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Abstract
Necrotizing enterocolitis (NEC) and late-onset sepsis (LOS) are two major contributors to death among preterm infants.
Oropharyngeal administration of colostrum (OAC) has been proved as an easy, safe, and economically viable technique to
help preterm neonates to build up their immunity. In this review, we assessed the effects of OAC on preterm infants. Several
mainstream databases were searched including PubMed, EMBASE, Cochrane Central Register of Controlled Trials
(CENTRAL), and a website of clinical trials. Randomized controlled trials (RCTs) comparing OAC vs. placebo or no
intervention in preterm infants (gestation age <34 weeks or birth weight <1500 g) were eligible. Overall, nine RCTs (n=
689) were included in the review. Meta-analysis showed no statistical significance in terms of the incidence of NEC (RR=
0.59, 95% CI= 0.33–1.06, p= 0.08), LOS (RR= 0.78, 95% CI= 0.60–1.03, p= 0.08) and mortality rate (RR= 0.63, 95%
CI= 0.38–1.05, p= 0.07). No significant difference was found in the subgroup analysis, apart from the group of the
undeveloped region in NEC and mortality. In addition, time was significantly reduced in terms of achieving full enteral
feeding (MD=−3.60, 95% CI=−6.55–0.64, p= 0.02) and hospital stay (MD=−10.38, 95% CI=−18.47–2.29, p=
0.01). The results show that OAC does not reduce the incidences of NEC, LOS, and death in preterm infants, but there is a
trend toward a positive effect. It is therefore recommended as routine care for preterm infants in the NICU.

Introduction

With the astronomical development of modern medicine,
there have been great advances in the development of
neonatal intensive care to save the lives of preterm infants
(<37 weeks gestation) with critical diseases. However
necrotizing enterocolitis (NEC), a kind of intestinal exces-
sive inflammation, still remains a major contributor to
mortality rates as high as 20–30% and has been confirmed

as a multi-factor disease [1, 2]. Immature intestinal devel-
opment, abnormal bacterial colonization, inappropriate
feeding, and inflammatory cascades are all responsible for
triggering of NEC [3, 4]. The disease has a blurry onset and
a rapid progression making it undetectable in the early
stages. Starting with feeding intolerance or abdominal dis-
tention, it will gradually evolve into catastrophic compli-
cations such as sepsis, disseminated intravascular
coagulation, and death [4].

Late-onset sepsis (LOS), one of the major contributor to
death of preterm infants in neonatal intensive care unit
(NICU), is defined as infants with pathogen isolated from
the blood culture drawn ≥72 h postnatally and pathogen
based antibiotic treatment was continued for ≥5 days [5],
with morbidity and mortality rates of 20–38% and 13–19%,
respectively [5]. Several neonatal diseases have been iden-
tified as risk factors for the development of LOS, including
NEC [6].

Colostrum, also called liquid gold, is produced in the first
few days postpartum and is rich in immunoactive compo-
nents dynamically switching in accordance with the
mothers’ condition; it is the best food for infants to build up
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their immunity [7]. Numerous studies have focused on the
value of colostrum in terms of preventing, improving and
curing diseases [8–11].

Anatomically, tonsils, adenoids, and lingual nodules
form into the oropharyngeal-associated lymphoid tissue
(OFALT), known as Waldeyer’s ring, in the oropharyngeal
cavity [12]. It becomes the first safeguard to regulate the
entry of mother’s milk, bacteria and, drugs that will directly
interact with the immune cells of the OFALT [12]. At the
same time, the OFALT also cooperates with gut lympho-
cytes by the activation of T-lymphocytes as messengers to
attract more lymphocytes releasing anti-inflammatory
cytokines [13, 14].

Oropharyngeal administration of colostrum (OAC) is a
simple feeding method for preterm neonates first suggested
by Rodriguez and in the following experiment, its safety
and feasibility have been tested [15, 16]. A small amount of
colostrum, usually 0.2 ml, is perfused into a syringe (in vast
majority studies) or soaked onto a cotton swab (in very few
studies) and the infant’s mouth is equally smeared with
colostrum from the left buccal mucosal tissue to the right
buccal mucosal tissue [17, 18]. Colostrum is rich in various
immunological substances, and therefore, OAC should be
able to activate the oral and intestinal immunity, protecting
the preterm infants against serious inflammatory diseases,
such as NEC and LOS [19–21].

