Article

Postnatal cytomegalovirus infection in extremely preterm infants
receiving raw mother’s own milk: clinical course and
neurodevelopment at two years

Héléne Dumonceau, Anne-Britt Johansson, Aline Vuckovic

aline.vuckovic@huderf.be

Keywords

Human cytomegalovirus, Breast milk, Pasteurization, Extremely low birth weight infants, Neurological outcomes

Abstract
Objective. To investigate neonatal manifestations and neurological outcomes after postnatal cytomegalovirus (CMV) infection in extremely preterm infants receiving raw
mother’s own milk.

Methods. This was a retrospective analysis of 45 lactating mothers and their 53 infants born < 28 weeks gestational age. Maternal serologies and screening for CMV in
infants were obtained. CMV-positive and CMV-negative groups were compared regarding clinical course, raw mother’s own milk intake, as well as growth, neurological,

and hearing outcomes until 24 months corrected age.

Results. Maternal seroprevalence was 90%. CMV viruria occurred at a median age of 33.4 weeks in 10 infants, all born to CMV-seropositive mothers. CMV-positive
infants were more exposed to daily raw mother’'s own milk (70% vs. 28%; P = .02). Five infants with a history of prolonged ventilation and systemic corticosteroids
increased their ventilator needs concurrently with CMV infection. The rates of bronchopulmonary dysplasia, necrotizing enterocolitis and retinopathy were similar in both
groups. There was no fatal outcome among CMV-positive infants. However, hospital stay was prolonged by 26 days on average (P = .02). At 24 months, 7 CMV-positive
infants and 22 CMV-negative infants scored similarly on Bayley-lIl scales. Sensorineural hearing loss was not detected after CMV infection.

Interpretation. Postnatal CMV infection in extremely preterm infants had no impact on hearing and neurodevelopment within the first 2 years of life. However, postnatal

CMV infection might worsen respiratory status and increase length of hospital stay.

Introduction

Mother’'s own milk (MOM) is encouraged in preterm infants since its
immunomodulating and nutritional properties combine to decrease in-
flammation, thereby attenuating the risk of bronchopulmonary dysplasia,
retinopathy of prematurity, and necrotizing enterocolitis (1). Breast milk
is also beneficial in long-term health and psychomotor development (1).

Various pathogens can be transmitted through breast milk, including cyto-
megalovirus (CMV) (1,2). In industrialized countries, CMV seroprevalence
varies between 50 and 90% in pregnant women (2). During lactation,
most seropositive mothers experience viral reactivation in the mammary
glands, which begins around day 3 postpartum and peaks for 4—-8 weeks
(2,3). Once infected, full-term newborns usually remain asymptomatic,
likely due to the complete transplacental transfer of maternal anti-CMV
antibodies. By contrast, CMV transmission can reach 20-35% in preterm
infants receiving raw MOM (4,5). Approximately 20% of very low birth
weight (VLBW; < 1500 g) infants will develop self-limited iliness rang-
ing from abnormal laboratory findings to clinical deterioration mimicking
sepsis (4,5). Despite high transmission and infection rates, deaths have
rarely been reported (4). These reassuring outcomes were recently chal-
lenged by observations in extremely preterm (< 28 weeks gestational
age) and/or extremely low birth weight (ELBW; < 1000 g) infants (4,5). In
this category, postnatal CMV infection was more frequent and more often
associated with severe acute disease (6). Increased risks of broncho-
pulmonary dysplasia and retinopathy of prematurity were also reported
(7-9). By contrast with the well-known neurodevelopmental sequelae of
congenital CMV infection, conflicting long-term outcomes are reported
after postnatal CMV infection in VLBW infants (10-12). While neurologi-
cal outcomes and sensorineural hearing seem preserved in toddlers and
preschool children (11-13), older children can possibly display subtle al-
terations of cognitive performances (10,14,15).

Strategies of CMV inactivation in MOM, such as freezing and pasteuriza-
tion, are used to limit transmission at the price of detrimental effects on
the nutritional and immunological quality of milk (16). In 2012, considering
contemporary evidence, the American Academy of Pediatrics recommended
promotion of raw MOM in all preterm infants (1). However, the possibility
of severe illness and emerging uncertainties regarding long-term outcomes
have led some scientific committees to argue against the administration of
raw MOM to the most immuno-incompetent infants (2,16,17). In 2016, the
Belgian Superior Health Council recommended systematic pasteurization of
MOM expressed from CMV-seropositive mothers until 32 weeks postmen-
strual age for infants born < 28 weeks gestational age and/or with an ELBW
(18). Whether this recommendation might be excessive remains questionable
when balancing the risks of postnatal CMV infection with the benefits of raw
MOM.

