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The objective of this retrospective cohort study was to assess the impact

of an enteral probiotics supplementation protocol on the incidence of

necrotizing enterocolitis (NEC) in infants born <33 weeks gestational age (GA)

or birth weight (BW) <1,500g. In addition, a 6-year follow-up is presented

after instigation of probiotic use. In October 2014, our NICU introduced

an enteral probiotics supplementation protocol for infants born <33 weeks

GA or BW <1,500g. Infants received 0.5 g of Bifidobacterium breve HA-

129, Lacticaseibacillus rhamnosus HA-111, Bifidobacterium bifidum HA-132,

Bifidobacterium longum subsp. infantis HA-116, and Bifidobacterium longum

subsp. longum HA-135 (FloraBABYr) daily until discharge or transfer from

hospital. The incidence of NEC was compared among infants for 2 years pre-

and post implementation of the protocol then 6-years following continuous

implementation of the probiotic use. In total, 370 infants not treated with

probiotics between 2012 and 2014 were included with an incidence of NEC

at 4.9%. In comparison, the 367 infants who received had a 67% reduction

(4.9–1.6%, p = 0.01) in our Neonatal Intensive Care Unit (NICU). The results

remained significant (aOR = 0.26; 95% CI: 0.09, 0.72; p < 0.01) after adjusting

for GA, small for gestational age, and antenatal corticosteroid use. Data from

the Canadian Neonatal Network not only showed a consistently high rate of

NEC in October 2014, but also identified exceedingly high rates (8.7–15.6%)

in some hospitals up to 2021, while our rates have been consistently low with

using the probiotic as standard therapy for low BW premature babies, with no

serious side e�ects reported. In conclusion, the introduction of a five-strain

probiotic natural health product has coincided with a reduced incidence and

complications of NEC in our NICU setting.
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Introduction

Necrotizing enterocolitis (NEC) is one of the most

devastating and unpredictable gastrointestinal emergencies in

very low birth weight (VLBW) infants (1, 2). The risk of NEC

is inversely proportional to birth weight (BW) and gestational

age (GA), with the illness affecting 5% of infants born with a

BW <1,500 g, with mortality up to 25% (3). A population-based

study of 16,669 infants with gestational age (GA) < 33 weeks,

admitted to 25 NICUs across the Canadian Neonatal Network

(CNN) between 2003 and 2008, showed an average incidence

of 5.1% (4). For survivors, morbidity and neurodevelopmental

outcomes continue to be substantial (5–7).

The precise etiology of NEC remains unclear but appears

to be multifactorial including: (1) immaturity of host defenses,

(2) prematurity, (3) intestinal ischemia, (4) imbalances

of inflammatory responses, and (5) abnormal bacterial

colonization and pathogen overgrowth (1, 8, 9). The organisms

that colonize the premature, low-birth weight baby, born by

caesarian section are clearly different from those in a term infant

born vaginally. Not only is the intestine devoid of beneficial

organisms from the mother’s vagina and fecal microbiota, but

the intestinal epithelium is immature, human milk intake is

delayed, antibiotics and other medications are prescribed and

the organisms from the Neonatal Intensive Care Unit (NICU)

environment often contain a range of pathogens (10).

In term babies, lactobacilli are present followed by

bifidobacteria that utilize human milk oligosaccharides to

propagate (2). In order to try and replicate the normal

colonization, the concept of supplementing preterm babies with

probiotic lactobacilli and bifidobacteria has been conceptualized

for over 20 years (11). Defined as “live microorganisms that,

when administered in adequate amounts, confer a health benefit

on the host” (12, 13), there is increasing evidence demonstrating

the benefits of probiotics in preterm infants (14, 15). Notably,

the evidence was enough for one group to ask why it was taking

so long to adopt probiotics in the NICU (16)?

Interestingly, meta-analyses and systematic reviews

capturing multiple randomized controlled trials (RCT)

demonstrated a significant reduction in the incidence of NEC

despite different probiotic strains being used (17). The use of a

single strain of Limosilactobacillus reuteri in extremely low birth

weight infants (≤1,000 g) reduced the incidence from [35/232

(15.1%) to 2/79 (2.5%)] using a historical cohort (18).

