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Abstract

aim: previously, glutamine-enriched enteral nutrition in very low birth weight infants (vlbw) 

decreased the incidence of atopic dermatitis at age one year. the current aim was to determine 

whether this effect is related to changes in intestinal bacterial species that are associated with 

allergy, such as  bifidobacteria, clostridium histolyticum, clostridium lituseburense (chis/lit 

group) and Escherichia coli at age one year. methods: 89 infants were eligible. bifidobacteria, 

chis/lit group and E. coli were measured by fluorescent in situ hybridization in fecal samples 

collected at age one year. information on allergic and infectious diseases was previously deter-

mined by questionnaire. results: 72/89 (81%) infants participated. prevalence of all studied 

species was not different between glutamine-supplemented and control groups. allergic 

infants were less frequently colonised with bifidobacteria than non-allergic infants (p=0.04). 

between neonatal period and one year, prevalence of bifidobacteria increased (p<0.001), of 

chis/lit group was unchanged (p=0.84), and of E. coli decreased (p<0.001). conclusions: the 

beneficial effect of glutamine-enriched enteral nutrition on the incidence of atopic dermatitis 

in the first year of life in vlbw infants is not related to changes in bifidobacteria, chis/lit group 

or E. coli. allergic vlbw infants are less frequently colonised with bifidobacteria compared to 

non-allergic vlbw infants.
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Introduction

allergic diseases form an important health problem worldwide, with a high disease burden 

and high annual healthcare costs.8-11 previously, we found a decreased incidence of atopic 

dermatitis in very low birth weight infants (vlbw) after glutamine-enriched enteral nutrition 

in neonatal period.80 the mechanism underlying the potential beneficial effect of glutamine 

supplementation is not fully understood, but may include glutamine-mediated changes of 

intestinal microbiota. 

in vlbw infants, colonisation with bifidobacteria and lactobacilli is often delayed compared to 

healthy term breastfed infants.44 furthermore, the numbers of potentially pathogenic bacteria 

in vlbw infants is generally higher during the neonatal period compared to term infants.44

in a recent review on the ‘microbiota hypothesis’ of allergic diseases, it is hypothesized that 

endogenous microbiota may play a significant role in the development of the immune sys-

tem.45 this hypothesis is supported by the fact that mice can develop allergic airway responses 

to allergens if their endogenous microbiota is altered at the time of first allergen exposure.45 

in several epidemiologic studies, differences in intestinal microbiota between allergic and non-

allergic children have been shown.46,117,118 aerobic micro-organisms were observed more fre-

quently in allergic infants, compared to non-allergic infants.46 bifidobacteria and lactobacilli are 

considered beneficial bacteria, as their presence may enhance the intestinal mucosal barrier, 

modulate the systemic immune response and inhibit colonisation with pathogenic bacteria.47 

in atopic infants, Kalliomaki et al. found a higher incidence of clostridia and a tendency towards 

a lower incidence of bifidobacteria compared to non atopic infants.118 penders et al. showed 

that the presence of Escherichia coli was associated with a higher risk of developing eczema, and 

infants colonised with Clostridium difficile were at higher risk of developing eczema, recurrent 

wheeze and allergic sensitization.119 the three mentioned species, bifidobacteria, clostridia and 

E. coli are related to allergy, therefore these species were studied in the current study. in our 

previous study53, neonatal glutamine supplementation was not associated with changes in the 

prevalence of bifidobacteria, lactobacilli, E. coli, streptococci and clostidia in neonatal period. 

however, colonisation with beneficial bacteria was delayed, whereas potentially pathogenic 

bacteria appeared rapidly after birth. antibiotic treatment delayed the intestinal bacterial 

colonisation.53 we hypothesized that the lower rate of atopic dermatitis in one year old vlbw 

infants receiving glutamine-enriched enteral nutrition in the neonatal period was associated 

with higher levels of beneficial bacteria like bifidobacteria. the aims of the current study were 

to determine intestinal bacterial species associated with allergy such as bifidobacteria, chis/lit 

group and E. coli by fluorescent in situ hybridization at one year of age in vlbw infants, in rela-

tion to 1) neonatal glutamine supplementation, 2) serious neonatal infections and 3) allergic 

and infectious disease in the first year of life. furthermore, we aimed to determine changes 

in colonisation with these bacterial species during the first year of life in this cohort of vlbw 

infants.
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Patients and methods

the initial study, conducted at the vu university medical center from september 2001 to July 

