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Received 16 April 2023; accepted 17 July 2023
Available online 7 September 2023
* Corresponding author.
E-mail: camilladacruzmartins@gma

https://doi.org/10.1016/j.jped.2023.
0021-7557/© 2023 Published by Elsevie
BY-NC-ND license (http://creativecomm
Abstract
Objective: To evaluate the effect of oropharyngeal colostrum immunotherapy (OCI) on the mor-
tality of preterm newborns (PTNB) with very low birth weight (VLBW).
Method: Non-randomized clinical trial, carried out with 138 mother-child pairs attended at a
public maternity hospital. The treatment group used raw colostrum, dripping 4 drops (0.2 ml)
into the oropharyngeal mucosa, totaling 8 administrations in 24 h, up to the 7th complete day of
life (OCI). The control group was composed of newborns admitted to the same maternity hospital
before the implementation of the OCI. Analyzes were performed: descriptive, bivariate, multi-
ple logistic regression, and survival analysis, with a significance level of 5% and 95% CI.
Results: The treatment group had an RR of death of 0.26 (95% CI = 0.07�0.67; p = 0.00), adjusted for
maternal age, marital status, gestational hypertension, type of delivery, number of prenatal visits,
and birth weight. Number Needed to Treat (NNT) demonstrated that for every 5 individuals treated
with OCI, one deathwas prevented NNT = 4.9 (95% CI = 1.84�5.20); however, for PTNBwith VLBWwho
remained hospitalized for 50, 100 and 150 days, the NNTreduces to 4, 4 and 3, respectively.
Conclusion: The OCI proved to be a beneficial intervention, since it reduced the risk of mortality
in PTNB with VLBW when compared to the control group.
© 2023 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Pediatria. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Introduction

Premature birth is currently configured as a public health
problem in the world. It is known that preterm newborns
(PTNB) have a higher risk of death, due to pathologies such
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as necrotizing enterocolitis, neonatal septicemia, and pneu-
monia associated with mechanical ventilation1 and, when
they survive, they may develop long-term disabilities.

It is in this cycle of premature birth, risk of morbidities,
neonatal mortality, and disabilities in the short and long
term that oropharyngeal colostrum immunotherapy (OCI)
has been suggested as an intervention to promote the clini-
cal improvement of these newborns, especially those with
very low birth weight (VLW).2,3 This therapy is based on the
expectation of absorption of bioactive factors present in
colostrum, by the oropharyngeal mucosa, with an amplified
response to various devices, with systemic bacteriostatic,
bactericidal, antiviral, anti-inflammatory, and immunomod-
ulatory effects.2

It is important to highlight that PTNB-VLW present immu-
nological immaturity and of devices and systems, especially
of the gastrointestinal tract. It has been reported that the
institution of OCI practice favored positive clinical out-
comes, such as a reduction in the incidence of necrotizing
enterocolitis, pneumonia associated with mechanical venti-
lation, and late septicemia, in addition to a decrease in the
time for PTNB to reach full enteral feeding and hospital
stay.1 Despite the biological plausibility, the evidence for
OCI in reducing the risk of mortality in very low birth weight
preterm is insufficient,4-12 and the present study intends to
further elucidate the role of OCI through a clinical trial.
Methods

This manuscript was written under the guidance of CONSORT
2010.13

Study design

The study consists of a non-randomized, superiority, ambis-
pective clinical trial, with an intervention group consisting
of VLBW-PT admitted to the neonatal unit of a maternity
hospital who used OCI (treatment); and a historical control
group, composed of VLBW-PT who were born in the same
maternity hospital before the protocol implementation,
i.e., without the use of this immunotherapy (Brazilian
Clinical Trial Registry (ReBEC), under n. U1111-1222-0598,
http://www.ensaiosclinicos.gov.br/rg/RBR-2cyp7c/). The
allocation ratio was 1:1 with participants entering sequen-
tially, and there were no deviations from the study protocol.

