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LEARNING OBJECTIVES
 1.  Describe how feeding protocols and 

provision of human milk can decrease the 
risk of necrotizing enterocolitis.

2.  Explain a WHO, WHAT, WHERE, WHEN 
and WHY approach to probiotics in  
the NICU.

3.  Describe how the practice of antibiotic 
stewardship can impact morbidity and 
mortality in preterm infants. 

4.  Identify NICU feeding challenges for par-
ents and encourage parent partnerships. 

Introduction 
Prematurity can create a nutrition emer-
gency. Following respiratory and hemody-
namic stabilization of the preterm infant, 
the urgent next step is initiating an age- and 
weight-appropriate feeding plan. Preterm 
infants have high nutrient requirements dur-
ing the postnatal period of rapid growth. 
This occurs in a setting of low nutrient stores 
and immature organ systems.1 In addition, 
early nutrition is of paramount importance 
as it is a key driver of childhood neurodevel-
opment and adult health.2 

Although nearly all very low birth weight 
(VLBW, <1500 gm) preterm infants are 
started on parenteral nutrition (PN), the 
goal is to transition to enteral nutrition (EN) 
as soon as possible.

The feeding plan requires input from the 
entire multidisciplinary healthcare team as 
well as the family. Feeding intolerance is a 
barrier to achieving full enteral feedings and 
is often an early sign of necrotizing enteroco-
litis (NEC). Preterm infants are susceptible 
to NEC due to intestinal immaturity as well 
as the permeability of the gut that has an ab-
normal microbiome. This can lead to bacte-
rial translocation and invasion.3 

NEC remains a scourge within the NICU. 
Infection, inflammation and delayed ini-
tiation of enteral feeding are all associated 
with the condition. With the lack of medi-
cal treatment options for NEC, only enteral 
feeding is a modifiable factor. A recent sys-
tematic review suggests that overall mortality 
following NEC remains high – almost 25% 
for VLBW infants diagnosed with NEC 
stage 2 disease.4 Medical NEC is especially 
dangerous for extremely low birth weight 
(ELBW, <1000 gm) infants in whom mor-
tality following surgical treatment of NEC is 
over 50%.4 Given these poor outcomes, the 
focus should be on the prevention of NEC 
by enteral feeding management. 

This article describes a five-point strategy for 
developing a feeding plan. The strategy consid-
ers gastrointestinal and neuromuscular develop-
ment, offers specific evidence-based approaches 
to minimize complications, maximizes feeding 
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tolerance and harnesses the power of parents. 
The 5P approach includes: Provision of hu-
man milk, Protocols for feeding, Probiotics, 
Practice of antibiotic stewardship and enlist-
ing Parents as partners.

Figure 1: Protection from NEC by a Diet of Human Milk3

Table 1:   Steps in Developing and Implementing a NICU 
Feeding Protocol

Provision of Human Milk
Human milk is an important evidence-based 
intervention in reducing the risk of NEC.5-10 
Figure 1 illustrates how human milk protects 
the intestinal tract. Although most human 

milk research relies on observational data, 
multiple studies strongly suggest a role for 
human milk in the care of the at-risk pre-
term infant.11

Despite the ability of human milk to low-
er the risk of NEC significant challenges to 
providing it exist. Initiating and maintaining 
a supply of human milk is difficult for most 
mothers of preterm infants. Regardless of 
support from NICU staff, only about 30% 
of mothers are able to provide milk to their 
infants throughout the entire NICU stay.12 

Although human milk is considered the 
best feeding for nearly all newborns, to meet 
the nutritional needs of preterm infants hu-
man milk requires fortification with protein 
and minerals.5 Fortification is usually pro-
vided as either a commercial human milk 
fortifier containing a bovine protein or a 
human milk-based fortifier that is mixed 
in fixed ratios with expressed human milk. 
The fortification challenge to the provider 
writing the feeding order is that the nutrient 
composition of human milk is variable and 
often unknown.13,14 Some NICUs provide an 
individualized approach to fortification with 
special equipment to analyze the mother’s 
milk. However analyzers are not available in 
most NICUs.15

