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Aurélie Cravoisy
Lionel Nace
François Alla
Pierre-Edouard Bollaert
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Abstract Purpose: Probiotics
have been shown to be able to restore
a non-pathogenic digestive flora, to
prevent digestive colonization by
pathogenic bacteria, and to modulate
immunity. The aim of this study was
to assess the effects of prophylactic
probiotic administration in patients
ventilated for up to 2 days. Meth-
ods: This study was performed as a
double-blind, concealed randomized,
placebo-controlled trial in a French
medical intensive care unit (ICU).
Adult patients mechanically venti-
lated for a period of more than 48 h
received enterally administered pro-
biotics (Ergyphilus�, 2 9 1010 lactic
acid bacteria, mostly Lactobacillus
rhamnosus GG, once a day) or
placebo until successful weaning.
Results: A total of 167 patients
were included. The two groups were
comparable at baseline. The 28-day
mortality rates were not different in
the probiotic (25.3%) and placebo
groups (23.7%). Mortality rates in

ICU and at 90 days were also
unaffected by the treatment. The
incidence of ICU-acquired infections
did not differ significantly except for
that of catheter-related bloodstream
infections that was lowered by pro-
biotics. On a prespecified subgroup
analysis, we found a reduction of the
28-day mortality among severe sepsis
patients (total n = 101) treated with
probiotics (n = 52) with an odds ratio
(OR) for death at 0.38 (95% CI 0.16–
0.93, p = 0.035). By contrast,
probiotics were associated with a
higher mortality rate in non-severe
sepsis patients (OR 3.09, 95% CI
0.87–11.01, p = 0.08). Conclu-
sions: Although numerous
uncertainties remain (type and the
number of strains to use, delay and
length of administration), and despite
an acceptable safety profile, the daily
prophylactic administration of
probiotics cannot be encouraged in
the critically ill patient.
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Introduction

Healthcare-associated infections (HAI) constitute a
major focus of public health because of their conse-
quences in terms of mortality, morbidity, and financial
costs. Owing to multiple pathophysiological factors,

such as immune dysfunction or digestive barrier dys-
function, the critically ill patient is indeed particularly
prone to HAI, often after an early colonization of the
digestive tube by resistant bacteria [1]. Among these
infections, ventilator-associated pneumonia (VAP), with
an incidence around 15% and an attributable mortality
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reaching 50% in some studies, is a daily problem for
intensivists [2].

Prevention of colonization by resistant bacteria is one of
the numerous approaches to fight HAI. Strategies based on
the prophylactic prescription of antibiotics (as selective
digestive decontamination) could be proposed in this
context. However, in this era of growing bacterial resis-
tances, and of relative exhaustion of the antibiotic pipeline,
emergence of new ‘‘non-antibiotics’’ strategies such as
administration of probiotics could be interesting [3, 4].

First observations made by Elie Metchnikoff one
century ago of the greater longevity of Bulgarian peasants
submitted to a diet including yoghurts containing some
lactic acid bacterias (LABs) have constituted the foun-
dations of the concept of probiotics, reintroduced
60 years later by Lilly and Stillwell [5]. Probiotics are
defined by the World Health Organization and the Food
and Agriculture Organization as ‘‘viable microorganisms
that, when ingested in a sufficient amount, can be bene-
ficial for health’’ [6]. They are now available in different
forms to the public and are the subject of a flourishing
trade in western countries.

On the basis of growing and convincing experimental
evidence the use of probiotics has extended to a wide
variety of inflammatory digestive or extra-digestive dis-
eases. Probiotics, by restoring non-pathogenic digestive
flora, preventing digestive colonization by pathogenic
bacteria, modulating local and general immunity, and
decreasing intestinal hyperpermeability [7], could be prove
beneficial in the critically ill patient, though the experience
of using these products in the ICU is still limited. To date
only nine studies evaluated the effects of probiotics
administration in the critically ill patient and conclusions
are difficult to draw because of the heterogeneity of the
clinical situations and of the strains used [8]. Furthermore,
none of these studies had mortality as a primary endpoint.

