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a b s t r a c t

Recent studies indicate that inflammatory reactions leading to the development of type 2 diabetes
mellitus (T2DM) may also contribute to variations in the composition of the intestinal microbiota,
suggesting a relation between T2DM and bacterial residents in the intestinal tract. This case-control
study was designed to evaluate the composition of the gut microbiota dominant bacterial groups in
patients with T2DM compared to the healthy people. A total of 36 adult subjects (18 patients diagnosed
with T2DM and 18 healthy persons) were included in the study. The intestinal microbiota composition
was investigated by quantitative real-time polymerase chain reaction (qPCR) method using bacterial 16S
rRNA gene. The quantities of two groups of bacteria were meaningfully different among T2DM patients
and healthy individuals. While, the level of Lactobacillus was significantly higher in the patients with
T2DM (P value < 0.001), Bifidobacterium was significantly more frequent in the healthy people (P
value < 0.001). The quantities of Prevotella (P value ¼ 0.0.08) and Fusobacterium (P value ¼ 0.99) genera
in faecal samples were not significantly different between the two groups. The significant alterations in
dominant faecal bacterial genera found in T2DM patients participating in the current study highlight the
link between T2DM disease and compositional variation in intestinal flora. These findings may be
valuable for developing approaches to control T2DM by modifying the gut microbiota. More in-
vestigations with focus on various taxonomic levels (family, genus and species) of bacteria are necessary
to clarify the exact relevance of changes in the gut microbial communities with the progression of T2DM
disorder.

© 2017 Published by Elsevier Ltd.
1. Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder,
characterized with abnormally high blood glucose levels resulting
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essentially from the resistance of body cell to the effect of insulin
[1,2]. Diabetes is described by a state of chronic low-grade
inflammation with abnormal expression and production of mul-
tiple inflammatory cytokines such as interleukins and tumor ne-
crosis factor [3]. The prevalence of T2DM has reached epidemic
proportion worldwide [1]. Recent WHO statistics designates that
number of individuals with T2DM around the world was
approximately 382 million in 2013, and it is projected to be more
than 590 million by 2035 year [4]. In addition, 85% of premature
deaths from metabolic syndromes happen in developing coun-
tries, of which about 80% are associated to diabetes [4]. Based on
WHO reports, T2DM is anticipated to be the seventh leading cause
of death by 2030 [5]. T2DM is the consequence of a complex
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interaction between different degrees of genetic susceptibility
and environmental factors such as stress, diet and infections
[6e8]. Intestinal microbiota is the valuable complex community of
microorganisms living in the intestinal tracts of humans and other
animals that is essential for abundant physiologic processes. It
was recently projected as an environmental factor responsible for
the energy metabolism, which is closely linked to metabolic dis-
orders [9]. The human gut contains nearly 10e100 trillion or-
ganisms, including all three life domains: Bacteria, Eukarya and
Archaea. Bacteria are the vast majority of all microbial cells in the
population of human intestinal microbiota [10]. The human in-
testinal microbial metabolic profiles reflect synergy among the
various phylotypes, containing more than 1000 species of which
about 90% belongs to Firmicuts and Bacteroidetes phyla followed
by Actinobacteria and Proteobacteria phyla [11e13]. Dysbiosis in
community of gut bacteria can occur in several chronic diseases
such as type 1 diabetes (T1D), obesity, inflammatory bowel dis-
ease (IBD), rheumatoid arthritis, cancer, autism and allergies [14].
Some studies proposed that the gut microorganisms direct the
elevated monosaccharide uptake from the gut and enhance he-
patic production of triglycerides correlated with the insulin
resistance [15e17]. Another study suggested that the intestinal
microbiota in obese people can change the permeability of gut
lining and increment the secretion of metabolic endotoxin (lipo-
polysaccharide/LPS), which may lead to chronic low rate inflam-
mation, impaired insulin resistance and T2DM [18]. According to
recent research, the quantity of Firmicuteswasmeaningfully lower
in T2DM patients compared to that in healthy subjects. However,
gut microbiota in patients with T2DM were relatively enriched
with Gram-negative bacteria specially those belonging to the
phylum Proteobacteria and Bacteroidetes. The outer membrane of
these bacteria contains LPS which can induce metabolic endo-
toxemia, a condition which is meaningfully related to oxidative
stress, macrophage-elements and setup inflammatory cytokines
for inducing insulin resistance [15,19e21]. It was demonstrated
that composition of gut microbiota and dysbiosis in the intestinal
microbial community may be directly responsible for inducing a
low-grade inflammatory state which can act as trigger for devel-
oping T2DM [7,22,23]. It seems that diabetes is more related to a
change in the balance of intestinal microbiota rather than the
action of a single microorganism or a simple development in di-
versity [15,24]. It was shown that the Bacteroidetes/Firmicutes as
well as Bacteroides-Prevotella/C.coccoides-E.rectale ratios was
positively and significantly correlated with plasma glucose con-
centration [25]. In another study, level of Bifidobacterium
considerably and positively correlated with expanded glucose-
tolerance and low-level inflammation in prebiotic treated mice
[26,27]. Wu et al. (2010) detected a higher quantity of Bacteroides
and lower quantity of phylum Firmicutes and genus Prevotella in
T2DM cases compared to healthy group [24]. Given the observed
changes in the complex microbial communities in patients with
T2DM and the probable relationship between gut microbiota and
T2DM, this case-control study was designed to evaluate four
faecal bacterial groups, including Lactobacillus, Bifidobacterium,
Fusobacterium and Prevotella in patients with T2DM compared to
healthy controls, using quantitative real time PCR method.