To confirm OAC’s benefits on preterm babies, a large
number of studies (RCTs or non-RCTs) have been con-
ducted. Low-birth-weight infants (<1500 g) or inadequate
gestation age (GA) babies (<34 weeks) were chosen, with
OAC as an intervention with placebo or without interven-
tion, and the biochemical outcomes (bacterial colonization),
the clinical outcomes (LOS, NEC, death, etc.) and the
nutrition outcomes (weight at discharge, day feedings
initiation, etc.) were measured [22]. Abd-Elgawad et al.
found that OAC could shorten the duration of hospital stays
and meet the early achievement of feeding, albeit without
any decline in the incidence of NEC [22]. However, Zhang
et al. have discovered that OAC has potential protection on
NEC with statistical significance showing [23]. Some non-
RCT studies have also provided some information about the
benefits of OAC [24–26].

Previous systemic reviews and meta-analyses have
shown that OAC did not have any influence on the clinical
outcomes (NEC, LOS, and mortality). However these stu-
dies were limited by RCTs of small sample size and the
inclusion of non-RCT studies [27, 28]. In this context, the
objective of the present review was to assess the effects of
OAC on preterm infants by updating the systemic review on
this topic. Nine RCTs, including 689 participants, were
enrolled; in addition, another two important health out-
comes, including time to reach full enteral feeding and
duration of hospital stay, were assessed. The outcomes of

this meta-analysis provide important information for the
further development of clinical practice.

Method

This meta-analysis was drafted in the requirements of the
Preferred Reporting Items for Systemic Reviews and Meta-
Analyses [29]. Since all data used in this review were
acquired from previously published articles, no ethical
approval or patient consent was required.

Search strategies

We systematically searched the original articles published
in PubMed, EMBASE, Cochrane Central Register of Con-
trolled Trials (CENTRAL), and website of the clinical trials
from the establishment of the databases or websites up to
May 31, 2019. The search strategy used a different com-
bination of MeSH terms and keywords following the PICO
principle. The search terms used were (“preterm infant” OR
“premature infant” OR “neonatal prematurity”) AND
(“colostrum” OR “oropharyngeal administration”) AND
(“NEC” OR “sepsis”). In addition, the references of articles
were also screened for a comprehensive assessment.

Inclusion and exclusion criteria

The eligible studies had to meet the following criteria: (1)
study type is RCT; (2) participants are preterm infants
whose GA was <34 weeks or with a birth weight (BW)
<1500 g; (3) the RCTs focused on the comparison of OAC
as monotherapy with saline or normal sterile water or no
intervention for the observation of the NEC rate; (4) pri-
mary outcome including NEC stage ≥2 (Bell staging cri-
teria), LOS are reported; (5) articles are written in English.
The exclusion criteria were as follows: (1) non-human
studies; (2) reviews, abstracts, letters, commentaries, edi-
torials, and case reports; (3) grey literature and conference
abstract are not considered.

Study selection

First, all records were imported into a document manage-
ment software, and duplicated literatures were electro-
nically removed. The title and abstract of the initial broad
search results were screened to identify the potentially
eligible studies by the two independent reviewers Yanwei
Su and Jiaxin Tao. After that, full-text articles were
downloaded, read, and assessed using the confirmed cri-
teria for exclusion or inclusion. In the case of different
opinions, discrepancies were solved by discussions or by
inviting a third reviewer.
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Data extraction

Data were extracted by using a predefined data collection
form, which contained the following information: basic
characteristics (author, year, country, and sample size),
patients’ characteristics (GA and BW), intervention proto-
cols (dosage, interval, duration, and control), primary out-
comes (incidence of NEC, LOS, and mortality rate) and
secondary outcomes (time to reach full enteral feeding and
duration of hospital stay). Data extraction was conducted by
Yanwei Su and Jiaxin Tao, and the third reviewer Jing Mao
scrutinized and validated the final data form.

