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ABSTRACT: Objective. To evaluate possible effects of long-term home total enteral nutrition
(TEN) on intestinal bacterial flora and its relation with some nutritional and inflammatory para-
meters.
Subjects and methods. We studied 18 dysphagic patients on long-term TEN (>6 months) and 18
healthy controls selected among the relatives living with the patients. Fourteen patients received
fiber-enriched formulas and 4 standard enteral nutrition (EN) formulas. Fecal bacteria were
identified, quantified as log colony-forming units (CFU)/g feces and compared with selected nu-
tritional and inflammatory parameters.
Results. In patients receiving fiber-enriched formulas, the number of aerobic bacteria was higher
when compared with those of their respective controls (p=0.02). Moreover, there were significant-
ly higher concentrations of anaerobes in patients receiving fiber-enriched formulas than in those
receiving standard EN formulas (p=0.05).
Conclusions. In our study, long-term TEN seemed to influence patients’ intestinal bacterial flora
characteristics both in patients receiving fiber-enriched and those receiving standard EN formu-
las. There was no relation between intestinal bacteria flora characteristics and nutritional and in-
flammatory parameters in long-term home TEN patients. (Nutritional Therapy & Metabolism
2007; 25: 89-96)
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INTRODUCTION

The human intestinal habitat contains hundreds of
different species of bacteria, and the number of microbial
cells within the gut lumen is about 10 times the number
of eukaryotic cells in the human body (1-3). Qualitative-
ly, among aerobes and anaerobes, over 300-400 different
bacterial species have been identified (4-6). Among aero-
bic bacteria, the most common are Escherichia coli,
klebsiellas, protei, staphylococci, lactobacilli and entero-
cocci; while among anaerobes, it is bifidobacteria, bac-
teroides, eubacteria, Clostridium spp, peptostreptococci
and gram-negative cocci (Veillonella spp.) (7-9). Bacteria
living within the colon affect host homoeostasis and me-
tabolism (3) and may also interfere with some regulatory
functions such as immunity and inflammation; some of
them are potential pathogens and, under some circum-

stances, can be a source of infection and sepsis, for in-
stance when the integrity of the bowel barrier is physical-
ly or functionally altered (10-13).

The relationship between diet composition and the
characteristics of the intestinal bacterial flora is still an
open issue: studies on this topic are available mainly in
animals, showing that both elemental diets and fasting
reduce intestinal bacterial flora, while slight modifica-
tions in the habitual diet are not able to produce substan-
tial changes (14-16). But human studies have been car-
ried out only on healthy volunteers eating elemental di-
ets or fasting, showing modifications of both fecal vol-
ume and flora consisting in a decreased number of ente-
rococci and in an increased number of bacteria of the
family Enterobacteriaceae (17-19); only a few studies
have been carried out on patients on artificial nutrition,
either parenteral or enteral (20). As opposed to total par-
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enteral nutrition, total enteral nutrition (TEN) appears to
preserve gut mucosal structure and intestinal function
(21, 22). Nevertheless, TEN seems to play a role on in-
testinal motility disorders such as constipation, diarrhea
and bacterial translocation, perhaps through modifica-
tions of the intestinal flora. Only a few studies, however,
are available on the long-term effects of TEN on intesti-
nal bacterial flora (4, 23). Fortunately, given the difficul-
ties involved in analyzing bacterial flora in the different
intestinal segments, feces have been shown to well rep-
resent the intestinal flora. Analysis of feces is a more
feasible technique and provides accurate information on
intestinal flora  (24).

AIM OF THE STUDY

The aim of this study was to evaluate the effects of
long-term home TEN on intestinal bacterial flora, some
hematobiochemical parameters and proinflammatory
cytokines.

PATIENTS AND METHODS

The study population comprised 18 neurologically
impaired patients with dysphagia, recruited from 2 cen-
ters for home artificial nutrition in Campania, the cities
of Naples and Nola, south Italy, on long-term (>6
months) TEN and 18 age- and sex-matched healthy con-
trols, who were selected from among relatives living
with the patients.

