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ABSTRACT

Background: We performed a systematic review and meta-analysis to evaluate the incidence
of breast milk-acquired cytomegalovirus (CMV) infection in preterm infants born to CMV-
seropositive mothers.

Methods: PubMed, Embase, and Cochrane Library databases were searched using the
terms: (“breast feeding” or “breast milk” or “human milk” or “breast”) and (“HCMV” or
“cytomegalovirus”) and (“infant, extremely premature” or “premature birth” or “newborn”
or “neonate” or “low birth weight” or “very low birth weight” or “premature” or “preterm
infant”). Studies that had information on CMV status and breast feeding were included in the
meta-analysis.

Results: A total of 2,502 newborns from 19 studies were included in this meta-analysis. The
rate of postnatally acquired CMV infection among breastfed infants with CMV-seropositive
mothers was 16.5% (95% confidence interval [CI], 0.10-0.26; P < 0.001). The infection rate
was 26% with fresh breast milk, 8% with a combined diet of fresh and freeze—thawed breast
milk, and 11% with freeze—thawed breast milk. Among cases where the CMV status of breast
milk was determined, CMV shedding into breast milk occurred in 80.5% (95% CI, 0.71-0.87;
P<0.001) of CMV seropositive mothers. The breast milk-acquired CMV infection rate among
infants fed CMV-positive breast milk was 20.7% (95% CI, 0.14-0.30; P < 0.001).

Conclusion: This meta-analysis examined the rate of breast milk-acquired CMV infections
in preterm infants with CMV-seropositive mothers; the CMV infection rate was higher in
preterm infants fed fresh breast milk. Until further data are available, we cautiously suggest
the use of freeze—thawed breast milk, rather than fresh breast milk, for preterm infants or
very low birth weight infants.

Keywords: Cytomegalovirus; Preterm; Neonate; Breast Milk

INTRODUCTION

Cytomegalovirus (CMV) is known to cause congenital and postnatal infections in neonates.
CMYV may be transmitted placentally; via aspiration of secretions in the birth canal, or

by exposure to infected secretions such as breast milk, saliva, or blood products.!3 The
prevalence of congenital CMV infection was reported to be 0.23%-0.64% in neonates©6
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and 1.3%-2.3% in very low-birth-weight infants.?8 Postnatal CMV infection is generally
asymptomatic in full term babies,! but clinically symptomatic infection or long term-
sequelae after perinatal CMV infection can occur in premature infants.1,9

Lanzieri et al.10 in 2013 and Kurath et al.11 in 2008 reported meta-analyses of breast milk-
acquired infections in very low-birth-weight and premature infants. In 2012, the American
Academy of Pediatrics (AAP) indicated that fresh breast milk is recommended over frozen
or pasteurized milk for all preterm and full-term infants, even when the mother is CMV
seropositive.12 However, the feeding protocols for preterm infants born to CMV-positive
mothers vary by country.1315 Unlike congenital infection, postnatal CMV infection acquired
via breast milk is usually asymptomatic and is not associated with severe morbidity and
mortality, especially in full-term infants.1,16,17 However, cases of symptomatic and severe
CMV infection have been reported in very immature infants fed fresh breast milk.9,1822
Adolescents who suffered CMV infections soon after preterm birth exhibited long-term
neuropsychological sequelae.23 We performed a systematic review and meta-analysis to
evaluate the rate of breast milk-acquired CMV infection in preterm infants born to CMV-
seropositive mothers since the 2012 AAP recommendation.

METHODS

Search strategy and study selection

In keeping with the review guidelines developed for systematic reviews and meta-analyses,
we searched PubMed, Embase, and Cochrane Library databases using the terms: (“breast
feeding” or “breast milk” or “human milk” or “breast”) and (“HCMV” or “cytomegalovirus”)
and (“infant, extremely premature” or “premature birth” or “newborn” or “neonate” or
“low birth weight” or “very low birth weight” or “premature” or “preterm infant”). We also
performed manual searches of the reference lists of included studies and other electronic
databases. The last search was performed on November 11, 2017. We first screened the
articles by titles and abstracts, and the full-text articles were then independently reviewed by
two reviewers (Park HW and Cho MH) using the selection criteria noted below for inclusion
in the meta-analysis. No restrictions were applied on language. Ethical approval was not
necessary because this meta-analysis was performed using the data from published studies.

Inclusion criteria

Studies were included for meta-analysis if they met the following criteria: 1) study design:
cross-sectional, prospective cohort, or observational study; 2) patients: newborn infants
born prematurely; 3) intervention: breast milk feeding; and 4) outcomes: CMV infection in
newborn infants.

Data extraction and methodological quality assessment

Two authors (Park HW and Cho MH) reviewed the full text of all included studies
independently and extracted the following data using a standardized form: first author,
publication year, study population, study location, study design, study period, CMV detection
method in infants and in mothers, maternal serologic status, definition of congenital CMV
infection, information on blood transfusions, CMV shedding into breast milk, breast-fed
neonates, CMV infection in neonates, and breast milk preparation method.
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The quality of the included studies was assessed using a checklist for prevalence studies from
the Joanna Briggs Institute, as described by Munn et al.24 This tool comprises the following
nine questions:

1) Was the sample frame appropriate to address the target population?

2) Were study participants sampled in an appropriate way?

3) Was the sample size adequate?

4) Were the study subjects and the setting described in detail?

5) Was the data analysis conducted with sufficient coverage of the identified sample?

6) Were valid methods used for the identification of the condition?

7) Was the condition measured in a standard, reliable way for all participants?

8) Was there appropriate statistical analysis?

9) Was the response rate adequate, and if not, was the low response rate managed

appropriately?

” « ” «

Each item could be rated as “yes, unclear,” or “not applicable.” Any disagreement
during full text review or quality assessment of included studies was resolved by discussion
with a third reviewer (Lee R), followed by reevaluation of the study.

no,

Data synthesis and statistical analysis

We conducted a meta-analysis to generate pooled estimates of the CMV infection rate after
feeding with CMV-positive breast milk and of CMV infection in neonates born to CMV-
seropositive mothers using Comprehensive Meta-Analysis version 3.3 (Biostat, Englewood,
NJ, USA). We used a random effects model for analysis if there was significant heterogeneity
between studies. The meta-analysis was performed using a fixed effect mode, if there is no
heterogeneity between studies. To assess statistical heterogeneity, we used the I statistic,
which is expressed as percentage of total variation across studies. I? values greater than 50%
indicated significant heterogeneity. A sensitivity analysis was conducted, excluding individual
studies sequentially, to explore the potential causes of heterogeneity and the effect of each
study on the results. A cumulative analysis by year of publication was performed to detect
temporal trends, adding one study at a time. We used the Begg—Mazumdar rank correlation
test, Egger's regression test, and inspection of a funnel plot to assess publication bias. The
presence of asymmetry of the funnel plot or Pvalues < 0.05 in the Egger's regression test
were taken as indicating publication bias. This study has been reported in accordance with
the ‘Preferred Reporting Items for Systematic reviews and Meta-analysis (PRISMA)’ 2009
checklist (Supplementary Table 1).

RESULTS

Literature search and characteristics of the included studies

A total of 585 studies potentially relevant to this meta-analysis of breast milk-acquired CMV
infection in preterm infants were initially identified from database searching. During the
review process, 566 of these were excluded for the reasons listed in Fig. 1. Thus, 19 studies
were included in this systematic review and meta-analysis. The 19 included studies examined
a total of 2,502 newborns. Included studies were performed in 10 countries from North
America, Europe, Asia, the Middle East, and Latin America (Table 1). The characteristics of
the included studies are shown in Table 1.
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585 Records identified through database searching
in PubMed (n = 218), Embase (n = 339),
The Cochrane Library (n = 28)

l

| Records after duplicates removed (n =174) |

l

| Records screened for eligibility (n = 411) |

4>| Records excluded based on title or abstract (n = 274)

| Full-text articles assessed for eligibility (n = 137) |

Full-text articles excluded, with reasons (n = 118)

- Review (n = 40), case report (n = 23) and comment (n =1)
- Publication with same data (n = 6)

- Irrelevant or inadequate data for analysis (n = 43)

- Not applicable to study population criteria (n = 5)

Studies included in meta-analysis (n =19)

Fig. 1. Flow diagram of the literature selection process.

