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Abstract 

Background and aims: In a previous study, we have found that glutamine 
supplementation decreased the infection rate in very low birth weight (VLBW) infants. 
In this study, we investigated whether this beneficial effect originated from increased 
numbers of bifidobacteria and lactobacilli in the intestinal microflora of these infants. 
Methods: In a randomized controlled trial, VLBW infants (gestational age <32 weeks 
and/or birth weight <1500 g) received enteral glutamine supplementation (0.3 g/kg/d) 
or isonitrogenous placebo supplementation between day 3 and day 30 of life. Fecal 
microflora was determined by fluorescent in situ hybridization <48 hours, at day 7, day 
14 and day 30 of life. Results: In 43/52 (glutamine-supplemented group) and 43/50 
(control group) infants, ≥2 samples were analyzed. Baseline characteristics were not 
different between groups. Prevalence of bifidobacteria, lactobacilli, E. coIi, 
streptococci and clostridia was not different between groups (p >0.05). In both groups, 
colonization with bifidobacteria was delayed, whereas potentially pathogenic bacteria 
such as E. coli, appeared rapidly after birth. Antibiotic treatment decreased the 
prevalence of all fecal bacteria (p <0.05). Conclusions: Decreased infectious morbidity 
in VLBW infants that received glutamine supplementation was not associated with 
alterations in the prevalence of bifidobacteria, lactobacilli, E. coIi, streptococci and 
clostridia. In general, colonization with health promoting bacteria was delayed, 
whereas potentially pathogenic bacteria appeared rapidly after birth. Antibiotic 
treatment delayed the intestinal bacterial colonization. 
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Introduction 

Very low birth weight (VLBW) infants are susceptible to glutamine depletion, as 
placental supply ceases at birth, tolerance of enteral nutrition is limited and 
parenteral nutrition does not contain glutamine for solubility and stability reasons. In 
recent studies in VLBW infants, Neu et al.8 and our group (chapter 2) have found that 
glutamine-enriched enteral nutrition between days 3 and 30 of life decreased the 
incidence of serious bacterial infections. Other studies of enteral42 and parenteral39,40 
glutamine supplementation in VLBW infants could not confirm this finding, possibly 
because of differences in supplementation method, supplementation dose and 
definition of infections. The mechanism underlying the beneficial effect of glutamine 
supplementation on infectious morbidity is not fully understood. Experimental studies 
have shown that glutamine plays a significant role in maintaining functional integrity 
of the gut.2,5 Glutamine serves as fuel for enterocytes,1 and provides nitrogen for the 
synthesis of hexosamines.130 Hexosamines, as a component of amino sugars, are 
involved in the synthesis of mucin, an important element of the mucus layer covering 
the intestinal epithelium. The importance of glutamine for mucus layer integrity is 
supported by the finding that glutamine supplementation improved thickness and 
optical density of the mucus gel in rats on parenteral nutrition.4 The mucus layer is an 
important site for bacterial colonization27 and its composition may modulate bacterial 
adherence.28 We hypothesize that glutamine-mediated changes of the mucus layer 
may lead to altered bacterial adherence and colonization of the gut. 

The bacterial colonization of the gut starts immediately after birth and is influenced by 
mode of delivery102 and environmental101 and nutritional factors.100,106,131 In VLBW 
infants, colonization with bifidobacteria and lactobacilli, commonly present in healthy 
breast-fed infants, is delayed.109 and chapter 5-I Bifidobacteria and lactobacilli are 
considered health-promoting bacteria, as their presence may enhance the intestinal 
mucosal barrier, modulate the systemic immune response and inhibit colonization 
with pathogenic bacteria.100,132 In addition, colonization with potentially pathogenic 
species (e.g. strains of Escherichia coli), that may translocate across the intestinal 
barrier and cause systemic disease, is increased in VLBW infants.24,122 In most studies 
in VLBW infants, conventional culture methods have been used to determine 
intestinal microflora, although in recent studies culture-independent molecular 
techniques have been applied.123,127,133 

Until now, the effect of glutamine supplementation on the development of the 
intestinal microflora in VLBW infants has not been studied. We hypothesized that the 
previously found lower infection rate in VLBW infants receiving glutamine-enriched 
enteral nutrition, might originate from increased numbers of bifidobacteria and 
lactobacilli in the intestinal microflora. Therefore, as part of our randomized controlled 
trial of glutamine-enriched enteral nutrition in VLBW infants (chapter 2), fecal 
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microflora was determined by fluorescent in situ hybridization (FISH) throughout the 
study period. Furthermore, we investigated the effect of host- and treatment-related 
factors on the development of the intestinal microflora in VLBW infants. 