Patients
Eighteen patients on long-term (range 199-2,771

days) home TEN were selected for the study. The indi-
cation for inclusion was severe dysphagia due to neuro-
logical disorders: 5 cases of amyotrophic lateral sclero-
sis, 4 of cerebellar ataxia, 3 of Alzheimer’s Disease, 2 of
post-surgery dysphagia, 1 of multiple sclerosis, 1 of
neonatal cerebral disease, 1 of head trauma and 1 of
Friedreich’s ataxia. None of the patients had associated
metabolic or gastrointestinal diseases.

Fourteen patients (6 women, 8 men, mean age 47.6
± 19.1 years, mean weight 55.2 ± 10.8 kg, mean body
mass index [BMI; kg/m2] = 20.5 ± 3.6) were receiving a
polymeric, fiber-enriched, lactose- and gluten-free,
isoenergetic (1 kcal/mL) diet providing 15% protein,
55% carbohydrates and 30% fat. Four patients (3
women, 1 man, mean age 71.8 ± 7.3 years, mean weight
49.3 ± 3.0 kg, mean BMI 20.4 ± 1.9) received a stan-
dard, fiber-free enteral nutrition (EN) formula (16% pro-

tein, 54% carbohydrates and 30% fat). The fibers con-
tained in the fiber-enriched formulas were 43% solu-
ble (inulin, arabic gum and oligofructose) and 57% in-
soluble (soybean polysaccharides, resistant starch and
cellulose).

TEN was given through gastrostomy (n=12), je-
junostomy (n=2) or nasogastric (n=4) tubes. Patients
were on cyclic nocturnal or diurnal TEN. The energy
provided by the diets was expected to cover their
needs (about 25-30 kcal/kg per day); the total daily
fiber intake for the patients receiving fiber-enriched
formulas was about 12-15 g (0.8 g × 100 mL) for in-
soluble and 9-12 g (0.6 g × 100 mL) for soluble fibers.

At the time of the study, all patients had stable
body weight and clinical condition, and none had diar-
rhea or gastrointestinal disorders. No patients received
gastric proton pump inhibitors (PPIs) which alter gas-
tric pH and could therefore influence intestinal bacter-
ial flora composition. No patients received drugs in-
fluencing intestinal bacterial flora homeostasis (e.g.,
antibiotics).

Controls
The control group included 18 healthy living-to-

gether relatives, all regularly consuming a typical
Mediterranean diet. Controls comprised 5 parents (3
women, 2 men), 7 offspring (4 women, 3 men), 4
spouses (2 husbands, 2 wives) and 2 brothers. Four-
teen controls (8 women, 6 men, mean age 45.1 ± 18.1
years, mean weight 67.0 ± 12.1 kg, mean BMI 24.2 ±
4.2) were the relatives of the patients receiving the
fiber-enriched formulas and 4 (2 women, 2 men, mean
age 55.8 ± 14.7 years, mean weight 68.3 ± 6.2 kg,
mean BMI 25.5 ± 1.4) were the relatives of the pa-
tients receiving the standard formulas.

All subjects (controls, patients and eventually rela-
tives/tutors) gave their informed consent for participa-
tion in the study. The protocol of the study was ap-
proved by the local ethics committee, according to the
principles of the Declaration of Helsinki 1975.

Stool analysis
Fecal bacteria was identified according to standard

methods and quantified (log colony-forming units
[CFU]/g feces). All fecal samples (1 per participant)
were collected immediately after production, in sterile
plastic hermetically sealed boxes, and immediately an-
alyzed.

One gram of feces, taken from the center of the
stool, was submitted to serial dilutions from 10-1 to
10-7 in brain-heart infusion broth. Then 0.1 mL of
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each dilution was spread on a range of selective and
nonselective media. In particular, the media inoculated
and incubated at 37°C, for 24 to 48 hours, in aerobio-
sis were MacConkey agar no. 3, mannitol salt agar
and Columbia agar supplemented with sheep blood
(Oxoid). For anaerobic bacteria, the following media
supplemented with sheep blood were used: Schaedler
agar (dilutions 10-2, 10-4 and 10-7), Schaedler Kana-
Vanco agar, Schaedler CNA agar (dilutions 10-2, 10-4

and 10-6) and selective media, such as Bacteroides
Bile Esculin agar (dilutions 10-2, 10-4 and 10-6), Ro-
gosa agar (for isolation of lactobacilli), CCFA (for
isolation of Clostridium difficile) and crystal violet
agar with 10-1 and 10-5 dilutions. Media were incubat-
ed in an anaerobic cabinet (mixture 85% N2, 10% H2
and 5% CO2) at 37°C. After 24-48 hours of incuba-
tion, colonies were subcultured and incubated in 2 dif-
ferent conditions: in anaerobiosis and in a CO2 cabi-
net, to differentiate obliged from facultative anaerobes
(25-30).

