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AbsTrACT
Objective To evaluate the relationship between 
cytomegalovirus (CMV) exposure from breast milk and 
risk of necrotising enterocolitis (NEC).
Design Secondary analysis of a multicentre, 
observational cohort study. Maternal breast milk and 
infant serum or urine were serially evaluated by nucleic 
acid testing at scheduled intervals for CMV. Infants 
with evidence of congenital infection were excluded. 
Competing-risks Cox models, with adjustment for 
confounders, were used to evaluate the relationship 
between breast milk CMV exposure or postnatal CMV 
infection and NEC.
setting Three neonatal intensive care units in Atlanta, 
Georgia.
Patients Infants with a birth weight≤1500 grams.
Exposures Maximal CMV viral load in breast milk in 
the first 14 days after birth or postnatal CMV infection. 
Two different approaches were used to assess the timing 
of onset of CMV infection (midpoint or early).
Main outcome measures NEC, defined as Bell stage 
II or greater.
results Among 596 enrolled infants, 457 (77%) were 
born to CMV seropositive mothers and 33 developed 
postnatal CMV infection (cumulative incidence 7.3%, 
95% CI 5.0% to 10.1%). The incidence of NEC was 18% 
(6/33) among infants with CMV infection, compared with 
7% (37/563) among infants without infection (adjusted 
cause-specific HR (CSHR): 2.81; 95% CI 0.73 to 10.9 
(midpoint); 6.02; 95% CI 1.28 to 28.4 (early)). Exposure 
to higher breast milk CMV viral load was associated with 
a higher risk of NEC (adjusted CSHR per twofold increase 
1.28; 95% CI 1.06 to 1.54).
Conclusions CMV exposure from breast milk may be 
associated with the development of NEC in very low 
birth weight infants.

InTrODuCTIOn
Cytomegalovirus (CMV) transmitted from blood 
transfusion or breast milk can cause postnatal infec-
tion in preterm infants.1 Prior studies, including 
from our group, have reported that maternal breast 
milk is the primary source of postnatal CMV infec-
tion among very low birth weight (VLBW) infants.1 2 
In the USA, approximately 2800 premature infants 
develop breast milk-acquired postnatal CMV infec-
tion each year.3 

Guidance in the US recommends that the bene-
fits of human milk versus the risk of CMV trans-
mission should be considered when deciding to 
breastfeed VLBW infants born to mothers known 

to be CMV-seropositive.4 Recent studies have 
demonstrated a potential association between post-
natal CMV and necrotising enterocolitis (NEC)5 6 
as well as other adverse outcomes including bron-
chopulmonary dysplasia (BPD).7 8 By contrast, 
other reports have found no association between 
postnatal CMV and NEC.9 10 Some prior studies 
have relied on clinically directed testing that could 
introduce diagnostic bias. Therefore, prospective 
cohort studies that include systematic testing for 
postnatal CMV are necessary to estimate the inci-
dence of postnatal CMV and its relationship to 
neonatal outcomes. Our primary aim was to eval-
uate the association between breast milk CMV 
viral load, resultant postnatal CMV infection and 
the risk of NEC in VLBW infants. As a secondary 
aim, we evaluated the association between postnatal 
CMV infection and short-term adverse outcomes, 
including BPD, retinopathy of prematurity (ROP), 
sepsis or death.

METhODs
study population
We conducted a secondary analysis of a multi-
centre observational birth-cohort study of trans-
fusion-transmission of CMV in VLBW infants 
(TT-CMV study), with this study extending the 
initial cohort from 539 to 598 infants.1 11 We 
included infants born at three level III neonatal inten-
sive care units in Atlanta, Georgia with follow-up 

What is already known on this topic

 ► Breast feeding is beneficial for preterm infants, 
but many breastfed infants are exposed to 
cytomegalovirus (CMV) in maternal breast milk.

 ► There is conflicting data about the role of CMV 
as a cause of necrotising enterocolitis in very 
low birth weight infants.

What this study adds

 ► We found cytomegalovirus (CMV) infection and 
higher maternal breast milk (CMV) loads were 
associated with an increased risk of necrotising 
enterocolitis in breastfed infants.

