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Abstract

Background The World Health Organisation states that newborns should receive colostrum as soon as possible

after birth. However, among newborns needing neonatal intensive care, initiation of lactation and access to colostrum
might be delayed. At the centre of this study, a tertiary care hospital in Sweden (10,000 deliveries/year), few admit-
ted infants received colostrum within the day of birth, warranting a quality improvement. In order to reduce the time
from birth to first colostrum received by infants admitted to the Neonatal Intensive Care Unit (NICU), a new clinical
routine including a colostrum-kit, was implemented as standard care in June 2018. The colostrum-kit contained infor-
mation about hand expression of breastmilk as well as material for collecting, labelling and transporting the colos-
trum. The kit should be handed to all birthing parents with infants admitted to the NICU.

Methods Data on time in minutes from birth to first colostrum administered to the infant (oral mouth care, oral feed-
ing or gavage feeding) was retrieved for all infants born between 1 September 2016 and 31 October 2023, admitted
to the NICU within Th from birth. Infants were divided into four time-cohorts, compared with nonparametric ANOVA.

Results The study included 3618 infants born at 2240 - 43 +0 weeks gestational age, of whom 2814 (78%) had
available data on time to colostrum. Median (IQR) time in hours was 35 (20-36) pre-implementations, followed by 18
(7-38), 11 (4-26) and 8 (3-22) in the subsequent follow-up cohorts, p < 0.001. Subgroups of mode of delivery had
median (IQR) pre-implementation of 30 (19-54) for vaginal and 47 (23-72) for caesarean section that reached 7 (2-18)
and 9 (3-26) in the last follow-up. Subgroups of gestational age (< 28, 28-31, 32-36,> 36 weeks) had a pre-implemen-
tation time of 48 (26-80), 46 (23-73), 33 (20-60) and 32 (19-57), that in the last follow-up was reduced to 4 (2-20), 7
(2-29),9 (2-33) and 9 (4-19).

Conclusions Implementing a colostrum-kit for infants admitted to the NICU significantly reduced the time to first
colostrum administered to the infant in all gestational ages. The difference between subgroups of gestational age
or mode of delivery was reduced. The effect persisted over time.

Keywords Oral colostrum, Early colostrum, Colostrum-kit, NICU, Human milk, Oral immunotherapy, Oropharyngeal
colostrum, Neonatal nutrition
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Background

Human milk (HM) is the golden standard for nutrition of
all newborn infants due to its unique properties, not only
providing needed nutrients but also being rich in com-
ponents stimulating growth and development, protecting
against infections, and stimulating the immune system
[1-3]. Additionally, HM contains cellular components
such as neutrophils and macrophages, and a rich micro-
biota [2]. Enteral feeding with HM to preterm infants
almost halves the risk for developing the life-threatening
condition necrotizing enterocolitis, compared to feeding
with formula [4], and recent studies indicate that feed-
ing with the birthing parents’ unpasteurised own human
milk (OHM) is correlated to improved postnatal growth
compared to pasteurised donor human milk [5].

The World Health Organization (WHO) recommends
breastfeeding within one hour from birth [6] and that
preterm and/or sick newborn infants should be given
colostrum orally as soon as possible [7]. In reality the
access to Own Human Milk for infants in the Neonatal
Intensive Care Unit (NICU) is sparse the first days, not
only due to delayed lactogenesis 1I, usually described as
the stage of “coming to volume” in milk production [8],
but rather often due to lack in lactation support [9, 10].

Unlike the healthy term newborn who in many cases
spends the first hours uninterruptedly and indepen-
dently starting to feed from the breast [11], the preterm
or sick newborn is separated from the birthing parent
for stabilization and initiation of neonatal care. The start
of lactation, normally stimulated by the suckling of the
infant, is delayed until other external stimulation occurs,
a process that fully depends on a supportive and encour-
aging environment around the birthing parent with
the information, material, and support needed for milk
expression [9].

Promoting early initiation of lactation has the potential
to result in several positive consequences such as earlier
administration of colostrum/OHM to the infant with
the potential to reduce infant mortality and morbidity,
shorten the time to full enteral nutrition, faster regain-
ing of birthweight, lower incidence of feeding intolerance
[12], higher proportion of exclusively breastfed infants at
discharge [13, 14], and a lower risk of discontinuation of
lactation during the hospital stay [13]. There is a hypoth-
esis of oropharyngeal administration of colostrum pro-
moting a larger immunomodulatory and protective effect
than only administering via nasogastric tube [2, 3, 7].
The theory centres on the properties of s-IgA, the main
protein in colostrum, which prevents pathogens from
penetrating the gastrointestinal mucosa [2]. The effects
of oropharyngeal administration of colostrum have not
been studied enough to definitively prove its properties
in clinical settings [15], but the procedure appears safe
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for infants of all gestational ages. Further research is per-
formed in countries worldwide.

