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Purpose: Extremely low birth weight infants (ELBWIs) have a high risk of acquir-
ing cytomegalovirus (CMV) infection via breast milk and consequently developing 
serious symptoms. We evaluated whether freeze-thawing or pasteurization could 
prevent postnatal CMV infection transmitted through breast milk in ELBWIs. Ma-
terials and Methods: Medical records of 385 ELBWIs with whole milk feeding, 
and freeze-thawed or pasteurized breast milk feeding were reviewed retrospectively. 
Postnatally acquired CMV infection was defined as an initial negative and a subse-
quent positive on follow-up urine CMV DNA polymerase chain reaction screening 
tests. The incidence, clinical characteristics, symptoms, sequelae, and long-term out-
come at corrected age [(CA): 2 years of CMV infection] were analyzed. Results: 
While no infant developed CMV infection with whole milk (0/22) or pasteurized 
breast milk (0/62) feeding, postnatal CMV infection was diagnosed in 8% (27/301) 
of ELBWIs who were fed freeze-thawed breast milk. Gestational age in the CMV 
group was significantly lower than the control group. In 82% (22/27) of cases, CMV 
infection was symptomatic and was associated with increased ventilator days and 
≥moderate bronchopulmonary dysplasia (BPD). Neurodevelopmental outcome and 
growth status at CA 2 years were not different between the study groups. Lower gesta-
tional age and freeze-thawed breast milk feeding >60% of total oral intake during 
the first 8 postnatal weeks were independent risk factors for acquiring postnatal 
CMV infection. BPD (≥moderate) was the only significant adverse outcome associat-
ed with this CMV infection. Conclusion: Pasteurization but not freeze-thawing of 
breast milk eradicated the postnatal acquisition of CMV infection through breast milk.
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INTRODUCTION

The persistent beneficial effects of breast milk ingested in the neonatal intensive 
care unit (NICU) on growth and developmental outcome and its anti-infectious prop-
erties have been reported in extremely low birth weight infants (ELBWIs) whose 
birth weight is less than 1000 gm.1-3 Therefore, breast milk has been considered to 

Original Article http://dx.doi.org/10.3349/ymj.2015.56.4.998
pISSN: 0513-5796, eISSN: 1976-2437          Yonsei Med J 56(4):998-1006, 2015

http://crossmark.crossref.org/dialog/?doi=10.3349/ymj.2015.56.4.998&domain=pdf&date_stamp=2015-06-05


Cytomegalovirus Infection via Breast Milk

Yonsei Med J   http://www.eymj.org   Volume 56   Number 4   July 2015 999

data regarding the efficacy of strategies such as freeze-thaw-
ing or pasteurization of breast milk in preventing postnatal 
CMV infection remain largely undetermined, and further 
studies are needed. In the present retrospective study, we 
evaluated the efficacy of freeze-thawing and pasteurization 
in preventing postnatal CMV infection transmitted through 
breast milk. The symptoms and outcome were described, 
once infected with CMV, to determine whether postnatal 
CMV infection acquired through breast milk leads to severe 
symptoms in ELBWIs. 

MATERIALS AND METHODS

Data collection was approved by the Institutional Review 
Board of Samsung Medical Center, and the Institutional 
Review Board allowed a waiver of informed consent re-
quirements for this retrospective chart review. Medical re-
cords of 385 out of 579 ELBWIs admitted to the NICU of 
Samsung Medical Center in the periods from January 1, 
2007 to December 31, 2012 (period I, n=323) and from Ja-
nuary 1, 2013 to September 30, 2013 (period II, n=62) were 
reviewed retrospectively. The details of 194 infants exclud-
ed in the analysis are shown in Fig. 1. The study period was 
arbitrarily divided according to the methods of CMV inacti-
vation in the stored human milk. During period I, each in-
fant was fed with freeze-thawed mother’s own breast milk 

be the ideal food, and continued efforts have been made to 
feed breast milk to all ELBWIs in the NICU.4 However, EL-
BWIs are at the highest risk of developing severe symp-
tomatic postnatal cytomegalovirus (CMV) infection mani-
festing as sepsis-like symptoms or pneumonitis.5-7 Trans-
mission of CMV through breast milk to ELBWIs has been 
known to be the primary source of postnatal CMV infection.8 
The majority of CMV immunoglobulin (Ig) G seropositive 
women becomes locally reactivated during lactation, and 
subsequently excretes CMV in the breast milk without clin-
ical or laboratory signs of systemic infection.2,7,8 Therefore, 
the risk of postnatal CMV infection might be even greater in 
ELBWIs born in the country or ethnicity with the high prev-
alence of CMV IgG seropositive women.9 

