
Abstract
Aim: Glutamine is needed for optimal cell growth and for the immune system, especially in the enterocytes of gut mucosal immune responses. 
Low birth weight makes infants susceptible to glutamine depletion because nutrition is limited in the first week of life. To determine the effect 
of enteral glutamine supplementation on weight gain patterns and fecal secretory immunoglobulin A. 
Material and Methods: This study is a double-blind, randomized controlled trial. Infants were randomly assigned to the glutamine group 
and placebo group. The glutamine group was supplemented with glutamine 400 mg/kg/day for 14 days, and placebo group received glucose 
400 mg/kg/day for 14 days. The infants were observed for 30 days. Return-to-birth-weight, weight gain velocity, and fecal secretory immu-
noglobulin A levels were monitored during the study.
Results: Thirty-seven low-birth-weight infants were randomly assigned to the glutamine and placebo groups. The glutamine group had a 
shorter return-to-birth-weight time than the placebo group (8.1±0.9 vs. 11.0±1.6 days) and faster weight gain velocity (20.0±1.8 vs. 15.5±2.2 g/
kg/day) (p<0.001). Secretory immunoglobulin A levels after glutamine supplementation were higher than in the placebo group (0.456±0.057 vs. 
0.376±0.035 mg/g) (p<0.001). Levels of secretory immunoglobulin A after treatment in each group were increased. However, there was a sig-
nificant difference before and after supplementation between the glutamine and placebo groups (0.247±0.024 vs. 0.140±0.016 mg/g) (p<0.001).
Conclusion: Enteral glutamine supplementation in low-birth-weight infants accelerates return to birth weight, increases the weight gain veloc-
ity, and the levels of fecal secretory immunoglobulin A.
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Introduction

Low birth weight (LBW) is one of the most import-
ant health problems in the world nowadays. The pro-
portion of LBW is about 14% of total live births, and 
accounts for 60-80% of deaths in neonates (1). The 
annual report from the Neonatology Division De-
partment of Pediatrics Faculty of Medicine Universi-
tas Airlangga, Dr. Soetomo RSUD in 2011 stated that 

the prevalence of LBW was 47% (2). Low-birth-weight 
infants are at a greater risk of growth and neurolog-
ic developmental restriction compared with infants 
who are able to spur growth within the first year of 
life, because LBW infants lack optimal nutrition (3). 

Breast milk contains optimal nutrition for term in-
fants, but not in LBW infants with regard to the pro-
tein, calcium, vitamin D, and sodium content. Various 



methods have been studied to overcome the growth 
restriction in LBW such as giving a human milk for-
tifier or low-birth-weight formula (4). Unfortunately, 
the use of human milk fortifier is still rare in Indo-
nesia, and the use of low-birth- weight formula has a 
higher incidence necrotizing enterocolitis compared 
with breast milk fortification (5, 6). 

Optimal cell growth requires several types of ami-
no acids, the most important of which is glutamine 
(7). Low-birth-weight babies are susceptible to gluta-
mine deficiency because glutamine supply from the 
placenta suddenly stops after birth (8). Several stud-
ies have shown that glutamine is beneficial for LBW, 
especially in growth parameters, the gastrointestinal 
system, immunity, allergy, morbidity, and mortality 
(9-11). Moreover, glutamine supplementation in an-
imal studies was also proven to be useful in gut-as-
sociated lymphoid tissue (GALT). It prevents the de-
crease of immunoglobulin A (IgA)-producing plasma 
cells, increases levels of secretory fecal IgA (sIgA), and 
also prevents adherence and bacterial translocation 
from the gut (12).

The optimal dose of glutamine supplementation as 
an enteral nutrition in LBW is still controversial (13). 
A recent systematic review stated that parenteral and 
enteral glutamine supplementation in preterm in-
fants had no significant effect on mortality, sepsis, 
and enterocolitis. Further studies about enteral glu-
tamine supplementation have been suggested, espe-
cially related to the gastrointestinal system (14). 

The aim of the study was to determine the effect of 
glutamine supplementation in LBW infants on recov-
ery time for a return to birth weight (RTBW), weight 
gain velocity (WGV), and the effects on the fecal Ig A 
secretory intestinal (sIgA) levels.