Risk assessment of Bias of RCT

To determine validity, the quality of each study was eval-
uated by using the Cochrane risk of the Bias Assessment
Tool to assess Risk of Bias (ROB) by the two reviewers
Yanwei Su and Jiaxin Tao [30]. The Cochrane risk of the
Bias Assessment Tool contained six domains, namely ran-
dom sequence generation, allocation concealment, blinding
of intervention and outcome assessors, completeness of
follow up, selectivity of reporting and other potential
sources of bias, which were all categorized as low, high, or
unclear according to the Cochrane Collaboration guidelines
[30].

Statistical analysis

Review Manager (version 5.3; Cochrane Collaboration,
Nordic Cochrane) was used to perform statistical analysis.
Relative ratio (RR) was calculated for dichotomous out-
come, while mean difference (MD) was used for the con-
tinuous outcome. For both outcomes, 95% confidence
intervals (CI) were considered. Statistical heterogeneity was
estimated using the Chi-square based Q test with p value
and I2 statistic displaying. The value of I2 was categorized
into low (0–40%), moderate (30–60%), substantial
(50–90%), and considerable (75–100%) to evaluate the
heterogeneity among studies [31]. If I2 < 50%, the fix-effect
model was used, if not, the random-effect model was cho-
sen, considering the significant heterogeneity among the
studies. Subgroup analysis was required to find the source
of heterogeneity by classifying different studies. Sensitivity
analysis was also conducted to testify the stability of the
pooled results. Publication bias was assessed by making a
funnel plot using Egger’s test if at least ten studies were
included in this meta-analysis [32].

Quality of evidence assessment

According to the Grades of Recommendation, Assessment,
Development, and Evaluation (GRADE) guidelines, the

quality of each pooled results was rated as very low, low,
moderate and high. The RCTs were first considered as high
quality, but could be downgraded by the following factors:
(1) ROB, (2) inconsistency, (3) indirectness, (4) impreci-
sion, and (5) publication bias [31].

Results

Study selection and characteristics

Initially, 114 records were retrieved from all databases and
imported into a document management software; duplicated
studies were mechanically deleted, leaving 56 studies. Of
these, 38 were excluded through title or abstract reading and
another two studies were identified through citation tracking
after full-text reading. Eleven studies were excluded for the
following reasons: (1) proceedings, no full-text (n= 4); (2)
non-RCTs (n= 5); (3) other reasons (n= 2). Finally, nine
RCTs met the inclusion criteria of this review. A study
selection flow chart (Fig. 1) was made and displayed the
whole process.

In total, 689 preterm infants were enrolled in the review,
while oropharyngeal administration of mother’s colostrum
worked as an intervention to assess its effect on clinical or
biochemical outcomes. GA and BW were <34 weeks and
1500 g, respectively, meeting the standards of preterm
neonates. Infants with congenital anomalies, chromosomal
abnormalities, hepatitis B virus (HBV), or human immu-
nodeficiency virus (HIV) infections were excluded from the
study. In all studies, 0.2 ml of mother’s colostrum was
applied as a single administration amount, with a feeding
time ranging from 24 h after postnatal life to days up to 7

Fig. 1 Flow diagram of search strategy and study selection.
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and a giving interval set to 2 to 6 h. Normal saline, sterile
water, or regular feeding were used as a control. The
primary outcomes were the incidence of NEC (Bell’s
stage ≥2), the rate of LOS, and all-cause mortality rate.
Secondary outcomes consisted of the time to reach to full
eternal feeding and the duration of the hospital stay. The
details of the included studies are summarized in Table 1.

ROB of RCT

A summary of ROB of RCT (Table 2) is provided below.
Methodological weaknesses existed for most of the
included studies. Six studies [17, 18, 22, 23, 33, 34] had
a low ROB in random sequence generation, with one
study [35] reported a high risk and two [36, 37] reported
an unclear risk. Allocation concealment was of high risk
in one study [35] and of unclear risk in three studies
[17, 18, 37]. The risk of blinding of participants and
personnel was high in four studies [18, 33, 35, 36] and
unclear in one study [37]. Similarly, four studies
[18, 33, 35, 36] were also of high ROB in blinding of the
outcome assessment, with two studies [23, 37] of unclear
risk. Low ROB was mainly in incomplete outcome data
and selective reporting, while unclear risk appeared in
other bias. To better identify the ROB of the included
studies, we generate a graph presenting the percentages
for each domain and the outcome of each ROB assess-
ment are displayed in Fig. 2.

