5)

Severe to profound 0 0 0

>24 to 36 mo

Mild to moderate 2 (0.4) 1 (0.2) 3 (0.5)

Severe to profound 0 1 (0.2) 1 (0.2)

>36 to 48 mo

Mild to moderate 0 5 (0.9) 5 (0.9)

Severe to profound 0 0 0

>48 to 60 mo

Mild to moderate 0 3 (0.5) 3 (0.5)

Severe to profound 0 0 0

>60 mo

Mild to moderate 5 (0.9) 5 (0.9) 10 (1.8)

Severe to profound 1 (0.2) 1 (0.2) 2 (0.4)

None identified 49 (8.9) 431 (78.2) 480 (87.1)

Total 77 (14.0) 474 (86.0) 551 (100)

Abbreviation: cCMV, congenital
cytomegalovirus.
a Mild to moderate severity indicates

greater than 20 to 70 dB; severe to
profound severity, greater than
70 dB (based on worst ear).

b Indicates symptoms at birth, not
including hearing loss.

Table 4. Estimated Mean Incremental Costs per Newborn to Identify Cases of cCMV Infection and Related Hearing Loss

Cost

Screening Strategy, $a

Universal Targeted

10/Test 50/Test 10/Test 50/Test
Cost to identify 1 cCMV infection 2000 10 000 566 2832

Cost to identify 1 cCMV-related hearing loss 27 460 90 038 975 3916

Cost to prevent 1 cochlear implantb 4 064 157 12 620 277 39 401 271 947

Abbreviation: cCMV, congenital cytomegalovirus.
a All costs are in 2016 US dollars.
b Assumes valganciclovir hydrochloride treatment of only symptomatic

newborns, calculated as the number of newborns who needed to be screened
to prevent 1 cochlear implant case multiplied by the incremental cost of
screening, follow-up, and valganciclovir per newborn screened.

Table 5. Estimated Mean Savings of Newborn cCMV Screening Strategiesa

Outcome

Screening Strategyb

Universal Targeted

Treat
cCMV-Infected
Symptomatic
Newborns Only

Treat cCMV-Infected
Symptomatic Plus
Asymptomatic
Newborns With
Hearing Loss at Birth

No
Treatment

Treat
cCMV-Infected
Symptomatic
Newborns Only

Treat cCMV-Infected
Symptomatic Plus
Asymptomatic
Newborns With
Hearing Loss at Birth

No
Treatment

Reduction in severe to profound cases
enabled by screening, %

7.5
(2.5 to 12.6)

13
(5.3 to 21)

NA 4.2
(1.4 to 7)

9.7
(4.1 to 15.2)

NA

Costs/savings per newborn excluding
loss-of-productivity costs, $

−10.86
(−14.73 to
−6.97)

−6.83
(−12.98 to −0.68)

−14.16 0.90
(−0.82 to 3.51)

4.95
(0.50 to 9.15)

−2.01

Net costs/savings per newborn including
loss-of-productivity costs, $

21.34
(6.54 to 36.17)

37.97
(14.60 to 61.34)

1.67 10.66
(2.57 to 19.67)

27.31
(10.21 to 43.59)

−1.80

Abbreviations: cCMV, congenital cytomegalovirus; NA, not applicable.
a Assumes a screening test cost of $10 per newborn. All costs/savings are in

2016 US dollars.
b Treatment consists of valganciclovir hydrochloride. Values shown are derived

using the estimated benefit of valganciclovir on hearing loss as described in
the Methods section, with a sensitivity analysis shown in parentheses in which
the estimated benefit is 50% lower or higher.
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decreased use of diagnostic testing for other common causes
of hearing loss among newborns diagnosed with cCMV infec-
tion, other costs might be saved by avoiding “the diagnostic
odyssey.”3(p293) The true proportion of newborn hearing loss
due to cCMV infection is also uncertain4,5 but has implica-
tions for the cost-effectiveness of targeted CMV screening.