We therefore conducted a prospective trial to evaluate
the effects of probiotics on the outcome of mechanically
ventilated critically ill patients.

The results of this study were partly presented at the
national congress of the Société de Réanimation de
Langue Française in January 2009.

Patients and methods

Study design

This was a randomized, double-blind, placebo-controlled
trial of prophylactic probiotics administration in patients
mechanically ventilated for up to 2 days. This study was
sponsored by the University Hospital of Nancy and is
registered on clinicaltrial.gov (identifier NCT00122408).
The protocol was approved by local institutional review
board and by the Comité de Protection des Personnes Est

III. Primary endpoint was 28-day mortality. Secondary
endpoints were mortality at day 90, reversal of organ
failure, occurrence of ICU-acquired infections and colo-
nization by day 28, and ICU length of stay.

Studied population

All intubated adult patients under mechanical ventilation
for a predicted period of at least 2 days were eligible.

Exclusion criteria were (1) a predicted duration of
mechanical ventilation less than 2 days, (2) age less than
18 years, (3) pregnancy, (4) immunosuppression (AIDS,
malignant hemopathy, neutrophil count less than 500 per
mm3, cytostatic chemotherapy during past 3 months
before ICU admission), (5) short bowel disease (a situa-
tion known to be a risk factor for development of LAB-
associated infections), and (5) inclusion in another trial.
Patients re-admitted to the ICU and previously included in
this study could not be randomized again.

Patients were enrolled as soon as possible following
their admission and/or intubation after the obtainment of
written informed consent (from patient, relative, or legal
representative).

Procedures

After inclusion, eligible patients were randomly assigned
by the pharmacist in a 1:1 ratio to the probiotics or the
placebo group by using a concealed randomization table
provided by the Service d’épidémiologie et d’évaluation
cliniques. A block size of 4 was used without further
stratification. Treatment consisted of the administration of
either 5 Ergyphilus� (Nutergia, Capdenac, France) or pla-
cebo capsules once a day. Ergyphilus� capsules consisted
in a multispecies probiotic preparation containing 2 9 1010

of revivable bacteria (mainly Lactobacillus rhamnosus GG,
but also Lactobacillus casei, Lactobacillus acidophilus,
and Bifidobacterium bifidum) whereas placebo capsules
only contained the excipient. Both preparations were
identical in appearance, weight, odor, taste, consistency,
and packaging. Treatments were diluted in 20 mL of water
and administered daily by the nurse through the enteral
feeding tube for the entire period of mechanical ventilation
(but for a duration not exceeding 28 days). After weaning
from the ventilator, treatment was given for two additional
days and then stopped in the case of successful extubation,
or continued in the case of extubation failure. All patients
received enteral nutrition (Fresubin�, Fresenius Kabi,
Homburg, Germany) within 24 h of admission starting at
10 kcal/kg and then progressively rising to 30–35 kcal/kg
through nasogastric tube.

Usual demographic, clinical, and biological data, as
well as the occurrence of adverse events were collected.
ICU-acquired infections (bloodstream and catheter-
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related infections, ventilator-associated pneumonia, uri-
nary tract infection) [9] were prospectively recorded by
the physicians in charge of the patient. Specifically VAP
was defined by the presence of (a) a new and persistent
infiltrate on chest radiograph associated with at least one
of the following: purulent tracheal secretions, temperature
38.3�C or higher, and a leukocyte count of 10,000 lL-1

or higher; and (b) positive quantitative cultures of distal
pulmonary secretions obtained from bronchoalveolar
lavage (significant threshold more than 104 colony-
forming units/mL). Catheter-related bloodstream infec-
tion (CR-BSI) was defined as a positive peripheral blood
culture, regardless of the microorganism, associated with
a positive catheter-tip culture growing the same micro-
organism as in the blood. Nasal and rectal colonization
with multi-drug resistant (MDR) bacteria were also
recorded, as well as diarrhoea episodes defined by the
occurrence of at least 3 liquid stools/day [10].

