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Expressed breast milk on a neonatal
unit: A hazard analysis and critical
control points approach
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With the increasing use of human milk and growing evidence of the benefits of mother’s milk for preterm and ill newborns, guide-
lines to ensure its quality and safety are an important part of daily practice in neonatal intensive care units. Operating procedures
based on hazard analysis and critical control points can standardize the handling of mother’s expressed milk, thereby improving
nutrition and minimizing the risk of breast milk-induced infection in susceptible newborns. Because breast milk is not sterile, mi-
croorganisms can multiply when the milk is not handled properly. Additional exogenous contamination should be prevented.
Strict hygiene and careful temperature and time control are important during the expression, collection, transport, storage, and
feeding of maternal milk. In contrast to formula milk, no legal standards exist for the use of expressed maternal milk. The
need for additional measures, such as bacteriological screening or heat treatment, remains unresolved.
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Serious Enterobacter sakazakii infections reported
in formula-fed preterm and term infants have led to
the promulgation of guidelines for the preparation,
storage, and handling of powdered infant formula in
hospitals following the basic risk control principles of
hazard analysis and critical control points (HACCP) to
reduce the risk of infection.'” Legal criteria have
been developed for the use of powdered formula milk
for infants under 6 months of age.” The implementa-
tion of these guidelines is mandatory and regulated
by national food agencies.

Nonetheless, breast milk remains the preferred nutrit-
ion for all infants, including preterm and ill newborns,
with rare exceptions.* The beneficial effects of breast
milk are related to improvements in host defense, ab-
sorption of specific nutrients, enteral tolerance, and neu-
rodevelopmental outcome. Breast-feeding also enhances
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maternal involvement and mother-infant interaction
and bonding, which can be compromised in the neonatal
intensive care unit (NICU) setting. Efforts are underway
worldwide to encourage and support mothers’ milk feed-
ing in the NICU. If direct breast-feeding is not possible,
then expressed breast milk can be fed by nasogastric
tube.

Mother’s milk is not sterile and can be a vehicle for
commensal and pathogenic microorganisms derived
from the mother or the NICU environment.>® Human
milk has the potential to carry infectious agents, occa-
sionally causing late-onset sepsis, especially in preterm
and very low birth weight infants. Transmission through
breast milk of such pathogens as Staphylococcus aureus,
group B streptococci, Eschericia coli, Pseudomonas spp,
Klebsiella spp, Serratia spp, Salmonella spp, and cyto-
megalovirus have been documented.”'” Of greatest
concern, and the most widely studied, is human immu-
nodeficiency virus.'®

Recommended good hygienic practices have been
developed for the expression, collection, transport,
storage, and optimal handling of human milk in a neo-
natal unit. These recommendations are intended to en-
sure that human milk is microbiologically safe and
nutritionally and immunologically complete. In con-
trast to formula milk, no microbiological quality stan-
dards or specific state regulations are available for
expressed breast milk used exclusively for a mother’s
own infant in a hospital.

The aim of the present study was to apply the prin-
ciples of HACCP to standardize the handling of ex-
pressed breast milk at every stage and ensure the
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milk’s quality and safety. Health care professionals and
other caregivers need to pay attention to the risk for en-
vironmental contamination and to the cold chain man-
agement of breast milk.

METHODS

To apply the HACCP principles to the use of ex-
pressed breast milk in the hospital, a multidisciplinary
team was formed consisting of an infection control
doctor and nurse, a neonatologist, nurses from the ne-
onatal unit, and ancillary and lactation staff members.
The NICU is part of the Leuven University Hospital,
which has earned the Baby-Friendly Hospital Initiative
designation. Breast-feeding is promoted for the >850
infants admitted annually to the NICU.

The HACCP process

HACCP is a systematic preventive approach to identify,
evaluate, and control significant hazards to food safety.
The HACCP approach is aimed at unsafe practices during
the entire processing and storage process and as such dif-
fers from traditional final product testing, such as bacte-
riological sampling. All steps are designed to limit the
contamination of expressed breast milk by microorgan-
isms and to prevent multiplication of organisms.

The HACCP process involves 4 steps.'®*° In step 1,
the scope of the HACCP is described, from the expres-
sion of milk to the feeding of infants in the NICU. Step 2
involves identifying potential hazards for each process
step. In step 3, control measures to eliminate or reduce
each of the identified hazards to an acceptable level are
defined. For each critical control point (CCP) consid-
ered to have a significant effect on overall hazard of
the procedure, a critical limit is established based on
current evidence. Finally, in step 4 a monitoring system
for each CCP is established, and corrective actions for
deviations from critical limits are devised. Documenta-
tion includes a written HACCP plan, CCP monitoring,
and adjustments for deviations.

