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Abstract

Objective—To determing the utility of dried blood spot (DBS) PCR in identifying infants with
cytomegalovirus infection (CMV)-associated sensorineural hearing loss (SNHL).
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Study design—Newhborns at 7 U.S. hospitals from March 2007-March 2012 were screened for
CMV by saliva rapid culture and/or PCR. Infected infants were monitored for SNHL during the
first 4 years of life to determine sensitivity, specificity, positive and negative likelihood ratios of
DBS PCR for identifying CMV-associated SNHL.

Results—DBS at birth was positive in 11/26 (42%) children with SNHL at 4 years of age and
72/270 (27%) children with normal hearing (p=0.11). The sensitivity (42.3%, 95% CI 23.4%—
63.1%) and specificity (73.3%, 95% Cl, 67.6%-78.5%) was low for DBS PCR in identifying
children with SNHL at 4 years of age. The positive and negative likelihood ratios of DBS PCR
positivity to detect CMV-associated SNHL at 4 years of age were 1.6 (95% ClI, 0.97-2.6) and 0.8
(95% CI, 0.6-1.1), respectively. There was no difference in DBS viral loads between children with
and without SNHL.

Conclusions—DBS PCR for CMV has low sensitivity and specificity for identifying infants
with CMV-associated hearing loss. These findings together with previous reports demonstrate that
DBS PCR neither identifies the majority of CMV-infected newborns nor those with CMV-
associated SNHL early in life.
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Cytomegalovirus (CMV) is an important cause of congenital infection and congenital CMV
infection (cCMV) is a significant non-genetic cause of sensorineural hearing loss (SNHL) in
children.1* Most congenitally infected infants (~90%) do not have obvious clinical
abnormalities at birth (asymptomatic cCMV) and therefore, are not identified in the newborn
nursery.>6 However, approximately 15% of children with asymptomatic cCCMV develop
SNHL.178 Although CMV-associated SNHL may be present at birth, a substantial
proportion of children with cCMV develop late-onset and/or progressive SNHL.1-9
Therefore, most children with cCMV and a significant number of those with CMV-
associated SNHL are not identified on routine physical examination or hearing screening in
the newborn nursery.

The need to develop rapid and reliable methods to screen newborns for CMV so that infants
at increased risk for hearing loss can be identified for targeted monitoring and early
intervention has been recognized.10-12 Because dried blood spots (DBS) are collected
routinely from all infants in the U.S. for newborn metabolic screening and several initial
studies have shown promise, the hope was that DBS polymerase chain reaction (PCR) would
facilitate the development of effective strategies to screen all newborns for CMV.13-18
However, in a CMV screening study of 20,446 newborns, we demonstrated that the
sensitivity of DBS PCR in identifying infants with cCMV was unacceptably low when
compared with saliva rapid culturel® and therefore would not be a suitable screening
method. Although DBS PCR failed to identify the majority of infants with cCMV, the
possibility that it would detect infants at increased risk for CMV-associated SNHL remained.
The present study is aimed at determining the ability of the DBS PCR assay to identify
infants with cCMV at risk for disease and sequelae.
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Between March 2007 and March 2012, infants born at seven US hospitals were enrolled
prospectively in the CMV and Hearing Multicenter Screening (CHIMES) study supported
by the National Institutes on Deafness and Other Communication Disorders.1%-20 Newborn
CMV screening was carried out by testing saliva specimens (rapid culture or PCR) and DBS
PCR as described previously.19-20 Between March 2007 and May 2008, all DBS specimens
collected from screened infants were tested by PCR.12 After May 2008, only DBS
specimens from infants who were positive for CMV by rapid culture or PCR of saliva were
tested. Demographic information, newborn hearing screening results, saliva and DBS
specimens were collected from the screening cohort. Race and ethnicity were self-reported
by the parents of the infants and categorized by the NIH definitions for race and ethnicity.2!
DBS for this study were collected on a separate card after obtaining the sample for routine
newborn metabolic screening without an additional heel stick. The parents/guardians of the
screened infants were provided the CMV screening results.

