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Abstract

As many as 5%-10% of infants with symptomatic congenital cytomegalovirus (cCMV) disease,
or 0.4%-0.8% of all liveborn infants with cCMV infection, die in early infancy in high-income
countries. However, estimates are uncertain due to several potential biases that can result from
data limitations and study designs. First, infants with cCMV infections who die prior to diagnosis,
which usually occurs at 1-4 weeks after birth, may be excluded from both the count of deaths

and the denominator of cCMV births, resulting in left truncation and immortal time biases.

These ‘biases’ are features of the data and do not reflect bias on the part of researchers, but
understanding the potential existence of threats to validity can help with interpretation of findings.
Left truncation of infant deaths occurring prior to diagnosis of cCCMV can result in understatement
of the burden of infant deaths due to cCMV. Conversely, overestimation of infant deaths associated
with symptomatic cCMV may occur in clinical case series owing to greater representation of
relatively severely affected infants owing to ascertainment and referral biases. In this review, we
summarise the characteristics of 26 studies that reported estimates of cCMV-associated infant
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deaths, including potential biases or limitations to which those estimates may have been subject.
We discuss study designs whose implementation might generate improved estimates of infant
deaths attributable to cCMV. More complete estimates of the overall public health impact of
cCMV could inform current and future screening, prevention, and vaccine research.
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1| BACKGROUND

Congenital cytomegalovirus (cCMV) infection occurs in 0.4%-0.6% of infants born in
high-income countries and over 1% in low-and middle-income countries.! Infection can
result in developmental disabilities.2~* Congenital CMV is the leading infectious cause of
sensorineural hearing loss in children in high-income, and possibly low-middle income,
countries.*> Approximately 10%-15% of infants with cCMV are classified as symptomatic
based on the presence of specific clinical signs or markers at birth.%:7

Symptomatic cCCMV disease has also been implicated in height-ened risk of death in utero,
the neonatal period (birth through 4 weeks of age), infancy (the first year of life) and
childhood.2-3:8-11 For instance, approximately 15% of stillbirths examined in Australian and
Greek studies had evidence of CMV infection and associated placental abnormalities,3:8:12
Regarding post-neonatal deaths, an Australian study reported that children with hospital
diagnoses of cCMV had 18.4 times the odds of dying by age 5 years relative to matched
controls.3 Moreover, children with symptomatic cCCMV who experience cerebral palsy

and epilepsy are at increased risk of death in childhood and beyond as a result of those
sequelae.14-16

Although cCMV is increasingly recognized as an important public health problem, the
magnitude of cCMV-associated mortality risk remains uncertain. In order to understand

the burden of cCMV and estimate the public health impact of interventions such as
immunizations, it would be helpful to have accurate estimates of cCMV-attributable
morbidity and mortality.17.18 Herein, we report a narrative review of published estimates

of infant deaths associated with cCMV in high-income countries in North America, Europe,
and Asia. We excluded studies from low-income countries, where risk of death among
infants with cCMV may be greater than in high-income countries due to disparate access
to healthcare, co-occurring HIV infections, and other factors.19 We reviewed information
from both prospective birth cohort studies and period-specific surveillance studies in which
infants were tested for cCMV and where results were reported either for infants with

all severities of cCMV or infants with symptomatic cCMV disease alone. Following a
discussion of the limitations of existing estimates, we provide suggestions for methods

to generate more complete and relatively unbiased estimates of cCMV-associated infant
mortality rates.
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2| METHODOLOGICAL CHALLENGES

3|

4|

The precise magnitude of infant mortality attributable to cCMV is undefined for several
reasons. First, it is difficult to determine which deaths among infants with cCMV directly
or indirectly resulted from the infection as opposed to the impact of confounding by shared
risk factors. Second, individual studies are insufficiently powered to assess infant death

as an outcome because of small numbers of cases and the low frequency of infant death.
Third, estimates of disability and death attributable to symptomatic cCMV are subject to
data limitations, commonly referred to in epidemiology or statistics as ‘biases’ even though
they do not indicate subjective bias on the part of researchers, that can result in under-or
over-estimation of risks (Table 1).