2. Materials and methods

2.1. Study participants and samples collection

Stool samples were obtained from 18 patients with T2DM (aged
56 ± 8 years) who referred to Institute of Endocrinology and
Metabolism Research and Training Center, Iran University of med-
ical Sciences in Tehran, Iran. Samples were also collected from 18
non-diabetic individuals, matched for age, gender and their current
living environment. Inclusion criteria for T2DM patients were
duration of diagnosed T2DM less than five years and glycated he-
moglobin (HbA1c) < 10%.

To ensure comparable data, patients were interviewed for their
history of gastrointestinal diseases and the intake of prebiotics and
probiotics. Dietary habits were assessed using a validated Food
Frequency Questionnaire (FFQ) [28], established specifically for
Iranian adults. Also, participants' physical activity levels were
evaluated by International Physical Activity Questionnaire (IPAQ-
Short) in both case and control groups [29]. No subject (in both
diabetic and healthy groups) had taken antibiotic, probiotic or
prebiotic products or any other medical treatment influencing gut
microbiota (such as drugs that disrupt the gastrointestinal system)
since 2 months before the beginning of the samples collection.
Participants who had suffered from gastrointestinal disorders
during this period were also excluded from the study. After 2
months of monitoring participants stool samples were collected at
three occasions; with a time interval of twoweeks between the first
two time points and ten days between the second and third time
points. The specimens of the control group were taken in a similar
manner. All stool samples were collected using sterile cups
instantly after defecation, brought to the laboratory within 2 h.
Faecal samples were immediately stored at �70 �C upon arrival in
microbiology laboratory.

2.2. Faecal samples processing and extraction of total DNA

For extraction of bacterial DNA, 200 mg of each faecal sample
was measured by digital scale and prepared for next step. Total
microbial DNA were extracted from all stool specimens using
QIAamp® DNA Stool mini kit (Qiagen Retsch GmbH, Hannover,
Germany) according to the manufacturer's protocol. DNA quality
and concentrations were determined by Nanodrop spectropho-
tometer (Nanodrop Technologies, Wilmington, DE, USA) and
agarose gel-electrophoresis. Whole extracted DNAs were immedi-
ately stored at �20 �C.

2.3. Primer and probe designing

Sequences of primers and TaqMan probes used in the current
study were designed and handled specially for this study. These
primers and probes target the bacterial 16S rDNA gene. All bacterial
16S rRNA sequences were obtained through SILVA High Quality
Ribosomal RNA database [30] and then turned into 16S rDNA.
Additionally data provided by NCBI [31], Probebase [32], IDT [33]
and EMBL-EBI [34], and also AlleleID software (version 7.5) were
used in several steps for designing specific probe and primer se-
quences. All sequences were aligned using the AlleleID software as
well as NCBI [30] and EMBL-EPI [35] databases available on the
relevant websites. The specific sequences of primers and TaqMan
probes are shown in Table 1.