The efficacy of various methods of CMV inactivation in 
breast milk, such as freeze-thawing or pasteurization, has 
not yet been elucidated. Although conventional pasteuriza-
tion has been known to be effective in limiting CMV trans-
mission through breast milk,10-12 such manipulation might se-
verely affect milk quality, thus limiting its benefits.12,13 Fr-
eezing breast milk at -20°C for several days has been found 
to reduce or destroy viral infectivity in vitro.12,14 Moreover, 
the nutritional and immunological advantages of breast milk 
could be preserved with this method.15 In a previous study, 
however, a certain level of infectivity has been shown to re-
main, and freeze-thawed breast milk could not completely 
prevent postnatal CMV infection.14 Therefore, the available 

Fig. 1. Diagram showing enrollment and follow up of study patients during period I and II. ELBWI, extremely low birth weight infant; CMV, cytomegalovirus.

Human milk feeding
(n=301)

Positive for CMV (n=27)

Follow up at 2 years
 (n=21)

Follow up at 2 years
 (n=155)

Negative for CMV (n=385)

Period I (n=323)
Freeze-thawed human milk

385 ELBWIs were analyzed

579 ELBWIs were admitted

194 excluded
106 outborn (88 in period I/18 in period II)
30 died within 2 weeks (26/4)
52 no CMV screening test (51/1)
4 major congenital anomaly (3/1)
2 Initial positive CMV screening test (1/1)

Period II (n=62)
Pasteurized human milk

Human milk feeding
(n=56)

Whole milk feeding
(n=22)

Whole milk feeding
(n=6)



Hye Soo Yoo, et al.

Yonsei Med J   http://www.eymj.org   Volume 56   Number 4   July 20151000

and frequency of transfusion during admission and the per-
centage of breast milk feeding out of total oral intake dur-
ing the first 8 postnatal weeks were calculated. 

Outcome measures including death before discharge, br-
onchopulmonary dysplasia (BPD) (≥moderate),18 intraven-
tricular hemorrhage (IVH) (≥grade 3),19 periventricular leu-
komalacia (PVL), necrotizing enterocolitis (≥Bell’s stage 
IIb)20 and retinopathy of prematurity (ROP)21 requiring laser 
treatment were analyzed in each group. Duration of ventila-
tor care, continuous positive airway pressure, and oxygen 
therapy were also reviewed respectively. 

In the CMV group, clinical and laboratory abnormalities 
including respiratory deterioration, liver function, and he-
matologic abnormalities during the 3 weeks after first de-
tection of viruria were assessed. Thrombocytopenia and neu-
tropenia were defined as platelet level <100000/mm3 and ab-
solute neutrophil counts <1000/mm3, respectively. Respiratory 
deterioration was defined as increased oxygen requirement 
with an increase in the inspired oxygen fraction ≥0.2 and/or 
increased mean airway pressure of ≥3 cmH2O. Retinitis and 
CMV encephalopathy were screened by an ophthalmolo-
gist and radiologist, respectively. Symptomatic CMV infec-
tion was defined only if other attributable causes that might 
cause these abnormalities were ruled out. 

On follow-up at the corrected age (CA) of 2 years, devel-
opmental status such as cerebral palsy, hearing impairment, 
blindness and Bayley score, growth status, and catch-up gr-
owth were assessed.22 Cerebral palsy was defined as a non-
progressive central nervous system disorder characterized 
by abnormal muscle tone in at least one extremity and ab-
normal control of movement and posture.23 Three groups 
were defined according to the severity of handicap as fol-
lows: group 1, children who could walk independently; 
group 2, children who could not walk but could sit indepen-
dently; and group 3, children who could not sit independent-
ly (unable to maintain head and trunk control).24 Hearing 
loss was defined as bilateral impairment requiring hearing 
aids, and blindness was defined as <20/200 visual acuity. The 
mental development index and psychomotor development 
index according to Bayley Scales of Infants Development 
II,22 assessed at a CA of 24 months, were also recorded. 
Catch-up growth was defined as achievement of normal 
(10‒90th percentile) height, weight, and head circumference 
at CA of 2 years.

