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BACKGROUND

Preterm birth, defined as a gestational age (GA) of less than 37
weeks at birth, is a global health issue which occurs in both high-
income and low-income countries. The international preterm
birthrate is 11.1 % which means that 14.9 million infants are born
prematurely every year (1). Ten percent of these infants are born
very preterm (28-32 weeks GA) and 5 % are born extremely pre-
term (before 28 weeks GA) (1). During the last decades, introduc-
tion of surfactant has led to increased survival of the extremely
preterm infants (2), meaning that a higher proportion survive long
enough to develop the complications associated to prematurity,
such as intraventricular hemorrhage, bronchopulmonary dyspla-
sia, retinopathy of prematurity and necrotizing enterocolitis (NEC)

(3).

NECROTIZING ENTEROCOLITIS
NEC is an acute intestinal emergency which occurs in the neonatal
period. It is primarily seen in preterm infants, but may also occur
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in hemodynamically compromised term infants (4,5). This thesis
focuses primarily on the type of NEC that occurs in preterm in-
fants. During the last 20 years, the proportion of deaths in pre-
term infants attributable to respiratory causes has decreased
whereas the proportion of deaths attributable to NEC has in-
creased (6).

The clinical findings of NEC are divided into abdominal and sys-
temic signs. The abdominal signs are increased volumes and
green discoloration of gastric residuals, emesis, gastrointestinal
bleeding, increased abdominal circumference, abdominal tender-
ness and discoloration, and fewer or no abdominal sounds. The
systemic signs vary from mild lethargy to rapidly developing clini-
cal deterioration and shock, and the clinical presentation may imi-
tate sepsis (7,8). When NEC is suspected, radiographic abdominal
evaluation is conducted, but the pathognomonic signs of bacterial
translocation to the intestinal wall, intestinal pneumatosis or por-
tal venous gas, are not always present (7,9). Other radiographic
findings such as a fixed bowel loop, gasless abdomen or pneu-
moperitoneum may be indicators of NEC but are not specific and
may also be caused by other conditions (9,10).

Treatment is based on the clinical status of the infant and is de-
fined as either conservative/medical or surgical. Conservative
treatment includes withholding of feeds, bowel decompression,
medical treatment with antibiotics and parenteral nutrition along
with general supportive treatment, whereas surgical treatment
consists of laparotomy or peritoneal drain (11). The indications
for surgery are most often intestinal perforation or clinical deteri-
oration despite maximum treatment. The extent of the disease
can be determined at surgery and varies from local necrosis in a
small part of the intestine to total necrosis of the entire intestine.
Survival decreases with the extent of necrosis since no cure exists
when the entire intestine has become necrotic (12) (SP-II). The
most common histopathological findings are coagulation necrosis,
inflammation, and bacterial overgrowth (13).

Mortality rates are as high as 15-40 % and increase with decreas-
ing GA (14-20). The most fulminant form of NEC can lead to the
death of the infant within less than 24 h from the onset of clinical
symptoms despite maximal intensive care (16). Furthermore, fol-
low-up studies showed that infants who survived NEC were more
likely to suffer from neurodevelopmental impairment and bowel
problems later in life than infants born at the same GA without
developing NEC (21,22). Accordingly, prevention of NEC has been
named one of the most important topics of interest to research-
ers, clinicians, parents - and infants (11).

DIAGNOSIS AND CLASSIFICATION

Unfortunately, the research community has not been able to
make any substantial breakthroughs in the prevention of NEC de-
spite immense research during the last forty years. It has been ar-
gued that until NEC is well-characterized and easily distinguished
from other disease entities, it will be difficult to understand the
pathogenesis of the disease and develop effective prevention
strategies (23). At the moment, no specific test to determine if an
infant suffers from NEC exists. Most neonatal units and research-
ers define NEC as stage Il and Il of Bell’s staging system (Table 1).
The staging system was developed in 1978 (7) and modified in
1987 (8). It was originally suggested as a diagnostic tool that in
addition could be used bedside to evaluate the progression of the

disease. Today, the staging system is also used as an epidemio-
logic tool to describe the severity of the disease in retrospect, e.g.
at discharge. Despite widespread use, the system has never been
validated. It has been criticized for not separating spontaneous in-
testinal perforation (SIP) from NEC which might pollute NEC data-
bases and impair research with NEC as an outcome (24,25).

Table 1. The modified stages of Bell’s staging system, adapted
from (7,8,25)

Stage Abdominal Systemic Radiographic

findings findings findings

Gastric residuals, Lethargy, apnea, Normal gas pat-

emesis, occult bradycardia, tem-  tern or mild ileus.

| blood in stool, perature instabil-

mild abdominal ity.

distention.

As stage | plus As stage I. lleus with one or

persistent or more dilated

gross gastrointes- loops, focal pneu-
1A tinal bleeding or matosis.

marked ab-

dominal disten-

tion.

As stage IIA plus As stage | + mild Widespread

wall oedema with  metabolic acido- pneumatosis, por-
8 palpable loops sis and thrombo- tal-venous gas,

and tenderness. cytopenia. ascites.

As stage Il plus Mixed acidosis, Prominent bowel

worsening ab- oliguria, hypoten-  loops, worsening
1A dominal wall ten- sion, coagulopa- ascites, no free

derness and oe- thy. air.

dema.

Perforated bowel.  Shock, deteriora- Pneumoperito-
1B tion in laboratory neum.

values and vital
signs.

The incidence of NEC in very low birth weight infants admitted to
the tertiary neonatal department of Rigshospitalet, Denmark (RH)
was 6.0 % during the period 1996-2009 (SP-I), however, the inci-
dence varies greatly around the world from 1.6 % in Japan to 10.0
% in the US (20,26-31). The large differences in incidence may not
only be caused by differences in treatment strategies but also by
discrepancies in diagnosing and classifying NEC. This speculation
motivated the conduction of study I.

PATHOPHYSIOLOGY
The pathophysiology of NEC is still not completely understood,

even though some contributing factors are relatively well-docu-
mented. The premature infant is prone to develop NEC because
of immature intestinal functions; however being premature also

indirectly affects the bacterial colonization and feeding (Figure 1).
In this thesis, preventive strategies focused on feeding and bacte-
rial colonization, since they were well established factors involved
in the pathogenesis of NEC and easier to modify than the imma-
ture organ functions.

Figure 1. Pathophysiology of necrotizing enterocolitis (NEC) in the
premature infant
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Adapted from (32) and modified based on (33-35).