Material and Method
This study was an experimental study with a dou-
ble-blind, randomized trial design, conducted in the 
Neonatal Intensive Care Unit (NICU) at Dr Soetomo 
General Hospital Surabaya from December 2012 to 
February 2013. The sample of this study comprised 
LBW infants born in the NICU and Neonatus Inter-
mediate in Dr. Soetomo General Hospital who ful-
filled met the inclusion criteria. The inclusion criteria 
of this study were LBW infants with birth weight be-

tween 1500-2500 grams. The exclusion criteria were 
LBW infants with asphyxia neonatorum, severe con-
genital abnormalities, neonatal sepsis, or LBW due to 
twin pregnancy. Drop out criteria of this study were 
infants with feeding intolerance, infants whose par-
ents withdrew their consent for the study, infants out-
side Dr. Soetomo Hospital where follow-up was not 
possible, or infants who died during the study period.

Sample Size
The sample size was determined using the Federrer 
formula (15) as follows:

(K-1) (r-1)≥15,

where K was the number of groups and r was num-
ber of samples needed in each group. The minimum 
sample for each group was 16 infants because there 
were 2 groups in this study.

Intervention
The subjects were divided into 2 groups, the glutamine 
group and the placebo group. The treatment group re-
ceived breast milk and low-birth-weight formula- sup-
plemented capsules containing 400 mg/kg/day gluta-
mine for 14 days from day 3 to day 17, and the placebo 
group received breast milk and low-birth-weight for-
mula-supplemented capsules containing 400 mg/kg/
day of glucose for 14 days from day 3 to day 17.

Evaluation
Stool sampling was performed on day 0, then repeat-
ed on day 17 (after treatment). The evaluation of the 
sIgA levels was performed after all the samples were 
collected. Fecal sIgA levels were calculated based on 
the conversion from Optical Density, which was gen-
erated from reading using a Biorad enzyme-linked 
immunosorbent assay (ELISA) reader and assessed 
with units of mg/g feces. For the calculation of body 
weight, weight measurements were conducted every 
3 days for the first 30 days of life.

Ethical clearance
This study was granted ethical approval by the Ethics 
Committee of Dr. Soetomo General Hospital before 
conducting the study (Ethics Committee Approval 
Number: 81/Panke.KKE/VIII/2010) which complied 
to principles of Helsinki. Parents gave their informed 
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consent prior to their inclusion in the study. Before 
signing the informed consent form, information on 
informed consent was given. Details that might dis-
close the identity of the subjects under study were 
omitted.

Statistical Analysis
Data from this study were analyzed using the SPSS 
16.0 statistics program. The Chi-square test, Fisher’s 
exact test, and the Mann-Whitney U test were used to 
analyze the characteristics of the subject. The Shap-
iro-Wilk test was used to analyze the normality of the 
samples. Pearson’s correlation test was used to ana-
lyze the growth pattern of RTBW and WGV between 
both groups, and the paired-samples t-test was used 
to analyze fecal sIgA level differences before and after 
the treatment. The independent samples t-test was 
used to analyze the difference in fecal sIgA levels be-
tween both groups before treatment, after treatment, 
and the Δ from before and after treatment. Bivariate 
Pearson’s correlation was used to analyze the differ-
ent amounts of formula given between the groups as 
a confounding factor for WGV, RTBW, and fecal sIgA 
levels. Confidence intervals (95%) (α=0.05) were used 
in this study. The data are presented using tables and 
figures.

Result

Thirty-seven infants, 18 infants in the glutamine 
group and 19 infants in the placebo group, were in-
cluded in this study. The characteristics of the study 
sample were homogeneous in terms of sex, birth-
weight, antibiotic exposure, mode of delivery, APGAR 
score, and infection risk (p>0.05) (Table 1).

Effect of glutamine supplementation on LBW growth 
pattern
The glutamine group RTBW time was shorter than 
in the placebo group (8.1±0.9 days vs. 11.0±1.6 days) 
and faster in WGV (20.0±1.8 g/kg/day vs. 15.5±2.2 g/
kg/day). Supplementation with 400 mg/kg/day glu-
tamine for 14 days showed a statistically significant 
better growth pattern than placebo in LBW infants 
(p<0.001) (Table 2).