Therefore, this retrospective study conducted in a Belgian neonatal intensive
care unit (NICU) before the implementation of the national guidelines recapit-
ulates the evolution of a previous cohort of extremely preterm infants, regu-
larly receiving raw MOM from their CMV-seropositive mothers, and screened
for CMV infection. The first aim was to describe the characteristics of postna-
tal CMV infection in this vulnerable cohort. Because follow-up data are scarce
in ELBW infants, the second aim was to compare neonatal comorbidities and
neurodevelopmental outcomes until 24 months corrected age in infected and
non-infected infants.

Materials and methods
Study population

This was a retrospective study including all infants born < 28 weeks gesta-
tional age and admitted to the NICU of Queen Fabiola Children’s University
Hospital (Brussels, Belgium) between June 1, 2014 and December 31, 2018.
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Exclusion criteria were death before screening for CMV, congenital CMV (de-
fined as a positive culture in urine within the first 3 weeks of life), incomplete
data due to transfer to another hospital, major congenital anomaly, exclu-
sive formula milk, and unknown maternal CMV status. Medical records were
reviewed by 2 investigators (H.D. and A.V.). The Institutional Review Board
approved the study protocol (No. 19/19). The need for parental informed
consent was waived due to retrospectively collected data. Anonymity was
preserved.

Local particularities regarding mother’s own milk handling

Due to local organization and adaptation of infrastructures in our milk bank,
the Belgian 2016 recommendations were implemented in January 2019. Be-
fore this date and during the study period, raw MOM expressed in the NICU
was directly administered within the first hour of expression or transported
to the milk bank where bacteriological cultures were performed. In the case
of a negative culture, raw MOM was stored at 4°C for a maximum of 4
days before being frozen at —18°C. Holder pasteurization was applied (i.e.,
62.5°C for 30 minutes then back under 10°C within less than 2 hours) if
MOM cultures showed > 10° CFU/mL for saprophytic strains including coag-
ulase-negative staphylococci, and/or < 10* CFU/mL for pathogenic bacteria
including Staphylococcus aureus, Streptococcus agalactiae, Streptococcus
pneumoniae, and the Enterobacteriaceae family. MOM was discarded in any
case of Bacillus sp and/or if > 10* CFU/mL for pathogenic bacteria. MOM ex-
pressed outside the NICU was transported to the milk bank for pasteurization.

After birth, raw colostrum was administered for 3 days. In addition to parental
nutrition, enteral feeds increased by 20 mlL/kg/day according to tolerance.
When reaching 60 mL/kg/day of feeding volume, MOM was enriched with
multicomponent fortifier (PreNAN human milk fortifier, Nestlé, Vevey, Switzer-
land). Fortification was not individualized given the unavailability of a bedside
infrared analyzer. Parental nutrition was stopped when enteral feeding vol-
umes reached 120 mL/kg/day. Volumes of fortified MOM were then increased
to 160-180 mL/kg/day. In the case of insufficient MOM, pasteurized donor
milk was offered as the best alternative. Otherwise, preterm formula milk
(PreNAN, Nestlé) was administered.

Data collection

Demographics and perinatal characteristics were collected, such as gesta-
tional age and anthropometric data at birth, cause of prematurity, antenatal
steroids, type of delivery, 5-minute Apgar score, Clinical Risk Index for Ba-
bies, and maternal sociodemographic data. CMV surveillance included mater-
nal serology obtained during the last trimester of pregnancy or immediately
after delivery, screening in urine scheduled on a weekly basis, and age at
positive screening. Postnatal CMV infection was defined as detection of viru-
ria after 21 days of life with a previous negative culture. The onset of viruria
was calculated as the date at mid-point between the last negative and the
first positive viral culture. Clinical and laboratory findings were retrieved in a
7-day period before and after identified CMV viruria.

Regarding feeding practice, the type of milk at discharge was recorded. The
number of feeds containing raw MOM was counted for each day between day
3 of life and 32 weeks postmenstrual age. These data were used to calculate
the proportion of days where infants were fed raw MOM at least once a day
and the proportion of days where infants were exclusively fed raw MOM.

