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Introduction 

Obesity is defined as the accumulation of adipose tis-

sue in the body and is often associated with negative

effects including increased levels of cholesterol, tri-

glycerides, as well as, hypertension and insulin resis-

tance [1, 2]. Though obesity itself is considered a non-

communicable disease (NCD) [3], it is also a major risk

factor for other NCDs including cardiovascular diseases,

cancer and type 2 diabetes [4]. The global rate of obesity

has doubled since 1980, thus obesity is now considered

an epidemic, consequently affecting both industrialized

and non-industrialized nations [5]. Imbalance in caloric

intake is thought to be one of the primer drivers of obe-

sity, but genetic, environmental and socio-economic fac-

tors also have a major influence [6]. Recent studies,

mainly focused in western nations, have revealed that

the human gut microbiota, a previously overlooked fac-

tor, is at play. 

The gut microbiota is the collection of eukaryotic and

prokaryotic microorganisms forming a complex ecosys-

tem in the intestinal tract. The gene complement of

these microbes exceeds that of humans by at least 100-

fold and contributes to host physiological and biochemi-

cal processes, the best known being fermentation of fiber
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and vitamin biosynthesis [7, 8]. Increasingly, studies

demonstrate pivotal roles of gut microbiota in health

and disease, while roles of microbial communities to

energy homeostasis and adipose tissue formation are

being uncovered [4, 9−12]. Though the scientific commu-

nity has reached a consensus concerning the role of gut

microbiota in obesity development, the roles of specific

taxa remain elusive and sometimes contradictory despite

considerable research effort [9, 13]. For instance, the

Bacteroidetes/Firmicutes ratio was initially proposed as

an indicator of obesity, but this was later disputed [14,

15]. 

Nonetheless, associations of other taxa with obese or

lean phenotypes seem to be somewhat more consistent,

albeit with exceptions. Abundance of Bacteroidetes is

often associated with microbiota of lean people [16] with

one exception [14], whereas increased Bacteroides,

Staphylococcus and Clostridium have been linked to

overweight subjects [11]. Along the same lines, Faecali-

bacterium prausnitzii has been found in significantly

increased amounts in obese children [17]. Butyrate-pro-

ducing bacteria along with Bifidobacterium and Metha-

nobrevibacter are often associated with the lean

phenotype [14, 15, 18]. Recently, a mucus-residing bacte-

rium, Akkermansia muciniphila was linked to low body

weight in both rodents and humans and emerging evi-

dence suggests that it can be used as an indicator spe-

cies of healthy mucus [19]. A recent study examining

977 twin volunteers showed that Christensenella minu-

tais associated lower body mass index [20].

However, a notable oversight of the above-mentioned

studies has been that most of them have focused on pop-

ulations from the Americas and Europe with only com-

parably few coming from Asia. Thus, it is not yet clear

how the microbiota patterns of obese adult Asian popu-

lations differ from those of obese Americans and Europe-

ans. Though some data are available from countries

such as Russia, China and Japan [21−23], none exists for

adult populations of Southeast Asia including Thailand.

Thailand is a gastronomically distinct country that

has traditionally been considered a nation of “lean

people”. Nonetheless, this is rapidly changing: the cur-

rent prevalence of overweight and obesity in Thai adults

is 32.2%, which is the second highest in Southeast Asian

nations [24]. This increase is concerning because South-

east Asian populations are particularly susceptible to

abdominal obesity, which is related to insulin resistance.

In the present pilot study we investigated the prokary-

otic gut microbiota of subjects from Chiang Rai,

Northern Thailand using quantitative PCR (qPCR). We

used seventeen pairs of primers to quantify specific pro-

karyotic taxa that have been previously linked to obe-

sity. We also examined relationships between these

taxa, BMI and blood profiles. 

Materials and Methods 

Ethics statement
The human trials of the present study were approved

by the Human Ethics Committee of Mae Fah Luang

University (License approval number REH57027). Each

volunteer signed an informed consent before participat-

ing in the study.

