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Preliminary Studies of Lactic Acid Bacteria Isolated
from Feces of Thai Newborns
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Background: The microbiota of human plays an important role in the health improvement, and found abundant in the
gastrointestinal tract. In recent years, probiotics have been increasingly used in prevention of certain intestinal diseases. The
most important population to study the microbiome is probably in the healthy newborns.
Objective: The preliminary study aimed to isolate and identify the gut microbiota of newborns for the assessment of prevalent
Lactic Acid Bacteria (LAB) distribution.
Material and Method: Thirty eight Thai newborns, 0-5 days old of both sexes were subjected for fecal samples collection.
Isolated bacteria were cultivated on the MRS selective media and further phenotypically characterized by conventional
methods including Gram stain, catalase, and lactic acid production. Genotypic identification was completed by 16S rRNA
gene sequencing and phylogenetic analysis.
Results: Forty five isolates of LAB and non-LAB bacteria were obtained from feces of newborns. The most prevalence LAB
found in this population were 45% Enterococcus faecalis, 14% E. faecium, 11% E. hirae, 11% Lactobacillus paracasei, and
2% L. gasseri. Unusually, Gram-negative bacteria including Klebsiella pneumoniae, Enterobacter hormaechei, Escherichia
fergusonii, Leclercia adecarboxylata, and Shigella flexneri were isolated among LAB strains on the selective MRS media.
Conclusion: The gut microbiota was a great resource of beneficial LAB which was remarkably distributed among this
population of Thai newborns. Further study on individual LAB isolates for the effective probiotics development would be
essentially investigated for future alternative treatment of gastrointestinal diseases.
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Human bodies are made of more bacteria
than human cells. It is estimated that 10 times more
bacteria than human cells(1). Among mucosal linings of
the human body, the gut alone contains trillions of
microbes including bacteria and fungi. Gut microbiota
is the most dynamic ecosystem mediated by genetics,
diet and environment(2). Predisposed to altered gut
microflora is a major cause of serious illness such as
necrotizing enterocolitis, and inflammatory bowel
disease (IBD) including ulcerative colitis (UC) and
Crohn’s disease (CD).

Maintenance of intestinal homeostasis and
the development of intestinal diseases, such as IBD
are all influenced by the interplay between host factors

and microbiota(3,4). This complex interaction between
microbe-derived metabolites and the host immune
system is essential for immune cells recognition and
functions that influencing the outcome. Several
interventions, such as modification of the diet, treatment
with antibiotics, application of probiotics and fecal
microbiota transplantation, have been introduced into
the clinic for the treatment of gastrointestinal diseases.
The human gastrointestinal microbiota plays an
important role in health improvement, especially in
patients with gastrointestinal diseases. In recent years,
probiotics have been increasingly used in critical care
settings for the prevention of certain diseases that are
otherwise associated with high mortality(5,6).

The balance of gut microflora could be
restored by consuming certain types of probiotic
containing foods(4). Based on a definition given by
the Food and Agriculture Organization of the United
Nations World Health Organization (FAO/WHO),
probiotics are “live microorganisms which when
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administered in adequate amounts confer a health
benefit on the host”(7). Therefore, probiotics should be
non-pathogenic, stable in acid and bile, able to adhere
to and confer health benefit by colonization of human
gut mucosa, and retain viability during storage and
use. Many species of microorganisms have been used
which mainly consist of lactic acid producing bacteria;
Lactobacillus, Streptococcus, Enterococcus,
Lactococcus, and Bifidobacterium(8,9).

Screening of new probiotics needs to
determine their safety and outstanding research is
requisite. Accordingly, the novel species should be
isolated from the human fecal microflora of healthy
volunteers who have not ingested probiotics
containing products for atleast 1 month(10). Recently,
human-derived Lactic Acid Bacteria (LAB) and
Bifidobacterium were isolated from feces of healthy
infants exhibiting their antagonistic interaction
against various food-borne pathogenic bacteria(11-13).
Therefore, a prerequisite safety of probiotics isolation
is human origin. We hypothesized that microbiota
colonized in the gut of newborns was a diversity of
beneficial LAB.  Therefore, the present study was done
by isolation of bacteria from fecal samples from Thai
newborns on the MRS selective media and further
identified by 16S rRNA gene sequencing.