There are several factors correlated with the provision
of own human milk, both in the aspect of early access
and in reaching sufficient volumes of OHM through
the length of stay at the NICU. Key factors have been
described as early breast stimulation (recommenda-
tion varies from within 1 h to within 6 h) [16-18], high
frequency of milk expression (8—12 times per day) [16],
access to hospital grade breast pumps [17], a calming
environment, closeness to the infant [9], skin-to-skin
care [9, 19], parental information and psychosocial sup-
port [9, 10, 17, 19-21].

In this study we hypothesised that by optimising the
access to parental information and the material needed
for initiating lactation, as well as facilitating the collec-
tion and transport of colostrum from the birthing par-
ent to the infant, we could decrease the time from birth
to first colostrum received by the infant. The aim of this
study was to evaluate the effect of implementing a colos-
trum-kit on the time to receiving first colostrum, with
the primary outcome being time from birth to Time to
first Own Colostrum received (TOC) and secondary out-
come proportions of infants receiving colostrum within
2, 6, 12, 24, 48 or >48h respectively (TOC-group), based
on timeframes associated with effect of colostrum identi-
fied in earlier studies [15, 22—25].

Methods

Design and setting

The study was a retrospective observational study,
comparing the time from birth to Time to first Own
Colostrum (TOC) before and after implementing the
colostrum-kit at Sahlgrenska University Hospital in west-
ern Sweden. Sahlgrenska University Hospital (approxi-
mately 10 000 births/950 NICU admissions/year) is one
of six Swedish university hospitals with one NICU level
IV, accepting infants from 22+0 weeks gestational age
(GA), as well as having a NICU level II and neonatal
home care [26].

Intervention

The colostrum-kit was designed by a group of NICU-
nurses and midwifes in April 2018. The kit included
written parental information in Swedish about initiat-
ing lactation and the benefits of colostrum, as well as a
30ml medicine cup with lid, a 1ml syringe, and a sticker
for marking the syringe or cup with an identification
number, date, and time. The information included a link
to a video, showing how to express milk by hand with
audio and subtitling in Swedish, published at a website
provided by the Swedish healthcare system. Along with
the kit a new routine for ensuring early colostrum was
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implemented. The routine specified that the midwives
and assistant nurses at the delivery ward were respon-
sible for supporting the parent in initiating expres-
sion of colostrum. Further the routine dictated that the
NICU-nurses and assistant nurses were responsible for
oral administration of colostrum to the infant as soon
as colostrum became available. Education for hospital
staff about the routine and the kit was conducted during
April 2018 by verbal information during daily meetings
and written information sent via email to all healthcare
personnel at the delivery wards and NICU. The kit was
implemented as standard care on 7 June 2018. The kit
was placed in all delivery rooms and in the ward per-
forming caesarean sections, and was handed to the par-
ents by the midwife or delivery assistant nurse in cases of
infant admission to the NICU.

Variables

The primary outcome “postnatal age in minutes when
first receiving Own Human Milk” (OHM), in this arti-
cle referred to as Time to first Own Colostrum (TOC),
has been recorded at the clinic as a quality measure since
September 2016. The variable includes the administra-
tion of colostrum regardless of administration route.
Before implementation the administration of colostrum
was either orally or by nasogastric tube, depending on
the preferences of the nurse. After implementation of the
colostrum-kit, the new routine dictated administering
colostrum with the syringe orally inside both cheeks of
the infant. However, there is no way to identify the mode
of administration used for each infant. A large number
of variables for evaluating the quality of neonatal health-
care, are both automatically and manually registered in
the Swedish Neonatal Quality Register (SNQ) on a daily
basis, where the manual registration is conducted by
specially trained staff. Eligible infants were identified via
the hospital’s SNQ account with a search in the database
limited to inborn infants admitted at 0 days postnatal age
(PNA) for the specified time-period. In addition to the
primary outcome, anthropometric, sociodemographic,
and clinical variables were retrieved from the hospital’s
SNQ account. Additional review of medical records was
done when needed, in order to identify exclusion criteria.