Human subjects
All volunteers were Asian and lived in Chiang Rai

Province, Thailand at the time of sampling. In total, 42

volunteers participated in the study ranging from 20 to

49 years old. The volunteers had no history of acute or

chronic inflammatory disease, no diarrhea episodes one

month prior to sampling and had received no antibiotic

treatment at least two months before sample collection.

The volunteers were classified into lean, overweight and

obese groups according to BMI based on the criteria of

the WHO for adults <25, 25−30 and >30 kg/m2 respec-

tively (Table 1).

Anthropometric measurements and metabolic variables
Height (m), weight (kg) and waist circumference

(inches) were measured by standard instruments.

Systolic (SBP) and diastolic blood pressure (DBP) was

measured twice and the blood profiles of the volunteers

were assessed. Blood samples were collected in the

morning, after fasting for at least 8 hours. Levels of fast-

ing blood sugar (FBS) and lipid profiles – total tri-

glycerides (Tg); total cholesterol (Chol); high-density

lipoprotein cholesterol (HDL-c); and low-density lipopro-

tein cholesterol (LDL-c) – were measured at Mae Fah

Luang University Hospital medical laboratory on the

day of collection. 
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Table 1. Physical characteristics of the 42 Thai volunteers used in this study. The difference of mean for each characteristic
among groups was calculated using ANOVA, with the exception of number of subjects, which was calculated using χ2 test. Super-
script letters denote comparisons between groups, which were calculated by using Independent Sample t-test

Characteristic Total Lean Overweight Obese p value

Number of subject, n (%) 42 (100) 21 (50.0) 10 (23.8) 11 (26.2) 0.071

Female 28 (66.6) 15 (35.7) 6 (14.3) 7 (16.7) 0.795

Male 14 (33.4) 6 (14.3) 4 (9.5) 4 (9.5)

Age (years, mean ± SD) 27.60 ± 1.31 27.71 ± 1.93 26.40 ± 2.75 28.45 ± 2.46 0.859

BMI (kg/m2, mean ± SD) 25.64 ± 0.92 20.66a,b ± 0.43 27.38a,c ± 0.55 33.56b,c ± 0.97 p < 0.000

Waist (inch, mean ± SD) 34.60 ± 0.87 30.12a,b ± 0.60 36.85a,c ± 0.86 41.09 b,c ± 1.22 p < 0.000
aLean < Overweight (p < 0.05), bLean < Obese (p < 0.05), cOverweight < Obese (p < 0.05).

Stool collection and DNA extraction
Fecal samples were collected from the volunteers

using sterile containers, divided in aliquots, weighed (g)

and stored at −80℃. Total DNA was isolated from the

samples by using the innuPREP Stool DNA Kit (Analytik

Jena AG, Germany) according to manufacturer’s specifi-

cations. The quantity and quality of the DNA was

assessed by spectrophotometry (NanoDrop, Thermo

Scientific™, USA) and gel electrophoresis. The extracted

DNA samples were standardized to a final concentration

of 2 ng/μl. Total genomic DNA was also extracted from

pure bacterial cultures for subsequent use as qPCR

standards.

Primer information
The Staphylococcus, Prevotella and Christensenella

minuta sets of primers were newly designed for this

study (Table 2). Primers used in previous studies to

detect Staphylococcus amplified the nuc gene rather

than the 16S rDNA [25]. Similarly, Prevotella primers

used in previous studies also amplified Bacteroides and

Porphyromonas. The Staphylococcus and Prevotella

pairs of primers were designed based on multiple

sequence alignments of available sequences from Gen-

Bank. The species-specific C. minuta primer set was

designed based on the available 16S rDNA gene (Acces-

sion number NR_112900.1). Primer specificity was

checked against pooled fecal samples. Identification of

amplicons was confirmed by sequencing and by perform-

ing BLAST searches against the NCBI database.

In total, the 16S rRNA gene of 17 prokaryotic taxa was

amplified (Table 2). Primers covered conserved regions

for various taxon levels ranging from the highest (total

bacteria) to the lower (genus and species).