Characteristics of postnatal management were obtained throughout the NICU
stay, including duration of invasive ventilation, systemic corticosteroid use,
and administration of leukoreduced blood components. Comorbidities were
retrieved, such as death before 36 weeks postmenstrual age, bronchopulmo-
nary dysplasia defined as ventilatory and/or oxygen needs at 36 weeks post-
menstrual age, retinopathy of prematurity 3 stage 3, necrotizing enterocolitis
3 stage 2 according to Bell criteria, intraventricular hemorrhage 3 grade 3 ac-
cording to the Papile classification, periventricular leukomalacia, and proven
late-onset sepsis. Variables were obtained at discharge, including length of
stay, anthropometric data, brain imaging, auditory evoked potentials, fundus
examination, and electroencephalogram.

At 12 months and 24 months corrected age, infants were classified as having
normal or abnormal neurological findings. The level of disability in children
with cerebral palsy was based on the Gross Motor Function Classification

System. Beside anthropometric data, cognitive, language and motor func-
tions were evaluated with the Bayley Scales of Infant and Toddler Develop-
ment—Third edition by the same pediatrician responsible for the follow-up of
preterm infants. Infants were screened for auditory and visual impairment
at least once during the first 24 months of life. Hearing was investigated
by wideband tympanometry and auditory evoked potentials. Sensorineural
hearing loss was defined as a threshold > 20 dB (19).

Statistical analyses

Data were expressed as numbers and percentage or median and interquartile
range (IQR). Two-group comparisons were performed between CMV-positive
and CMV-negative groups, and between asymptomatic and symptomatic
infants in the CMV-positive group. Because most data were not normally
distributed, the Mann-Whitney U test was used to compare continuous vari-
ables between the two groups. Fisher’s exact test was applied to categorical
variables. Statistical analyses were performed using GraphPad Prism 8.0
(GraphPad Software, San Diego, CA). Significance of two-tailed tests was
considered at P < .05.

Results
Study population

Seventy-five infants born to 63 mothers were initially considered (Figure 1).
Twenty-two infants were excluded because of death or transfer before 21
days of life with unknown CMV status (n = 13), incomplete data (n = 5),
major congenital anomaly (n = 1), or no breastfeeding (7 = 3). Among the
53 included infants born to 45 mothers, 10 (19%) were diagnosed with CMV
viruria (CMV-positive group), while 43 infants remained negative (CMV-neg-
ative group). Both groups displayed comparable perinatal and demographic
characteristics (Table 1). All CMV-positive infants were singletons. After dis-
charge, 7 CMV-positive infants and 22 CMV-negative infants completed their
follow-up until 24 months corrected age (Figure 1). One infant with postnatal
CMV infection was only evaluated at 24 months corrected age.

Screening for CMV and characteristics of postnatal infection

Maternal seroprevalence was 91% (n = 41/45). The screening for CMV viru-
ria started at a median of 7 days (IQR 3.7-7.2) in the CMV-positive group and
was performed 6 times (IQR 4-8) during the NICU stay. In the CMV-negative
group, the first analysis was obtained at 8 days (IQR 4-13; P = .17) and a
median number of 5 analyses (IQR 4-7) were done (P = .35). No infant was
diagnosed with congenital CMV infection. The 5 infants born to 4 CMV-sero-
negative mothers did not acquire CMV infection.

In the CMV-positive group, viruria was detected at 8 weeks (IQR 6.4-8.4)
after birth, which corresponded to 34.5 weeks postmenstrual age (IQR 32—
35.3). Based on the date of the last negative culture, the onset of CMV viruria
was estimated at 33.4 weeks postmenstrual age (IQR 32.3-35). There was
no positive screening before 31 weeks postmenstrual age. Five infants devel-
oped mild signs of illness such as fever and/or increased ventilator or oxygen
needs, corresponding to an incidence of 12% of symptomatic ELBW infants
born to CMV-seropositive mothers. Endotracheal intubation was not required.
There was no severe acute illness or death. Thrombocytopenia (minimum
80,000/mm?) and neutropenia (minimum 400/mm?) occurred in one and 3
infants respectively. Liver enzymes remained within the normal range, with a
median value for GOT of 25 IU/L (IQR 21-31) and a median value for GPT of
11 IU/L (IQR 9-13). The level of C-reactive protein was reported in 3 febrile
infants and was < 20 mg/L. No antiviral therapy was administered because
CMV-positive infants were either mildly affected or not symptomatic.

