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Abstract

Objective: To critically review researchers’ use of diagnosis codes to identify congenital
cytomegalovirus (cCMV) infection or disease in healthcare administrative databases.
Understanding the limitations of cCMV ascertainment in those databases can inform cCMV
surveillance and health services research.

Methods: We identified published studies that used diagnosis codes for cCMV or CMV in
hospital discharge or health insurance claims and encounters records for infants to assess
prevalence, use of services, or healthcare costs. We reviewed estimates of prevalence and of
charges, costs, or expenditures associated with cCMV diagnosis codes.

Results: Five studies assessed hospitalizations with cCMV diagnosis codes recorded in hospital
discharge databases, from the United States (n7= 3), Australia (7= 1), and the United Kingdom (»
= 1). Six other studies analyzed claims or encounters data from the United States (n=5) or Japan
(n=1) to identify infants with cCMV codes. Prevalence estimates of recognized cCMV ranged
from 0.6 to 3.8 per 10,000 infants. Economic analyses reported a wide range of per-hospitalization
or per-infant cost estimates, which lacked standardization or comparability.

Conclusions: The administrative prevalence of cCMV cases reported in published analyses of
administrative data from North America, Western Europe, Japan, and Australia (0.6-3.8 per
10,000 infants) is an order of magnitude lower than the estimates of the true birth prevalence of 3—
7 per 1,000 newborns based on universal newborn screening pilot studies conducted in the same
regions. Nonetheless, in the absence of systematic surveillance for cCMV, administrative data
might be useful for assessing trends in testing and clinical diagnosis. To the extent that cCMV
cases recorded in administrative databases are not representative of the full spectrum of cCMV
infection or disease, per-child cost estimates generated from those data may not be generalizable.
On the other hand, claims data may be useful for estimating patterns of healthcare use and
expenditures associated with combinations of diagnoses for cCMV and known complications of
cCMV.
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Introduction

Congenital cytomegalovirus (cCCMV) infection occurs in an estimated 3—7 per 1000 live
births in North America, Western Europe, Japan, and Australial-2. Within the United States,
variation in birth prevalence by race/ethnicity, region, and socioeconomic status, is
commonly reported!:3. Typically, 10-15% of infants with cCMV infection present with
clinical signs at birth, such as hepatosplenomegaly, petechiae, chorioretinitis, jaundice, and
microcephaly;1#~7 therefore, the true prevalence of symptomatic cCMV infection is an order
of magnitude lower than that of cCMV overall. Diagnosis of cCMV infection requires
laboratory testing of specimens collected within the first 3 weeks of life8-11, In the absence
of universal screening, relatively few infants are diagnosed with cCMV infection, mostly
infants who are tested due to clinical signs present at birth®. A minority of infants diagnosed
with cCMV are asymptomatic, tested as a result of concerns about maternal infections
during pregnancy or of the infant not passing newborn hearing screening2:13,

Congenital CMV is an important preventable cause of birth defects (microcephaly and brain
anomalies) and developmental disabilities!4. Children with cCMV who are symptomatic at
birth are at elevated risk of intellectual disability, cerebral palsy, epilepsy, and other adverse
neurosensory and neurodevelopmental outcomes®:15. Sensorineural hearing loss (SNHL) is
the most common sequela of cCMV infection and may occur regardless of the presence of
clinical signs at birth®16.17 The serious sequelae of cCMV and their associated costs18-20
have prompted the development of a variety of interventions, including antiviral treatments,
screening, and candidate vaccines’-21. Quantifying the cost-effectiveness of such preventive
strategies can be challenging, however22.23,

A major challenge to quantifying the economic impact of cCMV infection is the paucity of
data on healthcare use and costs for children with cCMV infection. A few studies in the
United States have used diagnosis codes recorded in healthcare administrative data to
ascertain cases of presumed cCMV infection or disease and estimate healthcare utilization
and costs324-26_ However, if those cases are not representative of infants with cCMV
infection or disease due to under-ascertainment, the estimates of average costs could be of
uncertain utility?2. On the other hand, administrative healthcare data could potentially be
used to track from birth children with cCMV who develop serious neurological sequelae and
require repeated hospitalizations and costly outpatient care. A relatively small number of
children with medical complexity, including conditions such as cerebral palsy, are known to
account for a disproportionate share of aggregate pediatric healthcare expenditures?’:28,

In this study, we critically review published studies that have used administrative data to
ascertain presumed cases of cCMV infection or disease for various purposes. Administrative
data can be used to assess frequency with which a condition such as cCMV is recognized in
healthcare encounters, along with comorbid diagnoses, complications, risk factors,
healthcare utilization and expenditures or costs. Our intent is to inform future health services
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research on cCMV conducted using administrative data sources, both in the United States
and in other countries.

This scoping review used the PubMed database to identify published studies that used billing
diagnosis codes for cCMV in administrative healthcare databases. The two major types of
administrative healthcare data sources are hospital discharge databases and health insurance
claims or encounters databases using reporting forms developed for billing purposes. The
International Classification of Diseases (ICD), 9th and 10th Revisions, Clinical Modification
(CM) codes for “congenital cytomegalovirus infection” are 771.1 and P35.1, and for
“cytomegaloviral disease”, independent of age of diagnosis, are 078.5 and B25, respectively.
Since 1 October 2015, US healthcare systems have used ICD-10-CM codes to bill payers
and record encounters; prior to that date ICD-9-CM codes were used. Our selection criteria
were analyses of data collected routinely by healthcare systems and not for the purposes of
research or surveillance of disease in which these ICD-9/10 diagnosis codes were used to
identify presumed cases of cCMV infection or disease or associated clinical encounters.

Two searches were conducted using the PubMed database. Both search strategies used
“congenital cytomegalovirus” in combination with either “hospitalization” or “claims.” The
searches were updated on 1 June 2020. The hospitalization search identified 32 articles
published from 1984 to 2020, of which five met our selection criteria (Table 1)3:24:25.29.30,
The claims search identified five articles published from 2013 to 2020, all five of which met
our selection criteria®26:31-33 References of retrieved articles were also reviewed. An
additional search in PubMed on 24 February 2020 using “congenital cytomegalovirus” in
combination with “hospital” identified a total of 1061 articles. Of those, 114 articles were
published during 2019-2020, none of which met the criteria for full-text review. A full-text
search of Google Scholar on “congenital cytomegalovirus” in combination with ICD-9 or
ICD-10 did not identify additional published studies. One additional study, which appeared
in the December 2020 issue of JAMA Pediatrics, was subsequently identified34.

For studies that were included in this review, we extracted information on the databases used
in the studies, years of analysis, study population, methods used to identify cases of cCMV
infection or disease and calculate associated healthcare costs, and outcome measures, such
as reported hospitalization rates and prevalence of cCMV, and their associated costs
(estimated medical charges, costs, or expenditures) if reported.

Hospital discharges

Three U.S. studies and one study each from Australia and the United Kingdom used hospital
discharge databases. The three U.S. studies all used Healthcare Cost and Utilization Project
(HCUP) databases to examine hospitalizations associated with a cCMV diagnosis code
(ICD-9-CM 771.1)32425_ All reported average cost or charge per hospitalization, but each
used different sample years and different methods for calculating and reporting costs.
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Using the HCUP Kids’ Inpatient Databases (KID), Lopez et al. identified cCMV diagnosis
codes in 1.9 per 10,000 infant hospitalizations during 1997-2009, excluding hospitalizations
with human immunodeficiency virus (HIV) or transplant-related diagnosis codes. Of an
estimated 3734 cCMV-coded hospitalizations, 55% were in the first month of life, which
implies that cCMV was diagnosed in 1.0 per 10,000 neonates. Median costs for cCMV-
coded hospitalizations were $19,100 in 2012 US dollars; median costs were higher for those
in the first month of life ($25,500) than in the post-neonatal period ($7600)24.

Inagaki et al. likewise used HCUP KID data and reported 0.9 per 10,000 birth
hospitalizations with cCMV diagnosis codes during 2000-2012. The authors reported that
76% of admissions were accompanied by one or more cCMV-associated symptom diagnosis
codes, i.e. a prevalence of 0.7 per 10,000 symptomatic cCMV cases. The authors reported
geometric mean charges (not costs) of roughly $90,000 in 2012 US dollars for the
symptomatic cCMV hospitalizations?.