 
Statistical analyses 
Data are expressed as mean±standard deviation. Compari-

that had been stored at -20°C for more than 3 days. After an 
initial data analysis during period I showing that freeze-
thawing reduced but did not completely prevent CMV tr-
ansmission via breast milk,16 our policy was changed to test 
whether pasteurization could eliminate the acquisition of 
postnatal CMV infection through breast milk, and, therefore, 
the infants were fed mother’s own breast milk that had been 
conventionally pasteurized at 63°C for 30 min during period 
II.12 We also evaluated whether infants fed pasteurized milk 
might have an increased risk of several neonatal outcomes 
by comparing the outcomes with period I because pasteuri-
zation may reduce the immunological and clinical benefits 
of breast milk. Supplemental cow’s whole milk for preterm 
infants (Premie®, Maeil Dairy Co. Ltd., Seoul, Korea) feed-
ing was provided if necessary during the entire study period. 
Contact isolation guidelines were strictly implemented, and 
leukocyte depleted and irradiated blood was transfused to 
prevent acquired CMV infection throughout the whole study 
period. 

Due to the high prevalence of CMV IgG positive mothers 
in Korea,9 we developed a policy to routinely screen ELB-
WIs for CMV infection during admission to the NICU in 
2007. Congenital CMV infection was ruled out by initial 
negative CMV screening test with urine CMV DNA poly-
merase chain reaction (PCR) performed within the first 2 
postnatal weeks,17 and the screening test was repeated if the 
patient was clinically suspicious of CMV infection, or every 
2 to 6 weeks until discharge in order to detect postnatal CMV 
infection. The lowest limit of detection was 360 copies/mL. 
Postnatally acquired CMV infection was defined as an ini-
tial negative and subsequent positive on follow up CMV 
screening tests. Maternal CMV IgG level was checked only 
during period II. 

The incidence of postnatally acquired CMV infection was 
assessed throughout the study period. Clinical findings in-
cluding gestational age (GA), birth weight, Apgar score at 1 
and 5 min, gender, small for GA, mode of delivery, prema-
ture rupture of membrane (PROM), pregnancy induced hy-
pertension, maternal diabetes mellitus, and antenatal steroid 
use were analyzed. GA was determined by maternal last 
menstrual period and modified Ballard test. Small for gesta-
tional age was defined when the birth weight was less than 
the tenth percentile. Respiratory distress syndrome was de-
fined by the requirement of surfactant and ventilator treat-
ment. PROM was positive when the duration of PROM was 
more than 24 hours. To identify risk factors for the develop-
ment of postnatally acquired CMV infection, the number 
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CMV infection with whole milk feeding, postnatal CMV 
infection was diagnosed in 8% (27/301) of ELBWIs fed 
with freeze-thawed breast milk (Table 1). The incidence of 
CMV infection rose significantly from 4% (3/70) to 10% (24/ 
231) when fed with ≤60% or >60%, respectively, of freeze-
thawed mother’s own breast milk out of the total oral intake 
during the first 8 postnatal weeks. The first detection of 
CMV PCR DNA in urine occurred at 54±24 postnatal days. 
CMV was also detected in 11/17 (65%) of the CMV infect-
ed ELBWIs’ stored breast milk at the first detection of viru-
ria. However, during period II, although the maternal CMV 
IgG level was positive in 95% (59/62) of cases, none (0/62) 
developed postnatal CMV infection regardless of whole or 
breast milk feeding. 

sons between categorical variables were performed using the 
chi square test or Fisher’s exact test, and comparisons be-
tween continuous variables were evaluated using the Mann-
Whitney U test. Logistic regression analysis was performed 
to compare risk factors and morbidities of postnatal CMV 
infection. A p-value of <0.05 was considered statistically 
significant. The SPSS version 17 (SPSS Inc., Chicago, IL, 
USA) was used for all statistical analyses. 