Pasteurized donor milk is the recommend-
ed alternative when mother’s own milk is not 
available.16 Donor milk lowers the risk of 
NEC, compared to formula, when fed dur-
ing the time that infants are most at risk for 
developing NEC. However, it is not equal 
in value to mother’s own milk. The nutrient 
density of donor milk is generally lower than 
mother’s own milk because donor mothers 
are in later stages of lactation. In addition, 
donor milk is exposed to multiple transfers 
in and out of plastic containers, resulting in 
a loss of calorically-rich fat. Moreover, pas-
teurization, which is critical in ensuring the 
safety of the milk, destroys bioactive com-
pounds, eliminates bacterial strains with 
probiotic properties and decreases bile salt-
stimulated lipase. Lastly, storage degrades 
important components in the milk during 
multiple freeze-thaw cycles.16,17 

In summary, provision of human milk is 
a highly recommended therapy to reduce 
the risk of NEC. Mothers frequently need 

Reproduced with permission. Maffei D, et al. Semin Perinatol. 2017;41(1):36-40.
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staff support to initiate and maintain their 
milk supply. Donor milk can be an impor-
tant alternative, but should not be used 
when mother’s own milk is available in ad-
equate amounts.

Protocols for Feeding
In addition to the choice of feeding (mother’s 
milk, donor milk or formula), feeding meth-
ods are important. Methods are described 
for both feeding initiation, minimal enteral 
nutrition or priming/trophic feedings and 
feeding advancement. Implementing a stan-
dardized feeding protocol has been shown 
to be an effective strategy in reducing the 
risk of NEC, according to several systematic 
reviews and recent single center studies.18-20 

In a study by Kamitsuka et al, researchers 
demonstrated an 84% reduction in the risk 
of NEC after the implementation of a stan-
dardized feeding protocol.21 ELBW infants 
may especially benefit.22 Other benefits of a 
unit-based feeding protocol include: higher 
use of human milk as the first feeding, fewer 
days on PN, fewer intravenous catheter days, 
decreased incidence of sepsis, faster achieve-
ment of full enteral feeding, optimized nu-
trient delivery in the transition from PN 
to EN, improved growth velocity and de-
creased length of hospital stay.18,23-26 These 
benefits appear to result from a combination 
of factors including: less variation in feeding 
practices, earlier feeding initiation, encour-
agement of human milk use, prevention of 
excessively rapid feeding advancement, and 
more attention to infant nutrition and feed-
ing tolerance. 

Creating a NICU-based feeding protocol 
requires a multidisciplinary effort. Elements 
to consider include: patient demographics; 
healthcare professional staffing; PN practic-
es; availability of human milk, donor milk, 
fortifiers and formula; variation of current 
practices for feeding initiation, advancing 
and transitioning enteral feedings; and re-
sources for discharge plan and follow-up 
care.25 Table 1 outlines a series of recom-
mended steps in the development and im-
plementation of a NICU feeding protocol. 

In summary, creating a NICU-based feed-
ing protocol is a multidisciplinary team effort 
that works synergistically with the provision 

of human milk. The protocols do not nec-
essarily require the purchase of expensive 
equipment. The development and imple-
mentation of feeding protocols focuses the 
entire unit on the challenge of infant feed-
ings and nutrition. While it is important to 
never lose sight of the value of critical think-
ing, a standardized feeding protocol can be 
an important part of promoting feeding tol-
erance and preventing NEC in the NICU.

Probiotics in the NICU
The infant microbiome is highly vulner-
able to environmental influences.27 Intestinal 
dysbiosis, an imbalance between homeo-
stasis and inflammation, precedes and is a 
likely causative factor in the development 
of NEC.28,29 Ways to correct dysbiosis in 
newborn infants include: skin-to-skin con-
tact, oral immune therapy (also known as 
colostrum swabbing), human milk feeding, 
antibiotic stewardship and supplemental 
probiotics.30,31 

The use of supplemental probiotics in 
high-risk newborns has been an area of ex-
tensive study for several decades.32,33 To or-
ganize the literature on the topic, this article 
reviews the WHO, WHAT, WHERE, WHEN 
and WHY, starting with WHY. 