Material and Method
Subjects and cultivation of fecal samples

Thirty eight fecal samples of healthy Thai
newborns were obtained from HRH Princess Maha
Chakri Sirindhorn Medical Center, Ongkharak, Thailand.
All newborns of both sexes were 0-5 days old. Fresh
feces samples were taken by sterile cotton swab and
inserted into a modified Cary-Blair transport medium
(Oxoid, Hampshire, UK). The samples were processed
immediately upon receipt. Each individual’s parents
have been informed and signed the consent. This study
was approved by the Research ethics committee of
Srinakharinwirot University (SWUEC 37/2551).

The fecal samples were diluted in normal
saline solution (NSS) and plated in duplicate by
spreading onto de Man-Rogosa-Sharpe (MRS) agar
plates (Oxoid, Hampshire, UK), a selective media for
lactic acid bacteria isolation. The plates were incubated
under anaerobic condition at 37°C for 48-72 hr under
anaerobic condition using anaerobic GasPak
(Mitsubishi, Japan) in an anaerobic box (Mitsubishi,
Japan)(14). All isolated bacteria which presenting
different colony morphologies from each feces sample
were collected on new MRS agar plates. After anaerobic

incubation, single pure colonies were isolated and sub-
cultured for further experimental use.

Screening of Lactic Acid Bacteria (LAB) isolates
Each isolate was screened based on Gram

reaction, catalase test, and lactic acid production. To
test for catalase activity, bacteria were mixed with 3%
H

2
O

2
 and immediate formation of bubbles indicated the

presence of catalase. For lactic acid production, bacteria
isolates were cultured on MRS agar containing 0.3%
CaCO

3
 and incubated at 37°C for 48-72 hr under

anaerobic condition(15). Consequently, LAB isolates
were selected by the presence of a clear zone around
the colonies. All characterized isolates were maintained
as frozen cultures in MRS broth with 20% glycerol at
-80°C for further studies.

Amplification of 16S rRNA gene and sequencing
DNA was extracted from cell pellets using a

Wizard Genomic DNA purification kit (Promega AG,
Switzerland) according to the manufacturer’s
instructions and strain were typed to species level using
16S rRNA gene sequencing as described(15). Briefly,
the template DNA for sequencing of the 16S rRNA
gene was amplified using universal primers: 27F (5’-
AGAGTTTGATCMTGGCTCAG-3’) and 1492R (5’-
TACGGYTACCTTGTTACGACTT-3’). For DNA
sequencing, two sets of primers were used for full length
sequences alignment including primers 27F, 518F (5’-
CCAGCAGCCGCGGTAATACG-3’), 800R (5’-
TACCAGGGTATCTAATCC-3’) and 1492R, and were
sequenced by Macrogen, Korea.

Polymerase chain reactions (PCR) were
performed in a total volume of 50 μl containing 2 μl of
genomic DNA, 10 pmol of each primer, 2.5 U Taq DNA
polymerase (Applied Biosystems, Foster City, CA,
USA), 2 mM dNTP, 1x reaction buffer and 25 mM MgCl

2
.

The reaction was thermally cycled as follows: an initial
denaturation at 94°C for 3 min; 30 cycles of denaturation
at 94°C for 1 min, annealing at 50°C for 1 min, and
extension at 72°C for 2 min and a final extension of 72°C
for 3 min with a GeneAmp PCR system 2700 (Applied
Biosystems, Foster City, CA, USA).

The similarity of 16S rRNA gene sequences
were determined using BLAST software compared to
EzTaxon-e database(16). Multiple alignments of
sequences were performed by CLUSTAL X version
2.0.11. The alignment was modified by eliminate gaps
and ambiguous nucleotides prior to the construct a
phylogenetic tree. The phylogenetic tree was
constructed with neighbor-joining in the MEGA 6
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Bacterial species Gram stain Catalase Lactic acid Distribution of
production species (n = 45)