Infants were considered to have symptomatic cCMV if they had any of the following
findings in the newborn period: generalized petechial rash, purpuric rash, hepatomegaly,
splenomegaly, jaundice with direct bilirubin = 3 mg/dL, unexplained neurologic/CNS
abnormalities (e.g., microcephaly, seizures, focal or generalized neurologic deficits), or
chorioretinitis. Clinical decisions about evaluation and antiviral treatment of the CMV-
infected infants were made by the physicians at each study site and were not part of the
CHIMES study. Seventeen infants were treated with antiviral therapy, with nine having
SNHL at birth and none having late onset SNHL. The 17 treated infants are included in the
cohort for evaluating both DBS positivity and symptomatic status and DBS positivity and
SNHL at birth. However, because antiviral therapy has been shown to affect hearing
outcome, 22 the 17 treated infants were not included in the comparison of DBS positivity and
hearing loss at 4 years of age.

Medical records were reviewed for family history of hearing loss or other potential
etiologies including congenital malformations that could cause SNHL. In addition, the
parents were asked at enrollment about any family history of hearing loss. Also, any new
diagnosis possibly related to SNHL was collected from the parents at the follow-up visits.
None of the children with SNHL had syndromes or other malformations associated with
either SNHL or a family history of SNHL. Local institutional review board approval was
obtained at each site.

Follow-up of Children with Congenital CMV Infection

Infants with a positive saliva or DBS screening test were enrolled in the follow-up
component of the study to confirm cCMV and to monitor hearing function during the first 4
years of life per study protocol. Infants were considered to have confirmed cCMV if the
follow-up urine or saliva sample was positive by rapid culture and/or PCR. After the initial
diagnostic audiological evaluation between 3 and 8 weeks of age, the study children were
monitored for hearing loss using age and developmentally appropriate audiological testing
protocols every 6 months during the first 4 years of life.”
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Statistical Analyses

All statistical analyses were performed using SAS software, version 9.3 (SAS Institute).
Two-tailed Fisher’s exact test was used to assess the association between DBS positivity and
symptomatic infection and hearing outcomes. Viral load levels were compared between the
infants with symptomatic infection and asymptomatic infection, and those with and without
hearing loss at 4 years of age by the Wilcoxon Rank-Sum test. Sensitivity, specificity, and
predictive values for the DBS positivity were calculated using standard methods for
proportions and exact 95% confidence limits. Likelihood ratios (LRs) were calculated to
summarize the diagnostic accuracy of the DBS PCR. Positive LR was sensitivity/(1-
specificity) and the negative LR was (1-sensitivity)/specificity. Confidence intervals (CIs)
for LRs were determined using the method described by Simel et al.23

RESULTS

During the study period 100,332 infants were enrolled and screened for cCMV. Screening
DBS samples were available from 313/391 (80.1%) infants with confirmed cCMV, and these
infants constituted this study population (Figure 1; available at www.jpeds.com). Reasons
for unavailability of DBS specimens included: the collection of DBS for the routine
metabolic screening before study consent was obtained (72); insufficient blood for an
additional study filter card (2); loss of DBS sample (3); and refusal by mother (1). There was
no difference in the proportion of infants with symptomatic cCMV and SNHL between
those without a screening DBS sample and those with an available DBS. Among the 313
study children, congenital infection was confirmed by rapid culture of saliva or urine
samples in 302 infants and by PCR of saliva or urine in the remaining 11 infants.

Of the 313 study children, approximately half were female (48.6%, Cl 42.9%-54.3%) and of
black race (47.0%, Cl 41.3%-52.7%). The racial make-up of the remaining population was
23.0% (CI 18.5%-28.1%) non-Hispanic white, 25.6% (CI 20.8%-30.8%) Hispanic white,
3.2% (CI 1.5%-5.8%) multi-racial and 1.2% (CI 0.35%-3.2%) Asian. Most infants (93.0%,
Cl 89.6%-95.5%) were from the well-baby nurseries and had public or no insurance (80.8%,
Cl 76.0%-85.0%). The mean age of DBS sample collection was 2.29 + 2.19 days of life.

