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Abstract

Aim: To assess trends in cytomegalovirus (CMV) infection reported among infants in California 

neonatal intensive care units (NICUs) during 2005–2016.

Methods: The California Perinatal Quality Care Collaborative collects data on all very low birth 

weight (VLBW, birth weight ≤1500g) and acutely ill infants >1500g, representing 92% of NICUs 

in California. We compared clinical characteristics and length of hospital stay among infants with 

and without reported CMV infection (CMV-positive viral culture or polymerase chain reaction).

Results: During 2005–2016, CMV infection was reported in 174 VLBW infants and 145 infants 

>1500g, or 2.7 (range: 1.5–4.7) and 1.2 (range: 0.8–1.7) per 1,000 infants, respectively (no 

significant annual trend). Among infants >1500g, 12 (8%) vs. 4,928 (4%) of those reported with 

vs. without CMV infection died (P<0.05). The median hospital stay was significantly longer 

among infants reported with vs. without CMV infection for both VLBW infants (98 vs. 46 days) 

and infants >1500g (61 vs. 14 days) (P<0.001).

Conclusions: Reports of CMV infection remained stable over a 12-year period. Although we 

were not able to assess whether infection was congenital or postnatal, CMV infection among 

infants >1500g was associated with increased mortality.
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INTRODUCTION

In the United States, congenital cytomegalovirus (CMV) infection occurs in an estimated 5 

per 1,000 newborns, of whom 90% are asymptomatic and 10% present a spectrum of mild to 

life-threatening disease at birth, with a high risk of neurologic impairment and sensorineural 

hearing loss.1 Diagnosing congenital CMV infection requires testing of urine, saliva, or 

blood collected within 2–3 weeks of birth.2 Postnatal CMV infection, although usually 

asymptomatic, can cause severe disease (e.g., sepsis-like syndrome) in very low birth weight 

(VLBW, ≤1500g) and premature (<32 weeks) infants during the neonatal period, but has not 

been definitively associated with neurologic impairment or sensorineural hearing loss.3, 4 In 

this study, we assessed reporting rates and demographic and clinical characteristics of CMV 

infection among infants admitted to neonatal intensive care units (NICUs) in California 

during 2005–2016.

METHODS

The California Perinatal Quality Care Collaborative (CPQCC) collects data for infants 

admitted to a member NICU at birth or within 28 days of life. CPQCC includes 137 member 

hospitals, representing 92% of NICUs in California. All infants with birth weight between 

401–1,500g or gestational age between 22 weeks and 31 weeks 6 days at birth (henceforth 

referred to as “VLBW infants”) are eligible for data collection. For infants with birth weight 

>1500g, CPQCC eligibility criteria include death, severe hyperbilirubinemia, early bacterial 

sepsis (positive blood or cerebrospinal fluid culture obtained on or before day 3 of life), and 

suspected encephalopathy, among other selected conditions. Physicians, nurses, and other 

trained personnel conduct data abstraction using a standardized questionnaire, which is 

electronically submitted. Standard definitions for the database were developed by the 

Vermont Oxford Network.5

We defined a case of CMV infection as a NICU infant with documented positive viral 

culture or polymerase chain reaction (PCR) assay for CMV at any time since birth. CMV 

laboratory testing was performed during diagnostic workup under the discretion of 

providers. Since not all clinical signs associated with congenital CMV disease were 

systematically collected, we classified infants with positive laboratory tests as having 

reported CMV infection. The number of infants tested for CMV was not recorded, nor were 

the specimen types, or specimen collection date, precluding categorization of CMV cases as 

congenital or postnatal.

We calculated CMV reporting rates using the number of live births meeting CPQCC 

eligibility criteria as a denominator. We performed univariate analyses to compare 

characteristics of infants with and without reported CMV infection, among VLBW infants 

and infants >1500g separately. We excluded infants with other reported congenital or 

perinatal infections, such as herpes simplex virus and HIV, from the analysis. We used the 

chi-square or Fisher exact test for comparison of categorical variables, the Cochran-

Armitage test for trend, and the Wilcoxon test for comparison of continuous variables. We 

performed all analyses using SAS version 9.4 (SAS, Cary, NC). The Institutional Review 

Board at Stanford University approved the study.
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RESULTS

From 2005 to 2010, reporting rates of CMV infection among infants admitted to California 

NICUs increased from 1.5 to 4.6 per 1,000 VLBW infants.6 However, the increasing trend 

was no longer significant when data from 2011–2016 were included in the analysis. CMV 

infection was reported in 2.7 per 1,000 VLBW infants and 1.2 per 1,000 eligible infants 

>1500g admitted to California NICUs during 2005–2016. Figure 1 shows 3-year moving 

average of reporting rates of CMV infection for both groups.