 ► Our findings support the potential role of CMV 
from breast milk as a cause of necrotising 
enterocolitis.
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from birth to 90 days, hospital discharge, transfer to a non-study 
affiliated hospital, or death. Inclusion criteria included: (1) birth 
weight ≤1500 g and (2) age ≤5 days. Exclusion criteria included: 
(1) infant not expected to survive beyond 7 days of life; (2) 
severe congenital abnormality; (3) transfusion before enrolment; 
(4) maternal refusal to participate; or (5) congenital CMV infec-
tion. This study was approved by the Emory University Insti-
tutional Review Board and Research Oversight Committees at 
Grady Memorial Hospital and Northside Hospital and reported 
according to the Strengthening the Reporting of Observational 
Studies in Epidemiology statement.12

CMV testing
To determine maternal history of CMV infection, we tested 
maternal serum at study entry with a CMV IgG/IgM assay 
(online supplementary methods).1 For seronegative mothers, we 
performed CMV nucleic acid testing (NAT) on a maternal blood 
sample at study entry and conclusion to exclude infection that 
developed during the study. All infants underwent CMV NAT 
of residual blood samples or urine to ascertain CMV infection. 
Blood was tested using a sample after birth that was available 
at time of enrolment and at four time windows (±4 days) near 
days of life 21, 40, 60, 90 (or at discharge, if earlier); urine was 
collected as soon as possible after enrolment and at discharge if 
blood was not available. Breast milk samples were obtained from 
lactating mothers during weeks 1, 3 and 4, as well as days 34 to 
40. Additional details on laboratory methods were previously 
described.1

Definitions
Congenital CMV infection was defined as a positive result of 
CMV NAT (or positive viral culture obtained from clinician-or-
dered testing) in blood or urine samples obtained within 2 weeks 
of life. Postnatal CMV infection was defined as a positive CMV 
NAT or viral culture result in blood or urine after 2 weeks of life 
with a previously documented negative result. NEC was defined 
as Bell stage II or greater with adjudication of the staging of each 
NEC case as previously described.13 BPD was defined according 
to the consensus definition by the National Institutes of Health.14 
ROP was defined as stage 2 or greater. Baseline illness severity 
was ascertained using the score for neonatal acute physiology.15 
Race and ethnicity were determined by maternal self-report 
using options defined by federally funded study guidelines.

statistical analysis
No sample size estimation was performed for this secondary 
analysis. The incidence of postnatal CMV infection was deter-
mined using the cumulative incidence function, as previously 
described.1 CIs were estimated using bootstrapping (1000 boot-
strap samples), with the infant’s mother as the clustering unit 
to account for multiple births. We compared baseline charac-
teristics using one-way analysis of variance for normally distrib-
uted continuous variables, Kruskal-Wallis test for non-normally 
distributed continuous variables and Χ2 test for categorical vari-
ables, except in cases where expected cell counts were <5 where 
a Fisher’s exact test was used. If overall group differences were 
significant, we performed pairwise comparisons between infants 
with and without postnatal CMV among those born to CMV 
seropositive mothers. We performed a competing risk anal-
ysis to estimate the cause-specific HR (CSHR) for NEC and 
mortality using a Cox proportional-hazards regression model 
using robust sandwich variance estimates to account for with-
in-mother correlation that may occur in outcomes of multiple 

birth infants.16 Time-varying onset of infant postnatal CMV 
infection was estimated using two approaches (midpoint and 
earliest/early) based on the postnatal age of the prior negative 
and subsequently positive NAT test and only NEC cases that 
occurred after the time-varying onset of infection were consid-
ered as events in the model (online supplementary figure 1). 
The assessment of log2 maximal breast milk CMV viral load 
was limited to the first 14 days of birth to avoid measuring the 
study exposure after the typical timing of onset of NEC. We 
also evaluated the two exposures of interest, both individually 
and together, to assess the independent contribution of CMV 
exposure in breast milk after accounting for whether or not an 
infant developed postnatal CMV infection. We adjusted for birth 
weight, race, premature rupture of membranes, maternal age and 
centre to address confounding, as these factors were significantly 
associated with either maternal CMV serostatus or the exposure 
or outcome of interest and reported both full and parsimonious 
models. For secondary outcomes, we used modified Poisson 
regression models with robust standard errors to estimate the 
relative risks between postnatal CMV infection and adverse 
short-term outcomes.17 To protect against model overfitting 
given the relatively low number of infants with postnatal CMV 
infection, models included only postnatal CMV, birth weight and 
centre. We defined statistical significance as a two-sided p value 
of less than 0.05.

