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Introduction

Normal gut colonization begins straight after birth with 
maternal vaginal and faecal microbiota being the key source of 
colonizing microbes.1 In term neonates during the first days of life 
the most abundant colonizers are staphylococci, γ-proteobacteria 
(e.g., Enterobacteriaceae), and bifidobacteria,2-4 but the 
composition changes over time and gradually becomes more 
adult-like with the dominance of Bacteroidetes and Firmicutes.3

Within the past two decades, the survival rate of preterm 
infants has greatly increased due to improved standards 
of neonatal intensive care. For this group of infants, many 
parameters of normal development of gut bacterial colonization 
must be redefined as, in addition to immaturity, preterm infants 

often require intensive care and antibiotic treatment, all having 
a considerable effect on the development of the gut microbiota.5 
Previous studies have shown that the gut microbiota in preterm 
infants is dominated by members of family Enterobacteriaceae 
and has decreased numbers of lactobacilli and bifidobacteria.6,8 
Also, during the first days of life preterm infants are colonized 
with only a few microbial species.6-8 Increasing number of 
studies using 16S rRNA gene specific sequencing are in general 
confirming but on the other hand expanding the previous 
knowledge.9-14 We aimed to broaden the understanding of the 
composition of gut microbiota in preterm infants by describing 
the profile of gut microbiota in 50 extremely low birth weight 
(ELBW; birth weight [BW] <1200 g) neonates, all requiring 
treatment in 3rd level neonatal intensive care unit (NICU) and 
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Objective: An increasing number of studies that are using high-throughput molecular methods are rapidly extending 
our knowledge of gut microbial colonization in preterm infants whose immaturity and requirement for extensive 
treatment may result in altered colonization process. We aimed to describe the profile of gut microbiota in 50 extremely 
low birth weight (<1200 g) critically ill infants at three different time points during the first two months of life by using 
16S rRNA gene specific sequencing.

Patients and Methods: Stool samples were collected at the age of one week, one month and two months. Bacterial 
community profiling was done using universal amplification of 16S rRNA gene and 454 pyrosequencing.

Results: The diversity of gut microbiota in preterm neonates in the first week of life was low but increased significantly 
over two months. The gut microbiota was dominated by facultative anaerobic bacteria (Staphylococcus spp. and 
Enterobacteriaceae) and lacked colonization with bacteria known to provide resistance against pathogens (Bacteroides, 
Bifidobacterium, and Lactobacillus) throughout the study. Colonization of Escherichia coli and uncultured Veillionella was 
positively correlated with maturity. Infants born to mothers with chorioamnionitis had significantly higher bacterial 
diversity than those without.

Conclusions: High prevalence and abundance of potentially pathogenic Enterobacteriaceae and Staphylococcaceae 
with low prevalence and abundance of colonization resistance providing taxa bifidobacteria, Bacteroides and lactobacilli 
may lead to high infection risk via microbial translocation from the gut. Additionally, our data suggest that maternal 
chorioamnionitis may have an effect on the diversity of infants’ gut microbiota; however, the mechanisms involved 
remain to be elucidated.
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receiving antibiotic treatment, with the focus of composition 
dynamics between three time points collected during the first 
two months of life by using 16S rRNA gene specific sequencing.

Results

Sequencing data
We retrieved 188 222 high-quality sequence reads with an 

average length of 280 bp. The number of trimmed sequences was 
higher than 500 in 101 out of 118 samples (30 samples collected 
at the age of one week, 42 at one month, and 29 at two months). 
The cut-off was set to 500 sequences per sample because this 
was the level whereby the rarefaction curves for 95% of the 
samples reached a 1% plateau. This means that the increasing 
number of sequences per sample does not increase the number 

of OTUs obtained in 95% of the samples (Fig. 1). Eighty-five 
operational taxonomic units (OTUs) met the criteria of having 
at least 5 sequences assigned to them and thus were included into 
further analysis (Accession numbers for representative sequences 
of OTUs in GenBank are KJ527501-KJ527585). The mean (SD) 
taxonomic richness per sample was 8.15 (4.19). This did not 
change between the age of one week and one month being 7.13 
(5.15) and 7.83 (3.77), respectively, but it increased significantly 
by the age of two months (9.64 [3.34]; P = 0.04). The mean (SD) 
Shannon diversity index was 0.67 (0.51) and it increased over 
time being 0.38 (0.4) at one week, 0.71(0.54) at one month, and 
0.92 (0.44) at two months of age (all P < 0.01).

