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The intestinal ecosystem in chronic functional constipation
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Chronic functional constipation is common in infants, and the bacterial composition of stools in this
condition is not known. The study aims were to: (i) investigate the composition of the intestinal ecosystem
in chronic functional constipation; (ii) establish whether the addition of the water-holding agent calcium
polycarbophil to the diet induces an improvement in constipation; and (iii) determine the composition of the
intestinal ecosystem after the use of this agent. In total, 42 children (20F, 22M; mean ag&.8yj were

studied. Twenty-eight children with functional chronic constipation without anatomical disorders were
treated double-blind in random sequence for 1 month with an oral preparation of calcium polycarbophil
(0.62 g /twice daily) or placebo. Intestinal flora composition was evaluated by standard microbiological
methods and biochemical assays on faecal samples collected before and after treatment. Fourteen healthy
children were studied as controls. The results show that (i) the constipated children presented a significant
increase in clostridia and bifidobacteria in faeces compared to healthy subjects—different species of
clostridia and enterobacteriaceae were frequently isolated; no generalized overgrowth was observed;
Clostridia outnumbered bacteroides dadcoli mean counts by 2—3log, while bacteroides a&hdcoli

counts were similar (5—6 lagg fresh faeces); these intestinal disturbances could be defined as a dysbiosis,
i.e. a quantitative alteration in the relative proportions of certain intestinal bacterial species. (ii) Clinical
resolution of constipation was achieved only in 43% of treated children and an improvement in 21% (one
bowel movement every 2 d). (iii) Calcium polycarbophil treatment induced no significant changes in the
composition of the intestinal ecosystem, nor in blood chemistry parameteZalcium polycarbophil,
children, chronic constipation, dysbiosis, intestinal ecosystem