rEsulTs
Of 600 VLBW infants enrolled in the cohort, 596 were evalu-
ated for postnatal CMV infection (figure 1). All infants under-
went NAT testing, with 98% of infants undergoing three or 
more assessments for CMV infection. Two infants (0.3%) were 
diagnosed with congenital infection. The mean (SD) gestational 
age of the cohort was 27.9 (3.3) weeks (table 1). Overall, 296 
(49.5%) were female, 346 (57.9%) were of Black race, and 520 
(87.0%) were fed at least some breast milk during the study. 
When comparing baseline characteristics among infants born to 
CMV seropositive mothers, including those with and without 
postnatal CMV infection, and those born to CMV seronegative 
mothers, we found no differences in gestational age, birth weight, 
sex, small for gestational age, or receipt of antenatal steroids 
among groups (table 1). However, infants born to CMV seropos-
itive mothers were more commonly of Black race (p<0.01). In 
addition, premature rupture of membranes was more common 
among CMV seropositive mothers and among infants with post-
natal CMV infection.

Incidence of postnatal CMV infection
A total of 33 infants developed postnatal CMV infection (online 
supplementary table 1). The cumulative incidence of postnatal 
CMV at 12 weeks was 7.3% (95% CI 5.0% to 10.1%) overall 
and 9.7% (95% CI 6.7% to 13.3%) among infants born to 
CMV-seropositive mothers. The majority of CMV seroposi-
tive mothers had detectable CMV in breast milk (76%; 95% CI 
71% to 80%), with 89% of mothers receiving breast milk 
testing. Approximately half of mothers had detectable CMV in 
breast milk in the first week of life with increases in viral load 
over the first 4–5 weeks after birth (online supplementary figure 
2). However, we found no relationship between breast milk viral 
load and maternal IgG titre (online supplementary figure 3 and 
table 2). Among infants fed CMV positive breast milk, the cumu-
lative incidence of postnatal CMV infection at 12 weeks was 
16% (95% CI 11% to 22%).
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relationship between postnatal CMV infection and nEC
The incidence of NEC was 18% (6/33) (8 week cumulative inci-
dence: 15.2%, 95% CI 5.4% to 29.5%) among infants with 
postnatal CMV infection, compared with 7% (37/563) (8 week 
cumulative incidence: 7.2%, 95% CI 5.1% to 9.7%) among 
infants without infection. Among infants with NEC (n=43), 
41% had occult blood in stool, 86% had pneumatosis, 26% had 
portal venous gas and 12% had pneumoperitoneum. Among 
the six NEC cases occurring in CMV positive infants, four were 
stage II (three with pneumatosis) and two were stage III (both 
with pneumoperitoneum) and all infants had negative initial 
CMV testing in blood or urine and had CMV positive maternal 
breast milk (online supplementary table 3). In multivariable anal-
ysis, postnatal CMV infection was associated with NEC using 
early estimates of onset (model B2), but the association dimin-
ished using a midpoint estimate of onset (model B1) (table 2). 
The maximal breast milk CMV viral load in the first 14 days 
of life was associated with NEC, with similar findings among 
enterally fed infants and those born to mothers with CMV posi-
tive breast milk. The mean maximal CMV viral load among 
mothers with infants who developed NEC (n=20) was 19 964 
IU/mL and among mothers whose infants did not develop NEC 
(n=118) was 5919 IU/mL (online supplementary table 4) In 
multivariable analyses, controlling for birth weight and postnatal 
CMV infection, the maximal breast milk CMV viral load in the 
first 14 days of birth was independently associated with NEC 
(CSHR per twofold increase or doubling: 1.26; 95% CI 1.05 to 

1.52) (table 2, model B3). Estimates of association were consis-
tent in two expanded models, each including one of the two 
study exposures that also controlled for birth weight, maternal 
age, infant race, premature rupture of membranes and centre 
(table 2, models B4 and B5). In addition, we noted a certain dose 
response between the maximal viral load in breast milk in the 
first 14 days of life and risk of NEC, with viral load >10 016 IU/
mL associated with a 3.3 times higher risk (95% CI 1.09 to 9.89) 
of NEC compared with infants with exposure to a CMV breast 
milk viral load of ≤1003 IU/mL (online supplementary table 5). 
There was no evidence that feeding only freeze-thawed breast 
milk, compared with fresh or freeze-thawed breast milk, was 
associated with a decreased risk of postnatal CMV infection or 
lower breast milk viral loads over time (online supplementary 
figures 4,5).

