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ABSTRACT

Background: The value of oral bacteriotherapy during antibiotic treatment
is a much debated subject. Comparative studies on the effects of different
probiotics on the intestinal ecosystem are lacking.

Objective: Six different commercially available preparations of probiotics
and 1 prebiotic (lactulose) were compared to establish whether their action
prevented or corrected imbalances in the intestinal ecosystem (dysbiosis) dur-
ing parenteral therapy with ceftriaxone.

Methods: Fifty-one children (25 female, 26 male; mean age, 5.1 years) admit-
ted to the hospital for febrile respiratory tract infections were treated. Ceftri-
axone 50 mg/kg per day was administered parenterally alone (therapy 1) or
with 1 of the following probiotic/prebiotic preparations: Saccharomyces boular-
dii (therapy 2); Enterococcus species (therapy 3); lactulose (therapy 4); Lacto-
bacillus casei GG (therapy 5); Lactobacillus rhamnosus, Lactobacillus bifidus, and
Lactobacillus acidophilus (therapy 6); Bifidobacterium bifidum and L acidophilus
(therapy 7); or a mixture of various lactobacilli and bifidobacteria at high con-
centrations (therapy 8). .

Intestinal microflora were evaluated by standard microbiologic methods and
by biochemica] assays on fecal samples collected before and after treatment.

Results: Ceftriaxone induced a decrease in Escherichia coli and lactobacilli
counts and an increase in cocci and clostridia counts. Partial protection of the
intestinal ecosystem (eubiosis) was achieved with therapies 6, 7, and 8, which
contained different combinations of Lactobacillus and Bifidobacterium species.
Probiotics containing lactobacilli were more active than the older Saccharomy-
ces and Enterococcus preparations. The newer probiotics reduced B-galactosi-
dase, B-glucosidase, and B-glucuronidase levels. Increased fecal B-lactamase
activity was observed in 60% of patients treated with ceftriaxone alone and 75%
of those treated with ceftriaxone and S boulardii. A lower incidence of beta-
lactamase-positive samples (30%-40%) was observed with therapy 7 and therapy 8.
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Conclusions: In this preliminary study, probiotics containing multiple spe-
cies of lactobacilli and bifidobacteria administered at high concentration
(20 billion to 360 billion per day) were more effective in preventing dysbiosis
induced by ceftriaxone treatment than were other preparations studied.
Probiotic therapy may need to be maintained for several days after discontinu-
ation of antibiotic treatment to adequately restore balance to the intestinal
ecosystem.

Key words: colonic microflora, beta-lactamases, colonic enzymes, probiot-
ics, intestinal imbalance, children. (Curr Ther Res Clin Exp. 2001;62:418-435)

INTRODUCTION _

The human gastrointestinal tract is host to various species of microorganisms,
with populations up to 10! bacteria per gram of intestinal contents. This bac-
terial population plays a significant role in colonic metabolism and health. The
nature and the extent of this metabolism depend on the characteristics of the
bacterial flora and the availability of exogenous and endogenous substrates.
Products of carbohydrate fermentation are thought to benefit the host, in con-
trast to the potentially toxic products of protein fermentation.

Antibiotic therapy can affect the composition of the intestinal ecosystem and
affect intestinal enzyme activity and metabolism. The effects of antibiotics on
carbohydrate metabolism may be due, in part, to the antibiotic’s ability to
induce changes in saccharolytic activity (ie, B-galactosidase activity).

Reduction of fermentative activity, as might occur with the use of B-lactam
antibiotics, is the primary cause of imbalance in the intestinal ecosystem. In
severe infections of the gastrointestinal tract, there is a prevalence of putre-
factive activity, which is performed by gram-negative microflora. Excessive
activity of B-glucuronidase, an enzyme involved in the formation of toxic and
carcinogenic compounds, may have a negative effect on human health. The use
of B-lactam antibiotics can also induce an increase in B-lactamase production in
the fecal flora, thereby increasing bacterial resistance to other B-lactam drugs
and plasmidic resistance transfer among intestinal enterobacteria. This is a
great problem in the use of B-lactam antibiotics, and the control of bacterial
resistance has become a key objective for clinical microbiologists.

