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Abstract

Background: Long-term hearing outcomes among children with symptomatic congenital 

cytomegalovirus (CMV) disease who received 6-week ganciclovir therapy early in life are 

unknown.

Methods: Longitudinal study of 76 children with symptomatic congenital CMV disease, born 

1983–2005, who were categorized into three groups: A) treated with ganciclovir; B) untreated who 

had microcephaly, chorioretinitis or sensorineural hearing loss (SNHL; ≥25 dB) diagnosed in the 

first month of life (congenital); and C) untreated who did not meet criteria for group B.

Results: Patients in groups A (n=17), B (n=27), and C (n=32) were followed to median age of 

13, 11, and 13 years, respectively. In group A, patients received ganciclovir for median 40 (range: 

11–63) days; 7 (41%) had grade 3 or 4 neutropenia. Congenital SNHL was diagnosed in 11 (65%) 

patients in group A, 15 (56%) in group B, and none in group C. Early-onset SNHL was diagnosed 

between ages ≥1–12 months in an additional 4 (24%), 6 (22%), and 8 (25%) patients in groups A, 

B and C, respectively. By the end of follow-up, 12 (71%), 16 (59%), and 7 (22%) of patients in 

groups A, B, and C, respectively, had severe (>70 dB) SNHL in the better-hearing ear.

Conclusions: In this study, most patients with symptomatic congenital CMV disease and 

congenital or early-onset SNHL eventually developed hearing loss severe enough to have been 

potential candidates for cochlear implantation, with or without 6-week ganciclovir therapy. 

Understanding long-term hearing outcomes of patients treated with 6-month oral valganciclovir 

(current standard of care) is needed.
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This study indicated that most patients with symptomatic congenital CMV and congenital or 

early-onset sensorineural hearing loss developed severe loss, with or without ganciclovir therapy.
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BACKGROUND

Approximately 4.5 per 1,000 US children are born with congenital cytomegalovirus (CMV) 

infection annually [1]. Although a minority of infected children present with symptomatic 

congenital CMV disease at birth (10–15%) [2, 3], 50–70% of these children develop 

permanent sequelae, including intellectual disability and/or hearing, vision, and/or motor 

impairment [2]. Microcephaly, which has been reported in 2% of infected infants identified 

in newborn CMV screening studies [4–12], is an important predictor of poor cognitive 

outcomes and sensorineural hearing loss (SNHL) [13, 14].

Antiviral therapy for neonates with symptomatic congenital CMV disease with central 

nervous system involvement has been studied in phase I-II and phase III clinical trials 

conducted by the National Institute of Allergy and Infectious Disease (NIAID) Collaborative 

Antiviral Study Group (CASG) [15–19]. Open-label phase I-II clinical trials evaluated 

safety, tolerance, and pharmacodynamics of intravenous ganciclovir in this population. The 

first phase III randomized controlled trial (RCT), conducted during 1991–1999, found 

that 6-week therapy with intravenous ganciclovir was associated with improved hearing 

outcomes at 6 months of life and fewer developmental delays [18, 20], but also with a 

significant risk of neutropenia [18]. Another phase III RCT, conducted during 2008–2011, 

evaluated 6-month vs. 6-week therapy with oral valganciclovir [19]. Although 6-month 

therapy did not improve hearing at 6 months of life, there was modest improvement 

in hearing and developmental outcomes at ages 12 and 24 months, and a lower risk 

of neutropenia during the first 6 weeks of valganciclovir therapy than observed in the 

ganciclovir RCT [19].

The American Academy of Pediatrics (AAP) currently recommends 6-month therapy with 

oral valganciclovir for infants with moderately to severely symptomatic congenital CMV 

disease who can start treatment within the first month of life [21]. Although 6-week 

ganciclovir therapy is no longer the standard of care for these infants, long-term hearing 

outcomes of children who received antiviral therapy early in life are not known. In this 

study, we describe hearing outcomes among children with symptomatic congenital CMV 

disease with and without 6-week intravenous ganciclovir therapy followed through 18 years 

of age.