2003, was a randomized, double-blind placebo-controlled trial of glutamine-enriched enteral 

nutrition in 102 vlbw infants (gestational age <32 weeks and/or birth weight <1500 g). infants 

admitted to the level iii neonatal intensive care unit (nicu) of the vu university medical center, 

amsterdam, were eligible for participation in the study. in this study, infants received enteral 

glutamine supplementation (0.3 g/kg/day) or an isonitrogenous placebo supplementation 

(alanine) between day 3 and 30 of life.2 for further details of the study design, we refer to the 

study protocol.115 baseline characteristics of the follow-up cohort and their mothers were 

recorded in the initial study. information by means of validated questionnaires on nutritional, 

environmental characteristics and allergic and infectious diseases in the first year of life was 

previously published.80 the national central committee on research involving human subjects 

and the medical ethical review board of our institute approved the study protocol. all parents 

gave written informed consent. in the current study, data at age one year are compared to 

previously published data from the neonatal period.2

Analysis of fecal samples by FISH

at the corrected age of one year, all participating infants visited our outpatient clinic. fecal 

samples were collected during the visit and directly stored in sterile tubes and stored at -20°c 

until analysis. to guarantee accuracy and reliability of the fecal analysis, samples were treated 

under standardized conditions, immediately after withdrawal. 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, 750 μl 

was fixed in 250 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 gelatin 

coated glass slides (18-well object slides with square shaped wells {0.25cm2/well}) and air-dried. 

slides were hybridized overnight in a dark moist chamber at 50°c, with 10 ng/μl cy3 labeled 

group-specific 16s rdna-targeted oligonucleotide probes in preheated hybridization buffer. 

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 labeled 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  (croma technology corp., 

brattleboro, vt, usa). fish is a commonly use method that is well validated and reported.120 

it has been well-demonstrated that relative differences in microflora composition between 

volunteers can be assessed objectively by the fish method using similar group-specific 

probes.120,121 bifidobacteria, chis/lit group and E. coli were studied. bifidobacteria as a marker 
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for beneficial bacteria, chis/lit group as a marker for gram positive bacteria including potential 

pathogens and E. coli as a marker for gram negative bacteria including potential pathogens. 

relative numbers of bacterial groups are expressed as % of total counted number of cells/g 

wet weighted feces. data are expressed as the percentage of infants colonised with a certain 

bacterial group. all probes used in this study are listed in Table 1. 

Statistical analysis

data are presented as mean and standard deviation (sd), and median (range) as appropriate. 

infant and maternal characteristics were analyzed by student’s t-test (for normally distributed 

continuous data), mann-whitney u test (for nonparametric continuous data), chi-square test 

or fisher’s exact test (for dichotomous data). Generalized estimating equations were used to 

analyze changes in prevalence of bifidobacteria, chis/lit group and E. coli in the first year of 

life.100 time was treated as a categorical variable in order to analyze changes at the different 

time-points simultaneously in one model. we used an exchangeable correlation structure in 

all analyses. this choice was the most simple correlation structure that was comparable to the 

observed correlation matrix. a p-value <0.05 (two-tailed) was considered significant. spss 16.0 

(spss inc., chicago, il, usa) was used for data analyses.

Results

Participants

at the corrected age of one year, 89/102 (87%) infants were eligible to participate in the follow-

up study. of these 89 infants, 72 (81%) finally participated in the study: 34 infants received 

enteral glutamine supplementation and 38 received placebo supplementation during the 

Table 1. 16s rrna-targeted oligonucleotide probes 

probea sequence from 5’ to 3’ end specificity notes reference

bif164-mod catccGGyattaccaccc bifidobacterium spp.
modified from 
bif164

(129)

chis150 ttatGcGGtattaatctyccttt
clostridium histolyticum 
group

applied 
together with 
clit135

(130)

clit135 GttatccGtGtGtacaGG
clostridium lituseburense 
group

applied 
together with 
chis150

(130)

ec1531 caccGtaGtGcctcGtcatca
subset enterobacteriaceae 
(e. coli, shigella, salmonella, 
Klebsiella)