Absolute quantitative real time PCR 
Gradient analysis was performed in order to optimize

temperature of PCR reactions. Temperatures with spe-

cific amplification were deemed appropriate for further

experiments. Gel electrophoresis was used to check size

and purity of amplicons. Standard curves were estab-

lished for each pair of primers by using the sequenced

plasmid templates of known quantities. A set of stan-

dards was generated by making a series of five 10-fold

dilutions covering the range of concentrations corre-

sponding to the observed cycles threshold (Ct) of the

samples. All the recombinant plasmid templates were

bidirectionally sequenced (First Base, Malaysia). The

concentration of the digested qPCR plasmid template

was quantified by using gel electrophoresis and Nano-

Drop spectrophotometer. 

Reactions for each template were carried out in trip-

licate. The total reaction mix for each sample was

10.0 μl containing 1X SensiFASTTM SYBR No-ROX

Kit (BIOLINE, UK) Reagent mix, 100−200 nM of each

forward and reverse primer and 4 ng of genomic DNA

template. Reactions were run in 96-well plates in a

CFX96 Touch™ Real-Time PCR Detection System

(Bio-Rad, USA). Cycling conditions were as follows: a

polymerase activation cycle at 95.0℃ for 2.0 min,

40 cycles of denaturation at 95.0℃ for 5 sec, annealing at

the indicated Ta (Table 2) for 10 sec and extension at

72.0℃ for 20 sec. At the end of every run, the product

specificity was assessed by melting-curve analysis after

denaturation at 95.0℃ for 10 sec and slowly heating the

mixture from 65.0℃ to 95.0℃ with plate readings every

0.5℃ for 5 sec. A negative control was used for every run

in which 2.0 μl of dH2O were used instead of DNA tem-

plate. For the absolute quantification, the obtained Ct
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Table 2. List of primers used in this study.

Targeted prokaryotic taxa Primer set Primer sequence (5'→3')
Amplicon size

 (bp)
Ta (℃)

Reference/
Importance

Total bacteria Uni926F  F: AAACTCAAAKGAATTGACGG 180 60 [41]
Uni1062R  R: CTCACRRCACGAGCTGAC

Phylum Bacteroidetes
Bacteroidetes (P) 798cfbactF  F: CRAACAGGATTAGATACCCT 240 64 [41]/[a]

cfbact967R  R: GGTAAGGTTCCTCGCGTAT
Bacteroides spp. (G) Bac303F  F: GAAGGTCCCCCACATTG 103 64 [42]/[a]

Bfr-Fmrev  R: CGCKACTTGGCTGGTTCAG [43]/[a]
Prevotella spp. (G) Prov_F1  F: GCCGCGGTAATACGGAAGG 271 56  This study/[a]

Prov_R1  R: CTAATCCTGTTYGATACCCGCAC
Phylum Firmicutes 

Firmicutes (P) 928F-Firm  F: TGAAACTYAAAGGAATTGACG 200 64 [41]/[d]
1040FirmR  R: ACCATGCACCACCTGTC

Roseburia spp. &
Eubacterium rectale (G)

RrecF  F: GCGGTRCGGCAAGTCTGA 80 55 [44]/[d]
Rrec630mR  R: CCTCCGACACTCTAGTMCGAC [43]/[d]

Ruminococcus spp. (G) Rflbr730F  F: GGCGGCYTRCTGGGCTTT
Clep866mR  R:CCAGGTGGATWACTTATTGTGTTAA 156 63 [43]/[d]

Lactobacillus spp. (G) Rin_LactF  F: AGCAGTAGGGAATCTTCCA 341 56 [45]/[d]
Rin_LactR  R: CACCGCTACACATGGAG [46]/[d]

Enterococcus spp. (G) Rin_EntF  F: CCCTTATTGTTAGTTGCCATCATT 144 56 [47]/[d]
Rin_EntR  R: ACTCGTTGTACTTCCCATTGT

Staphylococcus spp. (G) N-StaphF2  F: CGTCTTGACGGTACCTAATC 237 60 This study/[d]
N-StaphR2  R: CTCCATATCTCTGCGCATTTC

Oscillospira spp. (G) OSCI-RV-Fmod  F: ACGGTACCCCTTGAATAAGCC 359 64 [48][d]
OSC-808mod  R: TCCCCGCACACCTAGTATTG [49][d]