Historical control was defined in compliance with the
opinion of the Research Ethics Committee of the
Universidade Estadual de Feira de Santana (CAAE no.
93056218.0.0000.0053), considering that not offering
colostrum to PTNB in the control group violates the
principle of beneficence, since the positive effects of
colostrum are already established in the literature.

Participants

VLBW-PT (� 1,500g), born with gestational age � 37 weeks,
regardless of the type of diet (zero, enteral by orogastric
tube or parenteral), and clinically stable in the last three
hours before starting immunotherapy were included. The
beginning of the OCI protocol occurred within 72 hours of
life.
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Maternal exclusion criteria were reports of substance or
drug abuse, psychological disorder, multiparity (triplets and
more), and medical contraindications for breastfeeding (ret-
rovirus and cytomegalovirus). With regard to newborns, they
were not included when they were using vasopressor medi-
cation > 10 mcg/Kg/min, in need of immediate surgical
intervention and presence of syndromes or malformations.

The study was conducted in the neonatal unit of the Hos-
pital In�acia Pinto dos Santos (Women’s Hospital) in Feira de
Santana, Bahia, Brazil, a medium-sized public maternity
hospital accredited by the Baby-Friendly Hospital Initiative,
linked to the Unified Health System (SUS - Sistema �Unico de
Sa�ude), maintained by the Fundaç~ao Hospitalar de Feira de
Santana. Also noteworthy is the assistance provided by the
Human Milk Bank (HMB) linked to the Brazilian Network of
Human Milk Banks, the sector responsible for complying with
part of this protocol, such as welcoming mothers of PTNB,
extracting colostrum, and distributing of colostrum-destined
for OCI.

Intervention

The OCI intervention consisted of using raw colostrum, from
mother to child, initiated in the treatment group within 72 h
of life of VLBW-PT, after medical prescription by the neona-
tal team. Treatment was offered until the 7th full day of life
of newborns (totaling up to 56 syringes), with 8 (eight) daily
administrations of 0.2 ml (04 drops) of dripped colostrum
within 10 (ten) seconds in the oropharyngeal mucosa, with
0.1 ml (two drops) in the tissue of the right oral mucosa in
the first 5 (five) seconds and the other two drops in the tissue
of the left oral mucosa in the remaining seconds. Newborns’
vital conditions were monitored during the procedure. Ther-
apy was considered complete when more than 75% of
planned doses were administered for each PTNB, and clinical
evolution was monitored until hospital discharge.

When the neonatal team identified changes in newborns’
clinical stability criteria, at the time of treatment or peri-
odic follow-up, the intervention was immediately inter-
rupted, being resumed as soon as clinical stability was
restored. Complete interruption of treatment occurred
upon justifiable medical prerogative, especially in severe
cases of VLBW-PT.

Immunotherapy did not occur in the control group, since
this group consisted of VLBW-PT admitted to the neonatal
intensive and intermediate care units from 2015 to 2016,
that is, the period prior to OCI implementation in the institu-
tion (historical control). For data collection, the records of
the Medical Archive and Statistics Service (SAME - Serviço de
Arquivo M�edico e Estatística) of the institution were con-
sulted. More details of the intervention are described in the
study by da Cruz Martins et al. (2020).3

Outcomes

The main independent variable was OCI use, defined in this
study as the use of colostrum for immunological and not
nutritional supplementation purposes by VLBW-PT during
hospitalization in the neonatal unit and with follow-up of
clinical evolution. As an outcome (dependent variable),
death was assessed, verified by the permanent disappear-
ance of all signs of life, at any time after birth, with no
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possibility of resuscitation, as defined by the World Health
Organization,14 and with a medical record and/or Death Cer-
tificate. Other variables were investigated in both groups
such as: maternal sociodemographic characteristics; prena-
tal and childbirth variables and variables related to new-
borns.
Sample size