(131)

aall probes are 5’ cy3-labelled
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neonatal period. the complete trial profile is shown in Figure 1. baseline infant and maternal 

characteristics are shown in Table 2. further details of the participating infants at the age of 

one year have been previously described.80 the incidence of serious neonatal infections was 

lower in the glutamine-supplemented group compared to controls (p=0.04). in the glutamine-

supplemented group, fewer infants had developed allergic diseases: doctor diagnosed atopic 

dermatitis, bronchial hyperreactivity, or milk protein allergy,80 in the first year of life compared 

to controls (p=0.03). in the glutamine-supplemented group, more infants had a urinary tract 

252 infants AD <32 weeks or BW <1500 grams

107 infants randomized

145 not randomized:
- 48 no informed consent 
- 32 participation in other trial
- 29 transfer from extraregional hospital
- 18 transfer <48 hours
- 12 death <48 hrs 
- 6 congenital malformations

54 glutamine-enriched enteral nutrition

2 exclusions:
- 1 morbus Hirschsprung
- 1 multiple congenital malformations 

53 controls

3 exclusions:
- 1 Fallot’s tetralogy
- 1 trisomy 21
- 1 glutaric acidemia

52 analyzed by intention to treat in primary study 50 analyzed by intention to treat in primary study

8 infants died 
4 infants died
1 exclusion -chromosomal abnormality 

44 eligible to participate in follow -up study 45 eligible to participate in follow -up study

samples of 34 infants Samples of 38 infants

7 no samples :
- 2 difficulties with Dutch language
- 1 no informed consent
- 4 forgot or failed to bring sample

Figure 1. Trial profile

10 no samples :
- 2 difficulties with Dutch language
- 1 no informed consent
- 5 forgot or failed to bring sample
- 2 migration to foreign country

Chapter 5

Figure 1. trial profile
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infection during the first year of life as compared to controls (data not shown). however, all off 

these infants had congenital malformations of the urogenital tract. 

Intestinal microbiota as reflected by the presence of bifidobacteria, Chis/lit group 
and E. coli, at age one year and clinical outcome

at one year of age, the prevalence of bifidobacteria, chis/lit group and E. coli is not different 

in infants in glutamine-supplemented and control groups (Figure 2A). furthermore, serious 

neonatal infections were not associated with differences in intestinal microbiota as reflected 

by the presence of bifidobacteria, chis/lit group and E. coli at the corrected age of one year 

(Figure 2B). infants with allergic disease in the first year of life were less frequently colonised 

with bifidobacteria compared to infants without allergic disease (Figure 2C). colonisation with 

chis/lit group or E. coli was not different in infants with and without allergic disease in the first 

year of life. in addition, intestinal microbiota, as reflected by bifidobacteria, chis/lit group and 

E. coli was not different in infants with and infants without infectious disease in the first year of 

life (Figure 2D).

Table 2. baseline characteristics

Glutamine group
(n=34)

control group 
(n=38)

pa

Neonatal period

vaginal delivery (%) 19/34 (56%) 17/38 (45%) 0.96

Gestational age (wks) 29.3 (1.7) 29.1 (1.7) 0.42

birth weight (kg) 1.19 (0.38) 1.20 (0.32) 0.77

sex (% male) 16/34 (47%) 17/38 (45%) 0.84

≥1 serious infection in the neonatal period 18/34 (53%) 29/38 (76%) 0.04

antibiotic treatment during hospital stay 24/34 (71%) 32/38 (84%) 0.17

age at discharge from hospital (days) 61 (35-180) 65 (35-162) 0.52

One year of age

age at follow-up (years) 1.3± 0.1 1.3 ±0.2 0.84

age at follow-up –1 year of corrected age (wks) 0.9 (-5.4-12.2) 0.9 (-4.8-22.0) 0.72

exclusively breast milk until 3 months corrected age 18/34 (53%) 24/38 (63%) 0.47

presence of siblings 15/34 (44%) 20/38 (53%) 0.49

allergic diseasesb 7/34 (21%) 17/38 (45%) 0.03

infectious diseasesc 24/34 (71%) 23/38 (61%) 0.37

data are mean (sd), median (ranges) or number (%). astudent’s t test, mann-whitney u test and chi-square 
or fisher’s exact test for continuous normally distributed, nonparametric continuous and dichotomous data, 
respectively. ballergic diseases are defined as: atopic dermatitis (skin rash on ≥1 typical location: flexural sites 
or around eyes and ears), bronchial hyperreactivity (≥3 of the following doctor-diagnosed symptoms: dyspnea, 
wheezing, humming/sawing breath sounds or nightly dry cough without a cold) or milk protein allergy.
 cinfectious diseases are defined as: upper respiratory tract infection (³1 episode of flue/serious cold, throat 
infection or otitis media), lower respiratory tract infection (³1epsiode of bronchitis, bronchiolitis or pneumonia), 
gastrointestinal tract infection, urinary tract infection or sepsis/meningitis.
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Development of intestinal microbiota as reflected by the presence of 
bifidobacteria, Chis/lit group and E. coli, in the first year of life in VLBW infants