In 2014, we decided to assess introduction of a probiotic

in our NICU. The following report is designed to add our

experience to the published data and explain the process we

have undertaken to improve infant outcomes. The choice of

FloraBABYr, a multi-strain probiotic product containing 0.5 g

of Bifidobacterium breve HA-129 [600 million colony forming

units (CFU)], Lacticaseibacillus rhamnosus HA-111 (500M),

Bifidobacterium bifidum HA-132 (400M), Bifidobacterium

longum subsp. infantis HA-116 (300M), and Bifidobacterium

longum subsp. longum HA-135 (200M) was 3-fold: (i) They

are manufactured in Canada and approved as a Natural Health

Product, abiding by Good Manufacturing Practice (GMP); (ii)

They have been shown to be safe and effective for eligible

infants at <32 weeks gestation, lowering the incidence of

NEC at Sainte Justine University Health Centre, in Montreal,

Canada (19); (iii) The bacterial species contained in the

product represent those used in multiple adult and infant

studies (2, 20) and representative of the organisms known

to pass from a healthy mother to healthy term babies born

vaginally (21).

Given the sensitivity and resistance of ethics committees

and the medical community in 2014 to test a probiotic against

placebo in the NICU setting, we decided not to perform

a traditional RCT. The choice of an open label study and

retrospective comparison of NEC incidence may not be viewed

as ideal by some, but the incidence had been stable for 5

years prior, and this design allowed us to carefully monitor the

recipients. In addition, the Montreal study which precipitated

ours, compared outcomes between infants admitted prior to the

implementation of FloraBABYr (17-month period, n = 317),

to infants admitted after implementation (17-month period,

n= 294), and found a significant decrease in NEC from 9.8 to

5.4% with no reports of adverse effects (19). Thus, we saw this as

an opportunity to introduce an evidence-based practice change.

In addition to presenting our clinical findings from that trial,

we provide an analysis of data from the CNN from years 2012

to 2021.

Methods

In August 2014, our NICU introduced a protocol for the

routine use of probiotics for all eligible preterm infants born<33

weeks GA or BW <1,500 g in an effort to reduce the incidence

of NEC. To evaluate the effectiveness of this practice change, we

performed a retrospective cohort study, comparing outcomes of

infants admitted during the first 26 months after the practice

change to those admitted during the 23 months prior to the

practice change (excluding a 2-month washout period).

Patients admitted to the NICU at the Children’s Hospital

at London Health Sciences Centre between September 1, 2012

and July 31, 2014 were included in the pre-probiotics cohort,

and patients admitted between October 1, 2014 and December

31, 2016 were included in the post-probiotics cohort. All infants

admitted in August and September of 2014 were excluded to

account for a washout period when probiotics use was permitted

with parental consent but was not yet a routine practice for all

eligible infants. All patient medical information was extracted

from our local neonatal-perinatal database. This study was

approved by the Western University Ethics Review Board.

Infants < 33 wks GA, or BW < 1,500 g, received 0.5 g

FloraBABYr (Renew Life Canada, Oakville, Ontario, Canada)
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probiotics mixed with 1–2mL of sterile water immediately prior

to commencing a feed and administered viaNG/OG or PO once

daily. Probiotics were started at the time of the first feed and

continued until the infant was discharged from the NICU or

transferred to another institution. The probiotic was continued

throughout episodes of acute illness unless the infant was placed

nil per os (NPO); in such case, probiotics were withheld, and

reintroduced following the period of NPO at the discretion of

the attending neonatologist.

Throughout the study period, infants’ nutritional needs

were managed with a specific institutionalized feeding protocol,

which preferentially favored breastmilk and early enteral feeding

in preterm infants. The use of donor human milk selectively

commenced in November 2012. Over the subsequent years, the

donor human milk program underwent expansion of eligibility

criteria until finally, in February 2015, the program expanded to

include all infants <34 weeks GA. Other than this expansion of

the eligibility criteria, the feeding protocol remained unchanged

and no other practice changes occurred.