Faecalibacterium prausnitzii (S) FPR-2F  F: GGAGGAAGAAGGTCTTCGG 247 63 [50][d]
Fprau645R  R: AATTCCGCCTACCTCTGCACT [43]/[d]

Christensenella minuta (S) ChrisM_F1  F: GTAATACGTAGGGAGCAAGC 145 55 This study/[d]
ChrisM_R1  R: CCCTCTCCTGTACTCAAGTC

Actinobacteria phylum
Actinobacteria (P) Act920F3  F: TACGGCCGCAAGGCTA 170 64 [41]/[b]

Act1200R  R: TCRTCCCCACCTTCCTCCG
Proteobacteria phylum
γ-Proteobacteria (G) 1080γF  F: TCGTCAGCTCGTGTYGTGA 170 53 [41]/[c]

γ1202R  R: CGTAAGGGCCATGATG
Fusobacteria phylum

Fusobacterium spp. (G) FussoF1  F: CGGGTGAGTAACGCGTAAAG 204 55 [51]/[c]
FussoR1  R: GCCGTGTCTCAGTCCCCT

Verrucomicrobia phylum
Akkermansia muciniphila (S) AkMF1  F: CAGCACGTGAAGGTGGGGAC 349 60 [52]/[e]

AkMR1  R: CCTTGCGGTTGGCTTCAGAT
Archaea 

Methanobacteria 
(Methanogens)

Met630F  F: GGATTAGATACCCSGGTAGT 190 56 [53]/[f ]
Met803R  R: GTTGARTCCAATTAAACCGCA

P = Targeted bacterial phyla, G = Targeted bacterial genus/group, S = Targeted bacterial species, [a] = Associated to obesity. [b] = Beneficial
microbe, [c] = Pathogenic bacteria/associated to obesity, [d] = Associated to short chain fatty acid (SCFAs) production/obesity, [e] = Mucin
degrading/associated to obesity, [f ] = methane producing/associated to obesity.
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were subsequently quantified against the corresponding

standard curve and converted to the unit of copy number

per ng of DNA template (copy/ng DNA). For the compar-

ison among the volunteers, copy/ng DNA was multiplied

by the concentration of bacterial DNA per wet weight of

fecal sample (ng DNA/g fecal). The final concentration is

reported as copy/g of fecal sample. 

Data normalization and statistical analyses
Statistical analyses were performed with the statisti-

cal software package version 21.0 (SPSS Inc., Chicago,

IL, USA). Initially, we demonstrated the subject charac-

teristics (independent variables) with descriptive statis-

tics (mean, standard deviation – SD, median and range).

Distribution of the data for each variable was evaluated

by using the Kolmogorov-Smirnov test. Anthropometric

and blood profile variables were normally distributed

thus they were analyzed by parametric statistics. The

exception was gender, which had non-parametric distri-

bution and was analyzed using χ2 test. Differences

among groups were calculated using One Way ANOVA,

whereas for differences between two groups Indepen-

dent Sample t-test was employed. The rest of the vari-

ables were analyzed by nonparametric statistics.

Difference of median values was compared by Kruskal

Wallis H (among BMI categories) and Mann-Whitney U

(between 2 categories) tests. Significance level (α) was

set at 0.05 in all cases. Correlation between variables

was analyzed by Pearson’s correlation (r) at a minimum

of 95% confidence interval.

Results

Quantification of prokaryotic taxa in fecal samples of Thai
volunteers
Waist circumference, BMI, SBP and FBS differed sig-

nificantly among the three groups (Table 3). Levels of Tg

and HDL-c were higher in the obese subjects when com-

pared to the overweight and lean volunteers respec-

tively. 

Prevalence and quantification of prokaryotic groups in

lean, obese and overweight groups as determined by

qPCR are depicted in Table 4 and Fig. 1. Bacteroidetes,

Firmicutes, Staphylococcus spp., Akkermansia muciniphila

and methanogens were significantly higher in lean vol-

unteers compared to the obese, whereas Ruminococcus

spp., Christensenella minuta, γ-Proteobacteria and A.

muciniphila were more abundant in overweight as

opposed to obese individuals. 

