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Cyclic parenteral nutrition does not change the intestinal 
microbiota in patients with short bowel syndrome1
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ABSTRACT     
PURPOSE: To characterize of the intestinal microbiota of patients with short bowel syndrome (SBS) admitted to the Metabolic Unit 
of a University Hospital.
METHODS:  Fecal samples were evaluated, and biochemical tests were conducted only in the case of SBS patients. The nutritional 
status was assessed via anthropometric measurements and evaluation of food intake by means of a food questionnaire. The pathogenic 
strains were detected with the aid of cultures and specific biochemical tests in aerobic medium, for determination of species belonging 
to the Family enterobacteriaceae. Anti-sera were applied to each isolated E. coli strain, for determination of their possible pathogenicity. 
Molecular methodology was employed for establishment of the intestinal bacterial microbiota profile. 
RESULTS: A lower amount of microorganisms of the family enterobacteriaceae per gram of stool was observed in the case of patients 
with SBS. However, molecular analysis showed maintenance of the bacterial species ratio, which is equivalent to a healthy intestinal 
microbiota. 
CONCLUSION: Despite the massive removal of the small bowel, frequent use of antibiotics, immune system depression, presence 
of non-digested food in the gastrointestinal tract, and accelerated intestinal transit, the ratio between intestinal bacterial species remain 
similar to normality. 
Key words: Short Bowel Syndrome. Parenteral Nutrition. Digestive System Surgical Procedures.

RESUMO:
OBJETIVO: Caracterizar a microbiota intestinal de pacientes com síndrome do intestino curto (SIC) internados na Unidade Metabólica 
do Hospital Universitário. 
MÉTODOS: Foram avaliadas amostras de fezes e exames bioquímicos, estes últimos somente dos pacientes. A avaliação do estado 
nutricional foi feita a partir de medidas antropométricas e a avaliação do consumo alimentar por meio de inquérito alimentar. Para 
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detecção de cepas patogênicas foram realizados cultivos e testes bioquímicos específicos em meio aeróbico para determinação de 
espécies da família enterobacteriaceae. Em cada cepa de E. coli isolada foram aplicados anti-soros para determinação de possível 
patogenicidade. Metodologia molecular também foi utilizada para determinação do perfil da microbiota intestinal bacteriana. 
RESULTADOS: Observou-se menor quantidade de microorganismos da família enterobacteriaceae por grama de fezes em pacientes 
com SIC. Porém a análise molecular mostrou a manutenção na proporção de espécies bacterianas, equivalente a microbiota intestinal 
saudável. 
CONCLUSÃO: Nossos resultados sugerem que apesar da retirada maciça do intestino delgado, uso freqüente de antibióticos, depressão 
do sistema imune, presença de alimentos não digeridos no trato gastrintestinal e trânsito intestinal acelerado, a proporção entre as 
espécies bacterianas intestinais permanecem similares à normalidade. 
Descritores: Síndrome do Intestino Curto. Nutrição Parenteral. Procedimentos Cirúrgicos do Sistema Digestório. 

Introduction

Adult individuals are considered to be colonized by more 
than 100 trillion microorganisms. Most of these microorganisms 
colonize the gastrointestinal tract, with more than 400 species of 
non-pathogenic enterobacteria performing fundamental functions 
for maintenance of the health status 1. This includes protection 
against epithelial cell diseases, food digestion, interference with 
endogenous and exogenous components, immunological potential, 
and prevention of colonization of the gastrointestinal tract by 
pathogens2,3.  

Intestinal insufficiency, which occurs after extensive 
resections of the small bowel, with a remaining bowel of less 
than 200 cm courses with malabsorption and energy-protein 
malnutrition4   is known as short bowel syndrome (SBS). The 
survival of patients with SBS depends on parenteral nutrition 
therapy5. However, infectious complications are not unusual and 
represent the second cause of death among these individuals6. 
These infections mainly involve the catheters used for parenteral 
nutrition infusion. They are possibly related to the translocation of 
intestinal bacteria, since microorganisms that commonly colonize 
the gastrointestinal tract such as Enterococcus and Escherichia 
coli have been detected in 13% and 4% of infected catheters, 
respectively7.  Studies have also pointed out that bacterial 
translocation may be a probable route for the occurrence of sepsis/
septic shock8-10.