the development of the intestinal microbiota in the first year of life in both groups is expressed 

as proportion of infants colonised with a specific bacterial group (Figure 3A) and absolute 

number of bacteria per gram of feces (Figure 3B). between the neonatal period (time points are 

(1) before start of the study, and at days (2) 7, (3) 14 and (4) 30 after birth respectively) and the 

age of one year, the prevalence of bifidobacteria increased (p<0.001), while the prevalence of E. 

coli decreased (p<0.001). no change was observed for the prevalence of chis/lit group (p=0.84). 
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Figure 2. intestinal microbiota, as reflected by bifidobacteria, chis/lit group and Escherichia coli, at age 
one year and clinical outcome 
a. intestinal microbiota at age one year in glutamine and control group
b. neonatal infections: sepsis, meningitis, pyelonephritis, pneumonia or arthritis as diagnosed by a 
combination of clinical signs and a positive culture. 
c. allergic diseases: atopic dermatitis (skin rash on ≥1 typical location: flexural sites or around eyes and 
ears), bronchial hyperreactivity (≥3 of the following doctor-diagnosed symptoms: dyspnea, wheezing, 
humming/sawing breath sounds or nightly dry cough without a cold) or milk protein allergy.
d. infectious diseases: upper respiratory tract infection (≥1 episode of flue/serious cold, throat infection 
or otitis media), lower respiratory tract infection (≥1epsiode of bronchitis, bronchiolitis or pneumonia), 
gastrointestinal tract infection, urinary tract infection or sepsis/meningitis.
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at none of the time points, a difference was detected between glutamine and placebo groups 

in bifidobacteria, Escherichia coli or clostridia (Figure 3A and 3B).

in additional analyses, we found that correction for mode of delivery, use of antibiotics in neo-

natal period, exclusive breast milk feeding until three months of age, the presence of siblings 

and a family history of atopy did not change the results of the primary analysis. therefore, only 

the results of the primary analyses are reported.
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Figure 3. Development of intestinal microbiota in the first year of life
 Glutamine group
 Control group
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Figure 3. development of intestinal microbiota, as reflected by bifidobacteria, chis/lit group and 
Escherichia coli, in the first year of life 
a. percentages of infants colonised with a specific bacterium. time points in neonatal period are (1) 
before start of the study, at day 7 (2), at day 14 (3) and 30 (4) after birth. Generalized estimating equations 
were used to assess differences between glutamine-supplemented and control group in the neonatal 
period and at one year of age. small numbers of bifidobacteria (measurement 1 and 2) and chis/lit group 
(measurement 1) in the neonatal period did not allow statistical analysis 
b. bars indicate median values and error bars 75th percentiles. when a bacterial group was present in >5 
infants, data on absolute numbers/gram feces were provided.
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Discussion

in this study in one year old vlbw infants, we found that the beneficial effect of glutamine-

enriched enteral nutrition on atopic dermatitis during the first year of life is not related to 

changes in intestinal bacterial species associated with allergy such as bifidobacteria, chis/lit 

group and E. coli, at one year of age. furthermore, we showed that vlbw infants, who develop 

allergic diseases during the first year of life, are less frequently colonised with bifidobacteria 

compared to vlbw infants without allergic diseases. this finding is in line with previous studies 

in term infants, comparing microbiota in infants with and without allergic diseases.46,117,122

in term infants, a lower rate of allergic diseases, such as atopic dermatitis, is associated with 

higher levels of beneficial bacteria like bifidobacteria. therefore, we hypothesized that the lower 

rate of atopic dermatitis at age one year in vlbw infants receiving glutamine-enriched enteral 

nutrition in the neonatal period80 was associated with higher levels of beneficial bacteria. so far, 

little information is available on the development of intestinal microbiota in the first year of life 

in vlbw infants. in our study, both the prevalence and the number per gram feces of bifidobac-

teria increased significantly between neonatal period and at one year of age. in breast-fed term 

infants, bifidobacteria become the predominant bacteria in the intestinal microbiota already 