The results of pooled meta-analysis

In the analysis, 15 studies reported the CMV serology status of mothers, and 4 did not.2528
The overall CMV infection rate among infants born to CMV-seropositive mothers was 16.5%
(95% confidence interval [CI], 0.10-0.26; P < 0.001) (Fig. 2) using a random effect model.
With respect to breast milk preparation method, the acquired infection rate was 25.9%
(95% CI, 0.14-0.42; P=0.005) in infants fed fresh breast milk, 8.2% (95% CI, 0.06-0.12;
P<0.001) in those on a combined diet of fresh and freeze—thawed breast milk, 11.1% (95%
CI, 0.05-0.23; P < 0.001) in those receiving freeze-thawed breast milk, and 20.8% (95%

CI, 0.09-0.41; P=0.008) among those for whom no information was available on breast
milk preparation (Supplementary Fig. 1). Although heterogeneity among the included
studies was detected (P < 0.001; I* = 83.6%), a sensitivity analysis showed stable results
without significant changes after removing any of the studies. No evidence of publication
bias was found in the funnel plot (Supplementary Fig. 2) or indicated by either the Begg—
Mazumdar rank correlation (P = 0.22) or Egger's regression test (P = 0.61). In the mixed
effects analysis, the rate of postnatally acquired CMV infection among breastfed infants
with CMV-seropositive mothers differed significantly among groups according to breast
milk preparation method (P= 0.005) as follows; fresh breast milk (seven studies, point
estimate = 0.259), a combined diet of fresh and freeze—thawed breast milk (one study, point
estimate = 0.082), and freeze—thawed breast milk (seven studies, point estimate = 0.111). A
sensitivity analysis using sequential exclusion of individual studies (Supplementary Fig. 3)
and a cumulative study that added each study (Supplementary Fig. 4) showed no significant
changes in the results. No evidence of publication bias was found in the inspection of the
funnel plot, and the Begg—Mazumdar rank correlation test (P = 0.46) and Egger's regression
test (P=0.64) did not show evidence of publication bias.

https://doi.org/10.3346/jkms.2021.36.e84 4/16
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Table 1. Characteristics of studies included in this meta-analysis

Studies Population Location Detection Detection method Definition of congenital CMV The method to Transfusion BM
method in infant (sample) infection, sample (period after exclude infection (blood) preparation
in BM birth) during delivery

Vochemetal.40  GA<32wk, birth Germany  PCR PCR (urine) CMV DNA in ear swab and CMV  CMV DNA in ear CMV-seronegative Fresh BM

weight <1,500 g PCR (+) in urine (< 3 wk) swab

Maschmann et GA <32wk, birth  Germany PCR& PCR &culture ~ CMV DNA in ear or throat swab CMV DNA in ear or CMV-seronegative ~Fresh BM

al.21 weight <1,500 g culture (urine) and CMV PCR (+) in urine (<3wk)  throat swab

Mosca et al.48 Median GA 30.4 wk, Italy PCR & PCR &culture  Culture (+) in saliva and urine or Culture in saliva Blood tested by =~ No data

median birth weight culture (saliva, urine) ~ CMV PCR (+) in blood (on day 1) PCR
1,380 g

Yasuda et al.42 GA < 34 wk, birth Japan PCR  PCR (blood, urine) CMV PCR (+) in urine or blood Not described CMV-seronegative Frozen BM

weight < 2,000 g (<1wk)

Jim et al.32 GA < 35 wk, birth Taiwan PCR Culture (urine), CMV culture (+) in urine (<3wk)  Not described No data Frozen BM

weight <1,500 g antibody (blood) or CMV IgM (+) in blood (< 1 wk)

Meier et al.492 GA 24-33 wk Germany  PCR PCR (urine, CMV PCR (+) in urine (< 2 wk) CMV PCRin  CMV-seronegative Fresh BM
tracheal & tracheal or (mainly)
pharyngeal pharyngeal

aspirate) aspirate

Croly- GA < 33wk France  Culture  Culture (urine) CMV culture (+) inurine (<3wk)  Ear swab after CMV-seronegative Fresh BM

Labourdette et birth

al.43

Omarsdottir et GA < 28 wk Sweden  PCR& PCR & culture  CMV culture and PCR (+) in urine  Ear swab after Leukocyte Fresh BM

al.44 culture (urine) (3 wk) birth filtrated

Jim et al.33 GA < 35 wk, birth Taiwan  PCR& PCR (urine) CMV PCR (+) in urine (¢ 3wk) or  Not described No data Frozen BM

weight <1,500 g culture CMV IgM (+) in blood (<1 wk)

Capretti et al.45 GA <32 wk, birth Italy Culture PCR & culture CMV PCR (+) in urine (< 1T wk) In vaginal Leukocyte Fresh BM

weight <1,500 g (urine) delivery cases, filtrated
vaginal swab was
performed
Gonzalez Birth weight <1,500 g  Spain PCR Culture (urine), CMV culture (+) in urine or CMV  Not described No data No data
Barberaetal.28  or sign/symptoms of PCR (blood) PCR (+) in blood (< 2 wk)
CMV infection
Chiavarini et GA < 32 wk, birth Italy PCR PCR (urine) CMV PCR (+) in cord blood and The infant infected No data Frozen BM
al.34 weight < 2,000 g with Guthrie card, and urine PCR by CMV was born
CMV-seropositive performed at 1 wk by Cesarean
mother section

Hayashi et al.46 GA < 28 wk, birth Japan PCR  PCR (urine, blood) CMV PCR (+) in urine or blood  DNA sequencing CMV-seronegative Frozen BM

weight <1,000g (¢ Twk)

Wakabayashi et Birth weight <1,500g  Japan PCR PCR (urine) CMV PCR (+) in urine (< 1 wk) Not described No data Fresh or

al.2s frozen BM

Narvaez-Arzate Mean GA 33.8 wk, Mexico PCR PCR (urine) CMV PCR (+) in urine (< 2 wk) Not described  No transfusion No data

etal.2? mean birth weight

1,810.7 g

Josephson et Birth weight <1,500g  USA PCR  PCR (blood, urine) CMV PCR (+) in urine or blood ~ Not described Leukocyte- Fresh or

al.so (<2 wk) filtered, frozen BM

irradiated & CMV-
seronegative

Omarsdottir et GW <28 wk Sweden  PCR& PCR & culture  CMV PCR and culture (+) in urine  Not described Leukocyte- Fresh BM

al.47 (control culture (urine) (<3 wk) filtered,

group)? irradiated

Omarsdottir GW < 28 wk Sweden  PCR& PCR & culture  CMV PCR and culture (+) in urine  Not described Leukocyte- Frozen BM

etal.47 culture (urine) (<3 wk) filtered,

(intervention irradiated

group)?

Romero-Gémez GA <32 wk Spain PCR & PCR &culture  CMV PCR and culture (+) in urine  Not described Leukocyte- Fresh or

etal.26 culture (urine) (at 3 days) filtered, frozen BM

irradiated

Hosseinietal.31  GA <32 wk, birth Iran PCR PCR (urine) No data DNS sequencing No data Frozen BM

weight < 2,000 g

GA = gestational age at birth, GW = gestational week, PCR = polymerase chain reaction, CMV = cytomegalovirus, BM = breast milk.