The elimination of colonization sites by resection, the 
frequent use of antibiotics due to recurrent infections, the presence 
of undigested food in the remaining bowel, and the accelerated 
intestinal transit may lead to changes in the intestinal microbiota11. 
On this basis, the objective of the present investigation was to 
characterize the intestinal microbiota of adult patients with SBS 
undergoing cyclic parenteral nutrition and to compare it with the 
microbiota of healthy controls. 

Methods 

This cross-sectional study was conducted from March 
2009 to January 2010 at the Clinics Hospital of the Ribeirão Preto 
Medical School, University of São Paulo, a Brazilian reference 
center for the treatment of patients with this syndrome. 

Seven SBS patients submitted to cyclic parenteral 
nutrition at the Metabolic Unit of our institution were enrolled 
in the study (Patient group), which corresponded to all the 
patients attended during this period. Exclusion criteria were the 
presence of infectious conditions with clinical signs and/or the 
use of antibacterial agents. The Control group consisted of seven 
healthy and eutrophic individuals from the community, matched 
with the patients for sex and age. The exclusion criteria for the 
Control group were smoking, alcohol consumption, previous 
surgeries of the gastrointestinal tract, chemotherapy, radiotherapy, 
use of antibiotics, use of probiotics, and the presence of diseases 
involving the gastrointestinal tract such as Chron’s disease and 
irritable colon syndrome. This study was approved by the Ethics 
Committee of our Intitution (Protocol 10328/2008), and written 
informed consent was obtained from all the recruited individuals.

Study design

The experimental design consisted of recruiting controls 
on a single occasion and recruiting patients at two moments, with 
an interval of one hospitalization between times. Nutritional status 
analysis and fecal samples collection for microbiota analysis were 
performed at each time point.

Nutritional status evaluation

Food consumption was assessed using the methodology 
described by Pereira et al.12 for the “Habitual Food Intake Day”, 
applied by a trained interviewer. Data were later analyzed 
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with the aid of the Nutwin® software, and the obtained values 
were compared to those recommended by the United States 
Department of Agriculture (USDA) in the Dietary Reference 
Intakes (DRI) document13 referring to the  Estimated Average 
Requirements (EAR) values. In the case of the nutrients for which 
the recommended value has not yet been defined, the Adequate 
Intake (AI) values were used as reference. The values obtained 
from the food surveys were standardized as percentages of the 
recommended values. Resting energy expenditure (REE) was 
estimated using the predictive equations proposed by Harris and 
Benedict14. 

The following anthropometric measurements were 
achieved according to the norms of the World Health Organization 
(WHO)15: weight, height, tricipital skin folds (TS) and subscapular 
skin fold (SSF), waist circumference (WC), arm circumference 
(AC), and arm muscle circumference (AMC).  An electronic scale 
(Filizola PL 200, São Paulo, Brazil) was used for measuring the 
weight, in kg, with a precision of 0.1 kg.  

Only the Patient group was submitted to laboratory 
assessment of the nutritional status, with the patients being routinely 
subjected to biochemical examinations as part of the follow-up at 
the Institution. The following laboratory exams were performed: 
lipid profile, hemoglobin, hematocrit, mean corpuscular volume, 
unsaturated iron binding capacity (UIBC), folic acid, serum 
iron, serum zinc, serum magnesium, total proteins, and albumin. 
The results were used in this investigation were those that were 
the closest to the collection of the patient’s fecal sample, with a 
maximum interval of 3 months. 

Determination of the intestinal microbiota 

- Isolation and identification of the intestinal bacteria 
by aerobic culture

A fecal sample was employed for analysis of the intestinal 
microbiota. Two samples were collected from each patient, with 
one hospitalization interval between them. If any unexpected 
event occurred during the hospitalization in question, the sample 
was discarded or not collected, with collection being postponed to 
the next hospitalization. The individuals were informed about the 
method of sterile collection16 and the need to evacuate directly into 
the plastic collector provided for them. They also received a pair 
of rubber gloves and a sterile collecting spatula. After collection, 
the material was placed in an isothermal box chilled with ice and 
immediately transported to the laboratory for microbiota analysis. 
The process started with the macroscopic observation of the 
collected feces, which involved analysis of characteristics such as 

color, texture, and the presence of mucus, blood, and food remains.
The initial procedure for the characterization of the 

intestinal microbiota was based on the guidelines of the National 
Committee for Clinical Laboratory Standards16 and consisted of 
isolating the bacterial colonies that could be cultured in an aerobic 
environment. Part of the fecal sample was seeded in triplicate 
on MacConkey agar and Mueller-Hinton blood agar plates and 
incubated at 37ºC for 24 hours. After this period, macroscopically 
different colonies were isolated and submitted to biochemical tests 
for identification.