G Zoppi, Cattedra di Pediatria, Universiwi Verona, Ospedale Civile Maggiore, Piazzale Stefani, | 37126
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Chronic functional constipation is common in infantsafter intake in about 90% of cases treated (4). As no studies
Constipation may be defined as a “delay or difficulty irof the use of this polyacrylic resin have yet been conducted
defecation sufficient to cause significant distress to tfie infants and children, more information on the subject
patients” (i.e. less than one bowel action/48 h) (1). would be particularly welcome in view of the fact that it is
Normal values for the weight of stool output showeasy to use and well tolerated.
substantial fluctuations as a consequence of dietary variaThe aims of this study were: (i) to investigate the compo-
tion and seem to be reduced in constipated infants, pasition of the intestinal ecosystem (i.e. bacterial composition
cularly if the daily fibre intake is low (1). Fibre is known toof stools) in chronic functional constipation; (ii) to estab-
induce an increase in faecal mass and may accelerate bolisbl whether the addition to the diet of a water-holding
transit with disappearance of chronic constipation. In 1982¢gent such as calcium polycarbophil induces an improve-
it was demonstrated that not all types of fibre may be ideadent in constipation; and (iii) to assay the composition of
in paediatric patients: wheat bran, for example, inducegtze intestinal ecosystem after use of this agent.
decrease in blood levels of calcium, phosphate and trace
elements and also promotes a predominance of proteolytic
over saccharolytic faecal flora (2). :
It is well known that the bacterial content accounts foMaFenal and methods
almost 50% of stool bulk. To the best of our knowledge>ubjects
however, the bacterial composition of stools in chroniEorty-two children (20F, 22M; mean age 8:&.9y; range
functional constipation in children is not known. 5-14y) were studied. Habits, lifestyle, diet and socioeco-
Water-holding agents such as calcium polycarbophil am@mic condition (school attenders) were similar for all
used in the treatment of diarrhoea (3), constipation (4, Bhildren studied.
and irritable bowel syndrome (6). The resin is capable of Twenty-eight of them (12F, 16M; mean age &8.0y)
absorbing 60—100 times its weight in water, thereby addivgere suffering from functional chronic constipation (stool
soft bulk to faeces (7). In adults, constipation disappears 3réquency less than one per 48 h and hard stool consistency)
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with no evidence of anatomical disorders, no encopresippear to be a critical factor. Analysis of samples before
and/or soiling. Fourteen normal healthy children (8F, 6Mand after freezing (in our experimental conditions) has
mean age 7.& 2.9y) seen in the hospital as outpatientshown that aerobic and anaerobic cocci, lactobacilli and
for non-gastroenterological problems (radiological exambifidobacteria counts remain stable, while enterobacteria-
nations, ECG, EEG, etc.) were used as controls. The exciieae, total anaerobic count and clostridia may decrease
sion criteria were laxative use at any time, pharmacologicafter freezing. The decrease is not constant or generalized,
treatment for 2 months prior to entry into the study, andut can affect some samples only (20—30% of cases) in an
presence of infectious diseases. unpredictable way. Many results from the literature are
actually based on determinations carried out on stool sam-
ples frozen at-70°C (8-11) and are comparable. Our
standard methods (10) were used to quantify and identify
The chronically constipated children were treated at honaerobic and anaerobic bacteria. The samples analysis was
in random sequence using double-blind technique forgderformed in an anaerobic cabinet. Briefly, 11 10-fold
month with an oral preparation of calcium polycarbophiserial dilutions were prepared after homogenization of 1g
(dosage 0.62/g thrice dailyh & 14) or placebor{= 14) of faeces in 10 ml of prereduced sterile saline. Each dilu-
consisting of the same amount of soluble starch. tion was seeded on the following selective and non-selec-
During the study all the children received a balancetive culture media: blood agar for total aerobic and
daily diet supplying an amount of energy of 80 kCal kg/d imnaerobic count; Schaedler agar (total anaerobic count);
accordance with age and the recommended safe levelkahamycin—vancomycin Schaedler agar (bacteroides);
nutrients of the Italian Society of Human Nutrition. Thereinforced clostridial agar (clostridia); mitis salivarius
diet was typically Mediterranean, including fresh whol@agar (aerobic and anaerobic cocci); tomato juice agar and
cow’s milk, biscuits, spaghetti, meat, bread, vegetables aRdgosa SL Agar (bifidobacteria and lactobacilli); bile
fruit. esculine azide Agar (enterococci); mannitol salt agar (sta-
The study protocol was approved by the internal hospitphylococci); McConkey agar and SS agar (enterobacter-
Ethical Committee. iaceae); and Sabouraud dextrose agar (yeasts). After
Informed consent for the study was obtained from thiacubation in aerobiosis (8C, 24h) and anaerobiosis
parents before the start. (85% N, 10% CO, 5% H, gas mixture) for 48—72h at
37°C in an anaerobic chamber, different colony types were
. enumerated, isolated and identified by morphological and
Blood chemistry biochemical analysis (APl System: 20E, 50 CHL, rapid
The following haematological and chemical parametet® 32 A, Strep, Staph, C AUX; bioNéeux, Marc
were determined in all subjects before and the day aftédetoile, France). The lower limit of detection was ‘10
the end of treatment or placebo administration: haemoglmicroorganisms/g of faeces. The growth on selective
bin, haematocrit, total protein, cholesterol, triglyceridesnedium was considered insufficient to identify different
calcium, phosphorus, alkaline phosphatase, iron, magms@ecies of microbial flora. The quantitative determination
sium, copper, zinc, vitamin B, folate and ammonia. was based on the identification of microorganisms grown
These parameters were automatically determined with tbe the last dilutions of different media. Results were
use of a Technicon-SMAC high-speed computer-controllexkpressed as lag of the number of CFU per gram of
biochemical analyser (Tarrytown, NY). Magnesiumiresh faeces (arithmetic meanSD).
copper, zinc, vitamin B, and folate levels were determined Stool pH was measured with a glass pH electrode,
manually (2). though polyacrylic resin is known not to modify pH in
adult patients.
. . . . We utilized a semiquantitative micromethod to detect a
Microbiological studies range of microbial enzyme activities in faecal samples.
At the same time as the blood tests, stool samples wdtazyme activity determination was done at the same
collected from all subjects. The stool specimens wetane as microbiological analysis on the 3rd dilution of
collected immediately after emission in sterile plastic coreach sample using the API-ZYM System (API Products).
tainers, gassed with C&nd frozen at70°C, stored at the Suspensions (6@) of each sample were added to cups
same temperature until analysis and subsequently testedith different substrates and incubated for 4h at@7
microbial composition within 4 weeks of collection. TheEnzyme activity was detected by visual estimation of
samples collected after treatment were analysed withirceromophoric products; the reactions were graded from 0
few days, so as to analyse the two samples from eaith5 (API units), depending on colour intensity. One API
subject in the same experiment. The control samplesit corresponds to 5 nmol of hydrolysed substrate per cup;
were processed during the study along with the sampl2aunits to 10 nmol; 3 to 20 nmol, 4 to 30 nmol, and 5 to
from children with constipation. In these conditions=40nmol. Results are expressed as nmol/g fresh faeces
freezing at—-70°C induced a decrease in the number dfarithmetic mean: SD). Preliminary studies revealed no
bacteria but yielded more reliable results than thoseterference from the third dilution of the faecal suspension
obtained at-24°C, while the storage time would notwith colour developmentin the assay. This method showed