WHY. More than 10,000 preterm infants 
have participated in randomized controlled 
trials (RCTs) on probiotics worldwide.34 In a 
2018 systematic review by Patel and Under-
wood, the authors strongly suggest that pro-
biotics may reduce rates of NEC, sepsis and 
mortality.35 However, a significant limitation 
of the systematic review was that studies 
used different populations, multiple probi-
otic strains and varying probiotic doses and 
treatment durations. Additionally, strain-
specific systematic reviews report variable 

conclusions regarding rates of NEC, sepsis 
and mortality.36,37 Single-strain probiotic 
studies versus multi-strain studies32,33,38-40 

strongly suggest that multi-strain probiot-
ics appear to be more effective in preterm 
infants.32,33,38-40 In summary, all probiotic 
treatments are not equally effective, and 
the details of strain, dose and duration are 
very important.

WHO. Most clinical trials of probiotic 
supplementation in preterm infants evalu-
ate VLBW infants, and it is this group that 
appears to most likely benefit. Within that 
group, some data suggest that infants be-
tween 1000 to 1500 grams birth weight 
receive greater benefits from the interven-
tion than infants less than 1000 grams at 
birth.40,41 This, however, has not been shown 
to be universally true.42 Possibly, ELBW 
infants cannot colonize the gastrointesti-
nal tract with the probiotic.43 Regardless, 
more studies on probiotic supplementation 
in ELBW infants are needed, as they are at 
greatest risk for NEC.34

WHAT. Multi-strain probiotics are rec-
ommended for preterm infants. (See Box 
1 for recommendations from the Euro-
pean Society for Pediatric Gastroenterology 
Hepatology and Nutrition (ESPGHAN)).34 
Single-strain probiotic products are the 
most widely available, but the least studied 
in scientific literature.35,44 Probiotic supple-
ments are largely marketed worldwide as 
nutritional supplements in an unregulated 
market, so there may be variability between 
what is on the label and what is in the prod-
uct. For example, in a 2015 study by Lewis 
et al, only one in 16 products labeled as con-
taining bifidobacteria actually matched the 
product.45 Lack of probiotic regulation also 
carries the potential for contamination, since 

BOX 1: Recommendation regarding probiotics and preterm 
infants: Position of the European Society for Pediatric 
Gastroenterology Hepatology and Nutrition (ESPGHAN) (2020) 34
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manufacturing of probiotic supplements is 
not a sterile procedure.

Although the absolute risk of harm is low, 
probiotic use in vulnerable newborns has led 
to fungemia, bacteremia and sepsis.35,46,47 An 
infant death from a mucormycosis-causing 
mold associated with a contaminated probi-
otic led the Centers for Disease Control and 
Prevention (CDC) to withdraw the product 
from the market.48,49 These risks are miti-
gated by (1) prescribing a strain, or combi-
nation of strains, with proven effectiveness 
and established safety profiles, (2) choosing a 
product prepared using current Good Man-
ufacturing Practice (cGMP); and (3) having 
adequate microbiological testing available.34 

WHERE. If the decision to use a probiotic 
is made, where it is prepared for dispensing 
is an important consideration. If a powder 
packet or capsule is opened for a particular 
patient within the unit, contamination of 
surfaces and cross-colonization to other in-
fants can occur, so caution is essential in pre-
paring the probiotic.50-54 

The practices surrounding probiotic 
preparation are evolving. Some units draw 
the probiotic powder into an oral syringe 
in their milk lab, formula room or phar-
macy. It is then carefully mixed with a few 
milliliters of human milk, formula or ster-
ile water at the patient’s bedside. Open-
ing of probiotic products away from the 
bedside will reduce the risk of inadvertent 
contamination of the environment.

WHEN (and a little bit of HOW). Avail-
able data do not clearly indicate optimal pro-
biotic start time, dose, dosage or treatment 
duration for the preterm infant.34 The most 
common practices include35,55: 

• Initiation: in the first several days of life;
• Dose: range of 12 million colony form-

ing units(CFU)/day to 12 billion CFU/
kg/day. Most common dose is 1 to 6 
billion CFU/day;

• Dosage schedule: once daily to twice a day;
• Duration: 10 days – up through entire 

NICU stay. Most common duration is 
at least 28 days.

A practical rule is to follow the dose used in 
a RCT.34,35,55 

In summary, a multi-strain probiotic sup-
plement manufactured with cGMP, prepared 

in a secure location and delivered in a dose 
and duration based on a well-designed RCT, 
could add protection against NEC and feed-
ing intolerance in VLBW preterm infants.