Prevalence and mean relative abundance of bacterial phyla, 
families, and genera

Retrieved sequences were distributed between seven bacterial 
phyla, 24 families and 35 genera. Major phyla (prevalence > 10% 

Figure 1. The distribution of 118 samples according to number of sequences and number of OTUs. Round and square brackets in the figure indicate to 
the exclusion and inclusion of adjacent value, respectively.
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and relative abundance > 0.01) were Proteobacteria (prevalence 
94%; mean relative abundance [SD] 0.51 [0.42]), whose 
abundance increased significantly between the age of one week 
and one month (from 0.28 [0.44] to 0.66 [0.39]; P < 0.01); 
Firmicutes (100%; 0.45 [0.41]), whose abundance decreased 
significantly between the age of one week and one month (from 
0.65 [0.45] to 0.32 [0.37]; P < 0.01); and Bacteroidetes (13%; 
0.02 [0.14]). Minor phyla were Actinobacteria (13%; 0.002 
[0.007]) and Verrucomicrobia, which was present in one sample 
with relative abundance of 0.14.

Ten most abundant families and genera are presented 
in Figure  2. Among these families, the prevalence of 
Enterobacteriaceae and Enterococcaceae increased significantly 
between one week and one month of age (from 77% to 98% and 
from 53% to 81%; P < 0.01 and P = 0.02, respectively). This 
increase was also observed for mean relative abundance values of 
Enterobacteriaceae and Veillionellaceae that increased from 0.25 
(0.42) to 0.66 (0.38) (P < 0.001) and from 0.003 (0.009) to 0.09 
(0.19) (P < 0.01), respectively. At the same time the prevalence of 

Prevotellaceae and the abundance of Staphylococcaceae decreased 
significantly from 13% to 0 (P = 0.03) and 0.33 (0.43) to 5.1e-4 
(0.15) (P < 0.001), respectively. The only change observed 
between the age of one month and two months was the decrease 
in abundance of Enterococcaceae from 0.1 (0.25) to 0.02 (0.03) 
(P = 0.03). The distribution of 10 most abundant families in 
individual samples can be seen in Figure S1.

The majority of these changes were also observed in 
approximately the same proportions among the most abundant 
genera belonging to aforementioned families. These genera 
included Staphylococcus, Enterococcus, Veillonella, and Prevotella 
(Fig. 2). In family Enterobacteriaceae, most abundant genus was 
Escherichia/Shigella, which similarly to family Enterobacteriaceae, 
increased significantly between the ages of one week and one 
month with the values of 17% vs. 41% for prevalence and 0.02 
(0.1) vs. 0.16 (0.3) for mean (SD) relative abundance (P = 0.04 
and P < 0.01, respectively). It has to be taken into consideration, 
that significant proportion of sequences (prevalence 91% and 
mean relative abundance [SD] 0.38 [0.39]) was unspecified on 

Figure 2. The distribution of 10 most abundant families (f) and genera (g) between the ages of one week, one month, and two months.
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genus level (Fig. 2). The majority of these sequences belonged 
to family Enterobacteriaceae (88%, 0.35 [0.39]), in particular 
to OTU named Enterobacteriaceae.100.293 (86%, 0.29 [0.38]). 
Based on additional identification against NCBI nt database this 
OTU matched to genus Klebsiella.

Prevalence and relative abundance of bacterial OTUs
Fourteen OTUs out of 85 dominated the gut microbiota of 

ELBW infants (prevalence and mean relative abundance higher 
than 10% and 0.01, respectively). The distribution of these OTUs 
in studied time points is shown in Figure 3. At the age of one week, 
three of the most prevalent and abundant OTUs in gut microbiota 
of ELBW infants were Staphylococcus.100.278 (GenBank 
accession number KJ527576), Enterobacteriaceae.100.293 
(Klebsiella sp.; KJ527584), and Enterococcus.100.289 
(KJ527581). By the age of one month, OTUs corresponding 
to Escherichia/Shigella.100.272 (KJ527573) together with 
Enterobacteriaceae.100.293 and Enterococcus.100.289 
predominated. At the age of two months the most prevalent 
and abundant OTUs were Enterobacteriaceae.100.293 (Klebsiella 
sp.), Veillonella.100.291 (KJ527583), Enterococcus.100.289, and 
Escherichia/Shigella.100.272 (Fig. 3).