Among the 313 infected infants, 90 DBS samples (28.8%, CI 23.8%-34.1%) were positive
for CMV. DBS PCR was positive in 9/28 (32.1%) symptomatic infants compared with
81/285 (25.9%) of infants with asymptomatic cCMV at birth (p=0.7, Figure 1). To determine
whether DBS PCR has a role in identifying infants with CMV-associated SNHL at birth, the
results of DBS PCR were compared between infants with hearing loss at birth and those
with normal hearing (Table). DBS was positive in 12/26 (46%) infants with SNHL at birth
compared with 78/287 (27%) children with normal hearing at birth (p=0.07). Among the 285
infants with asymptomatic cCMV, DBS PCR was positive in 6/15 (40%) children with
SNHL at birth compared with 75/270 (28.0%, p=0.38) infants with normal hearing. For
infants with symptomatic cCMV (n=28), DBS PCR was positive in 6/11 (55%) infants with
hearing loss at birth, compared with 3/17 (18%) infants with normal hearing (p=0.10). The
sensitivity and specificity of PCR of newborn DBS for detecting infants with SNHL at birth
were 46.2% (95% Cl, 26.6%—66.6%) and 72.8% (95% ClI, 67.3%—77.9%), respectively
(Table). The positive likelihood ratio (LR) for DBS positivity was 1.7 (95% Cl, 1.1-2.7) and
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the negative LR was 0.74 (95% CI, 0.5-1.1). The positive predictive value of the DBS PCR
for detecting SNHL at birth was 13.3% (95% CI 7.1%-22.1%) and the negative predictive
value was 93.7% (95% CI 89.7%-96.5%).

DBS at birth was positive in 11/26 (42%) children with SNHL at 4 years of age compared
with 72/270 (27%) children with normal hearing (p=0.11, Table). Among children with
asymptomatic infection (n=277), DBS obtained at birth was positive for CMV in 9/20 (45%)
children who developed SNHL by 4 years of age compared with 70/257 (27%) with normal
hearing (p=0.12). Among those with symptomatic infection, DBS PCR was positive for
CMV in 2/6 (33.3%) of children with SNHL at 4 years of age compared with 2/13 (15.4%)
of those with normal hearing (p=0.56). The sensitivity (42.3%, 95% CI 23.4%-63.1%) and
specificity (73.3%, 95% ClI, 67.6%—78.5%) remain low for DBS PCR in identifying children
with SNHL at 4 years of age (Table). The positive and negative likelihood ratios (LR) of
DBS PCR positivity to detect CMV-associated SNHL at 4 years of age were 1.59 (95% Cl,
0.97-2.6) and 0.79 (95% ClI, 0.6-1.1), respectively. The positive and negative predictive
values of the DBS PCR for detecting SNHL at 4 years of age were 13.3% (95% CI 6.8%-—
22.5%) and 93.0% (95% CI 88.7%-96.0%), respectively.

We also examined whether the viral load in DBS is predictive of symptomatic infection and
CMV-associated SNHL. There was no difference in median DBS CMV viral load between
infants with symptomatic infection (3.0x103 IU/ml, range 3.3x102-6.5x103) and those
without clinical findings at birth (2.3x103 1U/ml, range 1.7x10%-1.9x10°; p=1.00, Figure 2).
DBS viral load at birth did not differ between those children with SNHL at birth (3.1 x 103
IU/ml, range 8.3 x102-1.9 x 105) and those with normal hearing (2.3 x 103 U/ml, range 1.7
x102-6.9x10%, p=0.51) Similarly, the median DBS viral load was not different between the
group of children who developed SNHL by 4 years of age (2.0 x 103 1U/ml, range 8.3 x10%—
7.1x10%) and those with normal hearing (2.5 x 103 1U/ml, range 1.7 x10%-6.9x104, p=0.44,
Figure 2).