Overestimation of the risk of infant mortality in symptomatic cCMV disease can occur due
to ascertainment and referral biases, which are both forms of selection bias (Figure 1).

Conversely, underestimation of infant mortality attributable to cCMV can occur due to left
truncation and immortal time bias (Figure 2). Left truncation bias refers to the exclusion of
individuals who experience an outcome prior to meeting study inclusion criteria.22 Such bias
when applied to relative mortality estimates is referred to in the epidemiologic literature as
immortal time bias.23 ‘Immortal time’ refers to the period of time between cohort entry (i.e.,
birth) and case ascertainment (confirmed diagnosis of cCMV). During that period, infants
with cCMV are ‘immortal’ because those who die are counted in the non-cCMV group.
This is of particular importance for infant mortality since deaths in the first week after birth
account for up to half of all infant deaths.2? For example, a US study found that although
African-American children diagnosed with sickle cell anaemia had lower infant mortality
than those without a diagnosis of sickle cell disease, infants with sickle cell anaemia had
significantly sigher death rates after neonatal deaths were excluded from both cohorts.24

METHODS

The article and study selection for this narrative review were performed using databases
such as PubMed, Google Scholar, BioMed Central and MEDLINE. The following phrases
were used as search terms: congenital cytomegalovirus, mortality, infant mortality. The
authors’ personal archives of published studies on the subject matter were also used

and cross referenced with search results. We selected studies that included a measure

of mortality among infants with cCMV, between birth and 12 months of age. Inclusion
criteria were as follows: scholarly article or report, English language publication, and study
population from high-income countries.

REVIEW OF ESTIMATES

We identified 26 epidemiologic studies on cCMV that reported estimates of infant mortality
which are summarised in Tables 2 and 3. The included studies were published from 1980 to
2022. Most (7= 16) are cohort studies, and the remaining 10 are classified as surveillance
studies.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 4

Cohort studies

A 1980 study from Birmingham, Alabama reported that nine of 34 (26%) infants who had
been diagnosed with symptomatic cCMV at a tertiary referral centre by age three months
died by 10 months of age, all except one of whom died prior to three months of age.3% All
infants who died had severe neurologic disease that contributed to death. That cohort was
subject to ascertainment and referral biases, as noted in a contemporary study.*2 As such,
those infants had disproportionately severe disease sequelae and an inherently higher risk of
infant mortality. A subsequent study from the same institution by Boppana and colleagues
reported that 13 of 106 (12%) symptomatic infants followed prospectively at a university
hospital in Alabama during 1966-1989, most of whom were referred from other centres,
died in the first six weeks of life.2 Boppana et al. reported that seven of nine (78%) infants
who underwent postmortem examination had disseminated CMV infection with multiorgan
involvement.?

Prospective studies using representative screened cohorts of infants, which are not subject
to ascertainment and referral bias, may yield lower estimates of cCMV associated mortality.
For example, a study tracked 443 infants born at the University of Alabama Hospital during
1980-1996 who were identified with cCMV through urine or saliva screening during the
first two weeks of life. Among the 388 infants enroled in a follow-up clinic, 53 of whom
were symptomatic at birth, two (0.5%) were reported to have died with no information
reported on age, cause of death, or presence of symptoms.2? Those findings were subject to
underestimation as a result of left truncation bias by the exclusion of infants who died prior
to enrolment.

The lead author of the Alabama screening study provided us with clarifying information (Dr.
Karen Fowler, personal communication, 24 July 2023). Of the two deaths reported in the
1999 publication, one was a sudden death that occurred between six and 12 months of age to
an infant with symptomatic cCMV (microcephaly and hyper-bilirubinemia). The other was
a death of unknown cause in the second year of life to a child with asymptomatic cCMV.
Among 36 infants who were not enroled, all three symptomatic infants died, two as neonates
(prior to four weeks) and one at five weeks, compared with none of 33 asymptomatic
infants. Thus, a total of four (7%) deaths occurred during infancy among 56 infants with
symptomatic infections in the birth cohort versus none among infants with asymptomatic
infections.