Correlation of prokaryotic microbiota to anthropometric
and metabolic parameters
Significant correlations between BMI and prokaryotic

components of gut microbiota are found in Fig. 2. A

detailed account of all correlations can be seen in supple-

mentary Table S1. Bacteroidetes, Firmicutes, Staphylo-

coccus spp., A. muciniphila and methanogens had a

significant negative correlation with BMI and waist cir-

cumference. Oscillospira and Actinobacteria were nega-

tively correlated to cholesterol and LDL-c, both of which

are indicators of obesity. In contrast, Bacteroidetes,

Staphylococcus and methanogens had a positive correla-

Table 3. Blood pressure and biochemical parameters of 42 Thai volunteers. The difference of mean for each characteristic among
groups was calculated using ANOVA, while the mean between groups was calculated by using Independent Sample t-test.

Blood profile
Total (n = 42) Lean (n = 21) Overweight (n = 10) Obese (n = 11)

P value
Mean ± SD Mean ± SD Mean ± SD Mean ± SD

SBP (mmHg) 116.76 ± 2.70 109.00b,c ± 3.59 121.80b,d ± 4.15 127.00c,d ± 5.18 0.010

DBP (mmHg) 73.29 ± 1.71 70.62 ± 2.28 75.80 ± 3.65 76.09 ± 3.49 0.302

FBS (mg/dl) 87.31 ± 1.16 84.38b,c ± 1.28 89.60b,d ± 2.36 90.82c,d ± 2.61 0.034

Triglyceride (mg/dl) 102.51 ± 7.45 86.62c ± 9.79 113.8 ± 19.90 122.58c ± 8.88 0.092

Cholesterol (mg/dl) 204.48 ± 4.85 199.05 ± 7.38 205.70 ± 4.74 213.75 ± 11.28 0.460

LDL-c (mg/dl) 131.82 ± 4.96 125.67 ± 7.47 135.50 ± 5.38 140.24 ± 11.53 0.448

HDL-c (mg/dl) 59.08 ± 2.26 64.43a ± 3.58 55.20 ± 4.04 52.38a ± 2.55 0.051
aLean < Overweight (p < 0.05), bLean < Obese (p < 0.05), cOverweight < Obese (p < 0.05).
SBP; Systolic blood pressure, DBP; Diastolic blood pressure, FBS; Fasting blood sugar, LDL-c; low-density lipoprotein cholesterol, HDL-c; High-
density lipoprotein cholesterol.
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tion to HDL-c, a cardioprotective effect indicator.

Waist circumference, BMI, SBP and FBS differed sig-

nificantly among the three groups (Table 3). In some

cases significant differences were noted only between

two groups. Specifically, levels of Tg and LDL-c were

higher in the obese group when compared to the lean

group. Body mass index was positively correlated to

waist circumference, SBP, FBS and Tg level, but had a

negative correlation to HDL-c level. Our findings corrob-

orate previous reports in Thai [26], and other Asian pop-

ulations [27].

Discussion 

Research on the human gut microbiota has increased

exponentially in the last few years and new roles in

health and disease are continuously being uncovered. A

consensus is now emerging that alterations of the gut

microbiota are linked with several diseases including

obesity [9]. Herein, we examined specific components of

the prokaryotic gut microbiota from lean, overweight

and obese Thai adults.

In the course of our study, the issue of the categoriza-

tion of volunteers according to BMI emerged. Asian pop-

ulations, including Thais, are considered lean when

compared to their western counterparts. Much discus-

sion has centered on whether a lower BMI threshold

than the one officially recommended by the world health

organization (WHO) should be used to define obesity in

Asians [28]. This stems from reports indicating propen-

sity of Asians to accumulate abdominal fat more than

non-Asians [29]. Accumulation of this type of fat is espe-

cially concerning, as it accounts for insulin sensitivity

and subsequent development of diabetes [3]. Nonethe-

less, an investigation on the matter of BMI led by the

WHO unearthed a large degree of variation among

Table 4. Prevalence and microbial abundance of gut microbiota investigated by quantitative PCR. P values among BMI groups
were calculated using Kruskal Wallis Test. Comparisons between groups were calculated using Mann-Whitney U test. Asterisks denote
significance at 0.05.