Breastfeeding practice

Between day 3 and day 15 of life all CMV-positive infants received raw MOM
every day, whereas 56% of CMV-negative infants were daily fed raw MOM
(Table 2). The proportion of days where infants received raw MOM at least
once a day was also higher in the CMV-positive group (Table 2). Likewise,
the proportion of days where raw MOM was the only type of feeding given
tended to be twofold higher in CMV-positive infants (69% vs. 37%; P = .054).
The rate of exclusive breastfeeding decreased over time, resulting in 30% of
infants from both groups exclusively fed breast milk at discharge (Table 2).

Neonatal comorbidities
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Figure 1 : Study flow diagram. GA, gestational age; CA, corrected age.
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Table 1. : Demographic and perinatal characteristics of extremely preterm infants according to the diagnosis of postnatal CMV infection

CMV-positive CMV-negative P
(n=10) (n=43) value
Maternal variables
CMV seropositivity, n (%) 10 (100) 38 (88) 57
Age, years, median (IQR) 28.1 (24-33.3) 29.5(24.3-32.3) .82
Education < high school, 11 (%) 2 (20) 8 (19 .99
Singleton, 1 (%) 10 (100) 24 (56) .009
Chorioamnionitis, 1 (%) 1(10) 5(12) .99
Pre-eclampsia, 1 (%) 3(30) 409 11
Placenta abruption/previa, n (%) 0 49 .99
Antenatal steroids, 1 (%) 9(90) 41 (95) A7
Cesarean section, 1 (%) 6 (60) 31(72) A7
Outborn delivery, n (%) 0 3(7) .99
Infant variables

Male gender, n (%) 5 (50) 24 (56) .99
Gestational age (weeks), median (IQR) 26.7 (25.8-27.2) 27 (26.1-27.7) 18
Birth weight (g), median (IQR) 765 (695-1008) 885 (770-1075) 25
Small for gestational age, n (%) 0 3() .99
Microcephaly, n (%) 0 2(5) .99
5-min Apgar score, median (IQR) 9(6.8-9) 8(7-9 .29
CRIB, median (IQR) 45(1.8-7.3) 3(1-6.3) 53

CRIB, Clinical Risk Index for Babies; IQR, interquartile range. Chorioamnionitis was diagnosed based on histology and/or microbiology. Small for gestational age and microcephaly were defined
respectively as birth weight and head circumference Z-scores < -1.29 based on the 2013 Fenton growth charts.
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Table 2. : Feeding practices in extremely preterm infants according to the diagnosis of postnatal CMV infection

CMV-positive CMV-negative P
(n=10) (n=43) value
Parenteral nutrition (full or partial), days, median (IQR) 10.5(9-15.3) 11 (10-18) 74
Infants receiving daily raw MOM
From day 3 to 15, n (%) 10 (100) 24 (56) .009
From day 16 to 32 weeks postmenstrual age, 1 (%) 7(70) 12 (28) .024
% of days with raw MOM intake
At least for one feed per day, median (IQR) 100 (91-100) 74 (59-100) 014
For all feeds per day, median (IQR) 69 (49-80) 37 (21-73) .054
Feeding at discharge’ 17
Exclusive breastfeeding, n (%) 3(30) 12 (28)
Mixed feeding, 1 (%) 4 (40) 6(14)
Formula milk, 1 (%) 3(30) 22 (51)
1QR, interquartile range; MOM, mother's own milk. *Including 40 infants alive at discharge in the CMV-negative group.
Table3. : Neonatal outcomes of extremely preterm infants according to the diagnosis of postnatal CMV infection
CMV-positive CMV-negative P
(n=10) (n=43) value
Outcomes before discharge
Invasive ventilation, 1 (%) 9(90) 34 (79) .66
Invasive ventilation, days, median (IQR) 10 (1-23.5) 4(1-16.5) 49
Systemic corticosteroids, 17 (%) 6 (60) 12 (28) .07
Leukoreduced blood transfusions, 1 (%) 74
1 transfusion 4 (40) 11 (25.6)
2 transfusions 2 (20) 11 (25.6)
> 3 transfusions 2 (20) 11 (25.6)
Day of life at the first blood transfusion, median (IQR) 19 (15-45) 19(10.3-24.5) .38
Late-onset proven sepsis, 1 (%) 2 (20) 9(21) .99
Necrotizing enterocolitis > grade 2, n (%) 0 3(7) .99
Moderate to severe BPD, n (%) 6 (60) 20 (50) 72
Intraventricular hemorrhage > grade 3, n (%) 0 24.7) .99
Periventricular leukomalacia, 1 (%) 0 3(7) .99
Any retinopathy, n (%) 3(30) 6 (14) .34
Retinopathy > grade 3, n (%) 0 2 .99
Death before 36 weeks postmenstrual age, 1 (%) 0 3(7) .99
Outcomes at discharge”
Length of stay, days, median (IQR) 108 (83-146) 82 (67-100) .02
Postmenstrual age, median (IQR) 41.4 (38.5-46.6) 37.7 (37-40.9) .02
Weight, g, median (IQR) 2815 (2520-4560) 2720 (2383-3000) 31
Head circumference, cm, median (IQR) 34.4 (33.2-37.6) 33.5(32-35) .08
Abnormal brain imaging, 1 (%) 2 (20) 17 (42) .28
Abnormal EEG, 1 (%) 2 (20) 3(7) 26
Abnormal auditory evoked potentials 31
Abnormal transmission, 1 (%) 1(10) 3(7)
Cochlear impairment, 11 (%) 0 12
Abnormal central conduction, 1 (%) 2 (20) 8 (20)