Finally, using the HCUP Nationwide Inpatient Samples, Candrilli and Trantham reported a

slight decline in cCMV diagnosis codes from 2.1 per 10,000 infant hospitalizations in 2004
to 1.8 per 10,000 in 2013. The arithmetic mean cost for those hospitalizations was $104,000
in 2016 US dollars?®.

Of the two non-US studies that examined hospitalization discharge databases, Seale et al.
conducted a retrospective analysis of deidentified Australian hospital discharge records from
the National Hospital Morbidity Database to search for pediatric (aged <14 years)
hospitalizations with an ICD-9 code of 777.1 for the period 1993-1998 or ICD-10 code of
P35.1 for the period 1999-200130. CMV-related hospitalization rates at ages 0-4, 5-9, and
10-14 years were 0.94, 0.24, and 0.085 per 10,000, respectively. Most (70%)
hospitalizations in the 0—4 age group were during the first 9 months of life. The highest
frequency was in the first month of life; 3.7 per 1000 neonatal hospital discharges had a
CMV code30.

A recently published study by Kadambari et al. analyzed hospitalization databases from
England (Hospital In-Patient Enquiry, Hospital Episode Statistics, and Oxford Record
Linkage Study) to examine trends during 1968-2016 in discharges coded for any of four
congenital viral infections. For 1999-2016, national data were linked at the patient level
across multiple hospital stays, and cCMV-associated discharges were identified using
ICD-10 codes for cCMV at any age or for CMV in a hospitalization at <28 days of age. The
investigators reported a doubling in the frequency of hospital discharges in infancy
associated with cCMV from 1.14 per 10,000 in 1999-2006 to 2.27 per 10,000 in 2007-
201629, The incidence or birth prevalence of cCMV diagnoses among unique infants
increased from 0.63 per 10,000 infants in 1999-2006 to 1.24 per 10,000 in 2007-2016. In
2016, 92 infants had 149 cCMV discharges, an average of 1.6 discharges per infant.

Health insurance claims and encounters

Although the diagnosis of cCMV should be made by testing samples collected within 3
weeks of life, researchers often use cCMV or CMV-coded diagnoses within 30-90 days of
life to account for potential delays in coding of new diagnoses in claims data. Five published
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studies, four from the United States and one from Japan, used claims and encounters
databases. Three of the U.S. studies examined utilization of selected services by infants with
presumed cCMV (either cCMV or CMV diagnosis codes) using health insurance claims
from the IBM MarketScan research databases®26:31, These databases include the
MarketScan Commercial databases of employer-sponsored insurance (ESI) plans, Medicare
Supplemental data for retirees who have ESI-funded supplements to Medicare, and Multi-
State Medicaid databases. The commercial and Medicare databases are nationwide, whereas
the Medicaid databases include data for a small number of unnamed states. The composition
of the databases varies from year to year, which may affect comparability of estimates using
different sample years. These databases include unique enrollee identifiers, which allows for
tracking individuals’ use of services over time as long as they and their health plans remain
in the claims database. Thus, it is possible to assess costs per infant with presumed cCMV.
Researchers commonly restrict analyses to individuals with continuous enrollment data for
at least 12 months.

Leung et al. identified 1.7 per 10,000 infants enrolled in ESI plans with presumed cCMV
within the first 30 days of life in 2011, although only 12% had a claim for CMV testing
during the same time period®. In a second study, Leung et al. analyzed data for infants in ESI
or Medicaid plans during 200920153, The study population included infants who had
continuous enrollment for at least 45 days from the first claim following a live birth.
Presumed cCMV was identified within the first 45 days of life in 2.5 per 10,000 ESI-insured
infants and 3.3 per 10,000 Medicaid-insured infants. In this study, presumed cCMV rates
increased over time in both samples, as did the proportions of infants with filled outpatient
prescriptions for valganciclovir antiviral therapy3L. In 2015, Medicaid-insured infants with
presumed cCMV were more likely to have filled valganciclovir prescriptions than those
among ESl-insured infants (37% vs. 29%, respectively).

Meyers et al. identified infants with presumed cCMV, pooling MarketScan ESI and
Medicaid-insured data from 2011-2016 and 2011-2015, respectively26. They reported
presumed cCMV in 1.9 per 10,000 birth hospitalizations and 3.8 per 10,000 infants post-
birth hospitalization. Cases were matched with controls based on demographic and clinical
characteristics, and additional covariates were included in regression analyses (see Table 1).

Meyers et al. also assessed healthcare expenditures associated with cCMV in infancy. In
claims data, costs are typically recorded as the sum of expenditures (payments) by health
plans and patients to healthcare providers for a defined time period, typically 1 year. In
MarketScan claims data, payments are imputed for encounters reported by capitated (e.g.
managed care) health plans in the database which paid providers a fixed amount per person
per month. Analysts typically calculate the difference in all healthcare spending for
individuals with a diagnosis such as cCMV and with matched individuals without the same
diagnosis to calculate incremental expenditures attributable to the condition. It is also
possible to estimate spending on CMV-related claims, but that would not include spending
indirectly caused by cCMV, e.g. services for hearing loss, since the cCMV diagnosis code
would typically not be included in most claims. As already noted, Meyers et al. pooled
estimates from the ESI and Medicaid databases despite methodological challenges (see
Discussion section).
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In the birth hospitalization cohort, adjusted costs were estimated to be higher for newborns
with presumed cCMV: by $15,568 among those with a vaginal delivery and $37,199 among
those with a cesarean delivery. In the post-birth hospitalization cohort, the incremental
adjusted cost of presumed cCMYV during infancy was estimated to be $39,091; mean
adjusted costs for infants with presumed cCMV were four times those of controls.

Messinger et al. analyzed data from MarketScan Commercial data for 2011-2015 with
Medicaid Analytic eXtract (MAX) data for 2000-2013 to estimate the prevalence of
microcephaly diagnoses among infants with and without cCMV. Unlike other claims studies,
the authors ascertained cCMV case study using an algorithm requiring =2 ICD-9-CM claims
with codes for cCMV infection or disease <90 days. Of more than 2 million infants who
were enrolled from birth through at least 90 days, 336 had cCMV, a pooled prevalence of 1.4
per 10,000 (1.5 per 10,000 in the Medicaid data and 1.3 per 10,000 in the MarketScan
Commercial data). Microcephaly diagnoses were also more common in the Medicaid data,
3.1 per 10,000, than in the MarketScan data, 2.4 per 10,000. The pooled prevalence of
microcephaly was 655 per 10,000 infants with cCMV and 2.8 per 10,000 infants without
cCMV.

Leung et al. examined the prevalence of congenital CMV-coded diagnosis among American
Indian and Alaska Native (Al/AN) infants using the Indian Health Service National Data
Warehouse32. The database includes data for approximately 1.6 million eligible AI/AN
persons who receive healthcare from Indian Health Service (IHS)-operated or IHS-
contracted health facilities. Among 354,923 Al/AN infants during October 2000 to
September 2017 with a health visit within the first 90 days of life, 54 had a CMV-coded
diagnosis <90 days, a prevalence of 1.5 per 10,000. Among these 54 infants, 48% had >1
diagnosis code associated with clinical signs, such as jaundice, petechiae, thrombocytopenia,
or microcephaly. In particular, neonatal jaundice was diagnosed in 28% of infants coded
with cCMV, similar to the 24% prevalence in other AI/AN infants.

Finally, Lin et al. analyzed a subset of the Japan Medical Data Center claims database, a
proprietary database with information from individuals and their families covered by
selected employers that was developed for pharmacoepidemiologic studies®. Lin et al.
analyzed data for 207,547 infants born April 2010-March 2017 and followed for 8-88
months33. They identified 53 (25.5 per 100,000) with a cCMV diagnosis code (ICD-10 code
P35.1) in claims <6 months from birth, excluding claims with rule-out diagnoses (“suspected
case flag”). Most (77%) had a diagnosis code on an inpatient claim, and 44 (83%) had a
claim within the first month of life. The researchers assumed that all 53 cases were
diagnosed based on clinical symptoms, although only two-thirds (68%) of patients had =1
diagnosis code associated with “symptoms” of cCMV within <1 month of birth, including
SNHL (30%), hepatitis or hepatosplenomegaly (28%), and small for date/low birth weight
(19%)33.