2Both data from originated from single study47 divided into two studies by breast milk preparation method in this table.

https://jkms.org

Among 844 CMV-seropositive mothers, the CMV status of breast milk was determined for
773; CMV was detected in breast milk of 590 mothers. Among CMV-seropositive mothers,

https://doi.org/10.3346/jkms.2021.36.e84
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Study name Statistics for each study Event rate and 95% CI

Event Lower Upper P-value Total

rate limit limit
Vochem et al.* 0.586 0.404 0.748 0.356 17/29 ——
Maschmann et al.? 0.367 0.274 0.471 0.012 33/90 . B
Mosca et al.*® 0.208 0.089 0.413 0.008 5/24 -
Yasuda et al.*? 0.125 0.041 0.324 0.002 3/24 -
Jim et al.*® 0.167 0.077 0.325 0.000 6/36 -
Meier et al.*® 0.250 0.108 0.478 0.033 5/20 —a—
Croly-Labourdette et al.*® 0.100 0.014 0.467 0.037 1/10 -—
Omarsdottir et al.* 0.400 0.100 0.800 0.657 2/5 —a—
Jimetal.® 0.421 0.226 0.644 0.493 8/19 ——
Capretti et al.* 0.170 0.091 0.295 0.000 9/53 -
Chiavarini et al.** 0.018 0.002 0.174 0.000 1/57
Hayashi et al.*® 0.048 0.007 0.271 0.003 1/21
Josephson et al.* 0.082 0.058 0.116 0.000 29/352 [ |
Omarsdottir et al.” (control group) 0.054 0.014 0.192 0.000 2/37
Omarsdottir et al.”’ (intervention group) 0.079 0.026 0.218 0.000 3/38 | o
Hosseini et al.*' 0.069 0.017 0.238 0.000 2/29 -

0.165 0.101 0.259 0.000 127/844 L 2

-0.5 0 0.5 1.0

Fig. 2. The rate of postnatal acquired CMV infection among breastfed infants with CMV-seropositive mothers.
CMV = cytomegalovirus, CI = confidence interval.

the rate of CMV shedding into breast milk was 39.6%-100%2528; four studies did not report
the CMV serology of mothers. In the meta-analysis of 15 studies reporting the mothers'

CMV status, the overall rate of CMV shedding into breast milk among CMV-seropositive
mothers was 80.5% (95% CI, 0.71-0.87; P < 0.001) (Supplementary Fig. 5). Heterogeneity
was found across the studies (P < 0.001; I? = 82.9%) and a random effects model was used
for meta-analysis. The funnel plot showed asymmetry (Supplementary Fig. 6), but the Begg—
Mazumdar rank correlation test (P= 0.052) and Egger's regression test (P=0.059) did not
show evidence of publication bias.

Of a total of 835 infants exposed to CMV-positive breast milk, 159 in the 19 studies acquired
CMV infections. Among infants fed CMV-positive breast milk, overall, 20.7% (95% CI,
0.14-0.30; P < 0.001) acquired CMV infections (Fig. 3). By preparation method, the acquired
infection rate was 30.3% (95% CI, 0.19-0.45; P=0.009) in infants fed fresh breast milk,
19.9% (95% CI, 0.09-0.39; P=0.004) in those receiving a combined diet of fresh and
freeze—thawed breast milk, 11.6% (95% CI, 0.05-0.24; P < 0.001) in those receiving freeze—
thawed breast milk, and 27.3% (95% CI, 0.07-0.66; P = 0.24) among those where no data

on preparation were available (Supplementary Fig. 7). Heterogeneity across the studies was
present (P < 0.001; I? = 81.0%), and a random effects model was used for meta-analysis.

Results of the quality assessment of the included studies, performed using the checklist for
prevalence studies from the Joanna Briggs Institute (Munn et al.24), are presented in Table 2.

DISCUSSION

Routes of CMV infection in neonates, in addition to congenital acquisition from primary
maternal infection, include postnatal infections from aspiration of contaminated secretions
in the birth canal and exposure to infected breast milk or blood products.13 The transmission
rate of CMV has been reported as 0.4%-2.5% by congenital infections and 11.1% via
postnatal routes.2%29 Among the latter infections, approximately 40% may be acquired

https://doi.org/10.3346/jkms.2021.36.e84 6/16
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Table 2. Quality assessment of included studies reporting prevalence data

Studies Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9
Vochem et al.40 Y Y U Y U Y Y Y Y
Maschmann et al.21 Y Y u Y Y Y Y Y N
Mosca et al.48 Y u u N/A u u u N/A N
Yasuda et al.42 Y Y u Y Y Y Y N/A Y
Jim et al.32 Y Y u Y Y Y Y Y Y
Meier et al.49 Y N N Y Y Y N Y Y
Croly-Labourdette et al.43 Y Y u Y Y Y Y N/A Y
Omarsdottir et al.44 u u u Y u Y Y N/A Y
Jimetal.33 Y Y u Y u Y Y Y Y
Capretti et al.45 Y Y u Y Y Y Y Y Y
Gonzalez Barbera et al.28 u u u u Y Y Y N/A Y
Chiavarini et al.34 Y u u Y u Y Y N/A u
Hayashi et al.46 Y Y u Y Y Y Y Y Y
Wakabayashi et al.25 Y u u Y Y Y Y N/A Y
Narvaez-Arzate et al.27 Y Y U Y Y Y Y Y Y
Josephson et al.50 Y Y u Y Y Y Y Y Y
Omarsdottir et al.472 Y Y u Y Y Y Y Y Y
Romero-Goémez et al.26 Y Y u Y Y Y Y Y Y
Hosseini et al.31 Y Y u Y Y Y Y Y u
Q = question, Y = yes, N = no, U = unclear, N/A = not applicable.
2This study included control group and intervention group.

Study name Statistics for each study Event rate and 95% CI

Event Lower Upper P-value Total
rate limit  limit

Vochem et al.*® 0.586 0.404 0.748 0.356 17/29 ——

Maschmann et al.” 0.379 0.284 0.485 0.026 33/87 E &

Mosca et al.*® 0.250 0.108 0.478 0.033 5/20 ——

Yasuda et al.* 0.100 0.033 0.268 0.000 3/30 i+

Jim et al.® 0.171 0.079 0.333 0.000 6/35 E

Meier et al.*® 0.250 0.108 0.478 0.033 5/20 ——

Croly-Labourdette et al.** 0.125 0.017 0.537 0.069 1/8 -

Omarsdottir et al.* 0.286 0.072 0.673 0.273 2/7 —a—

Jimetal.® 0.471 0.255 0.697 0.808 8/17 —a—

Capretti et al.* 0.346 0.191 0.543 0.123 9/26 ——

Gonzalez Barbera et al.® 0.625 0.377 0.821 0.323 10/16 —i—

Chiavarini et al.* 0.025 0.004 0.157 0.000 1/40 L

Hayashi et al.*® 0.045 0.006 0.261 0.003 1/22

Wakabayashi et al.* 0.714 0.327 0.928 0.273 5/7 —a—

Narvaez-Arzate et al.” 0.087 0.033 0.210 0.000 4/46 | =

Josephson et al.*° 0.131  0.093 0.182 0.000 929/221 ]

Omarsdottir et al.*” (control group) 0.061 0.015 0.212 0.000 2/33 -

Omarsdottir et al. ¥/ (intervention group) ~ 0.081 0.026 0.223 0.000 3/37 | =

Romero-Gomez et al.”® 0.1719 0.071 0.195 0.000 13/109 B

Hosseini et al.*! 0.080 0.020 0.269 0.001 2/25 —

0.207 0.140 0.297 0.000 159/835 ' 2
-0.5 0 0.5 1.0

https://jkms.org

Fig. 3. The rate of breast milk-acquired CMV infection among infants fed CMV-positive breast milk.

CMV = cytomegalovirus, CI = confidence interval.

through breastfeeding, while 30% of postnatal infections stem from other exposures, such as

from saliva or urine.30

Breast milk-acquired CMV infection were diagnosed after the exclusion of other possible
causes such as congenital infection, infection during delivery, or horizontal infection after
delivery including transfusion.!” Congenital CMV infection (i.e., a positive result within 3
weeks after birth) or infection during delivery (i.e., a positive result in the analysis of swabs

from the baby's body surface) was ruled out in all but one study (Table 1).3! Transfusion-
associated CMYV infection was ruled out in all but six studies,25:28,3134 35 shown in Table 1.

https://doi.org/10.3346/jkms.2021.36.e84
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Diosi et al.35 first reported the isolation of CMV from human milk and the association of
acquired CMV infections in neonates with virus shedding into breast milk. Breastfeeding
increased the risk of CMV acquisition by 1.6 fold over formula feeding.30 Reported rates

of acquired CMV infection in breast-fed infants varied widely, from 5.7% to 60%.36,37 By
gestational age, the rate of CMV infection was higher in extreme preterm infants than in
more mature infants (57.1% in those born after 23-24 weeks gestation, 17.1% at 25-26 weeks,
15.2% at 2728 weeks, and 7.1% at 29-30 weeks).38