Patients and methods 

Patients 
Infants with a gestational age (GA) <32 weeks or a birth weight (BW) <1500 g who were 
admitted to the level III neonatal intensive care unit (NICU) of the VU University 
Medical Center, Amsterdam, were eligible for participation in the study. Exclusion 
criteria were major congenital or chromosomal anomalies, death within 48 hours after 
birth, transfer to another hospital within 48 hours after birth, and admission from an 
extraregional hospital. The national central committee on research involving human 
subjects and the medical-ethical review board of our hospital approved the study 
protocol. Written informed consent was obtained from all parents. 

Randomization, blinding and treatment 
After assignment to 1 of 3 birth weight strata (≤799 g, 800–1199 g, and ≥1200 g), the 
infants were randomly allocated within 48 hours after birth to receive either enteral 
glutamine supplementation or isonitrogenous control supplementation. An 
independent researcher used a computer-generated randomization table based on 
blocks of 4 (Nutricia Nederland BV, Zoetermeer, Netherlands) to assign infants to 
treatment A or B, which corresponded to batch numbers on the nutrition products. 
Investigators, parents, and medical and nursing staff were unaware of treatment 
allocation. The code for the batch numbers was broken after data analysis was 
performed. 

The glutamine powder contained 82% L-glutamine and 18% glucose (15.5% N, by wt; 
371 kcal/100 g), whereas the isonitrogenous control powder contained 100% L-alanine 
(15.7% N, by wt; 435 kcal/100 g) (Nutricia Nederland BV). The two powders were 
indistinguishable by appearance, color, and smell. During the study period, both 
powders were monitored for stability and microbiological contamination. 

The supplementation was administered in increasing doses between days 3 and 30 of 
life to a maximum of 0.3 g glutamine/kg/d in the glutamine-supplemented group. 
Initially, the supplementation dose was based on birth weight. After 2 weeks, the dose 
was adjusted to the actual weight of the infants. Two members of the nursing staff 
added the supplementation daily to breast milk or to preterm formula (Nenatal®; 
Nutricia Nederland BV). Each 100 mL of preterm formula provided 78 kcal, 2.1 g protein 
(casein-whey protein ratio 40:60), 4.4 g fat, and 7.5 g carbohydrate. The preterm 
formula did not contain free L-glutamine or free L-alanine. When infants were 
transferred to a general hospital ward before the end of the study, the protocol was 
continued under supervision of the principal investigator (AvdB). 
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Analysis of fecal microflora by FISH 
Fecal samples were collected in sterile tubes and stored at -20°C until analysis. Prior 
to analysis, fecal samples were thawed in ice water, diluted 10 times (w/v) in 
phosphate buffered saline (PBS) at pH 7.4 and homogenized for 10 minutes using a 
stomacher. Of the homogenized fecal suspension, 250 µl was fixed in 750 µl freshly 
prepared 4% (w/v) paraformaldehyde in PBS and incubated overnight at 4°C. Fixed 
samples were aliquoted and stored at -20°C. Fixed samples were applied to gelatine 
coated glass slides (18-well object slides with square shaped wells {0.25cm2/well}) 
and air-dried. Slides were incubated overnight in a dark moist chamber at 50°C with 
10 ng/µl Cy3 labelled group-specific 16S rRNA-targeted oligonucleotide probes in 
preheated hybridization buffer. All probes used in this study are listed in Table 1. 
Hybridization was performed according to the conditions as described in the cited 
references.125,126,134-136 