Statistical analysis

We calculated that 740 patients would be required in
order to demonstrate a treatment effect on 28-day mor-
tality (from 25 to 20%), with a 90% power at a risk of
0.05. A blinded interim analysis was planned after ran-
domization of 200 patients. Because of the worrying
conclusions of the Besselink’ study [11] an unplanned
interim analysis was performed after the inclusion of the
first 167 patients to verify the absence of serious adverse
events or abnormally high death rates. An independent
data and safety monitoring committee evaluated
this unplanned interim analysis. An O’Brien–Fleming
approach was used for sequential stopping rules for safety
and efficacy according to the Lan–DeMets method [12].
After the analysis, the data and safety monitoring com-
mittee recommended that the study be stopped for futility
as the corrected lower boundary was crossed: it was
calculated that more than 4,000 patients per group would
be necessary to objectively establish a treatment effect.

All data analyses were done in accordance with a pre-
established analysis plan. The incidence of the primary
endpoint (28-day mortality) and secondary endpoints
were compared between the groups and results are pre-
sented as relative risk with 95% CI. The Kolmogorov–
Smirnov test was used to assess whether continuous data
were normally distributed. For continuous variables, dif-
ferences between groups were tested with Student’s t test
for normally distributed data or Mann–Whitney U test for
non-normally distributed data. Kaplan–Meier curves with
log-rank tests were generated. All analyses were done on
the basis of the intention-to-treat principle. Pre-specified
subgroup analyses [severe sepsis and septic shock patients
(this subgroup is henceforth referred to as severe sepsis
patients) [13], and delay to treatment less than 48 h after
admission] were performed by using logistic regression

models to do a formal test for interaction to assess whe-
ther treatment effects differed significantly between these
subgroups. A two-sided p value less than 0.05 was
deemed statistically significant. All statistical analyses
were done with SAS software (version 12).

Results

Characteristics of the patients

Eligibility was determined for a total of 845 ICU
admissions between February 2006 and March 2008.
Among eligible patients, 167 were enrolled (Fig. 1). Non-
eligible patients had a short ICU stay, and were most
often admitted because of metabolic disorders, or suicide
attempts.

There were no differences in baseline characteristics
between patients in the placebo group and those in the
probiotic group (Table 1).

Probiotic or placebo treatment was administered
within 2.42 ± 1.84 days after ICU admission and
according to the protocol on 88.75 and 89.70% of all the
study’s days, respectively (p = not significant, n.s.).
Protocol violation was most often due to an omission of
the nurse in charge of the patient.

Intention to treat and per protocol analyses yielded
similar results and thus only the former is shown here.

Fig. 1 Study overview
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Primary and secondary endpoints

Treatment effects on primary and secondary endpoints are
depicted on Table 2.

Overall, 28-day crude mortality rate was 24.5%.
Mortality rate at day 28 was 25.3% in the probiotic group,
not significantly different from that observed in the pla-
cebo group (23.7%, p = 0.80). On a random effect
logistic regression model adjusted for age, sex, the sim-
plified acute physiology score II (SAPSII), McCabe [14],
and sequential organ failure assessment (SOFA) scores at
admission, the odds ratio (OR) for death during the first
28 days for the probiotic group as compared to the pla-
cebo group was 0.89 (95% CI 0.45–1.75, p = 0.73).
There was no effect of treatment on the 90-day mortality
rate (31.0 vs. 30.0% for probiotic and placebo groups,
respectively, p = 0.90). A Kaplan–Meier survival curve
(Fig. 2) confirmed this absence of treatment effect (log-
rank test, p = 0.91).

There was no effect of probiotics administration on
ICU and hospital lengths of stay or organ failure resolu-
tion (Table 2).