DISCUSSION

Our findings demonstrate that PCR testing of newborn DBS for CMV DNA has low
sensitivity and specificity for identifying infants with CMV-associated hearing loss at birth
as well as at 4 years of age. We have previously reported that our PCR method to detect
CMV in DBS specimens has low sensitivity (~32%) for identifying infants with cCMV19.
Although cCMV is an important non-genetic cause of SNHL in children, most infected
infants are not recognized at birth. The identification of predictors of adverse outcome in
cCMV are urgently needed, especially for infants with asymptomatic infection at increased
risk for SNHL. The findings of the current study together with our previous study
demonstrate that DBS PCR is not useful in identifying most congenitally infected infants nor
does DBS PCR identify the majority of infants at risk for CMV-associated SNHL. Among
infants with asymptomatic cCMV, DBS PCR failed to identify over half of the children who
developed SNHL. Furthermore, a positive likelihood ratio close to 1 for both SNHL at birth
and at 4 years indicates that a positive DBS result at birth has poor diagnostic accuracy for
detecting hearing loss in cCMV. Negative LRs for DBS positivity at birth are not sufficiently
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small enough to rule out the development of hearing loss in infants with a negative DBS at
birth.

In an attempt to identify a marker for hearing outcome, studies have examined the
relationship between blood viral load and SNHL in cCMV and reported conflicting
findings.24-27. Most of these studies have performed PCR of whole blood to assess viral
load, which may be different from DBS viral load. In a retrospective study, Walter et al
examined the association between DBS viral load and hearing loss in 39 children with
known cCMV. DBS viral load was higher among children with hearing loss (2.69 logs) than
those with normal hearing (1.64 logs).2” In contrast, the findings of our large prospective
study that included 313 children with cCMV show that median viral load was not different
between children with SNHL and those with normal hearing. Of note, in the Walter et al
study, DBS PCR was negative in 11/39 infants with cCMV and 5 of the infants with negative
DBS developed SNHL.27 These data, along with the current findings, indicate that neither
DBS positivity nor viral load levels are useful prognostic markers of hearing outcome in
cCMV.

A limitation of this study is that DBS specimens were not available from all infants who
tested positive for CMV on newborn screening. However, specimens from most (313/391,
80%) infants with confirmed cCMV including those with asymptomatic infection could be
tested. In addition, there were no differences in the frequency of symptomatic infection and
hearing loss in children with unavailable DBS compared with the study population.
Therefore, unavailability of DBS from approximately 20% of infants is unlikely to have
influenced the findings of the study. An additional limitation is that the study children were
only monitored for hearing function and therefore, the association between DBS PCR assay
and other long-term outcomes such as cognitive and motor deficits could not be determined.
However, the frequency of cognitive and motor deficits among children with cCMV is
significantly lower than hearing impairment, particularly in children with asymptomatic
infection, which will require screening and follow-up of much larger number of children.

Another potential limitation is the sensitivity of our DBS PCR assay to detect cCMV, which
is less than 40%.1° The findings of our study show that the sensitivity of DBS PCR in
identifying infants with CMV-associated SNHL at birth as well as at 4 years of age remain
low (42%). It is possible that the sensitivity of the DBS PCR assay could be improved in the
future by utilizing different DNA extraction protocols and by further optimizing the PCR
assay. Such an improved DBS PCR method may have a better predictive value for
identifying children at increased risk for CMV-associated SNHL. However, even if different
extraction protocols or other assay enhancements improve DBS PCR detection in the
laboratory, it is essential that these protocols to be evaluated in large screening cohorts of
newborns to confirm the increased sensitivity.

In summary, the findings of our study showed the lack of utility of testing of newborn DBS
specimens for the identification of infants with CMV-associated SNHL. These findings
together with those from our previous report demonstrate that DBS PCR neither identifies
the majority of CMV-infected newborns nor those with CMV-associated SNHL early in life.
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Abbreviations

cCMV congenital cytomegalovirus infection
SNHL sensorineural hearing loss
DBS dried blood spot

References

1. Dahle AJ, Fowler KB, Wright JD, Boppana SB, Britt WJ, Pass RF. Longitudinal investigations of
hearing disorders in children with congenital cytomegalovirus. J Am Acad Audiol. 2000; 11:283-
90. [PubMed: 10821506]

J Pedliatr. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ross et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

Page 8

. Demmler GJ. Infectious Diseases Society of America and Centers for Disease Control: summary of

a workshop on surveillance for congenital cytomegalovirus disease. Rev Infect Dis. 1990; 13:315—
29.