Species of Bifidobacterium and Lactobacillus have low activities of the en-
zymes involved in carcinogen formation and metabolism compared with the
other major anaerobes in the gut, such as Bacteroides, Eubacteria, and Clostridia
species. Therefore, increasing the proportion of lactic acid bacteria (LAB) in
the gut could beneficially modify the levels of xenobiotic metabolizing enzymes.

The use of probiotics and their place in therapy have been subjects of debate
since our first study in 1982.! A number of reports have been published on
bacteriotherapy with probiotics during antibiotic treatment,' and related top-
Ics such as recovery from Clostridium difficile diarrhea,®° maintenance of the

419



CURRENT THERAPEUTIC RESEARCH®

equilibrium of the intestinal ecosystem during antibiotic therapy,'®!3 recovery
from acute diarrhea in children,'*!® and probiotic activity in travelers’ diarrhea.'®

A substantial number of probiotic products have been marketed, but the
results of feeding experiments are variable, possibly because of the use of
nonhuman bacterial isolates, problems of strain stability, and differences in the
bacterial concentrations of the various preparations. The probiotic prepara-
tions currently available on the market are so numerous and differ so substan-
tially from one another that it is difficult to establish their efficacy.!”!®

In this study, we compare the efficacy of commonly used probiotic prepa-
rations in preventing intestinal adverse events due to imbalances in the intes-
tinal ecosystem in children receiving a course of ceftriaxone therapy.

PATIENTS AND METHODS

Patients

Children admitted to our hospital during the winter of 1997-1998 for severe
febrile infections of the respiratory tract were eligible for this study. Respira-
tory tract infections were diagnosed based on chest radiographs and routine
blood tests (leukocyte count, increase in neutrophil count, erythrocyte sedi-
mentation rate, protein C reaction).

The exclusion criteria were diarrhea and vomiting following gastrointestinal
viral or bacterial infection, previous administration of antibiotics, and con-
sumption of yoghurt or LAB within 1 month before the analysis.

The children were recruited into the study after their parents had given their
oral informed consent and after obtaining authorization from the hospital eth-
ics committee.

Treatment

The children were randomly assigned to (1) ceftriaxone (Rocefin®, Roche, Mi-
lan, Italy) alone or with 1 of the following probiotic or prebiotic agents (Table
D: (2) Saccharomyces boulardii (Codex®, SmithKline Beecham, Milan, Italy); (3)
Enterococcus species SF68 type LAB (Bioflorin®, Bracco, Milan, Italy); (4) lactu-
lose (Laevolac®, Boehringer Mannheim, Milan, Italy); (5) Lactobacillus casei
subspecies rhamnosus GG (Dicoflor 30®, Dicofarm, Rome, Italy); (6) Lactobacil-
lus rhamnosus + Lactobacillus bifidus + Lactobacillus acidophilus (Ramnoflor®,
Medifood-Trufood, Genova, Italy); (7) Bifidobacterium bifidum and L acidophilus
(Infloran®, Istituto Sieroterapico Berna, Como, Italy); or (8) a mixture of various
LAB (Yovis®, Sigma Tau, Pomezia-Rome, Italy).

The individual probiotic dosages used were those recommended by the
manufacturers, except in the case of the B bifidum plus L acidophilus prepara-
tion (therapy 7), which we had previously shown® should be administered at
double the recommended dosage. All probiotic and prebiotic products were
obtained from commercial sources and not directly from the manufacturers.
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Table 1. Characteristics and dosage of different commercial probiotic products adminis-
tered to children undergoing intravenous ceftriaxone (Cx) therapy.

