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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



NEC-related deaths by postnatal age
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Recent trends in NEC in US
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Red cell transfusion, anemia

and NEC
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Aggressive vs. conservative
transfusion trials: meta-analysis

1.19 Necrotising enterocoliis
Restrictive Liberal Ovids Ratio (Odds Ratio
StudyorSubgroup  Events Total Events Total Weight M-H, Random,95%CI M-H, Random, 95% CI
PINT 2006 19 23 12 228 £90% 168 [0.79, 3.54] -
Ball 2005 1 & 1 53 63% 1.06 [0.06, 17.44]
Chen 2003 1 19 0 17T 4T% 284 [0.11, T4.42] -
Total (35%Cl) 202 298 100.0% 1.67 [0.82, 1.38] 2
Told events 21 13
Heterogenedty: Taw* = 0.00; Che =020, =2 (P=090) F=0% 'D.I:II ﬂfi ' 1'0 m*

Test for overall effect Z =1.42(F =0.15)

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

A OR OR
Study or Subgroup  log[OR] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Christensen 2009 2.465554 0483148 84% 11.77[4.57, 30.34] e —
El-Dib 2011 1.465568 0641566 48% 4.33[1.23,15.23]
Paul 2011 1.064711 0.214222 428%  290[1.91,4.41] ——
Singh 2011 1.736951 0.29321 228% 568[3.20,10.09] i
Wan-Huen 2011 110194 0304199 21.2%  3.01 [1.66, 5.46] o
Total (95% CI) 100.0% 3.91[2.97,5.14] E- 3
Heterogeneity = 9.54, df= 4 (P = 0.05); F= 58% 5 '55 EI:E ] 5 z:u
Testfor overall effect Z=9.73 (P < 0.00001) Transfusion protective Transfusion Associated
B OR OR
Study or Subgroup __ log[OR] SE_Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Harsono 2011 -1.20397 0.353647 9.9% 0.30[0.15, 0.60] -
Paul 2011 0.741937 0347782 103% 210[1.06, 4.15) -
Stritzke 2011 0.891998 D.135445 67.8% 2.44[1.87, 3.18 ——
Wan-Huen 2011 1137833 0322203 120% 3.12[1.66,5.87] —_—
Total (95% Cl) 100.0% 2.01[1.61, 2.50] E--1
Heterogeneity: ¥*= 32.86, df= 3 (P <.00001); *=91% u:z u:s 1 é é

Testfor overall eflect. Z= 6.26 (P <.00001) Transfusion protective Transfusion Associated

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

Scatterplot of Predicted Probability of NEC by Hematocrit

Predicted Probability of NEC

Hematocrit, (%)
(Lowest value w/i 96 hrs)

Singh R et al. J Perinatol. 2011



Original Investigation

Association of Red Blood Cell Transfusion, Anemia,
and Necrotizing Enterocolitis in Very Low-Birth-Weight Infants

Ravi M. Patel, MD, MSc; Andrea Knezevic, MS; Neeta Shenvi, MS; Michael Hinkes, MD; Sarah Keene, MD;
John D. Roback, MD, PhD; Kirk A. Easley, MApStat; Cassandra D. Josephson, MD

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



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

NEC

Cause-Specific HR
Risk Factors (95% CI)° P Value % Reliability*©
Model 1—Primary Analysis (N = 598)¢
Birth weight, per 100-g increase 0.72 (0.62-0.84) <.001 08
Received RBC transfusion 0.44 (0.17-1.12) .09 45
in a given week®
Severe anemia 5.99 (2.00-18.0) .001 70

in a given week
(hemoglobin <8 g/dL)¢

Days of breast milk feeding 1.10 (1.01-1.21) .04 37
in first 10 days of life,
per 1-day increase

SNAP on day of birth, per 1-point 1.00 (0.93-1.07) .99 8
increase
Days of antibiotic treatment 1.04 (0.93-1.16) .50 8

in first 10 days of life,
per 1-day increase

Patel RM et al. JAMA. 2016




Severe anemia associated with NEC

NEC

Cause-Specific HR
Risk Factors (95% CI)° P Value % Reliability*©
Model 1—Primary Analysis (N = 598)¢
Birth weight, per 100-g increase 0.72 (0.62-0.84) <.001 08
Received RBC transfusion 0.44 (0.17-1.12) .09 45
in a given week®
Severe anemia 5.99 (2.00-18.0) .001 70

in a given week
(hemoglobin <8 g/dL)¢

Days of breast milk feeding 1.10 (1.01-1.21) .04 37
in first 10 days of life,
per 1-day increase