After the first day of birth, there was similar weight 
loss between the glutamine and placebo group. The 
lowest body weight (nadir) of the glutamine group 
occurred at 4.3±0.7 days and the placebo group at 
4.8±1.0 days (p=0.082). On the 30th day of birth, the 
mean body weight of the glutamine group was high-
er than that of the placebo group (2871±294 g vs. 
2602±279 g; p=0.007) (Figure 1).

Table 2. Low-Birth-Weight Growth Pattern

Glutamine 
(n=18)

Placebo 
 (n=19) p

RTBW (day) 8.1±0.9 11.0±1.6 <0.001

WGV (g/kg/day) 20.0±1.8 15.5±2.2 <0.001

WGV: weight gain velocity; RTBW: return to birth weight 
Pearson correlation test was used
p<0.05 was considered significant

Table 1. Characteristics of the study sample  

Characteristic Glutamine 
(n=18)

Placebo  
(n=19)

p

Sex

Male (n) 7 10

Female (n) 11 9 0.309a

Birth weight (mean) 2055 g 2025 g 0.664c

Lowest weight (mean) 1822 g 1791 g 0.600c

Preterm/LBW/SGA (n) 5 6

Preterm/LBW/AGA (n) 12 10

Aterm/LBW/SGA (n) 1 3 0.512b

APGAR Score   3-7 (n) 4 6

7-9 (n) 14 13 0.714a

Antibiotic  
prophylaxis (n)

7 11 0.330a

Mode of Delivery

Vaginal delivery (n) 7 9

C-section (n) 11 10 0.743a

Meconium stained 
amniotic fluid

4 7 0.476a

PROM 4 4 0.999a

Hypoglycemia 3 1 0.340b

Sepsis 0 2 0.486b

LBW: low birth weight; SGA: small for gestational age; AGA: appropriate 
for gestational age; PROM: premature rupture of membrane
^Chi-Square test was used
*Fisher’s exact test was used
#Mann-Whitney Test was used
p<0.05 was considered significant
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Effect of glutamine supplementation on fecal sIgA 
levels
There was a significant increase in fecal sIgA levels 
before and after treatment in both the glutamine and 
placebo groups (0.209±0.045 mg/gram vs. 0.456±0.057 
mg/gram, 0.236±0.040 mg/gram vs. 0.376±0.035 mg/
gram; p<0.001, respectively). The mean increase of 
sIgA levels in the glutamine group was greater than 
in the placebo group (p<0.001) (Table 3).

There was no significant difference in fecal sIgA lev-
els between the glutamine and placebo groups before 
treatment (0.209±0.045 mg/gram vs. 0.239±0.040 mg/
gram, p=0.066). However, fecal sIgA levels after treat-
ment showed a significant difference between the 
glutamine and placebo groups (0.456±0.057 mg/gram 
vs. 0.376±0.035 mg/gram; p<0.001). There was also a 
significant difference in Δ fecal sIgA levels between 
the glutamine and placebo groups (p<0.001) (Table 4).

Confounding factor
The average amounts of formula consumed by the 
glutamine placebo groups were 2980±529 mL/kg 

and 2595±419 mL/kg, respectively (p=0.019). Bivari-
ate analysis showed that the mean difference of the 
formula did not change the mean value of RTBW, 
WGV, and fecal sIgA levels before and after treatment 
(p=0.612, 0.914, and 0.731, respectively) (Table 5).

Discussion

Effect of glutamine supplementation on LBW growth 
patterns
In our study, the glutamine group had a shorter RTBW 
and faster WGV compared with the placebo group. A 
previous study in China found that glutamine supple-
mentation in LBW infants made a shorter RTBW time 
in the glutamine group than in the placebo group (11). 
Another study in Russia that used glutamine enteral 
supplementation with a dose of 300mg/kg/day found 
no significant results in growth parameters at the end 
of the first and second month. However, a significant 
difference was present at the end of the third month, 
and the difference was even greater at the end of the 
fourth month (9).