No. of Live
Cells Per Mean (SD)
Capsule or No. of Age of
Therapy No./Agents Sachet Dosage Patients Patients, y
1. Cx alone — 50 mg/kg 5 4.5 (4.3)
per day
2. Cx + Saccharomyces boulardii 1% 10° 1 capsule.TID 6 6.8 (2.6)
3. Cx + Enterococcus species SF68 75 X 10° 1 capsule TID 7 3.4 (1.7)
4. Cx + lactulose — 2.0-3.3 g BID* 7 5.7 (2.6)
5. Cx + Lactobacillus casei 3 X 10° 2 sachets X 3 7 4.0 (2.3)
subspecies rhamnosus GG
6. Cx + Lactobacillus rhamnosus 1.1 X 10° 2 capsules TID 7 6.3 (3.9)
+ Lactobacillus bifidus 6 x 10°
+ Lactobacillus acidophilus 6 x 108
7. Cx + Bifidobacterium bifidum 1 X 10° 2 capsules TID 7 5.3 (2.9)
+ L acidophilus 1 % 10°
8. Cx + Streptococcus salivarius 2.04 x 10" 1 sachet/d 5 7.4 (3.2)
subspecies thermophilus
+ Bifidobacterium breve 93 x 10°
+ Bifidobacterium infantis 93 x 10°
+ Bifidobacterium longum 93 x 10°
+ L acidophilus ’ 2 x10°
+ Lactobacillus plantarum 2.2 X 108
+ L casei 2.2 X 108
+ Lactobacillus delbrueckei 2 x 108
subspecies bulgaricus
+ Streptococcus faecium 3 x 107

*Dose administered according to body weight: 2.0 g for patients weighing =20 kg and 3.3 g for those
weighing >20 kg.

Fecal samples were collected at admission to the hospital before antibiotic
administration and after ~5 days (mean * SD, 4.5 + 1.5 days), before discharge
from the pediatric ward. '

All children were examined again 7 days after discharge to determine wheth-
er the different therapies produced clinical variations, in particular, variations
in the number of stools per day. '

Microbiology

Microflora Determination .
Microbiologic and enzymatic studies were carried out on fecal samples using
standard methods.'?° Briefly, steol samples were collected after emission and
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immediately frozen and stored at —70°C until analysis and subsequent testing
for microbial composition. The following media were used: blood agar for total
aerobic and anaerobic count; Schaedler agar (for anaerobic total count);
kanamycin-vancomycin Schaedler agar (for Bacteroides); reinforced clostridial
agar (for Clostridia); Mitis Salivarius agar (for aerobic and anaerobic cocci);
tomato juice agar, Rogosa SL agar, and MRS agar (for bifidobacteria and lacto-
bacilli); bile esculine azide agar (for enterococci); mannitol salt agar (for staph-
ylococci); MacConkey agar and SS agar (for Enterobacteriaceae); Sabouraud
dextrose agar (for yeasts); and CCFA (for Clostridium difficile). After incubation
under aerobic conditions (room air, 37°C, 24 hours) and under anaerobic con-
ditions (85% nitrogen, 10% carbon dioxide, 5% hydrogen gas mixture, 37°C,
48-72 hours in an anaerobic chamber), different colony types were counted,
isolated, and identified by morphologic and biochemical analysis (API system:
20E, 50 CHL, rapid ID 32 A, Strep, Staph, ID32 C; bioMérieux, Marcy I'Etoile,
France). The lower limit of detection was 102 microorganisms per gram of feces.
Results were expressed as log;, of the number of colony-forming units per gram
of feces.

We used a semiquantitative micromethod to detect a range of microbial
enzyme activity in fecal samples. Enzyme activity was determined at the same
time as the microbiologic analysis—on the third dilution of each sample. Nine-
teen different common bacterial reactions were determined using the API-ZYM
system (API Products, bioMérieux).1%20

Antibiotic and B-Lactamase Determination
The presence of ceftriaxone and B-lactamases in the feces was determined
during the microbiologic and enzymatic analyses on the same sample. Antibi-
otic concentrations in feces were determined by the agar-well-diffusion micro-
biologic method using Providencia retigeri Sanelli (0.02% final concentration
from overnight culture) as the test microorganism in Isosensitest agar.?! Fecal
antibiotic concentrations were also measured to establish that patients had not
taken antibiotics before recruitment into the study.