Identification of CCPs

Most data are adapted from the existing standards
for powdered formula and guidelines for the operation
of donor human milk banks. A literature search of the
PubMed database was conducted. Searches of pub-
lished research and policy documents were carried
out, and references from selected articles and from re-
views were screened for additional relevant articles.

RESULTS

Figure 1 presents a flow diagram showing the
human milk processing and storage steps and equip-
ment. Table 1 summarizes the HACCP plan, including
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Flow Equipment

expression and collection

mothers expressing at home breastpump (Ameda Lactaline personal
or on the maternity unit pump)

given written instructions and kit breastshield - extension set - bottles
storage at home refrigerator or freezer

transfer
transport to the hospital
storage in the hospital (NICU)

coolingbox
refrigerator or freezer

storage

milk defrosted refigerator
defrosted milk aliquoted
pasteurized (optional)

bottles or syringes and tubing
pasteurizer (Sterifeed S75 TES)

ready for use refrigerator

bottle warmer (Devappa)

Fig 1. The flow of the milk.

measurable indicators for use in monitoring the most
important aspects of human milk expression, trans-
port, delivery, storage, and administration. For all steps
in the process, potential hazards, control measures,
CCPs, and possible adjustments based on the level of
concern are listed.?""** At some NICUs, it has become
routine to pasteurize mothers’ own milk for feeding
to susceptible infants. The most common procedure
used is Holder pasteurization, in which the milk is
heated to 62.5°C for 30 minutes. An HACCP-based
plan indicating the potential hazards and CCPs during
the pasteurization process is available from the authors
on request.**°

DISCUSSION

Interest in feeding human milk to preterm infants
has increased during the past decade. The benefits of
using a mother’s own milk for her preterm infant out-
weigh any potential disadvantages.* However, the use
of expressed mother’s milk mandates strict control of
storage and handling in accordance with hygienic
practices, given milk’s potential as a vector for patho-
gens, especially when fed to immunologically vulnera-
ble infants at high ambient temperatures.

When applying the HACCP principles to the man-
agement of expressed breast milk in a NICU, all steps
of the process must be carefully analyzed. Because hu-
man milk is not sterile, each step in the collection and
storage process can affect the final product. The iden-
tification of potential hazards implies considering the
infant’s susceptibility to infection and estimating the
minimal infectious dose. CCPs should be defined based
on clinical experience and limited evidence. If effective
control options can be devised by implementation of
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infection control policies, then corrective actions can
be identified if deviations occur.

Hazard identification

Does bacterial contamination of expressed breast
milk really matter, and what level of contamination
are we trying to avoid? Microbiological testing of ex-
pressed milk identifies bacterial growth in >75% of
samples, with 7%-36% of all samples containing path-
ogens.>?®?” Some believe that the inherent anti-
infective properties of the human milk are sufficiently
strong to protect any infant under any conditions, in-
cluding preterm infants in NICUs, and assume the
best-case scenario when developing recommenda-
tions.”® However, the belief that expressed milk is
safe even when containing pathogens is challenged
by reports linking outbreaks and case reports of sepsis
or necrotizing enterocolitis in NICUs to ingestion of
contaminated human milk.>*° This link is considered
plausible, but clear evidence of causality is rarely based
on molecular typing as proof of transmission.®'#!%1°

Hazard characteristics

It is not clear what effect different organisms and dif-
ferent levels of contamination of expressed milk have on
recipientinfants, and whether these effects differ accord-
ing to the age or immune status of the consumer. Very lit-
tle is known about the minimal infectious dose and how
this varies in susceptible populations. For E sakazakii,
even low-level contamination (<3 cfu/100 g) is consid-
ered a risk factor given the potential for multiplication
during the preparation and holding time before con-
sumption.’® The risk of sepsis or necrotizing enterocoli-
tis after ingestion of milk contaminated with even small
inocula of microorganisms or microbial toxins is consid-
ered the greatest in very low birth weight neonates
(<1,500 g) and those born at gestational age <32 weeks,
who have limited transplacental transfer of antibodies
and an immature intestinal mucosal immunity.