SNAP on day of birth, per 1-point 1.00 (0.93-1.07) .99 8
increase
Days of antibiotic treatment 1.04 (0.93-1.16) .50 8

in first 10 days of life,
per 1-day increase

Patel RM et al. JAMA. 2016




Temporality between RBC transfusion,
severity of anemia and NEC

Figure key: > NEC Bell's stage 2 or greater A Death

I End of study follow-up (90d) ¥ Discharge to home

O Severe anemia (Hb<8g/dL) before NEC O Severe anemia after NEC
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Updated meta-analysis of red cell

transfusion and NEC

Transfused Not Transfused

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Odds

Ratio

M-H, Fixed, 95% ClI

AlFaleh 2014 23 110 17 42 4 8%
Christensen 2010 40 162 72 198 12.0%
Demirel 2012 15 296 50 351 10.7%
El-Dib 2011 14 19 11 31 0.5%
Elabiad 2013 116 1842 58 1218 16.1%
Josephson 2010 18 70 75 114 10.4%
Martin 2013 12 42 11 18 2.7%
Patel 2016 7 319 37 279 9.5%
Paul 2011 33 1149 30 1168 7.1%
Sharma 2014 11 20 31 64 1.6%
Singh 2011 44 67 67 266 2.3%
Stritzke 2013 144 355 783 3350 22.0%
Vallieva 2009 2 47 0 5 0.2%
Total (95% CI) 4498 7104 100.0%
Total events 479 1242

Heterogeneity: Chi’ = 164.25, df = 12 (P < 0.00001); I = 93%
Test for overall effect: Z = 1.78 (P = 0.07)

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

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

High Threshold Low Threshold

Week Resp. No Resp. No
of life ~ Support Support Support Support
13.0/38 12.0/35 11.0/32 10.0/29
12.5/37 11.0/32 10.0 /29 8.5/25
3 11.0/32 110.0})/ 29 8.5/25 7.0|/ 21
Hemoglobin (g/dl) / Hematocrit (%)

VvV b =

ClinicalTrials.gov Identifier: NCT01702805



VIEWPOINT
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Opinion

Red Blood Cell Transfusion
Precision vs Imprecision Medicine

In the early 20th century discovery of blood groups
led to the first example of “precision medicine.” By
matching blood donors with their recipients, person-
alized therapy improved transfusion safety.! In the
1960s, the National Institutes of Health (NIH) estab-
lished a partitioned data set on a mainframe computer
with 2700 blood donors phenotyped by serology for
20 red blood cell antigens. Combining mid-20th cen-
tury genetic typing technology with the emerging
field of informatics served to enhance donor-recipient
compatibility and red blood cell inventory manage-
ment. “Extended typing” simplified transfusion for
patients with red blood cell antibodies, reduced the
risk of future red blood cell alloimmunization, and
became standard management for patients with
sickle cell disease. However most hospitals faced with
transfusion compatibility problems still tried to iden-
tify antigen-negative red blood cell units by screening
local inventories with inefficient, labor-intensive sero-
logic assays.

Now in the 21st century and with the emergence

In a pilot program, a regional blood center in Wis-
consin genotyped 43 066 donors for 42 clinically rel-
evantantigens in a4-year period.” More than 99% of pa-
tient orders for red blood cell units were filled. Now in
routine use, this program has successfully filled approxi-
mately 14 000 requests by using genotype data. A web-
based interface allows community hospitals to searchlo-
cal inventories for the most suitable units via an antigen
query portal. This example of precision medicine, largely
invisible to the practicing physician, could transform the
way compatible blood is supplied and provide better,
more efficient care. Start-up costs, legacy information
systems, and the need for US Food and Drug Adminis-
tration-licensed molecular assays have delayed wide-
spread adoption of this approach in the United States.
However, blood services in several European countries
are introducing comparable systems.