Beta-lactamase activity in the supernatant of fecal samples was determined
spectrophotometrically at 490 nm using the nitrocefin test.?2

Statistical Analysis

The Kruskal-Wallis test was used to determine potential differences between
treatment groups at baseline. The Student t test for paired observations was
used for pretreatment versus posttreatment comparisons. Statistical signifi-
cance was set at P < 0.05.

RESULTS

Clinical Course
A total of 51 patients (25 female, 26 male, mean age 5.1 years) were enrolled in
the study. All patients showed a distinct improvement in their febrile respira-
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tory tract infections, with disappearance of fever, reduction of cough, and
substantial normalization of indicators of inflammation on blood tests. None of
the patients recruited dropped out during the study as a result of gastrointes-
tinal complications. No differences in intestinal complaints were observed
among the various groups of patients during probiotic treatment.

At the end of treatment, children receiving ceftriaxone alone had a signifi-
cantly higher number of stools per day (mean 3 + 1" bowel movements; bulky,
brown, and with normal odor) than those who received probiotic therapies
7 and 8 (mean 1 + 1 bowel movements; normal; P =< 0.01).

Microbiologic Findings

We observed substantial intersubject variability of fecal flora before therapy.
The Kruskal-Wallis test revealed a high, though not statistically significant
(P> 0.05) degree of variability among the various patient groups before treat-
ment. This high variability may be a function of the pathologic condition,
namely respiratory tract infections.

The different treatments induced a number of fairly homogeneous changes
for each treatment group (Table ID.

Treatment with ceftriaxone alone induced a significant reduction in the con-
centration of £ coli (P = 0.03) and a decrease in lactobacilli and bifidobacteria
counts (Figure 1A). The changes in the concentration of E coli and LAB were
paralleled by a nonsignificant increase in the number of Clostridia species (from
log 4.6 to log 6.0) (1 log). The Enterococcus faecium 1 and E faecium 2 counts also
increased significantly (P = 0.05) compared with pretreatment levels.

The effects of ceftriaxone on the composition of microflora were associated
with a reduction in the activities of fermentative enzymes such as B-galactosidase
and B-glucosidase. In turn, there was a trend, though not statistically signifi-
cant, toward increased B-glucuronidase activity (2 of 5 patients became posi-
tive). Overall, these findings were indicative of a state of dysbiosis.!"?

In the groups of patients who received probiotic/prebiotic therapy (thera-
pies 2-8), the most relevant microbiologic effect was a reduction in the high
number of specific Clostridia species induced by ceftriaxone (C perfringens,
C paraputrificurn, C ramosum, C innocuum, C clostridioforme, C bifermentans),
with a return to baseline levels; after treatment, C clostridioforme, C fallax, and
C perfringens were the most frequently isolated species. However, none of the
probiotic/prebiotic preparations tested in this study modified the inhibition of
E coli caused by ceftriaxone (Table II and Figure 1).

The mixture of probiotic lactobacilli and bifidobacteria at high concentra-
tions (therapy 8) had the most significant impact on the changes in microflora
composition caused by ceftriaxone treatment. Therapy 8 induced a marked
increase in enterococci mean count; lactobacilli and bifidobacteria count
showed a 2 log increase, as did the anaerobic cocci count. Aerobic and anaero-
bic total counts also increased, mainly reflecting a general increase in gram-
positive components (Figure 1B). Specifically, the recorded increases were rep-
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Figure 1A. Changes in fecal microflora composition in children treated with different pro-
biotics. Results are expressed as the difference in mean log,, count values after treatment
versus mean count before treatment (A). Therapy 1: ceftriaxone alone; therapy 2: ceftriax-
one + Saccharomyces boulardii; therapy 3: ceftriaxone + Enterococcus species; therapy 4:
ceftriaxone + lactulose.

resented mainly by E faecium 1, Lactobacillus plantarum, Lactobacillus pentosus,
Lactococcus lactis subpecies lactis 1, and Bifidobacterium species. We encoun-
tered discrepancies and had difficulty identifying Lacfobacillus and Bifidobacte-
rium at the species level using the API system.