THE IMPACT OF FEEDING

When referring to feeding as a contributing factor to NEC devel-
opment, both timing, amount and type of feeding may be consid-
ered (36). To avoid longer periods of parenteral nutrition and to
stimulate the gastrointestinal tract, many preterm infants are
given early trophic feeding, also called minimal enteral nutrition,
however, the evidence that it improves feeding tolerance, growth
outcomes or NEC-rates is lacking (37). Neither the timing of the
introduction of progressive enteral feeds nor the advancement
has an impact on NEC-rates according to the latest Cochrane re-
views (38,39).

In contrast, there is solid evidence that the type of feeding given
to preterm infants has a significant impact on NEC rates. Preterm
infants fed maternal milk (MM) have significantly decreased NEC
rates (40-42), but unfortunately MM is often not available in suf-
ficient amounts to meet the requirements of the infant, especially
in the first days of life (40). The current alternatives are preterm
infant formula (IF) and pasteurized human donor milk (DM). The
most recent Cochrane review concluded that DM was superior to
IF in protecting against NEC (43), however DM is still considered
inferior to MM (44,45). A double-blind, randomized controlled
trial of DM versus preterm IF as a supplement to MM published in
2016 showed no difference in the pooled incidence of NEC, sepsis
and death between the two groups, whereas across the groups,
receiving more than 50 % MM was associated with a decreased
risk of events (46). In studies of growth, preterm infants who re-
ceived DM did not grow as well as those who received IF or MM
(43,47,48), probably because DM is obtained from women late in
lactation and therefore contains insufficient amounts of macronu-
trients for the preterm infant (49,50). Furthermore, the pasteuri-
zation of DM leads to a decreased quality of the milk which may
lead to impaired uptake of nutrients, e.g. because of decreased
fat-absorption due to decreased lipase activity (51,52).

Human and bovine colostrum

In theory, bovine colostrum (BC) may be the answer to the short-
comings of the supplemental diets used for preterm infants when
MM is not available. The natural first nutrition for the newborn
infant is colostrum which is produced in the mammary gland of
the mother during the first 30-42 h after parturition (53). Colos-
trum contains a higher protein concentration than mature milk
but a lower lipid, lactose and energy concentration (54). The pro-
tein fraction of milk consists of whey and casein. Colostrum con-
tains mostly whey whereas mature milk contains more casein (Ta-
ble 2). Casein is more slowly digested than whey as it clots at pH-

values lower than 4.6 which affects digestion and gastric empty-
ing (55,56). Additionally, colostrum contains a high concentration
of bioactive factors involved in growth stimulation, immune mod-
ulation and microbial protection, which are only present in low
concentrations in mature milk (Table 2) (57,58).

The number of factors detected in colostrum has increased with
the development of new technologies (57,66). As such a large
number of bioactive components are present in colostrum, the
benefits are probably not caused by one or a few isolated factors
but by the sum of them all; a concept known as food synergy (67).
Therefore, only a small selection of the bioactive components will
be mentioned here.

Table 2. Comparison of selected factors in the protein fraction of
bovine colostrum, human colostrum, and mature human milk

Bovine co- Human co- Mature hu-
lostrum lostrum man milk
Protein, g/| 51-160 11-32 09-12
Casein, g/ 26 3.0-5.6 3.5-4.4
Whey, g/| 57 43-11.1 5.3-6.6
Casein:whey 30:70 10:90 55:45
Whey proteins
1gG1, g/! 90 0.087 0.010
18G2, g/I 2.8 0.068 Not detected
IgA, g/l 16 8.98 0.68
Osteopontin, mg/| N.D. 1493 138
Lactoferrin, g/l 1.0-2.0 5.0-7.0 1.0-2.0
Lactoperoxidase, mg/| 11-45 5.17 5.17
Lysozyme, mg/| 0.14-0.7 270-430 160-460
TGF-B, pg/l 150-1150 1366 953
IGF-1, pg/l 49-2000 29-49 36
IGF-II, pg/! 400-600 10.5 35
EGF, pg/! 4-324.2 35-438 20-111

Adapted from (59) with modifications based on (54,57,60—65). Casein and
whey concentrations of bovine colostrum have been measured as de-
scribed in Table 1 of study Il. EGF: Epidermal growth factor. IGF: Insulin-
like growth factor. Ig: Immunoglobulin. TGF-B: Transforming growth fac-
tor-beta.

Immunoglobulins have antigen-binding capacities and are stable
enough to avoid complete digestion in the gastrointestinal tract
(68,69). BCis rich in IgG, whereas the most abundant immuno-
globulin in human colostrum is IgA (Table 2). In the cow and sev-
eral other species, 1gG cannot pass the placental barrier and the
offspring are born hypo-gammaglobulinemic. This leaves them
completely reliant on receiving 1gG from maternal colostrum
which is then passed through the gut into the bloodstream (70).
In humans, IgG is transferred via the placenta to the blood; a pro-
cess which starts in the fetus at a GA of 16 weeks, accelerates
from week 22, and reaches maternal levels in week 26 (71). If a
newborn infant receives immunoglobulins orally, the beneficial
effects may only occur locally in the gastrointestinal tract since
immunoglobulins cannot pass from the intestines to the blood-
stream in considerable amounts in newborn humans (68,70). De-
spite the potential antimicrobial properties, immunoglobulins
given as oral supplementation to the enteral feeding has not
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proven efficient in preventing NEC in the preterm infant popula-
tion (72).

Lactoferrin has antimicrobial qualities and regulates immune
functions (73). The most recent Cochrane review showed that
oral supplementation with lactoferrin protected against NEC (74).
Lactoperoxidase and lysozyme both have antimicrobial properties
(58). Lactoperoxidase is available in higher concentrations in BC
than in human colostrum and mature milk, whereas lysozyme is
only available in small amounts in BC (Table 2). At last, several
growth factors, which have the capabilities of stimulating cell
growth, differentiation and proliferation (75), are present in
higher concentrations in BC and human colostrum than in mature
milk (Table 2).

Studies of bovine colostrum in preterms

The beneficial effects of whole BC have been intensively studied
in an established piglet model of NEC in preterm infants (76). In
this model, BC and DM protected equally against NEC compared
to IF (77,78). Colostrum from the sow was not better than BC at
protecting against NEC in the piglet model (79). Additionally, BC
was superior to both DM and IF in stimulating growth, gut im-
munity and digestive functions (78). The piglet studies further-
more support that whole BC rather than isolated factors should
be used, since BC was better at protecting against NEC than for-
mulas enriched with sialic acids, gangliosides or osteopontin (80).
Out of safety concerns, BC has to be processed which might lead
to a loss of bioactive factors. In the piglet model, pasteurization
and spray-drying did not affect the positive effects of BC, includ-
ing NEC reduction, even though processing, especially pasteuriza-
tion, reduced the concentration of bioactive proteins (81).