relationship between postnatal CMV infection and secondary 
outcomes
The risks of death, BPD, ROP or a positive blood culture, were 
not significantly different among infants with and without post-
natal CMV infection (table 3). There was no significant differ-
ence in the composite outcome of death, moderate-to-severe 
BPD, ROP Stage 3 or greater or NEC among infants with and 
without postnatal CMV (36% vs 30%; adjusted relative risk 
1.14; 95% CI 0.77 to 1.69).

Figure 1 Study flow diagram. Numbers of infants and mothers enrolled and those subsequently excluded or included in analysis are 
shown by mother’s CMV-serostatus, detectable CMV DNA lactia in maternal breast milk and whether the study infant developed postnatal 
CMV infection. Enrolled infants underwent follow-up from birth to 90 days, hospital discharge, transfer to a non-study affiliated hospital, or 
death. CMV, cytomegalovirus.  
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Characteristics of CMV testing and breast milk CMV 
expression among seropositive mothers
Detection of postnatal CMV increased over postnatal age (online 
supplementary figure 6). The estimated incidence of postnatal 
CMV infection at 12 weeks that was diagnosed by blood NAT 
testing (n=1969 samples) was 6.0% (95% CI 3.1% to 11.6%) 
and the incidence diagnosed by urine testing (n=957 samples) 
was 7.5% (95% CI 3.7% to 15.3%). CMV-seropositive mothers 
whose infants developed breast milk-acquired postnatal CMV 
infection had higher breast milk viral loads over the first 5 
weeks of life (online supplementary table 6). In addition, higher 
maximal breast milk CMV viral load expression was associated 
with younger maternal age and first pregnancy, while there was 
no association with premature rupture of membranes, maternal 
race or receipt of antenatal steroids.

DIsCussIOn
We found exposure to higher breast milk CMV viral load was 
associated with a higher risk of NEC in VLBW infants. Breast 
milk CMV viral load is the strongest risk factor for postnatal 

CMV infection,1 which was also associated with NEC in our 
study. Our findings support the potential role of CMV as a cause 
of NEC. These findings are relevant to breastfeeding infants 
born to CMV seropositive mothers, because most CMV sero-
positive mothers will excrete CMV virus in their breast milk.1 2 
Although breast milk feeding is well established as a protective 
factor against NEC,18 our findings could explain why some 
infants exclusively fed breast milk develop NEC.

Prior case reports have suggested a pathogenic role of CMV 
in NEC,6 19 20 although systematic investigations have shown 
conflicting findings. In a study of tissue specimens from infants 
with surgical NEC, 81% of surgical NEC intestinal specimens 
were positive for CMV immediate early antigen, compared with 
20% of control specimens (p=0.0002).5 By contrast, a cohort 
study of 17 infants with NEC who underwent CMV nucleic 
acid testing by blood found no detectable virus in any of these 
infants.9 However, breastfeeding characteristics and the CMV 
sero-prevalence of the population were not reported to allow for 
comparisons to our cohort. Our findings of a significant associ-
ation between breast milk viral load exposure, after controlling 

Table 1 Baseline characteristics

Infant Overall n=596
Mother CMV 
seronegative n=139

Mother CMV seropositive

P value*
no postnatal CMV 
infection n=424

Postnatal CMV 
Infection n=33

Gestational age—weeks, mean (SD) 27.9 (2.6) 28.2 (2.3) 27.8 (2.7) 27.5 (2.3) 0.18

Birth weight—g, mean (SD) 1016 (273) 1036 (269) 1012 (277) 981 (254) 0.50

Male sex, n (%) 300 (50) 74 (53) 205 (48) 21 (64) 0.18

Race, n (%)

  Black 345 (58) 50 (36) 277 (65) 18 (55) <0.001

  White 199 (33) 77 (55) 113 (27) 9 (27)

  Asian 25 (4.2) 4 (2.9) 17 (4.0) 4 (12)

  More than one race 23 (3.9) 7 (5.0) 14 (3.3) 2 (6.1)