For total cell counts, samples were incubated with 0.25 ng/µl 4',6-diamidino-2-
phenylindole (DAPI) in PBS for 5 minutes at room temperature. Slides were 
automatically counted by an Olympus AX70 epifluorescence microscope. The 
percentage of labelled bacteria per sample was determined in 25 randomly chosen 
positions by counting all cells and all labeled bacteria with a DAPI filter set (SP100) 
and Cy3 filter set (41007) respectively (Chroma Technology Corp., Brattleboro, VT, USA). 
Relative numbers of bacterial groups are expressed as % of total counted number of 
cells/g wet weighted feces. However, as the initial number of bacteria in the intestinal 
microflora was low, these data did not provide information on the development of the 
intestinal microflora at group level. Therefore, data are expressed as the percentage of 
infants colonized with a certain bacterial group. When a bacterial group was present in 
>5 infants, data on absolute numbers/gram feces are provided. 

Table 1. 16S rRNA-targeted oligonucleotide probes 

Probe* Target group, genus, or species Reference 

Bif164-mod Bifidobacterium including B. lactis 125 

Ato291 Atopobium cluster and Coriobacterium group 134 

Ec1531 Escherichia coli 136 

Bdis656 Bacteroides distasonis 126 

Bfra602 Bacteroides fragilis group 126 

Chis150 Clostridium histolyticum 126 

Clit135 Clostridium lituseburense 126 

Erec482 Eubacterium rectal group and Clostridium coccoides 126 

Strc493 Streptococcus-Lactococcus 126 

Lab158 Lactobacillus and Enterococcus 135 

*All probes are 5' Cy3-labelled. 
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Nutritional and clinical characteristics of the infants at the time of fecal sampling were 
assessed, including exclusive breast milk feeding, achievement of full enteral feeding, 
nutritional intake, administration of antibiotics and whether feces was sampled at the 
NICU or at a general hospital ward. 

Nutritional support 
Protocol guidelines for the introduction of parenteral and enteral nutrition followed 
current practice at our NICU. Parenteral nutrition was started at day 2 and was 
advanced gradually until amino acid intake reached 2.5 g/kg at day 6. Parenteral 
nutrition was discontinued when enteral feeding reached a volume of approximately 
150 mL/kg/d. Each 100 mL of parenteral nutrition, an all-in-one mixture provided by 
the hospital pharmacy, contained 54 kcal, 8.5 g glucose, 1.7 g amino acids, and 1.7 g 
lipids. If necessary, glucose, amino acids and lipids (Vaminolact® and Intralipid® , 
respectively; Fresenius Kabi AG, Bad Homburg, Germany) were given in separate 
solutions. 

Guidelines for the introduction of enteral nutrition were as follows: 1) minimal enteral 
feeding was started at day 1 (6–12 mL/d); 2) enteral nutrition was advanced either 
from day 3 or from day 5 in case of a BW <10th percentile,62 GA <26 weeks, Apgar score 
<6 at 5 min, pH <7.10 or base deficit >10 mmol/L in arterial cord blood; and 3) feeding 
was advanced at a dose of approximately 20 mL/kg/d to a maximum of 150 mL/kg/d 
(based on actual weight). Enteral feeding was reduced or suspended in case of gastric 
residuals (more than the total volume of past 2 feedings), bilious residuals, emesis, 
ileus, or necrotizing enterocolitis (Bell stage ≥II).61 When the signs of feeding 
intolerance resolved, feeding was advanced within 2 days to the volume given before 
reduction or withholding. A feeding schedule was proposed on the basis of each 
infant’s BW and the feeding guidelines. However, the medical staff of our NICU had 
the final responsibility for the administration of parenteral nutrition and the 
advancement of enteral feeding. 

Statistical analysis 
The sample size of 102 infants was based on the sample size calculation for the 
primary outcome of the main trial (time to full enteral feeding) (chapter 2). All infants 
were considered for assessment of fecal microflora. Normally distributed and 
nonparametric data are presented as means ± standard deviations and medians 
(ranges), respectively. Perinatal and nutritional characteristics were analyzed with a 
Student’s t-test, a Mann-Whitney U-test, and a χ2-test or Fisher’s exact test for 
continuous normally distributed, nonparametric continuous, and dichotomous data, 
respectively. 