BC has not previously been given as the first nutrition to preterm
infants, but it has been used for pediatric patients with short
bowel syndrome. In a study of nine infants aged 17-169 months,
no positive effect was seen on growth or intestinal function, how-
ever no adverse effects were detected either (82). In addition, the
authors of the study conducted a randomized pilot study testing
the efficacy of BC on intestinal adaptation in newborn infants af-
ter intestinal resection (unpublished). Infants older than one
week and younger than two months, who required parenteral nu-
trition for more than one week after intestinal resection, were in-
cluded. Five infants were allocated to the intervention group,
which meant that 50 % of their feeds were replaced by BC for
four weeks. One infant terminated the intervention before time
because of a clinical suspicion of allergy, but the symptoms con-
tinued after cessation of the BC intervention. One infant dropped
out due to parental request. The remaining three infants toler-
ated BC well. Thus, continuing with further studies of BC in this
population was determined safe.

Based on the abovementioned literature, study Il was planned as
a pilot study of BC as supplementation to MM in the preterm
population. The study would be the initial step towards conduct-
ing a large-scale study to determine if the NEC-reducing effects of
BC seen in premature piglets were also present when used in
premature infants.

THE IMPACT OF MICROBIOTA

Another modifiable factor involved in the pathogenesis of NEC is
the bacterial colonization of the gut which has been investigated
thoroughly in order to develop NEC-preventive strategies. When

an infant is born, colonization with bacteria is inevitable and im-
portant. The microbiota of the gut plays a role not only in metab-
olizing the ingested feeds, but also in the intestinal barrier func-
tions and epithelial growth (83). A heterogeneous population of
commensals serves as competition against other bacteria thus
protecting the host against colonization with potential pathogens
(84). Animal studies have shown that bacteria and the products of
bacterial fermentation regulate the production of the mucous
layer of the intestine (85), enhance the function of the tight junc-
tions of the epithelium (86), and contribute to the angiogenesis
inside the villi (87). Furthermore, the microbiota plays an im-
portant role in immunological functions and intestinal homeosta-
sis (88) and may even have an impact on behavior through the
gut-brain axis (89,90).

The early colonization

The species found in the microbiota of newborn preterm infants
differ markedly between individuals, but their microbiotas share
the traits of low complexity and rapid changes (91). The early col-
onization of a preterm infant is affected by the degree of prema-
turity, meaning that the immaturity of the intestinal epithelium
may independently affect the colonization (92,93). However, pre-
term infants also experience many external factors which modify
the early colonization; delivery by cesarean section (94), admis-
sion to a neonatal department (95), treatment with antibiotics
(96) and delayed oral feeding (97,98) are some examples.

NEC and microbiota

Bacteria are involved in the development of NEC. This is substan-
tiated by the finding that germ-free mice and piglets treated with
prophylactic, enteral antibiotics from the first day of life do not
develop NEC (99,100). The immature intestine of mice and hu-
mans show dysregulated immunological and inflammatory re-
sponses to endotoxins which makes it plausible that bacteria can
trigger the development of NEC in the preterm infant (101,102).
Some studies have shown that infants who developed NEC had an
altered fecal microbiota compared to infants who did not (103—
108). The findings, however, did not point in one single direction,
and other small studies found no differences between the micro-
biota of NEC and non-NEC infants (109,110). So despite some out-
breaks of NEC being linked to a single species like Cronobacter Sa-
kazakii (111), dysbiosis rather than a single causative pathogen is
most likely to precede NEC in the majority of cases.

Since probiotics might prevent the development of dysbiosis, the
NEC-reducing effects of prophylactic, orally administered probiot-
ics to preterm infants has been investigated intensively (112—
119). Even though the most recent Cochrane review concluded
that probiotics had a positive impact on NEC incidence (120), the
topic is still controversial. It has been argued that the studies in-
cluded in the review were too heterogenic according to the probi-
otic strain, the amount and the timing, and that probiotics may
even be detrimental to infants with a birth weight below 750 g
due to the risk of sepsis (121). Meta-analyses of the individual
strains have been inconclusive so far (122). In 2016, a well-pow-
ered, randomized controlled trial published in Lancet showed no
effect of Bifidobacterium breve on NEC, sepsis or death (116).
Hence, many questions regarding strain, dosage and timing re-
main. In order to answer these questions, knowledge about the
bacterial load the preterm infant is subjected to in the first days
of life is important.
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Nasogastric feeding tubes

Feeding by a tube may contribute significantly to the bacterial
load a preterm infant is subjected to in the neonatal department.
Since the preterm infant is too immature to breastfeed, the infant
is fed by a naso- or orogastric feeding tube from the very first
meal until at least 34 weeks corrected GA. The feeding tube is in-
serted into the mouth or nose of the infant and kept there, thus
exposed to body temperature, sometimes subjected to unpas-
teurized milk, and repeatedly handled by parents and personnel.
In many neonatal units, the tube is only renewed once a week or
if clotted or displaced. Previous studies found that a biofilm de-
veloped on the inside of used nasogastric feeding tubes (NG-
tubes) from preterm infants (123-125), and that NG-tubes might
be responsible for the exchange of bacteria between the infant
and the environment, thereby affecting the early colonization
(95,125).

One study of the contamination of NG-tubes showed that for-
mula-fed infants with contaminated feeding tubes suffered from
NEC more often than formula-fed infants with clean NG-tubes
(124). In a quality improvement study from 2014, NEC incidence
was significantly reduced from 16 % to 3 % after the implementa-
tion of several quality improvement interventions. Standardized
weekly renewal of NG-tubes was one of them (126). The static
biofilm inside used NG-tubes of preterm infants contained higher
densities of bacteria when the tubes had been in use for more
than 48 hours (123). None of the previous studies investigated
how many of the viable bacteria from the biofilm were actually
flushed into the upper gastrointestinal tract of the infant when a
meal was given through the tube. This was addressed in study Ill.

AIMS

Three aims were set in order to study the validity of the NEC diag-
nosis and to perform the initial studies of two possible means of
prevention:

STUDY |
Aim: To determine the validity of the NEC diagnosis given at dis-
charge.

STUDY II

Aim: To design a pilot study of bovine colostrum used for preterm
infants in the first days of life as a supplementation to maternal
milk and to determine the feasibility and initial safety of such a
study.

STUDY IlI

Aim: To determine the bacterial contamination of feeds given
through used nasogastric feeding tubes from a neonatal depart-
ment and to relate the contamination to the duration of use.

STUDY |

METHODS

In a previous study, two cohorts of infants born at less than 30
weeks GA and admitted to RH were given a NEC classification
code not only at discharge but also at a round table conference by
an expert panel (114). We used the data from this process to de-
termine the validity of the NEC diagnosis.