The isolated strains were first subjected to differential 
Gram staining. Gram-positive strains were assessed by the 
catalase, coagulase, and oxidase tests. Gram-negative strains were 
evaluated in terms of some metabolic activities using indicators 
contained in Rugai medium and Simmons citrate medium, and 
were tested for motility on semisolid agar at 37°C and by the 
oxidase reaction.

A quantitative method for bacterial count based on 
plating on solid medium was also employed. To this end, feces (1 
g) were diluted in 10 mL filtered phosphate buffer solution (PBS), 
which was then submitted to serial dilutions ranging from 102 to 
109 mg feces/mL PBS. Then, 100 µL of these dilutions were plated 
onto MacConkey agar, Mueller-Hinton  blood agar, Salmonella-
Shigella (SS), mannitol, and bile-esculin. After 24 hours of 
incubation at 37ºC, colony forming units (CFU) were counted, and 
the presence or absence of positivity was determined in the Agar 
media used for the specific tests. Thus, considering the dilution, 
the number of viable bacteria per mL of the original suspension 
was calculated.

- Determination of the intestinal microbiota by genomic 
fecal DNA sequencing

Two methods of genomic DNA extraction were used. 
One of them was based on the method of Ley et al.17, whereas the 
other followed the instructions of the manufacturer of the QIAamp 
DNA Stool® product, QIAGEN®.

Using this DNA, the amplification reaction of the 
intergenic region 16S DNAr was carried out in 50 µL of a reaction 
mixture containing  5 µL buffer (100 mM HCl ; 500 mM KCl ), 
6 µL 25 mM MgCl2, 1 µL 2.5 mM dNTP, and 1 µL (10 pmol) 
of the universal 1391R (5’ – GACGGGCGGTGWGTRCA-3’)  
primer and the specific primer for bacteria 8F (5’ – 
AGAGTTTGATWCTGGCTCAG -3’), 0.40 µL Taq DNA 
polymerase (5 U µL-1) (Promega®, Madison®, EUA), and 2 µL 
(100 ng) of  DNA template sample. The amplification reactions 
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consisted of an initial denaturation step (95ºC for 3 minutes), 
followed by 35 intermediate cycles (94ºC for 1 minute, 60 ºC for 
1 minute, and 72ºC for 3 minutes), a final extension step (72ºC 
for 5 minutes), and cooling (15°C for 15 minutes). The amplified 
fragments were separated by 1.2% agarose gel electrophoresis in 
Tris-Acetate-ETSA (TAE) buffer at 100 V for 30 minutes, and the 
bands resolved on the gel were visualized after ethidium bromide 
staining under ultraviolet illumination and photographed. The 
pCR2.1-TOPO vector of the TOPO TA cloning kit®, Invitrogen®, 
was utilized for the binding reaction, and the reaction product was 
used for electroporation of electrocompetent cells prepared from 
the E. coli strain DH10β. 

Electroporated cells were cultured in LB medium 
containing 50 µg/mL ampicililin, 40 µg/mL X-Gal, and 0.1 mM 
IPTGm, selection drugs determined by the protocol of the TOPO 
vector kit. Plates were incubated at 37ºC, and positive colonies 
were selected as white colonies. The plasmids with inserted DNA 
fragments were identified by their ability to form colorless colonies 
when grown in medium containing X-Gal/IPTG, in contrast to the 
plasmids with no inserted fragments, which formed blue colonies. 
White colonies were submitted to plasmid DNA extraction. 

A specific volume (1.5 mL) of the culture of the selected 
drugs in LB medium was employed for plasmid DNA extraction 
(Miniprep) by the alkaline lysis method18. The extracted DNA was 
quantitated and sequenced, and chromatograms were recorded 
and submitted to analysis of similarity using the BLAST19 and 
Ribosomal Database Project20 software.

Statistical analysis

An exploratory analysis of the data was performed by 
using the SPSS® software, version 18. The basic objective of 
this methodology is to describe a series of values of the same 
nature, providing an overall view of the variation of these 
values. The rank Spearman correlation coefficient21 was used 
for determination of the correlation of the results regarding the 
quantity of bacterial types and other variables possibly affecting 
this item. The Mann-Whitney test was employed for analysis of 
unpaired nonparametric samples, and the Wilcoxon signed rank 
test was utilized for examination of paired nonparametric samples. 
The level of significance was set at 5%.