Routine identification was performed with stan-
dard methods, followed by microstrips: Api20A,
Api20E, ApiStrep and ApiStaph (BioMerieux) (31,
32). The abbreviation “spp.” refers, for a given genus,
to the bacteria whose species was not identified by the
technique used.

Biochemical parameters
Routine laboratory tests (hemoglobin [Hb], lym-

phocyte Count [Lymph], albumin [Alb], cholesterol
[Chol], cholinesterase [CHE], white blood cell count
[WBC], platelets [Plt] ,  fibrinogen, ferri t in,
insulin) were measured by standard procedures, and
some cytokines, such as TNF-α, IL-1ß and IL-6, were
assayed using an enzyme-linked immunosorbent assay
(ELISA). The index of insulin resistance was calculat-
ed using the HOMA (homeostasis model assessment)
equation: HOMA = (fasting insulin × fasting glucose
× 0.0555) / 22.5, where fasting insulin is measured in
mU/L, and fasting glucose in mg/dL.

Statistical analysis
Results are expressed as means ± standard deviation,

unless otherwise stated. All fecal bacterial counts
(colony-forming units [CFU] per gram of wet feces) were
transformed to logarithms (log10 CFU) to facilitate statis-
tical analysis. The Mann-Whitney U-test was used for
statistical analysis. Differences were considered statisti-
cally significant for p values < 0.05. The data obtained
were analyzed with SPSS for Windows version 12.0
(SPSS Inc, Chicago, IL, USA).

RESULTS

Anthropometric and biochemical parameters
The 14 patients receiving fiber-enriched formulas

(Fi patients) and the corresponding 14 controls were sig-
nificantly different for mean weight (55.2 ± 10.8 kg vs.
67.0 ± 12.1 kg, =0.01), BMI (20.5 ± 3.6 vs. 24.2 ± 4.2;
p=0.02), serum Crea (0.6 ± 0.2 mg/dL vs. 0.9 ± 0.1
mg/dL, p=0.001), Alb (3.5 ± 0.5 g/dL vs. 4.3 ± 0.2 g/dL,
p=0.001), Chol (149.7 ± 31.4 mg/dL vs. 185.5 ± 34.3
mg/dL, p=0.008) and CHE (8,351 ± 2,943 U/L vs.
10,328 ± 2,049 U/L, p=0.05), but not for other biochem-
ical and inflammatory parameters (WBC, Plt, fibrino-
gen, ferritin, IL-6, IL-1β or TNF-α). The 4 patients re-
ceiving standard formulas (St patients) and the corre-
sponding 4 controls were significantly different for
mean weight (49.3 ± 3.0 kg vs. 68.3 ± 6.2 kg, p=0.004)
and BMI (20.4 ± 1.9 vs. 25.5 ± 1.4 , p=0.006), but not
for all nutritional and inflammatory parameters.

Fi patients were younger (mean age 47.6 ± 19.1 vs.
71.8 ± 7.3 years, p= 0.002) and had lower creatinine
(0.6 ± 0.2 g/dL vs. 0.9 ± 0.05 g/dL, p=0.02) levels than
St patients. Duration of TEN (1,300 ± 832 days for Fi
patients vs. 1,120 ± 853 days for St patients) was not
significantly different in the 2 groups.

Intestinal flora composition
Fecal samples of all patients and controls were ana-

lyzed. Bacteria detected in the feces were enterobacte-
ria, nonfermenting bacteria and gram-positive cocci,
among aerobes; gram-positive bacilli, gram-negative
bacteria and cocci among anaerobes (Tabs. I-IV).

The number of the species was 5.50 ± 2.3 in Fi pa-
tients (5.53 log CFU/g mean charge) and 6.36 ± 2.2
(4.63 log CFU/g mean charge) in the 14 corresponding
controls; the difference was not significant. In the 4 St
patients, the number of the species was 6.25 ± 2.8 with a
4.77 log CFU/g mean charge; in the corresponding 4
controls, the number of species was 4.75 ± 1.71 with a
4.85 log CFU/g mean charge; the difference was not sig-
nificant.

