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Objectives

Review data on the relationship between NEC and:

1. Severe anemia and red cell transfusion

2. Cytomegalovirus exposure from breast milk
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NEC-related deaths by postnatal age
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Recent trends in NEC in US

756 US VON Centers
n=408,164



Red cell transfusion, anemia 
and NEC
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Aggressive vs. conservative 
transfusion trials: meta-analysis

Kirpalani H, Zupancic JA. Semin Perinatol. 2012
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Transfusion and NEC: Meta-analysis

Mohamed and Shah. Pediatrics. 2012
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Is it the RBC transfusion or anemia? 

Singh R et al. J Perinatol. 2011



Primary objective: To test the hypothesis that the risk of 
NEC is greater in very low birth weight infants exposed to 
red cell transfusion compared to non-transfused very low 
birth weight infants

Secondary objective: To determine if exposure to severe 
anemia (hemoglobin ≤8 g/dL) is an independent risk factor 
for NEC in very low birth weight infants

Patel RM et al. JAMA. 2016
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Study design

• Secondary analysis of a prospective, multicenter 
observational birth‐cohort study enrolling 
infants < 1500 g at birth at 3 hospitals

• Infants followed from birth to 90 days, transfer, 
discharge or death

• All study exposures systematically measured
• All NEC outcomes underwent pre‐planned 
adjudication
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RBC transfusion not associated with NEC

Patel RM et al. JAMA. 2016
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Severe anemia associated with NEC

Patel RM et al. JAMA. 2016
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Temporality between RBC transfusion, 
severity of  anemia and NEC

0d 15d 90d30d 75d45d 60d

Patel RM et al. JAMA. 2016

The overall risk of developing NEC within 48 hours after RBC 
transfusion was 0.49% (7 events following 1,430 RBC transfusions).
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Updated meta-analysis of  red cell 
transfusion and NEC

Hay S et al. Semin Perinatol. 2017
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Transfusion of  Prematures (TOP) Trial

 High Threshold Low Threshold 
Week 
of life 

Resp. 
Support 

No 
Support 

Resp. 
Support 

No 
Support 

1 13.0 / 38 12.0 / 35 11.0 / 32 10.0 / 29 
2 12.5 / 37 11.0 / 32 10.0 / 29 8.5 / 25 
 3 11.0 / 32 10.0 / 29 8.5 / 25 7.0 / 21 

Hemoglobin (g/dl) / Hematocrit (%) 

Enrollment complete (n=1824) and follow-up ongoing 

ClinicalTrials.gov Identifier: NCT01702805





Role of assessing 
oxygen delivery
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Near-infrared spectroscopy
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Pre-transfusion mesenteric NIRS



Do donor RBC characteristics
mediate some of the variability

in responses to RBC transfusion 
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Variation in donor RBCs

Patel RM, et al. Trans Med Rev. 2016
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Effect of  storage after irradiation

6 donors

RBC storage age at sampling (days)

2 3 7 10 14 17 21 28 35

2 3 7 10 14 17 21 28 35

12 bags 108 samples

Patel RM et al. Transfusion. 2015
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Metabolomic differences by irradiation 
and age

Patel RM et al. Transfusion. 2015
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Metabolic markers of  irradiation and 
storage in donor RBCs

Patel RM et al. Transfusion. 2015

(MetaboloAnalyst)
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Prospective cohort study ongoing
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Conclusions (part 1)

• There is inconsistent evidence to support a causal 
association between RBC transfusion and NEC. 

• Ongoing randomized trials may guide transfusion 
practices and determine the tolerable level of 
anemia in preterm infants and its role in NEC.

• More studies needed to understand how donor RBC 
characteristics influence intestinal oxygenation and 
NEC and how RBC transfusion interacts with severity 
of pre‐transfusion anemia and feeding during 
transfusion (WHEAT trial). 
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Anemia, NEC and RBC transfusion

Patel RM et al. JAMA. 2016



Could breastfeeding cause NEC 
in a subset of preterm infants?



Breastmilk primary source 
of postnatal CMV infection
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Cytomegalovirus

• Cytomegalovirus (CMV) 
infection in 1/3 of US children by 
5 years of age

• CMV can cause severe infection 
in immunocompromised 
patients (preterm infants). 