Treatment
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good agreement with standard and more recent fluorimethticrobiological results

determinations of faecal bacterial enzymes (12, 13).  the composition of the intestinal ecosystem in healthy

The following enzyme activities associated with humag,p.ects and in constipated children before treatment is
faecal bacteria were evaluated: esterase-lipase, leuci

, : k Féorted in Table 1. The mean total anaerobic count was
arylamidaseq- andg-glucosidaseq- andg-galactosidase gjmjjar for both groups, corresponding to lgd 0.2+ 2.5
andg-glucuronidase. (mean* SD) and log, 10.5+ 4.3 in children with constipa-
tion and controls, respectively. Aerobic and anaerobic
Statistical analysis Gram-positive components outnumbered Gram-negative

The results were analysed statistically using Studérést species in all children with constipation as well as in control

for comparison of the mean values. The Mann-Whitneg'"dren' Children with chronic functional constipation
U test was used where appropriate ’ howed higher bacterial counts for different species of anae-

robes in comparison to healthy children, with a significant

increase in clostridia < 0.001) and bifidobacteria
(p<0.02).

R.e$UItS In the majority of constipated children (26/28) clostridia

Clinical results outnumbered bacteroides aRdcoli mean counts by 2—3

Haematological and chemical parameters were within theg, while the bacteroides arkl coli counts were similar

normal ranges for both controls and patients; calciuffog,6.3 and logg5.9/g fresh faeces, respectively). These

polycarbophil induced no modifications. _ abnormalities of the bacterial microflora could be defined
The clinical results of calcium polycarbophil treatmenés a dysbiosis, i.e. a quantitative alteration in the relative
were the following: proportions of certain intestinal bacterial species in the

: : o : . same subject. In healthy children clostridia, bacteroides
1. Six children (43%) showed disappearance of ConStlpSO‘ d bifidobacteria presented similar mean counts (Table 1),

tion, i.e. they started to have one bowel movement a d . . : - ) L
after 1 week of therapy, this pattern then continuing for th owing a balanced m|crob|ota._Great intersubject variabil-
: y was observed among the children and there were occa-

following 3 weeks until the end of the 1-month observatioSional differences on a periodic sampling basis as shown b
period; the stools were soft and brown. P piing y

2. Five children (36%) had a slight but significant redudhe range of the counts. These variations are consistent with

tion of constipation, i.e. they started to have one bowgfe characteristics of the intestinal ecosystem and may be

movement every 2 d after 1 week of therapy throughOmdugst((jer%)i/d\:gIoﬁsd;f:](teézml;\?v(:t%r(ién counts; the species
the month, but the stools remained hard and evacuationB P ’ P

et most frequently identified in the controls and in the
difficult before treatment weBe bivius B. uniformisand
3. Three children (21%) presented no changes in sympto bisccaeor reatment w VIUS B. unrformisan

during the month of observation. Clostridiumspecies were identified in large numbers in

The patients treated with placebo showed no changeinronic constipationC. sporogenesC. paraputrificum
bowel habits. C. fallax and C. innocuumwere the predominant species

Table 1.Composition of the intestinal ecosystem in chronic functional constipation. Values are expresseghas lagteria /g fresh faeces (mearsD).