EEG, electroencephalogram; IQR, interquartile range. Abnormal brain imaging included persistent periventricular echogenicity, subependymal hemorrhage, ventriculomegaly, and focal

parenchymal lesions. *Including 40 infants alive at discharge in the CMV-negative group.
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CMV-positive and CMV-negative infants were similarly treated in terms of
mechanical ventilation and patent ductus arteriosus management (Table 3).
The rate of leukoreduced blood cell transfusions and the timing of the first
transfusion were superimposable in both groups (Table 3). Systemic corti-
costeroids were used twice as often in CMV-positive infants, but this trend
failed to reach statistical significance (Table 3). Three CMV-negative infants
died before 36 weeks postmenstrual age of bacterial sepsis (7= 2) and com-
plications of intraventricular hemorrhage (n = 1). At discharge, there were no
differences in the rate of retinopathy of prematurity, bronchopulmonary dys-
plasia, and necrotizing enterocolitis (Table 3). Especially, none of the CMV-in-
fected infant was diagnosed with severe retinopathy requiring treatment or
proven necrotizing enterocolitis. Besides, CMV-positive and CMV-negative
infants had comparable growth, brain imaging, electroencephalogram, and
auditory evoked potentials (Table 3). However, the length of NICU stay was
higher in CMV-positive infants, resulting in an increased postmenstrual age
at discharge (Table 3).

Subgroup analyses within the CMV-positive group were performed to un-
derstand this finding better (Table 4). As compared to asymptomatic infants
who remained clinically stable, those who experienced clinical deterioration
during CMV infection had a history of prolonged invasive ventilation requiring
systemic corticosteroids. All of them were diagnosed with moderate or severe
bronchopulmonary dysplasia and stayed longer in the NICU. Symptomatic and
asymptomatic infants exhibited similar gestational age, birth weight, timing of
viruria, and growth characteristics at discharge (Table 4).

Long-term neurodevelopment

At 12 months and 24 months corrected age, growth pattern, neurological ex-
amination, and Bayley-Ill scores were similar in CMV-positive and CMV-neg-
ative groups (Table 5). In the CMV-negative group, hearing was not evaluated
in 6 infants. In the remaining infants, one was diagnosed with sensorineu-
ral hearing loss, and 2 were diagnosed with conductive hearing loss. Eight
CMV-positive infants were evaluated at least once until 24 months corrected
age. No sensorineural hearing loss was detected, and transmission was im-
paired in 3 infants. Overall, hearing tests did not differ between the groups
(P = .39; Fisher’s exact test). Severe bilateral visual deficit was diagnosed
in one CMV-negative infant, while CMV-positive infants did not show any
deficit (P = .99; Fisher’s exact test). Finally, albeit the very small sample
size precludes from any robust conclusion, growth and neurodevelopmental
outcomes at 12 months and 24 months corrected age appeared similar in in-
fants with symptomatic and asymptomatic postnatal CMV infection (Table 6).

Discussion

In this 4-year retrospective study focusing on extremely preterm infants
mostly fed raw MOM during the first weeks of life and regularly screened
for CMV, postnatal CMV viruria occurred in one-fifth of cases after 32 weeks
postmenstrual age. Although infected and non-infected infants shared anal-
ogous outcomes, postnatal CMV infection was associated with a prolonged
NICU stay without altering growth, hearing, or neurodevelopment until 24
months corrected age. These observations are consistent with the idea that
most preterm infants born to CMV-seropositive mothers could benefit from
raw MOM without devastating health consequences. However, these data
should be cautiously interpreted given the limited size of the cohort.