Three large prospective cohort studies conducted in Sweden, the United Kingdom, and the
United States assessed outcomes in infants with cCMV who were identified in representative
cohorts of infants screened for CMV after birth. Investigators in all three studies reported no
neonatal deaths and only one post-neonatal infant death among a total of nearly 200 infants
with diagnosed symptomatic cCMV disease.21:3%45 However, all three studies were subject
to left truncation bias, since infants who died prior to being diagnosed with cCMV were by
definition not included in the cCMV study groups.

An early screening study tested umbilical-cord blood for CMV IgM antibodies in 8644
U.S. newborns during 1967-1970 of whom 53 were CMV-positive. Two of the 53 (3.7%)
were perinatal deaths, including one stillbirth and one early neonatal death at 48 h of
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age.30 That study design was free from left truncation bias, unlike other newborn screening
studies included in this review. The only other published studies that were not subject to left
truncation bias consisted of analyses of prenatally diagnosed infants.

A screening study published in 1982 diagnosed 64 infants who were cCMV-positive from
cultures of urine specimens collected at two days of age from 15,212 Canadian newborns.*2
Because of the early collection of urine specimens, that study was less subject to left
truncation bias than subsequent studies that required confirmatory diagnostic tests after an
initial screen. Saigal and colleagues reported no neonatal deaths among the 64 infants with
cCMV. Two deaths were recorded at 4 months of age, both in asymptomatic infants due to
respiratory diseases.*?

In 2010, Pignatelli et al. reported on 74 congenitally infected infants monitored at a
university hospital in Bologna, Italy during 1998-2008. These infants either had prenatal
evidence of in utero infection or presented with clinical symptoms at birth. Infection with
cCMV was confirmed by isolation of virus from urine within 2 weeks after birth.4% The
investigators reported that 2/29 (7%) symptomatic infants died as neonates but did not
specify the causes of death.40 Similarly, Alarcon et al. reported that among 26 Spanish
infants with symptomatic cCMV but without major birth defects, diagnosed at a university
hospital during 1993-2009, 3/26 (12%) died, with 2/26 (8%) dying as neonates and 1/26
(4%) dying at 7 months.25 Both studies were potentially subject to left truncation bias as
well as ascertainment and referral biases due to the increased likelihood of infants with
severe disease being tested and diagnosed.

In a large prospective study in Japan, 22,262 neonates were screened during 20082010
within four days of birth and diagnoses were confirmed with liquid urine specimens.34 One
(5%) infant death was recorded among 20 infants with symptomatic cCMV which occurred
despite intensive treatment with valganciclovir.3* Subsequently, Koyano et al. reported a
death among 17 children with symptomatic infections followed for at least 2 years after
birth.33 Another prospective screening study in Japan tested urine specimens collected from
6348 infants in the first week of life born at Kobe University Hospital and Kobe Children’s
Hospital during 2009-2014. Nishida et al. identified 32 (0.5%) infants with cCMV, half of
whom were classified as symptomatic, one (6%) of whom died prior to initiation of antiviral
therapy.38 In both studies, infected infants dying in the first days of life may not have had
specimens collected and tested for CMV, representing potential left truncation bias.

Two overlapping clinical studies of foetal therapy for cCMV with sequelae visible on
prenatal imaging were also conducted in Japan.3244 In the first study, conducted during
2005-2010 at multiple centres, 12 women with diagnosed foetal anomalies and positive
foetal tests for CMV underwent immunoglobulin therapy and their liveborn infants were
followed up clinically.32 In that study, two (16.7%) infant deaths were reported, at days 1
and 36. A study conducted at a university hospital in Kobe during 2009-2019 identified 19
infants with prenatally diagnosed cCMV of whom 15 received foetal therapy.** Tanimura
et al. reported two (10.5%) deaths in prenatally diagnosed cases, both on the first day of
life; one was also included in the previous publication. Tanimura et al. also reported clinical
outcomes for 15 infants with symptomatic cCMV diagnosed as newborns who underwent
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antiviral therapy, of whom one (6.7%) died at day 29; some of the infants in the study were
also included in the screening study by Nishida et al. All three neonatal deaths in the Kobe
cohort were attributed to complications of prematurity, either hypoplastic lung or diffuse
peritonitis.** The Kobecohort of 34 newborns appears to have been selective of severely
affected infants, 80% of whom were born preterm.