In all 4 groups, the main aerobic bacteria were E.
coli, Staphylococcus aureus, coagulase-negative staphy-
lococci and Lactobacillus spp. In particular, with regard
to the 14 Fi patients and the corresponding 14 controls,
E. coli was isolated in 8 patients (4.6 ± 1.7 log CFU/g)
and in 12 controls (3.9 ± 1.6 log CFU/g); coagulase-
negative staphylococci in 9 patients (5.5 ± 2.2 log
CFU/g) and in 10 controls (3.5 ± 1.4 log CFU/g), S. au-
reus in 7 patients (5.4 ± 2.3 log CFU/g) and in 4 con-
trols (3.6 ± 0.6 log CFU/g) and Lactobacillus spp. in 1
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patient (4.1 log CFU/g) and 4 controls (6.0 ± 4.9 log
CFU/g). Nonfermenting bacteria were isolated in only 2
patients (3.2 ± 0.9 log CFU/g) and Enterococcus avium
in 1 patient (6.2 log CFU/g) (see Tab. I for significance). 

The most frequently isolated anaerobic species were
Bacteroides spp., Clostridium spp. and Prevotella spp.
Bacteroides spp. were identified in 10 patients (6.5 ± 1.0
log CFU/g) and 11 controls (5.8 ± 1.2 log CFU/g), Pre-
votella spp. in 5 patients (5.6 ± 1.5 log CFU/g) and 7
controls (5.5 ± 1.6 log CFU/g) and Clostridium spp. in 8
patients (6.1 ± 1.5 log CFU/g) and 9 controls (5.5 ± 1.2
log CFU/g). Peptostreptococci were isolated in 5 pa-
tients (6.3 ± 1.3 log CFU/g), while bifidobacteria (8.1
log CFU/g ) and fusobacteria (2.3 log CFU/g ) only in 1
control. Clostridium difficile was not isolated in either
patients or controls (see Tables II-IV for significance).

Total bacteria (11.05 ± 2.37 vs. 9.25 ± 1.76 log
CFU/g) and anaerobic count (6.07 ± 1.3 vs. 5.4 ± 1.6
log CFU/g) (Fig. 1a, b) were not statistically significant-
ly different in Fi patients versus controls; while the aero-
bic bacteria count was higher in the 14 Fi patients than
in the corresponding controls (5.0 ± 1.6 vs. 3.8 ± 1.0 log
CFU/g, p=0.02; Fig. 1c). As far as the 4 St patients and
the respective controls, bacteria found in their feces was
not statistically significantly different either for total,
anaerobic or aerobic count (see Tabs. I-IV). 

Concerning the type of enteral formulas (fiber-en-
riched vs. fiber-free), analysis of variance showed that
anaerobic bacteria were significantly (p=0.05) higher in Fi
patients than in St patients, as shown in Figure 1b too.

Finally, possible relations between fecal bacterial
flora and some variables such as sex, age, type of enteral
formula administered, duration of TEN and some nutri-
tional (Alb <3.5 vs. Alb ≥3.5) and inflammatory para-
meters were investigated with univariate analysis. There
were no relations between intestinal bacterial flora and
the parameters evaluated; the only observed difference
was a significantly higher presence of anaerobes in Fi
patients compared with St-patients.

Fig. 1 - Fecal bacterial charge in the 14 Fi patients compared with the
14 corresponding controls and 4 St patients. a) total bacterial count;
b) anaerobic bacteria; c) aerobic bacteria. Data are means ± SD. b)
Fi patients vs. St patients, p=0.05. c) Fi patients vs. Fi controls,
p=0.02.

a b

c

p < 0.05

p < 0.02



Santarpia et al

93

DISCUSSION

Intestinal bacterial flora has several important and
specific nutritional roles, in particular metabolic (fer-
mentation of nondigestible dietary residue, saving of en-
ergy as short-chain fatty acids, vitamin K production,
ions absorption, etc.), trophic and functional (control of
epithelial cell proliferation and differentiation, home-
ostasis of the immune system), and protective ones (the

barrier effect against pathogens) (3, 12, 33, 34).
Artificial nutrition whether parenteral or enteral, is

clearly not a physiological condition but sometimes is
necessary in clinical practice. Some preliminary data
suggest a possible negative influence of artificial nutri-
tion, specifically enteral nutrition, on intestinal flora,
such as reduction of total bacterial charge with a rela-
tively higher number of aerobes and alteration of anaer-
obe/aerobe ratio (20, 35-37). In particular, Schneider et