Participants

Eligible infants were infants inborn at Sahlgrenska Uni-
versity Hospital between 1 September 2016 and 31 Octo-
ber 2023, and admitted to the NICU (either the NICU
level IV or the NICU level II) immediately after birth
defined as within 1 h postnatal age (PNA). Exclusion cri-
teria were defined as death or decision of palliative care
being made within 6 h postnatal age, infants that never
received own human milk, infants born outside of the
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obstetrical delivery ward, infants who needed surgery
close after birth, admission at>1 h PNA, <24 h length
of stay at the NICU, admitted as outpatients, and infants
who were breast fed from birth.

Statistical analyses

To evaluate any effect of the colostrum-kit, participants
were divided into four time-cohorts based on date of
birth, with a pre-implementation group 0/GO, and three
consecutive follow-ups G1-G3, with GO being born
between 1 September 2016 and 7 June 2018, G1 born 8
June 2018 to 29 February 2020, G2 born 1 March 2020
to 31 December 2021, and G3 born 1 January 2022 to 31
October 2023.

Statistical analyses were conducted using IBM SPSS
Statistics 28.0.1.1 Central tendencies for time to first
own colostrum was calculated both in mean and median,
and the choice of analyses was based on the character-
istics of the data, using nonparametric median tests
with Kruskal-Wallis analysis of variance, due to posi-
tive skewness and>2 cohorts. Categorical variables for
TOC-groups, as well as participant characteristics, were
analysed using Crosstabulation and Pearson Chi-Square
followed by a Tukey HSD Post-Hoc in case of signifi-
cance. All significance levels were set at 0.05 with a 95%
confidence interval. All calculations have been done with
Time to first Own Colostrum in minutes but the final
results have been converted to hours for easier presenta-
tion and interpretation. Gestational age (GA) was defined
in completed weeks and sub grouped according to the
WHO categories with extreme preterm infants at<28
weeks GA, very preterm 28-31 weeks GA, moderately
preterm at 32-36 weeks GA and term>36 weeks GA.
(27]

Results

During 1 September 2018 to 31 October 2023, 4741
infants were admitted to the NICU within the day of
birth. Of these, 1123 infants were excluded as shown in
Fig. 1, leaving 3618 included infants (3007 were singleton,
581 twins, and 30 triplets from 3060 pregnancies) born
by 2336 unique birthing parents (displayed in Additional
Fig. 1). Infants included had a mean gestational age at
birth of 35 weeks (ranging 22+0 — 43+0). In 804 (22%)
infants, time to colostrum was missing, thus leaving
2814 infants with available data. The infants with missing
data had a mean gestational age of 37.6 weeks (Standard
Deviation [SD] 3.5) and a mean length of stay of 9 days
(median 6), compared to 34.4 weeks (SD 3.8) GA, and
mean length of stay 22 days (median 10), in infants with
available data (characteristics of infants with missing or
available data is presented in Additional Table 1). Out of
the 2814 included infants with available data, 632 (22%)
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Identified in SNQ
Born 1 September 2016 to 31 October 2023
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N: 4743

Admitted to neonatal care within the first day of life

Included
N: 3618 (76,3%)

Available data
N 2814

Missing data
N 804

|
Excluded

N: 1123 (23,7%)

: i In need of
Not Not admitted Palliative Not
. L . surgery close Other
inborn within 1h from care receiving fter birth N: 75
. arter oir .
N: 27 birth N: 667 N: 11 OHM N: 196
N: 146
Born at another Chromosome Birthing parent in Congenital Heart Admitted as
hospital Death at delivery| = abnormality need of intensive Abnormalities || outpatients
N: 8 N:12 N: 4 L care and/or acute N: 90 N: 12
. i surgery ; :
] Sevier:jeuxam N: 27 Other large
Born outside of Admitted at >1h 5 st surgery <24h length of
delivery ward PNA ABirthing parent N: 56 stay at the
N: 19 N: 655 hindered or do not b= . conatal ward
Severe kidney - want to‘start N: 26
L abnormality lactation ’
N2 N: 169
Death within 6h
- PNA
N: 12
Breast fed from
- birth
N: 24

Fig. 1 Flowsheet showing the process of identifying participants. Abbreviations: OHM: own human milk; inborn: born at Sahlgrenska University

Hospital; h: hour; PNA: Postnatal Age

were born before implementing the colostrum kit (GO0),
and in the follow-ups there were 763 (27%) in G1, 814
(29%) in G2 and 605 (22%) in G3. There was no differ-
ence between the cohorts in mode of delivery, number of
infants with Apgar <7 at 5 min, or number of infants with
antenatal insulin treatment exposure. The proportion of
infants in each GA-group had no significant difference
between cohorts except for term infants who increased
from 34% in GO, to 42% in G3. G3 also had significantly

lower proportion of pregnancy/birth-complication than
any other group. Group characteristics are presented in
Table 1.