Results

The average age of the subjects belonging to the 
Patient and Control groups were 58 years (SD 12) and 56 (SD 

8), respectively. Both groups were composed of three women and 
four men. 

 For all the patients, the reason for enterectomy 
was mesenteric ischemia (100% of the samples), with a large 
resection of different intestinal segments. The length of the 
remaining small bowel ranged from 10 to 100 cm after the Treitz 
angle, with or without preservation of the ileocecal valve. The 
condition of the large bowel ranged from intact to removal of the 
transverse colon. The ileocecal valve and colon segments were 
removed from 3 patients, whereas in patients with a preserved 
ileocecal valve the colon was also preserved.

The more prevalent secondary diseases in the Patient 
group were high blood pressure (71% - 5 patients) and chronic 
renal failure (57% - 4 patients). The classes of medication more 
frequently prescribed for this group were: nutritional supplements 
ranging from a single vitamin/mineral to complete polyvitamin 
supplements (6 patients), a proton pump inhibitor (5 patients), and 
antihypertensive drugs (4 patients). The mean interval between 
parenteral nutrition cycles was 23+8 days.

Statistical analysis showed that there was no significant 
variation in food consumption by the patients during the study 
period, and that food consumption was similar to that of the Control 
subjects. Estimated REE did not differ significantly between the 
Patient and Control groups. 

According to the anthropometric evaluation, the Patient 
group was classified as having protein-energy undernutrition, whilst 
the Control group was classified as eutrophic. Anthropometric 
data, energy intake, and total bacterial count for patients and 
controls are listed in Table 1. 
 TABLE 1 - Anthropometric data, energy intake, and total 
bacterial count of patients and controls. 

Variable Control
Patient 
sample 

#1

p 
value 

1*

Patient 
sample 

#2

p 
value 
2**

Energy (kcal) 1954 1941 1 2156 0.463

kcal/ kg/ day 29 41 0.253 51 0.463

BMI (kg/m2) 23.3 18.7 0.015 17.8 0.917

REE  (kcal/day) 1274 1202 0,317 1166 0.917

Total bacterial count 6500 587

Total of gram positives 4500 4

Total of gram negatives 2000 582

p value 1 refers to the statistical test for comparison of controls and patients 
(sample # 1 and sample # 2)
**p value 2 refers to the statistical test for comparison of the values of the variables 
of samples # 1 and samples # 2 from patients). 
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Analysis of the intestinal microbiota revealed that the 
bacterial diversity of patients and controls was equivalent (p= 
0.21). However, when the 2 categories of bacteria (Gram-positive 
and Gram-negative) were analyzed, the Patient group showed 
greater diversity of Gram-negative bacteria as compared to the 
Control group (p= 0.029) and a similar diversity of Gram-positive 
bacteria (p= 0.072). Bacterial diversity did not differ between 
the repeated collections from the Patient group (p=0.916), with 
similar quantities of Gram-negative (p= 0.891) and Gram-positive 
bacteria (p= 0.713) (Figure 1).

 

FIGURE 1 - Genomic DNA from stool samples extracted by kit QIAamp 
® DNA Stool - QIAGEN ® - Patient Group (A). Genomic DNA from 
stool samples extracted by the protocol of Ley et al17. - Control group (B).

We also observed that the family enterobacteriaceae, 
represented here by isolates of Gram-negative bacteria, 
corresponded to about 64% of the total variety of isolated bacterial 
types. Among these, the genus that was most frequently detected 
both in both the Control and Patient groups was Escherichia coli, 
which was present in all the control samples and in all but one 
patient sample. 

We investigated two genes related to enteropathogenic E. 
Coli virulence by using the strain E2348/69, namely genes eae and 
bfp. We also examined the gene ipaH, related to enteroinvasive 
E.coli, by using the strain MA245/5. Figures 2 and 3 illustrate 
the agarose gel electrophoresis. The first visualized column 
represents the θ-hae marker; the following column corresponds to 
amplification of the tested gene. 

 

FIGURE 2 - Amplification of genes related to EPEC virulence - eae gene 
(A) and bfp gene (B) (The first column represents the marker viewed 
hae-θ, and the next column corresponds to amplification of the tested 
gene).

FIGURE 3 - Amplification of genes related to the EPEC virulence - 
eae gene (A) and bfp gene (B) (The first column represents the marker 
viewed hae-θ, and the next column corresponds to amplification of the 
tested gene).