Enterococcus faecalis      (+)     (-)        +     20 (45%)
Enterococcus faecium      (+)     (-)        +       6 (14%)
Enterococcus hirae      (+)     (-)        +       5 (11%)
Lactobacillus paracasei      (+)     (-)        +       5 (11%)
Lactobacillus gasseri      (+)     (-)        +       1 (2%)
Klebsiella pneumoniae      (-)     (+)        -       4 (9%)
Enterobacter hormaechei      (-)     (+)        -       1 (2%)
Escherichia fergusonii      (-)     (+)        -       1 (2%)
Leclercia  adecarboxylata      (-)     (+)        -       1 (2%)
Shigella flexneri      (-)     (+)        -       1 (2%)

Table 1. Phenotypic characterization and prevalence of isolated bacterial species in the newborns fecal samples (n = 45)

software(17). The confidence values of individual
branches in the phylogenetic tree were determined with
1,000 replications.

Results
Isolation of lactic acid bacteria isolates

Initial phenotypic characterization of bacterial
isolates collected from 38 fecal samples obtained from
Thai newborns including Gram stain, catalase activity
and lactic acid production. A total of 45 isolates were
facultative anaerobes including 37 isolates of Gram-
positive bacteria and 8 isolates of Gram-negative
bacteria. Bacterial characteristics were summarized in
Table 1. Cell morphology of isolates varied from long
and slender rods, straight rods to bent rods, and cocci.
The most frequently found colonies varied from small
to medium colonies (1-2 mm) with white, circular,
smooth and convex colonial morphologies.

Genotyping of selected LAB isolates based on 16S
rRNA gene sequences

A list of 45 isolates obtained from 38 Thai
newborns was identified with published 16S rRNA
gene sequences. The amplified products of complete
16S rRNA gene with expected length of 1,200-1,500 bp
after quality trimming were aligned for genotypic
identification using BLAST, resulting the distribution
of 45% Enterococcus faecalis (20 isolates), 14%
Enterococcus faecium (6 isolates), 11% Enterococcus
hirae (5 isolates), 11% Lactobacillus paracasei (5
isolates), 2% Lactobacillus gasseri (1 isolate), 9%
Klebsiella pneumoniae (4 isolates), 2% Enterobacter
hormaechei (1 isolate), 2% Escherichia fergusonii
(1 isolate), 2% Leclercia adecarboxylata (1 isolate)
and 2% Shigella flexneri (1 isolate) (Fig. 1). Estimates

of evolutionary divergence between 16S rRNA gene
sequences were conducted using the Kimura 2-
parameter model in MEGA(18). The results showed that
each species were different less than 2% divergence
concurred with the threshold to constitute species
(range 0.03-0.28%) (Table 2). The 16S rRNA gene
sequences of all 45 isolates show high homology
similarity to the reference species in GenBank database
(98-100%) (Table 3).

Phylogenetic tree analysis
Phylogenetic tree was constructed by a

neighbor-joining method with 16S rRNA gene
sequences of present isolates of LAB and other
isolates were shown their taxonomic positioning in the
Fig. 2. Isolates were divided into 3 distinct clades
including one clade of Gram-positive, cocci, E. faecalis

Fig. 1 Distribution of isolated bacterial species in the fecal
microbiota of newborns (n = 45).
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with closely related species, E. faecium, and E. hirae.
One clade of Gram-positive, rod, L. paracasei and L.
gasseri, and one clade of Gram-negative, rod, K.
pneumoniae, E. hormaechei, E. fergusonii, L.
adecarboxylata, S. flexneri. For this analysis,
Bacteriodes fragilis, an obligate anaerobic, Gram-
negative, rod-shaped bacterium which is part of the
normal flora of the human colon and is generally
commensal, was used as outlier species.

Discussion
The prevalence commensally isolates of this

study were LAB including 70% of Enterococcus and
13% Lactobacillus genera. Although the genus
Bifidobacterium is the most prevalent gut flora in
human infants(19), none of isolates obtained from 38
Thai healthy newborns was found. Recent study on
the bacteria isolation of feces from Kenyan infants
found that a broad diversity of Bifidobacterium were
isolated from iron limited condition of 6 months old
infants (i.e. anemic, low hemoglobin level)(19). The data
suggested that those Bifidobacterium utilized iron
sequestration mechanism such as siderophore
production and iron internalization for competition
against enteropathogens. Given that previous finding
confirmed the ability of Lactobacillus to grow in the
presence and absence of iron(20), our data suggested
that gut microenvironment was not restricted for
colonization of Lactobacillus. In addition, genus
Enterococcus was the most prevalence LAB (70%)
found in this Thai newborns population.