RESULTS
 

Incidence of postnatal CMV infection 
During period I, while none (0/22) developed postnatal 

Table 1. Incidence of Postnatal Cytomegalovirus Infection during Period I and II
CMV infection

CMV detected in stored 
BM in period I

Freeze-thawed BM
CMV+/total, n (%)

Pasteurized BM
CMV+/total, n (%)

Total, n (%) 27/323 (8) 0/62 (0)* 11/17 (65)
WMF 0/22 (0) 0/6 (0)
0%<BMF≤60% 3/70 (4) 0/15 (0) 1/3 (33)
60%<BMF≤100% 24/231 (10)† 0/41 (0)† 10/14 (71)

CMV, cytomegalovirus; WMF, whole milk feeding; BMF, breast milk feeding.
*p value<0.05 compared to period I.
†p value<0.05 compared to (0%<BMF≤60%).

Table 2. Clinical Characteristics of the Control and Cytomegalovirus Infection Group during Period I and II
Period I (n=323)

 Period II (n=62)
Control group (n=296) CMV group (n=27)

Gestational age (wk) 26+0±2+0 24+6±1+4* 25+3±1+1

(Range) (21+5‒34+4) (23+2‒30+1) (23+2‒30+1)
Birth weight (gram) 755±156 711±162 685±166*

(Range) (370‒990) (380‒990) (320‒990)
Apgar score at 1 min 4.9±1.6 4.5±1.5 4.2±1.3*

Apgar score at 5 mins 7.3±1.4 6.9±1.5 6.6±1.5*

Male, n (%) 139 (47) 15 (57) 30 (48)
SGA, n (%) 65 (22) 2 (7) 24 (39)†

Cesarean section, n (%) 237 (80) 22 (81) 56 (90)
PROM (≥24 hrs), n (%) 80 (27) 11 (41) 13 (21)
Multiple pregnancies, n (%) 110 (37) 7 (25) 22 (39)
Pathologic chorioamnionitis, n (%) 150 (51) 18 (67) 35 (56)
PIH, n (%) 59 (20) 2 (7) 4 (6)
Gestational DM, n (%) 53 (18) 2 (7) 1 (2)
Maternal steroid, n (%) 213 (72) 21 (78) 53 (85)
Transfusion, n (%) 276 (90) 25 (93) 59 (95)
Frequency of transfusion 2.5±2.0 2.7±2.7 2.4±2.8

CMV, cytomegalovirus; SGA, small for gestational age; PROM, premature rupture of membrane; PIH, pregnancy induced hypertension; DM, diabetes mellitus.
Data are expressed as mean±SD.
*p value<0.05 compared to control in period I.
†p value<0.05 compared to CMV in period I.



Hye Soo Yoo, et al.

Yonsei Med J   http://www.eymj.org   Volume 56   Number 4   July 20151002

were not significantly different between the study groups. 
 

Outcome at corrected age of 24 months
Neurodevelopmental outcome and growth status at the CA 
of 2 years in the postnatal CMV infection and control group 
infants during period I are shown in Table 4. Neurodevel-
opmental outcome and growth status were not significantly 
different between the study groups, and neither hearing loss 
nor blindness was reported in the CMV group. 

Adjusted odds ratios for risk factors and adverse 
outcomes of CMV infection 
In multiple logistic regression analysis, lower GA per week 
and breast milk feeding >60% during the first 8 postnatal 
weeks were two independent risk factors for acquiring post-
natal CMV infection (Table 5).

For adverse outcomes, development of BPD (≥moderate) 
was the only adverse outcome significantly associated with 
postnatal CMV infection (Table 6). 

DISCUSSION

The finding that CMV infection occurred only with breast 
milk but not with whole milk feeding supports the findings 
of previous studies showing that breast milk is the major 
route of postnatal CMV transmission, especially in ELB-
WIs.5,25-28 However, as breast milk has been considered the 

Clinical characteristics 
Demographic and clinical findings of the study groups dur-
ing period I and II are shown in Table 2. During period I, 
GA was significantly lower in the postnatal CMV infection 
group than the control group. During period II, birth weight 
and Apgar score at 1 and 5 min were significantly lower 
compared to the control group in period I. Other variables 
including number and frequency of blood transfusion were 
not significantly different between the study groups. 