Effect on Incidence of NEC

Nine studies, with a total sample of 689 preterm infants,
measured the incidence of NEC (Fig. 3a). The NEC rate
was 4.7% in the OAC group compared with 7.7% in the
control group. The pooled result showed no statistical
significance between the OAC group and the control
group (p= 0.08, RR= 0.59, 95% CI= 0.33–1.06). The
risk of developing NEC in the OAC group was 41%
lower than in the control group. The fixed-effect model
was used due to a low heterogeneity among studies (I2=
0%, p= 0.56). Subgroup analysis was conducted and no
statistical significance was found apart from the sub-
group of the undeveloped region (I2= 0%, p= 0.02).

Effect on the Rate of LOS

Nine studies, with a total sample of 689 preterm infants
were deemed available for meta-analysis to measure the
rate of LOS (Fig. 3b). Sepsis rate was 17.8% in the OAC
group compared with 24.1% in the control group. There
was no statistical significance between the OAC group
and the control group (p= 0.08, RR= 0.78, 95% CI=
0.60–1.03). The risk of developing LOS in the OACTa
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group was 22% lower than in the control group. The fixed-
effect model was used due to low heterogeneity among
studies (I2= 0%, p= 0.80). No statistical significance was
found in the subgroup analysis.

Effect on the all-cause mortality rate

After eliminating the studies of Zhang et al. [23], Glass
et al. [18], and Romano-Keeler et al. [35] for the all-cause
mortality rate, six studies [17, 22, 33, 34, 36, 37], with a
total sample of 505 preterm infants were included to mea-
sure the mortality rate (Fig. 3c). The rate was 8.6% in the
OAC group compared with 13.5% in the control group.

There was no statistical significance showing that OAC
could reduce the mortality rate (p= 0.07, RR= 0.63, 95%
CI= 0.38–1.05). The risk of death in the OAC group was
37% lower than in the control group. The fixed-effect model
was used due to the low heterogeneity among studies (I2=
0%, p= 0.80). No statistical significance was found in the
subgroup analysis apart from the group of the undeveloped
region.

Time to reach full enteral feeding

Five studies [18, 22, 23, 33, 37], with a sample of 417
preterm infants, were included (Fig. 4a). In another

Table 2 Risk of bias of included studies.

Studies Random
sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of
participants and
personnel
(performance bias)

Blinding of
outcome
assessment
(detection bias)

Incomplete
outcome data
(attrition bias)

Selective
reporting
(reporting bias)

Other bias

Abd-
Elgawad et al

Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Ferreira et al. Low risk Unclear risk Low risk Low risk Low risk Low risk Low risk

Sharma et al. Low risk Low risk High risk High risk Low risk Low risk Unclear risk

Zhang et al. Low risk Low risk Low risk Unclear risk Low risk Low risk Unclear risk

Glass et al. Low risk Unclear risk High risk High risk Low risk Low risk Unclear risk

Romano-
Keeler et al.

High risk High risk High risk High risk Low risk Low risk Unclear risk

Sohn et al. Unclear risk Low risk High risk High risk Low risk Low risk Unclear risk

Lee et al. Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Rodriguez et al. Unclear risk Unclear risk Unclear risk Unclear risk Low risk Low risk Unclear risk

Fig. 2 Summary of risk of bias.
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three [17, 34, 35] studies, the item “time to reach to full
enteral feeding” was reported in the form of median and
interquartile range, considering the small sample size,
data transformation was not performed, and one [36]
study did not report this outcome. The pooled results
showed statistical significance between the OAC
group and the control group (p = 0.02, MD = −3.60,
95% CI = −6.55–0.64). The random-effect model
was used to estimate the combined result due to
the strong heterogeneity among studies (I2 = 80%, p <
0.001).

Duration of hospital stay

Duration of hospital stay was reported in five studies
[17, 22, 33, 34, 37], while two studies [17, 34] were
excluded; thus, three studies [22, 33, 37], with a sample of
332 preterm infants, were included (Fig. 4b). The pooled
results showed statistical significance between the OAC
group and the control group (p= 0.01, MD=−10.38, 95%
CI=−18.47–2.29). The random-effect model was used to
estimate the combined result due to the strong heterogeneity
among studies (I2= 94%, p < 0.001).