The effects of other probiotic preparations containing lactobacilli and bifi-
dobacteria (therapies 5 and 6) were less marked than those obtained with
therapy 8. Microflora imbalance caused by ceftriaxone was partially corrected
in most of the patients who received therapy 5 or 6 (Figure 1B). There was a
trend toward an increase in the number of lactobacilli and bifidobacteria, with-
out reversal of the changes caused by ceftriaxone.

The combination of lactulose and ceftriaxone (therapy 4) induced a general
decrease in mean count of all the bacterial species studied and a significant

424



G. Zoppi et al.

Therapy 5

HE = _ _ . _ m=m

A

| I T O |

Therapy 6

1_L__-_-M

Therapy 7

A

T S T |

A

e mm e

:

Therapy 8

A
Shbonna bhbonvsa bhbonvsa bhbonara

{ W Y N ¢

Escherichia Enterococci Yeasts Anaerobic  Clostridia Lactobacillus Lactobacilli Anaerobic
coli total count acidophilus and cocci
Bifidobacteria

Figure 1B. Changes in fecal microflora composition in children treated with different pro-
biotics. Results are expressed as the difference in mean log,, count values after treatment
versus mean count before treatment (A). Therapy 5: ceftriaxone + Lactobacillus casei sub-
species rhamnosus GG; therapy 6: ceftriaxone + Lactobacillus rhamnosus + Lactobacillus
bifidus + Lactobacillus acidophilus; therapy 7: ceftriaxone + Bifidobacterium bifidum + L aci-
dophilus; therapy 8: ceftriaxone + Streptococcus salivarius subspecies thermophilus + Bifido-
bacterium breve + Bifidobacterium infantis + Bifidobacterium longum + L acidophilus + Lacto-
bacillus plantarum + L casei + Lactobacillus delbrueckei subspecies bulgaricus + Streptococcus
faecium. '

(P = 0.03) selective decrease in pH, thus enhancing the strong inhibitory effect
of the antibiotic. A significant decrease (P = 0.02) in stool pH was observed with
the B bifidum plus L acidophilus preparation (therapy 7), as well as with the
preparations containing a high concentration of LAB (therapy 8) (P = 0.04) and
lactulose (therapy 4) (P = 0.02).

In the group of patients treated with S boulardii, the intestinal ecosystem was
essentially unchanged, except for an increase in fungi (Figure 14); this finding
was not surprising since S boulardii is itself a yeast. The probiotic preparation
containing Enterococcus species SF68 type LAB (therapy 3) did not correct the
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Figure 2. Enzymatic activities of p-galactosidase, B-glucosidase, and B-glucuronidase before
and after administration of therapies 1 through 8. Therapy 1 = ceftriaxone alone; therapy 2
— ceftriaxone + Saccharomyces boulardii; therapy 3 = ceftriaxone + Enterococcus species;
therapy 4 = ceftriaxone + lactulose; therapy 5 = ceftriaxone + Lactobacillus casei subspecies
rhamnosus GG; therapy 6 = ceftriaxone + Lactobacillus rhamnosus + Lactobacillus bifidus +
Lactobacillus acidophilus; therapy 7 = ceftriaxone + Bifidobacterium bifidum + Lactobacillus
acidophilus; therapy 8 = ceftriaxone + Streptococcus salivarius subspecies thermophilus +
Bifidobacterium breve + Bifidobacterium infantis + Bifidobacterium longum + L acidophilus +
Lactobacillus plantarum + L casei + Lactobacillus delbrueckei subspecies bulgaricus + Strepto-
coccus faecium.