Limited information is available about the costs associ-
ated with hearing loss. We estimated total lifetime costs of
$280 000 for children with severe or profound hearing loss,
plus an estimated productivity loss of $926 000, for a total cost
of approximately $1.2 million, which is consistent with other
estimates.35,45 We also provide results with and without costs
related to the loss of productivity. A major contributor to these
costs is educational assistance. Our estimate of the cost of edu-
cational assistance for severe and profound hearing loss with
onset before age 6 years is approximately $230 000. Al-
though estimates vary in other studies from about $135 00046

to $290 000,35 using the extremes of this range of educa-
tional assistance cost does not have a major effect on the model.
For example, if educational assistance costs of $135 000 are
used, the savings estimate of universal cCMV screening with

antiviral treatment for symptomatic newborns and for new-
borns with hearing loss at birth falls from $37.97 per newborn
to approximately $30. Because hearing loss has lifetime ef-
fects, the discount rate used in calculations is an important con-
sideration. Varying the discount rate from 1% to 3% increases
the present value net cost estimate by approximately $3 per
newborn for universal screening and by approximately $1.50
per newborn for targeted screening.

Conclusions
We found that screening newborns for cCMV infection is gen-
erally associated with cost savings, or is essentially cost neu-
tral from the perspective of net public spending, across a wide
range of assumptions. These results, combined with the re-
ported clinical benefits3,15 and high parental acceptance,19,47,48

appear to satisfy accepted criteria for newborn screening.49

Thus, in the absence of a vaccine or other effective methods
to prevent cCMV infection, newborn cCMV screening ap-
pears warranted in the United States.

ARTICLE INFORMATION

Correction: This article was corrected online
October 31, 2016, to fix the corresponding author’s
email address.

Accepted for Publication: June 2, 2016.

Published Online: October 10, 2016.
doi:10.1001/jamapediatrics.2016.2016

Author Affiliations: Department of Pediatrics,
University of British Columbia, Vancouver, British
Columbia, Canada (Gantt, Goshen); Department of
Pathology and Laboratory Medicine, University of
British Columbia, Vancouver, British Columbia,
Canada (Gantt, Goldfarb); BC Children’s Hospital,
Vancouver, British Columbia, Canada (Gantt, Kozak,
Goldfarb); Centre for Clinical Epidemiology and
Evaluation, Vancouver, British Columbia, Canada
(Dionne); Department of Surgery, University of
British Columbia, Vancouver, British Columbia,
Canada (Kozak); Department of Surgery, University
of Utah, Salt Lake City (Park); Department of
Pediatrics, University of Alabama, Birmingham
(Boppana, Fowler); Department of Microbiology,
University of Alabama, Birmingham (Boppana);
Department of Epidemiology, University of
Alabama, Birmingham (Fowler).

Author Contributions: Dr Gantt had full access to
all the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Concept and design: Goshen, Park.
Acquisition, analysis, or intepretation of data: Gantt,
Kozak, Goldfarb, Park, Boppana, Fowler.
Drafting of the manuscript: Gantt, Dionne, Goshen,
Boppana.
Critical revision of the manuscript for important
intellectual content: Gantt, Kozak, Goldfarb, Park,
Boppana, Fowler.
Statistical analysis: Gantt, Dionne.
Obtaining funding: Gantt, Fowler.
Administrative, technical, or material support:
Gantt, Goshen, Goldfarb, Park, Fowler.
Study supervision: Park.

Conflict of Interest Disclosures: Dr Gantt reports
receiving research support from VBI Vaccines Inc
and consulting fees from Omeros. No other
disclosures were reported.

Funding/Support: This study was funded by an
establishment award from the Child & Family
Research Institute (Dr Gantt); grants HHS-N-263-
2012-00010-C and P01 HD10699 (Drs Fowler and
Boppana) and grant R01 DC02139 (Dr Fowler) from
the National Institute on Deafness and Other
Communication Disorders, National Institutes of
Health (NIH); and grant P01 AI43681 from the
National Institute of Allergy and Infectious Disease,
NIH (Drs Fowler and Boppana).

Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

REFERENCES

1. Kenneson A, Cannon MJ. Review and
meta-analysis of the epidemiology of congenital
cytomegalovirus (CMV) infection. Rev Med Virol.
2007;17(4):253-276.

2. Stratton KR, Durch JS, Lawrence RS. Vaccines for
the 21st Century: A Tool for Decisionmaking.
Washington, DC: National Academies Press; 2000.

3. Cannon MJ, Griffiths PD, Aston V, Rawlinson WD.
Universal newborn screening for congenital CMV
infection: what is the evidence of potential benefit?
Rev Med Virol. 2014;24(5):291-307.