During 2005–2016, the majority of infants reported with CMV infection (61% of VLBW 

infants and 52% of infants >1500g) were born at hospitals with community NICUs. As 

defined by the California Children’s Services Program, community NICUs have the 

capability of providing a full range of neonatal care services (intensive, intermediate, and 

continuing care) for severely ill neonates and infants, which corresponds to level III of 

neonatal care by the American Academy of Pediatrics.7, 8 Reported CMV infection was 

significantly more likely among VLBW infants born to Asian/Pacific Islander mothers than 

White mothers (odds ratio [OR] = 2.1; 95% confidence interval [CI] = 1.5–3.2) (P<0.05). 

Reported CMV infection was more likely among infants >1500g born to mothers aged <20 

years (OR = 3.6; 95% CI = 2.2–5.8) and ≥40 years (OR = 1.8; 95% CI = 1.1–3.1) compared 

to those born to mothers aged 30–39 years (P<0.05). We observed no significant differences 

by maternal race among infants >1500g, by maternal age among VLBW infants, or by 

maternal Hispanic origin in either infant groups.

A minority of infants reported with CMV infection, 9 (5%) VLBW infants and 44 (30%) 

infants >1500g, were discharged or died within 21 days of birth. Most VLBW infants and 

about half of infants <1500g were delivered by C-section (Table 1). About half of the infants 

reported with CMV infection were ever fed breastmilk during NICU stay; this proportion 

was significantly different only between infants >1500g reported with and without CMV 

infection (53% vs. 71%) (Table 1).

Among infants reported with CMV infection, the median birth weight was 845g 

(interquartile range [IQR]: 690–1120g) for VLBW infants and 2429g (IQR: 1990–3002g) 

for infants >1500 g, which was significantly lower than for those without CMV infection 

(1070g [IQR: 780–1310g], and 2820g [IQR: 2160–3390g], respectively) (P<0.001). Among 

both VLBW infants and infants >1500g, those reported with vs. without CMV infection 

were more likely to have had intrauterine growth restriction and head circumference <10th 

percentile (P<0.05) (Table 1). Among infants >1500g, CMV infection was also associated 

with an anomaly detected prior to birth, and neuroimaging abnormalities (cystic 

periventricular leukomalacia and periventricular-intraventricular hemorrhage grades 1–3) 

(P<0.05) (Table 1).

Among VLBW infants, 15 (8%) vs. 6,171 (10%) of those reported with vs. without CMV 

infection died (P>0.05) (Table 1). Among infants >1500g, 12 (8%) vs. 4,928 (4%) of those 

reported with vs. without CMV infection died (P<0.05). Among surviving infants reported 

with CMV infection, the median length of hospital stay was 98 days (interquartile range: 

70–123) for VLBW infants and 46 days (IQR: 18–76) for infants >1500 g, which was 
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significantly longer than for those without CMV infection (61 days [IQR: 42–87], and 14 

days [IQR: 8–28], respectively) (P<0.001).

DISCUSSION

Our study includes >180,000 infants admitted to California NICUs from 2005 to 2016; 

CMV infection was reported in 2.7 per 1,000 VLBW infants and 1.2 per 1,000 infants 

>1500g. As expected, CMV reporting rates were lower than the prevalence observed in 

studies that screened all infants for CMV infection. CMV screening among NICU infants 

may identify additional infants with congenital CMV disease that could benefit from 

antiviral therapy, regular monitoring, and early intervention. VLBW infants with congenital 

CMV infection have an increased risk of neurologic impairment and sensorineural hearing 

loss compared with VLBW infants without congenital CMV infection.9 Data on safety and 

efficacy of antiviral treatment for VLBW with CMV infection are lacking and additional 

studies may be warranted given the high morbidity in this population.10

CPQCC collects data on all VLBW infants, among whom 2.7 per 1,000 were reported with 