dysbiosis induced by administration of ceftriaxone, even though the Enterococ-
cus administered was able to compete with and replace the other Enterococcus
species and colonize the gastrointestinal tract. The same biotype (API codes
5157511 and 5357511) was isolated and identified in fecal samples and in the
commercial preparation. ' ) o
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Appreciable changes were also observed in fecal enzymatic activity after
treatment. All of the probiotic/prebiotic preparations in our experimental con-
ditions induced a decrease in B-galactosidase and B-glucosidase activity and an
increase in esterase activities (ie, esterase-lipase activity and leucine and valine
arylamidase activity; data not shown). All the probiotic preparations, with the
exception of S boulardii, also induced a decrease in B-glucuronidase activity and
in the number of patients with B-glucuronidase activity (Figure 2). No signifi-
cant difference was observed between different probiotic/prebiotic regimens
in the effects on fecal enzymatic activity, with 1 exception: the increase in
B-glucuronidase activity induced by S boulardii plus ceftriaxone was substan-
tially greater than that induced by ceftriaxone alone or other probiotic treatments.

Beta-Lactamase and Ceftriaxone Levels in Feces .

Fecal B-lactamases increased after antimicrobial therapy in all groups studied
(Table IID. In the group of children treated with ceftriaxone alone (therapy 1),
B-lactamase activity was detectable in 3 of 5 (60%) patients after a short period
of therapy (compared with no activity before treatment). In the groups treated
with therapies 3, 4, 6, 7, and 8, B-lactamase activity was found in 1 or 2 more
children after treatment compared with before treatment. In groups that re-
ceived therapy 2 (S boulardii) and therapy 5 (L casei subspecies rhamnosus GG),
B-lactamase activity was detected in 83% (5/6) and 85% (6/7) of children, re-
spectively. The administration of the newer probiotics (therapies 7 and 8) in
combination with ceftriaxone appears to maintain a low percentage of positive
samples (30%-40%).

Ceftriaxone concentrations in feces were detectable in 36% of samples. This
frequency is probably due to the pharmacokinetic characteristics of ceftriax-
one, such as its enterohepatic circulation, and to microbial inactivation.
Samples with detectable fecal concentrations of the antibiotic tested negative
for B-lactamases in the majority of children.

DISCUSSION

The aim of this study was to compare simultaneously the effects of different
probiotics on the intestinal ecosystem during antimicrobial therapy. We pre-
sent these data as preliminary results obtained in a relatively small number of
children for each treatment. However, the relatively small and homogenous
population is the consequence of the restrictive exclusion criteria, including
the short period of investigation (winter of 1997-1998), the common pathologic
condition (respiratory tract infections), and the defined antimicrobial treat-
ment (ceftriaxone).

Ceftriaxone is known to cause an appreciable degree of dysbiosis in the
intestinal ecosystem.?® In our study, treatment with ceftriaxone alone had a
significant impact on the number of stools per day in infants compared with
ceftriaxone treatment in combination with probiotics containing mixtures of
Bifidobacterium and Lactobacillus species.
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Our results suggest that the probiotic/prebiotic agents studied are quite
different in the degree of protection they afford from the intestinal microbial
imbalance caused by ceftriaxone, even though all of them reversed the
ceftriaxone-induced increase in the number of Clostridia species.

The probiotic preparations that appear to have the most positive effects on
the intestinal ecosystem (particularly via a marked, though statistically non-
significant increase in lactobacilli and bifidobacteria) are the mixture contain-
ing B bifidum and L acidophilus (therapy 7) and the preparation containing
360 billion live LAB cells (therapy 8). The L rhamnosus + L bifidus + L acidophilus
preparation (therapy 6) induced an increase in microaerophilic lactobacilli,
whereas the preparation containing L casei subspecies rhamnosus GG (therapy
5) produced no significant effect in preventing dysbiosis during ceftriaxone -
therapy. These data seem to indicate that organisms physiologically present in
the gastrointestinal tract of healthy children and very high concentrations of
probiotic (20 billion to 360 billion per day) are necessary to restore the balance
of the intestinal ecosystem during antibiotic therapy. The changes in the intes-
tinal ecosystem induced by high concentrations of probiotic are, however,
relatively limited compared with the results obtained with lower-dose prepa-
rations. This may be due to the greater susceptibility of these bacteria to
ceftriaxone, that is, the probability of obtaining a modification of intestinal
microflora may be strongly increased when preparations containing a substan-
tial number of bacteria belonging to several different species and strains are
used for probiotic therapy. This hypothesis is further supported (though indi-
rectly) by the results obtained with probiotics that do not contain LAB. The
preparations containing only .S boulardii or Enterococcus had no relevant effect
on the dysbiosis caused by ceftriaxone.