Fig. 3 Forest plot of primary outcomes. a Effect of OAC on NEC. b Effect of OAC on LOS. c Effect of OAC on death.
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Publication bias

Publication bias could not be assessed properly by visual
inspection due to insufficient studies. (Fig. 5).

Quality assessment

The overall quality of evidence across all the RCTs for
NEC, LOS, and mortality rate was moderate by using the
GRADE approach (Table 3). The rating was downgraded
by imprecision of outcomes due to the wide 95% CI.

Discussion

Although modern medicine has made great advances, NEC
and LOS are still devastating inflammatory diseases among
preterm infants, with significant mortality rates. The

mechanism of NEC is still unclear, and multiple preventive
strategies have been developed and tested to examine the
effects of probiotic or amino acid supplementation and
antibiotic treatment. Recently, some studies have focused
on the efficacy of colostrum, which is rich in bioactive
factors. A retrospective cohort study has shown the sig-
nificantly lower rates of NEC and LOS and earlier suc-
cessful enteral feeding in preterm infants who received a
standardized feeding protocol which included OAC [38].
However, some other articles have concluded that OAC had
no influence on the common neonatal morbidities [25, 26].
Despite of the contradictory conclusions, OAC still has
beneficial effects on preterm infants.

The key results of previous studies in this field need to be
discussed. Some studies found that colostrum was effective
in reducing the rate of NEC, revealing its effect in building
up immunity [11, 39–42]. Term babies could suck their
mothers’ nipples to obtain breast milk and their immunity
would be triggered through the first bite with colostrum
being served as stimulator [43, 44]. However, preterm
infants who have undeveloped digestive systems are
deprived of this natural process because they have to be
breastfed via a nasogastric tube that bypasses their oro-
pharynx. Some researchers found that the oral cavities of ill
babies are easily colonized by pathogens after being
administrated into the NICU and the use of oral rinses such
as chlorhexidine, could bring unpleasant adverse effects
[45, 46]. Thus, oral priming with colostrum is a better way
to help preterm infants to strengthen their immunity,
thereby preventing infections.

The pooled results of our current review are in contrast to
what we have predicted in theory. The subgroup analysis
did not deliver any positive results apart from the group of

Fig. 4 Forest plot of secondary outcomes. a Effect of OAC on time to reach full enteral feeding. b Effect of OAC on duration of hospital stay.

Fig. 5 Funnel plot of publication bias.
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undeveloped (Supplemental Table 1). The potential reasons
of these negative results were explored to address this issue.

First of all, OAC does not have a unified terminology,
which means that no standard operation is set, and the initial
time of OAC varies in interval and duration. Immunity
building is a long-term process, and OAC should be con-
tinued over longer periods to determine its effects. For
example, Glass et al., using OAC intervention for 5 days,
found that the level of sIgA of saliva increased statistically
on day 7 but without a subsequent increase on day 14 [18].
This indicates that extended OAC treatment might provide
sustained immune protection.

Second, colostrum was collected after the infants had
been administered into the NICU. It was packed in a plastic
bag, stored in a refrigerator and thawed at room temperature
[26, 34, 36]. This approach might lead to the inactivation of
some immune protective factors, resulting in decreased
levels of active substances [44]. Contamination might also
occur, as some studies have shown pathogenic organisms in
mother milk samples [47–49].

Third, NEC and LOS are not single-factor diseases and
might be triggered and influenced by multiple factors such
as the status of preterm infants, the therapy received and the
medical condition, which are all significant [50].

Some studies have a moderate to strong bias, which
might influence the outcome. All included RCTs are single-
center studies, and most of them have a relatively small
sample size and, therefore, limited power. For these reasons,
a 5 years, multicenter, double-blind RCT has been designed
to evaluate the safety and efficacy in reducing the incidence
of NEC, LOS, and death in preterm infants [51]. This trial is
still ongoing, and the results will bring robust evidence to
address this issue.