4. Morton CC, Nance WE. Newborn hearing
screening: a silent revolution. N Engl J Med. 2006;
354(20):2151-2164.

5. Goderis J, De Leenheer E, Smets K, Van Hoecke
H, Keymeulen A, Dhooge I. Hearing loss and
congenital CMV infection: a systematic review.
Pediatrics. 2014;134(5):972-982.

6. Foulon I, Naessens A, Foulon W, Casteels A,
Gordts F. A 10-year prospective study of

sensorineural hearing loss in children with
congenital cytomegalovirus infection. J Pediatr.
2008;153(1):84-88.

7. Fowler KB. Congenital cytomegalovirus
infection: audiologic outcome. Clin Infect Dis. 2013;
57(suppl 4):S182-S184.

8. Boppana SB, Ross SA, Shimamura M, et al;
National Institute on Deafness and Other
Communication Disorders CHIMES Study. Saliva
polymerase-chain-reaction assay for
cytomegalovirus screening in newborns. N Engl J
Med. 2011;364(22):2111-2118.

9. Yow MD, Demmler GJ. Congenital
cytomegalovirus disease: 20 years is long enough.
N Engl J Med. 1992;326(10):702-703.

10. Buchheit J, Marshall GS, Rabalais GP, Dobbins
GJ. Congenital cytomegalovirus disease in the
Louisville area: a significant public health problem.
J Ky Med Assoc. 1994;92(10):411-415.

11. Larke RP, Wheatley E, Saigal S, Chernesky MA.
Congenital cytomegalovirus infection in an urban
Canadian community. J Infect Dis. 1980;142(5):647-
653.

12. Townsend CL, Peckham CS, Tookey PA.
Surveillance of congenital cytomegalovirus in the
UK and Ireland. Arch Dis Child Fetal Neonatal Ed.
2011;96(6):F398-F403.

13. Vaudry W, Lee BE, Rosychuk RJ. Congenital
cytomegalovirus infection in Canada: active
surveillance for cases diagnosed by paediatricians.
Paediatr Child Health. 2014;19(1):e1-e5.

14. Sorichetti B, Goshen O, Pauwels J, et al.
Symptomatic congenital cytomegalovirus infection
is underdiagnosed in British Columbia. J Pediatr.
2016;169:316-317.

15. Kimberlin DW, Jester PM, Sánchez PJ, et al;
National Institute of Allergy and Infectious Diseases
Collaborative Antiviral Study Group. Valganciclovir
for symptomatic congenital cytomegalovirus
disease. N Engl J Med. 2015;372(10):933-943.

Cost-effectiveness of Newborn Screening for Congenital Cytomegalovirus Infection Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics December 2016 Volume 170, Number 12 1179

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/peds/935880/ by a University of British Columbia User  on 06/23/2017

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2016.2016&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2016.2016
https://www.ncbi.nlm.nih.gov/pubmed/17579921
https://www.ncbi.nlm.nih.gov/pubmed/17579921
https://www.ncbi.nlm.nih.gov/pubmed/24760655
https://www.ncbi.nlm.nih.gov/pubmed/16707752
https://www.ncbi.nlm.nih.gov/pubmed/16707752
https://www.ncbi.nlm.nih.gov/pubmed/25349318
https://www.ncbi.nlm.nih.gov/pubmed/18571542
https://www.ncbi.nlm.nih.gov/pubmed/18571542
https://www.ncbi.nlm.nih.gov/pubmed/24257423
https://www.ncbi.nlm.nih.gov/pubmed/24257423
https://www.ncbi.nlm.nih.gov/pubmed/21631323
https://www.ncbi.nlm.nih.gov/pubmed/21631323
https://www.ncbi.nlm.nih.gov/pubmed/1310526
https://www.ncbi.nlm.nih.gov/pubmed/7996040
https://www.ncbi.nlm.nih.gov/pubmed/6257793
https://www.ncbi.nlm.nih.gov/pubmed/6257793
https://www.ncbi.nlm.nih.gov/pubmed/21289013
https://www.ncbi.nlm.nih.gov/pubmed/21289013
https://www.ncbi.nlm.nih.gov/pubmed/24627656
https://www.ncbi.nlm.nih.gov/pubmed/26597435
https://www.ncbi.nlm.nih.gov/pubmed/26597435
https://www.ncbi.nlm.nih.gov/pubmed/25738669
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2016.2016


Copyright 2016 American Medical Association. All rights reserved.