At discharge, all infants were evaluated and given a NEC code by
the attending clinician, both according to the International classi-
fication of diseases (ICD-10) and according to a simplified version

of Bell’s stages. There was no option to give a separate code for
SIP. The expert panel consisted of a neonatologist, a paediatric
surgeon and a paediatric radiologist who were blinded to the NEC
codes given to the infant at discharge. They evaluated clinical
summaries, radiographs, surgical descriptions and any abdominal
ultrasounds of all infants in the cohorts who received metronida-
zole during the admission. The infants were then classified into
one of six groups; no NEC, NEC stage I-lll according to Bell’s
stages, SIP, or a group called ‘other gastrointestinal diseases’. In-
fants who did not receive metronidazole during the admission
were classified as not having NEC. Since the definitions of Bell’s
stages Il and Il varied slightly between the discharge classification
and the expert panel classification, all infants classified with stage
Il'and Ill were pooled as the NEC-group. The classification given by
the expert panel was defined as the golden standard.

RESULTS

A total of 714 infants were included in the study. At discharge, the
ICD-10 code DP77.9 (necrotizing enterocolitis) was given to 84 in-
fants, and according to the simplified Bell’s stages 34 and 44 in-
fants were diagnosed with NEC Il and lll, respectively. The expert
panel, in contrast, diagnosed 26 infants with NEC I, 31 with NEC
IIl, and 7 with SIP. This resulted in poor positive predictive values
of the NEC diagnoses given at discharge, both according to the
ICD-10 system and according to Bell’s staging system (Table 3).

Table 3. Validity of the NEC diagnoses given at discharge.

Sensitivity Specificity PPV NPV
(95 % cI1) (95 % cI1) (95 % C1) (95 % C1)
SIP considered as NEC
';'Z':O 0.75 0.94 0.57 0.97
DP77.9 (0.62-0.85) | (0.92-0.96) | (0.46-0.68) | (0.96-0.98)
Bell’s 0.75 0.95 0.61 0.97
stages II-lll | (0.62-0.85) | (0.93-0.97) | (0.49-0.71) | (0.96-0.99)
SIP not considered as NEC

'Cf:i;m 0.72 0.93 0.49 0.97
DP77.9 (0.58-0.83) (0.91-0.95) (0.38-0.60) (0.96-0.98)
Bell’s 0.72 0.94 0.52 0.97
stages II-Il (0.58-0.83) (0.92-0.96) (0.40-0.63) (0.96-0.99)

Cl: Confidence interval. ICD-10: International classification of diseases ver-
sion 10. NEC: Necrotizing enterocolitis. NPV: Negative predictive value.
PPV: Positive predictive value. SIP: Spontaneous intestinal perforation.

The incidence of NEC was significantly higher when using the dis-
charge diagnosis rather than the diagnosis given by the expert
panel (11.1 and 8.0 % respectively, p =0.003), even if SIP was in-
cluded as NEC (11.1 and 9.0 %, p=0.03). Nine infants, who had
been diagnosed with NEC Ill at discharge, were classified as suf-
fering from another gastrointestinal diseases by the expert panel.
Three were diagnosed with ileus without signs of NEC, three with
stenosis or volvulus with necrotic lesions, two with intra-ab-
dominal perforation because of a misplaced feeding tube and one
with an intra-abdominal abscess.

STUDY I

PROTOCOL

The Precolos study, a pilot study of BC as the initial nutrition for
preterm infants, was designed with three-phases to proceed with
care (Figure 2). In phase A, an infant was included and followed
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until reaching full enteral feeding and thriving, before the next
could be included. After phase A was completed with no safety
concerns, seven infants were included and studied in parallel in
phase B. After completion of phase B without safety concerns,
phase C was initiated as an open-label, randomized controlled
trial. The study was approved by ethical committees in both Den-
mark and China.

Figure 2. Design of the Precolos study

.
Phase A o= (':1B:C’\) Standard feeding
g% -
D o
=0 +BC )
Phase B é ;: (n=7) Standard feeding
mO
v VvV &
=] é '-% :;vB-CqO! Standard feeding
o N (n = 20)
Phase C 89—+§ _
SR -l Standard feeding Standard foedin
5 8 (n=20) 9
4 ............ ; . S A
Parental Day 1-10: Day 11: Body weight
consent BC feeding; Resume standard feeding measured weekly

Protein 4.5 g'kg'-d”' gpglisihlf:rgg wk
BC: Bovine colostrum. BW: Birth weight. GA: Gestational age. PMA: Post-

menstrual age.

It was decided to conduct the study in two dissimilar clinical set-
tings in two different parts of the world. In this way, we could
study the feasibility of using BC both in a site using DM and early
enteral feeding and in a site using IF and delayed enteral feeding.
RH, Denmark and Foshan Women'’s and Children’s Hospital, China
(FWCH) were the two study sites of phase A and B, whereas
Hvidovre Hospital, Denmark (HH) and Shenzhen Baoan Maternity
and Child Healthcare Hospital, China (SBMCH) entered the study
after the initiation of phase C. The BC used in the study was pre-
pared from BC powder made of unmodified, whole colostrum col-
lected from healthy Danish dairy cows at the second milking after
parturition. The BC was gently pasteurized (62.5 °C for 30 min)
and spray-dried. Reconstituted BC was made by mixing BC pow-
der with cooled boiled water at room temperature (10 g powder
in 50 ml water).

Picture 1. Bovine colostrum powder poured into boiled water.

In phases A and B, BC was given to all infants in the first ten days
of life as a supplement when MM was insufficient. It was given in
adherence with local guidelines and replaced DM feeding at RH
and IF feeding at FWCH. Since BC has a high protein concentration
compared to human colostrum and term milk (Table 2), the inter-
vention could, however, not be given as an unlimited supplement
to MM. The study was designed so that the daily available volume

of MM together with the BC supplementation would provide a
maximum of 4.5 g-kg1-d-1 protein, which is the upper limit of pro-
tein intake for preterm infants recommended by European Soci-
ety of Pediatric Gastroenterology, Hepatology and Nutrition
(127). If MM and BC could not meet the required enteral feeding
volume due to protein limitations, DM at RH or IF at FWCH was
supplemented to fulfill the needs.

To determine the safety and tolerability of BC feeding, several
clinical outcomes were recorded daily from the medical file. Fur-
thermore, routine blood samples were evaluated, and intact bo-
vine IgG levels in plasma (only RH) along with plasma amino acids
(both sites) were measured on day 7 and 14. Safety and tolerabil-
ity were evaluated by a safety monitoring board after completion
of phase A and B who determined that initiation of phase C was
safe.