In contrast to the precision of genotyping and per-
sonalized red blood cell matching, the decision to trans-
fuse red blood cell units has become less precise. Cur-
rent transfusion guidelines rely primarily upon a single



Role of assessing

oxygen delivery
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Pre-transfusion mesenteric NIRS
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Do donor RBC characteristics
mediate some of the variability

in responses to RBC transfusion




Variation in donor RBCs

I

Storage

Variability: When to
expire unit T

'O

?

Donor —m

Variability:
Age, gender,
CMV status

Pre-storage
RBC unit

Variability: Anticoagulant,
preservative, timing of
leukoreduction

A

4

.j. Irradiation

Variability: Site of irradiation
(supplier or hospital) and when
to expire unit after irradiation.

Patel RM, et al. Trans Med Rev. 2016

Volume
Reduction

Variability: When to volume
reduce and method of
reduction.

‘m > I:] Aliquoting

——» Variability: Time to outdate

after aliquoting and method
of aliquoting (syringe or bag)

O
Variability: When to wash,
based on age of blood, age

after irradiation or patient
characteristics

Washing



Effect of storage after irradiation

23 710 14 17 21 28 35
I [ I N | | |
N I B I B | | |

RBC storage age at sampling (days)
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H——F—F—1—F——

6 donors 108 samples

Patel RM et al. Transfusion. 2015



Metabolomic differences by irradiation
and age
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Metabolic markers of irradiation and

storage in donor RBCs

|
Storage days and
L% irradiation status
Irradiated Control
= = 2d = 2d
= 3d m 3d
= 7d m7d
m 10d 10d
m 14d 14d
. : o m 17d 17d
: : =2 | m21d = 21d
=B = 28d = 28d
f: 35d m 35d
:i -3 Color Key
g %’5_;&_1_- o © Value *
z e =2 — 5
Metabolite (MetaboloAnalyst) Raw p value FDR
Arachidonic acid metabolism 3.28 x 1073 2.62 x 1073
Linoleic acid metabolism 1.61 x 10" 5.00x 107"
Steroid hormone biosynthesis 1.88 x 107" 5.00 x 1071°
o-Linolenic acid metabolism 1.75x 10°° 0.00035

Patel RM et al. Transfusion. 2015




Prospective cohort study ongoing

ELBW Infant (n=220)
Enrolled within 5 days of birth
y 4

—

Reaches NEC “window”
(PMA 29-34 weeks)

Evaluate all RBC transfusions “ Non-NEC Controls (n=40)
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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).



Anemia, NEC and RBC transfusion

NEC

Cause-Specific HR
Risk Factors (95% CI)° P Value % Reliability*©
Model 1—Primary Analysis (N = 598)¢
Birth weight, per 100-g increase 0.72 (0.62-0.84) <.001 08
Received RBC transfusion 0.44 (0.17-1.12) .09 45
in a given week®
Severe anemia 5.99 (2.00-18.0) .001 70

in a given week
(hemoglobin <8 g/dL)¢

Days of breast milk feeding 1.10 (1.01-1.21) .04 37
in first 10 days of life,
per 1-day increase

SNAP on day of birth, per 1-point 1.00 (0.93-1.07) .99 8
increase
Days of antibiotic treatment 1.04 (0.93-1.16) .50 8

in first 10 days of life,
per 1-day increase

Patel RM et al. JAMA. 2016




Could breastfeeding cause NEC

in a subset of preterm infants?




Breastmilk primary source

of postnatal CMV infection




Cytomegalovirus

 Cytomegalovirus (CMV) . M TS
i i i i o: oo o o
infection in 1/3 of US children by ,,,if"g‘;. A S
5 years of age 07 4

e CMV can cause severe infection < oo,
. . . ol e _ s ® ‘¢
in immunocompromised e

patients (preterm infants).