In the primary analysis, generalized estimating equations for longitudinal analysis 
were used to analyze changes in fecal microflora over time.78 This method takes into 
account the dependency of the observations within a patient and the fact that 
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samples may not be available at each time point. In additional analyses, a correction 
was made for antibiotic treatment (within 48 hours preceding the sample), test 
location (NICU or a general hospital ward) or administration of parenteral nutrition. 
Furthermore, the effect of mode of delivery, intrauterine growth restriction and 
exclusive breast milk feeding on fecal microflora was determined. Generalized 
estimating equations for longitudinal analysis were used to analyze the effect of host- 
and treatment-related factors on the development of the intestinal microflora. 

All statistical analyses were performed on an intention-to-treat basis. A two-tailed p-
value <0.05 was considered significant. We used SPSS 11.0 (SPSS Inc, Chicago, IL, USA) 
and STAT 7.0 (StatCorp LP, College Station, TX, USA) for data analysis.  

Table 2. Baseline patient and nutritional characteristics 

 Glutamine (n = 52) Control (n = 50) p*

Antenatal corticosteroids 39/52 (75%) 39/50 (78%) 0.72 

Maternal antibiotics 20/52 (39%) 22/50 (44%) 0.57 

Vaginal delivery 23/52 (44%) 24/50 (48%) 0.70 

Gestational age (wk) 29.3 ± 1.7 28.7 ± 1.8 0.07 

Birth weight (kg) 1.18 ± 0.4 1.16 ± 0.3 0.79 

Birth weight <10th percentile† 17/52 (33%) 12/50 (24%) 0.33 

Sex (male) 28/52 (54%) 27/50 (54%) 0.99 

Clinical risk index for babies‡ 2.5 (0-12) 3 (0-13) 0.45 

Age at start study supplementation (d) 2.6 (1.4-4.6) 2.5 (1.8-3.8) 0.53 

Time to full supplementation dose (d) 10 (4-17) 9 (4-23) 0.94 

Age at increasing enteral nutrition (d) 3.6 (0.2-11.8) 3.4 (0.7-10.1) 0.92 

Values are means ± SDs, medians (ranges) or number (%). *Student’s t-test, Mann-Whitney U-test, χ2-test and log 
rank test were used to analyze continuous normally distributed, nonparametric continuous, dichotomous, and time 
dependent data, respectively. †According to Usher.62 ‡Reference 66. 

 

Results 

Between September 2001 and July 2003, 107 of 252 eligible VLBW infants entered the 
study. Reasons for not participating in the study were: no informed consent (n = 48), 
participation in another trial (n = 32), transfer from an extraregional hospital (n = 29), 
transfer to a regional hospital within 48 hours (n = 18), death within 48 hours (n = 12) 
and severe congenital malformations (n = 6). After randomization, 5 infants with 
severe congenital malformations were excluded from the study (2 and 3 infants in 
glutamine-supplemented and control groups, respectively). 
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Table 3. Nutritional and clinical characteristics at the time fecal microflora was 
determined 

  Glutamine (n = 52) Control (n = 50) p* 
No test results n = 31 n = 30  

No sample 10/31 (29%) 13/30 (47%) 0.41 
Not enough biomass 21/31 (71%) 17/30 (53%) 0.51 

Antibiotic treatment† 15/21 (71%) 14/20 (70%) 0.92 

<48 h  
(t = 0) 

Sample in VUmc 20/21 (95%) 20/20 (100%) 0.51 
No test results n = 24 n = 22  

No sample 9/24 (42%) 5/22 (18%) 0.29 
Not enough biomass 13/24 (50%) 17/22 (77%) 0.32 
Death 2/24 (8%) 0/22 (0%) 0.50 

Exclusive breast milk feeding‡ 14/28 (50%) 15/28 (54%) 0.79 
Full enteral feeding§ 2/28 (7%) 1/28 (4%) 0.50 
Nutritional intake    

Energy (kcal/kg/d)  91 ± 21 92 ± 21 0.76 
Carbohydrate (mg/kg/min) 8.2 ± 2.4 7.9 ± 1.6 0.69 
Protein (g/kg/d) 2.6 ± 0.6 2.8 ± 0.7 0.28 
Fat (g/kg/d) 3.7 ± 1.1 3.9 ± 1.4 0.51 

Antibiotic treatment† 11/28 (39%) 11/28 (39%) 1.00 

Day 7  
(t = 1) 