In the randomized phase C, the infants were allocated into two
groups, an intervention group and a control group (Figure 2). In-
fants in the intervention group received BC as described for
phases A and B. Infants in the control group received the respec-
tive standard diets at each site which were DM at RH and HH and
IF at FWCH and SBMCH. The last patient has recently been in-
cluded in phase C and the same outcomes as those of phase A
and B will be evaluated. In addition, a simplified three-sugar test
was performed on study day seven to assess intestinal functions
as described by others previously (128,129). In short, after two
hours of fasting the infants received 2 ml-kg1-d-! of a sugar solu-
tion containing 5% lactose, 5% lactulose, and 2% mannitol. A
blood sample was taken 40 min later, and urine was collected
continuously for 6 hours. Lactose digestion and galactose uptake
capacity will be assessed by measuring the level of galactose in
the blood. Lactose digestion will also be assessed by measuring
the ratio of lactulose/lactose in the urine. Intestinal permeability
will be assessed by measuring the lactulose/mannitol ratio in the
urine.

RESULTS OF PHASE A AND B

In the first two phases, twelve infants were included in the study,
seven at RH and five at FWCH (Table 4). BC was given as the first
diet; on day one at RH and on day two or three at FWCH. BC was
provided for an average of seven days, and the infants received a
total average of 257 ml BC during the entire intervention period
(Table 5). During the first week of life, infants at RH received 97
ml-kg1-d1 fluid, 3.4 g-kg1-d! protein and 69 kcal-kg1-d-1. Corre-
spondingly, FWCH infants received 91 ml-kg1-d! fluid, 2.7 g-kg1-d-
1 protein and 67 kcal-kg-d. BC provided 54 % and 46 % of the
total amount of protein given to the infants in the first week of
life at RH and FWCH, respectively.

Table 4. Neonatal characteristics of the infants recruited in phase
Aand B2

RH FWCH
n 7 5
Gestational age (weeks) 296+1.6 31.8+t1.6
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Birth weight (g) 1346 + 344 1526 + 222
Birth weight Z—score -0.15+0.31 -0.72+0.42
Birth length (cm) 389+3.3 42.8+2.4
Birth HC (cm) 27.4+3.0 27424
Male gender, n 3 2
Antenatal steroids, n 50 2
Caesarian section, n 6 1

HC: Head circumference. 2Unless otherwise indicated, values are given as
means + standard deviation ®Missing data for two infants

No adverse clinical reactions to BC feeding were observed. Feed-
ing intolerance was observed in seven infants during the first
week and in one infant during the second week (Table 5). Plasma
amino acids were within the normal range, except for tyrosine.
Hypertyrosinemia was observed in five of the twelve infants after
the first week of life (Table 5) but returned to normal in all cases
after the second week. Plasma levels of bovine IgG were below
the assay detection limit in all samples.

Table 5. Selected clinical and paraclinical outcomes of the infants
included in phase A and B?

had a NG-tube could be included if written parental consent was
given. During a two-month period, used NG-tubes of included in-
fants were collected for the study. According to the guidelines of
the department, the NG-tubes should be renewed weekly, but
more often if they clotted or got displaced. The infants were fed
every two or three hours. Infants born with a GA below 30 weeks
were given probiotics (two capsules of 10° CFU Lactobacillus
rhamnosus GG (LGG) + 108 CFU Bifidobacterium animalis ssp. Lac-
tis (BB12)) through the NG-tube from day three of life as standard
treatment.

Picture 2. Left) Preterm infant with c-pap system and nasogastric
feeding tube. Right) Collected nasogastric feeding tubes.

In order to imitate a meal, the collected NG-tubes were flushed
with one ml saline each (the “flush”) which was then subjected to

culture methods. Both aerobic, 5% CO,, and anaerobic culturing

RH FWCH
n 4-7 4-5
Days on parenteral nutrition (d) 3+6 22+9
Bovine colostrum feeding (d) 7+3 71
Total BC intake (ml) 273 £199 234 +92
TFF (d) 22+11 21+8
TTF120 (d) 8+3 21+8
Feeding intolerance in week 1, n 6 1
Feeding intolerance in week 2, n 1 0
Gastric residuals in week 1 (ml) 80+41 5%5
Z-score change at 37 weeks/dis- 12406 05+05
charge
Growth velocity (g-kg-d1) 11.8+0.9 129+2.7
Regain birth weight (d) 12+2 6+2
Hypertyrosinemia on day 7, n 3 2
Blood urea nitrogen on day 7 58433 33411
(mmol/I)
Blood urea nitrogen on day 14 20403 17406
(mmol/I)

was performed in order to detect as many different species as
possible. Direct and ten-fold-dilution culturing was performed to
determine the concentration of the bacteria in the flush ex-
pressed as colony-forming-units (CFU) per ml. A NG-tube was de-
fined as contaminated if the flush contained more than 1000 CFU
of at least one isolate, except for the probiotics supplemented to
the infants. Gram-negative rods and Staphylococcus aureus were
defined as potentially pathogenic bacteria.

Picture 3. Left) Ten fold dilutions performed on the saline flushed
through the nasogastric feeding tube Right) Ten fold dilutions
cultured on a b/oqd agar plate

The VITEK-2 system was used as the first attempt to identify the
isolates. If the VITEK-2 system failed to provide a valid identifica-

FWCH: Foshan Women'’s and Children’s Hospital. HC: Head circumference.
RH: Rigshospitalet. TFF: Time to full enteral feeding. TTF120: Time to 120
ml-kg*-d* enteral feeding. 2Unless otherwise indicated, values are given
as means * standard deviation

STUDY Il

METHODS

A prospective, observational study at the tertiary neonatal de-
partment at RH in Denmark was performed. The study was ap-
proved by the Danish ethical committee. All admitted infants who

tion of the isolate, matrix-assisted laser desorption/ionization-
time of flight (MALDI-TOF) or standard laboratory methods were
used. The VITEK-2 system relies on automated biochemical test-
ing of the isolate which is suspended in saline and inoculated into
identification cards. The pattern of reactions is used to determine
the identity of the microorganism (130). MALDI-TOF relies on
mass spectroscopy in which the microorganism is determined
based on the pattern of observed mass spectral peaks, i.e. how
long it takes ionized proteins from the organism to travel from
the matrix they are dissolved in to an analyzer (131). Both meth-
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ods provided one or more suggestions of the identity of the mi-
croorganism along with a probability that the suggestion was
true. Standard laboratory methods were used if both systems
failed to provide a plausible suggestion with a probability above
the pre-defined cut-off level.