None of the OTUs assigned to genus Bifidobacterium crossed 
the detection limit. Also, only one OTU was assigned to genus 

Bacteroides and two to Lactobacillus. These three OTUs had 
prevalence lower than 4%, although relative abundance was high 
in one or two samples (>0.01, reaching up to 0.6).

Correlation between gut microbiota and clinical parameters
We observed positive correlation between Shannon diversity 

index and corrected gestational age (GA+ postnatal age; P < 0.001)  
and negative correlation between Shannon diversity index and 
the starting day of total enteral feeding (P < 0.01). Also, Shannon 
diversity index was significantly higher among ELBW infants 
born to mothers with chorioamnionitis than in infants born to 
mothers without (mean values [SD] 0.82 [0.59] vs. 0.59 [0.45]; 
P < 0.01).

The prevalence and relative abundance of dominating 
OTUs correlated only with corrected GA: relative abundance of 
Staphylococcus.100.272 decreased (P = 0.02) and the prevalence 
of Escherichia/Shigella.100.272 and Veillonella.100.291 increased 
with corrected GA (P < 0.01 and P = 0.03, respectively).

Discussion

Current study is a thorough addition to several recent 16S 
rRNA gene sequencing based studies analyzing the composition 

Figure 3. The distribution of the most dominant OTUs (prevalence > 10% and mean relative abundance > 0.01) between the ages of one week, one 
month and two months based on their mean relative abundance (A) and prevalence (B).
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of gut microbiota in preterm infants. We observed significant 
changes in the gut microbiota of ELBW infants during the 
first weeks of life when extensive interventions (NICU stay, 
artificial lung ventilation, total parenteral nutrition [TPN], 
and empiric and broad-spectrum antibiotic treatment) were 
applied. By the age of one month, however, the composition of 
gut microbiota had shifted toward more stable complex with 
the changes occurring between the age of one and two months 
being not as extensive as in the first weeks of life regardless of 
significant increase in diversity. Nevertheless, key colonization 
resistance providing bacteria (Bifidobacterium, Bacteroides, and 
Lactobacillus) were lacking during the whole study period. These 
results are generally confirmatory to previous knowledge on 
this subject. Interestingly, ELBW infants born to mothers with 
chorioamnionitis had significantly higher bacterial diversity in 
their gut. This raises the question if diversity may be affected 
by more extensive exposure to microbes, inflammatory reactions 
and antibiotic treatment in case of chorioamnionitis or is the 
presence of chorioamnionitis correlated with some unknown 
factor affecting the diversity in these infants. In clinical data 
available for our study, chorioamnionitis did not correlate with 
any factor.

Similarly to previous studies assessing the composition of 
gut microbiota in preterm infants, we observed gradual increase 
of diversity in ELBW infants throughout the study.7,15 As the 
gradual increase of diversity has also been reported in vaginally 
born fullterm infants,16 it seems to be a normal process of 
diversification of gut microbiota in early age regardless of maturity. 
Nevertheless, Jacquot et al.17 have shown that bacterial diversity 
increases more slowly in extremely preterm (GA < 28 wk) than 
in moderately preterm infants (GA ⩾ 28 wk),17 supported by the 
increase of Shannon diversity index with increasing corrected GA 
seen in our study. Additionally, many studies have concluded that 
preterm infants have generally low bacterial diversity,8,10,15 which 
can be seen by us in ELBW infants as well.

Shannon diversity index was higher among ELBW infants 
who started to receive enteral feeds earlier. This is most probably 
due to a shorter period of nutrition deficiency in the gut resulting 
from parenteral feeding. We also found that Shannon diversity 
index was significantly higher among ELBW infants born to 
mothers with chorioamnionitis (frequent causative factor for 
preterm birth) as opposed to those without, which is contradicting 
the results of Madan et al. 18 Unfortunately, we did not have the 
additional information about the type or duration of antibiotics 
used to treat these women. Thus, we can only hypothesize that 
the β-lactams in amnionic fluid, exposure to inflammation 
and potential colonizers (chorionamnionitis is a polymicrobial 
infection; over 65% of positive amniotic fluid cultures involve 
two or more organisms19) may, among other factors, contribute 
to more diverse gut microbiota in these infants.