Bacterial groups

All data 
(n = 42)

LN
 (n = 21)

OV
 (n = 10)

OB
 (n = 11)

P value Mann-Whitney U

Median Median Median Median
Kruskal 
Wallis 
Test 

LN-OV LN-OB OV-OB

Total bacteria Universal-180 9.73 9.77 9.65 9.08 0.201 0.291 0.092 0.526

Bacteroidetes Bacteroidetes (P) 9.12 9.42 8.9 8.18 0.016* 0.009* 0.037* 0.778

Bacteroides spp. (G) 9.68 9.67 9.69 9.19 0.772 0.735 0.463 0.833

Prevotella spp. (G) 9.44 9.6 9.95 9.25 0.725 0.422 0.953 0.573

Firmicutes Firmicutes (P) 7.97 8.09 7.98 7.68 0.127 0.447 0.041* 0.324

Roseburia spp.-E. rectale (G) 9.03 9.03 9.24 8.9 0.583 0.447 0.736 0.231

Ruminococcus spp. 8.89 8.92 9.08 8.63 0.19 0.237 0.677 0.035*

Lactobacillus spp. (G) 6.13 6.18 6.19 6.02 0.827 0.642 0.592 0.944

Enterococcus spp. (G) 7.07 6.86 7.14 7.17 0.595 0.447 0.372 0.944

Staphylococcus spp. (G) 1.97 2.73 2.25 1.44 0.069 0.527 0.034* 0.078

Oscillospira spp. (G) 5.33 5.67 5.36 4.39 0.258 0.554 0.137 0.205

Faecalibacterium prausnitzii (S) 8.5 8.5 8.72 7.94 0.451 0.375 0.487 0.26

Christensenella minuta (S) 8.01 7.92 8.36 7.8 0.037* 0.091 0.351 0.006*

Actinobacteria Actinobacteria (P) 7.03 7.1 6.72 8.09 0.358 0.473 0.439 0.121

Proteobacteria gamma-Proteobacteria (G) 6.04 6.04 6.27 5.85 0.040* 0.016* 0.62 0.049*

Fusobacteria Fusobacterium spp. 6 6.04 6.1 5.67 0.128 0.8 0.065 0.091

Verrucomicrobiaceae Akkermansia muciniphila (S) 5.4 5.6 6.15 4.19 0.007* 0.447 0.007* 0.005*

Archaea Methanogens (G) 8.31 8.46 8.3 7.5 0.036* 0.526 0.012* 0.091

P = Targeted bacterial phyla, G = Targeted bacterial genus/group, S = Targeted bacterial species.
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Asians from different countries, suggesting that lower-

ing the BMI cut-off is not warranted [30]. Interestingly,

variation was noted even among populations within the

same country. In the case of Thailand, for instance,

urban Thais had lower BMIs than rural Thais, the latter

being very similar to non-Asian values [30]. Thus, in this

study, we used the international WHO standard to

ensure that our data is directly comparable to data from

the rest of the world. Using a lower BMI cut-off pre-

cludes comparisons with non-Asian countries making

global level conclusions impossible [21].

In our study, Bacteroidetes, Firmicutes, methanogens

and Staphylococcus spp., were associated with the lean

phenotype. Bacteroidetes and Firmicutes dominate the

gut comprising more than 90% of its microbiota [13, 31].