CMV infection during 2005–2016. In comparison, a study in Alabama during 1993–2008 

found a rate of 7.4 per 1,000 (based on adding together reported rates of 3.9 per 1,000 

VLBW infants with congenital CMV infection based on universal screening, and 3.5 per 

1,000 VLBW infants with postnatal CMV infection based on clinical indication for 

additional testing).9 Cases of CMV infection in VLBW infants may have been missed 

because laboratory testing was likely conducted based on clinical suspicion. Population risk 

factors for congenital and postnatal CMV infection may vary among states.

Assessing whether reported CMV infection was congenital or postnatal in our cohort, 

particularly among VLBW infants, is nearly impossible because the date of specimen 

collection was not recorded. Infants who died or were discharged after 21 days of birth could 

have had peri- or postnatal CMV infection. Perinatal CMV infection may occur in up to 50% 

of infants exposed to CMV in cervicovaginal secretions.11 However, the proportion of CMV-

seropositive women shedding virus in cervicovaginal secretions is relatively low (3% to 

13%) in the third trimester of pregnancy.11, 12 In our study, 78% of VLBW infants and 48% 

of infants >1500g with reported CMV infection were delivered by C-section. Postnatal 

CMV infection acquired via breastfeeding can cause disease in VLBW and premature (<32 

weeks) infants because their immune system is relatively immature and most placental 

transfer of maternal antibodies occurs during the third trimester.13 Most of our VLBW 

infants but only 8% of the infants >1500g reported with CMV infection were born at <32 

weeks gestational age. Although half of the infants with reported CMV infection were fed 

breastmilk during NICU stay, data collected did not distinguish between mother’s own milk 

or donor milk. The proportion who ever received breastmilk increased from 52% to 64% 

among VLBW infants, and from 63% to 76% among infants >1500g, during 2005–2016 

(data not shown). However, maternal CMV serostatus was unknown. The quality of 

information could be improved by collecting additional data to allow characterization of 

congenital and postnatal CMV infection in the NICU population.
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Reported CMV infection was associated with significantly longer hospital stays, and among 

infants >1500g, with a 2-fold mortality compared to infants without reported CMV 

infection. CMV testing was performed at the discretion of the clinicians providing care and 

may have varied by NICU. Additionally, not all infants >1500g admitted to the NICU are 

eligible for CPQCC data collection and many infants with symptomatic congenital CMV 

disease may not have severe enough manifestations to require NICU hospitalization. Thus, 

infants with more severe CMV disease were likely identified. Among infants >1500g, an 

anomaly detected prior to birth, head circumference <10th percentile, and abnormal 

neuroimaging findings were more likely among those reported with CMV infection than 

without. The likelihood of cystic periventricular leukomalacia, which is a strong predictor of 

neurological impairment in preterm infants and has also been associated with cerebral palsy,
14, 15 was 6.5-fold higher among infants >1500g reported with CMV infection than without. 

Linkage of CPQCC data to the California Children’s Service High-Risk Infant Follow-up 

Program databases may enable future assessment of long-term neurodevelopmental 

outcomes and health care resources utilized by eligible infants.16

CPQCC data have been useful to monitor trends in CMV infection among NICU infants in 

California and identify demographic groups at higher risk of disease, such as VLBW infants 

born to Asian/Pacific islanders and infants >1500g born to mothers <20 years or >40 years 

of age. However, data from California may not be generalizable to other U.S. states. 

Perinatal Quality Care Collaborative Initiatives in other U.S. states and NICUs around the 

world participating in the Vermont Oxford Network could provide useful information on 

CMV trends and higher risk groups, if the data are collected. Increasing awareness of CMV 

disease and its impact on public health is important to move forward with the development 

of CMV vaccines and successful implementation of a vaccination program in the future.

Abbreviations:

CMV cytomegalovirus

CPQCC California Perinatal Quality Care Collaborative

IUGR intrauterine growth restriction

NICU neonatal intensive care unit

VLBW very low birth weight
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Figure 1. 
Three-year moving average of reporting rates of CMV infection among VLBW infants and 

infants >1500g in neonatal intensive care units, California, 2006–2015
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