  Other† 4 (0.7) 1 (0.7) 3 (0.7) 0

Hispanic ethnicity, n (%) 50 (8.4) 6 (4.3) 40 (9.4) 4 (12) 0.12

Singleton birth, n (%) 410 (69) 101 (73) 287 (68) 22 (67) 0.53

Small for gestational age, n (%) 105 (26) 31 (31) 68 (24) 6 (27) 0.38

Born outside study hospital, n (%) 7 (1.2) 2 (1.4) 5 (1.2) 0 0.79

1 min Apgar score,‡ median (IQR) 5 (4) 5 (5) 5 (5) 5 (4) 0.03

5 min Apgar score,‡ median (IQR) 8 (2) 9 (1) 8 (2) 7 (2) <0.001

Score for Neonatal Acute Physiology mean (SD) 10.3 (5.4) 10.1 (5.9) 10.4 (5.3) 10.5 (5.4) 0.86

Mother n=514 n=122 n=360 n=32

Age—years, mean (SD) 29.5 (6.5) 29.4 (5.9) 29.4 (6.7) 30.7 (7.2) 0.55

At least one prenatal visit, n (%) 479 (93.2) 120 (98.4) 330 (91.7) 29 (90.6) 0.03

Premature rupture of membranes,§ n (%) 195 (38) 44 (36) 129 (36) 22 (69) 0.001

Rupture of membranes>18 hours,§ n (%) 109 (21) 29 (24) 68 (19) 12 (38) 0.04

Chorioamnionitis, n (%) 77 (15) 10 (8.2) 63 (18) 4 (13) 0.04

Caesarean delivery, n (%) 387 (75) 96 (79) 268 (74) 23 (72) 0.58

Receipt of antenatal steroids, n (%) 429 (83) 104 (85) 298 (83) 27 (84) 0.81

Indications for premature delivery, n (%)

  Isolated spontaneous labour 150 (29) 27 (22) 117 (33) 6 (19) 0.04

  Premature rupture of membranes 141 (27) 35 (29) 89 (25) 17 (53) 0.002

  Pregnancy-associated hypertension 121 (24) 30 (25) 87 (24) 4 (13) 0.31

  Fetal distress/Poor biophysical profile 72 (14) 15 (12) 51 (14) 6 (19) 0.65

  Bleeding complication 51 (9.9) 12 (9.8) 36 (10) 3 (9.4) 0.99

*Significant pairwise comparisons among infants with and without postnatal CMV infection as follows: premature rupture of membranes, p<0.001; rupture of membranes>18 
hours, p=0.01; indication for delivery: premature rupture of membranes, p<0.001.
†Other race category includes American Indian and Alaska Native, Native Hawaiian or Other Pacific Islander, or other unidentified race.
‡1 minute Apgar score is missing for four infants. 5 min Apgar score is missing for two infants.
§Rupture of membranes unknown for one mother.
CMV, cytomegalovirus. 
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for postnatal CMV detectable in an infant’s blood or urine, 
suggests that a negative blood or urine test for CMV may not 
fully exclude the potential that breast milk CMV exposure is 
involved in the development of NEC. The mechanisms by which 
CMV causes NEC are unclear, but others have suggested that 
CMV may increase intestinal permeability and bacterial translo-
cation, leading to exaggerated immune responses.21

We found no evidence of an association between postnatal 
CMV and risk of BPD, which contrasts recent studies reporting 

an association between the development of postnatal CMV and 
BPD.7 8 Differences between our findings and those of prior 
studies may be due to diagnostic bias, as we tested all enrolled 
infants for postnatal CMV while other studies evaluated only a 
small subset of infants who were symptomatic and underwent 
clinician-directed testing.

The overall estimated incidence of postnatal CMV infec-
tion in our study is similar to estimates from a prior system-
atic-review and meta-analysis in which the estimated incidence 

Table 2 Risk factors for NEC and mortality using competing-risks Cox regression models (n=596)*

risk factor n (for nEC) n

nEC Mortality

Cshr (95% CI) P value Cshr (95% CI) P value

A. univariable analysis

Postnatal CMV—TDC (early)†‡ 43 596 4.95 (1.08 to 22.6) 0.04 0¶

Postnatal CMV—TDC (midpoint)†§ 43 596 2.23 (0.54 to 9.20) 0.27 0¶

Birth weight (per 100 g increase) 43 596 0.75 (0.66 to 0.86) <0.001 0.52 (0.42 to 0.64) <0.001