2.4. Real-time qPCR and microbial quantification

Bacterial numbers of the four groups were measured by Real-
time TaqMan qPCR in Rotor-Gene 6000 real-time PCR cycler (Qia-
gen Corbett, Hilden, Germany) using 16S rDNA genus specific
primers and probes. All qPCR tests were carried out in triplicate,
and averaged numbers were used for calculation and analysis. Each
reaction mixture with a total volume of 20 ml was combined of
0.5 ml of forward primer, 0.5 ml of reverse primer, 0.5 ml of TaqMan
probe, 12 ml of Probe Ex Taq (Probe qPCR) Master Mix (Takara Bio,
Shiga, Japan), 1 ml of template DNA and 5.5 ml sterilized ultra-pure
water. Real Time qPCR was performed by the following cycle



Table 1
16S rDNA gene-targeted specific primers and TaqMan probes used in this study.

Target Bacteria Primer/Proba Oligonucleotide sequence (50e30) Size (bp) Product size (bp) Ref.

Lactobacillus group primer F GTCTGATGTGAAAGCCYTCG 20 204 This study
primer R CCAGGGTATCTAATCCTGTTYG 22
Probe YCACCGCTACACATGRAGTTCCACT 25

Bifidobacterium group primer F GGTTAACTCGGAGGAAGG 18 85 This study
primer R GTACCGGCCATTGTAGCA 18
Probe CGTCAGATCATCATGCCCCTTACG 24

Fusobacterium group primer F GTATGTCRCAAGCGTTATCC 20 100 This study
primer R AACGCAATACRGAGTTGAGC 20
Probe CCTAGACGCGCTTTACGCCCAAT 23

Prevotella group primer F CGAACAGGATTAGATACCC 19 134 This study
primer R CTTTGAGTTTCACCGTTG 18
Probe AAACGATGGATGCCCGC 17

a Primers F (forward), R (reverse) and probes targeting the 16S rDNA gene.
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conditions: an initial holding at 95 �C for 30s, followed by 40 cycles
of denaturation at 95 �C for 5s and annealing/extension at 60 �C for
30s. Negative controls including all the elements of the reaction
mixture except template DNA were performed in every analysis
and no amplified DNA product was ever detected. The presented
data are the mean values of triplicate Real-time qPCR analysis.

Standard curves were constructed for determination of the
number of Lactobacillus, Bifidobacterium, Fusobacterium and Pre-
votella groups present in each sample using 10-fold serial dilutions
of bacterial standard strains genomic DNA of known concentration
from pure cultures, corresponding to 101 to 1010 copies per gram
feces. Standard curves were created according to Applied Bio-
systems tutorials [36] and normalized to the copy number of the
16S rRNA gene for each species. For the species which copy number
of 16S rRNA operon was not published, the copy number was
calculated by averaging the operon numbers of the closest bacterial
taxa from the ribosomal RNA database rrnDB [37]. The bacterial
concentration from each stool samples were calculated from the
threshold cycle values (Ct) obtained from the standard curves and
expressed as quantity of bacteria per gram stool.
2.5. Bacterial standard strains

Bacterial standard strains used in this study were obtained from
the American Type Culture Collection (ATCC) (Bifidobacterium bifi-
dum ATCC 29521, Lactobacillus acidophilus ATCC 4356, Fusobacte-
rium nucleatum ATCC 25586, Prevotella intermedia ATCC 25611D-5).
Table 2
Characteristics of the study participants.

Characteristics Diabetic group Control group P value

Number 18 18 e

Male/female 7/11 7/11 e

Age (year) 54.3 ± 7.63 52.1 ± 7.56 0.62
Height (cm) 166.22 ± 8.15 164.39 ± 7.42 0.48
Weight (kg) 72.28 ± 10.32 65.72 ± 6.57 0.03
BMI (kg/m2) 26.3 ± 3.12 24.43 ± 2.98 0.07
Diabetes duration (years) e 3 ± 1.88 e

Glucose (mg/dL) 149 ± 9.68 93 ± 3.25 <0.001
FBS (mg/dl) 125.1 ± 29.58 79.5 ± 6.37 <0.001
HbA1C (%) 6.68 ± 1.03 4.96 ± 0.54 <0.001

Values are presented as mean ± SD. Relationships between both groups were
analyzed using the Mann-Whitney U test. Values are significantly different for
P < 0.05.
2.6. Statistical analysis