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

Source: CDC



Risk and sources of postnatal CMV

Research

Original Investigation

Blood Transfusion and Breast Milk Transmission
of Cytomegalovirus in Very Low-Birth-Weight Infants
A Prospective Cohort Study

Cassandra D. Josephson, MD; Angela M. Caliendo, MD, PhD; Kirk A. Easley, MS, MApStat; Andrea Knezevic, MS;
Neeta Shenvi, MS; Michael T. Hinkes, MD; Ravi M. Patel, MD, MSc; Christopher D. Hillyer, MD;
John D. Roback, MD, PhD

Josephson et al. JAMA Pediatrics. 2014



Study Flow Diagram

Assessed for eligibility Did not meet inclusion criteria:
(n=1455) - birthweight (n=327)
- age < 5d (n=26)
n=415 Met exclusion criteria:
- Not expected to survive >7d (n=56)
- Congenital anomaly (n=11)
- Transfusion before screening (n=2)

v

v

Met enrollment criteria
(n=1102)

v

n=499 Declined consent

v

Enrolled
(n=541 infants)
(n=462 mothers)

Incorrectly enrolled:

n=2 - did not meet enrollment criteria

v

v

Followed for 90 days or until
hospital discharge or death
(n=539)

3 infants transferred to non-study hospital Josephson et al. JAMA Pediatrics 2014




Testing for CMV infection

w 100% 50% ForinitiaIIyCMV
(7 4620462 55/110 seronegative
g o mothers
Mothers
N=462
Kz e
I I I
W 998%  74%  75% 74% 93%
T 538/539 379/511 331/443 224/301 494/532
VLBW infants
N=539

100% of infants evaluated for CMV by
nucleic acid testing at least 2 times and
98% 3 or more times

Josephson et al. JAMA Pediatrics 2014



Testing for sources of CMV infection

Cellular oV MR, 939, (882/954) units tested for CMV
Blood - ‘,

Reg;
Products Sldug Wae 92% (878/954) units tested for residual WBCs

'
Maternal Birth  Week1 Week3 Week4 Week 5+
|

Breast L | | |
Milk # | 1 | | ]
- 73% 69% 57% 60%
229/312 208/303 153/268 150/252

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

Josephson et al. JAMA Pediatrics 2014



Baseline characteristics of cohort

Age — mean years = SD 294 + 6.5
CMV seropositive 352 (76.2)
Cesarean delivery 349 (75.5)
Indications for premature delivery
|solated 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



Source of postnatal CMV infection

Proportion

Cumulative

Source infected Incidence 95% Cl

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




Breast milk CMV shedding

Cumulative

mothers

0
Factor Frequency | | cidence 95% Cl
CMV DNA lactia in CMV + 189 / 255 74 1% 69.7% - 80.3%
mothers
CMV DNA lactia in CMV - 0/81 0.0% 0.0% - 4.5%

Josephson et al. JAMA Pediatrics. 2014




CMV transmission by maximum breast

milk CMYV viral load

Maximum breast milk CMV

Probability of CMV transmission

viral load (95% CI)

1,000 1U 8.6% (5.3% - 13.6%)
10,000 1U 16.7% (10.7% - 25.1%)
100,000 1U 30.0% (20.4% - 41.7%)

Josephson et al. JAMA Pediatrics. 2014




Risk factors for postnatal CMV infection

(univariate)

CMV Risk Factor CSHR 95% ClI 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 log,, 1U/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




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

1.87 148 - 2.35 <0.0001

(per 1 log,, IU/ml increase)

Josephson et al. JAMA Pediatrics 2014




Incidence of pCMV infection

Outcome

Cumulative
incidence?

pPCMV infection in VLBW infants, % (95% CI)
- Born to CMV seronegative mothers
- Born to CMV seropositive mothers

pCMV infection among infants fed
CMV-positive breastmilk, % (95% CI)

Patel RM et al. PAS 2016

7% (5-10%)
0%

10% (7-13%)

16% (12-23%)



Epidemiology of breastmilk & CMV

ARTICLES

Epidemiology of transmission of cytomegalovirus from mother to

preterm infant by breastfeeding

Klaus Hamprecht, Jens Maschmann, Matthias Vochem, Klaus Dietz, Christian P Speer, Gerhard Jahn

Summary

Background Breastfeeding practices strongly influence the
epidemiology of human cytomegalovirus infection. By contrast
with term neonates, few data are available on transmission of
infection from mothers to preterm infants during breastfeeding.