Discussion

Administrative healthcare data are increasingly being used to ascertain cases of cCMV
infection or disease for health services research, especially in North America. US
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researchers have used hospital discharge and claims databases to assess trends and
geographic differences in either hospitalization rates or prevalence, laboratory testing for
CMV, use of valcanciclovir therapy, presence of co-occurring diagnoses, and healthcare
expenditures during infancy3:8:24-26.31.32_ Aystralian and British researchers have used
hospital discharge data to assess trends in the frequency of diagnoses in discharges29-30,
Such changes could reflect improved clinical awareness and increased testing. Notably,
Kadambari et al. reported a doubling in the incidence or birth prevalence of cCMV
diagnoses, from 0.63 per 10,000 infants in 1999-2006 to 1.24 per 10,000 in 2007-2016,
which they tied to the initiation of targeted hearing-based CMV testing2°. Finally, Japanese
researchers used claims data from 2010 to 2017 to assess prevalence of and the presence of
diagnoses indicative of symptomatic cCMV/33,

Assessment of the administrative prevalence of cCCMV requires data on unique individuals
for both the numerator of unique cCMV cases and the denominator of the population at risk.
Most hospitalization databases cannot link encounters to unique individuals, which allows
the calculation of hospitalization rates but may be problematic for assessing prevalence.
Inagaki restricted their analysis to birth hospitalizations, which allowed them to identify
unique infants but which excluded infants who were diagnosed with cCMV after discharge
from the birth hospitalization3. Lopez et al. included all hospitalizations in the first month,
which could pick up later diagnoses of cCMV but could not exclude multiple admissions for
the same infant with a diagnosis code of cCMV?24. The overall cCCMV frequency was similar
between the two studies, 0.9 per 10,000 birth hospitalizations in Inagaki et al.3 and 1.0 per
10,000 neonates with a cCMV-coded hospitalization in Lopez et al.24

Longitudinally-linked claims data can be used to identify cohorts of unique infants with
cCMV diagnoses to calculate prevalence. In addition, by following them over the first few
years of life, researchers could potentially track the timing of diagnoses of neurosensory
impairments and use of services such as hearing amplification along with associated
expenditures.

Challenges in identification of congenital CMV cases

Caution in the interpretation of findings of such studies may be warranted due to the
undercounting of reported cCMV cases relative to the true prevalence of cCMV. To the
extent that recorded cases are not representative of all individuals with cCMV infection or
disease, excess healthcare costs for those patients might not be generalizable to the
population of infants and children with cCMV and used to estimate aggregate costs
associated with cCMV22, The administrative prevalence of cCMV, 1-3 per 10,000, is a small
fraction of the true prevalence of 30-70 per 10,000 revealed through universal screening
studies in the same countries. Researchers have reported that only a minority of the 10-15%
of infants with symptomatic cCMV disease are clinically diagnosed in the absence of
screening, due to non-specific symptoms and low provider awareness®29.

Efforts to classify infants with cCMV recorded in administrative data as symptomatic based
on the presence of diagnosis codes associated with clinical signs of cCMV (e.g. petechiae,
thrombocytopenia, and microcephaly) are limited by inconsistent recording of clinical signs
related to cCMV. Some researchers assume that all infants with cCMV diagnosis codes are
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symptomatic, diagnosed based on clinical signs or symptoms26:33, However, a minority of
infants who receive clinical cCMV diagnoses may have been evaluated and diagnosed for
other reasons. Notably, targeted testing for cCMV following referral from newborn hearing
screening can contributed to diagnoses with cCMV12:29,

Another challenge is the lack of information on the frequency of false-positive cCMV
diagnosis codes. False-positive diagnoses are especially common in outpatient claims,
reflecting either coding errors or “rule-out” diagnoses where a clinician evaluates a patient
for a condition, e.g. ordering a laboratory test36-39, In the United States, inpatient diagnosis
codes receive closer scrutiny because they affect reimbursements to providers, unlike
outpatient claims®?. In an unpublished tabulation of US claims data, Leung et al. found that
33-37% of all infants identified with cCMV in either the first 45 or 90 days were identified
solely on the basis of outpatient claims3L.

No assessments of the validity of ICD-CM diagnosis codes in administrative healthcare data
for the ascertainment of presumed cCMV have been published, unlike for numerous other
conditions#142, For example, a published review of validation studies of ICD-9-CM
diagnosis codes for tuberculosis found a positive predictive value (PPV) of less than 0.4 in 8
of 10 studies, meaning that false-positive diagnoses outnumbered true-positives*3.
Consequently, diagnosis codes in inpatient claims usually reflect medical diagnoses; a
Canadian validation study found that 97% of pediatric hospital discharges with an ICD-10-
CM code for respiratory syncytial virus infection had the diagnosis confirmed in medical
charts#*. However, those medical diagnoses may not have laboratory confirmation. A
Canadian study that linked laboratory test results with administrative databases found that
the PPV of a diagnosis code for influenza relative to laboratory test results was 70% in
hospital discharges, 65% in emergency or urgent care visits, and 56% in outpatient physician
claims®.

Researchers using claims databases have taken various approaches to try to minimize false-
positive cCMV diagnoses. Most have required the presence of cCMV or CMV diagnosis
codes in claims during the first 30-90 days of life8:31:32:34 Although only tests conducted on
specimens collected within 21 days of birth can establish a diagnosis of cCMV
infection®-11, researchers allow for delays in conducting tests, submitting claims, and
reporting of results outpatient encounters. Nonetheless, infants with postnatal CMV
infections may have false-positive diagnosis codes for cCMV owing to the lack of a specific
diagnosis code for postnatal CMV infection?®. In a recent analysis of MarketScan
Commercial claims data that required the presence of =2 claims on separate dates with
cCMV diagnosis codes <90 days, Messinger et al. found an administrative prevalence of
cCMV of 1.3 per 10,000 infants34, compared to 2.5 per 10,000 infants in an analysis by
Leung et al. that required =1 claim <45 days3. It is not possible to determine how many of
the infants with just 1 cCMV claim may have been true cases.

A limitation specific to some analyses of hospital discharge data is that databases may not
allow researchers to track individual patients across multiple encounters. Readmissions for
infants with cCMV could explain higher cCMV-coded hospitalization rates in the two US
studies that considered all hospitalizations in infancy?42> compared to an analysis restricted
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to birth hospitalizations3. Similarly, an Australian study could not determine how many
unique infants had cCMV diagnoses0. In contrast, a UK study that used linked
hospitalization records was able to count unique infants as well as admissions and
readmissions?. At the two extremes, an average of 3.7 neonatal hospital discharges had a
cCMV code per 10,000 Australian infants born during 1993-200130, whereas just 0.9 per
10,000 birth hospitalizations in a US study were coded for cCMV3.

In Japan, 2.1 per 10,000 unique infants born during 2010-2017 had a cCMV code in a
hospitalization in the first 6 months of life using linked claims data33. However, most claims
databases only represent individuals covered by a specific payer type. In the US healthcare
sector, there are large differences in the sociodemographic and economic characteristics of
people covered by public and private insurers. Consequently, the administrative prevalence
of cCMV can also be expected to be heterogeneous, higher among populations with lower
socioeconomic status. Not surprisingly, Leung et al. reported a higher prevalence among
infants covered by public Medicaid programs than those covered by employer-sponsored
insurance plans3l. However, the MarketScan Medicaid data came from a small number of
states and the generalizability of those estimates is uncertain. In contrast, Messinger et al.
analyzed Medicaid claims data from 46 states as well as from MarketScan Commercial
claims, but they did not report administrative prevalence estimates separately for the two
samples, only a pooled rate of 1.4 per 10,000 births. Meyers et al. reported a rate of 1.9 per
10,000 birth hospitalizations in a pooled analysis of MarketScan Commercial and
MarketScan Medicaid claims databases?5.

Differences among published estimates of the administrative prevalence of diagnosed cCMV
could reflect differences in the true prevalence of cCMV, the state of clinical awareness and
testing practices, or analytic methods and data sources. One study reported that the
prevalence of cCMV diagnoses among infants born to Native American mothers in IHS
deliveries during 2000-2017 was elevated in Alaska, 3.7 per 10,000, relative to the Southern
Plains region, 0.9 per 10,0002, Kadambari et al. documented a substantial increase in
recorded cCMV diagnoses following the implementation of targeted CMV testing in a
National Hearing Screening Programme in England in 20062°. It would be of interest to
assess how the frequency of cCMV codes has changed following implementation of CMV
screening policies in other jurisdictions.