METHODS

Our study included 76 children with symptomatic congenital CMV disease, born 1983–

2005, who were enrolled in the Congenital CMV Longitudinal Study [11, 14, 22]. A 

symptomatic patient was a newborn with CMV infection detected by culture of urine 
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samples collected within 3 weeks of life and microcephaly, unexplained neurological 

abnormality (i.e., seizures, jitteriness, poor suck, hypo- or hypertonia), or signs of 

reticuloendothelial system involvement, characterized by purpura/petechiae, jaundice, 

hepatomegaly, splenomegaly, elevated alanine transaminase (>100 IU), hyperbilirubinemia 

(total bilirubin >3mg/dl), hemolytic anemia, or thrombocytopenia (platelet count <75000/

mm3). For this study, we categorized symptomatic patients into three groups based on the 

eligibility for the ganciclovir phase III study [18]: group A) treated with 6-week intravenous 

ganciclovir; group B) untreated who had microcephaly, chorioretinitis or SNHL diagnosed 

in the first month of life—intracranial calcifications were not included because they have 

also been observed in asymptomatic patients [23]; and group C) untreated who did not 

meet criteria for group B but had signs of reticuloendothelial system involvement, other 

neurological abnormalities, or abnormal head CT findings, or were born at ≤32 weeks’ 

gestation or weighing ≤1200g [18]. The Institutional Review Board for Human Subject 

Research for Baylor College of Medicine and Affiliated Hospitals approved the study 

protocol.

Patients were categorized as microcephalic either by physician clinical assessment at birth 

or post-hoc based on fronto-occipital head circumference ≤3rd percentile using Olsen’s 

intrauterine growth curves [24]. Neuroimaging evaluations by head computed tomography 

(CT) scans were conducted within 4 months of age. We classified abnormal findings into 

three broad categories implying 1) tissue destruction (calcification, hemorrhage, stroke, 

encephalomalacia, white matter lucency, porencephaly/cysts, or atrophy); 2) attenuated 

growth (such as immaturity or hypoplasia); and 3) dysplastic growth (migrational 

abnormalities, such as lissencephaly or pachygyria). Volume loss was inferred by dilatation 

of cisterns and/or cerebrospinal fluid spaces [25].

Hearing evaluations included click and tone-burst auditory brainstem response (ABR), 

behavioral audiometry from 0.25 to 8 kHz, and tympanometry, conducted during infancy, 

pre-school, elementary, middle, and high school years. We defined SNHL for each ear as 

≥25 dB hearing level in the absence of middle ear disorder, as previously described [14]. 

We categorized SNHL as congenital (diagnosed in one or both ears within the first month 

of life), early-onset (detected in the first ABR assessment from >1 month to 12 months of 

life), or delayed-onset (detected after ≥1 assessments with normal hearing). We categorized 

SNHL as bilateral or unilateral, and hearing levels for each ear as follows: ≤20 dB as normal 

hearing, and 21–45 dB as mild, 46–70 dB as moderate, and >70 dB as severe hearing loss, 

based on the click ABR or average of the pure-tone thresholds at 0.5, 1, 2, and 4 kHz 

(four-frequency average) [18, 19]. The ear with higher thresholds at the initial assessment 

with SNHL was considered the poorer-hearing ear. We compared hearing level from baseline 

to follow-up assessment and categorized patients as having improved hearing (e.g. from 

moderate to mild), maintained normal hearing, maintained same degree of hearing loss, or 

worsened hearing (e.g. from moderate to severe).

Statistical analyses

We used Chi-square or Fisher exact test to assess maternal demographics, newborn clinical 

characteristics, head CT scan findings, and congenital SNHL among patients in groups 
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A and B (treated and untreated groups but likely similar in disease severity), and among 

patients in groups B and C (both untreated groups but likely different in disease severity). 