TABLE I - AEROBIC BACTERIA IN THE 14 PATIENTS RECEIVING FIBER-ENRICHED FORMULAS, 4 PATIENTS RECEIVING STANDARD FOR-
MULAS AND CORRESPONDING CONTROLS

Bacteria Fi patients Fi controls St patients St controls
(n=14) (n=14) (n=4) (n=4) p Value* p Value† p Value‡

Escherichia coli 4.6 3.9 5.5 3.4 ns ns ns
Klebsiella pneumoniae - 3.5 - - 0.01 ns ns
Klebsiella oxytoca 5.6 5 4 - ns ns 0.05
Proteus mirabilis 2.3 6.5 - - 0.02 ns ns
Enterococcus avium 6.2 2 - - 0.0001 0.0004 ns
Coagulase-negative staphylococci 5.5 3.5 3.9 4.3 0.03 ns ns
Staphylococcus aureus 5.4 4 4.4 2.9 0.02 ns ns
Agrobacterium radiobacter - - 2 - ns ns ns
Pseudomonas aeruginosa 3.2 - - - 0.001 0.05 ns
Pseudomonas putida - - 4.3 - ns 0.001 0.007
Lactobacillus spp. 4.1 6 - 6.1 0.005 0.002 0.004

Data are mean charges (log CFU/g).
Fi = receiving fiber-enriched formulas; ns = not significant; St = receiving standard formulas.
*Fi patients vs. Fi controls.
†Fi patients vs. St patients.
‡St patients vs. St controls.

TABLE II - GRAM-NEGATIVE ANAEROBIC BACTERIA IN THE 14 PATIENTS RECEIVING FIBER-ENRICHED FORMULAS, 4 PATIENTS RECEIV-
ING STANDARD FORMULAS AND CORRESPONDING CONTROLS

Bacteria Fi patients Fi controls St patients St controls
(n=14) (n=14) (n=4) (n=4) p Value* p Value† p Value‡

Bacteroides caccae - 6.4 - - 0.001 ns ns
Bacteroides capillosus 6.9 6.2 - 6.8 ns 0.004 0.05
Bacteroides distasonis 5.1 4.5 5.3 - ns ns 0.05
Bacteroides fragilis 8.2 6.1 - 6 ns 0.001 0.05
Bacteroides merdae 5.9 6.3 3.5 5.4 ns 0.05 ns
Bacteroides ovatus 6.8 4.4 - - ns 0.003 ns
Bacteroides uniformis 6.3 5.5 - - ns 0.006 ns
Bacteroides vulgatus 6.8 6.6 6.1 5.5 ns ns ns
Porphyromonas gingivalis 6.3 6.3 4.8 3.8 ns ns ns
Prevotella oralis 6 5.5 4.3 - ns ns 0.05
Prevotella ruminicola brevis 5.5 5.4 3.6 4.1 ns 0.05 ns
Prevotella ruminicola ruminicola 5.6 5.8 6.5 - ns ns 0.007

Data are mean charges (log CFU/g).
Fi = receiving fiber-enriched formulas; ns = not significant; St = receiving standard formulas.
*Fi patients vs. Fi controls.
†Fi patients vs. St patients.
‡St patients vs. St controls.
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al (20) evaluated intestinal bacterial flora in 8 patients
on TEN with fiber-free formulas, showing an increase in
aerobic bacteria and a decrease in anaerobic bacteria,
when compared with controls. In any case, the literature
on this topic is quite small, and our study confirms the
results previously obtained.

Our study involved 18 neurological, dysphagic pa-
tients on long-term TEN, free of gastrointestinal dis-
eases, and it confirmed some differences in intestinal
bacterial flora composition of TEN patients when com-
pared with their corresponding controls. Controls were
chosen among patients’ families to avoid possible genet-
ic and environmental influences on intestinal bacterial
flora. 