Unfortunately, the transport media and
enrichment media MRS used in this study may not be
able to obtain and cultivate the Bifidobacterium. In
the future, appropriate media will be considering for
some strictly anaerobe such as Bifidobacterium.
Moreover, the growth requirements of many bacteria
are unknown, most of the gastrointestinal bacteria

remain uncultivated. To study the microbial diversity,
several studies avoiding the cultivation error and
utilized molecular-based studies(21,22). Moreover, it was
unexpected that Gram-negative bacteria including
K. pneumoniae, E. hormaechei, E. fergusonii,
L. adecarboxylata, and S. flexneri would be obtained
from MRS selective media which was commonly used
for LAB isolation. It has been reported that K.
pneumoniae was isolated from stool samples of
healthy subjects and hospitalized patients, whereas
E. fergusonii was found in the faecal samples of
chicken flocks(23,24). The possibly reason for our finding
could be due to the contamination during the mothers
and newborns were hospitalized in the hospital.
However, all non lactic acid bacteria were not excluded
from the experiment and further analysis for species to
ensure the accuracy of the identification result.

A highly conserved sequence of 16S rRNA
gene was utilized for species identification by BLAST
algorithm analysis with published sequences. Above
98% homology similarity was found in all 45 isolates
(Table 3) including the minority cluster that belong to
pathogenic bacteria rather than beneficial bacteria
such as S. flexneri and E. hormaechei. First inoculum
of microbes in infants was acquired from their
mothers during their birth. Mother-infant transmission
is mediated by mode of birth, and accumulating data
suggested that the microbiota of vaginally born infants
is more similar to the vaginal and faecal microbiota of
their mother, whereas caesarean section influences a
microbiota consisting of the mother’s skin and the
environment(25,26). Therefore, the finding of Gram-
negative bacteria in the minority clade (Fig. 2) is
corresponding to newborns that were born via vaginal
delivery.

Conclusion
In the present study, LAB (Enterococcus and

Species         % Divergence

Mean  SE Minimum Maximum

Enterococcus faecalis  0.03 0.01     0    0.37
Enterococcus faecium  0.11 0.03     0    0.39
Enterococcus hirae  0.07 0.02     0    0.22
Lactobacillus paracasei subsp. tolerans  0.11 0.03     0    0.33
Klebsiella pneumoniae subsp. rhinoscleromatis  0.28 0.05     0.07    0.52

Table 2. Percentage intraspecific variation for the 16s rRNA gene of isolates species obtained from feces of Thai newborns
using Kimura 2-Parameter model
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Isolate No. Nearest relatives     GenBank Sequence similarity

Accession No.   % Size (bp)