Outcome variables

The primary outcome of this investigation was the

development of definite NEC, diagnosed based on combined

clinical and radiological evidence, and classified according to

the Bell classification system (22). For the purpose of this study,

stage 2 and 3 were defined as definite NEC. The radiologists’

reports were reviewed, and only those cases with confirmed

radiographic evidence of pneumatosis, portal venous air, or

perforation were included as cases of NEC.

Secondary outcomes included: (1) mortality (defined as

death before final discharge from NICU), (2) sepsis (defined as a

positive culture from blood, urine by catheter, or cerebral spinal

fluid), (3) number of days to full enteral feeds, (4) retinopathy of

prematurity according to the international classification (23), (5)

intraventricular hemorrhage according to Papile et al. (24), (6)

patent ductus arteriosus, and (7) bronchopulmonary dysplasia

defined as the need for supplemental oxygen at 36 weeks

postmenstrual age (25).

Statistical analysis

Population demographics were analyzed using frequencies

and descriptive statistics. Pre- and post-probiotic cohorts were

compared with t-tests and chi-square tests for continuous and

categorical outcomes, respectively. Logistic regression models

were used to examine differences between pre- and post-

probiotic cohorts while controlling for GA, small for gestational

age (SGA), and the use of maternal antenatal corticosteroids

(ACS). SPSS v.25 (IBM Corp., Armonk, NY, USA) was

FIGURE 1

Study population.

used for all analyses, and p-values < 0.05 were considered

statistically significant.

Canada-wide data

The Canadian Neonatal NetworkTM collects data from 33

Health Care Organizations, publishing an annual report that

includes the incidence of NEC and related mortality. We

acquired data that is based on calendar year, and thus the

incidence of NEC is marginally higher for 2012 to 2014 (5.1%

compared to 4.9% which we report herein) as we covered

September 2012 to October 2014 for our rate.

Results

A total of 845 infants <33 weeks GA or BW <1,500 g

were admitted to the NICU between September 1, 2012, and

December 31, 2016, and assessed for eligibility; 108 were

excluded for various clinical complications or parental input,

and 737 infants were included in the final analyses: 370 in the

cohort assessed without probiotic use, and 367 who received

the probiotic (Figure 1). Baseline characteristics did not differ

between the two cohorts (Table 1).

A significant decrease in the incidence of definite NEC was

observed in the cohort receiving probiotics compared to the

babies who had not received the supplement, from 4.9 to 1.6%
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TABLE 1 Baseline characteristics.

Characteristics Pre-probiotic Post-probiotic P-value

cohort (n = 369) cohort (n = 367)

Female, n (%) 177 (48%) 166 (45%) 0.46

Gestational age,

mean wk (SD)

29.3 (2.6) 29.4 (2.7) 0.49

Birth weight, mean

g (SD)

1,364 (462) 1,366 (455) 0.97

Partial or complete

maternal antenatal

steroid use, n (%)

306 (84%) 313 (86%) 0.32

TABLE 2 Results.

Outcome Pre-probiotic Post-probiotic P-value

cohort (n = 369) cohort (n = 367)

NEC* 18 (4.9%) 6 (1.6%) <0.01

Death 24 (6.5%) 14 (3.8%) 0.12

Sepsis 43 (11.7%) 48 (13.1%) 0.41

ROP 42 (11.4%) 50 (13.6%) 0.30

PDA 95 (25.7%) 85 (23.2%) 0.48

IVH 81 (22.0%) 89 (24.3%) 0.29

BPD 58 (16.8%) (n= 345) 65 (18.0%) (n= 361) 0.63

Days to full

feeds

Mean 13.6 (SD 13.0) Mean 12.4 (SD 14.8) 0.41

(n= 321) (n= 342)

*OR 0.26; 95% CI 0.09–0.72, p < 0.01. ROP, retinopathy of prematurity; PDA, patent

ductus arteriosus; IVH, intraventricular hemorrhage; BPD, bronchopulmonary dysplasia.

(aOR= 0.26, 95% CI: 0.09–0.72, p= 0.009) after controlling for

GA, SGA, and ACS.