Practice of Antibiotic Stewardship 
Historically, in most NICUs, any infant 
admitted was started on antibiotics. Until 
recently, this was viewed almost universally 
as a best practice. This prophylactic practice 
was initiated to address the issue of well-
appearing newborns dying from Group 
B streptococcal or Haemophilus influenzae 
(HIB) sepsis within hours of birth. However, 
in 2016 there was a national Call to Action 
from the CDC to raise the alarm of multi-
drug-resistant bacteria.

NICUs now had to challenge the practice 
that all admitted infants needed antibiot-
ics “just in case” they had an infection. The 
standard became the right antibiotic for the 
right patient, treating as specifically as pos-
sible for the right amount of time.

In 2011, Kuppala et al56 completed a retro-
spective study of 365 premature infants less 
than 32 weeks, who received more than one 
week of antibiotics at birth. They found that 
infants who received extended courses were 
twice as likely to suffer a major morbidity or 
mortality. The review also showed that these 
infants had an increased length of stay in the 
hospital. In Schulman et al,57 the research-
ers described the prescribing practices in 140 
NICUs in the state of California. This study 
demonstrated a 40-fold variation between 
NICUs in antibiotic prescribing practices. 

These two noteworthy studies revealed the 
need for significant practice changes. 

Between 2015 and 2018, NICUs part-
nered worldwide to implement antibiotic 
stewardship practices, that is, judicious use, 
in their units. How they accomplished this 
varied based on unit size and patient popula-
tion. Some practice changes that were com-
mon included the use of a risk scoring tool 
for healthy newborns and evaluation of em-
piric antibiotic practices in each unit. As an 
example, in the author’s unit the actual time 
it took for a blood culture to be positive was 
noted. It was found that positive cultures ap-
peared in under 24 hours. It was then de-
cided that antibiotics could be safely stopped 

at 36 hours. Thus, sepsis was ruled out and 
antibiotic exposure reduced. Emerging evi-
dence shows that the use of antibiotics in the 
neonatal period, even for a short course of 
treatment, changes the gut flora of a new-
born for up to 6 months.58

The gut microbiome is viewed by many 
as a secondary immune system and the goal 
is to populate it with healthy bacteria. Neu 
studied the first stools of newborns to map 
the common bacteria.59 Infants born vagi-
nally were found to have different types of 
bacteria from those delivered by Cesarean, 
which was not surprising given the differ-
ences between bacteria that colonize the skin 
versus those in the vaginal tract.

There are many factors that cannot be 
controlled at the time of birth, including de-
livery method and maternal complications. 
However, there is strong evidence that the 
use of human milk helps in epithelial mem-
brane tight junctions, so they are less suscep-
tible to pathogenic bacteria.10 We now refer 
to human milk as a medicine important to 
protect the health of the infant gut. In sum-
mary, the practice of judicious antibiotic 
stewardship is of the essence. 

Parents as Partners 
The following case study narrative is from 
one of our authors, Jenné Johns, and written 
in her own words.

I gave birth to a preterm infant. He 
weighed 887 grams, and at the time was of-
ten referred to as a “micropreemie”. We had 
a nearly three-month journey through the 
NICU. Although my son was an ELBW in-
fant, he was and still is a fighter!

As a public health professional, I knew the 
benefits of breastfeeding a baby, but prior 
to my son’s birth I had no personal interest 
in breastfeeding. I imagined it was easier to 
feed on the go with formula in a bottle. As 
I established my first milk supply, it took 
a while for me to express the milk, and I 
was hesitant to provide breastmilk for my 
son’s first feeding. That is, until I met our 
NICU’s empowering lactation consultant, 
who became my son’s saving grace. She vis-
ited me in the peripartum unit on my son’s 
second day in the NICU. She sat me down 
to educate and empower me about the vast 
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benefits of supplying my breastmilk for my 
very small, vulnerable, and fragile baby. After 
my milk was described as “liquid gold and 
liquid medicine” for an ELBW infant, I was 
sold. That very day, I made my way to the 
NICU to aid in my son’s first feeding. It was 
pure joy to see his reaction after swabbing 
his cheek with my colostrum. From then on, 
I became a very proud and, when possible, 
a consistent milk producer in the NICU. 
Our family even needed a large cooler to 
transport my unused milk supply home in 
the week leading up to his discharge. I felt 
like celebrating when I heard those magical 
words “unused frozen milk supply,” “cooler,” 
“transport,” and “discharge prep.” It had not 
been an easy road. 