In the protocol, an a = 5% was defined for sample size calcu-
lation, ß = 80%, with an incidence of death in the interven-
tion group = 12.5% and control = 25%, in a 1: 1 ratio,
obtained in the study by Lee et al. (2015).7 A fixed sample
was calculated for an infinite population, using the Bioestat
5.3 software, which resulted in 152 participants in each
group, with an increase of 15% to cover possible losses,
totaling 350 participants.3

However, as this is a finite population, without replace-
ment and with a mean admission to the neonatal unit of 68
VLBW-PT in the last five years (136 individuals), it was possi-
ble to readjust the sample calculation through the popula-
tion correction factor.15 Thus, the final sample size estimate
was around 76 (seventy-six) participants. 15% were also
added for possible losses, totaling 88 (eighty-eight) partici-
pants, 44 (forty-four) for each group.

The results of this study are based on the already pub-
lished protocol, whose analysis was planned to verify the
Figure 1 Flow diagram of study partic
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occurrence of treatment damage/benefits between the
compared groups, in the second year of OCI follow-up.3

Recruitment

Study recruitment to the intervention group was from Octo-
ber 2018 to August 2020; for the control group, medical
records of VLBW-PT hospitalized between May 2015 and
November 2016 were assessed. Losses to follow-up were
monitored during recruitment (Figure 1), as described in
protocol.3 The intention-to-treat analysis strategy was
adopted.

Statistical methods

Data were entered by previously trained health professio-
nals, into two different databases, with subsequent compar-
ison and validation using the EPIDATA software. Data analysis
procedures were developed with IBM-SPSS (version 24.0,
Chicago, IL, USA, serial number: 10101181103) and STATA
15.1 (serial number: 401506208261) software.

Descriptive analysis was performed for all variables
according to comparison groups. The Kolmogorov-Smirnov
test was applied and the histogram was inspected to verify
the normality of continuous variables. Student’s t test or
Mann-Whitney U test was used, according to the normality
test, using measures of central tendency and variability to
verify differences between groups. Categorical covariates
ipants according to CONSORT 2020.
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were assessed using chi-square or Fisher’s exact tests, and a
significance level of 5% was adopted.

Initially, relative risk (unadjusted and adjusted) was esti-
mated as a measure of effect, with respective 95% confi-
dence intervals and 5% significance levels. For this purpose,
logistic regression was used with the backward strategy and,
subsequently, conversion was performed using the method
by Zhang and Yu (1998)16 to obtain the appropriate measure
for the study design.

Potential confounders were selected in stratified analy-
sis. A covariate was considered confounding when, after
being eliminated in the saturated model, there was a varia-
tion in the effect measure greater than 10%. Moreover, the
criterion of epidemiological importance was used for the
selection of confounding during modeling, adopting a theo-
retical-conceptual model to guide said selection.5,9,17

The impact of effect magnitude was further assessed by
the Number Needed to Treat (NNT) and Cohen’s h index,
which assessed the effect size (h) based on mortality risks in
the groups studied. Cohen’s h index is interpreted as follows:
small (h = 0.20), medium (h = 0.50), and large (h = 0.80)
effect).18

Finally, a survival analysis was performed to estimate the
effect measure as a function of time (unadjusted and
adjusted hazard ratio and their respective confidence inter-
vals). For this purpose, the Kaplan-Meier method was used
in order to assess the size size on survival over time between
the comparison groups. The crude survival effect was esti-
mated at the beginning of the curve by the logrank test
(Mantel-Cox) and from the middle to the end by the Breslow
test (generalized wilcoxon), with a 5% significance level.
The Cox regression model estimated the hazard ratio, duly
adjusted for confounding variables selected based on the
theoretical-conceptual model adopted to assess the effect
of therapy on the study.
Results

Participant flow

The study participant flow is described in the flow diagram
(Figure 1) as well as the total number of exclusions and
losses in each stage of follow-up, with the respective justifi-
cations.
Baseline characteristics and auxiliary analyses

A total of 138 (one hundred and thirty-eight) mothers/chil-
dren were assessed, 66 (sixty-six) in the treatment group
and 72 (seventy-two) in the control group. The total number
of doses administered was 2735 (two thousand, seven hun-
dred and thirty-five) syringes containing 0.2 ml of colostrum
each, 32 (48.5%) of VLBW-PT started treatment within
24 hours of life and 42 (63.6%) VLBW-PT received > 90% of
planned treatment, demonstrating adherence and compli-
ance with the protocol in the unit.