Maximum CMV viral load in breast milk in first 14 days of 
life (per twofold increase or doubling)

43 596 1.37 (1.14 to 1.64) <0.001 0.81 (0.54 to 1.19) 0.28

Maximum CMV viral load in breast milk in first 14 days of 
life, excluding infants never fed (per twofold increase or 
doubling)**

43 540 1.32 (1.09 to 1.59) 0.004 0.83 (0.56 to 1.23) 0.34

Maximum CMV viral load in breast milk in first 14 days of life 
among infants fed CMV+breast milk (per twofold increase or 
doubling)**

26 259 1.35 (1.02 to 1.78) 0.03 0.85 (0.49 to 1.48) 0.57

Infant race (black vs non-black) 43 596 1.72 (0.90 to 3.28) 0.10 1.01 (0.41 to 2.50) 0.99

Mother’s age (per 1 year increase) 43 596 0.98 (0.93 to 1.04) 0.50 1.02 (0.95 to 1.09) 0.55

PROM (yes vs no) 43 595 0.53 (0.27 to 1.07) 0.07 2.20 (0.89 to 5.43) 0.09

b1. Multivariable (n=596)

Postnatal CMV—TDC (midpoint)†§ 2.81 (0.73 to 10.9) 0.13 0¶

Birth weight (per 100 g increase) 0.75 (0.65 to 0.86) <0.001 0.52 (0.41 to 0.65) <0.001

b2. Multivariable (n=596)

Postnatal CMV—TDC (early)†‡ 6.02 (1.28 to 28.4) 0.02 0¶

Birth weight (per 100 g increase) 0.75 (0.65 to 0.86) <0.001 0.52 (0.41 to 0.65) <0.001

b3. Multivariable (n=596)

Postnatal CMV—TDC (early)† ‡ 3.94 (0.77 to 20.0) 0.10 0¶

Birth weight (per 100 g increase) 0.76 (0.67 to 0.88) <0.001 0.49 (0.38 to 0.62) <0.001

Maximum CMV viral load in breast milk in first 14 days of 
life (per twofold increase or doubling)

1.26 (1.05 to 1.52) 0.02 0.71 (0.48 to 1.03) 0.07

b4. Multivariable (n=596)

Birth weight (per 100 g increase) 0.77 (0.67 to 0.88) <0.001 0.47 (0.36 to 0.62) <0.001

Maximum CMV viral load in breast milk in first 14 days of 
life (per twofold increase ordoubling)

1.28 (1.06 to 1.54) 0.01 0.73 (0.46 to 1.14) 0.17

Mother’s age (per 1 year increase) 1.00 (0.95 to 1.06) 0.78 1.00 (0.91 to 1.09) 0.97

Infant race (black vs non-black) 1.29 (0.64 to 2.57) 0.48 0.84 (0.34 to 2.12) 0.72

PROM (yes vs no) 0.55 (0.27 to 1.13) 0.10 2.26 (0.91 to 5.58) 0.08

b5. Multivariable (n=596)

Birth weight (per 100 g increase) 0.75 (0.65 to 0.86) <0.001 0.49 (0.38 to 0.64) <0.001

Postnatal CMV—TDC (early)†‡ 8.45 (1.83 to 38.9) 0.006 0¶

Mother’s age (per 1 year increase) 1.00 (0.95 to 1.06) 0.93 1.02 (0.95 to 1.09) 0.65

Infant race (black vs non-black) 1.34 (0.68 to 2.65) 0.40 0.86 (0.33 to 2.20) 0.74