Symptoms and signs of perinatal CMV infection 
In the present study, 82% (22/27) of the CMV infection gr-
oup were symptomatic within 3 weeks after the first detec-
tion of viruria. Thrombocytopenia (63%, 17/27) was the 
most common abnormality, followed by neutropenia (44%, 
12/27), direct hyperbilirubinemia of >2 mg/dL (30%, 8/27), 
increased liver enzymes (26%, 7/27), and increased respira-
tory support (19%, 5/27). Neither retinitis nor encephalopa-
thy was detected.

Adverse outcomes 
Adverse outcomes of the study groups during period I and II 
are shown in Table 3. During period I, the incidence of BPD 
(≥moderate) and duration of ventilator care were signifi-
cantly higher in the CMV group than the control group. Dur-
ing period II, duration of oxygen was significantly lower 
than period I. Other adverse outcomes such as ROP requir-
ing surgery, NEC (≥stage II), IVH (≥grade III), and cystic PVL 

Table 3. Adverse Outcomes of the Control and CMV Infection Group during Period I and II

 
Period I (n=323)

 Period II (n=62)
Control group (n=296) CMV group  (n=27)

Mortality, n (%) 33 (11) 3 (11) 10 (16)
BPD (≥moderate), n (%) 121 (41) 23 (85)* 23 (37)
Ventilator care (days) 29±33 44±38* 33±21
CPAP care (day) 30±26 36±28 27±19
Oxygen therapy (days) 12±23 26±29 3±10*

ROP (laser op.), n (%) 80 (27) 11 (41) 14 (19) 
Sepsis (≥postnatal 1 month) 11 (4) 1 (4) 3 (5)
NEC (≥stage II), n (%) 44 (15) 5 (19) 12 (19)
IVH (≥grade III), n (%) 41 (14) 3 (11) 4 (6)
Cystic PVL, n (%) 24 (8) 2 (7) 3 (5)
Hospitalization (days)  103±53 124±66 102±45
Full enteral feeding (days) 49±31 57±50 45±23
Body weight at CA 36 wks (gm) 1758±398 1670±580 1714±309

CMV, cytomegalovirus; BPD, bronchopulmonary dysplasia; CPAP, continuous positive airway pressure; ROP, retinopathy of prematurity; NEC, necrotizing 
enterocolitis; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; CA, corrected age.
Data are expressed as mean±SD.
*p value<0.05 compared to control in period I.
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ly in the ELBWIs, is not acceptable in clinical practice. The 
majority of CMV IgG seropositive mothers reactivate CMV 
during lactation, and shed the virus into the breast milk.12,29 
In the present study, CMV DNA was detected in 70% stored 
breast milk at the first detection of viruria. As the transmis-
sion of CMV through breast milk has been observed only 
when an infant is fed CMV IgG positive breast milk with 
viral shedding,25 the postnatal acquisition of CMV infection 
via breast milk could be prevented by simply avoiding the 
feeding of CMV seropositive breast milk. However, the 
CMV seropositive prevalence during period I was not rou-
tinely screened and thus unavailable. Therefore, consider-
ing the very high 95% CMV seropositive prevalence ob-
served during period II in the present study, it would be 
virtually impossible to screen for and provide noninfectious 
CMV IgG negative breast milk to prevent CMV infection 
through breast milk in the clinical setting. Consequently, 
the development of other effective measures that could pre-
vent CMV transmission through breast milk, especially in 
ELBWIs is an urgent issue. 

In the present study, a positive correlation was observed 
between the acquisition of postnatal CMV infection and the 
amount of freeze-thawed breast milk ingested. A signifi-
cantly higher (10%) incidence of postnatal CMV infection 
was observed when fed >60% freeze-thawed breast milk out 
of the total oral intake compared with a 4% when fed ≤60% 
breast milk out of the total oral intake during the first 8 post-
natal weeks. Furthermore, >60% freeze-thawed breast milk 
feeding out of the total oral intake during the first 8 weeks 
was the independent risk factor for postnatal acquisition of 
CMV infection. These findings suggest that increased cu-
mulative viral load in freeze-thawed breast milk plays a criti-
cal role in the acquisition of postnatal CMV infection via 
breast milk.30