Sample in VUmc 20/28 (71%) 27/28 (96%) 0.01 
No test results n = 15 n = 10  

No sample 5/15 (33%) 3/10 (30%) 0.72 
Not enough biomass 5/15 (33%) 6/10 (60%) 0.69 
Death 5/15 (33%) 1/10 (10%) 0.21 

Exclusive breast milk feeding‡ 27/37 (73%) 30/40 (75%) 0.84 
Full enteral feeding§ 27/37 (73) 23/40 (58%) 0.16 
Nutritional intake    

Energy (kcal/kg/d)  111 ± 16 112 ± 22 0.86 
Carbohydrate (mg/kg/min) 8.2 ± 0.9 8.4 ± 1.3 0.28 
Protein (g/kg/d) 3.3 ± 0.5 3.3 ± 0.7 0.99 
Fat (g/kg/d) 5.6 ± 1.4 5.5 ± 1.6 0.75 

Antibiotic treatment† 22/37 (60%) 25/40 (63%) 0.79 

Day 14  
(t = 2) 

Sample in VUmc 23/37 (62%) 30/40 (75%) 0.22 
No test results n = 15 n = 13  

No sample 6/15 (47%) 6/13 (46%) 0.94 
Not enough biomass 3/15 (13%) 4/13 (31%) 0.71 
Death 6/15 (40%) 3/13 (23%) 0.49 

Exclusive breast milk feeding‡ 25/37 (68%) 27/37 (73%) 0.61 
Full enteral feeding§ 37/37 (97%) 37/37 (100%) 1.00 
Antibiotic treatment† 5/37 (14%) 5/37 (14%) 1.00 

Day 30  
(t = 3) 

Sample in VUmc 14/37 (38%) 18/37 (49%) 0.35 

Values are number (%) or means ± SDs. *Student’s t-test and χ2 or Fisher exact test were used to analyze continuous 
normally distributed and dichotomous data, respectively. †<48 hours preceding the sample. ‡In week preceding the 
sample. §>120 mL/kg/d.  
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Patient characteristics were not different in glutamine-supplemented (n = 52) and 
control (n = 50) groups, as were nutrition and study supplementation time points 
(Table 2). Nutritional and clinical characteristics at the time fecal microflora was 
determined, were not different in both groups, except for the fact that more samples 
were taken at the NICU in the control group at day 7 (Table 3). Missing data were 
mainly due to fecal samples lacking enough biomass (in particular at t = 0 and t = 1). 

Fecal samples were taken at 2.7 ± 1.0 (t = 0), 7.3 ± 0.8 (t = 1), 14.3 ± 1.0 (t = 2) and 30.2 
± 0.6 (t = 3) days after birth. At baseline, a limited part of the fecal microflora could be 
detected, whereas the proportion of detected micro-organisms increased to 60-70% at 
day 30 after birth in both groups (Figure 1). Furthermore, the initial number of bacterial 
groups in the intestinal microflora was low. Figure 2A (proportion of infants colonized 
with a certain bacterial group) and Figure 2B (absolute number of bacteria/gram feces) 
show the development of the intestinal microflora over time in both groups. As 
Atopobium, Coriobacterium, Eubacterium and Bacteroides species were present in a 
small number of children (equally distributed in glutamine-supplemented and control 
groups), these data were not included in the analysis. The prevalence of lactobacilli, 
E. coli and streptococci was not different over time in glutamine-supplemented and 
control groups (Figure 2A). In addition, colonization with bifidobacteria and clostridia 
was not different in both groups. In additional analyses, we found that correction for 
intrauterine growth restriction, mode of delivery, use of antibiotic treatment, test 
location, administration of parenteral nutrition and exclusive breast milk feeding did 
not change the results of the primary analysis. Therefore, we only report the results of 
the primary analysis. 

The development of the intestinal microflora was characterized by large interindividual 
differences both in terms of composition and counts. Bifidobacteria were detected in a 
relatively small number of infants, whereas the number of infants colonized with 
E. coli and streptococci rapidly increased over time. As the results in glutamine-
supplemented and control groups were not different, data of both groups were taken 
together to analyze the role of factors that may influence the development of the 
intestinal microflora (n = 41 at t = 0, n = 56 at t = 1, n = 77 at t = 2 and n = 74 at t = 4) 
(Table 4). Antibiotic treatment decreased the prevalence of all bacterial groups in the 
intestinal microflora. Furthermore, stay at a general hospital ward increased the 
prevalence of all bacterial groups, as compared to stay at a NICU.  