Postnatal CMV infection is generally not symptomatic due to maternal antibody transfer
across the placenta to the fetus,! but extremely immature or very low-birth-weight infants
with immature immunity and insufficient maternal antibody can suffer severe morbidity and
mortality.? In particular, preterm infants born at gestational ages < 30 weeks3? or < 28 weeks!5
and/or at birth weights < 1,000 g are at greater risk of symptomatic CMV infection through
breast milk.15 Symptomatic or severe CMV infection was reported in 0-35% (median, 3.7%)
of very low birth weight (VLBW) infants or preterm infants.36,37 In one report,15 severe breast
milk-acquired CMV infections developed between the 15th and 70th postnatal day in preterm
infants born after 25-33 weeks of gestation. In very low-birth-weight infants, acquired CMV
infection can present with sepsis-like symptoms necessitating prolonged hospital stays,
including apnea with bradycardia, pneumonia, hepatitis/cholestasis, hepatosplenomegaly,
lymph node swelling, neutropenia, thrombocytopenia, elevated liver enzymes, and
gastrointestinal symptoms ranging from enteral feeding intolerance to necrotizing
enterocolitis.18-20,37,40,41n the present analysis, 13 studies,21,26,31:34,40,42-47 jncluding

that by Omarsdottir et al.,47 described the included patients as preterm, and another 6
studies?5,2%,28,48-50 described their study populations as having a mean gestational age of
either 27.8-33.8 or 28-30.4 weeks or as having birth weights < 1,500 g. Except the study by
Meier et al.#9 ranged 24 to 33 weeks of gestation, we performed subgroup analysis in clearly
defined study population as premature infants and unclearly defined as premature infants.
In meta-regression analysis, there is no differences between two groups (data not shown) in
the rate of postnatal acquired CMV infection among breastfed infants with CMV-seropositive
mothers (P=0.492) and the rate of breast milk-acquired CMV infection among infants fed
CMV-positive breast milk (P =0.132).

We found that postnatally acquired CMV infection occurred in 25.9% of breastfed infants
with CMV-seropositive mothers, if the breast milk was consumed fresh, 8.2% ifin a
combined diet of fresh and freeze—thawed breast milk, and 11.1% if freeze—thawed. In
the study by Lanzieri et al.,10 the rates of acquired CMV infection in infants born to CMV-
seropositive mothers was 19% (11%—-32%) in the untreated breast milk group and 13%
(7%—24%) in the frozen breast milk group.10

In the 2012 guidelines from AAP, fresh breast milk was recommended for all preterm and
term infants. Even if there is the possibility of clinical deterioration in very low-birth-weight
infants, such as late onset of a sepsis-like syndrome after acquiring CMV infection through
breast milk, there is no evidence of long-term neurodevelopmental impairment after
acquired CMV infection.12 However, the results of long-term outcome data in preterm infants
with breast milk-acquired CMV infections are inconsistent, ranging from no differences in
neurodevelopmental outcome or growth status relative to uninfected controls29,32,34,51:57 to
poor neurodevelopmental outcomes, including hearing loss, after CMV infection.18,41,58,59
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Enteral feeding protocols for infants born to CMV-seropositive mothers after less than

32 weeks of gestation or with birth weights 0f 1,500 g or less vary from region to region.
Responses to a questionnaire on enteral feeding protocols in Swiss, German, and Austrian
neonatal intensive care unit (NICUs) indicated that breast milk was administered after short-
term or long-term pasteurization, after freeze—thawing, or fresh and untreated.13 Since 2005
in France, unpasteurized breast milk has not been recommended for preterm infants born to
CMV-positive mothers if the infants weigh 1,500 g or less, or if they were born at or before 32
weeks' gestation.15> However, these guidelines are difficult to follow in practice owing to the
lack of routine CMV screening of pregnant women and the limited availability of breast milk
pasteurization in NICUs.15 The California Perinatal Quality Care Collaborative recommended
that, until 32 weeks of gestation, the breast milk of CMV-positive mothers may either be fed
after freezing for at least 24 hours or be left untreated during breastfeeding.1 The practice of
breast milk preparation for preterm infants to prevent CMV infection varies among facilities
and among countries.13:15 However, pasteurization of breast milk is recommended for
preterm infant with body weights < 1,500 g or gestational age < 32 weeks in Francel> and for
all infants of CMV-seropositive mothers younger than gestational age 34 weeks in Austria.2>

CMV is reactivated during lactation in up to 70%—-95% of CMV-seropositive mothers;

CMV shedding into breast milk is observed in 67%-92% of CMV-positive mothers and

in 40%-70% of all mothers.34:49,50,60,61 CMV reactivation in the postpartum period may

be caused by the suppression of cellular immunity, but low levels of CMV DNA may not

be observed soon after birth due to the presence of CMV-neutralizing or -inhibiting IgA
antibody, tumor necrosis factor-o, interferon-y, and lactoferrin in colostrum.6264 Although
the mechanism of CMV shedding that leads to acquired CMV infection via breast milk is
not fully understood, infected cell lysis or viral release from mammary epithelial cells are
believed to contribute.65,66 Postpartum CMV shedding into whey occurred as a cell-free
virus rather than as cell-associated forms in breast milk.63 Viral shedding into breast milk
is usually observed between the time of birth (as early as postpartum day 3) and 6-12 weeks,
peaking between 4 and 8 weeks postpartum.34,50,60,61,67,68 CMV shedding into breast milk
was observed in 80.5% (range from 71%-87%) of CMV-seropositive mothers in this study.
This result was comparable to a previous report and lower than that of Meier et al.49 (95% in
CMV-seropositive mothers).

In previous reports, the rate of CMV transmission to infants through CMV-positive breast
milk was 58%—-69% for term infants and 38% for preterm infants with birthweights of 1,500
g or less.29:69 In this study, the CMV infection rate among infants fed CMV-positive breast
milk was approximately 21% (range 14%—-30%), and was as high as 30% in infants fed fresh
breast milk. The incidence of CMV infection among infants fed CMV-positive breast milk was
reported to be 15.3% at 12 weeks after birth in the study by Josephson et al.50 and 37% in the
study by Meier et al.4? In the latter study, the different incidence of infection may be due to
differences in preparation processes (Table 1).

Various preparation methods; to eradicate CMV have been reported recently, including
freezing, pasteurization, microwave irradiation, and ultraviolet-C irradiation.?0,71 The viral
load of CMV in milk can be reduced by freezing but CMV was not eradicated by freezing and
could be detected by polymerase chain reaction (PCR) or in cultures.31,34,7274 However, the
CMV viral loads estimated from by DNA PCR tests include non-replicable particles, which
are not associated with high infectivity or transmission.”’> Moreover, freezing at ~20°C for
more than 3 days reduced CMV infectivity and titers by 85%—-99%. 31,34,72,73,76 Pasteurization
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methods, including low temperature long-term pasteurization (30 minutes at 62.5°C),

and high temperature short-term pasteurization (5 seconds at 72°C), are highly effective

for viral inactivation. Short-term pasteurization was effective for both viral inactivation

and preservation of nutritional or immunological contents in breast milk,”” but long-term
pasteurization did not completely preserve the nutritional constituents or immunological
factors in the milk.12,39,77 In addition, a high power microwave irradiation (750 watts) entirely
eradicated CMV in breast milk, whereas low-power microwave irradiation resulted in a 13%
failure rate.”0 Other effects of microwave treatment on breast milk are unknown, so further
studies are needed. Ultraviolet-C irradiation was effective for both the inactivation of CMV
and preservation of bioactive factors.”

CMV may be transmitted via breast milk, but breast milk has numerous advantages for
premature infants or VLBW infants.”8 In previous reports, the incidence of CMV infection
among infants fed fresh breast milk was 40%, compared with 8%-15% among infants fed
freeze—thawed milk and 0% among infants fed pasteurized breast milk.3%51 We also found a
lower incidence of CMV infection among infants fed freeze—thawed breast milk than among
infants fed fresh breast milk. Based on the results of this study, we cautiously suggest that
freeze—thawed breast milk or pasteurized breast milk, rather than fresh breast milk, could be
fed to preterm and VLBW infants to avoid symptomatic CMV infection by CMV transmission.