Lower GA in preterm infants has been known to be an 
independent risk factor for the acquisition of postnatal CMV 
infection5,8 probably due to a reduced trans-placental trans-
fer of antibodies before GA of 28 weeks.31 In the present 
study, the average GA of 24 weeks in the CMV infected EL-
BWIs was significantly lower compared to the 26 weeks of 
the control group. Furthermore, in addition to breast feed-
ing >60% of the total oral intake, the risk of postnatal CMV 
infection increased significantly with each week of decreas-
ing GA. We assume that the absence of prenatally acquired 
anti-CMV antibodies during early GA in combination with 
the presence of CMV in breast milk is the most plausible 
explanation for the increased risk of postnatal acquisition of 

ideal food for preterm newborns because of its nutritional 
benefits and anti-infectious components,1-3 withholding 
breast milk and routine use of whole milk feeding, especial-

Table 4. Outcome at Corrected Age of 24 Months in the Con-
trol and Cytomegalovirus Infection Group

 
Control group

(n=155)
CMV group 

(n=21)
Cerebral palsy, n (%) 9 (6) 1 (5)

Group 1, n 6 1 
Group 2, n 3 0 
Group 3, n 0 0 

Blindness, n (%) 0 (0) 0 (0)
Hearing loss, n (%) 1 (1) 0 (0)
BSID-II, n 92 18

MDI 85±10 85±31
<70, n (%) 12 (13) 2 (11)
70–84, n (%) 36 (39) 4 (22)
≥85, n (%) 44 (48) 12 (67)

PDI 84±16 83±31
<70, n (%) 12 (13) 2 (11)
70–84, n (%) 24 (26) 3 (17)
≥85, n (%) 56 (61) 13 (72)

Weight (kg) 10.4±1.4 10.9±1.3
Height (cm) 83.5±3.8 85.2±3.6
Head circumference (cm) 46.3±2.2 46.4±1.3
Catch up growth, n (%) 66 (42) 10 (47)
CMV, cytomegalovirus; BSID-II, Bayley Scales of Infant Development II; MDI, 
mental developmental index; PDI, psychomotor developmental index. 
Data are expressed as mean±SD.

Table 5. Adjusted Odds Ratios of Risk Factors for Developing 
CMV Infection

p value Odds ratio 95% CI
Gestational age (/wk) 0.043 1.36 1.07‒1.72
Breast milk feeding (>60%) 0.048 3.40 1.01‒11.72
Transfusion 0.823 1.27 0.14‒11.02
PROM (≥24 hrs) 0.287 1.60 0.67‒3.85
CMV, cytomegalovirus; PROM, premature rupture of membrane; CI, confi-
dence interval.

Table 6. Adjusted Odds Ratios for Adverse Outcomes of CMV 
Infection

p value Odds ratio 95% CI
BPD (≥moderate) 0.000 6.36 2.18‒18.54
NEC (≥Gr. II) 0.801 0.862 0.27‒2.72
ROP (laser op.) 0.245 1.693 0.69‒4.11
IVH (≥Gr. III) 0.348 1.84 0.51‒6.673
Cystic PVL 0.299 2.23 0.49‒10.15
BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis; ROP, 
retinopathy of prematurity; IVH, intraventricular hemorrhage; PVL, peri-
ventricular leukomalacia; Gr., grade; CMV, cytomegalovirus; CI, confidence 
interval.
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tally via breast milk in ELBWIs does not seem to be associ-
ated with long-term sequelae such as impaired develop-
ment or hearing loss.40 