A shift in the abundance of these two taxa represents

the most commonly reported alteration in obesity in

European and North American populations [9, 10],

though this is not always the case [14, 15]. Bacteroidetes

abundance has been linked with leanness and weight

loss in both humans and animals [9, 10, 21, 32, 33]. Pre-

vious studies have reported that reduced levels of Bacte-

roidetes in obese individuals are concomitant with

aberrant amounts of Firmicutes, as well as, an increase

in the amount of the latter taxon during weight gain,

which is in direct contrast with our finding. A few factors

could account for this discrepancy. The different results

could potentially reflect the use of diverse methodologies

Fig. 1. Box-and-whisker plot distribution of bacteria in fecal samples of lean, overweight, and obese subjects: Bacteroidetes
(A), Firmicutes (B), Ruminococcus spp. (C), Staphylococcus spp. (D), Christensenella minuta (E), γ-Proteobacteria (F), Akkermansia
muciniphila (G), and Methanogen (H). *indicates significance at 0.05 level (two-tailed) usingMann-Whitney U test. 
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and protocols across studies. For instance, while some-

studies employ next generation sequencing, others use

terminal restriction fragment length polymorphism (T-

RFLP) or qPCR [21, 34]. A second explanation is that

there are some as yet unidentified members of Firmic-

utes in the Thai gut that contribute to the observed over-

abundance. 

Contrary to many studies, we did not find any taxa

that are associated exclusively with the obese pheno-

type, but a few were more abundant in overweight indi-

viduals. Many microbiota-related studies either do not

include overweight individuals or lump them with obese

[35]. Nonetheless, overweight and obesity represent two

separate physiological states, whereby obesity is consid-

ered a disease and overweight is not. With this proviso

in mind, we designated overweight as a separate group

Fig. 2. Significant correlations between BMI and copy number of targeted bacteria of 42 Northern Thai volunteers. (A) BMI
and Bacteroidetes; (B) BMI and Firmitues; (C) BMI and Staphylococcus spp.; (D) BMI and A. muciniphila; (E) BMI and Methanogens *Cor-
relation significant (P) at 0.05 level (two-tailed). **Correlation significant (P) at 0.01 level (two-tailed). r, Correlation coefficient 
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in our study. We found that γ-Proteobacteria, Rumino-

coccus spp., Christensenella minuta and Akkermansia

muciniphila were significantly more abundant in over-

weight individuals. Though the role of γ-Proteobacteria

and Ruminococcus spp. in obesity remains unclear,

Christensenella minuta and Akkermansia muciniphila

have both been linked to leanness and weight loss [20,

36]. Akkermansia muciniphila has also been associated

with thickness of intestinal mucus and overall intestinal

and metabolic health [37, 38]. The presence of a signifi-

cantly higher amount of some taxa in the intermediate

state (overweight) signifies perhaps the transition point

between healthy and unhealthy metabolism. Therefore,

these taxa could potentially be used as microbial signa-

tures of such metabolic switches so that intervention

measures can be taken. Regrettably, definitive conclu-

sions regarding abundance of these taxa in overweight

cannot be drawn since many studies do not include over-

weight individuals. Thus, any findings similar to ours

would go unnoticed. 

In recent years, studies have started to explore links

between microbiota and metabolic markers [39, 40].

Here, we investigated whether the taxa used in this

study associate with adiposity and glucose and lipid

homeostasis. Some taxa were associated with both adi-

posity and lipid homeostasis markers. For instance, Bac-

teroidetes, Staphylococcus and methanogens had a

significant negative correlation to BMI and waist cir-

cumference, but were positively correlated to HDL-c

level, a cardio protective effect indicator. Other taxa,

such as Actinobacteria and Oscillospira showed negative

correlations to total cholesterol and LDL levels, but no

relationship to any of the other parameters. It is tempt-

ing to speculate that taxa exhibiting negative correla-

tions with adiposity and lipid homeostasis markers are

suitable metabolic health indicators. However, more

studies with increased sample size are needed to deter-

mine such relationships in a conclusive manner.

Our pilot study represents the first investigation of the

gut microbiota of Thai adults and sets a rough baseline.

We found that some bacterial groups are associated with

the lean phenotype, others with the overweight, while

none was linked to the obese individuals. While some of

our findings are similar to previous studies, we have also

identified some notable differences. These alterations

could reflect the uniqueness of the Thai diet and war-

rant further investigation, whereby nutrition will be

considered. Future studies should focus on larger sam-

ple sizes from northern Thailand, as well as, the central,

northeast and south. Upcoming work should also

expand to include next generation sequencing and cultu-

romics approaches to reveal the full extent of diversity of

Thai gut microbiota.
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