Throughout my journey as a milk-pro-
ducing, breastfeeding mother, there were 
many bumps and unexpected hurdles. I 

did not fully understanding my feeding 
options when my milk supply ran low due 
to stress, exhaustion, or returning to work. 
I recall having a two to three-week drought 
when I could barely meet the few ounces 
of milk required for my son’s daily feeding. 
I cried endlessly, worried sick that the only 
food he would consume was powdered 
milk. While I was very briefly introduced 
to human milk fortification, the full ex-
planation of its benefits was not discussed 
with me.

Low milk production was terribly stress-
ful, and I needed help to produce more milk. 
Luckily for me, I had a positive relationship 
with my son’s dietitian, nurses, and the lacta-
tion consultant. Each one of these amazing 
NICU partners offered a variety of recom-
mendations including rest, relaxation, stress 
reduction techniques, even homemade kale 

smoothies. While I tried all recommenda-
tions, they mostly yielded very little results.

While pumping in the NICU family room 
one day, a close relative visited. I cried while 
sharing my milk supply worries. She sat with 
me quietly, rubbed my hand and gave me 
warm hugs. Mysteriously, the milk began 
flowing from me. That one experience gave 
me what I needed to overproduce milk for 
my son until it was time for me to return 
to work.

As my breastmilk was fortified with a 
bovine protein milk fortifier, my son made 
steady weight gains almost every day. The 
NICU provided daily progress emails. The 
two sections that I recall reading first includ-
ed the amount of food he tolerated the day 
before and his weight changes. Any weight 
loss on his report sent me into overdrive in 
producing milk. This was heart wrenching, 
especially if the weight loss lasted over more 
than one report. I asked lots of questions to 
understand his change in weight, and what I 
needed to do differently in my diet. 

Reflecting on our feeding journey, I re-
alize our NICU experiences were just a 
glimpse of what our nutrition and eating 
challenges would be later, when he came 
home. The partnerships needed with my 
son’s care team to make informed deci-
sions for his health continue to this day. At 
six years old, my son remains small for his 
age but as mighty as he was in the NICU. 
Although he remains in the underweight 
classification on the child growth chart, he 
makes steady weight increases on each clin-
ic visit. He remains healthy, rambunctious, 
and a picky eater. I continue to supplement 
his milk with powdered milk during periods 
of high physical activity.

See Box 2 for tips to successfully partner 
with parents.

Summary
The birth of a VLBW preterm infant pres-
ents a major nutrition challenge. Our 5P 
program is an evidence-based approach that 
results in improved outcomes: 1. Providing 
human milk, 2. Using a feeding Protocol,  
3. Considering Probiotics, 4. Practicing an-
tibiotic stewardship and 5. Having Parents 
as partners.

BOX 2:  Tips for Partnering with Parents to Support Feeding 
in the NICU 
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This complete NICU Currents is posted on www.anhi.org in “Courses,” then filter by keyword “NICU Currents.” Complete the following post-test 

online at no charge to receive CE credit. Please note online questions or answers are randomized and may not appear in the same sequence below. Do not 

assume that the letter preceding the correct response will be identical to the online version. 

1.   Human milk reduces the risk of NEC in 
preterm infants by:

  a.  Preventing bacterial invasion
  b.  Decreasing absorption of oligosaccharides
  c.  Increasing intestinal permeability
  d.  Reducing lactoferrin and IgA intake

2.   Human milk is the ideal feeding for nearly 
all newborns. Which of the following 
statements is true when human milk is fed 
to preterm infants?

  a.  Donor milk is superior to mother’s own
  b.  Human milk requires fortification of 

protein and minerals
  c.  Most mothers can easily supply enough 

human milk
  d.  Nutrient content is consistent and 

predictable over time

3.  A unit-based feeding guideline is best 
developed by:

 a.  The neonatal dietitian
 b.  The nursing staff and leadership
 c.  A multi-disciplinary NICU committee
 d.  The hospital risk-management team

8.  What is the 5th ‘P’ for promoting gut health 
and feeding tolerance in preterm infants? 

 a. Provision of human milk
 b. Protocols for feeding
 c. Probiotics in the NICU
 d. Parents as partners