Healthy subjectsn(= 14) Subjects with constipatiom & 28)
Microorganisms Mean count Range Mean count Range
Total aerobic count 8.%+ 2.6 4-12 7.4-17 5-10
E. coli 6.0+ 3.6 2-9 5.9+ 1.8 3-8
Enterobacteria (other) 28 1.1[33.3] 2-4 3.1+ 1.5[53.6] 2-5
Enterococci 7.5 4.7 3-12 6.9+ 2.5 4-10
Lactobacilli 4.3+ 2.3[80] 2-6 6.4+ 3.0 [60] 3-12
Staphylococci 2.8:04([77.7] 2-4 3.7+ 1.5[66.6] 2-7
Fungi 5.0+ 2.2 3-10 3.8-2.2 2-8
Total anaerobic count 10543 8-12 10.2- 2.5 6-12
Bacteroides 513 3-8 6.3+ 2.4 3-10
Clostridia 6.6+ 2.4 4-12 9.3+ 2.5%* 4-12
Bifidobacteria 5.5 1.3 3-7 8.2+ 3.1* 3-12
L. acidophilus 40*+1.2 3-6 6.0+ 2.5 4-11
An. cocci 7.5+ 27 4-12 7.6 2.4 4-12
pH 6.5+ 0.4 5.7-7.0 6.2 0.2 5.7-6.7

*p = 0.05; **p =< 0.01 Student'd-test vs healthy subjects.
In brackets [ ] percentage of positive samples; in other cases all samples were positive [100%)].
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Table 2 Enzyme activity of intestinal microflorain healthy children and inintestinal ecosystem in healthy children and in those with

children with chronic functional constipation. Values are expressed afronic functional constipation. In the latter there were
nmol/g fresh faeces (meah SD). ] . . L o . .

slight differences in enzymatic activities in comparison

Healthy subjects  Subijects with constipation {0 CONtrols: «-galactosidase activity was higher than in

Enzymes 0= 14) (h=28) control samples, whilg-glucuronidase and leucine aryla-

| midase activities were lower than in controls, though the
Esterase lipase 3813 3.3+34 differences were not statistically significant
Leucine arylamidase 156 12.9 11.3+= 9.7 Table 3 gives th iti y ?th - t. tinal
«-galactosidase 4424 6.4+ 5.6 able 3 gives the composition of the intestinal ecosys-
B-galactosidase 17594 18.9+ 7.8 tem in ch|ldr_en before and after treatment with calcium
B-glucuronidase 1.6 1.3 0.8+ 1.8 polycarbophil or placebo.
a-glucosidase 17.694 11.0+5.1 Treatment for 1 month with calcium polycarbophil
B-glucosidase 9.2 8.0 6.4+ 54

did not induce any significant changes in the microflora
composition of the children with constipation, whereas
slight qualitative changes were observed. Treatment
reduced the number of enterobacteriaceae species isolated;
in all the samples studiedClostridium perfringensand E. cloacaeandK. oxytocawere not identified. Enterococci
C. ramosumwere also isolated less frequently (21.4%Enterococcus faecium, E. faecalls. duran$ were iso-
and 14.2%, respectively). These species are usually predated in all samples studied (both controls and children
in healthy adult subjects. In our healthy children we isowith constipation); after 1 month of thera@reptococcus
lated C. beijkerinkiiandC. tyrobutyricumas predominant milleri and Aerococcus viridansvere identified as new
species; these species were not found either before or afipecies in two patients.
treatment in children with constipation. The total number of clostridia remained practically
In the children with chronic constipation, the Gramunchanged before and after treatmetperfringensand
positive non-spore-forming isolates also includedimo- C. ramosunwere present before treatment in children with
sum (30%) andProp. granulosum(7.1%) in addition to constipation, but were not isolated in the samples from
L. acidophilus and Bifidobacterium. Propionibacterium children treated with calcium polycarbophil. Reduction of
granulosumwas frequently isolated in control childrenthe presence ofC. perfringens a potential pathogenic
(44.4%). microorganism and producer of enterotoxins, is considered
In the healthy children, the enterobacteriaceae isola@positive effect. The proportion of clostridia to bacteroides
wereE. coliandKlebsiellapneumoniaanly. Enterobacteria- tended to change, with a slight increase in mean bacter-
ceae other thak. coli were frequently isolated in the chil- oides counts. Among the anaerobic Gram-negative bacilli
drenwith chronic constipation (53.6% of subjects), includingie identifiedB. fragilis (10%) after treatment.
Enterobacter cloacae, E. agglomerans, Citrobacter freyndii In the treated children there was a reduction in the

K. oxytocaandHafnia alvei. frequency of identification of Gram-positive non-spore-
Faecal pH was similar in the controls and in the childreforming rods, namely bifidobacteria (70%) and lactobacilli
with constipation. (35%);Lactobacillus rhamnosumndArachnia propionica,

Table 2 gives details of the enzymatic activities of thevshich were isolated prior to treatment in two children, were

Table 3 Composition of the intestinal microflora in children with chronic constipation before and after 1 month of treatment with calcium polycarbophil.
Values are expressed as lggo. bacteria/g fresh faeces (mearSD).