In terms of mortality, although not statistically significant,

we observed a trend toward a decrease in the probiotic

cohort with an incidence of 3.8% compared to 6.5% in the

non-supplemented cohort (aOR = 0.54; 95% CI: 0.26–1.12,

p= 0.097) after controlling for GA, SGA, and ACS (Table 2).

There were no differences between the two cohorts in

the incidence of sepsis, retinopathy of prematurity (ROP),

intraventricular hemorrhage (IVH), patent ductus arteriosus

(PDA), bronchopulmonary dysplasia (BPD), or the number of

days to achieve full enteral feeding (Table 2).

The data from CNN was informative in terms of showing

that the incidence of NEC was on average lower than the other

hospitals post-probiotic introduction in London (2.01 v 3.67)

(Table 3). However, no information was available on which, if

any, of the other hospitals also introduced probiotics. Notably,

some centers continue to report high rates of NEC (up to 15.6%).

Of note, more neonates are being consistently sent to our unit

since 2017, and although the exact numbers <33 weeks are

not reported in the CNN, our internal records show these to

be from 68 in 2017 to 181 in 2020. As there is known to be

some fluctuations in the incidence of NEC (26) and our slightly

increased rates in 2020 and 2021 may reflect this or the transfer

of more sick neonates to the unit, the intent is to show the data

without claiming cause and effect.

Discussion

Given the substantial mortality and long-term morbidity

associated with NEC, prevention of this disease has become

a priority in the management of preterm, VLBW neonates.

Although the exact etiology of NEC remains unclear, pathogenic

bacterial colonization is thought to be a critical factor in the

disease development. As such, the application of probiotic

bacteria to the gut has been shown to be feasible and efficacious

as a prevention strategy (27, 28). These similarly positive effect

sizes support the use of probiotics to decrease the incidence of

NEC, mortality, and more recently, a reduction in the incidence

of sepsis (27).

Based on the present results, the practice change we

underwent in 2014 has been justified. The results were consistent

with the existing body of literature, as we saw a 74% reduction

in the odds of developing NEC, and a trend toward reduction

in mortality after controlling for GA, SGA, and use of ACS in

infants born<33 weeks GA or with BW<1,500 g. A study using

the same probiotic formulation showed NEC ≥ Bell Stage 2

reduced from 0.14 to 0.04 per 100 patient days, as illustrated in a

U chart (29).

The mechanisms whereby these probiotic strains confer

the benefits is still unclear but may be through enhancing

a protective effect of mucosal barrier integrity, competitive

exclusion of pathogens, modification of host response to

microbial products, augmentation of IgA mucosal responses,

enhancement of enteral nutrition that inhibit the growth of

pathogens, and up-regulation of immune responses (30). The

importance of strain specificity has been raised to suggest that

some formulations appear to be more effective than others (29).

Despite the strong evidence favoring the use of probiotics in

NEC prevention, there remains to be widespread uptake and use

amongst neonatal care providers. Providing livemicroorganisms

to an immunocompromised host creates hesitation and raises

concern regarding the risk-benefit profile. This risk is of

particular concern in preterm infants given the immaturity of

their intestinal barrier and increased risk of translocation of

intestinal microbes into the systemic circulation (31). Although

there have been no documented cases of infection related to

the probiotic strains administered in our unit and the cases of

sepsis in the post-probiotics cohort were not due to probiotic

organisms, there have been case reports of sepsis which appear

to be due to administered probiotic organisms (32, 33). Such

cases are reminders that infants must be carefully monitored

when given living organisms, including commensal lactobacilli
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TABLE 3 Data from the Canadian Neonatal Network (CNN).

Infants < 33 weeks Total babies in Highest NEC %

London NICU per yr in CNN

Annual report Year of data London NEC % Country NEC %

2013 2012 4.3 4.3 691 8.1

2014 2013 5.9 5.1 869 11.8

2015 2014 4 4.6 916 10.6

Probiotics introduced in London

2016 2015 1.9 3.6 814 8

2017 2016 1.2 4 851 10.9

2018 2017 1.3 3.6 767 15.6

2019 2018 2.3 3.6 945 6.8

2020 2019 0.6 3.8 950 10.2

2021 2020 3.6 3.4 946 9.4

2022 2021 3.2 3.7 947 8.7

Average post use of probiotics 2.01

and bifidobacteria. The fact that systematic reviews and meta-

analyses have reported either no change or a reduction in the

incidence of sepsis, suggests that probiotic therapy is generally

safe, as long as high standards of strain selection and production

are adhered to (34).