All the probiotics studied induced a marked general decrease in stool pH
(=0.5). This finding can be interpreted as a positive effect, since an acid envi-
ronment in the intestinal ecosystem inhibits the growth of proteolytic bacteria,
which are generally harmful. Lactulose, which is considered a bifidogenic fac-
tor,?* appears to stimulate production of organic acids by the intestinal micro-
flora, resulting in a decrease in intestinal pH.?

The levels of some enzyme activities in children with respiratory tract infec-
tions seem to be altered compared with those recorded in healthy children of
similar age.?®

In this study, we found that probiotics induced partial normalization of a
number of fermentative activities, according to their specific composition. The
decrease in some enzyme activities, such as -galactosidase activity, after pro-
biotic administration represents a return to normal levels (mean value
0.8 nmol/g feces),?® whereas other activities (eg, leucine arylamidase) remained
altered. Beta-glucuronidase activity, for example, reverted to baseline
levels during the administration of therapies 5, 6, and 7. The reduction in
B-glucosidase and B-glucuronidase activities is a characteristic effect of LAB
probiotics that has been described in various studies in vivo!®2%27 and in
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vitro?®. Indeed, only a few strains of Lactobacillus and Bifidobacteria were able
to induce such modifications.?® In contrast, the administration of S boulardii
caused an increase in B-glucuronidase activity. A number of biochemical ac-
tivities, including B-glucosidase and B-glucuronidase activity, are related to
cancer risk and to the types of bacteria present in the intestinal microflora.3°

An additional relevant finding of our work was the unexpected and never
previously described ability of probiotics to limit the activity of B-lactamases in
children treated with B-lactam antibiotics. The B-lactamases produced by in-
testinal bacteria can increase after the administration of B-lactam antibiotics,3!
thereby increasing the risk of bacterial resistance and transfer of resistance to
other intestinal bacteria. This effect appears to differ according to the probiotic

administered and appears to be peculiar to certain bacterial species, such as

L acidophilus and B bifidum, which were used in preparations 7 and 8.

Probiotics may have a beneficial effect on human health because of their
ability to modify the composition and metabolic capability of the intestinal
ecosystem, limit the adverse effects caused by drugs, and possibly reduce the
transfer of bacterial resistance, However, the risk of causing infection is intrin-
sic to their use. Although a number of species of lactobacilli have been asso-
ciated with endocarditis and localized infections,***® mainly in special popula-
tions, this incidence is very low, particularly in relation to their widespread use.
LAB are therefore considered relatively safe.?**¢ Saccharomyces species, ad-
ministered as live microorganisms, can induce fungemia in some patients.37-38

The E faecium preparation significantly increases the mean anaerobic cocci
count, thereby worsening the dysbiosis caused by ceftriaxone. Enterococcus
appears to share the main characteristics of LAB, but also comprises patho-
genic species. Enterococci show an extensive range of resistance to various
antibiotics, including B-lactams, lincosamides, and polymyzxins; the evolution of
virulence has been documented.323 These considerations suggest caution in
the use of enterococci as probiotics.

CONCLUSIONS

Despite the small number of patients in each treatment group, the results of
this study suggest that newer probiotic preparations containing lactobacilli and
bifidobacteria species, which are more similar to the organisms present in the
gastrointestinal tract of healthy children, are better tolerated and more effec-
tive in preventing dysbiosis than the other agents studied.

Dysbiosis in children recorded after 4 or 5 days of drug treatment is partly
remedied by the administration of probiotics. It is probable, however, that
therapy with effective probiotics should be maintained for several days after
discontinuation of ceftriaxone therapy to restore the eubiosis of the intestinal
ecosystem.

Further studies with larger patient populations are necessary to assess the
net effects of different probiotic preparations on the dysbiosis associated with
antimicrobial therapy.
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