Members of family Enterobacteriaceae from phylum 
Proteobacteria were the dominating organisms of the gut 
microbiota of ELBW infants except immediately after birth 
when the slight predominance of Staphylococcaceae from phylum 
Firmicutes was observed. Increased levels of Proteobacteria have 

been reported extensively by studies assessing the composition of 
gut microbiota of preterm infants14,20-22 and interestingly it has 
lately been linked to necrotizing enterocolitis.14,22,23

The dominance of Staphylococcaceae in the gut microbiota of 
newborns has been hypothesized to be the result of improved 
hygienic condition during delivery.24 High abundance of 
staphylococci may increase the risk for acquiring coagulase-
negative staphylococcal infections, for which preterm neonates 
are especially predisposed to.25 A correlation between higher 
abundance of most dominant OTU from genus Staphylococcus 
and smaller corrected GA of ELBW infants indicate that the risk 
of acquiring these infections through staphylococcal colonization 
is at its highest during the first week of life.

A representative from genus Escherichia/Shigella was one of 
the dominating OTUs, which higher prevalence was correlated 
with increasing corrected GA. The most widely reported member 
of genus Escherichia in gut microbiota of preterm infants has 
historically been Escherichia coli,6,8,17 with the prevalence of this 
microbe rising during the first month of life.8 If we consider our 
results confirmatory to this knowledge, we verify that E. coli is a 
habitant of more mature gut microbita. Nevertheless, it has to be 
noted that although it is very likely, we cannot confirm with full 
certainty if this OTU is corresponding to E. coli or not due to 
the limited capacity of resolving different species based on short 
lengths of sequences.

Similarly to OTU corresponding to genus Escherichia/
Shigella, more mature ELBW infants were more likely to harbor 
OTU corresponding to genus Veillonella in their gut microbiota. 
The increase of Veillonella in gut microbiota over time has also 
been described in healthy infants.2

Although similar overall dynamics of bacterial families has been 
observed in fullterm infants3 there is a much wider inter-individual 
variability of the composition of gut microbiota in fullterm than 
in preterm infants.7 Also, high abundance of bifidobacteria and 
Bacteroides in fullterm1,2,26 but low abundance or absence in 
preterm infants has been frequently observed.6,8-10,26,27 Moreover, 
Butel et al.28 have shown that when the GA at birth is less than 
33 wk, the gut colonization by bifidobacteria is decreased.28 
This may be an explanation why bifidobacteria did not cross the 
detection limit in our study in which GA for all ELBW infants 
was less than 32 wk. In addition to lack of bifidobacteria, low 
prevalence and abundance of Bacteroides and Lactobacillus are all 
indicators of impaired colonization process. It has been widely 
hypothesized that gut colonization with bifidobacteria and lactic 
acid bacteria such as lactobacilli, is supported by breast-feeding 
although there are increasing evidence that this may not be the 
case.29 Nevertheless, our results may seem to favor this hypothesis 
as most of the ELBW infants participating in current study did 
not receive breast-feeding and the levels of lactic acid bacteria 
were very low to statistically argue against it, but based on other 
similar studies it is unlikely that feeding regimen is affecting 
this colonization in preterm infants. For instance, Butel et al.28 
failed to see a statistical correlation between breast-feeding and 
bifidobacterial colonization in preterm infants.28 Also, studies 
using 16S rRNA gene based sequencing are supporting these 



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com	 Gut Microbes	 309

findings by reporting low levels of lactobacilli, bifidobacteria, 
and Bacteroides despite of studying mainly breast-fed preterm 
infants.9,10

One of the limitations in our study is a possible primer bias 
especially toward bifidobacteria as 27F primer has been shown 
to have low affinity for this group of bacteria.30 Nevertheless, 
by analyzing the levels of bifidobacteria with quantitative Real-
Time PCR and genus Bifidobacterium specific primers, we were 
able to validate that the prevalence and levels of bifidobacteria 
are indeed low in ELBW infants. We also ruled out primer bias 
against genera Bacteroides and Lactobacillus. Thus, in the context 
of current study the primer bias does not have a considerable 
effect on the results.

In conclusion, the detailed description of gut microbiota in 
critically ill ELBW infants during the first two months of life 
confirmed low prevalence and abundance of bifidobacteria, 
Bacteroides, and lactobacilli throughout the study period, 
suggesting prevailing impaired colonization resistance, and 
showed the shift in dominance from Staphylococcaceae to 
Enterobacteriaceae during first weeks of life. Our data suggest that 
maternal chorioamnionitis may have an effect on the diversity 
of ELBW infants’ gut microbiota; however, the mechanisms 
involved remain to be elucidated.

