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Objective To determine the prevalence of probiotic administration in infants born preterm over time, as well as the
association between probiotic administration and select adverse outcomes.
Study designWeperformed amulticenter cohort study of infants 23-29 weeks of gestational age admitted to 289
neonatal intensive care units from 1997 to 2016. We evaluated the type of probiotics given and prevalence of expo-
sure to probiotics over time and by site. Wematched infants exposed to probiotics by several factors to unexposed
infants receiving enteral feeds on the same postnatal day. We performed conditional logistic regression to evaluate
the association between probiotics exposure and adverse outcomes, including necrotizing enterocolitis (NEC),
bloodstream infections, meningitis, and death.
ResultsOf 78 076 infants, 3626 (4.6%) received probiotics. Probiotic use increased over the study period and var-
ied among neonatal intensive care units. We matched 2178 infants exposed to probiotics to 33 807 without expo-
sure. Probiotic administration was associated with a decrease in NEC (OR 0.62, 95% CI 0.48-0.80) and death (OR
0.52, 95% CI 0.39-0.70), an increase in Candida infection (OR 2.23, 95% CI 1.29-3.85), but no increase in blood-
stream infection (OR 0.86, 95% CI 0.70-1.05) or meningitis (OR 1.18, 95% CI 0.40-3.46).
Conclusions Probiotic use increased over time and was associated with decreased odds of NEC and death. Pro-
spective, randomized-controlled studies of specific probiotic products are needed to further investigate the safety
and efficacy of probiotics in preterm infants. (J Pediatr 2020;222:59-64).
I
nfants born preterm are at high risk of gut dysbiosis, which is characterized by overgrowth of pathogenic bacteria such as
Enterobacter and Pseudomonas species.1 Such overgrowth causes compromise of the intestinal wall barriers, translocation of
pathogenic bacteria, and potential necrotizing enterocolitis (NEC).1 NEC remains a leading cause of mortality in infants of

very low birth weight (VLBW), especially those born less than 1000 g; survivors are at risk for neurodevelopmental impair-
ment.1-4 Probiotics, which are live bacterial organisms intended to alter the gut microbiota, may reduce the risk of NEC.3 Po-
tential benefits of probiotics in infants born preterm include improvedmucosal junctional barriers to decrease the translocation
of bacteria, better modulation of the innate and humoral immune responses, promotion of protein and carbohydrate break-
down for better enteral absorption, and resistance to the overgrowth of potentially more pathogenic bacteria such as Entero-
coccus.1,4-7

Although several studies report that probiotic use reduces the incidence of NEC,4,8-12 there remains considerable debate over
probiotic use in infants born preterm.3,12-14 The concerns stem from lack of regulation for probiotic products and lack of
consensus for the safest and most effective strains. The US Food and Drug Administration (FDA) approval and regulation
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amounts and strains of bacteria within the products.4 Mucor-
mycosis was reported in a 29-week infant who died following
exposure to probiotics contaminated with mold, specifically
Rhizopus species.17 Further research, including randomized-
controlled trials and cohort studies among high-risk infants
born preterm, are necessary to assess the safety of specific
probiotic preparations. The objectives of this study were to
quantify probiotic use among hospitalized infants born pre-
term over time and to compare the prevalence of NEC,
bloodstream infection, non-Candidal fungal infections, men-
ingitis, and mortality between infants who were exposed and
not exposed to probiotics.
Methods

We performed a multicenter, retrospective cohort study of
infants born preterm admitted to the neonatal intensive
care unit (NICU) from 1997 to 2016. Data were retrieved
from the Pediatrix Clinical Data Warehouse, a multicenter
clinical database including patients from 392 NICU sites in
35 states and Puerto Rico, via the BabySteps online health re-
cord (Sunrise, Florida).18,19 Infants born at 23-29 weeks of
gestational age and <120 postnatal days were included. In-
fants who died or were discharged before 3 postnatal days
were excluded.We extracted information on prenatal charac-
teristics, demographics, exposure to medications and inter-
ventions while in the hospital, and in-hospital clinical
outcomes. The Duke University institutional review board
approved the study.