In in vitro studies, freezing breast milk at -20°C overnight, 
for more than 72 hours and 7 days reduced the CMV titer by 
90%, 99%, and 100%, respectively.10,11 Moreover, freeze-th-
awing preserved the nutritional and immunologic compo-
nents of the breast milk.15 However, although the transmis-
sion rate in the in vivo studies using freeze-thawed breast 
milk was significantly reduced to 6‒22%33,41-43 compared to 
38‒65% in studies with native untreated breast milk,25,37,44 
freezing could not completely inactivate the infectivity of 
the breast milk. In the present study, although the majority 
of infants did not acquire CMV infection, 8% of ELBWIs 
fed freeze-thawed mother’s own breast milk stored at -20°C 
for more than 3 days still acquired postnatal CMV infection. 
Overall, these findings suggest that despite its preservation 
of the nutritional and immunological benefits of breast milk, 
freezing breast milk at -20°C for more than 3 days reduces 
but does not completely prevent CMV transmission through 
breast milk. Our finding of no postnatal acquisition of CMV 
when fed conventionally pasteurized breast milk at 63°C 
for 30 min indicates that pasteurization could completely 
inactivate CMV and eradicate CMV transmission through 
breast milk even in ELBWIs of seropositive mothers.45 Mo-
reover, no significant differences in the outcomes between 
the period I and II indicates that pasteurization did not sig-
nificantly reduce the immunological and clinical benefits of 
breast milk. However, concerns exist regarding the nutri-
tional and immunological quality of breast milk after Hold-
er pasteurization.45 Therefore, further studies will be neces-
sary to determine whether other measures such as short term 
pasteurization at 72°C for 10 sec could effectively inacti-
vate CMV without destroying the nutritional and immuno-
logical components of breast milk.46 

Although pasteurization was shown to eradicate the post-
natal acquisition of CMV infection via breast milk in this 
study, the duration of pasteurization necessary for ELBWIs 
born to seropositive mothers to prevent the transmission of 
CMV through breast milk is not yet known. The viral reac-
tivation and shedding into breast milk might begin in the 
first week, reach a peak at 4‒8 weeks, and rapidly decline 
from 9‒12 postnatal weeks.12 These findings suggest that 
feeding of colostrum might not be quite infectious regard-
less of freeze-thawing or pasteurization, and our finding of 
first detection of viruria at an average of 54 postnatal days 
coincides with the period of maximum viral shedding into 

CMV infection via breast milk among ELBWIs with lower 
GA.32 

Previous reports have shown that extremely immature in-
fants are at the greatest risk for developing serious symp-
toms and sequelae following postnatal acquisition of CMV 
through the ingestion of breast milk.2,6,8,25,33-35 In the present 
study, the rate of symptomatic CMV infection was higher 
than previous studies2,8,33,36 because the enrolled infants were 
with much lower GA and birth weight compared with previ-
ous study, and the majority of CMV infected ELBWIs de-
veloped serious symptoms of CMV infection such as throm-
bocytopenia, neutropenia, hepatopathy, and respiratory de-
terioration. Moreover, symptomatic CMV infection was as-
sociated with significantly increased incidence of ≥moderate 
BPD. In concordance with our data showing that the majori-
ty of CMV infected more immature ELBWIs developed se-
rious symptoms, Mehler, et al.37 reported that all cases of 
CMV infected infants at 22‒24 weeks’ gestation presented 
with thrombocytopenia, and 55% developed sepsis-like sy-
mptoms and signs of respiratory failure. Overall, these find-
ings suggest that our data of high percentage of symptomatic 
CMV infection might be attributable to the lower GA, i.e., 
more immaturity even within ELBWIs. Yeager, et al.38 re-
ported that fatal or serious symptoms of transfusion acquir-
ed CMV infection were observed only in preterm infants 
born to seronegative mothers. Therefore, one possible expla-
nation for this positive correlation of lower GA with the de-
velopment of symptomatic CMV infection and sequelae in 
ELBWIs born even to seropositive mothers might be attrib-
utable to the lack of prenatal trans-placental transfer of anti-
CMV IgG during early GA in ELBWIs.32 Given the protec-
tive effects of CMV IgG against symptomatic CMV infec-
tion, further studies will be necessary to determine whether 
the administration of CMV-specific hyperimmune globulin 
to ELBWIs could prevent postnatal CMV infection ac-
quired via breast milk and/or treat already established CMV 
disease, especially in ELBWIs of ≤24 weeks’ gestation.39 

A few data exist on the long-term outcome of postnatal 
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the present study, the majority of CMV infected ELBWIs 
were symptomatic and associated with adverse outcomes 
such as ≥moderate BPD. Nevertheless, the neurodevelop-
mental outcome and growth status of the CMV infection 
group were not significantly different compared to the con-
trol group at a CA of 2 years. Moreover, no hearing loss was 
observed in the postnatal CMV infection group. Overall, 
these results suggest that CMV infection acquired postna-



Cytomegalovirus Infection via Breast Milk

Yonsei Med J   http://www.eymj.org   Volume 56   Number 4   July 2015 1005

14. Maschmann J, Hamprecht K, Weissbrich B, Dietz K, Jahn G, Speer 
CP. Freeze-thawing of breast milk does not prevent cytomegalovi-
rus transmission to a preterm infant. Arch Dis Child Fetal Neona-
tal Ed 2006;91:F288-90.