There were some limitations that need to be addressed in the present study. First, five
studies25,27,28,48,50 including the study by Meier et al.49 ranged 24 to 33 weeks of gestation,
described their study populations in terms of mean gestational age or birth weight, including
preterm infants. Second, all included studies (except for one4?) were observational in nature.
Well-designed, randomized controlled trials are required to evaluate the exact incidence of
breast milk-acquired CMV infection in preterm infants born to CMV-seropositive mothers.
Third, given the limitations of meta-analyses, we assumed that CMV was acquired via breast
milk. We could not completely exclude the possibility of postnatal CMV infection via routes
other than breast milk-acquired CMV infection. However, we extracted the methods used

in various studies to distinguish congenital from postnatal CMV infection after a thorough
survey of the literature. Information on possible CMV infection via other routes (e.g.,
aspiration of vaginal secretions, or via transfusion) is included in Table 1. Moreover, we

did not examine the long-term outcomes of breast milk-acquired CMV infection. However,
eight studies included in our analysis were published after the meta-analysis by Lanzieri

et al.10 There remains no consensus, and freezing or pasteurization of breast milk is still
recommended in many countries, even after the 2012 AAP recommendations, to prevent
CMV infection in preterm infants of < 32 weeks' gestation and/or < 1,500 g. Symptomatic or
severe CMV infections have been reported from breast milk-acquired infections in preterm
infants. Thus, further study of the short- and long-term prognosis for neonates who have
acquired CMV infection via fresh breast milk is needed.

This meta-analysis found that the rate of postnatally acquired CMV infection among
breastfed infants with CMV-seropositive mothers was higher in preterm infants fed fresh
breast milk. Poor long-term outcomes and symptomatic infections in preterm infants with
breast milk-acquired CMV infection has been reported in extreme preterm infants since
the 2012 AAP recommendations. Further studies are needed to re-evaluate the long-term
prognosis after breast milk-acquired CMV infection, especially in extreme preterm infants,
and to refine recommendations based on those results. Currently, pasteurization is the
safest method by which to prevent CMV infection via breast milk; however, it is not easy to
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use pasteurized breast milk in Korean NICUs. Therefore, we cautiously suggest that freeze—
thawed breast milk, not fresh breast milk, should be given to preterm or VLBW infants until
further data are available.
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mothers.

Click here to view

Supplementary Fig. 7
Subgroup analysis of breast milk-acquired CMV infection among infants fed CMV-positive
breast milk by milk preparation method.

Click here to view

REFERENCES

10.

11.

12.

13.

14.

Plosa EJ, Esbenshade JC, Fuller MP, Weitkamp JH. Cytomegalovirus infection. Pediatr Rev 2012;33(4):156-63.
PUBMED | CROSSREF

Ho M. Epidemiology of cytomegalovirus infections. Rev Infect Dis1990;12 Suppl 7:S701-10.

PUBMED | CROSSREF

Diosi P. Cytomegalovirus (CMV) in cervical secretion and breast milk. A thirty years perspective. Roum
Arch Microbiol Immunol 1997;56(3-4):165-78.

PUBMED

Waters A, Jennings K, Fitzpatrick E, Coughlan S, Molloy EJ, De Gascun CF, et al. Incidence of congenital
cytomegalovirus infection in Ireland: implications for screening and diagnosis. J Clin Virol 2014;59(3):156-60.
PUBMED | CROSSREF

Yamaguchi A, Oh-Ishi T, Arai T, Sakata H, Adachi N, Asanuma S, et al. Screening for seemingly healthy
newborns with congenital cytomegalovirus infection by quantitative real-time polymerase chain reaction
using newborn urine: an observational study. BMJ Open 2017;7(1):e013810.

PUBMED | CROSSREF

Kenneson A, Cannon MJ. Review and meta-analysis of the epidemiology of congenital cytomegalovirus
(CMV) infection. Rev Med Virol 2007;17(4):253-76.

PUBMED | CROSSREF

Vaudry W, Rosychuk RJ, Lee BE, Cheung PY, Pang X, Preiksaitis JK. Congenital cytomegalovirus infection in
high-risk Canadian infants: report of a pilot screening study. Can ] Infect Dis Med Microbiol 2010;21(1):€12-9.
PUBMED | CROSSREF

Alvarez Dominguez E, Figueras Aloy J, Botet Mussons F, Marcos Maeso MA, Pérez Fernandez JM.
Screening for cytomegalovirus infection in very low birth weight infants. An Pediatr (Barc) 2013;79(1):3-9.
PUBMED

Hamele M, Flanagan R, Loomis CA, Stevens T, Fairchok MP. Severe morbidity and mortality with breast
milk associated cytomegalovirus infection. Pediatr Infect Dis ] 2010;29(1):84-6.

PUBMED | CROSSREF

Lanzieri TM, Dollard SC, Josephson CD, Schmid DS, Bialek SR. Breast milk-acquired cytomegalovirus
infection and disease in VLBW and premature infants. Pediatrics 2013;131(6):€1937-45.

PUBMED | CROSSREF

Kurath S, Halwachs-Baumann G, Miiller W, Resch B. Transmission of cytomegalovirus via breast milk to
the prematurely born infant: a systematic review. Clin Microbiol Infect 2010;16(8):1172-8.

PUBMED | CROSSREF

Section on Breastfeeding. Breastfeeding and the use of human milk. Pediatrics 2012;129(3):e827-41.
PUBMED | CROSSREF

Buxmann H, Falk M, Goelz R, Hamprecht K, Poets CF, Schloesser RL. Feeding of very low birth

weight infants born to HCMV-seropositive mothers in Germany, Austria and Switzerland. Acta Paediatr
2010;99(12):1819-23.

PUBMED | CROSSREF

California Perinatal Quality Care Collaborative (CCPQC). Nutritional support of the very low birth
weight infant: a quality improvement toolkit. https://www.cpqcc.org/sites/default/files/NUTRITIONAL_

https://doi.org/10.3346/jkms.2021.36.e84 12/16


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2021.36.e84&fn=jkms-36-e84-s007.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2021.36.e84&fn=jkms-36-e84-s008.doc
http://www.ncbi.nlm.nih.gov/pubmed/22474112
https://doi.org/10.1542/pir.33-4-156
http://www.ncbi.nlm.nih.gov/pubmed/2173099
https://doi.org/10.1093/clinids/12.Supplement_7.S701
http://www.ncbi.nlm.nih.gov/pubmed/9745329
http://www.ncbi.nlm.nih.gov/pubmed/24461765
https://doi.org/10.1016/j.jcv.2013.12.007
http://www.ncbi.nlm.nih.gov/pubmed/28110288
https://doi.org/10.1136/bmjopen-2016-013810
http://www.ncbi.nlm.nih.gov/pubmed/17579921
https://doi.org/10.1002/rmv.535
http://www.ncbi.nlm.nih.gov/pubmed/21358874
https://doi.org/10.1155/2010/942874
http://www.ncbi.nlm.nih.gov/pubmed/23228440
http://www.ncbi.nlm.nih.gov/pubmed/19884873
https://doi.org/10.1097/INF.0b013e3181b6dbb5
http://www.ncbi.nlm.nih.gov/pubmed/23713111
https://doi.org/10.1542/peds.2013-0076
http://www.ncbi.nlm.nih.gov/pubmed/20670291
https://doi.org/10.1111/j.1469-0691.2010.03140.x
http://www.ncbi.nlm.nih.gov/pubmed/22371471
https://doi.org/10.1542/peds.2011-3552
http://www.ncbi.nlm.nih.gov/pubmed/20670309
https://doi.org/10.1111/j.1651-2227.2010.01954.x

Incidence of Postnatal CMV Infection among Breastfed Preterm Infants

JKMS

https://jkms.org

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

SUPPORT_OF_THE_VLBW_INFANT_%E2%80%93_REVISED_2008EntireToolkit.pdf. Updated 2018.
Accessed May 10, 2019.

Lopes AA, Champion V, Mitanchez D. Nutrition of preterm infants and raw breast milk-acquired
cytomegalovirus infection: French national audit of clinical practices and diagnostic approach. Nutrients
2018;10(8):1119.

PUBMED | CROSSREF

Hamprecht K, Goelz R, Maschmann J. Breast milk and cytomegalovirus infection in preterm infants. Early
Hum Dev 2005;81(12):989-96.

PUBMED | CROSSREF

Bryant P, Morley C, Garland S, Curtis N. Cytomegalovirus transmission from breast milk in premature
babies: Does it matter? Arch Dis Child Fetal Neonatal Ed 2002;87(2):F75-7.

PUBMED | CROSSREF

Mehler K, Oberthuer A, Lang-Roth R, Kribs A. High rate of symptomatic cytomegalovirus infection in
extremely low gestational age preterm infants of 22-24 weeks' gestation after transmission via breast
milk. Neonatology 2014;105(1):27-32.

PUBMED | CROSSREF

Anne-Aurélie L, Souad B, Leila K. Clinical findings and autopsy of a preterm infant with breast milk-
acquired cytomegalovirus infection. A/P Rep 2016;6(2):€198-202.