Methods 151 mothers and their 176 preterm infants
(gestational age at birth <32 weeks or birthweight <1500 g)
were prospectively screened for cytomegalovirus infection by
serology, virus culture, and PCR. The roles of cell-free and cell-
associated cytomegalovirus excretion during lactation were
analysed longitudinally in relation to transmission, by
maximum-likelihood estimates.

Hamprecht K et al. Lancet. 2001

Introduction

Breastfeeding significantly influences the epidemiology of
postnatal human cytomegalovirus infection.' The virus was
isolated from human milk more than 30 years ago,’ but the
roles of milk cells and cell-free virus in transmission have
remained unclear. Several studies have investigated
shedding of cytomegalovirus into breastmilk and
transmission to term infants.’” Morbidity among term
cytomegalovirus-infected infants was negligible,* whereas
two preterm infants developed pneumonitis.’ Furthermore,
in some infected preterm infants, neutropenia,
lymphocytosis, thrombocytopenia, and hepatosplenomegaly
were found at the time of onset of viruria.® In these studies,
secretion of cytomegalovirus into breastmilk was monitored

h“’ r“|1|1"|1r'p ﬂ'F ‘I'I'nQFll‘\‘JY"JTPFI mfll{ qﬁp(‘l‘mpne TI’\ a T)("D QT'I'I["‘T
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Epidemiology of breastmilk & CMV

76 seropositive
breastfeeding
mothers
(90 preterm infants)

3 (4%) without
cytomegalovirus reactivation;
no DNA in breastmilk
(3 preterm infants)

73 (96%) with
cytomegalovirus reactivation;
viral DNA in breastmilk
(87 preterm infants)

3 (4%) virolactia negative:
pattern |
(3 preterm infants)

15 (20%) virolactia negative:
pattern Il
(16 preterm infants)

|

58 (76%) virolactia positive:
pattern
(71 preterm infants)

3 (4%)
non-transmitters
(3 preterm infants)

14 (18%)
nhon-transmitters
(15 preterm infants)

1 transmitter
(1 preterm infant)

32 (42%)
nhon-transmitters
(37 preterm infants)

26 (34%)
transmitters
(32 infected, 2 non-
infected preterm infants)

Figure 1: Proportion of three pattems of cytomegalovirus reactivation in breastfeeding seropositive mothers of preterm infants in relation

to virus transmission

Hamprecht K et al. Lancet. 2001




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)



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 CMYV 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



Incidence of postnatal CMV infection
in VLBW infants in the US

Risk among
infants fed

Number of cases

Outcome based on 2008
untreated breast US data
milk (95% CI)
Postnatal CMV infection 19% (11-32%) 2000

Lanzieri TM et al. Pediatrics 2013




What is the relationship between

CMV and NEC?




Postnatal CMV and NEC

—*=Whole Blood
—+—Dried Blood Spot

CMV DNA (log copies/ml)

0 10 20 30 40 50 60
Day of Life

FIGURE 2

CMV viral load by real-time PCR from dried blood spot (analyzed retrospectively) and whole blood. The dotted line shows the detection limit of the assay.
Asymptomatic CMV DNAemiawas noted as earlyas DOL 18, preceding the development of clinical evidence of CMV end-organ disease by 8 days. The dotted red box
shows duration of ganciclovir treatment.

Tengsupakul S et al. Pediatrics. 2013



Breastmilk acquired CMV and
outcome

CASE-CONTROL STUDY OF SYMPTOMS AND NEONATAL OUTCOME
OF HUMAN MILK-TRANSMITTED CYTOMEGALOVIRUS
INFECTION IN PREMATURE INFANTS

PaTrick NEUBERGER, MD, KLaus HaMpRECHT, MD, PHD, MaTtTHIAS VOcHEM, MD, Jens MascHMmann, MD,
CHrisTIAN P, SPeer, MDD, FRCPE, GERHARD JaHN, MD, CHrisTiAN F. PoeTs, MD, AND RanGMaR GoeLz, MD

Objective Preterm infants are at risk of acquiring human cytomegalovirus (CMYV) infection through breast milk transmis-
sion, possibly leading to serious symptoms, as suggested by previous studies. Over a period of 8.5 years, we compared infants
infected postnatally with CMV with noninfected controls to determine whether CMV infection transmitted through breast milk
poses serious acute risks.