From a microbiological standpoint, an unexpected
decline of catheter-related bloodstream infections (CR-
BSI) was noticed in the probiotic group (1.84 vs. 6.78%

catheter-days in the probiotic and placebo groups,
respectively, p = 0.005). No significant alteration was
conferred by probiotics on urinary tract infections, ven-
tilator-associated pneumonia, or on a composite
infectious criteria (combination of all ICU-acquired
infections) (Table 2). When only looking at infections
occurring after 96 h of ICU stay, results were similar
(Table 2). A logistic regression model confirmed these
findings (Fig. 3) with an OR for ICU-acquired infections
of 0.87 (95% CI 0.46–1.65, p = 0.68). Furthermore,
probiotic treatment did not decrease multi-drug resistant
bacteria nasal (n = 4 vs. 4 patients) and/or rectal colo-
nization (n = 11 vs. 12 patients), and did not reduce
antibiotic consumption (Table 2).

Subgroup analysis: severe sepsis patients

On a predefined subgroup analysis (Tables 1 and 2 in the
‘‘Electronic supplementary material’’), we found a 28-day
mortality reduction among severe sepsis patients (total
n = 101) treated with probiotics (n = 52) with an OR for
death at 0.38 (95% CI 0.16–0.93, p = 0.035, Fig. 3). At
90 days, mortality rates in probiotic and placebo groups
were 25 and 41%, respectively, and hazard ratio for 90-day

Table 1 Baseline
characteristics Total

(n = 167)
Probiotics
(n = 87)

Placebo
(n = 80)

Age (years) 60.7 ± 15.8 59.1 ± 15.9 61.8 ± 15.5
Sex (male), n 68 (41) 33 (38) 35 (44)
McCabe score 0.46 ± 0.53 0.43 ± 0.56 0.48 ± 0.50
BMI (kg/m2) 27.7 ± 7.6 27.7 ± 7.6 27.6 ± 7.6
SAPS II 59.8 ± 18.5 58.6 ± 17.3 60.5 ± 19.6
SOFA score at admission 9.3 ± 4.6 9.0 ± 4.6 9.7 ± 4.8
Reason for admission, n
Shock 77 (46) 39 (45) 38 (47.5)
Acute respiratory failure 58 (35) 28 (32) 30 (37.5)
Coma 6 (3.5) 4 (4.5) 2 (2.5)
Other 26 (15.5) 16 (18.5) 10 (12.5)

Delay from admission to treatment (days) 2.4 ± 1.8 2.5 ± 1.8 2.3 ± 1.8
Infections and sources, n
Bacteremia 19 (11.4) 9 (10.4) 10 (12.5)
Lung 76 (45.5) 38 (43.7) 38 (47.5)
Urinary tract infection 10 (6) 4 (4.6) 6 (7.5)
Abdomen 4 (2.4) 2 (2.3) 2 (2.5)
Skin and soft tissue 6 (3.6) 3 (3.4) 3 (3.7)
Meningitis 6 (3.6) 4 (4.6) 2 (2.5)
Other 12 (7.2) 7 (8.0) 5 (6.2)
Unknown 7 (4.2) 4 (4.6) 3 (3.7)
Non-infected 27 (16.2) 16 (18.4) 11 (13.8)

Antibiotic treatment
Before inclusion, n 57 (34) 27 (31) 31 (39)

Duration before inclusion (days) 4.0 ± 4.3 4.6 ± 5.4 3.4 ± 2.9
At inclusion, n 140 (84) 71 (82) 69 (86)
Biomarkers
C reactive protein (mg/L) 166 ± 124 168 ± 121 165 ± 128
Procalcitonin (ng/mL) 12.4 ± 13.1 11.0 ± 10.9 13.2 ± 15.3

Data are n (%) or mean ± SD
BMI body mass index, SOFA sepsis-related organ failure assessment
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deaths was 0.52 (95% CI 0.26–1.04). These trends were
confirmed by the Kaplan–Meier survival curve (Fig. 4).

By contrast, among the severe sepsis patients, probi-
otics administration showed no effect on ICU-acquired
infections incidence or ICU and hospital lengths of stay.