PUBMED | CROSSREF

CheongJL, Cowan FM, Modi N. Gastrointestinal manifestations of postnatal cytomegalovirus infection
in infants admitted to a neonatal intensive care unit over a five year period. Arch Dis Child Fetal Neonatal Ed
2004;89(4):F367-9.

PUBMED | CROSSREF

Maschmann J, Hamprecht K, Dietz K, Jahn G, Speer CP. Cytomegalovirus infection of extremely low-birth
weight infants via breast milk. Clin Infect Dis 2001;33(12):1998-2003.

PUBMED | CROSSREF

Maschmann J, Hamprecht K, Weissbrich B, Dietz K, Jahn G, Speer CP. Freeze-thawing of breast milk
does not prevent cytomegalovirus transmission to a preterm infant. Arch Dis Child Fetal Neonatal Ed
2006;91(4):F288-90.

PUBMED | CROSSREF

Brecht KF, Goelz R, Bevot A, Krigeloh-Mann I, Wilke M, Lidzba K. Postnatal human cytomegalovirus
infection in preterm infants has long-term neuropsychological sequelae. ] Pediatr 2015;166(4):834-839.¢1.
PUBMED | CROSSREF

Munn Z, Moola §, Lisy K, Riitano D, Tufanaru C. Methodological guidance for systematic reviews of
observational epidemiological studies reporting prevalence and cumulative incidence data. Int ] Evid-Based
Healthc 2015;13(3):147-53.

PUBMED | CROSSREF

Wakabayashi H, Mizuno K, Kohda C, Negoro T, Maekawa C, Sawato S, et al. Low HCMV DNA copies can
establish infection and result in significant symptoms in extremely preterm infants: a prospective study.
Am J Perinatol 2012;29(5):377-82.

PUBMED | CROSSREF

Romero-Gémez MP, Cabrera M, Montes-Bueno MT, Cendejas-Bueno E, Segovia C, Pastrana N, et al.
Evaluation of cytomegalovirus infection in low-birth weight children by breast milk using a real-time
polymerase chain reaction assay. | Med Virol 2015;87(5):845-50.

PUBMED | CROSSREF

Narvaez-Arzate RV, Olguin-Mexquitic L, Lima-Rogel V, Noyola DE, Barrios-Compean LM, Villegas-Alvarez
C. Cytomegalovirus infection in infants admitted to a neonatal intensive care unit. | Matern Fetal Neonatal
Med 2013;26(11):1103-6.

PUBMED | CROSSREF

Gonzalez Barbera EM, Acosta Boga B, Cernada Badia M, Rosingh AW, Cordoba Cortijo J, Gobernado

M. Congenital and neonatal cytomegalovirus infection in pre-term neonates. Clin Microbiol Infect
2010;16(Suppl 2):5426.

CROSSREF

Stagno S, Reynolds DW, Pass RF, Alford CA. Breast milk and the risk of cytomegalovirus infection. N Engl
] Med1980;302(19):1073-6.

PUBMED | CROSSREF

Richardson BA, John-Stewart G, Atkinson C, Nduati R, Asbjérnsdottir K, Boeckh M, et al. Vertical
cytomegalovirus transmission from HIV-infected women randomized to formula-feed or breastfeed their
infants. J Infect Dis 2016;213(6):992-8.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2021.36.e84 13/16


http://www.ncbi.nlm.nih.gov/pubmed/30126187
https://doi.org/10.3390/nu10081119
http://www.ncbi.nlm.nih.gov/pubmed/16278059
https://doi.org/10.1016/j.earlhumdev.2005.10.009
http://www.ncbi.nlm.nih.gov/pubmed/12193509
https://doi.org/10.1136/fn.87.2.F75
http://www.ncbi.nlm.nih.gov/pubmed/24247027
https://doi.org/10.1159/000355306
http://www.ncbi.nlm.nih.gov/pubmed/27257513
https://doi.org/10.1055/s-0035-1566249
http://www.ncbi.nlm.nih.gov/pubmed/15210678
https://doi.org/10.1136/adc.2003.032821
http://www.ncbi.nlm.nih.gov/pubmed/11712092
https://doi.org/10.1086/324345
http://www.ncbi.nlm.nih.gov/pubmed/16790732
https://doi.org/10.1136/adc.2004.050625
http://www.ncbi.nlm.nih.gov/pubmed/25466679
https://doi.org/10.1016/j.jpeds.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/26317388
https://doi.org/10.1097/XEB.0000000000000054
http://www.ncbi.nlm.nih.gov/pubmed/22307845
https://doi.org/10.1055/s-0031-1300971
http://www.ncbi.nlm.nih.gov/pubmed/25690782
https://doi.org/10.1002/jmv.24101
http://www.ncbi.nlm.nih.gov/pubmed/23356634
https://doi.org/10.3109/14767058.2013.770459
https://doi.org/10.1111/j.1469-0691.2010.03239.x
http://www.ncbi.nlm.nih.gov/pubmed/6245360
https://doi.org/10.1056/NEJM198005083021908
http://www.ncbi.nlm.nih.gov/pubmed/26518046
https://doi.org/10.1093/infdis/jiv515

Incidence of Postnatal CMV Infection among Breastfed Preterm Infants

JKMS

https://jkms.org

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Hosseini M, Esmaili HA, Abdoli Oskouei S, Gojazadeh M, MokariYamchi Z, Layegh V, et al. Evaluation of
the freeze-thawing method in reducing viral load of cytomegalovirus in breast milk of mothers of preterm
infants. Breastfeed Med 2016;11(10):557-60.

PUBMED | CROSSREF

Jim WT, Shu CH, Chiu NC, Kao HA, Hung HY, Chang JH, et al. Transmission of cytomegalovirus from
mothers to preterm infants by breast milk. Pediatr Infect Dis ] 2004;23(9):848-51.

PUBMED | CROSSREF

Jim WT, Shu CH, Chiu NC, Chang JH, Hung HY, Peng CC, et al. High cytomegalovirus load and
prolonged virus excretion in breast milk increase risk for viral acquisition by very low birth weight infants.
Pediatr Infect Dis ] 2009;28(10):891-4.

PUBMED | CROSSREF

Chiavarini M, Bragetti P, Sensini A, Cenci E, Castronari R, Rossi MJ, et al. Breastfeeding and transmission
of cytomegalovirus to preterm infants. Case report and kinetic of CMV-DNA in breast milk. [tal | Pediatr
2011;37(1):6.

PUBMED | CROSSREF

Diosi P, Babusceac L, Nevinglovschi O, Kun-Stoicu G. Cytomegalovirus infection associated with
pregnancy. Lancet 1967;290(7525):1063-6.

PUBMED | CROSSREF

Resch B. The dilemma of breastfeeding very low birth weight infants at risk for symptomatic
cytomegalovirus infection. ] Matern Fetal Neonatal Med 2013;26(15):1562.

PUBMED | CROSSREF

Buxmann H, Miljak A, Fischer D, Rabenau HF, Doerr HW, Schloesser RL. Incidence and clinical
outcome of cytomegalovirus transmission via breast milk in preterm infants <31 weeks. Acta Paediatr
2009;98(2):270-6.

PUBMED | CROSSREF

Martins-Celini FP, Yamamoto AY, Passos DM, do Nascimento SD, Lima EV, Di Giovanni CM, et al.
Incidence, risk factors, and morbidity of acquired postnatal cytomegalovirus infection among preterm
infants fed maternal milk in a highly seropositive population. Clin Infect Dis 2016;63(7):929-36.

PUBMED | CROSSREF

Lombardi G, Garofoli F, Manzoni P, Stronati M. Breast milk-acquired cytomegalovirus infection in very
low birth weight infants. | Matern Fetal Neonatal Med 2012;25 Suppl 3:57-62.

PUBMED | CROSSREF

Vochem M, Hamprecht K, Jahn G, Speer CP. Transmission of cytomegalovirus to preterm infants through
breast milk. Pediatr Infect Dis J1998;17(1):53-8.

PUBMED | CROSSREF

Bergman KA, Benne CA, Doedens RA, Bos AF. Primary cytomegalovirus infection in the postnatal
period. Ned Tijdschr Geneeskd 2006;150(16):909-12.
PUBMED

Yasuda A, Kimura H, Hayakawa M, Ohshiro M, Kato Y, Matsuura O, et al. Evaluation of cytomegalovirus
infections transmitted via breast milk in preterm infants with a real-time polymerase chain reaction assay.
Pediatrics 2003;111(6 Pt 1):1333-6.