What is the risk that a feed that nearly always con-
tains at least some organisms will lead to infection in
the preterm neonate? During their first 2 weeks of
feeding, neonates weighing <2,000 g showed surpris-
ingly few adverse events of bacteremia and feeding
intolerance that could be directly related to ingestion
of bacteria in raw milk, with 10*® = ! cfu of gram-
negative bacilli ingested per feed.® Other investigators
found a dose-response relationship, with feeding in-
tolerance correlated with recovery of =10 cfu of
gram-negative bacilli per mL of expressed milk and
septic episodes correlated with recovery of =10°
cfu/mL.*”
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Storage conditions

The recommended refrigerated storage time of
48 hours for expressed breast milk is based on studies
showing no appreciable effect of refrigeration on bac-
terial growth for periods varying from 24 hours up to
8 days.”' ? Because regular opening of the refrigerator
in the NICU does not guarantee a stable temperature at
4°C, storage times exceeding 48 hours are not consid-
ered bacteriologically safe for use in the NICU. Human
milk loses its bactericidal capacity when refrigerated
for >72 hours.’*>°

Temperature and time can be carefully monitored
using the refrigerator logger with a probe placed in a
bottle of water to indicate the core temperature. The
environmental temperature in the inside of the refrig-
erator or shown on the display is indicative only of
the core temperature. The critical limit of the core tem-
perature is the value that should not be exceeded or
else the milk must be discarded. Experimental studies
of E sakazakii in formula milk taking into account
lag-phase and growth temperature have shown that a
buffer zone of up to 7°C can be tolerated as long as
the storage time at 5-7°C does not exceed 4 hours for
reconstituted formula.’”*® A safety limit for human
milk cannot be extrapolated from these data given
the wide variety of microorganisms involved and the
intrinsic bactericidal capacity of human milk. Most
milk-associated bacteria will grow at 7-8°C, however,
so this seems to be an appropriate critical limit for pre-
term and ill infants. Because no minimal infectious
dose is known, accurately specifying a safe time inter-
val above this limit is difficult.

Additional risk reduction strategies: To screen
or to heat?

By implementing the principles of HACCP listed in
Table 1 to the daily practice of using expressed breast
milk, the level of contamination can be reduced to ac-
ceptable standards and the growth of microorganisms
before consumption can be minimized. Some CCPs
are not yet completely defined and thus are not con-
trollable, including a limit for total bacterial colony
count per mL of milk and standards for the presence
of skin commensals or specific pathogens. Although
evidence-based steps and preventive measures cannot
be applied, to further neutralize any microbial contam-
ination, additional steps, such as microbiological test-
ing and heat treatment, can be considered. These
practices remain controversial issues in NICUs
worldwide.”*°

Mother’s own milk cannot be subjected to the strin-
gent microbiological standards applied to banked donor
milk.*' Donated milk fed to a biologically unrelated



Table 1. HACCP plan for expressed breast milk

Steps in the process Potential hazards

Control measures

Control point

CCP

Adjustments

Milk expression
and collection

o Hands may touch breast and
milk during pumping. Breasts
or nipples may be colonized or
infected.

o Pump may be contaminated
with pathogens (exterior and
interior; backflow of aerosol of
milk).

o Accessory kits may be
contaminated.

o Milk not placed in cool storage
after expression.

Milk transfer to
the unit

o Growth of microorganisms if a
break in cold chain occurs.

e Contamination of bottles.

o No or poor identification on
arrival at the unit.

o Exceeding storage time and risk
for contamination.

Storage in the unit

o First-in, first-out principle may
not be followed.

o Temperature of refrigerator is
too high.

o Teach mothers to perform

careful hygiene of hands before
expressing or handling milk, as
well as daily hygiene of breasts.

o Use a correctly designed type of

pump with separated internal
circuits and a safety valve.
Perform regular pump cleaning
and maintenance.

e Thermal disinfection of shields

and other parts in contact with
milk after each use. Use clean
disposable or sterile bottles or
containers.

o Educate parents to refrigerate

or freeze the milk within
| hour.

e Provide information regarding

appropriate storage conditions
for transporting milk in an
icebox or isothermal bag.

e Educate parents about general

hygiene and the use of a clean
transfer box.

e Check name, date and time of

expression on each bottle.

o Use fresh milk within 48 hours.

Freeze milk that will not be
used within 48 hours. Use
thawed milk within 24 hours.
Use frozen milk within

3 months.

o Place newly delivered milk at

the back of the drawer in the
freezer. Label containers
clearly with waterproof ink.

o Keep doors closed. Monitor

core temperature continuously
with central alarm connected
to the hospital building
management system. Calibrate
the logger system regularly.
Control environmental
temperature. Place refrigerator
in cool room.

o No compliance with
hygienic advice.

e Visibly not clean.

e Visibly not clean.

e Visibly not clean.

o Each deviation from
chronologic rank.

o Core temperature > 5°C.

o (Partially) thawed milk
at arrival (visual inspection)

o Missing labels.

o Storage >48 hours if
fresh milk; >24 hours if
thawed milk; >3 months if
frozen milk.

o Core temperature >7°C

o Supply written and verbal

instructions on personal
hygiene and expression of milk,
storage and transport.

e Do not accept and discard

thawed milk. Repeat
instructions to parents
regarding transport and
storage.

o Repeat parental education.

o Add missing data on arrival.

e Discard milk if critical limit is

exceeded.

o Check weekly.

e Discard milk if critical limit is

exceeded. Use second
refrigerator in case of defect.
Analyze and document any
temperature excess.