MSMC10-3 Enterococcus faecium LMG 11423T AJ301830.1   99   1358
MSMC12-3 Leclercia adecarboxylata CIP 82.92T JN175338.1   99   1375
MSMC14-2 Enterococcus faecalis DSM 20478T LN681572.1 100   1401
MSMC15-2 Enterococcus faecalis DSM 20478T LN681572.1 100   1409
MSMC15-4 Enterococcus faecalis DSM 20478T LN681572.1 100   1398
MSMC23-4 Lactobacillus gasseri ATCC 33323T AF519171.1   99   1420
MSMC24-3 Enterococcus faecalis DSM 20478T LN681572.1   99   1395
MSMC35-3 Enterococcus faecalis DSM 20478T LN681572.1 100   1408
MSMC36-7 Lactobacillus paracasei subsp. tolerans NBRC 15906T AB181950.1   99   1414
MSMC36-8 Lactobacillus paracasei subsp. tolerans NBRC 15906T AB181950.1   99   1404
MSMC40-5 Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884T Y17657.1   99   1385
MSMC42-2 Lactobacillus paracasei subsp. tolerans NBRC 15906T AB181950.1   99   1429
MSMC43-2 Lactobacillus paracasei subsp. tolerans NBRC 15906T AB181950.1 100   1222
MSMC46-2 Enterococcus faecium LMG 11423T AJ301830.1   99   1407
MSMC47-2 Enterococcus faecalis DSM 20478T LN681572.1   99   1420
MSMC49-2 Enterococcus faecalis DSM 20478T LN681572.1   99   1397
MSMC49-4 Enterococcus faecalis DSM 20478T LN681572.1   99   1414
MSMC49-6 Enterococcus hirae DSM 20160T Y17302.1   99   1425
MSMC49-8 Enterococcus hirae DSM 20160T Y17302.1   99   1373
MSMC52-2 Enterococcus faecalis DSM 20478T LN681572.1   99   1419
MSMC56-2 Shigella flexneri ATCC 29903T X96963.1   99   1348
MSMC57-4 Enterococcus faecalis DSM 20478T LN681572.1 100   1403
MSMC58-2 Enterococcus faecalis DSM 20478T LN681572.1   99   1411
MSMC61-2 Enterococcus faecalis DSM 20478T LN681572.1   98   1406
MSMC61-4 Enterobacter hormaechei CIP 103441T AJ508302.1   99   1372
MSMC62-3 Escherichia fergusonii ATCC 35469T AF530475.1   99   1393
MSMC63-4 Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884T Y17657.1   99   1389
MSMC64-2 Enterococcus faecalis DSM 20478T LN681572.1   99   1400
MSMC65-2 Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884T Y17657.1   99   1380
MSMC66-2 Klebsiella pneumoniae subsp. rhinoscleromatis ATCC 13884T Y17657.1   99   1386
MSMC69-2 Enterococcus faecalis DSM 20478T LN681572.1   99   1400
MSMC71-3 Enterococcus faecalis DSM 20478T LN681572.1 100   1401
MSMC71-6 Enterococcus faecalis DSM 20478T LN681572.1   99   1416
MSMC75-2 Enterococcus faecium LMG 11423T AJ301830.1   99   1362
MSMC76-2 Enterococcus faecalis DSM 20478T LN681572.1 100   1410
MSMC77-1 Enterococcus faecium LMG 11423T AJ301830.1   98   1321
MSMC80-2 Enterococcus faecium LMG 11423T AJ301830.1   99   1372
MSMC95-5 Lactobacillus paracasei subsp. tolerans NBRC 15906T AB181950.1   99   1409
MSMC99-4 Enterococcus hirae DSM 20160T Y17302.1   99   1426
MSMC100-1 Enterococcus faecalis DSM 20478T LN681572.1   99   1408
MSMC118-2 Enterococcus hirae DSM 20160T Y17302.1   99   1378
MSMC123-1 Enterococcus hirae DSM 20160T Y17302.1   99   1403
MSMC174-1 Enterococcus faecium LMG 11423T AJ301830.1   99   1402
MSMC241-3 Enterococcus faecalis DSM 20478T LN681572.1   99   1416
MSMC245-2 Enterococcus faecalis DSM 20478T LN681572.1   99   1414

Table 3. 16S rRNA gene sequences similarity showing species of 45 bacterial strains isolated from feces of Thai newborns

Lactobacillus) were a major cultivable gut microbiota
of collected feces from a population of Thai newborns.
The conventional method of identifying LAB strains

relies on phenotypic characterization. The selective
MRS media, Gram stain, catalase, and lactic acid
production were mainly used for screening.
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Fig. 2 Neighbour-joining concatenated phylogenetic tree of the 16S rRNA sequences of 45 isolated strains from feces of
Thai newborns and GenBank database (bold name). The tree is rooted using Bacteriodes fragilis as an out-group.
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Accordingly, the conserved 16S rRNA gene was a great
molecular tool for bacterial species-subspecies
identification. In addition, phylogenetic analysis
supported that the prevalent LAB species truly
distributed in a population of Thai newborns. Further
study on individual LAB isolates for seeking the
effective probiotic bacteria will be continuing
investigated.

What is already known on this topic?
The colonization pattern of the human gut

microbiota begins during birth and influencing by
microbes from mothers and environment. Several
studies have been done in the infants showing that
there was variation between individuals and greater
microbial diversity between infants than adults.
However, the diversity of gut microbiota has never been
investigated in Thai newborns.