• Currently, handwashing only 
routinely recommended 
approach to decrease CMV 
transmission 

Source: CDC



Children’s Healthcare of  Atlanta | Emory University

Risk and sources of postnatal CMV

Josephson et al. JAMA Pediatrics. 2014



Assessed for eligibility 
(n=1455)

Enrolled
(n=541 infants)

(n=462 mothers)

Followed for 90 days or until 
hospital discharge or death

(n=539)

Did not meet inclusion criteria:
- birthweight (n=327)
- age ≤ 5d (n=26) 
Met exclusion criteria:
- Not expected to survive >7d (n=56)
- Congenital anomaly (n=11)
- Transfusion before screening (n=2) 

Declined consent

n=415

n=499

n=2 Incorrectly enrolled:
- did not meet enrollment criteria

Met enrollment criteria
(n=1102)

3 infants transferred to non-study hospital

Study Flow Diagram

Josephson et al. JAMA Pediatrics 2014



Children’s Healthcare of  Atlanta | Emory University

Testing for CMV infection

100% of infants evaluated for CMV by 
nucleic acid testing at least 2 times and 

98% 3 or more times

17-25 d 36-44 d 56-65 d 90 d or d/c

74%
379/511

75%
331/443

74%
224/301

93%
494/532

VLBW infants
N=539

0-5 d

99.8%
538/539

Mothers
N=462

50%
55/110

100%
462/462

For initially CMV 
seronegative
mothers

Josephson et al. JAMA Pediatrics 2014
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Testing for sources of CMV infection

Week1 Week3 Week 4 Week 5+

93% (882/954) units tested for CMV

92% (878/954) units tested for residual WBCs

Cellular
Blood 

Products

Maternal
Breast
Milk 73%

229/312
69%

208/303
57%

153/268
60%

150/252

91% of milk tested at least 1 time for breast feeding 
mothers and 69% tested at least twice 

Birth

Josephson et al. JAMA Pediatrics 2014



Children’s Healthcare of  Atlanta | Emory University

Baseline characteristics of cohort
Age – mean years ± SD 29.4 ± 6.5

CMV seropositive 352 (76.2)

Cesarean delivery 349 (75.5)

Indications for premature delivery

Isolated spontaneous labor 138 (29.8)

Premature rupture of membranes (<37 weeks) 128 (27.7)

Pregnancy-associated hypertension 109 (23.6)

Fetal distress / Poor biophysical profile 67 (14.5)

Bleeding complication 44 (9.5)

Gestational age – mean weeks ± SD 27.8 ± 2.6

Birth weight – mean grams ± SD 1011 ± 273

N=462 (mothers); 539 (infants)
Josephson et al. JAMA Pediatrics 2014
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Source of postnatal CMV infection

Source Proportion 
infected

Cumulative 
Incidence 95% CI

Breast milk-transmitted 27 / 221 15.3% 9.3% - 20.2%

Transfusion-transmitted 0 / 310 0.0% 0.0% - 0.9%

Unknown source 1 / 539 0.2% 0.0% - 1.0%

Josephson et al. JAMA Pediatrics. 2014
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Breast milk CMV shedding

Factor Frequency Cumulative 
Incidence 95% CI

CMV DNA lactia in CMV + 
mothers 189 / 255 74.1% 69.7% - 80.3%

CMV DNA lactia in CMV -
mothers 0 / 81 0.0% 0.0% - 4.5%

Josephson et al. JAMA Pediatrics. 2014



Children’s Healthcare of  Atlanta | Emory University

CMV transmission by maximum breast 
milk CMV viral load

Maximum breast milk CMV 
viral load

Probability of CMV transmission 
(95% CI)

1,000 IU 8.6% (5.3% - 13.6%)

10,000 IU 16.7% (10.7% - 25.1%)

100,000 IU 30.0% (20.4% - 41.7%)

Josephson et al. JAMA Pediatrics. 2014
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Risk factors for postnatal CMV infection 
(univariate)
CMV Risk Factor CSHR 95% CI P