Canadian researchers at a university hospital in Quebec identified 54 foetuses with cCMV
based on suspected maternal CMV exposure and another 30 infants who were diagnosed
with cCMV through testing following birth for reasons other than suspected maternal
exposure.3” Of 54 prenatally diagnosed cases, Minsart et al. classified 25 foetuses or infants
as moderately to severely symptomatic. Six of the 54 affected pregnancies were terminated,
one ended in spontaneous foetal demise after 21 weeks of gestation, and 3/24 (12.5%)
prenatally diagnosed cases resulted in neonatal deaths, all attributed to cCMV. No deaths
were reported among the 30 postnatally diagnosed cases, of whom 22 were moderately to
severely symptomatic. The postnatally diagnosed cases were subject to left truncation bias
owing to timing of collection of specimens, unlike the prenatally diagnosed cases, some of
whom were diagnosed with cCMV based on tests of amniotic fluid or foetal tissue.

Another cohort study likewise reported no neonatal deaths among infants confirmed
with cCMV, likely due to left truncation bias, even though postneonatal infant deaths
were reported. Among 21,760 hospital births in Italy, nine infants were diagnosed with
symptomatic cCMV following clinical referral, of whom one infant born preterm with
human immunodeficiency virus died at 6 months of age.26

Estimates from surveillance studies

Several surveillance studies have reported neonatal deaths among infants identified with
cCMV.27:28,31,36,41,4346-48 For example, a British Paediatric Surveillance Unit study
published in 2011 noted 86 cases of confirmed cCMV reported by pediatricians in the
United Kingdom and Ireland.*® A total of 10 (12%) infant deaths were reported, all of whom
had cCMV involvement of the central nervous system. Four (5%) deaths occurred in the first
week of life, four deaths occurred at 2—-8 weeks of life, and the other two deaths occurred
later in infancy. This and other surveillance studies using reports of clinical diagnosis were
subject to ascertainment bias.*

A surveillance study in Michigan identified 175 potential cCMV cases during 2004-2011
through the state birth defects registry, infant death and live birth records, or hospital
discharges.?! After review of medical records when available, investigators confirmed 88
infants with cCMV, five (5.7%) of whom died in infancy, representing 0.07% of all infant
deaths in the state during that period. However, since the birth prevalence of confirmed
cases, 0.9 per 10,000 live births, was 2% of the minimal birth prevalence of all cCMV cases,
implying that only 20% of symptomatic cCMV cases were identified and included in this
cohort.#! These estimates were subject to ascertainment bias.

Two analyses of US administrative healthcare databases reported in-hospital deaths
associated with cCMV.3138 |n an analysis of 20 million US birth hospitalizations in
the during 2000-2012, analysts reported deaths prior to discharge in 70 (5.1%) of 1349
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hospitalised infants who had a diagnosis of symptomatic cCMV.3! No information was
available on cause of death. In a study of electronic health records from 2010 to 2021, 13
(3.8%) of 342 infants with cCMV who received antiviral therapy died between 7 and 59
days after birth as did six (1.7%) of 347 infants not prescribed antivirals.38 Those prescribed
antivirals were presumably more likely to have moderately or severely symptomatic cCMV
although administrative diagnoses of cCMV are not necessarily accurate and are insensitive
owing to infrequent testing and underreporting of cCMV diagnoses.>%5 Early neonatal
deaths were not reported, likely as a result of left truncation bias. These analyses were also
limited by administrative underreporting of cCMV diagnoses.