Our findings are relevant for populations with high maternal CMV sero-
prevalence, which typically present CMV reactivation during lactation (3). In
the case of extreme prematurity, recent guidelines recommend systematic
pasteurization until 32 weeks postmenstrual age for MOM expressed from
CMV-seropositive mothers (16,18). This would imply the pasteurization of
MOM expressed from the majority of mothers, with subsequent higher work-
load, organizational constraints, and costs (20). In a recent French audit, only
one-fourth of neonatal units complied with the French recommendations of
systematic pasteurization of MOM in VLBW infants born to CMV-seropos-
itive mothers, which indirectly suggests difficult implementation in clinical
practice (17). In Belgium, there are no official reports regarding adherence
to such recommendations. One could speculate that implementation would
be difficult as most Belgian NICUs do not have access to a milk bank or
pasteurization (21).

In Belgium, screening for CMV antibodies throughout pregnancy is no longer
recommended, considering that congenital CMV can occur after reactivation
in previously CMV-seropositive women (22). This was one of the rationales for
incorporating CMV screening in all preterm infants and their mothers as part
of the routine monitoring in our NICU. The median onset of CMV viruria was
estimated at 8 weeks of life, which was consistent with previous reports in
VLBW and ELBW infants (3,5,6). Viral load in MOM, a critical factor for CMV
transmission, could not be evaluated in this study and, therefore, the correla-
tion between virolactia and infant virologic data could not be established (3).
Yet, MOM as the main source of transmission was reasonably supported by
the higher proportion of raw MOM feeds received in infected infants during
their first weeks of life. Besides, the systematic use of leukoreduced blood
transfusions likely decreased the transmission of CMV in the present cohort,
as previously reported (23). High rates of leukofiltrated blood cell transfu-
sions were similarly found in CMV-positive and CMV-negative groups, making
transfusions play a minimal role in the acquisition of CMV infection. Finally,
the contribution of maternal cervical secretions to postnatal CMV infection
was limited by a high rate of cesarean section in this study.

Despite high reactivation rates in MOM, not all extremely preterm infants ac-
quire CMV infection. First, the presence of lactoferrin and anti-CMV IgG might
provide raw MOM with some antiviral properties, at least experimentally (2).
Second, MOM handling and storage can affect CMV activity and influence
the rate of postnatal transmission (2). Herein, raw MOM was predominant-
ly administered to CMV-positive infants during the first weeks postpartum,
possibly explaining the higher rate of infection than in ELBW infants mainly
receiving frozen MOM (24). Third, the risk of symptomatic infection is related
to the infant’s immaturity, as denoted by the association with lower birth
weight and earlier age at viral detection (6). In the present cohort, postnatal
CMV infection was diagnosed in about 20% of extremely preterm infants. This
was in line with studies including ELBW infants, but still lower than in infants
born at the limit of viability (4,6).

Half of postnatal CMV infections presented as self-limited iliness, while he-
matologic disturbances remained asymptomatic. Antiviral therapies by ganci-
clovir or valganciclovir have been suggested for symptomatic congenital CMV
infection to improve long-term neurodevelopmental outcomes. However, such
treatments were not considered in the present study given the absence of se-
vere symptoms in our cohort, potential immunological and liver toxicity of (val)
ganciclovir, as well as the absence of prospective clinical trials supporting a
use for symptomatic postnatal CMV infection acquired via MOM (2). As CMV
copy count in blood and evolution of laboratory tests were not monitored, our
data remained inconclusive regarding the timing of recovery and possibility of
long-lasting disease (6). In accordance with previous reports, postnatal CMV
infection did not affect the overall rate of death, bronchopulmonary dyspla-
sia, necrotizing enterocolitis or retinopathy of prematurity (9,11,12). The in-
creased length of stay could suggest that CMV infection, even if mildly symp-
tomatic, augments the need for additional support and prolongs the length
of stay (8,24). Of note, among CMV-positive infants, those who exhibited
respiratory deterioration concurrent with CMV infection were more often di-
agnosed with bronchopulmonary dysplasia than asymptomatic ones. To date,
studies exploring the association between postnatal CMV infection and bron-
chopulmonary dysplasia have yielded controversial results (7,11,25). A toxic
effect on immature lungs was hypothesized, but the causality between CMV
and bronchopulmonary dysplasia was not demonstrated (26). Consistent with
the timing of CMV infection in this cohort, infants eventually diagnosed with
bronchopulmonary dysplasia carried a pre-existing respiratory vulnerability,
which was further destabilized by the viral episode. Based on this rationale,
postnatal CMV infection could be an aggravating factor of ongoing broncho-
pulmonary dysplasia, retinopathy of prematurity or intestinal inflammation,
depending on individual frailty. Compatible with the protective role of MOM,
necrotizing enterocolitis and retinopathy of prematurity were rare outcomes
in the present cohort of breastfed infants. The sample size of this study was
thus too small to highlight differences after CMV infection.