Study design CMV monitoring included maternal serologic testing and biweekly viral culture and polymerase chain
reaction in breast milk and infant urine. Clinical and laboratory test findings were assessed retrospectively in infected infants
and controls matched for gestational age during the initial hospital stay.

Results Forty CMV-infected infants met the study criteria. They had lower minimal platelet and neutrophil counts and a
higher frequency of C-reactive protein (CRP) elevations to 10 to 20 mg/L than their matched controls (P = .001). But no asso-
ciation of CMYV infection with bronchopulmonary dysplasia, necrotizing enterocolitis, growth, or CRP elevations to > 20 mg/L
was found. Cholestasis appeared in 3 infants in the CMV-infected group, but disappeared within 10 weeks.

Conclusions Neonatal symptoms related to postnatal CMV infection were transient and had no affect on neonatal outcome
in these infants, in contrast with uncontrolled reports. Whether withholding or pasteurizing breast milk is warranted, however,
depends on long-term outcome. (J Pediatr 2006;148:326-31)

Neuberger P et al. J Pediatr. 2006



Breastmilk acquired CMV and
outcome

Table Il. Laboratory test results in cases and controls

CMYV infected (n = 40) Controls (n = 40)
Median or mean Range or SD Median or mean Range or SD
Neutrophil count (trough)/mm’ 925" 260 to 2340 1560 510 to 6410
Time from onset of viruria to trough (days) 10 —9 047
Platelet count (trough) X 1000/mm> 1937 83 278 96
Time from onset of viruria to trough (days) 10 — 11 to 34
Neutropenia (n) 337 18
Thrombocytopenia (n) 13" 2
Direct hyperbilirubinemia (n) 3 I
CRP 10 to 20 mg/L (n) 137 I
Time from onset of viruria to peak (days) 12.8 —3to 24
CRP > 20mg/l (n) 5 5

Neuberger P et al. J Pediatr. 2006



Breastmilk acquired CMV and

outcome

Table Ill. Outcome of cases and controls

CMY infected (n = 40)

Controls (n = 40)

Median or average Range or SD Median or average Range or SD
Intraventricular hemorrhage (n) 6 9
Periventricular leucomalacia (n) 3 3
Retinopathy of prematurity > stage 2 (n) 5 8
Necrotizing enterocolitis (n) | 0
Bronchopulmonary dysplasia (n) 6 7
Mechanical ventilation (days) 4.0 0 to 46 5.0 0to 35
Duration of oxygen therapy (days), 41 0to 97 39 0 to 147
Gestational age at discharge (weeks) 40.6 37.0 to 46.4 395 36.3 to 46.4
Duration of hospital stay (days) 94 19.9 88 258
Weight at hospital discharge (g) 2840 2110 to 3660 2790 1940 to 4500
Head circumference at discharge (cm) 334 1.2 336 1.7

Mean and SD are given for normally distributed data; median and range, for remaining data. No difference between cases and controls is statistically significant.

Neuberger P et al. J Pediatr. 2006



Postnatal CMV and NEC

Symptomatic Postnatal Cytomegalovirus Testing
among Very Low-Birth-Weight Infants:
Indications and Outcomes

Sagori Mukhopadhyay, MD, MMSc'-2  Sarah A. Meyer, MD, MPH?  Sallie R. Permar, MD, PhD*>
Karen M. Puopolo, MD, PhD'-2

e 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



VLBW births 1999-2013

N=3004

Died within 24 hours
N=152

_[

Congenital CMV
N=3

_[

Hospital Stay < 21 days
N=718

N=2132

-

Tested for postnatal CMV
N=145 (6.8%)

Postnatal CMV

N=27 (18.6%)

-

~

Not tested for postnatal CMV

N=1987
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High prevalence of cytomegalovirus infection in surgical intestinal
specimens from infants with necrotizing enterocolitis and spontaneous
intestinal perforation: A retrospective observational study

@ CrossMark

Soley Omarsdottir®, Margret Agnarsdottir”, Charlotte Casper®, Abiel Orrego’, Mireille Vanpée®,
Afsar Rahbar”, Cecilia Soderberg-Nauclér™*