Challenges in estimation and reporting of healthcare costs

Differences in methods used in analyses of “costs” in administrative data can make estimates
of costs reported by diverse studies difficult to compare. Specific methods discussed in this
section include the measures used to describe average costs (e.g. mean or median), the
operational definition of “cost”, the distinction between hospital costs and hospitalization
costs, standardization of cost estimates for differences in purchasing power between
countries and over time, heterogeneous data sources (e.g. type of health insurance claims),
possible truncation of cost distributions or identification of statistical outliers, and potential
biases resulting from the inclusion or exclusion of covariates in regression analyses of per-
child costs. Ultimately, if cCMV per-person attributable cost estimates are to be incorporated
in cost-of-illness or cost-effectiveness analyses, they would need to be estimated as the
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incremental cost relative to an otherwise similar child who did not experience cCMV
infection?2,

Commonly used measures to assess the “average” cost of health care include the arithmetic
mean, geometric mean, and median. The arithmetic mean cost is much larger than the
median cost because of the long right-hand tail of the distribution of costs. It would be
helpful for comparability of estimates if researchers were to report both arithmetic mean and
median expenditures or costs*/*48, The median represents the central tendency of the cost
distribution as well as the experience of the “typical” patient, whereas the arithmetic mean
allows analysts to estimate aggregate expenditures and the share of spending for
components, such as inpatient care. The geometric mean is close to the median.

One US hospital discharge database study analyzed reported charges?4, whereas two other
studies estimated costs by multiplying charges by hospital-specific cost-to-charge ratios®.
Hospital charges (invoice prices) in the United States refer to the facility fee charged by
hospitals to reimburse for institutional costs and does not include professional fees billed
separately by physicians and other clinicians who are licensed for independent practice*®.
The facility fee is generally a multiple of the actual costs incurred by the hospital®°. For
example, in 2017, the mean cost of an inpatient discharge with a principal diagnosis code of
P35.x for congenital viral disease averaged $26,669, which was 23.9% of the mean charge
of $111,654°L, If one applies a 0.24 cost-to-charge ratio to the geometric mean estimate of
$90,000 in charges for “symptomatic” cCMV birth hospitalizations (76% of all cCMV-
coded birth hospitalizations) reported by Inagaki et al., the estimated cost is similar to the
$25,500 median cost for all cCMV-coded neonatal hospitalizations reported by Lopez et al.

The exclusion of professional fees from hospital charges in US hospital discharges databases
is desirable if the objective is to assess costs from the perspective of the hospital
administrator. However, the exclusion leads to underestimation of hospitalization costs from
the perspectives of the patient, healthcare payers, and society. Using both private and public
insurance claims data, researchers calculated professional fee ratios relative to facility fees;
they estimated that the overall cost of inpatient care inclusive of physician services may be
as much as 20-25% higher than the cost calculated on the basis of hospital charges in
combination with cost-to-charge ratios®2. To avoid downward biased estimation of
hospitalization costs for conditions such as cCMV, researchers who analyze US hospital
discharge databases can apply professional fee ratios to reported costs>3.

Guidelines for economic analyses recommend that patient cost estimates from different
years be adjusted in terms of a common currency year, e.g. 2012 US dollars®*. Within a
country, that requires adjustment for inflation. Experts recommend that cost estimates from
different years be adjusted for either general price inflation or medical price inflation using
an appropriate measure®®. Many US researchers, including Inagaki et al. and Meyers et al.,
have used the medical care component of the US Consumer Price Index to adjust cost
estimates from different years326. However, that measure has historically overstated overall
medical price inflation relative to accurate measures®®, and its use can overstate estimates of
expenditures or costs.
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Insurance type (public vs. private) is an important predictor of healthcare costs in the United
States. Private insurance payments for physician and hospital services substantially exceed
payments by Medicaid programs that insure low-income individuals, varying over time>6:57,
In addition, the relative difference in expenditures between privately and publicly insured
persons with the same diagnoses may vary®8-9. Meyers et al. assumed the association of
cCMV with expenditures is the same in publicly and privately insured infants, which may
not be the case. In addition, their classification of all individuals for which a matching
variable was not available in one data source as “unknown” (e.g. race for commercial and
region for Medicaid data) could be statistically problematic since the data were not missing
at random®0,

We suggest that researchers avoid modeling practices that can downwardly bias cost
estimates. For conditions, such as cCMV, where affected individuals may incur very high
costs, truncation of expenditures at the upper 5th percentile can result in substantial
underestimation of average costs8, Privately-insured US children with co-occurring cCMV
and microcephaly can incur more than $1 million in expenditures during the first 3—4 years
of 1ife2, and truncation would exclude those observations.

Finally, the inclusion of causally-associated diagnoses as covariates in regression models,
which can result in downward bias in the estimated incremental cost-of-illness associated
with the condition of interest83. Meyers et al. both truncated expenditures and included as
covariates conditions that are causally related to cCMV infection (see Table 1)26. For
example, cCMV infection often results in preterm birth and low birthweight, which are
associated with substantially higher healthcare expenditures#®. Diagnoses such as
intellectual disability, hearing loss, microcephaly, cerebral palsy, and epilepsy, can be
appropriately modeled in pathway analyses as mediating the impact of cCMV on healthcare
costs rather than be treated as independent predictors!®. It is important to assess the relative
risk of cCMV for these conditions as well as potential interactions among these diagnoses
and their average costs.

We acknowledge limitations of this scoping review. Unlike a systematic review, there was no
predefined hypothesis. Assessments reflect the professional opinions of the authors, and
readers may reach different judgments.

Implications for future research

The lack of formal validation studies of diagnosis codes for cCMV is an important
limitation. Researchers can use hospital chart reviews linked to administrative data to
identify infants with laboratory-confirmed cCMV and compare to infants with ICD codes for
cCMV or CMV in hospital discharges*244. It would also be helpful if those same data could
be linked to administrative data inclusive of ambulatory clinic encounters to assess the PPV
for cCMV diagnosis codes outside of hospitals. Finally, researchers might use electronic
health records data to compare the presence of positive laboratory test results for CMV
infants within 21 days of birth with the presence of ICD diagnosis codes for CMV or cCMV.

Future analyses of stand-alone administrative databases on children with recognized cCMV
can hopefully benefit from the observations in this review. One is that US-based researchers

Curr Med Res Opin. Author manuscript; available in PMC 2022 May 01.
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can conduct parallel analyses of data for children with different types of health insurance,
similar to the analysis by Leung et al. on valganciclovir uptake3!. Such analyses could
potentially reveal differences between children with private and public coverage in the
association of cCMV with healthcare use. Children with Medicaid or other public insurance
are not only more likely to have cCMV, but they may also have a greater frequency of
serious postnatal complications of cCMV and hence increased medical need. To date, no
published analyses of US claims data have assessed whether that is the case; existing studies
either presumed the same risk for privately and publicly insured children26:34 or only
examined diagnoses recorded in the first 45 days of life3l.

Researchers could also potentially use administrative data with unique individual identifiers
to identify and follow cohorts of children coded with cCMV diagnoses soon after birth.
Analyses of such data could assess healthcare use and spending in early childhood for
children with and without cCMV codes in early infancy. Although the overall sample of
children with cCMV diagnoses may not be representative, researchers could identify
subgroups of patients with specific combinations of diagnosis codes of interest. However,
attrition as a result of either families or health plans leaving databases over time can make it
difficult to follow most children for more than a few years. That can make it difficult or
impossible to calculate cumulative costs over a period of 5-6 years as in the analyses of
longitudinal data from the CROCUS study in the Netherlands20:64,

Researchers could analyze healthcare costs for infants and children with diagnoses of cCMV
and co-occurring administrative diagnoses of neurological or neurodevelopmental conditions
such as autism spectrum disorder (ASD), cerebral palsy or epilepsy. Although diagnosed
ASD is more common among children with symptomatic cCMV54, it is not known whether
such children have co-occurring diagnoses such as microcephaly, brain anomalies, epilepsy,
or cerebral palsy. Researchers might test for potential interactions to quantify the extent to
which children with co-occurring diagnoses incur higher expenditures. Children with the
highest level of medical complexity account for 0.5% of children in the United States but
15-33% of pediatric health spending?’. Quantification of the very high costs of care for
children with medical complexity attributable to cCMV could be useful for economic
evaluations of a hypothetical CMV vaccine, since reductions in numbers of severely affected
children and associated costs could potentially offset a considerable part of the cost of the
vaccine.