. Goderis J, Keymeulen A, Smets K, Van Hoecke H, De Leenheer E, Boudewyns A, et al. Hearing in

Children with Congenital Cytomegalovirus Infection: Results of a Longitudinal Study. J Pediatr.
2016; 172:110-5 e2. [PubMed: 26858192]

. Morton CC, Nance WE. Newborn hearing screening-a silent revolution. N Engl J Med. 2006;

354:2151-64. [PubMed: 16707752]

. Boppana SB, Pass RF, Britt WJ, Stagno S, Alford CA. Symptomatic congenital cytomegalovirus

infection: neonatal morbidity and mortality. Pediatr Infect Dis J. 1992; 11:93-9. [PubMed:
1311066]

. Britt, W. Cytomegalovirus. In: Remington, JS.Klein, JO.Wilson, CB., Baker, CJ., editors. Infectious

Diseases of the Fetus and Newborn Infant. 7. Philadelphia: W.B. Saunders Company; 2011. p.
704-53.

. Fowler KB, McCollister FP, Dahle AJ, Boppana SB, Britt WJ, Pass RF. Progressive and fluctuating

sensorineural hearing loss in children with asymptomatic congenital cytomegalovirus infection. J
Pediatr. 1997; 130:624-30. [PubMed: 9108862]

. Williamson WD, Demmler GJ, Percy AK, Catlin FI. Progressive hearing loss in infants with

asymptomatic congenital cytomegalovirus infection. Pediatrics. 1992; 90:862—-6. [PubMed:
1331946]

. Fowler KB, Dahle AJ, Boppana SB, Pass RF. Newborn hearing screening: will children with hearing

loss caused by congenital cytomegalovirus infection be missed? J Pediatr. 1999; 135:60-4.
[PubMed: 10393605]

. Cannon MJ, Griffiths PD, Aston V, Rawlinson WD. Universal newborn screening for congenital
CMV infection: what is the evidence of potential benefit? Reviews in medical virology. 2014;
24:291-307. [PubMed: 24760655]

de Vries JJ, Vossen AC, Kroes AC, van der Zeijst BA. Implementing neonatal screening for
congenital cytomegalovirus: addressing the deafness of policy makers. Reviews in medical
virology. 2011; 21:54-61. [PubMed: 21246642]

Williams EJ, Gray J, Luck S, Atkinson C, Embleton ND, Kadambari 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:F501-6. [PubMed: 26122458]
Barbi M, Binda S, Primache V, Caroppo S, Dido P, Guidotti P, et al. Cytomegalovirus DNA
detection in Guthrie cards: a powerful tool for diagnosing congenital infection. J Clin Virol. 2000;
17:159-65. [PubMed: 10996112]

Barbi M, Binda S, Primache V, Luraschi C, Corbetta C. Diagnosis of congenital cytomegalovirus
infection by detection of viral DNA in dried blood spots. Clinical and diagnostic virology. 1996;
6:27-32. [PubMed: 15566887]

Johansson PJH, Jonsson M, Ahlfors K, Ivarsson SA, Svanberg L, Guthenberg C. Retrospective
diagnosis of congenital cytomegalovirus infection performed by polymerase chain reaction in
blood stored on filter paper. Scand J Infect Dis. 1997; 29:465-8. [PubMed: 9435033]

Scanga L, Chaing S, Powell C, Aylsworth AS, Harrell LJ, Henshaw NG, et al. Diagnosis of human
congenital cytomegalovirus infection by amplification of viral DNA from dried blood spots on
perinatal cards. The Journal of molecular diagnostics: JMD. 2006; 8:240-5. [PubMed: 16645211]
Shibata M, Takano H, Hironaka T, Hirai K. Detection of human cytomegalovirus DNA in dried
newborn blood filter paper. J Virol Methods. 1994; 46:279-85. [PubMed: 8188821]

Yamagishi Y, Miyagawa H, Wada K, Matsumoto S, Arahori H, Tamura A, et al. CMV DNA
detection in dried blood spots for diagnosing congenital CMV infection in Japan. Journal of
medical virology. 2006; 78:923-5. [PubMed: 16721859]

Boppana SB, Ross SA, Novak Z, Shimamura M, Tolan RW Jr, Palmer AL, et al. Dried blood spot
real-time polymerase chain reaction assays to screen newborns for congenital cytomegalovirus
infection. JAMA. 2010; 303:1375-82. [PubMed: 20388893]

J Pedliatr. Author manuscript; available in PMC 2018 May 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ross et al.