RESULTS

A total of 94 NG-tubes from 34 infants were collected during the
study period. The infants included in the study were born at a me-
dian GA of 30.1 weeks with a birth weight of 1083 g. Their postna-
tal age at the time of NG-tube collection ranged from 1 to 119
days with a median of 37 days. The NG-tubes had been in use for
a median of 3.25 days, but the duration of use ranged from 8
hours to 14.2 days. The flushes of 89 % of the NG-tubes were con-
taminated, and the flushes of 55 % of the NG-tubes were contam-
inated with the possible pathogens Enterobacteriaceae or Staphy-
lococcus aureus (Table 6). The mean concentration of bacteria in
the flush was 5.3 log10CFU/ml bacteria, and the maximum con-
centration was 9.4 log1oCFU/ml.

Table 6. Bacterial isolates cultured from one-ml saline ‘meals’
flushed through 94 used NG-tubes from a neonatal department

Isolate NG-tubes, Infants, Concentration
n (%) n (%) mean * SD
(n=94) (n=34) Log10CFU/ml
CoNS 44 (46.8) 23 (67.6) 46113
S. epidermidis 33(35.1) 21 (61.8) 4.6+1.3
S. haemolyticus 14 (14.9) 10 (29.4) 49+1.5
S. hominis 5(5.3) 4(11.8) 4.5+0.95
Unspecified 7(7.4) 6(17.6) 4.1+0.86
Enterococcus sp. 25 (26.6) 13 (38.2) 55+1.4
E. faecium 15 (16.0) 5(14.7) 6.0+ 1.5
E. faecalis 10 (10.6) 8(23.5) 48+1.2
Klebsiella sp. 20 (21.3) 7 (20.6) 59+1.8
K. oxytoca 15 (16.0) 5(14.7) 6.0+1.8
K. pneumoniae 7 (7.4) 4(11.8) 5.5+1.9
5::;‘,’;"“” cloacae 19(20.2) 5(14.7) 6.0+1.7
Lactobacillus rhamnosus 14 (14.9) 10 (29.4) 6.4+1.8
Staphylococcus aureus 13 (13.8) 10 (29.4) 48+1.0
2)'?::;2:"”'“” Strep- 10 (10.6) 7 (20.6) 4312
Micrococcus lutea 5(5.3) 5(14.7) 40+0.9
Escherichia coli 3(3.2) 3(8.8) 6.0+2.9
Serratia marcescens 2(2.1) 2(5.9) 47+19
Yeast 2(2.1) 2(5.9) 3.4+0.12
:_Z;:sobactenum ani- 1(1.1) 1(2.9) 36
Neisseria mucosa 1(1.1) 1(2.9) 4.3
Rothia mucigalinosa 1(1.1) 1(2.9) 5.2
Bacillus cereus 1(1.1) 1(2.9) 3.0

CoNS: Coagulase negative Staphylococci. CFU: Colony forming units. NG-
tubes: Nasogastric feeding tubes. SD: Standard deviation.

There was no correlation between the number of days the NG-
tubes had been in use and the concentration of bacteria in the
flush (Spearman correlationrs = 0.065, p = 0.53) or the concentra-
tion of potentially pathogenic bacteria in the flush (Spearman cor-
relation r; = -0.11, p = 0.43) (Figure 3). Probiotics given through
the NG-tubes did not protect against contamination (88 % versus
90 % of probiotic and non-probiotic NG-tubes, respectively) or

against contamination with potential pathogens (56 % versus 52
% of probiotic and non-probiotic NG-tubes, respectively).

Figure 3. The number of days the nasogastric feeding tube had
been in use plotted against the concentration of bacteria in the
saline flushed through the used tube
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White circles: Not identified/no bacteria/only probiotic bacteria. Gray cir-
cles: No potential pathogens. Black circles: Potential pathogens, defined
as Gram negative rods or Staphylococcus aureus. CFU: Colony forming
units.

DISCUSSION AND PERSPECTIVES

In study I, we found a poor validity of the NEC diagnosis given at
discharge when compared to the diagnosis given by the expert
panel, which was considered the golden-standard. It must be kept
in mind that the physician giving the diagnosis at discharge might
have had clinical knowledge not stated in the medical records,
whereas the expert panel only saw an abstract of the clinical data.
Nevertheless, the study showed that there might be disagree-
ments when diagnosing NEC. This may explain some of the differ-
ences in the reported incidence of NEC around the world. Fur-
thermore, it may affect the conclusions in clinical trials with NEC
as an outcome.

The validity of the NEC diagnosis according to both ICD-10 and
Bell’s classification system was in the lower end compared to
other discharge diagnoses (132—-134). This might be because NEC
is a difficult disease to define, as it is probably not one disease but
a final common pathway for many conditions. It may be difficult
to draw the line between other pathologies and NEC, considering
that nine of the infants, who were diagnosed with NEC at dis-
charge, were determined to suffer from other gastrointestinal dis-
eases by the expert panel. In other cases, there was not enough
information to determine whether or not an infant suffered from
NEC or SIP; e.g. in the case of a preterm infant with radiographic
signs of pneumoperitoneum but no pneumatosis who did not un-
dergo surgery or autopsy. Taken to the extreme, there will always
be an uncertainty of the NEC diagnosis when the infant does not
undergo surgery or autopsy. The presence or absence of intesti-
nal pneumatosis is used to guide the decision, however it can oc-
cur in various degrees and radiologists do not always agree on its
presence (135).

The poor validity of the NEC diagnosis could, nevertheless, also be
caused by an inadequate classification system. The findings of the
present study may inspire the neonatal community to discuss if
classification according to Bell’s stages is the best option. The
staging system was developed almost 40 years ago when the pre-
term population was different from today and it did not take SIP
into account. The stages are vaguely described e.g. with regards
to separating other disease entities from NEC. On the other hand,
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the system is so widely used that creating another system to be
taken up by the neonatal community will be almost impossible,
and it will cause problems when comparing the results of differ-
ent NEC studies. NEC research may, however, still benefit from a
revision of Bell’s staging system with clear guidelines describing
how to separate NEC from other disease entities and how to clas-
sify infants when certain information is missing.

In study Il, whole BC was given as the initial enteral nutrition to
the first twelve infants in the world. The study challenged the pre-
sent trend in neonatal nutrition which is to use as much human
milk as possible (136). At RH, several parents objected to giving
their infant a bovine based product because DM was available,
and even though they wanted to support research, they did not
want to let their infant participate in the Precolos study. Thus, the
acceptability of the intervention by the parents is an aspect of the
Precolos study and translational research in general to consider in
the planning of future studies (SP-1ll).