Figure 1.	 Growth Pattern in the Glutamine and Placebo Groups
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Table 5. Confounding Factor Analysis

Dependent Variable Independent Variable r p

RTBW Average Formula 0.262 0.612

Groups

WGV Average Formula 0.012 0.914

Groups

sIgA Average Formula 0.121 0.731

Groups

RTBW: return to birth weight; WGV: weight gain velocity
Bivariate Pearson’s correlation test was used
p<0.05 was considered significant 

Table 4. Fecal secretory immunoglobulin A level before and 
after treatment in the glutamine and placebo groups

Fecal sIgA Level 
(mg/g fecal)

Glutamine 
(n=18)

Placebo 
(n=19) p

Before treatment 0.209±0.045 0.236±0.040 0.066

After treatment 0.456±0.057 0.376±0.035 <0.001

Δ SIgA  0.247±0.024 0.140±0.016 <0.001

Independent sample t-test was used
p<0.05 was considered significant

Table 3. Fecal secretory immunoglobulin A level before and 
after treatment in both groups

Groups

fecal sIgA level (mg/g fecal)

p
Before  

treatment
After  

treatment

Glutamine 0.209±0.045 0.456±0.057 <0.001

Placebo 0.236±0.040 0.376±0.035 <0.001

Paired t-test was used
p<0.05 was considered significant
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A preliminary study using glutamine supplementation 
at 200-500 mg/kg/day showed that LBW growth pattern 
improvement started to appear at a dosage of 300 mg/
kg/day and more significant improvements appeared at 
a dosage of 400-500 mg/kg/day. Glutamine kinetics in 
LBW suggest that enteral glutamine supplementation 
had more anabolic effects on increasing protein syn-
thesis rather than preventing protein breakdown. Glu-
tamine supplementation at a dosage of 200 mg/kg/day 
had fewer adverse effects than 500 mg/kg/day in main-
taining the balance of positive nitrogen ratio (nitrogen/
leusine). Glutamine also had a site action on the gastro-
intestinal tract by improving oral intake tolerance (16). 
However, there was a significantly higher elevation in 
blood urea in the glutamine group at a dosage of 500 
mg/kg/day in our preliminary study compared with pla-
cebo, although when it was converted to laboratory pa-
rameters it was still within the acceptable range.

Term or preterm infants lose 10-15% of their weight 
in their first week of life. RTBW time ranges from 10 
to 14 days and is expected to be achieved within 14-
21 days, with WGV between 15 to 20 g/kg/day until 
it reaches 2000-2500 grams (3, 17). In growth and 
nutritional adequacy assessment, the targets are to 
increase in weight (10-20 grams/kg/day), increase in 
length (1 cm /week), and increase in head circumfer-
ence (0.5-1 cm/week). 

The increase in weight shows that LBW infants need 
additional calories and a large amount of protein. Pro-
tein deficit-induced growth restriction in LBW infants, 
which occurs in the first week of life because most of 
the protein intake is used to maintain protein deficits 
so that anabolic phase, marked with optimal weight 
gain, would not occur in this period. High levels of pro-
tein breakdown are relatively reduced by the parenter-
al amino acid administration and early breastfeeding 
in the early phase of life (18). The addition of protein 
would help to increase body weight, both through the 
addition of calories and through the addition of lean 
body mass. It requires a P/E ratio (protein/energy) of at 
least 3.1-3.25 grams/100 kcal to add to lean body mass, 
higher than the breast milk P/E ratio, which only has 1.4 
grams/100 kcal (4). 

Effect of enteral glutamine supplementation on fecal 
sIgA levels
In this study, the glutamine group showed a higher 

increase in fecal sIgA levels after treatment compared 
with the placebo group. Several factors that can affect 
the synthesis of sIgA include infant age, breastfeed-
ing milk or formula milk, the presence of intestinal 
bacterial colonization, intraluminal infection, and 
antibiotic administration (19, 20). The important site 
for intestinal bacterial colonization is the mucus layer 
(21). A previous study showed that glutamine supple-
mentation increased the thickness and optical density 
of intestinal mucus, and therefore prevented bacteri-
al colonization (22). Modulation of intestinal bacte-
ria colonization is considered as the most important 
stimulus for the development of Th1 and cytokine 
response, which will eventually stimulate the produc-
tion of sIgA (21, 23).

Immunoglobulin A secretory is the main product of 
the mucosal immune system and is the most domi-
nant immunoglobulin on the mucosal surface. Mea-
suring sIgA levels from intestinal fluids and feces can 
reflect the competence of the intestinal mucus im-
mune response because intestinal sIgA is realitvely 
stable in the intestinal lumen (20, 24).