We defined probiotic exposure as the receipt of any probi-
otic during the first 120 postnatal days. The probiotic strain
or product was obtained from provider notes; the brand
name was sometimes, but not always, available. Outcomes
of interest included medical and surgical NEC, bloodstream
infection, non-Candidal fungal infection, meningitis, or
death following the start day of probiotics. Using provider di-
agnoses, we searched for Bell stage II NEC or medically
treated NEC (medical NEC) and Bell stage III NEC or surgi-
cally treated NEC (surgical NEC).20,21 We defined blood-
stream infection as at least 1 positive blood culture for a
bacterial or fungal pathogen at any time during postnatal
days 3-120. Candida infections included a positive blood or
cerebrospinal fluid (CSF) culture for Candida species. Non-
Candidal fungal infections included a positive blood or
CSF culture for a fungal pathogen that was not Candida.
We defined meningitis as having at least 1 positive CSF cul-
ture for a bacterial or fungal pathogen at any time during
postnatal days 3-120.22 We excluded CSF organisms consid-
ered to be contaminants. We assigned cultures positive for
coagulase negative Staphylococcus based on definitions used
in previous publications as: (1) definite (2 positive cultures
drawn on the same day); (2) probable (2 positive cultures
within a 4-day period, 3 positive cultures within a 7-day
period, or 4 positive cultures within a 10-day period); or
(3) possible (positive culture that did not meet definite or
probable criteria).23
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Statistical Analyses
Among the cohort that met the inclusion criteria, we evalu-
ated probiotic type and change in prevalence of exposure
to probiotics over time and by site for sites admitting >100
infants during the study period. For the remaining analyses,
we excluded infants discharged before 2006 to examine use
over amore recent time frame.We divided infants discharged
from 2006 to 2016 into 2 groups: infants who received pro-
biotics before postnatal day 120 (exposed group) and infants
who did not receive probiotics before postnatal day 120 (un-
exposed group). Exposed infants were matched to unexposed
infants who received enteral feeds on the same postnatal day
that probiotics were started. We also matched infants exactly
on gestational age, small for gestational age status, inborn sta-
tus, discharge year, race, history of medical or surgical NEC,
and whether there was or was not breast milk exposure on the
start day of probiotics. When infants had multiple matching
control infants, all matches were included. We summarized
continuous variables by median and range and categorical
variables by proportions.
In the matched cohort, we evaluated the prevalence of the

outcomes of interest (any NEC, surgical NEC, bloodstream
infection, Candida infection, non-Candidal fungal infection,
meningitis, or death) after the start day of probiotics
(exposed group) or the start day of the matching exposed in-
fant (unexposed group). We excluded infants with a history
of NEC before the start day of probiotics (exposed group) or
the start day of the matching unexposed infant (unexposed
group) from the analysis of the NEC outcome. We used con-
ditional logistic regression (conditioned on the matched
groups) to assess differences in outcomes between groups.
We reported ORs with 95% CIs. A P value of <.05 was
considered to be statistically significant. We used Stata,
version 15.1 (StataCorp LLC, College Station, Texas) for
data analysis.
Results

Of 78 076 infants admitted to 289 NICUs across the US who
met the inclusion criteria, 3626 (4.6%) received probiotics. In
1997, at the beginning of the study period, no probiotic use
was reported in the 289 NICUs included. A small number
of NICU sites began probiotic use in 1998-2000, with the
greatest increase in use after 2006 and again in 2014. By
2016, there were 118 infants exposed per 1000 admitted
(Figure 1). The number of infants exposed to probiotics by
site varied widely, from 0 to 841 per 1000 infants
(Figure 2). The most commonly administered probiotic
was Lactobacillus (71%), followed by Ultimate Flora
(Bifidobacterium and Lactobacillus species), ABC Dophilus
(Bifidobacterium, Lactobacillus, and Streptococcus species),
and Align (Bifidobacterium); Table I (at www.jpeds.com).
Among the exposed infants from 2006 to 2016, 2178 could

be matched with 33 807 unexposed infants (Table II). The
median (25th, 75th percentile) number of control infants
matched to infants exposed to probiotics was 45 (12, 120).
Gray et al

http://www.jpeds.com


Figure 1. Exposure to probiotics over study time period.
Number of infants exposed to probiotics per 1000 infants over
the study time period: 1997-2016.