Three studies used US clinical databases to analyse the relative frequency of in-hospital
deaths among high-risk neonates with and without cCMV administrative diagnoses.28:47.48
First, deaths amongvery low birth weight (VLBW) infants in a regional neonatal intensive
care unit (NICU) in Alabama during 1993-2008 were recorded among 3/18 (17%) cCMV-
positive infants and 34/180 (19%) CMV-negative infants.*8 Second, a sentinel surveillance
analysis of NICU records in California during 2005-2016 identified 319 infants positive

for CMV—including postnatal infections—during the NICU admission, 27 (8.5%) of whom
died >12 h after NICU admission.*” Among VLBW (<1500 g) infants, death rates were
equally high for those with or without diagnosed CMV infections. In non-VLBW infants,
the NICU death rate was twice as high with CMV diagnoses. Similarly, in a national
sample of 128,141 VLBW and/or very preterm (<30 weeks of gestation) infants with birth
hospitalizations during 2018-2020, neonatal deaths were reported in 12.6%-12.7% of those
with cCMV infections and those with no diagnosed viral infection.28 All three studies may
have been subject to immortal time bias since infants who died before specimen collection
were not included.

Vital records are another source of information for cCMV surveillance, although infant
death certificates often fail to record infectious causes of death identified on autopsy.>2 In
2011, Bristow and colleagues analysed US multiple cause of death records for deaths at all
ages during 1990-2006 with cCMV diagnosis codes listed as an underlying or contributing
cause of death.2’ Most (557, 72%) cCMV-coded deaths were among infants, 0.11% of all
infant deaths. The majority of those deaths (/7= 319) were in the neonatal period (<28 days).
Finally, an analysis by Smithers-Sheedy and colleagues of Australian mortality records for
1999-2011 to children <15 years of age identified 83 child death records that included a
diagnosis code for cCMV. Most (7= 68) of those deaths occurred prior to age 1 year,

which constituted 0.22% of all infant deaths in Australia during that period.*3 It should be
noted that cCMV, like other infectious agents, can lead to sudden unexplained infant deaths,
although infectious agents are not generally identified.32:53.54

Syntheses of estimates

It is often reported that approximately 5% of infants with symptomatic cCMV die, most of
which are presumed to be a result of the infection.#-6:55-57 Because there is no evidence
that infants with asymptomatic cCMV are at risk of death due to the infection, the overall
risk of death among all infants with cCMV infection is a 10th as great, that is, up to 0.5%.
Two cCMV modelling studies assumed increased risk of death in asymptomatic cCMV
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infection,8:59 an assumption that was based on a single report of post-neonatal infant deaths
among infants with “asymptomatic’ cCMV in a 1982 Canadian study that used an extremely
restrictive definition of symptomatic cCMV.42

Other experts have proposed ranges of estimates that take into account statistical uncertainty.
For example, Cannon et al. and the American Academy of Paediatrics Committee on
Infectious Disease stated that infant deaths occur in 3%-10% of symptomatic infants or
0.3%-1.0% of all infants with cCMV.60.:61 That implies that the number of infant deaths
from cCMV is 3—10 times greater than the frequency in death records reported by Bristow.%0
A 2018 cost-effectiveness analysis of a potential cCMV vaccine modelled a 5% infant death
rate in symptomatic cCCMV cases with an uncertainty range from 0% to 10%.52 Individual
studies may report higher or lower point estimates of infant deaths associated with cCMV
due to wide uncertainty intervals. For example, Koyano et al. reported death of 1/66 (1.5%)
infants diagnosed with cCMV through newborn screening,3* with the 95% binomial exact
confidence interval for that estimate ranges from 0.004% to 8.2%.