The present study used a multi-strain product, but we

cannot conclude that it would be better than a single strain

as Chang et al. have suggested (15) based upon 24 studies

(N = 7,345 infants) showing multi-strain probiotics reduced the

odds of NEC by 64% (OR = 0.36; 95% CI: 0.24, 0.53) and

mortality by 42% (OR= 0.58; 95% CI: 0.43, 0.79), whereas single

strains had a borderline effect in reducing the odds of NEC (OR

= 0.60; 95% CI: 0.36, 1.00) but not mortality. The hypothesis

is that multiple strains provide increased diversity of the gut

microbiota and reduce colonization by pathogenic organisms.

However, the evidence for this is limited and large comparative

trials would be required to confirm it.

The development of the premature gut microbiota is known

to be influenced by multiple factors including GA, use of

ACS, mode of delivery, antibiotic exposure, and diet. We

were unable to assess the diet of enrolled infants (proportion

human milk vs. formula) in the two cohorts; however, our

standard feeding protocol, the rate of breastfeeding initiation

(>90%), and percentage of mother’s own milk intake (60–

70%) remained unchanged during the study period. The

criteria for donor human milk were expanded throughout

the study period to be more inclusive, and it is likely

that the post-probiotic cohort received more donor milk

(and, therefore, more total human milk) than the pre-

probiotic cohort. In fact, the concern has been raised that

increased use of donor human milk may confound the results

of probiotics studies. However, the ProPrems Trial (35),

in which infants almost universally received an exclusively

human milk diet (97% of enrolled infants), reported a 54%

reduction in the incidence of NEC (RR = 0.46; 95% CI:

0.23, 0.93)—an effect size similar to what has been reported

previously (36).

There are limitations to our study. Misclassification bias

is inherent in retrospective studies, and the expanded use of

donor milk to higher GAs could potentially have led to an

overestimation of our calculated effect size. Nevertheless, as

shown from long term follow-up, the standard administration

of a five-strain probiotic has allowed retention of a low

rate of NEC amongst the ever-increasing VLBW infants

admitted to our unit. Given the high rates that still occur

in hospitals, and the long-term ailments that occur (37),

NICUs should consider introducing well-documented,

high quality probiotic products to their management

practice (38, 39).

Data availability statement

The raw data supporting the conclusions of this

article will be made available by the authors, without

undue reservation.

Ethics statement

The studies involving human participants were reviewed

and approved by Western University Ethics Review Board.

Written informed consent to participate in this study

was provided by the participants’ legal guardian/next

of kin.

Frontiers inNutrition 05 frontiersin.org

https://doi.org/10.3389/fnut.2022.1063121
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Brown et al. 10.3389/fnut.2022.1063121

Author contributions

GR andOS initiated the study. BB, EH, CU, andOS recruited

the patients and acquired the data. MM performed the statistical

analysis. BB, GR, and OS wrote the manuscript. All authors

contributed to the article and approved the submitted version.

Conflict of interest

GR has since become a consultant for Seed, a company

producing probiotics not mentioned in this manuscript.

The remaining authors declare that the research was

conducted in the absence of any commercial or financial

relationships that could be construed as a potential conflict of

interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

References

1. Huda S, Chaudhery S, Ibrahim H, Pramanik A. Neonatal
necrotizing enterocolitis: clinical challenges, pathophysiology and
management. Pathophysiology. (2014) 21:3–12. doi: 10.1016/j.pathophys.2013.
11.009

2. Nino DF, Sodhi CP, Hackman DJ. Necrotizing enterocolitis: new insights
into pathogenesis and mechanisms. Nat Rev Gastroenterol Hepatol. (2016) 13:590–
600. doi: 10.1038/nrgastro.2016.119