Calcium polycarbophil (14 patients) Placebo (14 patients)
Microorganisms Before After Before After
Total aerobic count 7221 6.7+ 1.9 7.6x24 7.8+ 20
E. coli 6.0+ 2.1 6.2+ 2.2 5.7+ 15 6.4+ 1.8
Enterobacteria (other) 348 0.9 [35.7] 2.9+ 0.7 [50] 3.3+ 1.8[71.4] 3.4+ 1.2[63.4]
Enterococci 6.7 2.5 5.2+ 3.0 71+24 7.3+ 3.0
Lactobacilli 5.5+ 3.2 [55] 5.4+ 2.6 [35] 7.3+ 2.8 [65] 6.4+ 3.5 [65]
Staphylococci 3.+ 13 3.1+ 0.6 4.5+ 1.8 [66.6] 4.3+ 1.5[33.3]
Fungi 3.6 1.7 3.9+ 138 4.0+ 2.8 3.7+ 13
Total anaerobic count 9821 9.4+ 2.6 10.3= 2.9 10.4+ 2.2
Bacteroides 5221 6.2+ 3.1 7.4+ 28 6.6+ 3.2
Clostridia 8.6+ 2.9 8.1+ 3.3 10.0+ 2.2 9.8+ 2.0
Bifidobacteria 8.3+ 3.0 8.6+ 3.2[70] 8.1+ 3.1 8.5+ 2.2
L. acidophilus 58+ 2.9 5.3+ 2.7 6.3+ 2.2 6.8+ 3.2
An. cocci 7.3+ 24 6.9+ 24 8.0+ 2.6 8.3+ 34
PH 6.21+ 0.45 6.07+ 0.36 6.20+ 0.44 6.25+ 0.65

In brackets [ ] percentage of positive samples; in other cases all samples were positive [100%)].
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Table 4.Enzyme activity of the intestinal microflora in children with chronic constipation before and after 1 month of treatment with calcium
polycarbophil. Values are expressed as nmol/g fresh faeces (n&i).

Calcium polycarbophil (14 patients) Placebo (14 patients)
Enzymes Before After Before After
Esterase lipase 42 4.2 20x16 22+x19 1.7+1.2
Leucine arylamidase 122 10.4 15.2+ 14.4 10.0+ 9.3 16.4*+ 12.2
«a-Galactosidase 75 6.9 7.0£59 5.3% 3.6 56+ 1.7
B-Galactosidase 19.6 8.9 17.0+ 10.5 18.9+ 6.9 20.6+ 7.7
B-Glucuronidase 0.&81.2 1.0+ 1.3 0.8+ 1.2 1.1+ 13
a-Glucosidase 12.5 6.2 11.2+ 4.1 11.1+ 3.8 11.9+ 5.3
B-Glucosidase 6.2 7.2 6.5+ 3.9 6.7+ 25 5.0+ 2.8

no longer detectable;Propionibacterium granulosum lactobacilli of constipated children are similar to those
increased in frequency (14.3%). observed in elderly subjects with constipation (17). Uni-

Table 4 gives the data for the enzyme activity of faecébrm diet, habits, lifestyle and narrow range of age should
flora before and after 1 month of treatment with calciumeduce possible factors of variability in our samples (11,
polycarbophil and placebo. Treatment with the resih6, 17).

induced no significant changes. A variety of factors may potentially affect the composi-
pH in faecal samples showed no significant changestion of the gut flora, including environmental and dietary
the calcium polycarbophil-treated children. influences, transit time of intestinal contents, pH, age and