Patients and Methods

Participants and sample collection
A total of 118 stool samples collected from 50 preterm infants 

met the inclusion criteria. Briefly, approximately 200 mg of stool 
was available from infants with BW <1200 g participating in a 
cluster-randomized study comparing the efficacy of ampicillin 
and penicillin, both combined with gentamicin, in risk-factor 
based empiric treatment of suspected early onset neonatal sepsis. 
The details of the study are described elsewhere.31 Thus, the 
patients were all receiving antibiotic treatment. Stool samples 
were collected in a clean screw-top container at the age of one 
week (n = 38), one month (n = 45), and two months (n = 35). 
Samples were initially stored at 4 °C for a maximum of 4 h and 
then transferred to -80 °C until analyzed.

Additionally, extensive demographic and clinical data 
were obtained for the participants (Table  1). The study was 
conducted in the NICUs of Tallinn Children’s Hospital and 
Tartu University Hospital. Altogether 50 mothers (median age 
[min;max] was 30.5 [16;44] years) participated in this study. 
Twelve mothers received antenatal antibiotics and 23 received 
antibiotics during delivery. Eighteen mothers were suffering 
from chorioamnionitis and 12 had premature rupture of 
membranes >18 h (PROM). The diagnosis of chorioamnionitis 
was confirmed based on clinical criteria: fever and/or high C 
reactive protein levels, odorous amniotic fluid, and placental 
inflammation.

Of note, two outbreaks of bloodstream infections were 
observed during the study. In hospital ward B an outbreak of 
methicillin-resistant Staphylococcus aureus infection involving 

three patients and in hospital ward A five patients had a blood 
stream infection caused by K. pneumoniae.4

454 pyrosequencing of 16S rRNA gene
DNA was extracted from stool samples using QiaAmp Stool 

DNA Mini kit (Qiagen) according to manufacturer’s instructions 
and stored at -20 °C. The amplification of 16S rRNA V1-V4 
hypervariable region was performed with primers that included 
454 specific adaptor sequences at 5′ end following the 8-bp 
barcode marked as Ns (unique sequence tag to barcode each 
sample) and universal 27F and 685R primers.32,33 Full primer 
sequences were as follows: 27F with B adaptor 5′CCTATCCCCT 
GTGTGCCTTG GCAGTCTCAG NNNNNNNNAG 
AGTTTGATCC TGGCTCAG3′ and 685R with A adaptor 
5′CCATCTCATC CCTGCGTGTC TCCGACTCAG 
NNNNNNNNTC TACGCATTTC ACCGCTAC3′.

Cycling parameters were 3 min at 95 °C, followed by 5 cycles 
of 30 s at 95 °C, 30 s at 47 °C and 60 s at 72 °C, then 30 cycles 
of 30 s at 95 °C, 30 s at 71 °C and 60 s at 72 °C with a final 
extension at 72 °C for 10 min. PCR reactions were performed 
in total volume of 25 μL including 3 μL of DNA template and 
primers at concentration 0.2 μM. PCR products were purified 
using Agencourt AMPure XP (Beckman Coulter) and sequenced 
with 454 FLX+ systems at GATC Biotech AG.

Additional PCR and qPCR were performed for genera 
Lactobacillus, Bacteroides, and Bifidobacterium to analyze primer 
27F bias toward these genera in current study (Fig. S2).

Data analysis
The initial pre-trimmed data set was denoised using PyroNoise 

and UChime (“chimera.uchime” task in de novo mode) 
implemented in MOTHUR software 1.27.0. Only sequences 
longer than 150 bp were included for further processing. OTUs 
were generated with the average neighbor hierarchical clustering 
algorithm with identity threshold of 97%. For additional 
denoising, OTUs with less than 5 sequences were removed. 
Reference sequences of aligned 16S rDNA were obtained 
from the SILVA rRNA database34 against what the taxonomic 
assignments were performed using Naive Bayesian classifier with 
a confidence cutoff of 90%.35 OTU naming was based on the 
lowest taxonomic level identified for OTUs based on SILVA 
database match followed by the value of this match (100 equals 
100% match) and serial number in the OTU list generated for 
this study (the list was generated in random order). Additional 
taxonomic assignment for identifying species to which OTUs 
potentially corresponded to, was performed using BLASTN 
against the NCBI nt database (last accessed in February, 2014). 
The relative abundance values and sequence counts were all 
normalized.