Maternal and neonatal characteristics associated with
treatment are described in Table 1 and demonstrated simi-
larities between the groups, except for the marital status
covariate, which was demonstrated by stratified analysis as
35
a possible confounder and inserted in the final analysis
model, along with other variables justified by the literature.

The magnitude of the intervention effect was calculated
with the data presented in Table 2, both unadjusted and
adjusted, the latter by the following confounders: maternal
age, marital status, gestational hypertension, childbirth
type, number of prenatal consultations, and birth weight.

The adjusted relative risk (RR) was 0.26 (95%
CI = 0.07�0.67; p = 0.00), relative risk reduction (RRR) of
35% (95% CI = 0.33�0.93), the absolute risk for the treat-
ment group of 37.9% and control group of 58.3%, and abso-
lute risk reduction (ARR) of 20.4% (95% CI = 0.19�0.54).
Calculation of NNT showed a probability of survival through-
out the study of 4.9 (95% CI = 1.84�5.20), with an effect size
estimated by Cohen’s h index of 0.41, which indicates a
medium effect. At 50, 100, and 150 days the NNT was 4.0,
4.0 and 3.0, respectively.

Figure 2 shows the layout of the survival curves over time
for the treatment and control groups. Equality logrank (Man-
tel-Cox) and Breslow tests (Generalized Wilcoxon) between
the survival functions showed, respectively, X2 = 6.81;
gl = 1; p = 0.02 and X2 = 6.98; gl = 1; p = 0.02. The survival
rate was higher in the treatment group along the curve. For
instance, the point referring to the 50 (fifty) days of follow-
up survival in the treatment group was 68.2% (45 VLBW-PT)
compared to the control, which was 52.7% (38 VLBW-PT).

The Cox regression model showed that the hazard ratio
(HR) of death cumulative incidence in the treatment group
compared to the control group was 0.33 (95% CI 0.17�0.60;
p 0.00), after adjusting for maternal age, marital status,
gestational hypertension, childbirth type, number of prena-
tal consultations and birth weight (Table 2), i.e., OCI
reduced, on average, 67% the risk of VLBW-PT dying during
the study period when compared to the control group,
adjusted for the covariates.

With regard to damage, no VLBW-PT had an adverse
effect on treatment, either during or after the administra-
tion of therapy doses, according to records in hospital
records.
Discussion

OCI proved to be beneficial in reducing the risk of death in
VLBW-PT in this study when adjusted for maternal age, mari-
tal status, gestational hypertension, childbirth type, number
of prenatal consultations, and birth weight. The RR of death
of patients in the intervention group in relation to the con-
trol group was 0.26, i.e., there was a 74% reduction in the
mortality of patients who received OCI. The ARR calculation
showed that VLBW-PT in the intervention group had a 20.4%
reduction in the probability of death.

Most clinical trials conducted with the same objective as
the current study found no association between OCI and
reduced risk of neonatal mortality.4-12,19-21 However, two
meta-analyses reported a trend towards a positive effect of
OCI in reducing mortality in the treatment group,22,23

although others did not find an association.1,24-26 Meta-anal-
ysis was recently published that reported a positive associa-
tion between OCI and reduced mortality.27

It is expected that OCI reduces mortality risk in PTNB,
especially in those with VLW at birth, since morbidities



Table 1 Maternal characteristics and very low birth weight preterm newborns according to colostrum oropharyngeal immuno-
therapy (n = 138).