We describe SNHL characteristics, and hearing levels in the poorer- and better-hearing 

ears by patient groups; treated patients were included in group A regardless of treatment 

duration. We also assessed changes in hearing level from baseline to follow-up at ≤12 

months, ≤24 months, and last assessment by better-hearing, poorer-hearing, and total ears. 

For all analyses, we used SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Description of patient groups by maternal demographics and clinical characteristics at 
birth

All 76 patients followed in the longitudinal study were born before AAP recommended 

ganciclovir therapy. There were 17 (22%) patients in group A, 27 (36%) in group B, and 32 

(42%) in group C (Table 1). In Group A, 3 (18%) patients were treated in phase I-II clinical 

trials, 8 (47%) in the phase III RCT [18], and 6 (35%) were treated at physicians’ discretion. 

The median duration of ganciclovir administration among the 17 patients in Group A was 

40 (range: 11–63) days. During treatment, grade 3 or 4 neutropenia occurred in 7 (41%) 

patients.

All patients in group A had microcephaly, chorioretinitis or congenital SNHL, except one 

(enrolled in the phase III RCT) who had multiple signs of RE involvement and abnormal 

head CT findings. Four patients in group B and one in group C, were enrolled in the phase 

III RCT (allocated to receive no treatment). Three patients in group C would not have been 

eligible to participate in the ganciclovir clinical trials: two were born ≤32 weeks’ gestation 

and one had birth weight ≤1200g.

There were no statistically significant differences by maternal demographics between groups 

A and B, nor between groups B and C. Purpura/petechiae was the most common sign 

of reticuloendothelial system involvement in all patient groups (82% in group A, 78% 

in group B, and 63% in group C), followed by hepatomegaly in group A (82%), and 

thrombocytopenia in groups B (70%) and C (60%). There were statistically significant 

differences in the proportions of patients with hyperbilirubinemia between group A and B 

(P=0.01), and with splenomegaly between group B and C (P=0.03).

Although the proportion of patients in groups A and B with microcephaly on the basis of 

physician clinical assessment at birth was similar (71% and 70%), a smaller proportion, 

particularly in group B, had head circumference ≤3rd percentile, (65% and 51%); none in 

group C had microcephaly by definition. Neurological abnormalities in the clinical exam 

were noted for 41%, 33% and 22% of patients in group A, B and C, respectively, and 

chorioretinitis in 18%, 37% and 3% (one patient who had birth weight ≤1200g).

Head CT scan findings

Head CT scans were performed at a median age of 6 (range: 0–146) days among 17 patients 

in group A, 9 (0–111) days among 27 patients in group B, and 8 (0–121) days among 30 

patients in group C. There were no statistically significant differences in the proportions 
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of patients in groups A and B regarding abnormal head CT scan findings, either specific 

findings such as intracranial calcifications (88% vs. 70%), or broad categories such as tissue 

destruction (88% vs 81%) or volume loss (71% vs 67%); ≥ 2 broad category findings were 

noted in 71% of group A and 74% of group B (P>0.05) (Table 1). Most abnormal findings 

were significantly more common in group B than group C. No patient in group C had 

findings suggesting dysplastic growth, which was also uncommon among the other groups 

(Table 1).

Hearing outcomes

The median age at the first and last hearing assessments for group A was 0.3 (range: 0.1–

4.8) months and 13 (0.4–18) years, respectively; 0.5 (0.1–10.3) months and 11 (0.1–18) 

years for group B; and 1.3 months (0.2 months-8 years) and 13 (0.0–18) years for group C.