Central tendencies of Time to first Own Colostrum
administered to the infant (TOC)

Median (IQR) TOC decreased subsequently in the four
cohorts from initial 35 h (20-62) to 18 h (6.6-38), 11
h (3.5-26) and 8 h (2.7-22) respectively, as viewed in
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Table 2. The decrease in median Time to first Own Colos-
trum was significant between all cohorts at p=0.004 for
G2:G3 and p<0.001 for all others.

Time to first Own Colostrum according

to gestational age and mode of delivery

When comparing median TOC within subgroups of GA,
the decrease was significant in all pairwise comparisons
of cohorts for all subgroups, except for G2:G3 within all
subgroups, and G1:G2 in GA 28-31 weeks, see Fig. 2. In
GO, median TOC differed between groups of mode of
delivery, with 30 h for vaginal births and 47 h for caesar-
ean section. There is a significant reduction in median
Time to first Own Colostrum in both subgroups and at
G3 the difference between the groups is reduced to 7 h
for vaginal and 9 h for caesarean section, see Fig. 3.

Proportions of infants receiving colostrum

within different timeframes

When comparing the proportion of infants in differ-
ent TOC-groups, there was a significant increase in the
groups of 0-2 h and 2-6 h, and a significant decrease in
the groups of 24—48 h and >48 h in relation to the imple-
mentation of the colostrum-kit (»p<0.001), as shown in
Fig. 4 and Additional Table 2. When comparing TOC-
groups within the groups of GA the result was similar to
the full cohort.

Discussion

Implementing a colostrum-kit with the information
and material needed for collecting the first colostrum
from the birthing parent and transport to their infants
admitted to the NICU, was significantly correlated with
reduced time from birth to first received own colostrum
(TOC) with a mean reduction of 29 h. The reduction in
TOC was not only rapid and sustained over time after
implementing the colostrum-kit, but TOC was subse-
quently decreasing through the periods of follow-up.
Implementing new clinical routines takes time and the
effectiveness of the implementation varies with how fast
healthcare providers adapt to the new way of working.
Therefore, is it not unusual to see a continuous increase
in effectiveness after implementation if the belief in the
importance of the routine is increasing [28]. The imple-
mentation of the kit in clinical care was preceded by
information to the clinical staff about the kit and the
importance of early initiation of lactation and adminis-
tration of colostrum. The colostrum-kit serves a practi-
cal purpose, increasing the feasibility of early colostrum
expression. Beyond its practicality, the routine also high-
lights the importance of early colostrum administration
to the infant. Additionally, the kit was accompanied by
a clarification of the healthcare workers responsibilities
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regarding supporting early colostrum expression. We
believe that the continuous decrease in time to first
colostrum might reflect an ongoing change in the atti-
tudes of healthcare personnel regarding the importance
of early colostrum. Future quality initiatives might sup-
plant or overrun the effect of the colostrum-kit.

Several reports on interventions to increase the avail-
ability of own human milk in the NICU have been pub-
lished, some of multimodal design and others with
more isolated interventions. Both lactation rounds, lac-
tation consults, and peer supporters have shown posi-
tive effects, as well as kangaroo mother care and early
provision of colostrum [19]. Implementing an extensive
multimodal quality-improvement programme requires
funding and resources for design, implementation and
evaluation, and the effect is usually quite limited. The
colostrum-kit is on the other hand a low-cost interven-
tion, consisting of material already available and in use,
taking an assistant nurse about an hour per week to pre-
pare for a unit with approximately 950 NICU-submis-
sions/year while saving the midwives’ time.

Fleiss et al. performed a quality-improvement study
with multimodal design, optimising the knowledge and
routines among NICU-staff on early colostrum, increas-
ing the proportion of very low birthweight infants
receiving colostrum within 6 h, from 6% (N=70) to
55% (N=37) [22]. When analysing our data in a similar
birthweight-cohort results were GO: 6% (N=158), G1:
26% (N=164), G2: 38% (N=163) and G3: 52% (N=151),
and thereby reaching the same effect but with probably a
more low-cost intervention. In 2018 Kristensen-Cabrera
et al. presented a prospective study on a dedicated colos-
trum collection system for electric breast pumps [29].
The results showed that Primo-Lacto did help facilitate
successful colostrum collection. An advantage with the
Primo-Lacto is that the system is closed, reducing the
risk for contamination, but the cost is higher, and the
availability is lower compared to the colostrum kit pre-
sented in this study.