Statistical analysis was performed using SPSS version 20.0
software (SPSS Inc. Chicago, IL, USA) andMinitab version 16.2.0. The
sample size was calculated based on a predicted difference of at
least 2 � 105 copies per gram of feces in the mean bacterial
numbers between the healthy individuals and those with type 2
diabetes. Based on previous studies [24], a sample of six subjects in
each group provides sufficient power (80%) to detect expected
difference at a 5% significant level However, we recruited 18 dia-
betic patients and 18 healthy subjects to increase the study power.
An independent sample t-test was used to compare the means of
different variables between the study groups. Linear correlation
between the variables was estimated by Pearson correlation. P-
value <0.05 was considered as statistically significant. All datawere
expressed as mean ± standard deviation. The qPCR results were
graphically presented by Box and Whisker charts.
3. Results

3.1. Subjects

Subjects with T2DM and non-diabetic controls were aged be-
tween 35 and 65 years, with body mass indices (BMI) ranging from
18.5 to 35 kg/m2. As expected, the diabetic group had elevated
concentrations of fasting blood glucose (FBS: 125.10 ± 29.58 vs.
79.50 ± 6.37 mg/dl), HbA1C (6.68 ± 1.03 vs. 4.96 ± 0.54) and 2hpp
(2-h post-prandial blood sugar) > 140 compared to the non-
diabetic group. Characteristics of the participants in the diabetic
and non-diabetic groups are presented in Table 2.
3.2. FFQ analysis

Analysis of the participant's FFQ showed significant differences
in the intakes of total fat, cholesterol, monounsaturated fatty acids,
thiamin, vitB12, total sugar and glucose between participants in the
diabetic and control groups. However, there was no significant
difference between two groups when they were compared for the
dietary intake of protein, carbohydrate, polyunsaturated fatty acids,
riboflavin, vitB6, biotin, Fe, selenium and total fiber. Also, despite a
significant difference in total daily energy intake, dietary macro-
nutrient (fat, carbohydrate and protein) compositions in two
groups were comparable (Fig. 1). The most important nutrients
consumed in diabetic and control groups are presented in Fig. 2.
3.3. IPAQ analysis

Analysis of the physical activity questionnaires in two groups
showedmain differences in their life style patterns due to the lower
physical activity score in diabetic group. This was because of the



Fig. 1. Dietary macronutrient (fat, carbohydrate and protein) compositions in the diabetic and control groups (in total daily calorie intake).
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fact that while 78.0% of diabetic patients never had vigorous
physical activities and only 49.0% of them had light or moderate
physical activities 2e5 times per week, 89.0% of healthy individuals
had light or moderate physical activities 3e5 time weekly and
58.0% of them had vigorous physical activity 1e4 times per week
(all statistics and calculations on physical activity in the both pa-
tient and healthy participants were calculated on a weekly basis).
3.4. Quantitative PCR analysis of bacterial groups

In this case-control study qPCR analysis were performed to
evaluate the differences in composition of faecal microbiota in
patients with T2DM and healthy individuals for Lactobacillus, Bifi-
dobacterium, Fusobacterium and Prevotella groups.

After removing the outliers, intra-groups analysis indicated
meaningful differences in abundance of two groups of bacteria
between participants in the diabetic and healthy groups.

Observations related to quantification of bacterial genera were
as follows:

- Lactobacillus group: The level of Lactobacillus group was signif-
icantly higher in the diabetic group compared to the healthy
group (P value < 0.001).
Fig. 2. The most important nutrients intake in the diabetic and control groups: protein, carb
- Bifidobacterium group: Bifidobacterium group was significantly
more frequent in the healthy individuals compared with the
patient subjects (P value < 0.001).

- Prevotella group: No significant difference was observed in copy
number of Prevotella genus between the diabetic and healthy
subjects, although this bacterial group was relatively abundant
in the diabetic group compared to the control group (P
value ¼ 0.08).

- Fusobacterium group: The quantity of Fusobacteriumwas higher
in the gut microbiota of T2DM group than that in healthy sub-
jects, though there was no significant changes in Fusobacterium
frequency between the two study groups (P value ¼ 0.99).