Subgroup analysis: non-severe sepsis patients

When looking at the non-severe sepsis subgroup, patients
who received probiotics had a higher mortality at 28 and

90 days than placebo-treated patients (Supplementary
Table 2). This fact was confirmed by a survival analysis
(Supplementary Figure): the hazard ratio for 90-day death
was 3.40 (95% CI 1.18–7.64, p = 0.02).

Early treatment administration (within the 2 first days
after ICU admission) was not superior to delayed admin-
istration on primary and secondary outcomes (Fig. 3).

Safety analysis

There were no side effects, severe or not, observed during
the study period. Specifically, there were no bacteremias
due to LAB and no bowel ischemia.

Discussion

Critically ill patients are at very high risk of developing
HAI that may lead to multiple organ failure and impair
prognosis. Several experimental and clinical studies sug-
gest that an inexpensive and easy to use treatment, namely
enteral probiotics administration, could be effective in the
ICU by improving immune competency, reducing oro-
pharyngeal bacterial colonization, and even nosocomial
infections [1–4].
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Fig. 2 Kaplan–Meier analysis for mortality in the first 90 days
after ICU admission

Table 2 Primary and
secondary endpoints Total

(n = 167)
Probiotics
(n = 87)

Placebo
(n = 80)

Mortality
In the ICU 42 (25.1) 21 (24.1) 21 (26.2)
At 28 days 41 (24.5) 22 (25.3) 19 (23.7)
At 90 days 51 (30.5) 27 (31.0) 24 (30.0)

Infections
CR-BSI (n/1,000 days catheter) 4.20 1.84§ 6.70
CR-BSI, na (%) 14 (8.3) 3 (3.4)§ 11 (13.7)
CR-BSI after 96 h ICU stay, na (%) 14 (8.3) 3 (3.4)§ 11 (13.7)
UTI, na (%) 8 (4.8) 4 (4.6) 4 [5]
UTI after 96 h ICU stay, na (%) 8 (4.8) 4 (4.6) 4 [5]
VAP (n/1,000 days mechanical ventilation) 18.8 23.0 14.6
VAP, na (%) 38 (22.7) 23 (26.4) 15 (18.7)
VAP after 96 h ICU stay, na (%) 33 (19.7) 19 (21.8) 14 (17.5)
All ICU-acquired infections, na (%) 60 (35.9) 30 (34.4) 30 (37.5)
ICU-acquired infections after 96 h ICU stay, na (%) 55 (32.9) 26 (29.8) 29 (36.2)
28-day antibiotic-free days 16.4 ± 8.3 16.4 ± 7.1 17.1 ± 7.4

Diarrhea (n patients) 90 (53.4) 48 (55.2) 42 (52.5)
Length of stay (n days)
In ICU 19.6 ± 16.9 18.7 ± 12.4 20.2 ± 20.8
In hospital 28.0 ± 26.7 26.6 ± 22.3 28.9 ± 26.4

Resolution of organ failure at 28 days
Mechanical ventilation-free days 15.3 ± 8.1 14.9 ± 7.9 15.7 ± 8.3
Catecholamine-free days 24.8 ± 4.3 24.9 ± 4.3 24.7 ± 4.3
Renal replacement therapy-free days 25.7 ± 5.1 25.6 ± 5.0 26.9 ± 5.1
Neuromyopathy 28 (17) 14 (16) 14 (17.5)

Data are n (%) or mean ± SD
CR-BSI catheter-related bloodstream infections, UTI urinary tract infections, VAP ventilator-associ-
ated pneumonia
a n refers to the number of patients
§ p = 0.005
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To our knowledge, this is the first randomized, con-
trolled trial in ICU patients that investigates the effects of
probiotics administration with 28-day mortality as a pri-
mary endpoint.