Beyond stand-alone administrative databases, record link-ages of individual-level
administrative data on healthcare use and costs matched to cCMV diagnoses confirmed by
laboratory test results (i.e. CMV PCR of neonatal dried blood spots) could supersede the
limitations of cost estimates from administrative databases. For example, since July 2019,
the Ontario Infant Hearing Program and Newborn Screening Ontario have been offering
testing for CMV in dried blood spot specimens to parents of all infants born in the province
along with testing for genetic risk factors for hearing loss; almost all infants are being tested.
If Canadian researchers were to link the CMV test results from this program to
administrative records, they could prospectively assess healthcare use and costs for a large,
representative cohort of North American children with cCMV infection along with CMV-
negative children. Such linked data, once available, might yield accurate, incidence-based

Curr Med Res Opin. Author manuscript; available in PMC 2022 May 01.
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cost-of-illness estimates of expected costs per case with cCMV based on representative data.
Such estimates could also inform assessments of the cost-benefit/effectiveness of potential
interventions such as vaccination against CMV.

Acknowledgements

Helpful comments were received from Ismael Ortega-Sanchez, Lijing Ouyang, and Emily Olsen and three
anonymous reviewers. The findings and conclusions are those of the authors and do not necessarily represent the
official position of the US Centers for Disease Control and Prevention.

Declaration of funding

There is no funding to disclose.

Declaration of financial/other relationships

The authors have no relevant financial relationships or otherwise to disclose. A reviewer on this manuscript
disclosed their role as an author of one of the cited articles. The peer reviewers have no other relevant financial
relationships to disclose.

References

[1]. Fowler KB, Ross SA, Shimamura M, et al. Racial and ethnic differences in the prevalence of
congenital cytomegalovirus infection. J Pediatr. 2018;200:196-201 e191. [PubMed: 29784513]

[2]. Yamaguchi A, Oh-Ishi T, Arai T, et al. Screening for seemingly healthy newborns with congenital
cytomegalovirus infection by quantitative real-time polymerase chain reaction using newborn
urine: an observational study. BMJ Open. 2017;7(1):¢013810.

[3]. Inagaki K, Blackshear C, Palmer A, et al. Risk factors, geographic distribution, and healthcare
burden of symptomatic congenital cytomegalovirus infection in the United States: analysis of a
nationally representative database, 2000-2012. J Pediatr. 2018; 199:118-123 e111. [PubMed:
29706491]

[4]. Dreher AM, Arora N, Fowler KB, et al. Spectrum of disease and outcome in children with
symptomatic congenital cytomegalovirus infection. J Pediatr. 2014;164(4):855-859. [PubMed:
24433826]

[5]. Goderis J, De Leenheer E, Smets K, et al. Hearing loss and congenital CMV infection: a
systematic review. Pediatrics. 2014; 134(5):972-982. [PubMed: 25349318]

[6]. Dollard SC, Grosse SD, Ross DS. New estimates of the prevalence of neurological and sensory
sequelae and mortality associated with congenital cytomegalovirus infection. Rev Med Virol.
2007; 17(5):355-363. [PubMed: 17542052]

[7]. Rawlinson WD, Boppana SB, Fowler KB, et al. Congenital cytomegalovirus infection in
pregnancy and the neonate: consensus recommendations for prevention, diagnosis, and therapy.
Lancet Infect Dis. 2017;17(6):e177—e188. [PubMed: 28291720]

[8]. Leung J, Cannon MJ, Grosse SD, et al. Laboratory testing and diagnostic coding for
cytomegalovirus among privately insured infants in the United States: a retrospective study using
administrative claims data. BMC Pediatr. 2013;13:90. [PubMed: 23758752]

[9]. Sorichetti B, Goshen O, Pauwels J, et al. Symptomatic congenital cytomegalovirus infection Is
underdiagnosed in British Columbia. J Pediatr. 2016;169:316-317. [PubMed: 26597435]

[10]. Tran C, Bennett MV, Gould JB, et al. Cytomegalovirus infection among infants in neonatal
intensive care units, California, 2005 to 2016. Am J Perinatol. 2020;37(02):146-150. [PubMed:
30895580]

[11]. Luck SE, Wieringa JW, Blazquez-Gamero D, et al. Congenital cytomegalovirus: a European
expert consensus statement on diagnosis and management. Pediatr Infect Dis J.
2017;36(12):1205-1213. [PubMed: 29140947]

[12]. Smiljkovic M, Le Meur JB, Malette B, et al. Blood viral load in the diagnostic workup of
congenital cytomegalovirus infection. J Clin Virol. 2020;122:104231. [PubMed: 31821950]

Curr Med Res Opin. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grosse et al.

Page 14

[13]. Bartlett AW, Hall BM, Palasanthiran P, et al. Recognition, treatment, and sequelae of congenital

cytomegalovirus in Australia: an observational study. J Clin Virol. 2018;108:121-125. [PubMed:
30300787]

[14]. Cannon MJ, Grosse SD, Fowler KB. The epidemiology and public health impact of congenital

cytomegalovirus infection. In: Reddehase M, editor. Cytomegaloviruses: from molecular
pathogenesis to intervention. Vol. 2. Norfolk (UK): Caister Academic Press; 2013. p. 26-48.

[15]. Lanzieri TM, Leung J, Caviness AC, et al. Long-term outcomes of children with symptomatic

congenital cytomegalovirus disease. J Perinatol. 2017;37(7):875-880. [PubMed: 28383538]

[16]. Lanzieri TM, Chung W, Flores M, et al. Hearing loss in children with asymptomatic congenital

cytomegalovirus infection. Pediatrics. 2017;139(3):620162610. [PubMed: 28209771]

[17]. Grosse SD, Ross DS, Dollard SC. Congenital cytomegalovirus (CMV) infection as a cause of

permanent bilateral hearing loss: a quantitative assessment. J Clin Virol. 2008;41(2):57-62.
[PubMed: 17959414]

[18]. Walter E, Brennig C, Schollbauer V, et al. How to save money: congenital CMV infection and the

economy. In: Halwachs-Baumann G, editor. Congenital Cytomegalovirus Infection. 2nd ed.
Cham, Switzerland: Springer; 2018. p. 121-144.

[19]. Retzler J, Hex N, Bartlett C, et al. Economic cost of congenital CMV in the UK. Arch Dis Child.

2019;104(6):559-563. [PubMed: 30472664]

[20]. Korndewal MJ, Weltevrede M, van den Akker-van Marle ME, et al. Healthcare costs attributable

to congenital cytomegalovirus infection. Arch Dis Child. 2018;103(5):452-457. [PubMed:
29363491]

[21]. Fowler KB, Boppana SB. Congenital cytomegalovirus infection. Semin Perinatol.

2018;42(3):149-154. [PubMed: 29503048]

[22]. Grosse SD, Dollard SC, Ortega-Sanchez IR. Economic assessments of the burden of congenital

cytomegalovirus infection and the cost-effectiveness of prevention strategies. Semin Perinatol.
2021. DOI:10.1016/j.semperi.2021.151393

[23]. Lucas A, Sinha A, Fowler KB, et al. A framework for assessing the lifetime economic burden of

congenital cytomegalovirus in the United States. Cost Eff Resour Alloc. 2019;17(1):21.
[PubMed: 31592087]

[24]. Lopez AS, Ortega-Sanchez IR, Bialek SR. Congenital cytomegalovirus-related hospitalizations in

infants <1 year of age, United States, 1997-2009. Pediatr Infect Dis J. 2014;33(11):1119-1123.
[PubMed: 24871641]

[25]. Candrilli S, Trantham L. The economic burden of congenital cytomegalovirus-related

hospitalizations in the United States. Val Health. 2017;20(9):A784-A785.