Subgroup effects

The reduction in Time to first Own Colostrum was sig-
nificant in all subgroups of gestational ages and mode of
delivery with a larger reduction in TOC in the group of
lowest gestational age and the group delivered by caesar-
ean section. Earlier studies have implied that initiating
lactation after very preterm birth and/or caesarean sec-
tion is complicated due to physiological factors delaying
lactogenesis [30]. Murase et al. showed a strong associa-
tion between caesarean section and delayed initiation of
milk expression [14]. Our results showed a large differ-
ence in TOC between groups of GA or mode of deliv-
ery in the pre-implementation cohort. This disparity
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Fig. 2 Time to first own Colostrum (TOC) stratified by Gestational Age at birth. Clustered error bar (95% confidence interval), displaying median
of time in minutes, from birth to first colostrum received by time-cohorts, stratified by groups of gestational age at birth in completed weeks
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corresponds to the belief that parents delivering very
preterm or by caesarean section struggles with express-
ing colostrum. However, after implementation, the dif-
ference between these subgroups disappeared. This could
indicate that the physiological component for how early
after birth it is feasible to express colostrum, is smaller
than the component of information and support. It is
common for healthcare providers to be cautious about
informing and encouraging birthing parents to express
colostrum close after giving birth to an infant that needs
critical care, even though they are aware of the benefits of
own human milk [31]. On the other hand, research shows
that families depend on getting early information to be
able to make informed decisions about early provision of
colostrum, and that the information is effective regard-
less of socioeconomic background [32]. The nature of the
colostrum-kit being easy-accessed and low-effort to dis-
tribute to all families promotes a high compliance to the
routine, regardless of health staff work-load. The concept
of a standardized and clear routine might also bridge the
hesitation and cautiousness of many healthcare profes-
sionals, making it easier to deliver information in a neu-
tral way, thus increasing the compliance further.

Implication for clinical care and future studies

There is a need for further studying the effect of early
oropharyngeal colostrum since the studies that have
been conducted to this date have shown varied results.
In the Cochrane report on the subject, the definition of
“early colostrum” was set to <48 h [15], which is quite late
regarding the WHO recommendations for immediate

expression, and oral administering of colostrum to the
sick or preterm infant unable to suckle after birth [7],
especially in regard to early nosocomial infections. Our
study shows that it is feasible to drastically reduce the
time to first colostrum at a low cost, making it possible to
conduct studies with narrower definitions on early colos-
trum that might have an increased chance to produce
significant results.

Furthermore, the colostrum-kit has a potential to
reduce disparity due to the possibility to have the writ-
ten information in several languages, with comple-
menting audio—video-instructions and pictograms
making the information accessible for different needs and
learning-types.

Strength and limitations
A major strength of this study is the large number of
participants with close to 100% participation in the
SNQ-register. Confounding variables for the provision
of OHM such as GA, mode of delivery and insulin treat-
ment during pregnancy, were available for all participants
and comparable between groups. Another strength is the
long follow-up of 5 years post implementation showing a
persistent reduction in Time to first Own Colostrum.
The single-centre design and a large number of miss-
ing observations among term infants are limitations that
need to be considered when interpreting the results.
However, compared to the other five university hospi-
tals, the study centre had a higher proportion of infants
with available TOC data than other centres. In 2022 there
were available data for 71% of admitted preterm infants
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and 39% of term infants at the study centre, compared
to 44% and 19% of preterm and term infants respectively
admitted to the other five university hospitals combined.
The proportion of missing data is higher among term
infants, but at the same time the length of stay is sig-
nificantly shorter among infants with missing data. This
could reflect a staff attitude not viewing early colostrum
as essential for term infants or when the length of stay
is expected to be short. The differences in available data
affects the transferability of results regarding term infants
with a short length of stay. Additionally, the implemented
colostrum-kit only included information in Swedish, lim-
iting the availability for non-Swedish speaking parents.

Conclusions

Implementing a Colostrum-kit with the information and
material needed for early initiation of colostrum expres-
sion, is a low-cost and low-effort intervention with a large
effect on reduced time to first colostrum received by the
infant. Thus, this method is feasible for implementation
in both low-income, and high-technological settings, and
bridges difficulties transferring information due to lan-
guage barriers or disabilities.
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