The debate on whether postnatal CMV infection has an adverse effect on
neurodevelopment is ongoing. Several studies do not support a role for post-
natal CMV infection in neurodevelopmental delay during the first 2 to 4 years
of life (5,11,27). In line with the most recent and large prospective study, our
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study corroborated these findings, whether or not the patients were symp-
tomatic, and at least until 24 months corrected age (13). Likewise, a system-
atic review compiling hearing outcomes in more than 1500 individuals failed
to show any association between postnatal CMV infection and sensorineural
hearing loss (28). This contrasted with a large retrospective study showing
higher rates of failed hearing screen in CMV-positive infants (8). Yet, a failed
hearing screen is frequent during the neonatal period and is not necessarily
indicative of sensorineural etiology (19). Moreover, cases of congenital CMV
could not be formally excluded in this study (8). Finally, discrete changes in
complex cognitive functions after acquired CMV infection, still scoring within
normal ranges, have been identified in 6 year-old children and adolescents
(10,14,15). This must draw attention to the pursuit of long-term vigilance.

Because of the aforementioned controversies in extremely preterm infants fed
raw MOM, recommendations regarding MOM handling to prevent CMV trans-
mission vary between countries, depending on whether health authorities
choose to favor the precautionary or the proportionality principle (17,18,20).
Holder pasteurization suppresses the risk of CMV transmission but affects
nutritional and immunological properties of MOM, including decreased con-
centration of bile salt-stimulated lipase activity, lactoferrin, immunoglobulins,
growth factors, interleukins, and cellular components (16). It is still unclear
whether pasteurization might be deleterious for postnatal growth or increase
the risk of late-onset sepsis or necrotizing enterocolitis (29,30). By contrast,
short-term freezing preserves the main properties of breast milk, but does not
suppress the risk of CMV transmission (2). Furthermore, high-temperature
short-term pasteurization has been alternatively developed to decrease the
impact of MOM handling on its quality (2,20). A recent prospective cohort
study showed a 10-fold reduction in the proportion of postnatal CMV infection
(31). Although effective, this technique requiring time, training and specific
medical device is not yet used in most NICUs (20). Therefore, instead of a
generalized and strict recommendations difficult to implement in most NICUs,
encouraging raw MOM in all extremely preterm infants and promoting early
sucking during skin-to-skin holding at any age could be an acceptable option
after informed consent regarding milk treatment.

Apart from the limitations stated above, we acknowledge that the retrospec-
tive design, small sample size and high dropout rates in our study were major
shortcomings. Retrospective analysis may have an impact on the quality of
retrieved data. However, the follow-up of extremely preterm infants during
and after the NICU stay was prospectively collected in our institution, which
likely limited such bias. The small sample size was inherent to the co-exis-
tence of 19 official NICUs in Belgium sharing the management of a limited
number of ELBW infants annually. We can speculate that missed appoint-
ments in the SARS-CoV-2 pandemic context could explain unavailable data
at 24 months corrected age for infants born in 2018. Finally, as this retro-
spective study focused on a recent cohort, follow-up data are limited to the
first 24 months of life. Given uncertainties regarding long-term outcomes,
cognitive performances should be monitored in older children with a previous
CMV infection. Nevertheless, the strengths of our study include the homoge-
neity of the cohort and the screening for CMV available throughout hospital
stay. This led to better characterization of phenotypes and related outcomes
after postnatal CMV infection in the most fragile infants. This distinguishes
our study from larger cohorts that focused on symptomatic infants and mixed
those with negative CMV testing and those without any testing (and possi-
bly asymptomatic) in the same control group (7,8,11). Interpretation of such
studies can be difficult as misclassification of infants could not be ruled out.