Overall, 12 (71%) patients in group A, 16 (59%) in group B, and 8 (25%) in group C, 

were screened by ABR within the first month of life. Eleven (65%) and 15 (56%) patients 

in groups A and B, respectively, were diagnosed with congenital SNHL (P>0.05); among 

whom 9/11 (81%) and 11/15 (73%), had bilateral loss (Table 2). Not all patients had an 

assessment within the first month of life, and an additional 4 (24%) in group A, 6 (22%) 

in group B, and 8 (25%) in group C were categorized as having early-onset SNHL; most 

had bilateral loss at initial diagnosis. Patients with normal hearing in both ears at the first 

assessment also developed SNHL. At the end of follow-up, a total of 16 (94%) in group A, 

24 (89%) in group B, and 16 (50%) in group C had SNHL; most had bilateral SNHL. SNHL 

severity increased with age in all patient groups (Figure 1). At last assessment, 12 (71%) 

patients in group A, 16 (59%) in group B, and 7 (22%) in group C had severe hearing loss in 

the better-hearing ear (Figure 1). Comparisons in hearing from baseline to follow-up at ≤12 

months, ≤24 months, and last assessment are described in Table 3.

DISCUSSION

This study included children with symptomatic congenital CMV disease with and without 

6-week intravenous ganciclovir therapy. To our knowledge, this study reports the longest 

follow-up of children who received antiviral treatment [26–30]. Most treated patients 

had microcephaly and bilateral congenital or early-onset SNHL; about half had severe 

loss bilaterally at initial diagnosis. Patients in group B would have been considered for 

ganciclovir therapy but were born before, during, or just after the enrollment phases of 

clinical trials. Although our sample size was small, about 90% of patients in groups A 

and B, and 25% in group C developed SNHL. Severity of SNHL increased with age in all 

patient groups, such that the proportion with severe bilateral SNHL (as indicated by the 

better-hearing ear status) at the last assessment was 71%, 59%, and 22% among patients in 

group A, B, and C, respectively. These patients would have been potential candidates for 

cochlear implants.

We describe a spectrum of symptomatic congenital CMV disease. Patients in groups A and 

B were likely comparable, but a greater proportion was born at term and appeared to have 

had fewer signs of reticuloendothelial system involvement than treated patients. Among 

patients in group C, at least half had >2 signs of reticuloendothelial system involvement, 
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and would have met current criteria for moderately to severely symptomatic congenital 

CMV disease according to recent recommendations from an informal expert panel [31]; 

none had SNHL as a single sign. In a previous analysis of this cohort, we found that 

hepatosplenomegaly was associated with an increased risk of SNHL [14]. Microcephaly, 

and head CT scan findings suggesting tissue destruction or dysplastic growth were also 

associated with an increased risk of SNHL [14]. Brain imaging abnormalities were found 

in over 90% of patients in groups A and B, but were less common and less severe 

among patients in group C. By definitions used in this analysis, untreated patients with 

microcephaly, chorioretinitis or congenital SNHL, but not with brain imaging abnormalities 

alone (e.g. intracranial calcifications), were included in group B.

Among children with symptomatic congenital CMV disease, microcephaly is an important 

predictor of poor cognitive and hearing outcomes [13]. About 70% in either group A 

or B had microcephaly based on the physician’s assessment at birth. In the post-hoc 

classification based on Olsen’s intrauterine growth curves [24] fewer but different patients 

were microcephalic. The differences between group A and B were not significant. However, 

these data suggest that using standardized methods to assess microcephaly in infants 

with congenital CMV infection is important to inform clinical management decisions and 

prognosis.

Our study had limitations. The sample size was small and limited our ability to detect 

significant differences among treated and untreated patients; it is possible that patients in 

group A may have had more severe disease than patients in group B. They were prescribed 

6-week intravenous ganciclovir therapy when it was first available decades ago; several 

treated and untreated patients were enrolled in the NIAID CASG clinical trials. However, 

this analysis lacks randomization, and some infants did not complete the 6-week therapy. 

Some patients with true congenital SNHL may have been misclassified as having early-onset 

SNHL because there was no assessment within the first month of life; most patients were 

born before the implementation of universal newborn hearing screening in Texas. However, 

the proportion with early-onset SNHL was similar in all patient groups. We may have also 

missed SNHL progression among patients lost to follow-up early in childhood. Furthermore, 

our findings cannot be extrapolated to infants who receive 6-month therapy with oral 

valganciclovir, which is the current standard of care [21].