Although our review focusing on the effects of OAC on
the incidence of NEC, LOS, and death showed negative
outcomes, there are still some evidences concerning the
effects of OAC as a beneficial trial for preterm infants.
Achieving full enteral feeding is an important health out-
come since it is related to the removal of the central line,
possibly, to lower infection rates [52]. The duration of

hospital stay reflects the condition of preterm infants and the
related medical costs, and the pooled results indicate that
OAC would shorten the time to achieve these two goals.
Some other clinical or biochemical outcomes in these RCT
studies still need to be discussed. Abd-Elgawad et al. have
reported lower growth rates of Klebsiella species in the
oropharyngeal pouch, a lower incidence of ventilator-
associated pneumonia, a shorter duration of oxygen ther-
apy and, fewer episodes of feeding intolerance after OAC
treatment [22]. In another study, Zhang et al. have reported
that OAC could raise the level of lactoferrin in saliva after
7 days and 21 days, while Glass et al. have also found
increased sIgA levels of saliva at day 7 [18, 23]. Sohn et al.
have reported changes in the oral microbiota colonization in
the OAC group [36], while Lee et al. report a decreased
level of pro-inflammatory cytokines and an increased level
of immune-protective factors compared with the control
group [34]. Overall, these results suggest the potential
positive effects of OAC on the biochemical outcomes,
without any adverse effects.

The strength of this review includes several aspects. We
used a systemic, comprehensive and broad searching strat-
egy with hand searching of some references. Robust
methodologies were adopted including explicit inclusion
and exclusion criteria, independent data extraction, ROB
assessment, quality assessment, and subgroup analysis. The
latest published RCT studies with moderate sample size and
the value of I2 being zero increase the validity of the results
in comparison to previous reviews.

However, our review has also considerable limitations.
First, there is an inconsistency in the given interval and
duration of the OAC treatment in the included studies.
Second, the total number of participants was moderate,
whereas the incidence of NEC and LOS was low. The
ongoing trial with a sample size of 622 will, however,
support our results [51]. Third, the incidences of NEC,
LOS, and death were not the primary outcomes in some
studies. Some data related to the secondary outcomes were
inadequate, with strong heterogeneity. Thus, the pooled
results of the secondary outcomes should be interpreted

Table 3 Quality assessment according to GRADE guidelines.

Outcome Sample size/no.
of studies

Quality assessment Relative effect, RR
(95% CI)

Quality

Risk of
bias

Inconsistency Indirectness Imprecision Publication bias

NEC 689
9

Not
serious

Not serious Not serious Seriousa Undetected 0.59 (0.33–1.06) Moderate

Late-
onset Sepsis

689
9

Not
serious

Not serious Not serious Seriousa Undetected 0.78 (0.60–1.03) Moderate

Mortality 505
6

Not
serious

Not serious Not serious Seriousa Undetected 0.63 (0.38–1.05) Moderate

a95% CI is wide enough which contains RR= 1
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with caution. In view of these limitations, larger, well-designed
RCTs are needed, since some included RCT studies had a high
ROB and did not contain their predesigned study protocols.

Up to now, preterm birth is still the major cause of
multiple life-threatening diseases, and the economic costs
are high. Although a significant improvement in the clini-
cally important outcomes was not observed in the OAC
group, OAC can still have positive effects on preterm
infants. It is an easy, safe, and economical technique and has
been confirmed by a large number of studies, lending itself
as routine care for preterm infants administered into NICU.

For clinical staff, we advise to improve the OAC pro-
tocol as follows: (1) OAC could start earlier, at a higher
frequency and duration to further boost infant immunity; (2)
aseptic principles must be kept in mind in every nursing
step to prevent infections; (3) fresh colostrum is better than
long-term stored one, mainly because some bioactive fac-
tors might get inactivated in the process.

For researchers, the pooled results also provide impli-
cations for future studies, with the following recommen-
dations: (1) the registration of clinical trials with detailed
protocols on the website and reported in articles; (2) the
standardization of OAC protocols to better understand the
effects of OAC; (3) the development of high-quality RCTs
with large sample sizes and low ROB; (4) the effect of OAC
is not limited to NEC and LOS, and future studies might
focus on its effect on other neonatal diseases.

Conclusions

There is evidence that OAC could not significantly reduce
the incidences of NEC, LOS, and death, but there is a trend
of positive effects. The OAC might reduce the time to
achieve full enteral feeding and reduce hospital stay. Future
studies with large sample sizes and a high quality are nee-
ded to confirm the effects of OAC. For now, OAC is still
recommendable as a routine nursing care for preterm infants
administered into the NICU.
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