3. Patel BK, Shah JS. Necrotizing enterocolitis in very low
birth weight infants: a systemic review. ISRN Gastroenterol. (2012)
2012:562594. doi: 10.5402/2012/562594

4. YeeWH, SoraishamAS, Shah VS, Aziz K, YoonW, Lee SK; CanadianNeonatal
Network. Incidence and timing of presentation of necrotizing enterocolitis in
preterm infants. Pediatrics. (2012) 129:e298–304. doi: 10.1542/peds.2011-2022

5. Rich BS, Dolgin SE. Necrotizing enterocolitis. Pediatr Rev. (2017) 38:552–
9. doi: 10.1542/pir.2017-0002

6. Shah TA, Meinzen-Derr J, Gratton T, Steichen J, Donovan EF, Yolton K, et al.
Hospital and neurodevelopmental outcomes of extremely low-birth-weight infants
with necrotizing enterocolitis and spontaneous intestinal perforation. J Perinatol.
(2012) 32:552–8. doi: 10.1038/jp.2011.176

7. Rees CM, Pierro A, Eaton S. Neurodevelopmental outcomes of neonates with
medically and surgically treated necrotizing enterocolitis. Arch Dis Child Fetal Ed.
(2007) 92:F193–8. doi: 10.1136/adc.2006.099929

8. Jesse N, Neu J. Necrotizing enterocolitis: relationship to innate immunity,
clinical features, and strategies for prevention. Neoreviews. (2006) 7:143–
50. doi: 10.1542/neo.7-3-e143

9. Meister AL, Doheny KK, Travagli RA. Necrotizing enterocolitis: It’s not all in
the gut. Exp Biol Med. (2020) 245:85–95. doi: 10.1177/1535370219891971

10. Kafetis DA, Skevaki C, Costalos C. Neonatal necrotizing
enterocolitis: an overview. Curr Opp Infect Dis. (2003) 16:349–
55. doi: 10.1097/00001432-200308000-00007

11. Hoyos AB. Reduced incidence of necrotizing enterocolitis associated
with enteral administration of Lactobacillus acidophilus and Bifidobacterium
infantis to neonates in an intensive care unit. Int J Infect Dis. (1999) 3:197–
202. doi: 10.1016/S1201-9712(99)90024-3

12. Food and Agriculture Organization and World Health Organization Expert
Consultation. Evaluation of Health and Nutritional Properties of Powder Milk and
Live Lactic Acid Bacteria. Córdoba: Food and Agriculture Organization of the
United Nations and World Health Organization (2001).

13. Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B,
et al. Expert consensus document. The International Scientific Association for
Probiotics and Prebiotics consensus statement on the scope and appropriate
use of the term probiotic. Nat Rev Gastroenterol Hepatol. (2014) 11:506–
14. doi: 10.1038/nrgastro.2014.66

14. AlFaleh K, Anabrees J. Probiotics for prevention of necrotizing
enterocolitis in preterm infants. Cochrane Database Syst Rev. (2014) CD005496.
doi: 10.1002/14651858.CD005496.pub4

15. Chang H-Y, Chen J-H, Chang J-H, Lin H- C, Lin C-Y, Peng C-C. Multiple
strains probiotics appear to be the most effective probiotics in the prevention
of necrotizing enterocolitis and mortality: an updated meta-analysis. PLoS ONE.
(2017) 12:e0171579. doi: 10.1371/journal.pone.0171579

16. Ofek Shlomai N, Deshpande G, Rao S, Patole S. Probiotics for preterm
neonates: what will it take to change clinical practice? Neonatology. (2014) 105:64–
70. doi: 10.1159/000354891

17. Deshmukh M, Patole S. Prophylactic probiotic supplementation for preterm
neonates - a systematic review and meta-analysis of nonrandomized studies. Adv
Nutr. (2021) 12:1411–23. doi: 10.1093/advances/nmaa164

18. Hunter C, Dimaguila MA, Gal P, Wimmer JE Jr, Ransom JL, Carlos RQ,
et al. Effect of routine probiotic, Lactobacillus reuteri DSM 17938, use on rates of
necrotizing enterocolitis in neonates with birthweight < 1000 grams: a sequential
analysis. BMC Pediatr. (2012) 12:142. doi: 10.1186/1471-2431-12-142