Limited data exist on the long-term benefits and safety of more contemporary cohorts of 

patients treated with oral valganciclovir for 6 months, warranting further evaluation in future 

studies. Our study highlights that several factors may influence findings of studies evaluating 

efficacy or (real-world) effectiveness of antiviral treatment. The heterogeneity of clinical 

presentation at birth, duration of therapy and follow-up, type of assessments and outcome 

measures may produce selection and/or information biases that can affect the quality of 

evidence from clinical trials and observational studies.

Although all patients included in this study had symptomatic congenital CMV disease, 

most children with congenital CMV-associated SNHL will be asymptomatic at the newborn 

physical exam. Children with asymptomatic congenital CMV infection may also present 

with brain abnormalities, which have been associated with SNHL [23]. About half of the 
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SNHL cases among children with asymptomatic congenital CMV infection are unilateral, 

progressing in severity with increasing age [14]. Thus, studies assessing the effect of 

valganciclovir therapy in these children might need to control for brain imaging findings, 

and include poorer-hearing outcomes to assess differences in the SNHL progression among 

treated and untreated children.

In the United States, antiviral therapy is increasingly being administered to infants with 

symptomatic congenital CMV disease [32]. In a majority of treated infants, administration 

of antivirals is likely in line with current AAP recommendations for treatment of infants 

with moderately to severely symptomatic congenital CMV disease, including infants with 

central nervous system disease [32]. However, the risk-benefit ratio of antiviral therapy 

is still debated due to risk of toxicity and possible carcinogenicity [33–35]. Data from 

additional clinical trials assessing the effect of valganciclovir therapy in children with SNHL 

who start treatment when they are older [36, 37], or those diagnosed with asymptomatic 

congenital CMV infection and SNHL within 6 months of life [38], will be important to 

inform the evidence base for different treatment regimens and target populations. In our 

study, most patients with congenital or early-onset SNHL eventually developed hearing loss 

severe enough to have been potential candidates for cochlear implantation, with or without 

6-week ganciclovir therapy. The apparent lack of enduring benefits of early antiviral therapy 

in children with symptomatic congenital CMV disease makes prevention a priority strategy 

to reduce the disease burden.
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Abbreviations:

CMV cytomegalovirus

SNHL sensorineural hearing loss

HL hearing level
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Figure 1. 
Proportion of patients with normal hearing and mild, moderate, and severe hearing loss in 

the poorer- and better-hearing ears by patient group and age

Hearing level was categorized based on the click ABR or average of the pure-tone thresholds 

at 0.5, 1, 2, and 4 kHz (four-frequency average), as follows: ≤20 dB as normal hearing 

(white), and 21–45 dB as mild (light pink), 46–70 dB as moderate (dark pink), and >70 dB 

as severe (red) hearing loss; number of children in each category is shown inside the bars. 

We categorized the ear with higher thresholds at the initial assessment with SNHL as the 

poorer-hearing ear. Patients were not included until first assessment, and patients who died 

were excluded from age intervals after death occurred. Patients with missing assessment 

for a given interval were considered to have hearing level of prior assessment. One patient 

whose first ABR showed severe and moderate hearing loss in the poorer- and better-hearing 

ears, had normal hearing bilaterally during follow-up. Five patients whose first ABR showed 

mild hearing loss in the poorer-hearing ears had normal hearing bilaterally during follow-up. 

One treated patient who retained normal hearing throughout the follow-up did not have 

microcephaly or chorioretinitis at birth, and if untreated would have been categorized as 

group C.
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Table 1.