16. Boppana SB, Ross SA, Novak Z, et al; National
Institute on Deafness and Other Communication
Disorders CMV and Hearing Multicenter Screening
(CHIMES) Study. Dried blood spot real-time
polymerase chain reaction assays to screen
newborns for congenital cytomegalovirus infection.
JAMA. 2010;303(14):1375-1382.

17. Williams EJ, Kadambari S, Berrington JE, et al.
Feasibility and acceptability of targeted screening
for congenital CMV-related hearing loss. Arch Dis
Child Fetal Neonatal Ed. 2014;99(3):F230-F236.

18. Duval M, Park AH. Congenital cytomegalovirus:
what the otolaryngologist should know. Curr Opin
Otolaryngol Head Neck Surg. 2014;22(6):495-500.

19. Williams EJ, Gray J, Luck S, et al. First estimates
of the potential cost and cost saving of protecting
childhood hearing from damage caused by
congenital CMV infection. Arch Dis Child Fetal
Neonatal Ed. 2015;100(6):F501-F506.

20. Bergevin A, Zick CD, McVicar SB, Park AH.
Cost-benefit analysis of targeted hearing directed
early testing for congenital cytomegalovirus
infection. Int J Pediatr Otorhinolaryngol. 2015;79
(12):2090-2093.

21. Centers for Disease Control and Prevention.
Annual data Early Hearing Detection and
Intervention (EHDI) Program. Summary of
2011-2013 national CDC EHDI data. http://www.cdc
.gov/ncbddd/hearingloss/ehdi-data.html. Updated
October 23, 2015. Accessed December 28, 2015.

22. Dahle AJ, Fowler KB, Wright JD, Boppana SB,
Britt WJ, Pass RF. Longitudinal investigation of
hearing disorders in children with congenital
cytomegalovirus. J Am Acad Audiol. 2000;11(5):
283-290.

23. Pinninti SG, Ross SA, Shimamura M, et al;
National Institute on Deafness and Other
Communication Disorders CMV and Hearing
Multicenter Screening (CHIMES) Study. Comparison
of saliva PCR assay versus rapid culture for
detection of congenital cytomegalovirus infection.
Pediatr Infect Dis J. 2015;34(5):536-537.

24. American Academy of Pediatrics, Joint
Committee on Infant Hearing. Year 2007 position
statement: principles and guidelines for early
hearing detection and intervention programs.
Pediatrics. 2007;120(4):898-921.

25. Park AH, Duval M, McVicar S, Bale JF, Hohler N,
Carey JC. A diagnostic paradigm including
cytomegalovirus testing for idiopathic pediatric
sensorineural hearing loss. Laryngoscope. 2014;124
(11):2624-2629.

26. Kimberlin DW, Aban I, Acosta EP. Valganciclovir
for congenital cytomegalovirus. N Engl J Med.
2015;372(25):2463.

27. Gwee A, Curtis N, Garland SM, Connell TG,
Daley AJ. Question 2: which infants with congenital
cytomegalovirus infection benefit from antiviral
therapy? Arch Dis Child. 2014;99(6):597-601.

28. Kimberlin DW, Lin CY, Sánchez PJ, et al;
National Institute of Allergy and Infectious Diseases
Collaborative Antiviral Study Group. Effect of
ganciclovir therapy on hearing in symptomatic
congenital cytomegalovirus disease involving the
central nervous system: a randomized, controlled
trial. J Pediatr. 2003;143(1):16-25.

29. Yoshinaga-Itano C. Early intervention after
universal neonatal hearing screening: impact on
outcomes. Ment Retard Dev Disabil Res Rev. 2003;9
(4):252-266.

30. Kennedy CR, McCann DC, Campbell MJ, et al.
Language ability after early detection of permanent
childhood hearing impairment. N Engl J Med. 2006;
354(20):2131-2141.

31. Staller SJ, Beiter AL, Brimacombe JA,
Mecklenburg DJ, Arndt P. Pediatric performance
with the Nucleus 22-channel cochlear implant
system. Am J Otol. 1991;12(suppl):126-136.

32. American Speech-Language-Hearing
Association. The prevalence and incidence of
hearing loss in children. http://www.asha.org/public
/hearing/Prevalence-and-Incidence-of-Hearing-
Loss-in-Children/. Accessed December 28, 2015.