Conclusion

In the absence of registries reporting postnatal CMV screening and long-
term outcomes of CMV infection as part of the prospective surveillance of
VLBW infants, recommendations for the use of raw MOM are heterogeneous
in preterm infants born to CMV-seropositive mothers. Even in the case of
persistent divisions about long-term risks, the evolution of extremely preterm
infants after postnatal CMV infection seems globally reassuring. Therefore,
reconsideration of the current Belgian guidelines and uniformization between
countries regarding MOM handling could be envisaged to allow most preterm
infants to benefit from raw MOM. Nevertheless, our study suggested an as-
sociation between postnatal CMV infection, prolonged NICU stay, and mild

worsening of the respiratory status in ELBW infants eventually diagnosed with
bronchopulmonary dysplasia. These findings raised the unresolved question
of restricting MOM pasteurization in the few ELBW infants with pre-existing
susceptibilities prone to deteriorate after CMV infection. Due to the timing of
CMV viruria in ELBW infants, the question whether the critical period during
which pasteurization should be extended in these particularly vulnerable in-
fants remains open.
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Table 4. : Neonatal outcomes of extremely preterm infants diagnosed with postnatal CMV infection depending on their symptomatology

Asymptomatic Symptomatic P
(n="5) (n="5) value
Birth variables
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Bronchopulmonary dysplasia, 1 (%) 1(20) 5 (100) .047
Invasive ventilation, 1 (%) 4 (80) 5 (100) .99
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Invasive ventilation > 7 days, 1 (%) 1(20) 4(80) 21
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Length of stay, days, median (IQR) 83 (73-108) 139 (109-203) .032
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Head circumference (z-score), median (IQR) -0.18 (-0.92,0.44) -1.03 (-2.1,-0.25) .22
1QR, interquartile range. As gestational age at discharge varied between groups, growth variables were expressed as z-scores following the 2013 Fenton growth charts.
Table 5. : Developmental outcomes at 12 months and 24 months corrected age in extremely preterm infants according to the diagnosis of postnatal CMV infection
12 months corrected age 24 months corrected age
CMV- CMV- p CMV- CMV- p
positive negative positive negative
(n=18) (n=28) value (n=7) (n=22) value
Growth variables
Weight, kg, median (IQR) 8.1 8.7 .69 11 1.7 69
(7.4-10.1) (8-9.8) (9.5-14) (10.4-12.5)
Head circumference, cm, median (IQR) 453 455 .8 47.5 48 .69
(43.1-48) (44-46.9) (45-49.2) (46-49.5)
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Normal, n (%) 7(88) 23 (82) 6 (86) 19 (86)
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BSID-III
Cognitive score, 1 (%) 8 (100) 26 (93) .99 7 (100) 18 (82) .98
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> 85, (%) 6 (100) 22 (88) 4(67) 11 (61)
< 85, n (%) 0 3(12) 2(33) 739

BSID-1li, Bayley Scales of Infant and Toddler Development-Third edition; IQR, interquartile range. The BSID-IIl motor score includes fine and gross motor skills. A standardized BSID-Ill score <
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Table 6 . : Developmental outcomes at 12 months and 24 months corrected age in extremely preterm infants with postnatal CMV infection depending on their symptomatology

12 months corrected age 24 months corrected age
Symptomatic Asymptomatic P Symptomatic Asymptomatic P
(n=4) (n=4) value (n=3) (n=4) value
Growth
Weight, kg, median (IQR) 76 9.3 a7 9.7 115 .38
(7.4-10.2) (7.1-10.8) 9.5-9.9 (9.8-14.7)
Head circumference, cm, median (IQR) 44.8 453 .84 46 48 .38
(43-48) (43.6-48) (44.5-47 5) (45.8-50.1)
BSID-III
Cognitive score, n (%) 4 (100) 4(100) .99 3(100) 4 (100) 43
>85,n (%) 3(75) 4(100) 2(67) 4(100)
<85, n(%) 1(25) 0 1(33) 0
Motor score, 11 (%) 4 (100) 3(75) .99 3(100) 4(100) .99
> 85, n (%) 2 (50) 2(67) 2(67) 2(67)
<85, n (%) 2 (50) 1(33) 1(393) 1(33)
Language score, n (%) 2 (50) 4 (100) .99 2 (67) 4 (100) .99
> 85, n (%) 2 (100) 4(100) 2 (100) 3(75)
<85, n (%) 0 0 0 1(25)

BSID-IIl, Bayley Scales of Infant and Toddler Development-Third edition; IQR, interquartile range. The BSID-IIl motor score includes fine and gross motor skills. A standardized BSID-IIl score <
85 indiicates mild impairment.
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