Comparison of demographic and clinical characteristics among children with symptomatic congenital CMV 

disease by patient group (n=76)

Characteristics Group A
(n=17)
n (%)

Group B
(n=27)
n (%)

P value
a

Group C
(n=32)
n (%)

P value
b

Maternal demographics 

Age

 <25 years 13 (76) 16 (59) 0.24 18 (56) 0.81

 ≥25 years 4 (24) 21 (41) 14 (44)

Race/Hispanic origin

 Non-Hispanic White 9 (53) 14 (52) 1.00 20 (63) 0.89

 Non-Hispanic Black 3 (18) 5 (19) 4 (13)

 Non-Hispanic Asian 0 (0) 1 (4) 1 (3)

 Hispanic 5 (29) 7 (26) 7 (22)

Marital status (n=73)

 Married 7 (44) 17 (65) 0.17 20 (65) 0.94

 Single 9 (56) 9 (35) 11 (35)

Health insurance (n=58)

 Private health insurance 5 (31) 11 (50) 0.21 11 (55) 0.52

 Medicaid 7 (44) 10 (45) 6 (30)

 None 4 (25) 1 (5) 2 (10)

Education (n=75)

 Up to high school 12 (71) 15 (56) 0.32 12 (39) 0.29

 Some college or more 5 (29) 12 (44) 19 (61)

Newborn’s characteristics 

Year of birth

 1983–1989 (before ganciclovir studies) 0 (0) 5 (19) 0.16 13 (41) 0.17

 1990–1999 (enrollment phase of ganciclovir studies) 14 (82) 16 (59) 15 (47)

 2000–2005 (after ganciclovir studies) 3 (18) 6 (22) 4 (13)

Participation in ganciclovir studies
c

Yes 11 (65) 4 (15) <0.01 1 (3) 0.16

No 6 (35) 23 (85) 31 (97)

Gender

 Male 8 (47) 11 (41) 0.68 16 (50) 0.48

 Female 9 (53) 16 (59) 16 (50)

Gestational age at birth

 Premature (<37 weeks) 8 (47) 6 (22) 0.09 10 (31) 0.43

 Term 9 (53) 21 (78) 22 (69)

Small for gestational age

 Physician clinical assessment at birth 8 (47) 10 (37) 0.51 10 (31) 0.64

 Birth weight <10th percentile
d 10 (59) 19 (70) 0.43 15 (47) 0.07
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Characteristics Group A
(n=17)
n (%)

Group B
(n=27)
n (%)

P value
a

Group C
(n=32)
n (%)

P value
b

Reticuloendothelial system involvement at birth 16 (94) 24 (89) 1.00 30 (94) 0.65

 Purpura/petechiae 14 (82) 21 (78) 1.00 20 (63) 0.20

 Jaundice 9 (53) 10 (37) 0.30 11 (34) 0.83

 Hepatomegaly 14 (82) 16 (59) 0.11 14 (44) 0.24

 Splenomegaly 13 (76) 16 (59) 0.24 10 (31) 0.03

 Elevated alanine transaminase (>100 IU) (n=70) 6 (35) 3 (13) 0.13 3 (10) 1.00

 Hyperbilirubinemia (Total bilirubin >3mg/dl) (n=74) 11 (65) 6 (23) <0.01 11 (36) 0.31

 Hemolytic anemia 0 (0) 2 (7) 0.51 1 (3) 0.59

 Thrombocytopenia (Platelet count <75,000/mm3) (n=53) 11 (65) 19 (76) 0.50 20 (69) 0.57

 >2 signs of RE system involvement 14 (82) 19 (70) 0.48 16 (50) 0.11

Microcephaly

 Physician clinical assessment at birth 12 (71) 19 (70) 0.99 0 (0) <0.01

 Head circumference ≤3rd percentile
d
 (n=73)