Immunoglobulin A secretory plays role in the gastro-
intestinal defense mechanism to counteract dietary 
and microbial antigens through immune exclusion. 
It also plays role in inhibiting adhesion and invasion 
of potentially harmful antigens into mucosal tissue 
and neutralizing toxins from pathogenic microbes 
(19, 24). An increase in intestinal or fecal sIgA levels 
is triggered by glutamine-induced supplementation, 
without being preceded by a gastrointestinal infec-
tion process, which is highly beneficial for the surviv-
al of the infant’s intestinal mucous. Stimulation of the 
intestinal immune response triggers the mucosal im-
mune response elsewhere according to the common 
mucosal system principle; therefore, early glutamine 
supplementation will be beneficial for preventing in-
fection in another mucosa.

Limitation of the study
In this study, the average amount of formula con-
sumed by the glutamine group was significantly high-
er than the placebo group. Not all factors that affect 
IgA levels could be controlled. The mixing percentage 
of breastfeeding and the low birth weight formula 
could not be equated between the two groups. This 
study did not measure the baseline levels of IgA in 
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every breast milk. Therefore, it was unknown whether 
the increase of IgA in the stool was because of gluta-
mine supplementation or because of high levels of 
IgA in the breast milk.

Conclusion
Enteral glutamine nutrition supplementation (400 
mg/kg/day) in LBW infants shortens the RTBW time, 
increases the WGV, and increases fecal sIgA levels.

Ethics Committee Approval: Ethics committee approval was 
received for this study from the Ethics Committee of Dr 
Soetomo General Hospital (81/Panke.KKE/VIII/2010).

Informed Consent: Written informed consent were obtained 
from patients’ parents.

Author Contributions: Concept - M.S.; Design - M.S.; Super-
vision - N.A.W., R.I., D.A., M.T.U., R.E., B.B.; Data Collection 
and/or Processing - M.S.; Analysis and/or Interpretation – 
M.S.; Literature Search - M.S.; Writing Manuscript - M.S.; 
Critical Review - F.F.A.
Conflict of Interest: The authors have no conflicts of interest 
to declare.

Financial Disclosure: The authors declared that this study has 
received no financial support.

References

1.	 Bang A, Deshmuk MD, Reddy MH. Child mortality in 
Maharashtra. Econ Polit Wkly 2002; 37: 4947-65.

2.	 Department of Pediatric Faculty of Medicine Univer-
sitas Airlangga. Annual Report on Neonatology Di-
vision Department of Pediatric Faculty of Medicine 
Universitas Airlangga. Surabaya: Faculty of Medicine 
Universitas Airlangga, 2011.

3.	 Adamkin DH. Feeding the preterm infant. In: Bhatia 
JB (ed). Perinatal nutrition: optimizing ınfant health 
and development. New York: Marcel Dekker, 2004.p. 
165-90. [CrossRef ]

4.	 Adamkin DH. Enteral feeding guideline practicum. 
In: Adamkin DH, (ed). Nutritional strategies for the 
very low birth weight infant. New York: Cambridge 
University press, 2009.p. 107-15. [CrossRef ]

5.	 Sitohang NA. Asuhan Keperawatan Pada Bayi Berat 
Badan Lahir Rendah. Department of Nursing, Med-
an: Universitas Sumatra Utara, 2004.p. 22.

6.	 Shulhan J, Dicken B, Hartling L, Larsen BM. current 
knowledge of necrotizing enterocolitis in preterm in-
fants and the impact of different types of enteral nu-
trition products. Adv Nutr 2017; 8: 80-91. [CrossRef ]

7.	 Ray RM, Johnson LR. Regulation of intestinal mu-
cosal growth by amino acids. Amino acids 2014; 46: 
565-73. [CrossRef ]

8.	 Neu J, Roig JC, Meetze WH, et al. Enteral glutamine 
supplementation for very low birth weight infants de-
creases morbidity. J Pediatr 1997; 131: 691-9. [CrossRef ]

9.	 Korkmaz A, Yurdakok M, Yigit S, Tekinalp G. Long-
term enteral glutamine supplementation in very low 
birth weight infants: effects on growth parameters. 
Turk J Pediatr 2007; 49: 37-44.