PUBMED | CROSSREF

Croly-Labourdette S, Vallet S, Gagneur A, Gremmo-Feger G, Legrand-Quillien MC, Ansquer H, et al. Pilot
epidemiologic study of transmission of cytomegalovirus from mother to preterm infant by breastfeeding.
Arch Pediatr 2006;13(7):1015-21.

PUBMED | CROSSREF

Omarsdottir S, Casper C, Zweygberg Wirgart B, Grillner L, Vanpée M. Transmission of cytomegalovirus
to extremely preterm infants through breast milk. Acta Paediatr 2007;96(4):492-4.

PUBMED | CROSSREF

Capretti MG, Lanari M, Lazzarotto T, Gabrielli L, Pignatelli S, Corvaglia L, et al. Very low birth weight
infants born to cytomegalovirus-seropositive mothers fed with their mother's milk: a prospective study. J
Pediatr2009;154(6):842-8.

PUBMED | CROSSREF

Hayashi S, Kimura H, Oshiro M, Kato Y, Yasuda A, Suzuki C, et al. Transmission of cytomegalovirus via
breast milk in extremely premature infants. J Perinatol 2011;31(6):440-5.

PUBMED | CROSSREF

Omarsdottir S, Casper C, Navér L, Legnevall L, Gustafsson F, Grillner L, et al. Cytomegalovirus infection
and neonatal outcome in extremely preterm infants after freezing of maternal milk. Pediatr Infect Dis ]
2015;34(5):482-9.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2021.36.e84 14/16


http://www.ncbi.nlm.nih.gov/pubmed/27754707
https://doi.org/10.1089/bfm.2016.0107
http://www.ncbi.nlm.nih.gov/pubmed/15361725
https://doi.org/10.1097/01.inf.0000137571.35541.55
http://www.ncbi.nlm.nih.gov/pubmed/19687768
https://doi.org/10.1097/INF.0b013e3181a55c52
http://www.ncbi.nlm.nih.gov/pubmed/21247481
https://doi.org/10.1186/1824-7288-37-6
http://www.ncbi.nlm.nih.gov/pubmed/4168539
https://doi.org/10.1016/S0140-6736(67)90338-8
http://www.ncbi.nlm.nih.gov/pubmed/23565920
https://doi.org/10.3109/14767058.2013.791272
http://www.ncbi.nlm.nih.gov/pubmed/19021592
https://doi.org/10.1111/j.1651-2227.2008.01105.x
http://www.ncbi.nlm.nih.gov/pubmed/27313267
https://doi.org/10.1093/cid/ciw394
http://www.ncbi.nlm.nih.gov/pubmed/23016620
https://doi.org/10.3109/14767058.2012.712345
http://www.ncbi.nlm.nih.gov/pubmed/9469396
https://doi.org/10.1097/00006454-199801000-00012
http://www.ncbi.nlm.nih.gov/pubmed/16686092
http://www.ncbi.nlm.nih.gov/pubmed/12777549
https://doi.org/10.1542/peds.111.6.1333
http://www.ncbi.nlm.nih.gov/pubmed/16616463
https://doi.org/10.1016/j.arcped.2006.03.002
http://www.ncbi.nlm.nih.gov/pubmed/17391465
https://doi.org/10.1111/j.1651-2227.2007.00224.x
http://www.ncbi.nlm.nih.gov/pubmed/19230896
https://doi.org/10.1016/j.jpeds.2008.12.046
http://www.ncbi.nlm.nih.gov/pubmed/21164427
https://doi.org/10.1038/jp.2010.150
http://www.ncbi.nlm.nih.gov/pubmed/25879648
https://doi.org/10.1097/INF.0000000000000619

Incidence of Postnatal CMV Infection among Breastfed Preterm Infants

JKMS

https://jkms.org

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Mosca F, Pugni L, Barbi M, Binda S. Transmission of cytomegalovirus. Lancet 2001;357(9270):1800.
PUBMED | CROSSREF

Meier J, Lienicke U, Tschirch E, Kriiger DH, Wauer RR, Prosch S. Human cytomegalovirus reactivation
during lactation and mother-to-child transmission in preterm infants. J Clin Microbiol 2005;43(3):1318-24.
PUBMED | CROSSREF

Josephson CD, Caliendo AM, Easley KA, Knezevic A, Shenvi N, Hinkes MT, et al. Blood transfusion and
breast milk transmission of cytomegalovirus in very low-birth-weight infants: a prospective cohort study.
JAMA Pediatr 2014;168(11):1054-62.

PUBMED | CROSSREF

Yoo HS, Sung SI, Jung YJ, Lee MS, Han YM, Ahn SY, et al. Prevention of cytomegalovirus transmission via
breast milk in extremely low birth weight infants. Yonsei Med ] 2015;56(4):998-1006.

PUBMED | CROSSREF

Chang TS, Wiener J, Dollard SC, Amin MM, Ellington S, Chasela C, et al. Effect of cytomegalovirus
infection on breastfeeding transmission of HIV and on the health of infants born to HIV-infected
mothers. AIDS 2015;29(7):831-6.

PUBMED | CROSSREF

Vollmer B, Seibold-Weiger K, Schmitz-Salue C, Hamprecht K, Goelz R, Krageloh-Mann I, et al.
Postnatally acquired cytomegalovirus infection via breast milk: effects on hearing and development in
preterm infants. Pediatr Infect Dis J2004;23(4):322-7.

PUBMED | CROSSREF

Neuberger P, Hamprecht K, Vochem M, Maschmann J, Speer CP, Jahn G, et al. Case-control study of
symptoms and neonatal outcome of human milk-transmitted cytomegalovirus infection in premature
infants. J Pediatr 2006;148(3):326-31.

PUBMED | CROSSREF

Guerrero Martinez A, Cernada Badia M, Brugada Montaner M, Gormaz Moreno M, Gimeno Navarro A,
Valiente Armero A, et al. Predictive factors of postnatal cytomegalovirus infection in extremely low birth
weight infants. J Perinat Med 2015;43(s1).

CROSSREF

Kumar ML, Nankervis GA, Jacobs IB, Ernhart CB, Glasson CE, McMillan PM, et al. Congenital and
postnatally acquired cytomegalovirus infections: long-term follow-up. ] Pediatr1984;104(5):674-9.
PUBMED | CROSSREF

Jim WT, Chiu NC, Ho CS, Shu CH, Chang JH, Hung HY, et al. Outcome of preterm infants with postnatal
cytomegalovirus infection via breast milk: a two-year prospective follow-up study. Medicine (Baltimore)
2015;94(43):¢1835.

PUBMED | CROSSREF

Baerts W, van Straaten HL. Auditory neuropathy associated with postnatally acquired cytomegalovirus
infection in a very preterm infant. BMJ Case Rep 2010;2010:bcr0120102689.
PUBMED | CROSSREF

Bevot A, Hamprecht K, Krageloh-Mann I, Brosch S, Goelz R, Vollmer B. Long-term outcome in preterm
children with human cytomegalovirus infection transmitted via breast milk. Acta Paediatr2012;101(4):€167-72.
PUBMED | CROSSREF

Goelz R, Meisner C, Bevot A, Hamprecht K, Kraegeloh-Mann I, Poets CF. Long-term cognitive and
neurological outcome of preterm infants with postnatally acquired CMV infection through breast milk.
Arch Dis Child Fetal Neonatal Ed 2013;98(5):F430-3.

PUBMED | CROSSREF

Wang T, Wang M, Duan G, Chen X, He Y. Discrepancy in impact of maternal milk on vertical transmission
between hepatitis B virus and human cytomegalovirus. Int ] Infect Dis 2015;37:1-5.

PUBMED | CROSSREF

Harmsen MC, Swart PJ, de Béthune MP, Pauwels R, De Clercq E, The TH, et al. Antiviral effects of plasma
and milk proteins: lactoferrin shows potent activity against both human immunodeficiency virus and
human cytomegalovirus replication in vitro. J Infect Dis 1995;172(2):380-8.

PUBMED | CROSSREF

Asanuma H, Numazaki K, Nagata N, Hotsubo T, Horino K, Chiba S. Role of milk whey in the
transmission of human cytomegalovirus infection by breast milk. Microbiol Immunol 1996;40(3):201-4.
PUBMED | CROSSREF

Numazaki K, Asanuma H, Hotsubo T, Chiba S. Anti-human cytomegalovirus effects of breast milk. J Infect
Dis1996;174(2):444-5.