15. Schanler RJ. Suitability of human milk for the low-birthweight in-
fant. Clin Perinatol 1995;22:207-22.

16. Yoo HS, Shin JH, Jung UJ, Kim JK, Ahn SY, Kim ES, et al. Peri-
natal cytomegalovirus infection associated with freeze-thawed 
breast milk feeding in extremely low birth weight infants (<1000 
gm). Denver: In SPR (Society for Pediatric Research); 2009.

17. Klein JO, Wilson CB, Nizet V, Maldonado YA. Infectious Diseases 
of the Fetus and Newborn Infant. 7th ed. Philadelphia: Elsevier; 
2011.

18. Ehrenkranz RA, Walsh MC, Vohr BR, Jobe AH, Wright LL, Fan-
aroff AA, et al. Validation of the National Institutes of Health con-
sensus definition of bronchopulmonary dysplasia. Pediatrics 2005; 
116:1353-60.

19. Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolu-
tion of subependymal and intraventricular hemorrhage: a study of 
infants with birth weights less than 1,500 gm. J Pediatr 1978;92: 
529-34.

20. Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton 
L, et al. Neonatal necrotizing enterocolitis. Therapeutic decisions 
based upon clinical staging. Ann Surg 1978;187:1-7.

21. An international classification of retinopathy of prematurity. The 
Committee for the Classification of Retinopathy of Prematurity. 
Arch Ophthalmol 1984;102:1130-4.

22. Leonard CH, Piecuch RE, Cooper BA. Use of the Bayley Infant 
Neurodevelopmental Screener with low birth weight infants. J Pe-
diatr Psychol 2001;26:33-40.

23. Shankaran S, Johnson Y, Langer JC, Vohr BR, Fanaroff AA, 
Wright LL, et al. Outcome of extremely-low-birth-weight infants 
at highest risk: gestational age < or =24 weeks, birth weight < or 
=750 g, and 1-minute Apgar < or =3. Am J Obstet Gynecol 2004; 
191:1084-91.

24. Ancel PY, Livinec F, Larroque B, Marret S, Arnaud C, Pierrat V, et 
al. Cerebral palsy among very preterm children in relation to ges-
tational age and neonatal ultrasound abnormalities: the EPIPAGE 
cohort study. Pediatrics 2006;117:828-35.

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

26. Nijman J, van Loon AM, de Vries LS, Koopman-Esseboom C, 
Groenendaal F, Uiterwaal CS, et al. Urine viral load and correlation 
with disease severity in infants with congenital or postnatal cyto-
megalovirus infection. J Clin Virol 2012;54:121-4. 

27. 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;31:440-5. 

28. Okulu E, Akin IM, Atasay B, Ciftçi E, Arsan S, Türmen T. Severe 
postnatal cytomegalovirus infection with multisystem involve-
ment in an extremely low birth weight infant. J Perinatol 2012;32: 
72-4.

29. Hamprecht K, Witzel S, Maschmann J, Dietz K, Baumeister A, 
Mikeler E, et al. Rapid detection and quantification of cell free cy-
tomegalovirus 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;28:303-16.

30. Jim WT, Shu CH, Chiu NC, Chang JH, Hung HY, Peng CC, et al. 
High cytomegalovirus load and prolonged virus excretion in 

breast milk. Taken together, these findings suggest that pas-
teurization starting from second week after birth for at least 
the first 8 postnatal weeks to the extremely preterm infants 
at the limit of viability will be necessary to effectively pre-
vent CMV transmission through breast milk. 

In summary, postnatally acquired CMV infection via br-
east milk was associated with serious symptoms and in-
creased incidence of BPD, especially in ELBWIs with low-
er GA, and conventional pasteurization but not freeze-thaw-
ing of breast milk completely prevented the transmission of 
CMV through breast milk. 
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