In the 14 Fi patients, aerobic bacterial charge ana-
lyzed by Mann-Whitney U-test, showed significantly
higher levels than in controls. In particular nonferment-
ing aerobes such as Pseudomonas aeruginosa and
Pseudomonas putida, usually absent in the intestinal

bacterial flora and potential pathogens, together with a
decreased number of lactobacilli and a total absence of
bifidobacteria, were detected only in the Fi patients’
samples. Lactobacilli and bifidobacteria represent the
major protective components of bacterial flora, and their
reduction/absence in intestinal flora is a an important
risk factor for the growth of pathogenic bacteria.

In addition to the type of enteral formula and the du-
ration of TEN, some nutritional and inflammatory bio-
chemical parameters have been considered to evaluate
their influence on intestinal bacterial flora composition.
In agreement with Schneider et al (20), in our study,
age, sex, nutritional and inflammatory parameters did
not influence fecal bacteria. Only the type of enteral for-
mula influenced intestinal flora composition; in particu-
lar, fiber-enriched formulas seem to increase the number
of protective anaerobic bacteria, compared with stan-
dard formulas.

In conclusion, this preliminary study shows the pres-

TABLE III - GRAM-POSITIVE ANAEROBIC BACTERIA IN THE 14 PATIENTS RECEIVING FIBER-ENRICHED FORMULAS, 4 PATIENTS RECEIV-
ING STANDARD FORMULAS AND CORRESPONDING CONTROLS

Bacteria Fi patients Fi controls St patients St controls
(n=14) (n=14) (n=4) (n=4) p Value* p Value† p Value‡

Bifidobacterium adolescentis - 8.1 - - 0.001 ns ns
Clostridium bifermentans 7 4.8 - 3.3 0.02 0.002 ns
Clostridium perfringens - 6.2 6.9 2.3 0.004 0.001 0.05
Clostridium butyricum - - 5.1 - ns 0.004 0.04
Clostridium clostridiformeS 6.5 6 - - ns 0.004 ns
Clostridium spp. 5 5.5 4.5 4.5 ns ns ns
Enterobacterium limosum 3 - - - 0.05 ns ns
Eubacterium lentum 6.5 7.5 - - ns 0.002 ns
Fusobacterium varium - 2.3 - - ns ns ns

Data are mean charges (log CFU/g).
Fi = receiving fiber-enriched formulas; ns = not significant; St = receiving standard formulas.
*Fi patients vs. Fi controls.
†Fi patients vs. St patients.
‡St patients vs. St controls.

TABLE IV - ANAEROBIC COCCI IN THE 14 PATIENTS RECEIVING FIBER-ENRICHED FORMULAS, 4 PATIENTS RECEIVING STANDARD FOR-
MULAS AND CORRESPONDING CONTROLS

Bacteria Fi patients Fi controls St patients St controls
(n=14) (n=14) (n=4) (n=4) p Value* p Value† p Value‡

Peptostreptococcus spp. 6.3 - - - 0.001 0.04 ns
Veillonella parvula 7 4 - - ns 0.01 ns

Data are mean charges (log CFU/g).
Fi = receiving fiber-enriched formulas; ns = not significant; St = receiving standard formulas.
*Fi patients vs. Fi controls.
†Fi patients vs. St patients.
‡St patients vs. St controls.
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ence of potential pathogenic nonfermenting bacteria in
TEN patients compared with controls, thus suggesting a
possible negative influence of long-term TEN on intesti-
nal flora. The influence of TEN on intestinal flora is
more evident in Fi patients, probably due to the larger
number of patients. The absence of significant differ-
ences in the intestinal flora composition in St patients
compared with controls was probably due to the small
number of St patients studied, which reduced the power
of the statistical analysis. The results obtained in the
present study should therefore be confirmed by a larger
multicenter study.

A second limitation of our study is represented by
the standard microbiological methods used to identify
and quantify intestinal bacterial flora. Nowadays, mole-
cular analysis is a more accurate method and allows us
to identify a greater number of bacteria; unfortunately,
this methodology was not yet in use in our hospital
when the study started.

In any case, despite some limitations, this study con-
firms the few data already reported in the literature on
intestinal bacterial flora in a very selected population
such as that of long-term TEN patients.

A larger, multicenter study would be useful to fur-
ther clarify the relationship between TEN, intestinal
bacterial flora and patients’ nutritional and inflammatory
status.
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