11 (65) 14 (54) 0.48 0 (0) <0.01

 Either criteria 14 (82) 20 (74) 0.71 0 (0) <0.01

Other neurological abnormalities
c 7 (41) 9 (33) 0.60 7 (22) 0.32

 Seizures 2 (12) 3 (11) 1.00 0 (0) 0.09

 Poor suck 1 (6) 1 (4) 1.00 2 (6) 1.00

 Jitteriness 0 (0) 2 (7) 0.51 2 (6) 1.00

 Hypotonia 5 (29) 1 (4) 0.03 4 (13) 0.36

 Hypertonia 2 (12) 7 (26) 0.45 3 (9) 0.16

Chorioretinitis 3 (18) 10 (37) 0.20
1 (3)

e <0.01

Head CT findings (n = 74)

 Intracranial calcifications 15 (88) 19 (70) 0.27 8 (27) <0.01

 Ventricular dilatation 12 (71) 18 (67) 0.79 8 (27) <0.01

 White matter lucency 2 (12) 7 (26) 0.45 6 (20) 0.59

 Broad categories

 Tissue destruction 15 (88) 22 (81) 0.68 13 (41) <0.01

 Volume loss 12 (71) 18 (67) 0.79 8 (25) <0.01

 Attenuated growth 5 (29) 7 (26) 1.00 9 (28) 0.85

 Dysplastic growth 3 (18) 3 (11) 0.66 0 (0) 0.09

 Number of broad category findings

 0 1 (6) 2 (7) 0.87 8 (27) <0.01

 1 4 (23) 5 (19) 15 (50)

 ≥2 12 (71) 20 (74) 7 (23)

Death
f 2 (12) 6 (22) 0.46 0 (0) <0.01

Group A: All patients received intravenous ganciclovir; all patients had at least one of the following signs: microcephaly, chorioretinitis, or 
sensorineural hearing loss diagnosed in the first month of life, except one who had multiple signs of RE involvement (petechiae, jaundice, 
hepatomegaly, splenomegaly, elevated alanine transaminase, hyperbilirubinemia, thrombocytopenia), multiple intracranial calcifications, and 
diffuse cerebral white matter lucency suggesting undermyelination, and was treated in the phase III RCT.

Group B: Untreated patients who had at least one of the following signs: microcephaly, chorioretinitis, or sensorineural hearing loss diagnosed in 
the first month of life, and thus would have been eligible for ganciclovir therapy.
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Group C: Untreated patients who did not meet criteria for group B but had signs of reticuloendothelial system involvement, other neurological 
abnormalities, or abnormal head CT findings, or were born ≤32 weeks’ gestation and weighing ≤1200g.

a
Comparison between groups A and B, P-values based on Chi-square test or Fisher Exact.

b
Comparison between groups B and C, P-values based on Chi-square test or Fisher Exact.

c
Of 16 patients participating in ganciclovir studies, 11 were treated (two in phase I study, one in phase II study, and eight in phase III RCT) and five 

were untreated (phase III). Six patients were treated at physician’s discretion.

d
Based on Olsen’s intrauterine growth charts.

e
As noted in the patient chart.

f
Birth weight < 1200g.

g
Two (12%) patients in group A died; ages: 12 years (pneumonia), and 20 years (complications from spinal cord surgery). Six (22%) patients 

in group B died; ages: 2 months (sudden infant death syndrome), 2 years (one had respiratory failure and another had G-tube post-operative 
complications), 13 years (one had respiratory failure and another died in sleep at home), and 20 years (accidental drug overdose). All patients who 
died had SNHL in the last assessment, and 6 had intellectual disability.
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Table 2.