Discussion 

This is the first study to describe the effect of glutamine-enriched enteral nutrition on 
the intestinal microflora in VLBW infants. Our study shows that glutamine-enriched 
enteral nutrition between days 3 and 30 of life does not stimulate the prevalence of 
bifidobacteria  and  lactobacilli in the intestinal  microflora of VLBW infants.  Therefore,  
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Figure 1. Characterization of the intestinal microflora in VLBW infants (FISH)  
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the beneficial effect of glutamine-enriched enteral nutrition on the incidence of 
serious neonatal infections, as previously found (chapter 2), is not associated with 
increased numbers of bifidobacteria and lactobacilli in the intestinal microflora. Our 
results reveal that the intestinal microflora was not different in glutamine-
supplemented and control groups during a 4-week study period, even after 
adjustment for possible confounding factors as antibiotic treatment, exclusive breast 
milk feeding, administration of parenteral nutrition and stay at a NICU versus a general 
hospital ward. 

Although glutamine-enriched enteral nutrition did not lead to altered bacterial 
colonization of the gut, glutamine-mediated changes of the mucus layer4 still may play 
a role in preventing infectious morbidity. VLBW infants are at increased risk for 
bacterial translocation, because of immature immune responses and intestinal barrier 
functions.115 Glutamine-mediated changes of the mucus layer may lead to decreased 
bacterial translocation,70,71 decreased systemic spread of bacteria72 and consequently 
to decreased infectious morbidity. However, to date only animal studies have 
provided direct evidence for this hypothesis. In human studies, glutamine-enriched 
enteral nutrition has resulted in a lower systemic inflammatory response in multiple 
trauma patients68 and changes in immune cell subtype distribution in VLBW infants,8 
reflecting decreased bacterial challenge in these patients. It would be interesting to 
investigate the effect of enteral glutamine supplementation on mucus production and 
composition in VLBW infants. For obvious ethical and technical reasons it is not 
possible to obtain mucus or intestinal biopsies in these infants. Recently, Schaart et al. 
described a novel method to determine intestinal mucus synthesis from the intestinal 
outflow fluid in preterm infants with an enterostomy.137 However, this method is not 
applicable in VLBW infants without an enterostomy.  
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Figure 2. Effect of glutamine supplementation in VLBW infants on the intestinal 
microflora (FISH) 
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statistical analysis. B. When a bacterial group was present in >5 infants, data on absolute numbers/gram feces were 
provided. Bars indicate median values and error bars 75th percentiles. At t = 0, n = 21 and n = 20; t = 1, n = 28 and 
n = 28; t = 2, n = 37 and n = 40; t = 3, n = 37 and n = 37 in glutamine-supplemented and control group, respectively. 
Time points: before start of the study (t = 0), at day 7 (t = 1), 14 (t = 2) and 30 (t = 3) after birth. 
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During the course of study, the development of the intestinal microflora in these VLBW 
infants was characterized by large interindividual differences both in terms of 
composition and counts. In general, the initial number of fecal bacterial groups was 
low, whereas over the course of the study a significant increase was observed. This is 
consistent with previous studies, using both conventional culture24,121 and molecular 
techniques.123,138 Furthermore, colonization with bifidobacteria was delayed, whereas 
numbers of E. coli and streptococci rapidly increased over time. These findings are in 
accordance with other studies in VLBW infants, showing delayed colonization with 
health promoting species such as bifidobacteria and lactobacilli24,25,120-122,124 and rapid 
colonization with potentially pathogenic species as enterobacteria and enterococci 
compared to full term infants.24,25,120-122 In our study, potentially pathogenic Bacteroides 
spp. were rarely detected, although in other studies Bacteroides spp. were present in 
high numbers.24,120,122,124 With respect to pathogenic species, at baseline, we found 
clostridia in a small number of infants, whereas after four weeks clostridia were 
present in half of the infants. Previous studies have found varying results with regard 
to the prevalence of pathogenic species in the intestinal microflora of VLBW infants. 
Pseudomonas spp. were found in small numbers of infants, whereas the prevalence of 
staphylococci and clostridia varied and Klebsiella spp. were frequently found.24,120-122 