Variables Treatment Control p-value

n(%) n(%)

Maternal age
< 18 years 7 (10.6) 16 (22.2) 0.06
� 18 years 59 (89.4) 56 (77.8)

Race/self-declared color
Black 59 (89.4) 67 (97.1) 0.07
Non-black 7 (10.6) 2 (2.9)

Marital status
Without a companion 34 (53.2) 64 (91.4) 0.00
With a companion 30 (46.8) 6 (8.6)

Work
Not paid 40 (63.5) 43 (65.2) 0.84
Paid 23 (36.5) 23 (34.8)

Place of residence
Rural 15 (22.7) 19 (26.4) 0.62
Urban 51 (77.3) 53 (73.6)

Gestational age
< 28 weeks 39 (60.0) 53 (73.6) 0.09
� 28 weeks 26 (40.0) 19 (26.4)

Number of pregnancies
Primiparous 31 (47.0) 30 (42.2) 0.58
Other situation 35 (53.0) 41 (57.8)

Number of prenatal care consultations
< 6 consultations 17 (26.6) 15 (21.1) 0.46
� 6 consultations 47 (73.4) 56 (78.9)

Childbirth type
Artifitial 14 (21.2) 21 (29.2) 0.28
Normal 52 (78.8) 51 (70.8)

Infection during pregnancy
Yes 23 (36.5) 14 (26.4) 0.24
No 40 (63.5) 39 (73.6)

Membrane rupture
� 24 hours 19 (86.4) 9 (90.0) 1,00
> 24 hours 3 (13.6) 1 (10.0)

Gestational hypertension
Yes 15 (22.7) 14 (25.4) 0.73
No 51 (77.3) 41 (74.6)

Corticosteroid use during pregnancy
Yes 15 (23.4) 12 (25.5) 0.79
No 49 (76.6) 35 (74.5)

Newborn’s sex
Female 34 (51.5) 28 (40.0) 0.18
Male 32 (48.5) 42 (60.0)

Weight at birth
� 1,000 grams 28 (42.4) 26 (36.1) 0.45
> 1,000 grams 38 (57.6) 46 (63.9)

5-minute Apgar score
� 5 6 (9.4) 12 (17.6) 0.17
> 5 58 (90.6) 56 (82.4)

ICU length of stay (days)
Median (1st quartile; 3rd quartile) 15.0 (10.0; 41.0) 14.0 (5.0; 34.0) 0.20
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related to prematurity, which are frequent causes of
neonatal death, can be prevented by this intervention.1 In
this aspect, the literature has documented a lower
risk of ventilator-associated pneumonia,5 necrotizing
36
enterocolitis,28,29 septicemia,7,19,21,28,29 intraventricular
hemorrhage,29 extrauterine growth restriction,28 reduction
in antibiotic use duration7 and reduction in length of
hospitalization.5,10,20



Table 2 Unadjusted and adjusted association of the effect of oropharyngeal colostrum immunotherapy on death risk in very low
birth weight preterm newborns, with respective 95% confidence intervals (95%CI).

Death Treatment n (%) Control n (%) Relative riska Unadjusted
hazard ratiob (95%CI)

p-value Relative riska Adjusted
hazard ratiob (95%CI)*

p-value *

No 41 (62.1) 30 (41.7) 1 1
Yes 25 (37.9) 42 (58.3) 0.65 (0.40; 0.94)a

0.56 (0.34; 0.93)b
0.02
0.02

0.26 (0.07; 0.67)a

0.33 (0.17; 0.60)b
0.00
0.00

* Adjusted for maternal age, marital status, gestational hypertension, childbirth type, number of prenatal visits and birth weight.
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In addition to infections related to immune system imma-
turity, premature infants’ nutrition is another challenge,
due to gastrointestinal tract immaturity that delays the start
of enteral feeding, a characteristic that contributes to
mortality, since long periods of absence of enteral feeding
favor morbidity appearance that leads to death. Studies
show that OCI has beneficial effects in reducing the time to
start enteral nutrition,1,9 the time to reach full enteral
nutrition,5,8,20,21,28,29 the clinical manifestations of food
intolerance21 and the time to reach oral feeding,5 in
addition to providing better average weight gain1,5,20 and
accelerating the growth rate of VLW PTNB.28