9.   Why is mother’s own milk superior to donor 
human milk?

  a.  The nutrient density is typically lower 
in donor human milk because donor 
mothers are in later stages of lactation.

 b.  Donor milk is exposed to multiple 
transfers, which can result in loss of 
calorically-rich fat.

 c.  Pasteurization can destroy protective 
bioactive compounds within the  
donor milk.

 d.  All the above

10.  The most common duration for feeding 
probiotics in preterm infants is for how 
many days?

 a.  10
 b.  12
 c.  20
 d.  28

CREDIT: 1 CONTACT HOUR Abbott Nutrition Health Institute, is an approved provider of continuing nursing education by the California 
Board of Registered Nursing Provider #CEP 11213. 
Abbott Nutrition Health Institute (RO002), is a Continuing Professional Education (CPE) Accredited Provider with the Commission on Dietetic 
Registration (CDR). Registered dietitians (RDs) and dietetic technicians, registered (DTRs) will receive 1 continuing professional education 
units (CPEU) for completion of this program/material. Continuing Professional Education Provider Accreditation does not constitute 
endorsement by CDR of a provider, program, or materials.

4.   Benefits of a standardized approach to 
feeding include:

 a.  Faster achievement of full enteral nutrition
 b.  Decreased risk of NEC
 c.  Higher likelihood of human milk as  

first feeding
 d.  All the above

5.   Intestinal dysbiosis:
 a.  Protects preterm infants from NEC
 b.  Is an imbalance between homeostasis and 

inflammation
 c.  Only occurs in preterm infants fed formula
 d.  Is improved by antibiotic therapy

6.  Thinking about the WHO, WHAT, 
WHERE, WHEN, WHY and HOW 
of probiotics in the NICU, which of the 
following is the best choice for WHY?

 a.  Reduce retinopathy of prematurity
 b.  Increase one-year survival 
 c.  Contribute to protection against 

necrotizing enterocolitis
 d.  Increase supply of mother’s milk

7.  Inappropriate use of antibiotics may lead to:
 a.  Growth of multi-drug resistant bacteria
 b.  Increased length of NICU stay
 c.  Alteration of the gut microbiome for up 

to 6 weeks
 d.  All the above

Post-Test: The 5 Ps for Promoting Gut Health 
and Feeding Tolerance in Preterm Infants



THE MICROBIOME & THE PRETERM INFANT:   GUT IMMATURITY & DYSBIOSIS

GUT IMMATURITY
The preterm infant’s gut motility, digestion, absorption, immune defenses, 

barrier function, and circulatory regulation are underdeveloped.1,2  

DYSBIOSIS
The abnormal colonization or the 

imbalance of microbes.3 

THE CHALLENGE: The combination of gut immaturity and dysbiosis places preterm infants at risk for impaired nutrient absorption, 
damaged barrier function, and compromised gut-based immunity, in turn predisposing them to health threats across the lifespan2, 4, 5

An immature infant gut has fewer and less diverse microbiota.3, 14 

Supporting the gut microbiome in preterm infants promotes better health while 
lowering the risk for adverse health consequences.

INFANCY6

• Feeding intolerance
• Necrotizing enterocolitis (NEC)
• Infections and sepsis

CHILDHOOD4, 7, 8

• Poor bone growth
• Asthma / wheezing

ADULTHOOD5, 9

• Obesity
• Inflammatory bowel disease (IBD)
• Psoriasis
• Diabetes (Type 1 and 2)

THE SCIENCE: Gut pathophysiology in a preterm infant 

For full term infants, the gut's immune 
system and microbiome mature in parallel 
during the first year of life, leading to better 
tolerance of foods and beneficial microbes.