[26]. Meyers J, Sinha A, Samant S, et al. The economic burden of congenital cytomegalovirus disease

in the first year of life: a retrospective analysis of health insurance claims data in the United
States. Clin Ther. 2019;41(6):1040-1056 €1043. [PubMed: 31103346]

[27]. Berry JG, Hall M, Neff J, et al. Children with medical complexity and Medicaid: spending and

cost savings. Health Aff (Millwood). 2014;33(12):2199-2206. [PubMed: 25489039]

[28]. Howard SW, Zhang Z, Buchanan P, et al. The effect of a comprehensive care transition model on

cost and utilization for medically complex children with cerebral palsy. J Pediatr Health Care.
2017;31(6):634-647. [PubMed: 28622983]

[29]. Kadambari S, Pollard AJ, Goldacre MJ, et al. Congenital viral infections in England over five

decades: a population-based observational study. Lancet Infect Dis. 2020;20(2):220-229.
[PubMed: 31708420]

[30]. Seale H, Booy R, MaclIntyre CR. Trends in hospitalizations for diagnosed congenital

cytomegalovirus in infants and children in Australia. BMC Pediatr. 2009;9:7. [PubMed:
19171068]

[31]. Leung J, Dollard SC, Grosse SD, et al. Valganciclovir use among commercially and Medicaid-

insured infants with congenital CMV infection in the United States, 2009-2015. Clin Ther.
2018;40(3): 430-439 e431. [PubMed: 29397198]

[32]. Leung J, Kennedy JL, Haberling DL, et al. Congenital CMV-coded diagnosis among American

Indian and Alaska Native infants in the United States, 2000-2017. J Immigrant Minority Health.
2020; 22(5):1101-1104.

Curr Med Res Opin. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grosse et al.

Page 15

[33]. Lin C, Tomio J, Tanaka H, et al. Diagnosis and medical care for congenital cytomegalovirus

infection: An observational study using claims data in Japan, 2010 to 2017. Medicine
(Baltimore). 2020;99(10):e19419. [PubMed: 32150093]

[34]. Messinger CJ, Lipsitch M, Bateman BT, et al. Association between congenital cytomegalovirus

and the prevalence at birth of microcephaly in the United States. JAMA Pediatr. 2020;174(12):
1159-1167. [PubMed: 32926077]

[35]. Tanaka S, Seto K, Kawakami K. Pharmacoepidemiology in Japan: medical databases and

research achievements. J Pharm Health Care Sci. 2015;1(1):1-4. [PubMed: 26819712]

[36]. Worth RM, Mytinger RE. Medical insurance claims as a source of data for research: accuracy of

diagnostic coding. Hawaii Med J. 1996;55(1):9-11. [PubMed: 8786232]

[37]. Andrade SE, Scott PE, Davis RL, et al. Validity of health plan and birth certificate data for

pregnancy research. Pharmacoepidemiol Drug Saf. 2013;22(1):7-15. [PubMed: 22753079]

[38]. Metcalfe A, Sibbald B, Lowry RB, et al. Validation of congenital anomaly coding in Canada’s

administrative databases compared with a congenital anomaly registry. Birth Defects Res A Clin
Mol Teratol. 2014;100(2):59-66. [PubMed: 24307632]

[39]. Sickbert-Bennett EE, Weber DJ, Poole C, et al. Completeness of communicable disease

reporting, North Carolina, USA, 1995-1997 and 2000-2006. Emerg Infect Dis. 2011;17(1):23—
29. [PubMed: 21192850]

[40]. Lanes S, Brown JS, Haynes K, et al. Identifying health outcomes in healthcare databases.

Pharmacoepidemiol Drug Saf. 2015; 24(10):1009-1016. [PubMed: 26282185]

[41]. McPheeters ML, Sathe NA, Jerome RN, et al. Methods for systematic reviews of administrative

database studies capturing health outcomes of interest. Vaccine. 2013;31 Suppl 10(10):K2-K®.
[PubMed: 24331070]

[42]. Benchimol EI, Manuel DG, To T, et al. Development and use of reporting guidelines for

assessing the quality of validation studies of health administrative data. J Clin Epidemiol.
2011;64(8): 821-829. [PubMed: 21194889]

[43]. Ronald LA, Ling DI, FitzGerald JM, et al. Validated methods for identifying tuberculosis patients

in health administrative databases: systematic review. Int J Tuberc Lung Dis. 2017;21(5): 517-
522. [PubMed: 28399966]

[44]. Pisesky A, Benchimol EI, Wong CA, et al. Incidence of hospitalization for respiratory syncytial

virus infection amongst children in Ontario, Canada: a population-based study using validated
health administrative data. PLoS One. 2016;11(3):e0150416. [PubMed: 26958849]

[45]. Fell DB, Platt RW, Basso O, et al. The relationship between 2009 pandemic HIN1 influenza

during pregnancy and preterm birth: a population-based cohort study. Epidemiology. 2018;29(1):
107-116. [PubMed: 28930786]

[46]. Weimer KED, Kelly MS, Permar SR, et al. Association of adverse hearing, growth, and discharge

age outcomes with postnatal cytomegalovirus infection in infants with very low birth weight.
JAMA Pediatr. 2020;174(2):133-140. [PubMed: 31790557]

[47]. Grosse SD, Do TQN, Vu M, et al. Healthcare expenditures for privately insured US patients with

cystic fibrosis, 2010-2016. Pediatr Pulmonol. 2018;53(12):1611-1618. [PubMed: 30381911]

[48]. Grosse SD, Waitzman NJ, Yang N, et al. Employer-sponsored plan expenditures for infants born

preterm. Pediatrics. 2017;140(4): e20171078. [PubMed: 28933347]

[49]. Mehrotra A, Hussey P. Including physicians in bundled hospital care payments: time to revisit an

old idea? JAMA. 2015;313(19): 1907-1908. [PubMed: 25856460]

[50]. Hamavid H, Birger M, Bulchis AG, et al. Assessing the complex and evolving relationship

between charges and payments in US hospitals: 1996-2012. PLoS One. 2016;11(7):e0157912.
[PubMed: 27390858]

[51]. Agency for Healthcare Research and Quality. HCUPnet. Healthcare Cost and Utilization Project.

2020; [cited 2020 Oct 1]. https://hcupnet.ahrg.gov/.

[52]. Peterson C, Xu L, Florence C, et al. Professional fee ratios for US hospital discharge data. Med

Care. 2015;53(10):840-849. [PubMed: 26340662]

[53]. Arth AC, Tinker SC, Simeone RM, et al. Inpatient hospitalization costs associated with birth

defects among persons of all ages - United States, 2013. MMWR Morb Mortal Wkly Rep.
2017;66(2): 41-46. [PubMed: 28103210]

Curr Med Res Opin. Author manuscript; available in PMC 2022 May 01.


https://hcupnet.ahrq.gov/

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Grosse et al.

Page 16

[54]. Husereau D, Drummond M, Petrou S, et al. Consolidated Health Economic Evaluation Reporting

Standards (CHEERS) statement. Pharmacoeconomics. 2013;31(5):361-367. [PubMed:
23529207]

[55]. Dunn A, Grosse SD, Zuvekas SH. Adjusting health expenditures for inflation: a review of

measures for health services research in the United States. Health Serv Res. 2018;53(1):175-196.
[PubMed: 27873305]

[56]. Biener Al, Selden TM. Public and private payments for physician office visits. Health Aff

(Millwood). 2017;36(12):2160-2164. [PubMed: 29200346]

[57]. Selden TM. Differences between public and private hospital payment rates narrowed, 2012-16.