geographically considerations as well as the interactions
between the bacteria themselves (18). Major differences
Di . were described in the composition of colonic microflora in
ISCUSSIONn 1-y-old Estonian and Swedish infants. The prevalence of
It is well known (4, 14) that conventional treatment, conelostridia and bacteroides over lactobacilli and eubacteria
sisting in the addition of fibre to the diet, is successful onlywas observed in Swedish infants. The different lifestyle
in 50% of children. and diet of Swedish and Estonian infants were considered
Our clinical results are similar to those reported ifiactors of variability (11).
the literature. For the treatment of chronic functional con- However, in different healthy subjects the quantitative
stipation we chose the water-holding agent calcium polproportion of clostridia, bacteroides and bifidobacteria
carbophil instead of wheat bran, because the latter indu@peared close to 1 or with 1 log difference as shown by
haematological changes as well as faecal excretion of bilee literature data (11, 15): we consider this general, well-
salts and a predominance of proteolytic over saccharolyioown behaviour as normal biota composition, i.e. a good
faecal flora, as reported several years ago (2). balance. Therefore, in constipated children, the higher
In fact, with this water-holding resin none of the haemazumber of clostridia, in comparison to other bacterial
tological parameters exhibited any significant changes. species, namely bacteroides and enterobacteria, in addition
Our microbiological data offer a general picture ofo different species of enterobacteriaceae and clostridia,
colonic microbiota in children with constipation and aepresents, in our opinion, a moderately disturbed intestinal
number of bacterial metabolic activities. The stools of thenicrobiota, i.e. a dysbiosis. However, the prevalence
constipated children showed a disturbed microbiota chaf Gram-positive components, i.e. saccharolytic flora, is
acterized by a high clostridia count in comparison to othe@lso maintained in children with functional constipation,
genera (bacteroides akdcoli) and a substantial frequencyconfirming that these subjects can be considered healthy
of clostridia and enterobacteriaceae species, which av@hout any major disturbances.
rarely isolated in healthy children. Functional constipation Moreover, leucine arylamidase and the saccharolytic
in children would therefore seem on the whole to induce renzymesq-galactosidases-glucosidase anfd-glucuroni-
bacterial overgrowth, but only changes in selected bacterddse, which should be an expression of the prevalence of
species. Gram-positive flora, showed slight modifications in the
The intestinal microbiota in constipated children seenthildren with constipation. These enzymes may play a
to maintain a favourable proportion of anaerobic to aerobiole in the metabolism of different compounds and their
components (1000:1), which is regarded as physiologicattivation to procarcinogens. Intestinal transit time may
(15), and it was maintained after treatment with calciuraffect the digestibility of certain substrates of endogenous
polycarbophil. In constipated children the total anaeroband exogenous origin and the metabolites production by
count appeared to be lower than that generally observisecal bacteria increases with increasing transit time (18,
in healthy adults (10, 15) and in younger children (11119). 3-glucuronidase is produced in large amounts by
Moreover, the mean counts of clostridia, enterococci atdcteroides and enterobacteriaceae (20) which are present
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in low concentrations in constipated children. The low
metabolic activity ofg3-glucuronidase may indicate that
functional constipation in children cannot be a risk factor™
for the formation of procarcinogens, i.e. that the levels
observed are equivalent to those of a healthy subject.
other pathological conditions such as premenstrual syn-
drome we have observed a number of chang@sgtucur-
onidase activity and a reduction following treatment with™
probiotics (12). The metabolic capacity of the bacteria can
be considered an indicator preceding evident microflor&.
alterations or the early effects of various treatments (12
21). There were no significant changes in faecal microbial
enzyme activity after treatment.

The administration of calcium polycarbophil contributess.
towards correcting certain aspects of constipation. Poly-
carbophil is an inert bulk-forming laxative agent with 9.
hydrophilic and mechanical properties (5). Itis not utilizedy
as a substrate by intestinal microflora and does not induce
the formation of volatile short-chain fatty acids. As a result
of these characteristics the laxative effect of calcium polyd-
carbophil may appear to be of low intensity and delayed in
comparison with other bulk-forming agents (6). This beha-.
viour was also observed in our paediatric patients, where the
normalization of bowel movements (number of evacuations/
day) was obtained without any significant changes in intesti-
nal microflora or in the activity of a number of representatives
enzymes. The effect of calcium polycarbophil may be
ascribed to mechanical action, without any interference
with the metabolic capacity of the faecal flora. The normal-
ization of peristalsis may be enough to induce a general
intestinal improvement and a tendency to re-establish a
more physiological environment. The consequence may be

a reduction in the number of enterobacteriaceae specits,

the disappearance @. perfringensand a better relative

proportion between clostridia and bacteroides mean coungs

(as observed in our children).

In contrast with the wheat bran previously studied (2),
calcium polycarbophil does not induce any changéed:
in blood values, nor does it bring about any additional
disturbances in the intestinal ecosystem. 18.
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