Host-, treatment- and nutrition-related factors may play a role in the development of 
the intestinal microflora in VLBW infants, as outlined above. In our study, antibiotic 
treatment substantially decreased the prevalence of all bacterial groups, which is in 
agreement with previous studies.25,120,121 Furthermore, we have found that stay at a 
general hospital ward (versus stay at a NICU) increased the prevalence of all bacterial 
groups. This difference may reflect differences in the clinical condition of the infants, 
but also may indicate that stay at different hospital wards influences the diversity of 
the intestinal microflora. Recently, Schwiertz et al. showed that similarity of species in 
the intestinal microflora of VLBW infants admitted to a NICU increased over time.123 
These findings suggest that in studies on intestinal microflora in (VLBW) infants, stay 
at different hospital wards should be taken into account. Although antibiotic 
treatment of the mother prior to delivery, mode of delivery, gestational age, birth 
weight, birth weight <10th percentile,62 administration of parenteral nutrition and 
exclusive breast milk feeding did not systematically influenced the development of 
the intestinal microflora, the presence of bifidobacteria was higher in preterm infants 
delivered by cesarean section. In term infants, delivery by cesarean section is 
associated with decreased colonization with bifidobacteria.139 In preterm infants, the 
effect of mode of delivery on the development of the intestinal microflora is not so 
clear. Several studies of the intestinal microflora in preterm infants showed no 
differences between infants born by cesarean section or by vaginal delivery.24,25,121 In 
contrast, Rotimi et al. showed that colonization with Bacteroides spp. was delayed in 
preterm infants born by cesarean section122 and Hällström et al. found increased 
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colonization with E. coli after vaginal delivery in preterm infants.140 In our study, 
hypertensive disorders of the mother were an important cause for preterm delivery by 
cesarean section, whereas premature contractions resulting in a vaginal delivery may 
be the consequence of infectious diseases. We suggest that the higher prevalence of 
bifidobacteria in infants born by cesarean section, as compared to infants born by 
vaginal delivery, is due to the smaller percentage of these infants that was treated 
with systemic antibiotics directly after birth (15/25 (60%) vs. 14/16 (88%), respectively; 
Fisher’s exact test p = 0.06). Furthermore, in contrast to findings in term infants,106 we 
found that exclusive breast milk feeding was not associated with increased 
prevalence of bifidobacteria. Other studies in preterm infants showed varying effects 
of breast milk feeding on the development of the intestinal microflora.121,141 We 
hypothesize that antibiotic treatment has a major effect on the development of the 
intestinal microflora in the first weeks of life. Therefore, the effect of mode of delivery, 
breast milk feeding or glutamine supplementation may be less significant. 

Table 4. Factors in the development of the intestinal microflora in VLBW infants 

 Bifidobacterium 
Lactobacillus / 
Enterococcus E. Coli 

Streptococcus-/ 
Lactococcus Clostridium 

Maternal antibiotic 
treatment* 

1.22  
(0.52-2.86) 

0.88  
(0.52-1.48) 

0.90  
(0.54-1.48) 

1.23  
(0.71-2.15) 

1.56  
(0.84-2.91) 

Cesarean section 3.10  
(1.30-7.43)** 

1.00  
(0.59-1.69) 

1.31  
(0.78-2.21) 

0.76  
(0.43-1.34) 

1.12  
(0.60-2.06)

Gestational age (wk) 1.41  
(1.12-1.78)** 

1.10  
(0.92-1.33) 

1.06  
(0.91-1.23) 

0.98  
(0.82-1.15) 

1.30  
(1.06-1.60)**

Birth weight (kg) 3.94  
(1.47-10.55)** 

1.68  
(0.76-3.73) 

1.79  
(0.84-3.81) 

2.75  
(1.25-6.04)** 

2.28  
(0.94-5.52) 

Birth weight  
<10th percentile†

0.39  
(0.15-1.09) 

0.78  
(0.40-1.51) 