20.

21.

22.

23.

24.

25.

26.

217.

Page 9

Boppana SB, Ross SA, Shimamura M, Palmer AL, Ahmed A, Michaels MG, et al. Saliva
polymerase-chain-reaction assay for cytomegalovirus screening in newborns. N Engl J Med. 2011,
364:2111-8. [PubMed: 21631323]

Health Nlo. Racial and Ethnic Categories and Definitions for NIH Diversity Programs and for
Other Reporting Purposes. 2015

Kimberlin DW, Jester PM, Sanchez PJ, Ahmed A, Arav-Boger R, Michaels MG, et al.
Valganciclovir for symptomatic congenital cytomegalovirus disease. N Engl J Med. 2015;
372:933-43. [PubMed: 25738669]

Simel DL, Samsa GP, Matchar DB. Likelihood ratios with confidence: sample size estimation for
diagnostic test studies. Journal of clinical epidemiology. 1991; 44:763-70. [PubMed: 1941027]
Forner G, Abate D, Mengoli C, Palu G, Gussetti N. High Cytomegalovirus (CMV) DNAemia
Predicts CMV Sequelae in Asymptomatic Congenitally Infected Newborns Born to Women With
Primary Infection During Pregnancy. J Infect Dis. 2015; 212:67-71. [PubMed: 25387583]
Kawada J, Torii Y, Kawano Y, Suzuki M, Kamiya Y, Kotani T, et al. Viral load in children with
congenital cytomegalovirus infection identified on newborn hearing screening. J Clin Virol. 2015;
65:41-5. [PubMed: 25766986]

Ross SA, Novak Z, Fowler KB, Arora N, Britt WJ, Boppana SB. Cytomegalovirus blood viral load
and hearing loss in young children with congenital infection. Pediatr Infect Dis J. 2009; 28:588—
92. [PubMed: 19478688]

Walter S, Atkinson C, Sharland M, Rice P, Raglan E, Emery VC, et al. Congenital
cytomegalovirus: association between dried blood spot viral load and hearing loss. Arch Dis Child
Fetal Neonatal Ed. 2008; 93:F280-5. [PubMed: 18039747]

J Pedliatr. Author manuscript; available in PMC 2018 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ross et al.

100 322 infants screened for cCMV

391 infants CMV positive

Y

78 infants without DBS samples
-DBS collected before consent (72)

Insufficient blood (2)
-DBS misplaced/iost (3)
-Refusal by mother (1)

A

313 infants with DBS samples

28 infants with
symptomatic cCMV
DBS positive 9/28 (32 1%)
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A 4

4

A 4

285 infants with
asymptomatic cCMV
DBS positive §1/285 (25.9%)

L 4

A4

Symptomatic cCMV
with SNHL at birth
DBS positive 6/11 (55%)

Symptomatic cCMV
with SNHL at 4 years
DBS positive 2/6 (33%)"

Asymptomatic cCMV
with SNHL at birth
DBS positive 6/15 (40%)

Asymptomatic cCMV
with SNHL at 4 years
DBS positive 920 (45%)

Figure 1.

Dried blood spot (DBS) PCR to identify infants with hearing loss in congenital CMV

infection. “Infants who received antiviral therapy were excluded from the number of infants
with symptomatic cCMV who had hearing loss at 4 years of age.
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Figure 2.

Dried blood spot (DBS) viral load levels at birth in infants with congenital CMV infection.
Median viral load values do not differ between infants with symptomatic infection and
asymptomatic infection, or between infants that develop SNHL and those with normal
hearing.
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