Differences of intestinal bacterial genera in the study groups
were represented in Table 3 and Fig. 3 and Fig. 4.
3.5. The correlations between concentration of the bacterial species
and body mass index

Correlation analysis showed a tendency towards positive cor-
relation between BMI and the quantity of Lactobacillus group
(r ¼ 0.3, P-value ¼ 0.89) and Fusobacterium group (r ¼ 0.83, P-
value ¼ 0.65) estimated by qPCR. On the other hand, correlation
ohydrate, total fat, cholesterol, total sugar and glucose. Outlier Points were shown by *.



Table 3
Statistical results of the diabetic and non-diabetic groups.

Bacterial species Copies/gr of faecal Levene's Test t-test for Equality of Means

Case (N ¼ 18) Control (N ¼ 18) F Sig. T Sig. (2-tailed)

Lactobacillus group 6.65E6±2.02E6 1.22E6±6.51E5 5.50 0.02 Equal variances assumed 10.85 0.00
Bifidobacterium group 1.82E7±1.88E7 5.24E8±1.36E7 1.61 0.21 Equal variances assumed �5.80 0.00
Prevotella group 1.01E7±4.52E6 7.66E6±2.81E6 4.81 0.03 Equal variances assumed 1.77 0.08
Fusobacterium group 6.81E6±3.67E6 6.78E6±9.19E6 1.00 0.32 Equal variances assumed 0.01 0.99

Values are presented as means ± SD and expressed as copy numbers per gram of stool. Relationships between both groups were analyzed using the T test and Levene's Test.
Values are significantly different for P < 0.05.

Fig. 3. Bacterial groups quantified by probe TaqMan-real time qPCR and expressed as copy number of bacterial groups per gr stool in human adults with T2DM (white boxes;
N ¼ 18) and healthy controls (grey boxes; N ¼ 18). Boxes show the upper (75%) and the lower (25%) percentiles of the data. Whiskers indicate the highest and the smallest values.
Outlier Points were shown by *.

Fig. 4. Study bacterial groups differentiation between T2DM patients and non-diabetic
controls. Values are significantly (Sig.) different with P < 0.05 and no significantly (No
Sig.) different with P � 0.05.
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between BMI and the number of Bifidobacterium group (r¼�0.06,
P-value ¼ 0.72) and Prevotella group (r ¼ �0.08, P-value ¼ 0.68)
was negative. But overall, there was no significant correlation
between BMI and the levels of these four bacterial genera. The
correlations between count of the bacterial genera and BMI were
shown in Fig. 5.
4. Discussion

In the present study, it was proposed that intestinal microbiota
composition in adult patients with type 2 diabetes is different from
control subjects. This hypothesis was accepted in this study, when
the four faecal bacterial groups including Lactobacillus, Bifido-
bacterium, Prevotella and Fusobacterium in T2DM patients were
compared with those in their healthy counterparts. Several studies
showed that compositional changes in specific genera and species
of intestinal bacteria in human or animal models may cause many
chronic diseases such as diabetes, obesity, IBD, cancer and autism
[20,22,38e43]. Study of Murri and colleagues on T1D patients
showed significant differences in the quantity of Lactobacillus,
Bifidobacterium, Prevotella, Clostridium and Bacteroides genera and
also Firmicutes, Bacteroidetes and Actinobacteria phyla between
diabetic and control groups [44].

In the current study, we found that the level of Lactobacillus
group was significantly higher in the patients with diabetes
compared to the healthy group. This observation was in agreement
with finding of Remely et al. [45] and Larsen et al. [15], indicating a
significantly higher abundance of Lactobacillus group in faecal
samples of type 2 diabetics. Our results were also in line with the
study conducted by Wu et al. [24] showing meaningful lower
concentration of Bifidobacterium in T2DM patients compared to the
controls. In contrast, Remely et al. [45], found no significant dif-
ferences in copy number of genus Bifidobacterium between the case
and control groups. It is of interest to note that in our previous



Fig. 5. Correlation of Body Mass Indices with (A) Lactobacillus group (B) Bifidobacterium group and (C) Prevotella group and (D) Fusobacterium group.
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study, concentration of Bifidobacterium longum species, which be-
longs to the genus Bifidobacterium was not significantly different
between the diabetic and non-diabetic subjects [43]. We also found
that the concentrations of Prevotella and Fusobacterium groups
were relatively higher in the diabetic group compared to the
healthy subjects; however differences were not statistically sig-
nificant. Consistently, Remely et al. [45] and Larsen et al. [15],
showed no significant difference in the level of genus Prevotella
between T2DM patients and healthy individuals. Similarly, ac-
cording to the results of Field et al. [46], the quatity of Fusobacte-
rium nucleatum in faecal samples collected from T2DMpatients was
not significantly different from that in control subjects. However,
Casarin et al. [47], reported that Fusobacterium genus was signifi-
cantly more numerous in T2DM patients relative to the control
group.