PUBMED | CROSSREF

Hamprecht K, Maschmann J, Vochem M, Dietz K, Speer CP, Jahn G. Epidemiology of transmission of
cytomegalovirus from mother to preterm infant by breastfeeding. Lancet 2001;357(9255):513-8.

PUBMED | CROSSREF

https://doi.org/10.3346/jkms.2021.36.e84 15/16


http://www.ncbi.nlm.nih.gov/pubmed/11407383
https://doi.org/10.1016/S0140-6736(00)04914-X
http://www.ncbi.nlm.nih.gov/pubmed/15750102
https://doi.org/10.1128/JCM.43.3.1318-1324.2005
http://www.ncbi.nlm.nih.gov/pubmed/25243446
https://doi.org/10.1001/jamapediatrics.2014.1360
http://www.ncbi.nlm.nih.gov/pubmed/26069123
https://doi.org/10.3349/ymj.2015.56.4.998
http://www.ncbi.nlm.nih.gov/pubmed/25985405
https://doi.org/10.1097/QAD.0000000000000617
http://www.ncbi.nlm.nih.gov/pubmed/15071286
https://doi.org/10.1097/00006454-200404000-00009
http://www.ncbi.nlm.nih.gov/pubmed/16615961
https://doi.org/10.1016/j.jpeds.2005.09.030
https://doi.org/10.1515/jpm-2015-2002
http://www.ncbi.nlm.nih.gov/pubmed/6325654
https://doi.org/10.1016/S0022-3476(84)80942-7
http://www.ncbi.nlm.nih.gov/pubmed/26512588
https://doi.org/10.1097/MD.0000000000001835
http://www.ncbi.nlm.nih.gov/pubmed/22789691
https://doi.org/10.1136/bcr.01.2010.2689
http://www.ncbi.nlm.nih.gov/pubmed/22111513
https://doi.org/10.1111/j.1651-2227.2011.02538.x
http://www.ncbi.nlm.nih.gov/pubmed/23603882
https://doi.org/10.1136/archdischild-2012-303384
http://www.ncbi.nlm.nih.gov/pubmed/26072037
https://doi.org/10.1016/j.ijid.2015.06.002
http://www.ncbi.nlm.nih.gov/pubmed/7622881
https://doi.org/10.1093/infdis/172.2.380
http://www.ncbi.nlm.nih.gov/pubmed/8934674
https://doi.org/10.1111/j.1348-0421.1996.tb03335.x
http://www.ncbi.nlm.nih.gov/pubmed/8699086
https://doi.org/10.1093/infdis/174.2.444
http://www.ncbi.nlm.nih.gov/pubmed/11229670
https://doi.org/10.1016/S0140-6736(00)04043-5

Incidence of Postnatal CMV Infection among Breastfed Preterm Infants

JKMS

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Twite N, Andrei G, Kummert C, Donner C, Perez-Morga D, De Vos R, et al. Sequestration of human
cytomegalovirus by human renal and mammary epithelial cells. Virology 2014;460-461:55-65.

PUBMED | CROSSREF

Foulks A, Willeitner A. A prospective, observational study on the pathogenesis of acquired
cytomegalovirus (CMV) infection in premature infants less than 30 weeks' gestational age. | Investig Med
2012;60(1):374.

Hamprecht K, Goelz R. Postnatal cytomegalovirus infection through human milk in preterm infants:
transmission, clinical presentation, and prevention. Clin Perinatol 2017;44(1):121-30.

PUBMED | CROSSREF

Doctor S, Friedman S, Dunn MS, Asztalos EV, Wylie L, Mazzulli T, et al. Cytomegalovirus transmission to
extremely low-birthweight infants through breast milk. Acta Paediatr2005;94(1):53-8.

PUBMED | CROSSREF

Ben-Shoshan M, Mandel D, Lubetzky R, Dollberg S, Mimouni FB. Eradication of cytomegalovirus from
human milk by microwave irradiation: a pilot study. Breastfeed Med 2016;11(4):186-7.

PUBMED | CROSSREF

Lloyd ML, Hod N, Jayaraman ], Marchant EA, Christen L, Chiang P, et al. Inactivation of cytomegalovirus
in breast milk using ultraviolet-C irradiation: opportunities for a new treatment option in breast milk
banking. PLoS One 2016;11(8):e0161116.

PUBMED | CROSSREF

Friis H, Andersen HK. Rate of inactivation of cytomegalovirus in raw banked milk during storage at -20
degrees C and pasteurisation. Br Med ] (Clin Res Ed) 1982;285(6355):1604-5.

PUBMED | CROSSREF

Welsh JK, Arsenakis M, Coelen RJ, May JT. Effect of antiviral lipids, heat, and freezing on the activity of
viruses in human milk. J Infect Dis 1979;140(3):322-8.

PUBMED | CROSSREF

Curtis N, Chau L, Garland S, Tabrizi S, Alexander R, Morley CJ. Cytomegalovirus remains viable

in naturally infected breast milk despite being frozen for 10 days. Arch Dis Child Fetal Neonatal Ed
2005;90(6):F529-30.

PUBMED | CROSSREF

Hamprecht K, Witzel S, Maschmann J, Dietz K, Baumeister A, Mikeler E, et al. Rapid detection and
quantification of cell free cytomegalovirus by a high-speed centrifugation-based microculture assay:
comparison to longitudinally analyzed viral DNA load and pp67 late transcript during lactation. J Clin Virol
2003;28(3):303-16.

PUBMED | CROSSREF

Forsgren M. Cytomegalovirus in breast milk: reassessment of pasteurization and freeze-thawing. Pediatr
Res 2004;56(4):526-8.

PUBMED | CROSSREF

Miron D, Brosilow S, Felszer K, Reich D, Halle D, Wachtel D, et al. Incidence and clinical manifestations of
breast milk-acquired cytomegalovirus infection in low birth weight infants. J Perinatol 2005;25(5):299-303.
PUBMED | CROSSREF

Miller J, Tonkin E, Damarell RA, McPhee AJ, Suganuma M, Suganuma H, et al. A systematic review

and meta-analysis of human milk feeding and morbidity in very low birth weight infants. Nutrients
2018;10(6):707.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2021.36.e84 16/16


http://www.ncbi.nlm.nih.gov/pubmed/25010270
https://doi.org/10.1016/j.virol.2014.04.032
http://www.ncbi.nlm.nih.gov/pubmed/28159200
https://doi.org/10.1016/j.clp.2016.11.012
http://www.ncbi.nlm.nih.gov/pubmed/15858961
https://doi.org/10.1080/08035250410022332
http://www.ncbi.nlm.nih.gov/pubmed/27058825
https://doi.org/10.1089/bfm.2016.0016
http://www.ncbi.nlm.nih.gov/pubmed/27537346
https://doi.org/10.1371/journal.pone.0161116
http://www.ncbi.nlm.nih.gov/pubmed/6291698
https://doi.org/10.1136/bmj.285.6355.1604
http://www.ncbi.nlm.nih.gov/pubmed/227969
https://doi.org/10.1093/infdis/140.3.322
http://www.ncbi.nlm.nih.gov/pubmed/16244213
https://doi.org/10.1136/adc.2004.067769
http://www.ncbi.nlm.nih.gov/pubmed/14522069
https://doi.org/10.1016/S1386-6532(03)00074-X
http://www.ncbi.nlm.nih.gov/pubmed/15388851
https://doi.org/10.1203/01.PDR.0000143155.84802.A3
http://www.ncbi.nlm.nih.gov/pubmed/15674408
https://doi.org/10.1038/sj.jp.7211255
http://www.ncbi.nlm.nih.gov/pubmed/29857555
https://doi.org/10.3390/nu10060707

	Incidence of Postnatal CMV Infection among Breastfed Preterm Infants: 
a Systematic Review and Meta-analysis
	INTRODUCTION
	METHODS
	Inclusion criteria
	Data extraction and methodological quality assessment
	Data synthesis and statistical analysis

	RESULTS
	The results of pooled meta-analysis

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Fig. 1
	Supplementary Fig. 2
	Supplementary Fig. 3
	Supplementary Fig. 4
	Supplementary Fig. 5
	Supplementary Fig. 6
	Supplementary Fig. 7

	REFERENCES