19. Janvier A, Malo J, Barrington K. Cohort study of probiotics in a
North American neonatal intensive care unit. J Pediatr. (2014) 164:980–
85. doi: 10.1016/j.jpeds.2013.11.025

20. Sanders ME, Merenstein DJ. Reid G, Gibson GR, Rastall RA. Probiotics and
prebiotics in intestinal health and disease: from biology to the clinic. Nat Rev
Gastroenterol Hepatol. (2019) 16:605–16. doi: 10.1038/s41575-019-0173-3

21. Mortensen MS, Rasmussen MA, Stokholm J, Brejnrod AD, Balle C, Thorsen
J, et al. Modeling transfer of vaginal microbiota from mother to infant in early life.
Elife. (2021) 10:e57051. doi: 10.7554/eLife.57051

22. 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. doi: 10.1097/00000658-197801000-00001

23. The Committee for the Classification of Retinopathy of Prematurity. An
international classification of retinopathy of prematurity. Arch Ophthalmol. (1984)
102:1130–4. doi: 10.1001/archopht.1984.01040030908011

24. Papile L BJ, Burstein R, Koffier A. Incidence and evolution of subependymal
and intraventricular hemorrhage in premature infants: a study of infants
<1500gms. J Pediatr. (1978) 92:529–34. doi: 10.1016/S0022-3476(78)80282-0

25. Shennan AT, Dunn MS, Ohlsson A, Lennox K, Hoskins EM. Abnormal
pulmonary outcomes in premature infants: prediction from oxygen requirement
in the neonatal period. Pediatrics. (1988) 82:527–32. doi: 10.1542/peds.82.4.527

26. Javidi D, Wang Z, Rajasekaran S, Hussain N. Temporal and seasonal
variations in incidence of stage II and III NEC-a 28-year epidemiologic
study from tertiary NICUs in Connecticut, USA. J Perinatol. (2021) 41:1100–
9. doi: 10.1038/s41372-021-00961-7

27. Li D, Rosito G, Slagle T. Probiotics for the prevention of necrotizing
enterocolitis in neonates: an 8-year retrospective cohort study. J Clin Pharm Ther.
(2013) 38:445–9. doi: 10.1111/jcpt.12084

28. Dermyshi E, Wang Y, Yan C, Hong W, Qiu G, Gong X, et al. The
“golden age” of probiotics: a systematic review and meta-analysis of randomized
and observational studies in preterm infants. Neonatology. (2017) 112:9–
23. doi: 10.1159/000454668

Frontiers inNutrition 06 frontiersin.org

https://doi.org/10.3389/fnut.2022.1063121
https://doi.org/10.1016/j.pathophys.2013.11.009
https://doi.org/10.1038/nrgastro.2016.119
https://doi.org/10.5402/2012/562594
https://doi.org/10.1542/peds.2011-2022
https://doi.org/10.1542/pir.2017-0002
https://doi.org/10.1038/jp.2011.176
https://doi.org/10.1136/adc.2006.099929
https://doi.org/10.1542/neo.7-3-e143
https://doi.org/10.1177/1535370219891971
https://doi.org/10.1097/00001432-200308000-00007
https://doi.org/10.1016/S1201-9712(99)90024-3
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1002/14651858.CD005496.pub4
https://doi.org/10.1371/journal.pone.0171579
https://doi.org/10.1159/000354891
https://doi.org/10.1093/advances/nmaa164
https://doi.org/10.1186/1471-2431-12-142
https://doi.org/10.1016/j.jpeds.2013.11.025
https://doi.org/10.1038/s41575-019-0173-3
https://doi.org/10.7554/eLife.57051
https://doi.org/10.1097/00000658-197801000-00001
https://doi.org/10.1001/archopht.1984.01040030908011
https://doi.org/10.1016/S0022-3476(78)80282-0
https://doi.org/10.1542/peds.82.4.527
https://doi.org/10.1038/s41372-021-00961-7
https://doi.org/10.1111/jcpt.12084
https://doi.org/10.1159/000454668
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Brown et al. 10.3389/fnut.2022.1063121