The human milk movement in the preterm community is partly
based on the reduced NEC-incidence seen in infants fed MM.
There are two main hypotheses of why this reduced incidence is
seen. The first is that IF is NEC-inducing. Bovine protein has been
suggested as the factor in IF than induces NEC. The theory has
gained ground because of two studies of a human-milk-based for-
tifier in which a sole human milk diet protected significantly
against NEC (137,138). The studies were small, and the NEC-rate
in the control group of both studies was 20 % which is higher than
expected even in an IF-fed population. Another theory of why IF
could be NEC inducing is that the processing of IF and addition of
artificial elements cause intestinal inflammation as shown in pig-
let studies (139-141). However, the recent large randomized con-
trolled trial from the Netherlands of DM versus IF could not con-
firm that avoiding IF and bovine based fortifiers in the first ten
days of life reduced the risk of NEC, sepsis and death as a compo-
site outcome (46).

The second hypothesis of why infants fed MM have a decreased
risk of NEC is that MM contains NEC-protective factors and that
the depletion of these factors will leave the infant vulnerable to
developing NEC. This would explain the findings in the Dutch
study where the group allocation to receive IF or DM as a supple-
ment to MM had no influence on the outcome, whereas the pro-
portion of MM fed to the infants was significantly associated to
the combined outcome of NEC-sepsis-death (46). If this hypothe-
sis holds true, the bioactive ingredients in BC might make up for
the depletion of NEC-protective factors in the first days of life un-
til the production of MM is adequate.

When writing this thesis, recruitment of infants for phase C has
just finished and the discharge of the last infant is imminent.
However, the studies of BC as the first enteral nutrition for pre-
term infants have probably just begun. Not much can be con-
cluded from a pilot study of 52 infants in total, except for feasibil-
ity, initial tolerability and safety along with an evaluation of
possible primary outcomes for the next study. If the results from
phase C show that BC was well tolerated and that there were no
adverse clinical or paraclinical effects, a larger study will be
planned to determine if feeding BC as a supplement to MM can
protect against NEC in preterm infants.

NEC is however, as shown in study |, a difficult disease to study. If
NEC is used as the primary outcome, the NEC diagnosis should be
given according to pre-defined guidelines based on Bell’s staging

system, preferably with central rather than local evaluation by ex-
perts who should be blinded to the allocation of the infants. The
relatively infrequent occurrence of NEC also challenges the re-
search. The incidence of NEC is highest in the extremely prema-
ture infants, but our pilot study only included infants born after
27 weeks GA. Hence, there is no initial safety data for more im-
mature infants. BC may be more beneficial in this group; however
it could also be more harmful. The preterm piglets, in which the
initial BC studies have been performed, model infants born at ap-
proximately 30-32 weeks GA (76), so the data from these studies
cannot be used to substantiate the argument that BC is beneficial
for extremely preterm subjects. Special safety monitoring should
be conducted for infants below 27 weeks, if they are included in a
large-scale trial.

Given that the aim is to show a reduction in NEC-incidence from
10 % to 5 % with a power of 0.8 at a significance level of 0.05 in a
randomized controlled trial, 435 infants are needed in each arm.
Hence, even if we expect an unrealistically large effect of the in-
tervention, we still need to include almost 900 infants to show it.
Thus, a combined outcome of NEC-sepsis-death is intriguing and
even meaningful due to the immune-modulatory potential of BC
and the fact that oral lactoferrin prophylaxis was shown to reduce
the incidence of sepsis in preterm infants (74). A reduction of the
composite incidence from 30 % to 20 % will require 294 infants in
each group which is more realistic, although still a great task. Fur-
thermore, a proper sample size calculation will have to take into
account that a small proportion of infants will not need supple-
mentation due to adequate supply of MM. This proportion can be
approximated based on the results from the Precolos study and
used in the final sample size calculation.

The design of a large scale study must be as simple as possible for
several reasons. First, it will be easier to convince other centers to
participate, if the task is not too overwhelming. Second, the sim-
pler the protocol, the higher the possibility that the study is con-
ducted according to the protocol at all sites in a multi-center trial.
Third, keeping the number of tests at a minimum will increase the
recruitment rate. The individual sites can still choose to expand
the study with extra tests if they have the capacity and motiva-
tion. Despite the intention to keep the study as simple as possi-
ble, long-term follow up investigation of growth, neurodevelop-
mental outcome and the development of cow’s milk protein
allergy at approximately two years of age should be aimed for.

The pilot study tested feasibility and was therefore conducted in
two very different settings, however the lesson learnt from this
was that a large-scale study should be conducted in centers with
more homogenous settings. The results of a trial where BC is
tested against both DM and IF will be difficult to interpret and
comparisons between the sites instead of between groups will
disturb the message. A study located in China comparing BC to IF
as the supplement to MM is the most logical first step considering
the human milk trend and parent acceptability. If BC turns out to
be superior to IF, a randomized trial comparing BC and DM may
be planned.

In study Ill, we showed that high concentrations of potentially
pathogenic bacteria were flushed into the stomach of infants fed
by NG-tubes. In the light of the hygienic precautions taken in neo-
natal departments to avoid infections in general, the finding was
disturbing and underscored the need for hygienic handling of NG-
tubes. However, it is still uncertain if and how the contamination
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of meals affects the infants. Probiotics are given through the NG-
tubes and the probiotic bacteria may be weakened by the compe-
tition from the bacteria of the NG-tubes. Considering the general
notion that a heterogeneous bacterial population is healthier
than a population with a few dominating species, contamination
with low concentrations of several species may be unimportant
while contamination with a high concentration of one single
strain could be problematic.

To study the impact of NG-tubes further, we have commenced a
small, randomized controlled trial to determine if exchanging the
NG-tube once a day rather than once a week affects the early gut
colonization of preterm infants (clinicaltrials.gov: H-15021673).
The primary aim is to determine if the bacterial concentration in
gastric aspirates collected after one week of life is lower if the
NG-tube is renewed daily. In order to get a realistic sample size,
the primary outcome is microbiological, so the study will not be
powered to show if there are any clinical benefits or disad-
vantages from daily exchange of the feeding tube. Ultimately, a
large randomized controlled trial of the frequency of renewal is
needed in order to understand the clinical impact of contami-
nated NG-tubes. A design could include time to full enteral feed-
ing as primary outcome, and colonization of the gut, contamina-
tion of meals by the NG-tube, duration of parenteral nutrition,
length of admission, growth and the incidence of NEC, sepsis and
death as secondary outcomes.

The origin of the bacteria inside the NG-tubes may also be investi-
gated in order to understand the hygienic implications. Bacteria
may enter the NG-tube when gastric residuals are aspirated into
the tube before each meal to evaluate feeding tolerance. A ran-
domized controlled trial found that infants with no routine aspira-
tion reached full enteral feeding earlier and had fewer days with
central lines compared to infants undergoing routine aspiration
(142). This may be due to reduced concerns about the appear-
ance of the residuals. However, it may also be due to a reduced
development of bacterial biofilms inside the NG-tubes in the
group with no routine aspirations. Reduced contamination of
feeds may then have led to fewer incidents of feeding intolerance
and a faster attainment of full enteral feeding. To substantiate
the claim that the bacteria of the NG-tubes derived from the gas-
tric aspirates of the infants rather than from external sources,
full-genome sequencing will be performed on 47 isolates col-
lected in study Il from 8 infants. The aim is to determine if the
NG-tubes collected from the same infant contained the same bac-
terial clone every time.