Figure 2. Exposure to probiotics by site. Number of infants
exposed to probiotics per 1000 infants by site over the study
time period (1997-2016). Includes sites discharging at least
100 infants during the study period and excludes 88 sites at
which no infants were exposed.

Table II. Demographics of matched cohort

Demographics

Administered
probiotics

N = 2178 (6)

Never
administered
probiotics

N = 33 807 (94)

Gestational age, wk*
22-24 296 (14) 2956 (9)
25-28 1352 (62) 21 482 (64)
29-30 530 (24) 9369 (28)

Small for gestational age* 256 (12) 1941 (6)
Inborn* 1963 (90) 31 859 (94)
History of NEC before start day* 41 (2) 51 (0.2)
Any breast milk exposure

before start day*
1705 (78) 31 288 (93)

Birth weight, g
<500 47 (2) 265 (1)
500-749 474 (22) 5058 (15)
750-999 670 (31) 10 222 (30)
1000-1499 922 (42) 16 999 (50)
³1500 65 (3) 1263 (4)

Cesarean delivery 1662 (77) 24 095 (72)
Antenatal steroids 1839 (84) 29 111 (86)
Antenatal antibiotics 1279 (59) 19 264 (57)
Male 1167 (54) 17 585 (52)
Maternal age, y

£19 y 190 (9) 3137 (9)
20-29 1036 (48) 16 467 (49)
30-39 856 (39) 12 682 (38)
³40 92 (4) 1405 (4)

All values reported as n (%).
*Indicates variable on which infants were matched exactly. Apparent imbalances in these vari-
ables are due to variation in the number of multiple matches per infant administered probiotics.
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The overall median gestational age and birth weight of the
matched cohort were 28 weeks (26, 29) and 1020 g (826,
1218). A small proportion of infants had a history of NEC
in the exposed and unexposed group before the start of
probiotics (2% vs 0.2% respectively, Table II). The median
start day of probiotics was 4 (2, 18) and the median
duration of exposure was 50 days (32, 68).

Without accounting for the number of matches per
exposed infant, the prevalence of outcomes appeared similar
in the 2 groups (Table III). Non-Candidal fungal infection
occurred in 1 infant, who was not exposed to probiotics. In
the conditional logistic regression analysis, infants exposed
to probiotics had significantly lower odds of any NEC (OR
0.62; 95% CI 0.48-0.80, P < .001) compared with infants
who were not exposed. The odds of death were lower in
infants exposed to probiotics (OR 0.52, 95% CI 0.39-0.70,
P < .001). The odds of Candida infection were greater in
infants exposed to probiotics (OR 2.23, 95% CI 1.29-3.85,
P = .004). There was no significant association between
probiotics exposure and surgical NEC (OR 0.81, 95% CI
0.54-1.22; P = .32), bloodstream infection (OR 0.86, 95%
CI 0.70-1.05, P = .14), or meningitis (OR 1.18, 95% CI
0.40-3.46, P = .76).

Discussion

With almost 20 years of data among centers across the US, we
showed a trend of increased use of probiotics among infants
in the NICU. A telephone survey of hospitals participating in
the Vermont Oxford Network (VON) database reported an
increase in the use of probiotics in infants of VLBW in
2013-2014 from 5.2% to 6.7% and increasing to 14% of
NICU sites in 2015.16 The increasing trends of probiotic
use in our cohort from 1998 to 2000 and again in 2006 and
2014 parallel the growing number of randomized control
Probiotic Use and Safety in the Neonatal Intensive Care Unit: A M
trials, cohort studies, and meta-analyses reviewing the effi-
cacy and safety of probiotics.
Although evidence is growing to support the use of probi-

otics, there is a lack of consensus on which strains or products
to use. In our cohort, the prevalence of any probiotic treat-
ment varied widely by site, with 88 NICUs using no
atched Cohort Study 61