33. National Institute on Deafness and Other
Communication Disorders. Cochlear implants.
https://www.nidcd.nih.gov/health/hearing/pages
/coch.aspx. Updated May 3, 2016. Accessed
December 28, 2015.

34. Sorkin DL, Buchman CA. Cochlear implant
access in six developed countries. Otol Neurotol.
2016;37(2):e161-e164.

35. Mohr PE, Feldman JJ, Dunbar JL. The societal
costs of severe to profound hearing loss in the
United States. Policy Anal Brief H Ser. 2000;
2(1):1-4.

36. Chambers JG, Shkolnik J, Pérez M. Special
Education Expenditure Project: total expenditures
for students with disabilities, 1999-2000: spending
variation by disability. http://csef.air.org
/publications/seep/national/final_seep_report
_5.pdf. Published June 2003. Accessed September
9, 2016.

37. National CMV Foundation. CVM legislation.
https://www.nationalcmv.org/cmv-research
/legislation.aspx. Accessed May 4, 2016.

38. Chemaly RF, Ullmann AJ, Stoelben S, et al;
AIC246 Study Team. Letermovir for
cytomegalovirus prophylaxis in hematopoietic-cell
transplantation. N Engl J Med. 2014;370(19):1781-
1789.

39. Marty FM, Winston DJ, Rowley SD, et al;
CMX001-201 Clinical Study Group. CMX001 to
prevent cytomegalovirus disease in
hematopoietic-cell transplantation. N Engl J Med.
2013;369(13):1227-1236.

40. clinicaltrials.gov. Congenital CMV and Hearing
Loss in Children up to 4 Years of Age: Treating With
Valganciclovir Therapy. NCT01649869. https:
//clinicaltrials.gov/ct2/show/NCT01649869.
Accessed November 24, 2015.

41. Bilavsky E, Shahar-Nissan K, Pardo J, Attias J,
Amir J. Hearing outcome of infants with congenital
cytomegalovirus and hearing impairment. Arch Dis
Child. 2016;101(5):433-438.

42. Centers for Disease Control and Prevention
(CDC). Economic costs associated with mental
retardation, cerebral palsy, hearing loss, and vision
impairment: United States, 2003. MMWR Morb
Mortal Wkly Rep. 2004;53(3):57-59.

43. Baker MW, Laessig RH, Katcher ML, et al.
Implementing routine testing for severe combined
immunodeficiency within Wisconsin’s newborn
screening program. Public Health Rep. 2010;125(suppl
2):88-95.

44. Saavedra-Matiz CA, Isabelle JT, Biski CK, et al.
Cost-effective and scalable DNA extraction method
from dried blood spots. Clin Chem. 2013;59(7):
1045-1051.

45. Chan DK. Congenital hearing loss: a silent
epidemic. https://pediatrics.ucsf.edu/blog
/congenital-hearing-loss-silent-epidemic#
.V8XJPUJTFaQ. Updated March 24, 2014. Accessed
December 21, 2015.

46. Grosse S. Education cost savings from early
detection of hearing loss: new findings. Volta Voices.
2007;14(6):38-40.

47. Din ES, Brown CJ, Grosse SD, et al. Attitudes
toward newborn screening for cytomegalovirus
infection. Pediatrics. 2011;128(6):e1434-e1442.

48. Fowler K, Mixon E, Brumbach AE, Kempf MC,
Ross SA, Boppana S. Acceptability of newborn
cytomegalovirus (CMV) screening in women:
findings from the NIDCD CHIMES study. Presented
at: Cytomegalovirus Public Health and Policy
Conference; September 27, 2014; Salt Lake City,
Utah.

49. Wilson JM, Jungner YG. Principles and practice
of mass screening for disease [in Spanish]. Bol
Oficina Sanit Panam. 1968;65(4):281-393.