What this study adds?
Our preliminary data suggested that

Enterococcus and Lactobacillus genera are the most
prevalent LAB colonized in the gut of Thai newborns
population. Accordingly, the healthy newborns are the
important microbiome resource for new probiotics
seeking and development.

Acknowledgements
 This work was funded by a research grant

from the Faculty of Medicine and HRH Princess Maha
Chakri Sirindhorn Medical Center, Srinakharinwirot
University. The authors thank the Department of
Microbiology, Faculty of Medicine, Srinakharinwirot
University and Department of Biochemistry and
Microbiology, Faculty of Pharmaceutical Sciences,
Chulalongkorn University for supporting equipment
and facilities for our research.

Potential conflicts of interest
None.

References
1. Turnbaugh PJ, Ley RE, Hamady M, Fraser-Liggett

CM, Knight R, Gordon JI. The human microbiome
project. Nature 2007; 449: 804-10.

2. Sommer F, Backhed F. The gut microbiota—masters
of host development and physiology. Nat Rev
Microbiol 2013; 11: 227-38.

3. Steinert A, Radulovic K, Niess J. Gastro-intestinal
tract: The leading role of mucosal immunity. Swiss
Med Wkly 2016; 146: w14293.

4. Singhi SC, Kumar S. Probiotics in critically ill
children. F1000Res 2016; 5: F1000 Faculty Rev-
407.

5. Alfaleh K, Anabrees J, Bassler D. Probiotics reduce
the risk of necrotizing enterocolitis in preterm
infants: a meta-analysis. Neonatology 2010; 97:
93-9.

6. Miele E, Pascarella F, Giannetti E, Quaglietta L,
Baldassano RN, Staiano A. Effect of a probiotic
preparation (VSL#3) on induction and maintenance
of remission in children with ulcerative colitis. Am
J Gastroenterol 2009; 104: 437-43.

7. Food and Agriculture Organization of the United
Nations and World Health Organization. Report
on joint FAO/WHO expert consultation on
evaluation of health and nutritional properties of
probiotics in food including powder milk with live
lactic acid bacteria. Cordoba, Argentina; 1-4
October 2001.

8. Lukjancenko O, Ussery DW, Wassenaar TM.
Comparative genomics of Bifidobacterium,
Lactobacillus and related probiotic genera. Microb
Ecol 2012; 63: 651-73.

9. Holzapfel WH, Haberer P, Geisen R, Bjorkroth J,
Schillinger U. Taxonomy and important features of
probiotic microorganisms in food and nutrition.
Am J Clin Nutr 2001; 73 (2 Suppl): 365S-73S.

10. Borriello SP, Hammes WP, Holzapfel W, Marteau
P, Schrezenmeir J, Vaara M, et al. Safety of probiotics
that contain lactobacilli or bifidobacteria. Clin Infect
Dis 2003; 36: 775-80.

11. Davoodabadi A, Soltan Dallal MM, Rahimi FA,
Douraghi M, Sharifi Yazdi MK, Amin HF.
Antibacterial activity of Lactobacillus spp.
isolated from the feces of healthy infants against
enteropathogenic bacteria. Anaerobe 2015; 34: 53-
8.

12. Lievin V, Peiffer I, Hudault S, Rochat F, Brassart D,
Neeser JR, et al. Bifidobacterium strains from
resident infant human gastrointestinal microflora
exert antimicrobial activity. Gut 2000; 47: 646-52.

13. Uraipan S, Hongpattarakere T. Antagonistic
Characteristics Against Food-borne Pathogenic
Bacteria of Lactic Acid Bacteria and Bifidobacteria
Isolated from Feces of Healthy Thai Infants.
Jundishapur J Microbiol 2015; 8: e18264.

14. Taweechotipatr M, Iyer C, Spinler JK, Versalovic J,
Tumwasorn S. Lactobacillus saerimneri and
Lactobacillus ruminis: novel human-derived
probiotic strains with immunomodulatory
activities. FEMS Microbiol Lett 2009; 293: 65-72.