Table III. Outcomes of infants in the matched cohort

Outcomes

Administered
probiotics

N = 2178 (6)

Never administered
probiotics

N = 33 807 (94)

NEC* 87/2137 (4%) 2087/33 756 (6%)
Surgical NEC* 37/2137 (1.7%) 578/33 756 (1.7%)
Bloodstream infection 172 (8%) 2622 (8%)
Candida infection 23 (1%) 142 (0.4%)
Non-Candidal fungal infection 1 (0%) 0 (0%)
Meningitis 6 (0.3%) 66 (0.2%)
Death 82 (4%) 1396 (4%)

All values reported as n (%).
*Denominators differ from overall totals due to the fact that we excluded infants with a history
of NEC before the start day of probiotics (exposed group) or the start day of the matching un-
exposed infant (unexposed group) from the analysis of the NEC outcome.
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probiotics at all and several NICUs using probiotics in the
majority of infants meeting inclusion criteria. By not
requiring matching of infants within site, we used this varia-
tion to compare otherwise-similar infants from different
sites. In the VON survey and in a recent meta-analysis of
25 randomized control trials, single strains of Lactobacillus
species were most commonly used, followed by a combina-
tion of Bifidobacterium, Lactobacillus, and Streptococcus spe-
cies.16,24 Similar to these previous reports, we found that
probiotics containing Lactobacillus species were the most
commonly prescribed, followed by various multispecies pro-
biotics. Timing and duration of exposure also varied among
VON sites, and indications for exposure ranged from feeding
intolerance to antibiotic exposure and physician prefer-
ence.16 Our study indicates there is a persistent lack of con-
sistency among providers and sites for the use of
probiotics, likely due to conflicting reports on efficacy and
safety, as well as the absence of FDA approval for the thera-
peutic use of this product.

Previous studies evaluating the efficacy of probiotics re-
vealed mixed data to support probiotic supplementation to
reduce NEC in infants. The 2 early studies in 1986 and
1993 suggested that probiotics (single and combined strains)
could colonize the gut; however, the studies’ results did not
support the reduction of pathogenic bacteria associated
with NEC.25,26 The Probiotics in Preterm Infants (PiPs)
Study Collaborative assessed the safety and efficacy of a single
strain (Bifidiobacterium breve) in 1315 infants, but found dif-
ference in the primary outcome and did not recommend the
routine use of probiotics in this population.27 Our study
included a small number of infants treated with bifidobacte-
ria, which limited our ability to make conclusions on efficacy
of this organism alone.

Other studies support a role for probiotics in the reduction
of NEC. A meta-analysis including 37 trials with >10 000 in-
fants reviewed prophylactic probiotic supplementation in
newborns who were preterm and showed significantly
reduced incidence of NEC compared with a placebo.8

Although preparations containing lactobacilli alone or in
combination with bifidobacteria seemed to be most protec-
tive, the population in this meta-analysis was highly variable
in the gestational age, birth weights, and strains and combi-
62
nations of probiotics.8 Another retrospective cohort study of
652 infants <29 weeks treated with prophylactic probiotics
(Florbaby with Bifidobacterium species and Lactobacillus
rhamnosus, and Biogaia with Lactobacillus reuteri) found
decreased risk for NEC (aOR 0.64, 95% CI 0.410-0.996)
compared with those who were not treated, but no difference
in NEC in infants less than 26 weeks (P = .95).28 Our cohort
included a larger sample size over similar gestational ages and
included the use of more probiotic products compared with
this study. Another large observational study of 5300 infants
within 46 NICUs over a 2-year period found prophylactic use
of Infloran (Lactobacillus acidophilus/Bifidobacterium infan-
tis) reduced risk of surgical NEC in VLBW infants (4.2 vs
2.6%, P = .028).29 This study included infants up to 32 weeks
of gestation, whereas our study included more infants born
premature (23-29 weeks).29 Another study with a subanalysis
of 4683 infants with extremely low birth weight showed that a
dual-strain probiotic of Lactobacillus acidophilus and Bifido-
bacterium spp. (Infloran) was associated with reduced risk
of NEC (adjusted hazard ratio 0.48, 95% CI 0.36-0.63,
P < .001) and overall mortality (hazard ratio 0.59, 95% CI
0.41-0.84, P = .003).30 We showed a decrease in the odds of
any NEC diagnosis, but there was not an associated reduction
in surgical NEC for those exposed.
Many questions remain concerning the safety of probiotics