0.85  
(0.47-1.53) 

0.32  
(0.16-0.64)††

1.08  
(0.51-2.32) 

Stay at a general 
hospital ward 

3.97  
(1.92-8.23)‡‡

2.71  
(1.58-4.66)‡‡

1.74  
(1.14-2.66)**

1.54  
(1.01-2.36)** 

3.03  
(1.69-5.44)‡‡

Antibiotic treatment‡ 0.11  
(0.04-0.35)‡‡

0.37  
(0.21-0.64)‡‡

0.27  
(0.16-0.48)‡‡

0.37  
(0.21-0.65)††

0.14  
(0.06-0.32)‡‡

Parenteral nutrition 0.90  
(0.83-0.97)** 

1.00  
(0.96-1.05) 

1.00  
(0.96-1.05) 

0.96  
(0.92-1.01) 

0.97  
(0.92-1.02) 

Exclusive breast 
milk feeding§

1.91  
(0.77-4.72) 

1.78  
(0.98-3.24) 

1.42  
(0.75-2.71) 

2.43  
(1.19-4.98)** 

1.48  
(0.71-3.07) 

Data indicate the effect of a factor on the presence of the bacterial groups (generalized estimating equations). The 
effect can be interpreted as follows: in case of maternal antibiotic treatment the presence of Bifidobactrium is 1.22 
(95% confidence interval) times as high as without maternal antibiotic treatment. *<48 hours previous/during 
delivery. †Reference 62 ‡<48 hours preceding the sample. §In week preceding the sample. Significant at **p <0.05, 
††p <0.001, ‡‡p <0.0001. 
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Some aspects of our study design need to be addressed. As the sample size 
calculation was based on the primary outcome of the main trial (chapter 2), the 
sample size of the study may have been insufficient to detect a difference in intestinal 
microflora between glutamine-supplemented and control groups. The effect size of our 
study was a difference of 25% between the glutamine-supplemented and control 
groups. As the differences between the treatment groups were small (Figure 1 and 2), 
we believe that a larger sample size would not have lead to significant differences 
between the glutamine-supplemented and control groups. In addition, the sample 
size of our study was large, as compared to others studies using molecular techniques 
to determine intestinal microflora in VLBW infants.123,127,133 Furthermore, at the first two 
time points (within 48 hours and at day 7) fecal samples of a considerable number of 
infants did not contain enough biomass for reliable analysis. In addition, at baseline, 
a limited percentage of the fecal microflora could be characterized, whereas the 
percentage of characterized micro-organisms increased to 60-70% at day 30 after 
birth. This may be explained by the fact that the counts of several bacterial groups 
may have been below the detection limit (<105 bacteria). Moreover, the microflora may 
have contained bacteria that have not been recognized by the set of probes used in 
this study. Therefore, in a subgroup of the study population (n = 9) fecal samples have 
been analyzed by additional probes detecting Veillonella, Eubacterium, Ruminococcus, 
Bacillus and Verrucomicrobium species.142-145 This analysis resulted in a 10% increase 
of the percentage characterized bacteria (data not shown). Finally, as some other 
studies have found high numbers of Staphylococcus aureus and Staphylococcus 
epidermidis in the intestinal microflora of VLBW infants,24,121,133 these species may 
account for (a part of) the remaining percentage of uncharacterized micro-organisms 
in our study. 

In conclusion, the results of this study show that glutamine-enriched enteral nutrition 
does not stimulate the prevalence of bifidobacteria and lactobacilli in the intestinal 
microflora of VLBW infants. Therefore, decreased infectious morbidity in infants 
receiving glutamine-enriched enteral nutrition is not associated with higher numbers 
of health promoting species (Bifidobacterium; Lactobacillus and Enterococcus) or 
changes in the prevalence of E. coli, Streptococcus-Lactococcus and Clostridium 
species. In our study, the development of the intestinal microflora in VLBW infants 
was characterized by delayed colonization with bifidobacteria, whereas potentially 
pathogenic bacteria, such as E. coli, rapidly appeared after birth and increased over 
time. Antibiotic treatment, frequently administered to VLBW infants, has a 
substantially negative effect on the development of the intestinal microflora.  

 

66 Chapter 5-II 
 
 