In preterm infants, gut immaturity and 
dysbiosis can lead to abnormal immune 
responses and permeability to pathogens, 
which can lead to serious, life-threatening, 
consequences such as NEC and sepsis.10-13

• Excessive inflammation
• Ischemia and gut barrier breakdown

• Protects against harmful pathogens
• Allows survival of beneficial microbes

NORMAL GUT DAMAGED GUT

Infancy is a Critical Window for Microbiome Development 
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PRETERM INFANTS CAN HAVE 
IMPAIRED MATURATION OF GUT 
MICROBIOTA AND DYSBIOSIS.2

1. If sustained, dysbiosis with inflammation  
 may predispose the child to develop  
 serious health consequences.2, 4, 5

2. Dysbiosis and its adverse consequences  
 in preterm infants can now be reduced  
 by using a combination of strategies— 
 human milk feeding, judicious use of  
 antibiotics, and use of probiotics.3, 17-20

TAKE-HOME MESSAGES

Why is NEC more likely to affect preterm infants than full-term infants?  
Emerging research shows that a link between prematurity, NEC, and microbes is a membrane protein called toll-like receptor 4 (TLR4)15 

1, 10

Premature infants who develop the life-threatening 
condition of NEC have a mortality risk of 

20-30% 
premature infants with very low birth 

weight is likely to develop NEC 1, 10

14 in 1 

• Microbes activate  
 receptors on the  
 macrophage

• Pathogens are 
 engulfed  
 and destroyed

• Lipopolysaccharide  
 (LPS), a component of  
 gram-negative bacteria,  
 activates TLR4  
 receptors 16

• This leads to  
 inflammation, cell  
 destruction, and  
 disruption of the  
 intestinal barrier

• Harmful bacteria  
 can then translocate  
 to the bloodstream,  
 triggering sepsis

All part of 
the rapid-
onset, serious 
condition of 
NEC

IMMATURE GUT INFLAMMATORY RESPONSE

NEC survival rates have remained low and 
unchanged for 3 decades, despite other 
advances in care for preterm infants13

NORMAL IMMUNE RESPONSE

epithelial cell layer epithelial cell layerTLR4 receptors TLR4 receptors
macrophage 
with TLR4

bacteria

Consider probiotics to help build a balanced population of gut microbes. 
Evidence suggests that such interventions can reduce intestinal 
inflammation and lower risk for adverse health outcomes.18, 19 Importantly, 
giving probiotics to preterm infants can reduce the incidence of NEC. 18

Use human milk for optimal intake of human milk oligosaccharides 
(HMOs), which serve as prebiotics to support healthy microbial growth.17

Use antibiotics judiciously to minimize overgrowth of harmful pathogens  
in the gut.3 

1. Neu J, et al. N Engl J Med. 2011;364:255-264. | 2. Henderickx JGE, et al. Front Cell Infect Microbiol. 2019;9:85. | 3. Walker WA, et al. Pharmacol Res. 2013;69:75-86. | 4. Goedicke-Fritz S, et al. Front Immunol. 2017;8:1266.
5. Tamburini S, et al. Nat Med. 2016;22:713-722. | 6. Bazacliu C, et al. Curr Pediatr Rev. 2019;15:115-124. | 7. McCabe L, et al. Curr Osteoporos Rep. 2015;13:363-371. | 8. Whisner CM, et al. Calcif Tissue Int. 2018;102:443-479.
9. Walker WA. Pediatr Res. 2017;82:387-395. | 10. Kim CS, et al. Clin Perinatol. 2019;46:29-38. | 11. Neu J, et al. Semin Fetal Neonatal Med. 2018;23:400-405. | 12. Hackam DJ, et al. Cell Mol Gastroenterol Hepatol. 2018;6:229-238 e221.
13. Hackam DJ, et al. J Pediatr Surg. 2018;54:398-404. | 14. Underwood MA, et al. Clin Perinatol. 2017;44:407-427. | 15. Nino DF, et al. Nat Rev Gastroenterol Hepatol. 2016;13:590-600. | 16. Mihi B, et al. Clin Perinatol. 2019;46:145-157.
17. Kirmiz N, et al. Annu Rev Food Sci Technol. 2018;9:429-450. | 18. Athalye-Jape G, et al. Microb Biotechnol. 2019;12:249-253. | 19. Plaza-Diaz J, et al. Adv Nutr. 2019;10:S49-S66.
20. Baranowski JR, et al. Adv Exp Med Biol. 2019;[Epub ahead of print].

NEC  is a devastating disease that can affect the intestine of preterm infants. Multiple environmental factors such as: 
microbial dysbiosis, dysregulated inflammation, and gut immaturity contribute to increased risk.6

THE SOLUTION: Strategically build a microbiota with gut-friendly bacteria in early life
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