in infants born preterm. Several studies using single andmul-
tiple species reported no association between the use of pro-
biotics and increased rates of sepsis, bacteremia, meningitis,
or death.9,12,24,31 However, concerns were raised when the
ABCDophilus probiotic was associated with amucormycosis
infection and death of an infant following exposure to prod-
uct contaminated with Rhizopus oryzae.17 This report
prompted the removal of the product from the market.
Our study included the use of ABC Dophilus, but we did
not find an association between fungal or mold infections
following exposure to probiotics. This may be due to the
small number of infants exposed to this probiotic, but there
were no cases of fungal or mold infection when including all
probiotics.
An unexpected finding in our study was the increased risk

for Candida infections among infants exposed to probiotics,
which is contradictory to previous studies. Earlier studies re-
ported probiotics use reduced colonization of Candida spe-
cies in infants born preterm.32,33 In 2017, a systematic
review of 7 randomized-controlled trials, including 1371 in-
fants born preterm, showed probiotic exposure reduced the
incidence of Candida colonization. The infants were exposed
to both single- and multistrain products of Bifidobacterium
and Lactobacillus.33 The authors chose to exclude one study
with a high baseline incidence of fungal sepsis. The absolute
difference we report is less than 1% and will require confir-
matory reports. Such confirmation will be challenging, given
the low incidence of Candida infection, which has been
decreasing over time in the NICU.34 Although the results
in our study were statistically significant, the question re-
mains as to whether the findings are clinically significant.
Our study did not consider other aspects of care that
Gray et al
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contribute to the risk of Candida infection, such as unit hand
hygiene practices, length of exposure to antibiotics, time to
full feedings, growth velocities, or length of stay.

Strengths of our study include our report of probiotic use
over time and a matched cohort design that allowed us to
minimize selection bias. Our study also had certain limita-
tions. First, the retrospective design did not allow us to ac-
count for unmeasured confounders, including variability in
other clinical management from site to site. Second, similar
to many previous studies, there was great variation in probi-
otic products and organisms, as well as a lack of dosing infor-
mation, which made it unclear which product, organism, or
dose might be most effective. We do not know if the pro-
viders tested any probiotic products for contamination after
events of sepsis or NEC. We relied on clinician diagnosis to
distinguish surgical NEC from spontaneous intestinal perfo-
ration; therefore, it is possible that some cases of surgical
NEC were actually misdiagnosed cases of spontaneous intes-
tinal perforation. Other factors that may influence the risk of
NEC were not reviewed in this cohort, including percentage
of mother’s milk intake in the first few weeks of life and the
timing and duration of antibiotic exposure before a diagnosis
of NEC.35,36 We did not have access to transfusion timing or
the probiotic administration criteria, which may vary by site.
Finally, our study population included a small number of in-
fants <24 weeks or 750 g exposed to probiotics, which may
indicate caution by providers in younger age groups, due
to conflicting evidence.

In conclusion, our study builds upon previous studies
supporting the safety and effectiveness of probiotics.
Future studies in infants must evaluate dosing for partic-
ular strains and mechanism of action to determine which
treatment yields the greatest safety and efficacy. These data
could inform larger, comparison trials of single probiotic
strains in infants born preterm to identify which strains
and doses are most associated with lower rates of NEC
and infection. n
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Table I. Distribution of probiotic exposure by type

Probiotic types N = 3626 n (%)*

Lactobacillus 2592 (71)
Ultimate Flora (bifidobacterium and lactobacilli
species)

944 (27)

ABC Dophilus (bifidobacterium, lactobacilli,
and streptococcus species)

232 (6)

Align (bifidobacterium) 13 (0.4)
Other 106 (3)

*Percentages total >100% due to exposure to multiple probiotics.
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