PROM (yes vs no) 0.48 (0.23 to 0.98) 0.04 2.49 (0.99 to 6.29) 0.05

*Competing risks were 43 infants with NEC and 31 deaths total; 12 infants with NEC died and 19 deaths included in the mortality models. Two additional infants with congenital 
CMV infection were excluded (one infant diagnosed with NEC at age 15 days).
†Postnatal CMV infection included as a dichotomous time dependent covariate that can change, at most, once from uninfected to infected over 12 weeks of follow-up that is, 
once exposed always exposed.
‡Onset of postnatal CMV defined as time of earliest positive NAT result.
§Onset of postnatal CMV defined as the midpoint of last negative and first positive NAT result.
 ¶ Of 19 non-NEC deaths, zero infants had postnatal CMV infection. Of note, 12 infants with NEC died. 
**Fifty-six infants were not fed and were not included in the analysis.
Note: All multivariable models include adjustment for centre (estimates not shown). Doubling the maximum CMV viral load in breast milk in the first 14 days of life corresponds 
to an increment of 1 in the log2 scale. 
CMV, cytomegalovirus; CSHR, cause specific HR; NAT,  nucleic acid testing; NEC,  necrotising  enterocolitis; TDC, time dependent covariate; PROM, premature rupture of 
membranes. 
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of breast milk-acquired postnatal CMV infection in VLBW 
infants was 6.5% (95% CI 3.7% to 10.9%) and the risk of post-
natal CMV among infants fed untreated breast milk was 19% 
(11%–32%).3 Importantly, freezing breast milk did not prevent 
infection but was associated with slightly lower rates of post-
natal CMV infection from breast feeding. Given the majority 
of CMV seropositive mothers will have CMV virus in their 
breast milk, evaluation of maternal serologic status could help 
identify those breastfed infants at risk for developing postnatal 
CMV infection, although universal CMV serologic screening is 
currently not recommended in the US.22 Risk stratification of 
infants could guide closer monitoring for postnatal CMV infec-
tion among those infants born to CMV seropositive mothers 
who are breastfed. Knowing maternal CMV serostatus could 
help determine if CMV testing could be informative for infants 
who develop NEC, although such testing would be less useful 
for infants who did not receive maternal breast milk or whose 
mothers were CMV seronegative. We found no relationship 
between maternal breast milk viral load and maternal IgG titre 
and it is unclear if neutralising antibodies can confer protection 
in prematurely born infants with limited trans-placental passage 
of antibodies. Potential strategies to reduce the risk of postnatal 
CMV include ultraviolet-C irradiation23 and pasteurisation of 
breast milk,24 25 and additional studies are needed to determine 
the optimal methods to safely decrease breast milk-acquired 
postnatal CMV infection.

The strengths of our study include the systematic and longitu-
dinal assessment of CMV infection in our cohort, which allowed 
us to exclude infants with congenital infection and establish 
the temporality between the development of postnatal CMV 
or exposure to CMV positive breast milk and the subsequent 
development of NEC. In addition, we measured a number of 
potential confounders and controlled for these variables. Finally, 
we were able to measure CMV viral load in breast milk, the 
strongest predictor of development of postnatal CMV infection, 
and were able to quantify the independent risks associated with 
breast milk CMV virus exposure.

Our study has limitations. We potentially underestimated 
the risk of postnatal CMV by performing either serum or urine 
nucleic acid testing instead of only urine testing, although we 
found similar detection rates by either source and high concor-
dance when both samples were tested. Although this is the largest 
cohort to systematically evaluate infants for postnatal CMV 
infection and NEC, our analysis of the relationship between 
postnatal CMV and short-term outcomes was not pre-speci-
fied. Therefore, these posthoc analyses should be considered 
hypothesis-generating. In addition, we could not determine the 

exact age at onset of postnatal CMV infection as we did not 
test infants each day for CMV and therefore had to use two 
approaches (midpoint and early) that may not adequately reflect 
the temporal relationship between postnatal CMV infection and 
NEC. The limitation of this approach is suggested by the dimin-
ished estimates of association between postnatal CMV and NEC 
using the midpoint approach, which may be a more accurate 
estimate of onset of infection than the early approach. However, 
the more precisely estimated association between the amount 
of breast milk CMV virus exposure and NEC, in which more 
infants were exposed, suggests this may be a more common and 
important risk factor for NEC than postnatal CMV infection 
that is based on detection in an infant’s blood or urine. We could 
not account for all potential confounders and additional studies 
are needed to better understand factors that lead to differing 
viral loads in maternal breast milk and the role of specific CMV 
strains.26 Finally, we did not evaluate intestinal tissue-specific 
findings of CMV and cases of NEC may have been reflective of 
CMV colitis. However, the majority of NEC cases among infants 
with CMV had pneumatosis or pneumoperitoneum, two well-es-
tablished findings of NEC.

In conclusion, CMV exposure from breast milk may be asso-
ciated with the development of NEC among breastfed VLBW 
infants. Additional studies are necessary to understand CMV 
transmission by breast milk and its consequences to guide 
prevention strategies given the known benefits of breast feeding 
in preterm infants.
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