The originality of the results found in the current study is
likely to be related to some characteristics that strengthen
OCI’s internal validity and biological plausibility such as protocol
use in the form of an algorithm, with systematization of care
provided to the VLBW-PT and the puerperal women, through
standardized clinical practice; maintenance of treatment until
the seventh full day of life of VLBW-PT, a conduct that may have
allowed greater absorption and systemic effects of bioactive
factors present in colostrum, such as serum IgA,30 important
immunoglobulin that rises between the fourth and fifth day
after childbirth; in addition to the HMB support in the uninter-
rupted supply of colostrum for 24 hours.

Regarding the variables used in the regression model
adjustment, such as maternal age < 18 years, marital status
without the presence of a companion, gestational hyperten-
sion, artificial childbirth type, and a number of prenatal con-
sultations < 6 consultations, are characterized as biological
Figure 2 Kaplan�Meier plot of survival function by group in
days.
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and social determinations for prematurity and/or neonatal
death since women exposed to these conditions are at
greater risk of the clinical worsening of PTNB after birth.17 A
fact also observed with the birth weight variable, which is
inversely proportional to better clinical prognoses presented
by newborns, i.e., the lower the birth weight, the greater
the risk of morbidities and mortality.

It is necessary to comment on the magnitude of the asso-
ciation between OCI and VLBW-PT death, seen by calculating
the NNTat 50 and 100 days, which showed that it was neces-
sary to treat 4 (four) newborns to avoid the death of one of
them. At 150 days, for every 3 (three) individuals treated,
one death was prevented. Still on the magnitude of the asso-
ciation, despite the h-index of 0.41 indicating a mean effect
size of the intervention on the treatment group compared to
the control, from a clinical point of view, this finding is
extremely important, as the assessed outcome means a
reduction in risk of death. Thus, we can conclude that NNT
and the calculated effect size reinforce the conduct of using
OCI as a measure to prevent mortality risk in VLBW-PT.

The main limitation of this study was the historical con-
trol design, as it could impact the quality of the data
collected and prevent their comparability due to informa-
tion bias. This limitation was minimized, as the variables
selected to integrate the database were taken from the
form applied to pregnant women in the maternity hospital’s
medical routine. Another limitation concerns changes in
characteristics between the groups over time, but we
consider that the short period between hospitalization in
treatment and control groups (two years) did not cause
significant changes in the determinants. Furthermore, the
researched outcome (death) was well defined, based on
parameters that do not depend on changes in methods and
diagnoses for its assessment. Another precaution was the
survival analysis adjusted for multiple variables.

Generalizability (external validity) of the current study’s
clinical findings to other populations is permitted, since the
association’s biological plausibility applies to similar popula-
tions likely to receive the intervention, and the death out-
come is easy to measure, in addition to the statistical care
instituted with the aim of guaranteeing internal validity.
Added to this is the fact that OCI is a strategy that is easy to
apply, cheap, viable, safe and well tolerated by PTNB, which
can be implemented in neonatal units, through a protocol
adapted to different realities of public or private maternity
hospitals, especially those that can count on the HMB
support.3

Thus, the institution of OCI in clinical practice, a modifi-
able variable, associated with other measures, such as
access improvement and quality of health care provided in
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prenatal, childbirth, and puerperium and efficient and
immediate clinical care to the VLBW-PT can contribute to
achieving the goal set by the United Nations Sustainable
Development Goals (SDGs) of reducing mortality incidence
and complications arising from prematurity by 2030.
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