A major challenge in assessing the attributable burden of infant mortality is the difficulty
of determining whether death that occurs in an infant with symptomatic cCMV is due to

the disease itself or to co-occurring factors, notably prematurity. Researchers have found
that the risk of mortality appears to be elevated among infants with extreme prematurity

independently of cCMV infection status.28:47:48

FUTURE STUDY DESIGNS

Improved estimates of the risk of infant death associated with cCMV might be generated
if researchers were to examine deaths among infants with positive initial screens using
specimens collected on the first day or two after birth rather than requiring a confirmed
diagnosis of cCMV. Ideally, complete information would be reported for all deaths in
screened cohorts, including deaths prior to the collection of initial specimens. Such
information would include the time of death relative to the time of specimen collection,
along with gestational age, birth weight, and the presence of clinical signs indicative of
symptomatic illness. Collection of frozen tissue samples could allow for the post-mortem
identification of infectious agents, such as CMV.%4

A potential approach to generate population-based estimates of both birth prevalence of
cCMV and associated infant deaths would be to test large numbers of stored specimens
collected at birth. One specimen type is the placenta. Researchers in Brazil tested 17
placentas for Zika virus associated with exanthematic febrile manifestations and found

that 14 were positive for Zika virus.53 Japanese investigators recently stained placental
sections for 59 infants with unexplained foetal growth retardation, of whom four (6.8%)
were positive for CMV antigen.54 Multiple studies of placental tissue associated with foetal
demise have reported the presence of CMV.3:8:12 However, CMV DNA has also been
reported to be common in placental tissue in uncomplicated pregnancies, especially those
ending in preterm delivery.%®
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Another potential specimen type is umbilical-cord blood, which was used in at least one
cCMV screening study.3% Multiple retrospective research studies conducted in Japan have
successfully retrieved and tested dessicated umbilical cord specimens stored by families to
identify children suspected of having cCMV disease.56-68 It is unknown whether it might be
acceptable to test stored umbilical cord specimens from deceased offspring for the presence
of CMV.

Finally, neonatal DBS specimens, which in many places are stored long term, are a fairly
commonly used specimen type in research studies. Although viral DNA is present in lower
levels in blood than in saliva or urine, a recently completed cCMV pilot screening study

in Minnesota reported analytic sensitivity of roughly 75% with a single primer polymerase
chain reaction assay using DBS.59 Stored DBS have been used to identify cCMV cases in
two published epidemio-logic studies.”0:71

Research studies in Sweden and England each tested samples of more than 100,000

stored neonatal DBS specimens for disorders other than cCMV to assess the frequencies
of adverse outcomes, including death, identified by linking to other databases with
personally identifiable information.”273 Those studies generated important information on
the preventable burden of late diagnosis of the studied disorders.

Dutch investigators tested more than 30,000 stored DBS specimens for CMV for a

national sample of children aged five years whose parents provided consent and used

other information to identify cCMV-attributable disabilities and healthcare utilization.”0.74.75
However, because of the need to obtain parental consent, infants who had died were
excluded from the sample.

In order to achieve adequate power to estimate death rates among infants positive for cCMV
at birth, large numbers of specimens might need to be tested. Donaldson and Grosse recently
observed that testing 1.2 million DBS specimens for a disorder present in one in 20,000
newborns would result in 60 cases. The authors acknowledged financial, regulatory and
ethical concerns and suggested that given the challenges and costs of undertaking such a
study, testing for multiple rare disorders might be needed to justify funding.’® Although
cCMV infection is not itself rare, the prevalence of cCMV-attributable infant death is likely
between one in 20,000 and one in 67,000 births assuming a birth prevalence of five per
1000 and an attributable infant mortality rate of 0.3%-1.0%. Because of the low frequency
of neonatal death, investigators wishing to generate reliable estimates would need to link
hundreds of thousands of DBS specimens to vital records to identify which infants had died.
Ideally, researchers would obtain access to medical records to confirm cCMV as a likely
cause of death.

6| CONCLUSION

Although infants with symptomatic cCMV disease at birth are at increased risk of death,
the magnitude of risk remains uncertain. An estimate of excess infant deaths of 0.4%-0.8%
deaths among birth cohorts of liveborn infants with cCMV infection is plausible but cannot
be established definitively. In addition to infant deaths, the total burden of mortality from
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cCMYV includes foetal deaths and excess deaths in childhood experienced by children with
cCMV. The public health impact of cCMV warrants attention to the development and
assessment of potentially cost-effective cCMV prevention strategies such as vaccination.
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