It is most likely that T2DM is related to the alternations in the
balance of gut microbiota rather than the action of a single microbe
or a simple change in the diversity [48]. Wu et al. in 2010 compared
the bacterial diversity profile in T2DM patients and non-diabetic
subjects, and did not find any significant differences in bacterial
variety between the two groups; however, they noted the
remarkable change in the counts of a few bacterial phyla, genera
and species [24]. They postulated that composition of dominant
bacteria in gutmicrobiota of T2DM subjects is significantly different
in comparison with that in healthy individuals [24]. Despite the
known association between T2DM and overweight/obesity, we
found no significant correlation between BMI and Lactobacillus,
Bifidobacterium, Fusobacterium and Prevotella groups in the present
study. Our results are in linewith the results of the study conducted
by Remely et al. [45] and Larsen et al. [15], on overweight people;
however, it is in disagreement with some other studies evaluating
relationship between BMI and these bacterial groups. Namely,
studies carried out by Million et al. [49] and Ignacio et al. [50],
indicated a positive and significant correlation between the con-
centration of Lactobacillus and BMI in obese individuals, and Saber
et al. [51], showed a significant negative correlation between the
count of Lactobacilli and BMI. Similar to our findings, Million et al.
[49], Collado et al. [52] and Remely et al. [45], reported no corre-
lation between Bifidobacterium concentration and BMI. On con-
trary, Ignacio et al. [50], observed a negative correlation between
BMI and Bifidobacterium quantity. Andoh et al. [53] demonstrated a
meaningful positive correlation between Fusobacterium and BMI;
however, in the current study, did not find any correlation between
this bacterial genus and BMI in the study participants. In another
study [54] Prevotella spp. showed a significant correlations with
BMI which does not conform with the results of this study. These
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controversial results regarding the change in gut bacterial
composition in T2DM patients as well as contradictory findings on
the relationship between various bacterial groups and BMI could be
explained by the heterogeneity in various factors such as, genetic
background, ethnicity, geographical location, environmental and
occupational exposures, medical history, possible underlying dis-
eases/disorders, lifestyle and diet habits of subjects across studies.
In the current study, we attempted to minimize potential con-
founding variables as much as possible, where participants
included in the case and control groups were matched for age,
gender, race, living environment and non-interventions of medi-
cations and foods which may affect the outcomes (such as different
antibiotics, prebiotics and probiotics). It should be noted that the
study technical design (e.g. bacterial specific primer and probe
designing for real time qPCR) is very impressive factor in final study
outputs. Therefore, it is possible that some of these heterogeneities
might return to the design of the study. Overall, in the current
study, we showed that T2DMwere accompanied with alterations in
intestinal microbes. However, given the design of this study, we
were limited to establish a causal relationship between the change
in the gut microbial composition and the disease. In fact, it is un-
clear if microbial shifts cause T2DM or they are simply a reflection
of a state of the disease [55]. This issue should be addressed in
further longitudinal research.
5. Conclusion

Results of the current study advance basic knowledge about
communities of intestinal bacteria in T2DM patients. Our study
clarifies that despite the non-significant difference in Prevotella and
Fusobacterium genus, concentration of Lactobacillus and Bifido-
bacterium in faecal samples were significantly different between
the T2DM patients and healthy individuals. Therefore, it can be
concluded that T2DM is related to the alterations in the composi-
tion of gut microbial flora. Further studies are needed to illuminate
the change in other bacterial groups in T2DM patients to make
clearer the relationship between intestinal microbiota and the
disease. By confirming the relationship between gut microbiome
composition and metabolic diseases such as T2DM, gut micro-flora
could potentially restore to a normal state. This could be achieved
by modification of lifestyle factors including dietary habits and
physical activity, weight management, environmental and occu-
pational exposures as well as administering appropriate prebiotics
and probiotics and others which can have substantial effects on
intestinal microbes.
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