Birth Weight (per 100g increase) 0.97 0.85-1.11 0.62

Leukopenia at birth (WBC <5000) 1.54 0.62-3.84 0.35

Late onset sepsis 0.58 0.15-2.21 0.42

Breast milk feeding days (per 7 day increase) 1.68 1.21-2.34 0.002

Isolated spontaneous labor 0.53 0.22-1.29 0.16

Chorioamnionitis 0.90 0.31-2.62 0.84

Premature rupture of membranes 3.14 1.46-6.73 0.003

ROM > 18 hour 1.83 0.86-3.90 0.12

Breast milk CMV viral load (per 1 log10 IU/ml) 2.71 2.20-3.35 <0.0001

Female gender 0.50 0.23-1.07 0.07

SNAP (per 1 unit increase) 1.02 0.95-1.09 0.58

Receipt of antenatal steroids 0.96 0.37-2.46 0.93

Josephson et al. JAMA Pediatrics 2014
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Risk factors for postnatal CMV infection 
(multivariate)

CMV Risk Factor CSHR 95% CI P

Premature rupture of membranes 3.21 1.43 - 7.23 0.005 

Breast milk CMV viral load 
(per 1 log10 IU/ml increase)

1.87 1.48 - 2.35 <0.0001

Josephson et al. JAMA Pediatrics 2014
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Incidence of  pCMV infection

Patel RM et al. PAS 2016 
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Epidemiology of  breastmilk & CMV

50Hamprecht K et al. Lancet. 2001
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Epidemiology of  breastmilk & CMV

Hamprecht K et al. Lancet. 2001
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Current recommendations in US

“There is no contraindication to breastfeeding for a full‐term 
infant whose mother is seropositive for cytomegalovirus. 
There is a possibility that CMV acquired from mother’s milk 
may be associated with a late‐onset sepsis‐like syndrome … 
The value of routinely feeding human milk from seropositive 
mothers to preterm infants outweighs the risks of clinical 
disease, especially because no long‐term neurodevelopmental 
abnormalities have been reported. Freezing of milk reduces 
but does not eliminate CMV.”

‐American Academy of Pediatrics (2012)
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Current recommendations in US

“There are no recommendations against breastfeeding by 
mothers who are CMV-seropositive. However, premature 
infants (born <30 weeks gestational age and <1500g) who 
acquire CMV from breast milk may be at risk of developing a 
late-onset sepsis-like syndrome. The potential benefits of 
human milk versus the risk of CMV transmission should 
be considered when making a decision about breastfeeding 
of very low birth weight infants (birth weight <1500 g) by 
mothers known to be CMV-seropositive.”

‐Centers for Disease Control and Prevention (2016)

Source: https://www.cdc.gov/cmv/clinical/features.html
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Incidence of postnatal CMV infection 
in VLBW infants in the US

Outcome

Risk among 
infants fed 

untreated breast 
milk (95% CI)

Number of cases 
based on 2008 

US data

Postnatal CMV infection 19% (11-32%) 2000

Lanzieri TM et al. Pediatrics 2013



What is the relationship between 
CMV and NEC?
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Postnatal CMV and NEC

Tengsupakul S et al. Pediatrics. 2013
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Breastmilk acquired CMV and 
outcome

Neuberger P et al. J Pediatr. 2006
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Breastmilk acquired CMV and 
outcome
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Postnatal CMV and NEC

• Among 2,132 VLBW infants, 7% evaluated for 
postnatal CMV infection and 27 (19%) positive

• NEC incidence among postnatal CMV infants 21% vs. 
10% in uninfected/untested infants (P=0.11)

Mukhopadhyay et al. Am J Perinatol. 2016





N=61 infants
(70 specimens)

Omarsdottir et al. J Clin Virol. 2017 

CMV immediate-early antigen 
(IEA) or CMV late antigen (LA) 
~70% of NEC tissue specimens



Skeath et al. Acta Paediatrica. 2015

In a cohort of 17 infants with NEC who 
had suitable samples, no CMV 

detected by blood PCR



Wright CJ. Permar SR. J Pediatr. 2015
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Conclusions (part 2)

• We estimate pCMV infection occurs in 7‐13% of 
VLBW infants born to CMV seropositive mothers.

• Further studies needed to understand the potential 
effects of CMV exposure from breast milk and NEC.
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