Research Original Investigation Cost-effectiveness of Newborn Screening for Congenital Cytomegalovirus Infection

1180 JAMA Pediatrics December 2016 Volume 170, Number 12 (Reprinted) jamapediatrics.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/peds/935880/ by a University of British Columbia User  on 06/23/2017

https://www.ncbi.nlm.nih.gov/pubmed/20388893
https://www.ncbi.nlm.nih.gov/pubmed/24596404
https://www.ncbi.nlm.nih.gov/pubmed/24596404
https://www.ncbi.nlm.nih.gov/pubmed/25222916
https://www.ncbi.nlm.nih.gov/pubmed/25222916
https://www.ncbi.nlm.nih.gov/pubmed/26122458
https://www.ncbi.nlm.nih.gov/pubmed/26122458
https://www.ncbi.nlm.nih.gov/pubmed/26432541
https://www.ncbi.nlm.nih.gov/pubmed/26432541
http://www.cdc.gov/ncbddd/hearingloss/ehdi-data.html
http://www.cdc.gov/ncbddd/hearingloss/ehdi-data.html
https://www.ncbi.nlm.nih.gov/pubmed/10821506
https://www.ncbi.nlm.nih.gov/pubmed/10821506
https://www.ncbi.nlm.nih.gov/pubmed/25876092
https://www.ncbi.nlm.nih.gov/pubmed/17908777
https://www.ncbi.nlm.nih.gov/pubmed/24965608
https://www.ncbi.nlm.nih.gov/pubmed/24965608
https://www.ncbi.nlm.nih.gov/pubmed/26083215
https://www.ncbi.nlm.nih.gov/pubmed/26083215
https://www.ncbi.nlm.nih.gov/pubmed/24704706
https://www.ncbi.nlm.nih.gov/pubmed/12915819
https://www.ncbi.nlm.nih.gov/pubmed/14648818
https://www.ncbi.nlm.nih.gov/pubmed/14648818
https://www.ncbi.nlm.nih.gov/pubmed/16707750
https://www.ncbi.nlm.nih.gov/pubmed/16707750
https://www.ncbi.nlm.nih.gov/pubmed/2069173
http://www.asha.org/public/hearing/Prevalence-and-Incidence-of-Hearing-Loss-in-Children/
http://www.asha.org/public/hearing/Prevalence-and-Incidence-of-Hearing-Loss-in-Children/
http://www.asha.org/public/hearing/Prevalence-and-Incidence-of-Hearing-Loss-in-Children/
http://www.nidcd.nih.gov/health/hearing/pages/coch.aspx
http://www.nidcd.nih.gov/health/hearing/pages/coch.aspx
https://www.ncbi.nlm.nih.gov/pubmed/26719962
https://www.ncbi.nlm.nih.gov/pubmed/26719962
https://www.ncbi.nlm.nih.gov/pubmed/11763878
https://www.ncbi.nlm.nih.gov/pubmed/11763878
http://csef.air.org/publications/seep/national/final_seep_report_5.pdf
http://csef.air.org/publications/seep/national/final_seep_report_5.pdf
http://csef.air.org/publications/seep/national/final_seep_report_5.pdf
https://www.nationalcmv.org/cmv-research/legislation.aspx
https://www.nationalcmv.org/cmv-research/legislation.aspx
https://www.ncbi.nlm.nih.gov/pubmed/24806159
https://www.ncbi.nlm.nih.gov/pubmed/24806159
https://www.ncbi.nlm.nih.gov/pubmed/24066743
https://www.ncbi.nlm.nih.gov/pubmed/24066743
https://clinicaltrials.gov/ct2/show/NCT01649869
https://clinicaltrials.gov/ct2/show/NCT01649869
https://www.ncbi.nlm.nih.gov/pubmed/26826174
https://www.ncbi.nlm.nih.gov/pubmed/26826174
https://www.ncbi.nlm.nih.gov/pubmed/14749614
https://www.ncbi.nlm.nih.gov/pubmed/14749614
https://www.ncbi.nlm.nih.gov/pubmed/20518449
https://www.ncbi.nlm.nih.gov/pubmed/20518449
https://www.ncbi.nlm.nih.gov/pubmed/23509109
https://www.ncbi.nlm.nih.gov/pubmed/23509109
https://pediatrics.ucsf.edu/blog/congenital-hearing-loss-silent-epidemic#.V8XJPUJTFaQ
https://pediatrics.ucsf.edu/blog/congenital-hearing-loss-silent-epidemic#.V8XJPUJTFaQ
https://pediatrics.ucsf.edu/blog/congenital-hearing-loss-silent-epidemic#.V8XJPUJTFaQ
https://www.ncbi.nlm.nih.gov/pubmed/22084323
https://www.ncbi.nlm.nih.gov/pubmed/4234760
https://www.ncbi.nlm.nih.gov/pubmed/4234760
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2016.2016