Statistics
Statistical analysis was performed using R 2.13.2 software. 

For analyzing general bacterial diversity Shannon diversity index 
was calculated.36 Categorical values were compared with Fisher 
exact test and the continuous variables by Welch Two sample 
T-test. Mixed effect models were used to analyze the correlation 
of clinical parameters with microbial characteristics (Shannon 
diversity index; prevalence and relative abundance of five most 
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dominating OTUs). These models included the following fixed 
effects: corrected GA (GA+ postnatal age in weeks); PROM; 
mode of delivery; duration of artificial lung ventilation; duration 
of empiric antibiotic treatment; the starting day and duration 
of broad spectrum antibiotic treatment (carbapenems, third or 
fourth generation cephalosporins, and β-lactamase resistant 
penicillins); feeding regimen; presence of late onset sepsis; 
maternal usage of antibiotics prior to delivery and during delivery; 
and presence of maternal chorioamnionitis. Feeding regimen 
included three separate variables: the volume of received breast 
milk documented on Day 7; the starting day of enteral feeding, 
which consisted of breast milk containing regimen (at least 11% 

of breast milk in enteral feeds) and formula feeding (more than 
89% of formula in enteral feeds); and the starting day of total 
enteral feeding (marks the end of TPN). The random effects in 
mixed effect models were hospital ward (A and B) and the type 
of empiric antibiotic treatment used (penicillin or ampicillin plus 
gentamicin).

All analyses were performed with Holm-Bonferroni correction 
and the overall level of a significant difference was set at 5%.

Ethics
The study was approved by the Ethics Committee of 

University of Tartu and informed consent was signed by parents 
or guardians.

Table 1. Demographic and clinical factors for participating ELBW infants (n = 50)

Factor Value

Duration of NICU days; median (IQR) 25.7 (12.5–41.8)

Number of patients/ Duration of artificial lung ventilation (days); median (IQR) 48/ 5.8 (3.4–17.5)

Number of patients in hospital ward A 28

Number of patients born with caesarean section 22

GA (weeks); mean (SD) 26.64 (0.32)

BW (g) mean (SD) 886.64 (28.27)

Number of male patients 26

Number of patients receiving empiric antibiotic treatment with penicillin 25

Duration of empiric antibiotic treatment in days; median (IQR) 3 (0.5–14.5)

Number of patients receiving broad-spectrum antibiotic treatment: 37

β-lactam + betalactamase inhibitors 23

III ja IV generation cephalosporines 10

carbapenems 6

Starting day of broad-spectrum antibiotic treatment; median (IQR) 7 (0–25)

Duration of broad-spectrum antibiotic treatment in days; median (IQR) 11.5 (0–38.8)

Number of patients on following feeding regimen at day 7*:

TPN 12

Breast milk containing regimen 17

Formula 21

Mean % (range) of breast milk in breast milk containing regimen 81.4 (25–100)

Starting day of enteral feeding regimen; median (IQR) 3 (1–7)

Starting day of total enteral feeding; median (IQR) 17 (14–22)

Number of participants suffering from sepsis: 24

Early onset sepsis 2

Late onset sepsis 22

Number of NEC II, III patients 7

Number of patients who died in hospital 2
*Feeding regimen of ELBW infants was documented on Day 7 and categorized into three groups based on the route and character of the feeds as follows: 
(1) TPN, only parenteral feeding or including enteral feeds providing calories less than 10% of daily total; (2) breast milk containing regimen, breast milk 
constituting at least 11% of enteral feeds (the actual proportion of breast milk ranged from 12 to 100%); and (3) formula feeding, formula constituting more 
than 89% of enteral feeds. In case of breast milk containing regimen only biological mother’s fresh or frozen breast milk was used; pasteurization or donor 
milk were not available. For formula feeding a ready-made liquid preterm formula Nenatal by Nutricia providing 82 Kcal/100 ml was used. Fortification 
was started only when enteral volume of 100 ml/kg was reached. TPN was started with glucose (4–6 g/kg/d) and amino acids (1 g/kg/d) within the first 
hours of life and increased by 2 g/kg/d for glucose and 1 g/kg/d for aminoacids as tolerated. Lipids (0.5–1 g/kg/d) were started on the second day of life 
and advanced by 0.5–1 g/kg/d as tolerated.
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