J Med Assoc Thai Vol. 99 Suppl. 8  2016                                                                                                                  S97

15. Thamacharoensuk T, Kitahara M, Ohkuma M,
Thongchul N, Tanasupawat S. Sporolactobacillus
shoreae sp. nov. and Sporolactobacillus
spathodeae sp. nov., two spore-forming lactic acid
bacteria isolated from tree barks in Thailand. Int J
Syst Evol Microbiol 2015; 65: 1220-6.

16. Kim OS, Cho YJ, Lee K, Yoon SH, Kim M, Na H, et
al. Introducing EzTaxon-e: a prokaryotic 16S rRNA
gene sequence database with phylotypes that
represent uncultured species. Int J Syst Evol
Microbiol 2012; 62: 716-21.

17. Tamura K, Stecher G, Peterson D, Filipski A, Kumar
S. MEGA6: Molecular Evolutionary Genetics
Analysis version 6.0. Mol Biol Evol 2013; 30: 2725-
9.

18. Kimura M. A simple method for estimating
evolutionary rates of base substitutions through
comparative studies of nucleotide sequences. J
Mol Evol 1980; 16: 111-20.

19. Vazquez-Gutierrez P, Lacroix C, Jaeggi T, Zeder C,
Zimmerman MB, Chassard C. Bifidobacteria
strains isolated from stools of iron deficient infants
can efficiently sequester iron. BMC Microbiol
2015; 15: 3.

20. Pandey A, Bringel F, Meyer JM. Iron requirement
and search for Siderophores in Lactic-Acid
Bacteria. Appl Microbiol Biot 1994; 40: 735-9.

21. Koike S, Yoshitani S, Kobayashi Y, Tanaka K.
Phylogenetic analysis of fiber-associated rumen

bacterial community and PCR detection of
uncultured bacteria. FEMS Microbiol Lett 2003;
229: 23-30.

22. Brooks SP, McAllister M, Sandoz M, Kalmokoff
ML. Culture-independent phylogenetic analysis
of the faecal flora of the rat. Can J Microbiol 2003;
49: 589-601.

23. Oh JY, Kang MS, An BK, Shin EG, Kim MJ, Kwon
JH, et al. Isolation and epidemiological
characterization of heat-labile enterotoxin-
producing Escherichia fergusonii from healthy
chickens. Vet Microbiol 2012; 160: 170-5.

24. Siu LK, Fung CP, Chang FY, Lee N, Yeh KM, Koh
TH, et al. Molecular typing and virulence analysis
of serotype K1 Klebsiella pneumoniae strains
isolated from liver abscess patients and stool
samples from noninfectious subjects in Hong
Kong, Singapore, and Taiwan. J Clin Microbiol
2011; 49: 3761-5.

25. Backhed F, Roswall J, Peng Y, Feng Q, Jia H,
Kovatcheva-Datchary P, et al. Dynamics and
stabilization of the human gut microbiome during
the first year of life. Cell Host Microbe 2015; 17:
690-703.

26. Dominguez-Bello MG, Costello EK, Contreras M,
Magris M, Hidalgo G, Fierer N, et al. Delivery mode
shapes the acquisition and structure of the initial
microbiota across multiple body habitats in
newborns. Proc Natl Acad Sci U S A 2010; 107:
11971-5.



S98                                                                                                                  J Med Assoc Thai Vol. 99 Suppl. 8  2016

⌦⌫⌫⌫

        ⌫ ⌫ 

 ⌫⌫ ⌦⌫⌫⌫
⌫⌫⌫⌫⌫⌫⌫  ⌫⌦ 
⌫⌦⌫⌫⌫⌫⌫⌫
 ⌦⌫⌫ 
⌫⌫
⌫        ⌫⌫
  ⌫⌫⌦⌫⌫ 
 ⌫⌫⌫⌫⌫⌫   ⌫
⌫⌫⌫  
⌦ ⌫⌫⌫    ⌫  ⌫
⌫⌫  ⌫⌫           
        ⌫⌫⌫   
    ⌧   ⌧ ⌦⌫  ⌫
⌫⌫  
 ⌫  ⌫ ⌦
        ⌫     ⌦   ⌫  ⌫  
⌦⌫⌫