after one week of life.41,42 in formula-fed term infants, the intestinal microbiota becomes more 

diverse during the first week of life. apart from bifidobacteria, the microbiota also contains 

clostridia, enterobacteria, Bacteroides spp. and streptococci.43,123,124 brück et al. showed that 

the microbiota of breast-fed healthy term infants is stable throughout the first six months of 

life and clearly dominated by bifidobacteria.125 in their review on intestinal microbiota in early 

infancy, fanaro et al. showed that the predominance of bifidobacteria is slightly reduced at 

three months of age, but bifidobacteria remain predominant.126 in our study, the prevalence 

of bifidobacteria was low in the neonatal period, but bifidobacteria became the predominant 

bacterial group at one year of age in this cohort of vlbw infants, taking into account that our 

study was limited to three species. in our study, the prevalence of E. coli significantly decreases 

in the first year of life. this species, which also harbors pathogenic strains, dominated the intes-

tinal microbiota during neonatal period in this cohort of vlbw infants. at one year of age, both 

prevalence and number of E. Coli per gram of feces were low in vlbw infants, which is in line 

with results in healthy term infants at 4 and 6 months of age.126 

Glutamine-enriched enteral nutrition and serious infections in the neonatal period did not 

change intestinal microbiota, in both neonatal period53 and at one year of age. in a study in 

rats, glutamine supplementation mediated changes of the mucus layer.51 the mucus layer is 

an important site for bacterial colonisation and its composition may modulate bacterial adher-

ence. we hypothesized that enteral glutamine supplementation in vlbw infants may change 

the mucus layer, which might reduce bacterial translocation and thereby reduce serious 

infectious morbidity in the neonatal period. recently, van der schoor et al. showed that enteral 

supplementation of glutamine in vlbw infants is used to a great extent by the splanchnic 
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tissues.52 based on the results of the current study, the beneficial effect of glutamine on infec-

tious morbidity in the neonatal period and allergic diseases at one year of age is not related to 

a direct effect on the intestinal bacterial species associated with allergy such as bifidobacteria, 

chis/lit group and E. coli.

some aspects of our study design need to be addressed. firstly, as the sample size was based 

on the sample size calculation for the primary outcome of the initial trial, the sample size of the 

follow-up was relatively small. as a consequence, the conclusions of our study may be suscep-

tible to a type ii error. however, compared to other studies on the development of intestinal 

microbiota in neonates, the number of infants in our study (n=72) is relatively high.44 secondly, 

in the initial study, the rate of neonatal infections was relatively high in both treatment groups. 

the relatively high rate of infections is in line with results of a recent surveillance study of noso-

comial infections in our neonatal intensive care unit (nicu).127 we used predefined definitions 

for nosocomial infections in neonates that were adapted from the current definitions from the 

center for disease control and prevention (atlanta, usa) for nosocomial infections in children 

< 1 year. the relatively high infection rate can be partially explained by our definitions of noso-

comial infections and the relatively high device-associated utilization ratios in our nicu. thirdly 

in our study, intestinal microbiota was reflected by only three bacterial species: bifidobacteria, 

chis/lit group and E. coli. therefore, we can not exclude that glutamine supplementation in the 

neonatal period may influence the number of other bacterial species. however, previously we 

found that glutamine supplementation in the neonatal period did not influence the intestinal 

microbiota reflected by 9 bacterial species in the first month of life.53 furthermore, despite the 

absence of differences in total numbers of bifidobacteria, the different strains of bifidobacteria 

were not studied.128 therefore we can not exclude that a difference in one of these strains 

might exist.

in conclusion, to our knowledge, this is the first study into the effect of neonatal glutamine-

enriched enteral nutrition in vlbw infants on intestinal microbiota, as reflected by bifidobac-

teria, chis/lit group and E. coli, at one year of age. the beneficial effect of glutamine-enriched 

enteral nutrition on atopic dermatitis during the first year of life is not (directly) related to 

changes in intestinal microbiota as reflected by bifidobacteria, chis/lit group and E. coli. how-

ever, in this cohort of vlbw infants, infants with allergic diseases were less frequently colonised 

with bifidobacteria compared to infants without allergic diseases. finally, the intestinal micro-

biota as reflected by bifidobacteria, chis/lit group and E. coli of these vlbw infants gradually 

becomes similar to the intestinal microbiota of healthy term breastfed infants. 