29. Sekhon MK, Grubb PH, Newman M, Yoder BA. Implementation of a
probiotic protocol to reduce rates of necrotizing enterocolitis. J Perinatol. (2019)
39:1315–22. doi: 10.1038/s41372-019-0443-5

30. Martin CR, Walker WA. Probiotics: role in pathophysiology
and prevention in necrotizing enterocolitis. Semin Perinatol. (2008)
32:127–37. doi: 10.1053/j.semperi.2008.01.006

31. Anand RJ, Leaphart CL, Mollen KP, Hackam DJ. The role of the intestinal
barrier in the pathogenesis of necrotizing enterocolitis. Shock. (2007) 27:124–
33. doi: 10.1097/01.shk.0000239774.02904.65

32. Esaiassen E, Cavanagh P, Hjerde E, Simonsen GS, Stoen R, Klingenberg
C. Bifidobacterium longum subspecies infantis bacteremia in 3 extremely
preterm infants receiving probiotics. Emerg Infect Dis. (2016) 22:1664–
6. doi: 10.3201/eid2209.160033

33. Dani C, Coviello C, Corsini I, Arena F, Antonelli A, Rossolini GM.
Lactobacillus sepsis and probiotics therapy in newborns: two new cases and
literature review. Am J Perinatol. (2016) 6:e25–9. doi: 10.1055/s-0035-1566312

34. van den Akker CHP, van Goudoever JB, Shamir R, Domellöf M, Embleton
ND, Hojsak I, et al. Probiotics and preterm infants: a position paper by the

European Society for Paediatric Gastroenterology Hepatology and Nutrition
Committee on Nutrition and the European Society for Paediatric Gastroenterology
Hepatology and Nutrition Working Group for Probiotics and Prebiotics. J
Pediatr Gastroenterol Nutr. (2020) 70:664–80. doi: 10.1097/MPG.0000000000
002655

35. Jacobs SE, Tobin JM, Opie GF, Donath S, Tabrizi SN, Pirotta M, et al.
Probiotic effects on late-onset sepsis in very preterm infants: a randomized
controlled trial. Pediatrics. (2013) 132:1022–62. doi: 10.1542/peds.2013-1339

36. Lau CS, Chamberlain RS. Probiotic administration can prevent necrotizing
enterocolitis in preterm infants: a meta- analysis. J Pediatr Surg. (2015) 50:1405–
12. doi: 10.1016/j.jpedsurg.2015.05.008

37. Federici S, De Biagi L. Long term outcome of infants with NEC. Curr Pediatr
Rev. (2019) 15:111–4. doi: 10.2174/1573396315666181130144925

38. Murphy K, Ross RP, Ryan CA, Dempsey EM, Stanton C. Probiotics,
prebiotics, and synbiotics for the prevention of necrotizing enterocolitis. Front
Nutr. (2021) 8:667188. doi: 10.3389/fnut.2021.667188

39. Underwood MA. Probiotics and the prevention of necrotizing enterocolitis.
J Pediatr Surg. (2019) 54:405–12. doi: 10.1016/j.jpedsurg.2018.08.055

Frontiers inNutrition 07 frontiersin.org

https://doi.org/10.3389/fnut.2022.1063121
https://doi.org/10.1038/s41372-019-0443-5
https://doi.org/10.1053/j.semperi.2008.01.006
https://doi.org/10.1097/01.shk.0000239774.02904.65
https://doi.org/10.3201/eid2209.160033
https://doi.org/10.1055/s-0035-1566312
https://doi.org/10.1097/MPG.0000000000002655
https://doi.org/10.1542/peds.2013-1339
https://doi.org/10.1016/j.jpedsurg.2015.05.008
https://doi.org/10.2174/1573396315666181130144925
https://doi.org/10.3389/fnut.2021.667188
https://doi.org/10.1016/j.jpedsurg.2018.08.055
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Enteral supplementation with probiotics in preterm infants: A retrospective cohort study and 6-year follow-up
	Introduction
	Methods
	Outcome variables
	Statistical analysis
	Canada-wide data

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