CONCLUSION

In this thesis, the aims were to investigate if the NEC diagnosis
was valid and to study two possible NEC-preventive approaches.
It has been highlighted that there were disagreements when diag-
nosing NEC which should be kept in mind when conducting epide-
miological NEC studies and especially when conducting trials with
NEC as an outcome. A revision of Bell’s staging system may im-
prove studies on NEC in the future. A pilot study of bovine colos-
trum for preterm infants has been undertaken and if the findings
of the randomized phase of the study indicate a positive effect of
bovine colostrum and do not give rise to concerns regarding feasi-
bility, safety or tolerability, a large-scale randomized controlled
trial with NEC as the primary outcome will be planned. The results
and lessons learned from the three phases of the pilot study will
be used to guide the design of such a study. Hopefully, the results

will show whether the use of BC as a supplement to MM can pre-
vent NEC and sepsis in the preterm population. At last, meals
given through used NG-tubes were contaminated with high con-
centrations of bacteria with no association to the duration of use.
This finding might seem disturbing, but the clinical impact on the
infants still needs to be determined. A randomized controlled trial
of the frequency of feeding tube exchange in preterm infants has
been commenced to study the impact on the early colonization.
In all, the studies of this thesis serve as a base for future studies
on the prevention of NEC which will continue to be an area of
high priority in neonatology.

SUMMARY

The premature infant suffers from immaturity of all organ sys-
tems, one of them being the gastrointestinal tract. When the in-
fant is born, the immature gastrointestinal tract is exposed to
milk and simultaneously colonized by high densities of bacteria.
The combination of milk, microbiota and an immature gut, leaves
the infant vulnerable to developing the dreaded intestinal emer-
gency necrotizing enterocolitis (NEC). NEC is often very aggressive
and no cure exists, which means that prevention is an utmost im-
portant topic to researchers, physicians, parents - and infants.

Despite immense research during the last decades, no specific
test to determine if an infant suffers from NEC exists. Most neo-
natal units use Bell’s staging criteria, which are based on clinical
and radiographic findings, as a diagnostic tool; however the diag-
nosis given according to Bell’s stages has not been validated. In
study I, we aimed to determine the validity of the NEC diagnosis
given at discharge. An expert panel consisting of a neonatologist,
a paediatric surgeon and a paediatric radiologist served as the
golden standard. We found that the diagnosis given at discharge
had a poor validity which significantly affected the reported inci-
dence of NEC in the neonatal department at Rigshospitalet, Den-
mark. The validity of the NEC diagnosis was worse than the valid-
ity of most other paediatric diagnoses that had been investigated.

In studies Il and I, we aimed to explore possible means of NEC
prevention. The role of nutrition in NEC development is well es-
tablished with mother’s milk as the best option to avoid NEC in
the preterm infant. Maternal milk is, however, most often not
available in sufficient amounts during the first days of life, and
preterm infant formula or human donor milk is used in its ab-
sence. Studies in preterm piglets showed that bovine colostrum
equally to human donor milk protected against NEC compared to
infant formula. Furthermore, bovine colostrum was superior to
human donor milk in stimulating gut immunity and digestive func-
tions.

Hence, in study Il we aimed to design a pilot study of bovine co-
lostrum used as a supplement to maternal milk in the first days of
life and to determine if the study was feasible. In the paper, we
present the protocol and the results of the first two phases of the
Precolos study in which 12 infants were included and received
pasteurized, spray-dried and reconstituted bovine colostrum dur-
ing the first days of life as the first infants in the world. We found
that the infants tolerated bovine colostrum without clinical ad-
verse effects, but we also observed a transient hypertyrosinemia
on day seven of life in five infants. The results were evaluated by
a safety management board which encouraged us to continue the
pilot study with the last phase, which was a randomized con-
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trolled trial of 20420 infants comparing supplementation with bo-
vine colostrum to supplementation with standard nutrition. The
randomized trial has just finished recruitment.

At last, we wanted to shed light on a possible microbiological an-
gle of NEC prevention. Dysbiosis and bacterial translocation are
believed to play a crucial role in the development of NEC as intes-
tinal pneumatosis, which occurs when bacteria produce gas inside
the intestinal wall, is a pathognomonic radiographic finding. In a
quality improvement study from the US published in 2014, NEC
incidence was significantly reduced after the implementation of
several quality improvement interventions. Standardized weekly
exchange of nasogastric feeding tubes was suggested as one of
the potential NEC-reducing interventions.

In the neonatal unit at Rigshospitalet, Denmark, preterm infants
are fed 8-12 times daily through a resident nasogastric feeding
tube which is exposed to body temperature, contains milk residu-
als from the last meal and is handled by both parents and person-
nel. Since bacterial pollution of milk given through the nasogastric
feeding tube might be NEC-inducing, we aimed in study Il to de-
termine the bacterial load given to the infants when feeding them
through a tube. We collected 92 used nasogastric feeding tubes
and flushed them with one ml saline each to imitate a meal given
through them. Eighty-nine percent of the tubes contaminated the
meals with more than 1000 colony-forming units of bacteria and
fifty-five percent contaminated the meals with the possible path-
ogens Enterobacteriaceae or Staphylococcus aureus. The concen-
tration of bacteria in the saline flushed through the tubes was as
high as 10° colony-forming units per ml; however, neither the risk
of contamination nor the concentration of bacteria in the flush
was associated with the duration of use. Implementation of
standardized weekly exchange of feeding tubes would therefore
not prevent the contamination of meals.

In conclusion, the studies included in this thesis serve as a base
for future studies investigating the prevention of NEC. We found a
poor validity of the NEC diagnosis given at discharge. This should
be kept in mind when conducting epidemiological studies of NEC
and especially when conducting interventional trials with NEC as
an outcome. If the findings of the randomized part of the Precolos
study indicate a positive effect of bovine colostrum and do not
give rise to concerns regarding feasibility, safety or tolerability, a
large-scale randomized controlled study with NEC as the primary
outcome will be planned. Based on the high concentrations of
bacteria found in the nasogastric feeding tubes, a randomized
controlled trial investigating whether the frequency of feeding
tube exchange affects the early colonization has been com-
menced in the neonatal department at Rigshospitalet. Hopefully,
the results of these studies will bring us closer to preventing NEC
in the future.
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