Health Aff (Millwood). 2020;39(1): 94-99. [PubMed: 31905058]

[58]. Wang L, Mandell DS, Lawer L, et al. Healthcare service use and costs for autism spectrum

disorder: a comparison between Medicaid and private insurance. J Autism Dev Disord.
2013;43(5): 1057-1064. [PubMed: 22965299]

[59]. Amendah DD, Mvundura M, Kavanagh PL, et al. Sickle cell disease-related pediatric medical

expenditures in the U.S. Am J Prev Med. 2010;38(4 Suppl):S550-S556. [PubMed: 20331957]

[60]. Buhi ER, Goodson P, Neilands TB. Out of sight, not out of mind: Strategies for handling missing

data. Am J Health Behav. 2008; 32(1):83-92. [PubMed: 18021036]

[61]. Weichle T, Hynes DM, Durazo-Arvizu R, et al. Impact of alternative approaches to assess

outlying and influential observations on health care costs. Springerplus. 2013;2(1):614. [PubMed:
24303338]

[62]. Li R, Simmons KB, Bertolli J, et al. Cost-effectiveness of increasing access to contraception

during the Zika virus outbreak, Puerto Rico, 2016. Emerg Infect Dis. 2017;23(1):74-82.
[PubMed: 27805547]

[63]. Lee DW, Meyer JW, Clouse J. Implications of controlling for comorbid conditions in cost-of-

illness estimates: a case study of osteoarthritis from a managed care system perspective. Value
Health. 2001;4(4):329-334. [PubMed: 11705300]

[64]. Korndewal MJ, Oudesluys-Murphy AM, Kroes ACM, et al. Long-term impairment attributable to

congenital cytomegalovirus infection: a retrospective cohort study. Dev Med Child Neurol.
2017;59(12):1261-1268. [PubMed: 28990181]

Curr Med Res Opin. Author manuscript; available in PMC 2022 May 01.



Page 17

Grosse et al.

10 uoneue|dxa ou) siejjop
SN ZT0Z Ul ‘009.$

:abe Jo syluow T1-T
sjuejul Joy sabaeyasip
10} pue ‘005'G¢$

:abe Jo yow T >
sjueyul 1o} sabreyosip oy
‘00T'6TS :9be Jo Jeak T
> sjuejul Joy sabreydsip
1041500 UeIpsIA

'solyes abrey2-01-1509
Aq sabaeyd buiAldininw
Aq pare|najes s1s0D

[passasse 10N

(xapu|

321d Jawnsuo) ay} Jo
Jusuodwod ased [edlpawl
Buisn pasnipe) siejjop
SN 210z Ul '2T02-9002
Burinp ajqels paurewsals
pue 900z U1 (85E'0T$
33) 9v8'68$ 01 0002

ut (605'8$ 3S) TLL'GK$
wouy pabuel ableyasip
lendsoy yuiq Jad sebaeyd
[€101 JO URAW 91418089

(qusunsnipe uoneypus

10 poyiaw Jo uoleue|dxa
0u) sIejjop SN 9102

ur ‘abreyasip Jad €10z Ul
(L£4'5.T$ GS) £12°€0T$
10 1509 UeaW d11sWyiiIe
sone. abaeys-01-1S00
Aq sabueyd buiAjdinjnw
Ag pare|nojes s1s0D

abe Jo yuow

T >$1ueyur 000'0T 48d 0'T
abe Jo Jeak

T >SIuBjul 000°0T 48d 6'T

9T0¢

—L00z U1 000'0T 4ed 2'T
900¢

—666T Ul SIUBJUI 000'0T
Jad 9°0 :sjueyul anbiun
9T0Z—,002 Ul sabeyasip
[endsoy 000‘0T ad €2
9002-666T Ul sefreyasip
[endsoy 000‘0T 43d T'T
:safueyasip [eydsoH

AWD9 dnewoydwAs
U4um 000'0T 48d £°0
|[e1an0 suolezijendsoH
UyIg 000°0T 48d 6°0

€102 U1 sabireyosip
[endsoy 000'0T Jod

8'T 01 700z Ul sabireyosip
fendsoy 000'0T 4od T°C
woJj asealdap) sabireyosip
[endsoy 000'0T Jad g~

suonezifendsoy
P3POI-AINDD
[ereuoau ¢0¢
suonezifendsoy
P3POI-AINDI VELE

panodal JoN

AW dnewoldwAs
Yum 6v€'T

‘ap02 ansoubelp
AN YIM €//'T

d|qejlene 10N

abe Jo yjuow T >
PUB JedA T > U1yIM
$9p02 ansoubelp
pajejal-juejdsueny
pue AIH INOYIM
T'TLL NO-6-ADl

yuig
40 sAep gz S uIyIM
6529 10 T'Ged
IND-0T-ADI :5'8.20

10 T'T.L WO-6-ADI

m:o:_ucou paleal
“AIND [enusbuod T
< pue ‘plodal yuiq
[endsoy-ur yum
‘T'TLL WO-6-A0I

T'T.L WO-6-ADl

Jeak T >pabe syuejul Jo
spJodal abreyasip jendsoH
/U0Y09 3A1303ds0119Y

sjuejul Buowe ANDI Ym
papod saposida asea-Aep
pue safireyasip [eydsoH
/U0Y09 aA1109ds0.119Y

suyuIg [endsoy

-UI J0 spJodal abireyasip
[endsoy zGv'8€9'6T
J10y09 aA1103ds0.119Y

uolssiwpe Jeydsoy

Je Jeak T > pabe sjueyul Jo
spJo2al ableydsip |eudsoH
/10Y09 3A108ds0.119Y

600¢
‘9002 ‘€002
‘0002 'L66T

9T0¢—8961

¢10¢
‘6002 ‘9002
‘€002 ‘0002

€102-7002

saseqereq
anedu|
SPIY dNOH

Apms abexur
pJ023Yy pIoJXO
pue ‘sonspels
aposid3
[endsoH
‘Ainbu3 juaned
-uj [endsoH

aseqereq
wanedu|
SPIY dNOH

a|dwes
yuanedu|
dpimuoneN
dNOH

vZVT0Z 18

vsn 18 v zadoT]
620202 "[e 19

puejbuz S Lequiepey
¢8T0Z "8

vsn 18 3 pfefeu)
6zT0Z "8

vsn 1B S lj|UpueD

safreyasip [eydsoH

aanyipuadxa
1o ‘abueyd ‘150D

sasouBelp papod
-AIND9 JO 30us[enald

(u) s483unoous
10 sase)

uoniusp ased
AWD [enusbuod

uone|ndod
Apnisjubisap Apnis

sa1eak Apms

92.1N0S eleg

Anuno)d Apms

Author Manuscript

"elep aJeayljeay aAnesiuiwpe Buisn (AND9) snainoehawo1Ad [erusbuod uo saipms

‘Tal1qeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2022 May 01.

)

Curr Med Res Opin. Author manuscript



Page 18

Grosse et al.