Continued
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Table 1. Continued

Steps in the process

Potential hazards

Control measures

Control point cCpP

Adjustments

Preparation for use

Feeding

o Temperature of freezer is too
high.

e Other products or dirt in
freezer or refrigerator may
contaminate the milk.

o Exogenous contamination when
dividing milk in aliquots.

® Bacterial growth at room
temperature or during
warming.

e External contamination of
bottles during warming.

o Improper use of additives (eg,
fortifiers).

o Expressed milk may be given to
the wrong infant.

e Growth of microorganisms in
expressed milk given as
continuous tube feeding.

o Keep doors closed. Monitor
temperature continuously with
central alarm connected to the
hospital building management
system. Clean and defrost
periodically and whenever
visually contaminated.

o Keep a freezer and refrigerator
in a secure room exclusively
dedicated to milk. Clean daily.

o Clean surface and clean hands.
Wear mask and cap. Do not
handle formula milk when
preparing maternal milk.
Prepare individual feedings.
Aliquot milk into sterile capped
syringe or container and store
in refrigerator before use.

o Thaw frozen milk in
refrigerator. Limit warming up
time to 30 min. Discard any
milk from a partially consumed
feeding, do not refrost or
reheat.

o Use dry heating systems. Clean
bottle warmer daily and when
visually contaminated.

e Use capsules for individual use
made under aseptic conditions
and kept in dust-free container.
Use fortified milk ideally
immediately or within 24 hours
if refrigerated.

o Milk must be clearly labeled.
Before feeding milk label and
infant’s ID should be double-
checked.

o Change syringes or bottles
every 4 hours and tubing every
24 hours.

® >| cm of ice or visibly
not clean. Temperature
>—15°C.

o (Partially) thawed milk.

e Visibly not clean.

o No compliance with
general hygiene
precautions. Caps and
masks not available.Task is
interrupted.

o Simultaneous handling of
mothers’s milk and
formula milk.

e Time between start
of warming the milk and
end of administration
> hour.

e Visibly not clean.

e > Expiration date of
fortifier. > 24 hours for
fortified milk.

o Milk given to the
wrong infant.

® > 4 hours hangtime

o Discard milk if partially
defrosted. Analyze and
document any temperature
excess.

o Educate personnel.Organize
divided preparations for
mother’s milk and formula
milk.

e Do not use milk if critical limit is
exceeded. Educate health care
providers. Document
temperature logging of bottle
warmers.

e Check expiration date. Discard
milk with additives after 24
hours.

o Post-exposure protocol must
be available in case of improper
use.

e Discard milk if critical limit is
exceeded.
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infant is either pasteurized before consumption or dis-
carded if it contains >10° cfu/mL of total viable microor-
ganisms or >10* cfu/mL of Enterobacteriaceae or S
aureus.* There are no universally accepted upper safe
limits for bacterial concentrations in expressed breast
milk given to the mother’s own infant, and interpreting
the results of milk cultures is difficult in the absence of
appropriate standards. Testing milk can be useful when
itis a suspected source of neonatal sepsis or feeding in-
tolerance. Screening also ensures that the instructions
for collection and transportation have been given, un-
derstood, and followed.

Those who believe that the number or type of bacte-
rial contaminants ingested with milk can be assumed
to affect the incidence and severity of illness, especially
in preterm infants, should not attempt to define safe
limits, but rather should consider not feeding raw ex-
pressed milk to high-risk infants. However, pasteuriz-
ing a mother’s own milk for her infant will partly
destroy the milk’s unique immunologic protection.*®*
The process of heat treatment also leads to delays be-
fore consumption and extra costs.

In conclusion, the use of human milk in the NICU is
not formally regulated under specific legislation as is
formula. Thus, NICUs must be committed to the highest
standards of self-regulation that are practically and sci-
entifically warranted. The HACCP approach is an es-
sential part of operational planning during milk
management. If those caring for preterm infants wish
to increase the proportion who receive the mother’s
own expressed breast milk, there needs to be agree-
ment regarding the need for bacteriological screening
of milk and the appropriate response to positive cul-
tures or to the need for pasteurization.
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