We also noted that the absence of the ileocecal valve 
did not influence the intestinal bacterial variety of the patients.  
The diversity of both the Gram-negative and Gram-positive 
intestinal bacteria of patients who took proton pump inhibitors 
was similar to that of the patients who did not use this medication. 
The two analysis methods also evidenced the prevalence of the 
genus Lactobacillus, followed by non-cultivable microorganisms 
(bacteria and lactobacilli). 

Discussion

Microbiological analysis of the feces revealed a higher 
prevalence of the family enterobacteriaceae in patients with SBS. 
This is classified as the most important bacterial family because 
it contains a wide variety of pathogenic species responsible for 
virtually all hospital and intestinal infections. In about 90% of 
human infection samples, the causative agent of this condition 
belongs to this bacterial family, which includes about 30 genera 
and more than 100 species of facultative anaerobic microorganisms 
that can be easily cultured in the laboratory1,23.  It has been 
determined that this family may be present in the normal intestinal 
microbiota without harming the host. An explanation for this fact 
is that healthy individuals have a competent immune system and 
an intact intestinal barrier, which prevents the passage of these 
microorgansims from the intestine to other parts of the body. In 
addition, the intestine counts on a rigid control of the equilibrium 
of its microbiota1,24,25.

The greater diversity of bacteria of the family 
enterobacteriaceae in patients with SBS is a matter of concern 
when it is associated with the chronic clinical undernutrition 
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status of these patients, which compromises their immunological 
systems and also facilitates the opening of intercellular channels 
between the enterocytes26,27.  Therefore, such pathogens detected 
in the fecal samples of the patients may invade the circulation and 
cause infectious foci or even sepsis28. 

Analysis of the influence of the ileocecal valve on the 
intestinal microbiota of the patients revealed that the present 
case the diversity of intestinal bacteria was similar, regardless 
of the existence of the valve. This observation is possibly due to 
the small sample size. However, the ileocecal valve is known to 
have a marked influence on microbiological control, preventing 
excessive bacterial growth in the proximal small bowel8,26,29. 

Stomach acidity is also a determining factor in the 
colonization of the gastrointestinal tract. Thus, the chronic use of 
antacids may change the pH of the stomach and of the proximal 
intestine, leading to changes in the local microbiota. Because 
most of the patients included here were on routine use of proton 
pump inhibitors, the influence of this medication on the intestinal 
microbiota was analyzed. However, there were no differences 
between patients who took the medication or not. This finding 
is also possibly due to the small sample size and contrasts with 
literature reports stating that the chronic use of this type of 
medication may have a negative effect on the change in bacterial 
diversity in the gastrointestinal tract8,26,30. 

Whereas patients had a greater diversity of Gram-
negative bacteria, they also had a smaller concentration of bacteria. 
This fact may be explained by the removal of sites of bacterial 
colonization upon the intestinal resections. Another fact that may 
have contributed to the smaller number of bacteria in patients 
was the frequent use of antibiotics for the treatment of infections, 
mainly catheter-related bloodstream infections, which are one of 
the main causes of death in the case of patients with SBS7.

With the determination of the bacterial species by 
analysis of the sequences of these DNA fragments, we verified 
that the great majority of the investigated microorganisms had a 
sequence compatible with that of Lactobacillus ssp, which are 
common in the human intestinal microbiota. Lactobacillus ssp 
have vital functions for individuals, such as recovery of non-
absorbed ingested energy, transformation of dietary products into 
energy substrate for enterocytes, fermentation of food fibers, and 
protection of the intestinal mucosal barrier against aggression by 
pathogens, among others1-3. Therefore, it is necessary to maintain 
this genus in the intestinal microbiota, and it is mandatory that the 
ratio of these microorganisms be kept constant in this medium. 

There is a need for continued research in this field, in 
order to characterize the real intestinal microbiota of patients 

with SBS, thereby paving the way for new treatments capable 
of ameliorating symptoms, recovering the nutritional status, and 
improving survival. 

Conclusions

Our findings suggest that despite the massive removal 
of the small bowel, frequent use of antibiotics, imune system 
depression, presence of non-digested food in the gastrointestinal 
tract, and accelerated intestinal transit, the ratio between intestinal 
bacterial species remain close to normal values. However, patients 
with short bowel syndrome have a higher diversity of Gram-
negative strains belonging to the family Enterobacteriaceae, the 
most important bacterial family regarding pathogenicity.
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