Characteristics of sensorineural hearing loss among children with symptomatic congenital CMV disease by 

patient group (n=76)

SNHL characteristics Group A
(n=17)
n (%)

Group B
(n=27)
n (%)

Group C
(n=32)
n (%)

Congenital
a 11 (65) 15 (56) 0 (0)

 Bilateral 9 (53) 11 (40) 0 (0)

 Unilateral 2 (12) 4 (16) 0 (0)

Early-onset
b 4 (24) 6 (22) 8 (25)

 Bilateral 3 (18) 6 (22) 5 (16)

 Unilateral 1 (6) 0 (0) 3 (9)

Delayed-onset
c 1 (6) 3 (11) 8 (25)

 Bilateral 1 (6) 2 (7) 5 (16)

 Unilateral 0 (0) 1 (4) 3 (9)

Total with SNHL at last assessment
d 16 (94) 24 (89) 16 (50)

 Bilateral
e 14 (82) 22 (81) 11 (34)

 Unilateral 2 (12) 2 (7) 5 (16)

a
Diagnosed in one or both ears within the first month of life; P=0.55 for comparison between groups A and B.

b
Detected in the first ABR assessment from >1 month to 12 months of life.

c
Detected after ≥1 assessments with normal hearing.

d
P=1.00 for comparison between groups A and B, and <0.01 for comparison between groups B and C.

e
Some patients with unilateral congenital or early-onset SNHL developed bilateral loss later (1 in group A, 3 in group B, 1 in group C).
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Table 3.

Comparison of hearing at baseline and follow-up at ≤12 months, 24 months, and last assessment among 

patients with symptomatic congenital CMV disease in group A, B and C

Group Ear
Follow-up 
assessment n

Comparison of hearing at baseline and follow-up, n (%)

Improved hearing Maintained normal 
hearing

Maintained same 
degree of hearing loss Worsened hearing

A

Better

≤12 15 1 (6) 5 (33) 6 (40) 3 (20)

24 16 0 (0) 4 (25) 6 (38) 6 (38)

Last 16 0 (0) 3 (19) 5 (31) 8 (50)

Poorer

≤12 15 2 (13) 2 (13) 9 (60) 2 (13)

24 16 1 (6) 2 (13) 5 (31) 8 (50)

Last 16 1 (6) 1 (6) 9 (56) 5 (31)

Total

≤12 30 3 (10) 7 (23) 15 (50) 5 (17)

24 32 1 (3) 6 (19) 11 (34) 14 (44)

Last 32 1 (3) 4 (13) 14 (44) 13 (41)

B

Better

≤12 19 4 (21) 2 (11) 9 (47) 4 (21)

24 21 3 (14) 2 (10) 12 (57) 4 (19)

Last 25 4 (16) 3 (12) 9 (36) 9 (36)

Poorer

≤12 19 2 (11) 1 (5) 11 (58) 5 (26)

24 20 1 (5) 1 (5) 10 (50) 8 (40)

Last 25 1 (4) 2 (8) 13 (52) 9 (36)

Total

≤12 38 6 (16) 3 (8) 20 (52) 9 (24)

24 41 4 (10) 3 (7) 22 (54) 12 (29)

Last 50 5 (10) 5 (10) 22 (44) 18 (36)

C

Better

≤12 13 2 (15) 8 (62) 1 (8) 2 (15)

24 18 3 (17) 11 (61) 2 (11) 2 (11)

Last 29 5 (17) 16 (55) 2 (10) 6 (21)

Poorer

≤12 14 4 (29) 6 (43) 3 (21) 1 (7)

24 18 5 (28) 5 (28) 3 (17) 5 (28)

Last 29 6 (21) 9 (31) 3 (10) 11 (38)

Total

≤12 27 6 (22) 14 (52) 4 (15) 3 (11)

24 36 8 (22) 16 (44) 5 (14) 7 (19)

Last 58 11 (19) 25 (43) 5 (9) 17 (29)

Comparisons include auditory brainstem response threshold elicited with either click or tone-burst stimuli at 2 and 4 kHz with average pure-tone 
levels for the same frequencies. The ear with higher thresholds at the initial assessment with SNHL was considered the poorer-hearing ear. Patients 
were categorized as having improved hearing (e.g. from moderate to mild), maintained normal hearing, maintained same degree of hearing loss, or 
worsened hearing (e.g. from moderate to severe). Median age at last assessment was 13 years for group A, 11 years for group B, and 13 years for 
group C.
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