® Department of Medicine, Exp Cardiovascular Research Unit and Department of Neurology, Center for Molecular Medicine, Solna, Karolinska Institute, Stockholm,
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ACTA PEDIATRICA

Acta Padiatrica ISSN 0803-5253

REGULAR ARTICLE

Cytomegalovirus and other common enteric viruses are not commonly
associated with NEC

Thomas Skeath', Christopher Stewart?, Sheila Waugh?®, Nicholas Embleton’, Stephen Cummings®, Janet Berrington (janet.berrington@nuth.nhs.uk)’

1.Newcastle Neonatal Service, Newcastle upon Tyne Hospitals NHS Foundation Trust and Newcastle University, Newcastle upon Tyne, UK
2.5chool of Life Sciences, University of Northumbna, Newcastle upon Tyne, UK
3.Department of Virology, Newcastle upon Tyne Hospitals NHS Foundation Trust and Newcastle University, Newcastle upon Tyne, UK

Gt 1N @ cohort of 17 infants with NEC Who Lo o
s eric viruses and

Comespondenc had suitable samples, no CMV il viralcauses

Dr J Berrington, .
a case series of

S detected by blood PCR
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Newcastle upon Tyne . .

NET 4LP, UK. 2014): 17 had suitable blood stored, of whom 14 also had suitable stool samples stored.
Tel: 0191 2825197 | Blood was analysed with polymerase chain reaction (PCR) for CMV, Epstein-Barr virus

Fax: +44 0191 25038 |

. g (EBV) and adenovirus, and stool by PCR for norovirus, sappovirus, astrovirus, adenovirus
Email: janet.berrington@nuth.nhs.uk

and rotavirus.

Received . b

11 March 2015: revised 10 June 2015; Results..All samples were negative. o N . ‘
accepted 30 June 2015. Conclusion: Although case reports indicate an episodic association of enteric viruses in
DOL10.1111/apa. 13110 NEC, the inability to detect any of these viruses in our 17 NEC infants suggests that a viral

aetiology is unlikely to be causative for most sporadic forms of NEC.

Skeath et al. Acta Paediatrica. 2015



Preventing Postnatal Cytomegalovirus Infection in the Preterm ®

CrossMark

Infant: Should It Be Done, Can It Be Done, and at What Cost?

n 2012, 56 252 very low birth weight (VLBW, <1500 g) in-

fants were born in the US, accounting for 1.4% of all live

births." These infants encounter numerous morbidities,
and 25%-30% experience long-term neurodevelopmental
impairment (NDI).” Consequently, there has been an intense
and elusive search for modifiable risk fac-
tors encountered in the neonatal intensive
care unit (NICU) that impact long-term
neurodevelopment. Whether preventing or minimizing
exposure to these risk factors will prevent NDI, however, re-
mains unclear. For example, large, randomized controlled
trials demonstrate that efforts to minimize exposure to hy-
perbilirubinemia, hyperoxia, and hyperglycemia largely are
ineffective in improving neurodevelopmental (ND) out-
comes.””” Thus, the search continues for preventive measures
that will improve the outcomes of VLBW infants.

Wright CJ. Permar SR. J Pediatr. 2015

See related articles, p 834
and p 870

maternal CMV seroprevalence and an increasing CMV expo-
sure risk through encouragement of maternal milk feeding
has resulted in an inadequately informed practice that poten-
tially puts thousands of infants at risk for NDI secondary to a
potentially modifiable risk factor.

In this issue of The Journal, Brecht et a
report the results of neuropsychiatric testing
in 3 groups of adolescents (11-16 years):
former preterm (VLBW or <32 weeks of gestation) infants
who acquired early postnatal CMV infection (n = 19), former
non—CMYV-infected VLBW infants (n = 23), and former term
infants (n = 24). The authors demonstrate a significant nega-
tive effect of early postnatal CMV infection on overall cogni-
tive abilities. These findings are especially worrisome, given
the lack of demonstrable impact of postnatal CMV infection
on NDI when assessed earlier in childhood."'"* Without

ll(}



Conclusions (part 2)

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

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