10.	 van den Berg A, van Zwol A, Moll HA, Fetter WP, van El-
burg RM. Glutamine-enriched enteral nutrition in very 
low-birth-weight infants: effect on the incidence of aller-
gic and infectious diseases in the first year of life. Arch 
Pediatr Adolesc Med 2007; 161: 1095-101. [CrossRef ]

11.	 Li ZH, Wang DH, Dong M. Effect of parenteral glu-
tamine supplementation in premature infants. Chin 
Med J 2007; 120: 140-4. [CrossRef ]

12.	 Ren W, Wang K, Yin J, et al. Glutamine-induced se-
cretion of intestinal secretory immunoglobulin A: 
A mechanistic perspective. Front Immunol 2016; 7: 
503. [CrossRef ]

13.	 Agostoni C, Carratu B, Boniglia C, Riva E, Sanzini E. 
Free amino acid content in standard infant formulas: 
comparison with human milk. J Am Coll Nutr 2000; 
19: 434-8. [CrossRef ]

14.	 Moe-Byrne T, Wagner JV, McGuire W. Glutamine sup-
plementation to prevent morbidity and mortality in 
preterm infants. Cochrane Database Syst Rev 2012: 
CD001457. [CrossRef ]

15.	 Federer WT. Principles of statistical design with spe-
cial reference to experiment and treatment design. 
New York: Cornell University, 1983. 

16.	 Darmaun D, Roig JC, Auestad N, Sager BK, Neu J. Glu-
tamine metabolism in very low birth weight infants. 
Pediatr Res 1997; 41: 391-6. [CrossRef ]

17.	 Deirdre E, Diane Ml. Nutrition. In: Cloherty JP, Eichen-
wald EC, Stark AR (eds). Manual of Neonatal Care. 7 ed. 
Philadelphia: Lippincott William Wilkins, 2012.p. 114-36.

18.	 Lucas A, Morley R, Cole TJ. Randomised trial of early 
diet in preterm babies and later intelligence quotient. 
BMJ 1998; 317: 1481-7. [CrossRef ]

19.	 Woof JM, Mestecky J. Mucosal immunoglobulins. 
Immunol Rev 2005; 206: 64-82. [CrossRef ]

20.	 Mayer L. Mucosal immunity. Immunol Rev 2005; 206: 
5. [CrossRef ]

21.	 Khan J, Iiboshi Y, Cui L, et al. Alanyl-glutamine-sup-
plemented parenteral nutrition increases luminal 
mucus gel and decreases permeability in the rat small 
intestine. JPEN 1999; 23: 24-31. [CrossRef ]

22.	 Mantis NJ, Rol N, Corthesy B. Secretory IgA’s complex 
roles in immunity and mucosal homeostasis in the 
gut. Mucosal Immunol 2011; 4: 603-11. [CrossRef ]

23.	 Bourlioux P, Koletzko B, Guarner F, Braesco V. The 
intestine and its microflora are partners for the pro-

Turk Pediatri Ars 2018; 53(4): 231-37Sampurna et al. Low-birth-weight glutamine supplementation

236

https://doi.org/10.1201/9780203997338.ch7
https://doi.org/10.1017/CBO9780511605444.015
https://doi.org/10.3945/an.116.013193
https://doi.org/10.1007/s00726-013-1565-2
https://doi.org/10.1016/S0022-3476(97)70095-7
https://doi.org/10.1001/archpedi.161.11.1095
https://doi.org/10.1097/00029330-200701020-00013
https://doi.org/10.3389/fimmu.2016.00503
https://doi.org/10.1080/07315724.2000.10718943
https://doi.org/10.1002/14651858.CD001457.pub4
https://doi.org/10.1203/00006450-199703000-00015
https://doi.org/10.1136/bmj.317.7171.1481
https://doi.org/10.1111/j.0105-2896.2005.00290.x
https://doi.org/10.1111/j.0105-2896.2005.00296.x
https://doi.org/10.1177/014860719902300124
https://doi.org/10.1038/mi.2011.41


tection of the host: report on the Danone Symposium 
“The Intelligent Intestine,” held in Paris, June 14, 
2002. Am J Clin Nutr 2003; 78: 675-83. [CrossRef ]

24.	 Corthesy B. Multi-faceted functions of secretory IgA 
at mucosal surfaces. Front Immunol 2013; 4: 185. 
[CrossRef ]

Turk Pediatri Ars 2018; 53(4): 231-37 Sampurna et al. Low-birth-weight glutamine supplementation

237

https://doi.org/10.1093/ajcn/78.4.675
https://doi.org/10.3389/fimmu.2013.00185