saseqerep
(ueasiaxreN [e1oJaWwwo)
(rerosswwod 0GZ'T8S Pue predIpain UedSINIEIN
000°0T 43d €'T pue  (Jerosawiwo) /. pue EIEl 0€€'/GL'T) salfewoue  (UBOSIHIBIN) ngl
presIpaiN 000°0T 48d G'T)  PIEdIPSIN 65Z) SAep 40 sAep 06 uIyIM [BLIOSOWIOIYD INOYNM G102 pue (XVIN)
um1q o sAep 06 uryIm 06 UIUMM AINDD G800 T'TZL WD sAep 06 ubnosyy yuig wosy  —TT0Z (XVIN)  19B1IX9 dnAjeuy »£020C "I
passasse 10N S)uejul 000°0T 43d #'T UM sjuejul 9gg -6-QJ1 20w JoZ  Pa3||0ius SJUBUI 08S'BEE'T €102-0002 preaipsiN vsn 19 4oBuIssaIN
g
JO yuow T Su1ynum
35e381p AIND? (.Bel
YuIg 0 auow T S ¢1yim UHM SJuBUL ased payoadsns,,
Sluejul 000°0T J8d T'Z yuiq UM papoa asoyy awn
YuIg 4O SyuowW 9 S UIYIM Buipnjaxa) yuiq jo UOITBAISSTO JO SYIUOW 9 aseqerep swie|d
1O syuow 9 S ¢IyNum aseasip AND9 Syuow 9 S ¢1IYIM Z UM sulogmau /5' 202 J81uaD ereg ¢c0¢0¢
passasse 10N SJuejul 000°0T 48d 9'2 UNM SJuBjUl € T'Sed WD-0T-ADl /10Y09 3A1398ds0.119Y /1020102 [ea1paN ueder ueder “le1e o un
Yuig 3411 40 sAep 06 18113 Y}
UM JOSABp 06 SUIYNM  UIUMM MISIA Yieay T Z4Um asnoyaJep\
Jo shep 06 S v1IyIM Gzg 10 1°ged SJUBJUI BAITEN BXSE|Y pue eleq [euoneN
9sessIp AIND9  INDO-0T-ADl 5820 UeIpu| UedLIBWY €26'VSE 90INIBS 260¢0¢
passasse 10N Siuejul 000°0T 48d G'T msjuepul €G- U0 T'TLL IND-6-AQDI /H0oY0d aAN0ads0NRY L102-0002 YieaH uelpu vsn “le 19 Buna
a|qe[rene
swire[o [eannaseweyd
pue Auj1qiBi|a prestpain
10 SISeq UMOUY| Ylm
SJUBJUI PaINSUI-pIedIpalNl saseqerep
Yuiq Gv6'/GE'T ‘alqe|lene presipsiN
Sjuejul paInsul 10 sAep G S UIyIM swire[d [eannadew.eyd a1el1S-NNN pue
prestpaiN 000'0T 43d €€ Siuejul painsul G2d 10 1°5ed ynm abe Jo skep Gy S [e1dlawwod
IS YUM  -pIeJIPBIN GPY f1ST IND-0T-ADI1 ‘G820 /ST UMM Slueul ZTT'€9T'T UedsSIaxeIN 1€870C “Ie
passasse 10N Sjuejul 000°0T 48d G2 YNM SJuBjUl /GZ  JO T'TZL IND-6-AQDI /10Y09 3A1398ds0.119Y ST02-6002 ngi vsn 18  Buna
saseqerep
yuiq Jo sAep abe Jo sAep o¢ [e1oJaWwwo)
1S3 yum 0E SUIYIM G'8/0  5/S3 YUM sjuejul 992'89¢€ uedSIB e g€T0C "Ie
passasse 10N S)uejul 000°0T 43d L'T 19 10T'T.LWD-6-ADI /MOY0d 3A103ds0NRY 1102 ngl vsn 18 [ Buna
S13JUN0JUS pUe SWIL|D ddueINSUL Y)jeaH
spjo
-1eaA-yT—-0T Ul sabreyasip
[endsoy 000'0T 4ad G80°0
spjo
-1eak-6-G U1 sabreyasip uonezijendsoy
[endsoy 000'0T 4od +2°0 PBP0I-AINDI € Yum aseqered
spjo sreak T S pabe ualp|iyd Jo AnpigioN
-1eak-y—0 u1 sabreyasip suonezijeudsoy T'GEd IND-0T-ADl  Sp102al abureyasip [eydsoH lendsoH 0¢600¢
passasse 10N [endsoy 000'0T 4od +6°0 P3pOI-AND YTET ‘T'TLL ND-6-A2l /H0oY0d aANoads0NRY T002-€66T leuoneN  eljensny “[e 10 8Jeas
(uawisnipe
uolJe|jul JO poyraw
ainypuadxa sasoubelp papod (u) sa83unodUd uoniuyap ased uonejndod
Jo ‘abueyd ‘150D -AIND? J0 ddusenald 10 sase)d AND [enuabuod Apnisyubisap Apnis si1eak Apnmis 921N0s e1eq A1nuno)d Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2022 May 01.

)

Curr Med Res Opin. Author manuscript



Page 19

Grosse et al.

uonaayul
10 3seasIp AIND [eHuabuod 1oy sapod ansoubelp uo paseq uondaul AND [eNuabuod direwoldwAse snsian aseasip AND [eHuabuod drewoldwAs Yim siuejul usamiag ysinbunsip 0y >H_._H_gwc_. .
SalewIsalapun ag 0} UMou ‘sapod ansoubelp Buisn swoidwAs pare|al-AND [enuabuod pue ‘AND [enuabuod Bunides jo AlAnisuss .

Buipoa onsoubelp ayepijeA 0} MaIA) LeYd [eJIPaW JO S)Nsal ge| ON .

$3sed AND [eNuabuod Apiuapi 01 Buipod d1soubelp uo aoueljay .

‘3S UONBIASD PIEPUES ‘QS -UONBILIPOIN [edIUID ‘UOISIASY LUBL ‘Sesessid JO UOIRONISSE]D [euolieulalu] ‘IND-0T-ADI -UOHBILIPOIN [edIUl]D ‘UOISIARY LIUIN ‘seseasiq JO uoedl

“ejep aAneLsIuIWpe Buisn siaded e Jo suonenwi

'SIIIUNBIOIIOYD pUe ‘sso| Bulieay ‘JUSWBA|OAUI WSISAS SNOAISU [1U3D J3Y10
JAreydasouoiw ‘siieday ‘uonaiisal ymmolb sursnenul ‘Ajefawousids ‘Ajefaworeday ‘aeiydaled ‘uoisnjsues) 19jare|d eiuadoifooquuioly) papnjaul “[e 19 eleu] Aq paulap se ‘swoidwAs AND _E_cmmcoom

'10113 pJepuels
Se|D [euoneusaiu|

‘IND-6-AD1 ‘SNUIA Adusliolgapountuwil uewny ‘AlH 19801d UoneZI|N PUB SIS0 81edYIesH 'dNDH 8durinsul paiosuods-1akojdwas ‘1S3 ‘Uondajul sniiAofeBawolAo [eiuabuod ‘ANDO :SUOIBIABIGGY

(xapul

8011d JBWwnsuo) ay} Jo
Juauodwod ased [edlpaw
Buisn paisnipe) siejjop
SN 9T0C Ul ‘spuepul
AND2-UoU Sawi
‘(100°0>¢) 760'6€$ UMIQ
-150d (T00°0>) Asontjap
Ueasesad e YuM 66T /€S
pue (100°0>¢) Aianijop
[eutben e ynm 89g'ST$
:uonezifendsoy yuig
SaJelaen0d Joy paisnipe

sisAJeed/sisaled

pue ‘eixele ‘Ajeydasoloiw
‘SS0| UOISIA pue Bulreay
‘Ajngestp sanubod

"B8 ‘sanpigowod

pue ae|anbas uoWWod
papn|oul SaYelen0)
(sisAJeue j03u09

-3sed Ul papn|oul 9G€'T)
Wre[o [ealpawl ISl Woy
Ssyjuow ZT 10} JusW||0Jud
Aoewueyd pue feaipaw
SNONUIIUOY UYIIM Jeak

T >pabe sjuejul Z/1°26.'T
‘sIsAeue yuig-1sod

abe euonelseh pue ‘ybiam
yuIg ‘(erep [e1osawwo)

S8P0I AINDI INOYUM (si1sAjeue u1) uoibai ‘(erep
sjuejUI 0] dAINR|3A yuig-1sod) abe  predipa|A ur) aded ‘(1S3 4o
(sjuawiAed 1ax00d 10 Jeak T > U1ynm preaipa|A) adAy soueinsul saseqelep
-J0-1N0 pue Jainsul sisAJeue yuig-isod ui 10 (s1sAjeue yuiq) :s9)elIeA0D “(SISAjeur presipain
JO wns) ainypuadxa sisAeue yuig-isod AN Yum syuejul uoIssIwpe yuiq 10JJU02-8SeD Ul papnjaul a1e1S-N NN pue
[edlpaw uesw Ul sjueyur 000'0T 4od 8°¢ 6.9 ‘sisA|eue yuiq uo Gzg 1o 1'5ed ¥6.) SUIOGMaU T/6'8%5'C (preatpay [e1dlawwod
Pl1Y-13d [euswaioul sisAfeue yuig ur asessip AIND9  IND-0T-ADl :5'820 ssishleuy ynig/(1:1 - 104 GTOZ 1un) uedaSIax el 92610 e
paisnfpe-uoissaifioy Ut sjuejul 000°0T 43d 6'T yumsulogmau 0 - 10 T'T.L IND-6-ADI payoew) [041U0D-858D 9T02-110¢ nai VSN 18 [ s1ahke|N
ainypuadxa sasoubelp papod (u) sa83unodUd uoniuyap ased uonejndod
Jo ‘abueyd ‘150D -AIND? J0 ddusenald 10 sase)d AND [enuabuod Apnisyubisap Apnis si1eak Apnmis 921N0s e1eq A1nuno)d Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2022 May 01.

)

Curr Med Res Opin. Author manuscript



	Abstract
	Introduction
	Methods
	Results
	Hospital discharges
	Health insurance claims and encounters

	Discussion
	Challenges in identification of congenital CMV cases
	Challenges in estimation and reporting of healthcare costs
	Implications for future research

	References
	Table 1.