The main result of this study is that the administration of
probiotics has no impact on mortality among patients
mechanically ventilated for more than 2 days. This result
seems in accordance with previous reports by Jain,
McNaught, and Kotzampassi [15–17], respectively, per-
formed in 90, 103, and 65 surgical ICU patients, who found

no effect of probiotics on mortality, evaluated as a sec-
ondary endpoint. On a pre-planned subgroup analysis, we
observed a significant mortality reduction among the septic
patients treated with probiotics (OR 0.38 [95% CI 0.16–
0.93], p = 0.035). Although this finding may be explained
by the action of probiotics on immunity (immune stimu-
lation), there was no effect on the incidence of ICU-
acquired infections in this subgroup. Another explanation
may come from the fact that septic patients were sicker than
non-septic ones and a treatment effect may have been only
apparent in the more severe patients. Nevertheless, our data
must be viewed as hypothesis-generating findings and
should be confirmed by additional specific studies. By
contrast, when probiotic treatment was administered to
non-severe sepsis patients, it was associated with a higher
risk of death. This finding can simply be explained by the
unexpectedly low mortality of placebo-treated patients
(13% at day 90) despite the fact that 30% of them suffered
from a shock and presented with a high SOFA score
(8.0 ± 4.5). But we cannot exclude a real deleterious effect
of probiotics on these less critically ill patients than those
included in the severe sepsis subgroup, although neither
was linked to superinfections or LAB bacteraemia. Indeed,
it has recently been shown that deleterious effects of pro-
biotics are only expected to appear among the more severe
patients, though we observed the opposite here [18].

Outcomes and subgroups

Death (all causes)

Nosocomial infections

Odds ratio and 95% CI

1

retteb obecalPrettebscitoiborP

all patients (n = 187)

delay to treatment < 48 h (n = 108)

severe sepsis (n = 87)

non severe sepsis (n = 80)

delay to treatment > 48 h (n = 79)

all patients (n = 187)

delay to treatment < 48 h (n = 108)

delay to treatment > 48 h (n = 79)

severe sepsis (n = 87)

non severe sepsis  (n = 80)

p = 0,063

p = 0,001

p = 0,277

p = 0,563

Fig. 3 Predefined subgroups analyses for 28-day mortality and ICU-acquired infections
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Fig. 4 Kaplan–Meier analysis for mortality in the first 90 days
after ICU admission among the severe sepsis patients
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Although we have no obvious explanation to reconcile
these different findings, we can just make the hypothesis
that probiotics administration should have induced an
inappropriate innate immune activation in the less severe
group of patients.

A second important result of the current study is that
probiotics were not associated with deleterious side effects,
such as those reported by Besselink et al. [11], e.g., bowel
ischemia and death. Although reassuring, it must be
underlined that only one patient with acute pancreatitis was
included in our trial (probiotic group: uncomplicated evo-
lution): therefore, these two studies are not comparable in
terms of case-mix. Other differences between the current
study and the Besselink’s one do exist: (1) probiotics strains
differed, and (2) our patients received enteral nutrition in
the stomach and not in their jejunum.

Regarding the secondary endpoint ‘‘ICU-acquired
infections’’, we observed that probiotics prophylaxis was
associated with a decreased incidence of catheter-related
bloodstream infection (from 6.78 to 1.84% catheter-
days), though the incidence of other types of nosocomial
infections, and especially ventilator-associated pneumo-
nia, was not reduced. This surprising finding must be
tempered by the fact that CR-BSI incidence was unex-
pectedly high in the control group; therefore, it may be
that probiotics have no effect when dealing with lower
CR-BSI incidences. Data on the probiotics effects on the
incidence of HAI are conflicting. Although Kotzampassi
et al., and Spindler-Vesel et al. (113 trauma patients)
observed a 25% decrease of HAI and VAP in probiotics-
treated patients [17, 19], our findings seem to be in
agreement with those of Forestier et al. (medical ICU
patients) [20] and Besselink et al. [11], who were unable
to observe any reduction of nosocomial infections.

One of the alleged mechanisms of action of probiotics
is the prevention of bacterial digestive and extra-digestive
colonization: here we did not find any effect of probiotics
in terms of colonization rates (rectal and nasal) or timing
of colonization with MDR bacteria.

Probiotics are now considered as dietary supplements in
western countries, and their marketing, if not completely

unregulated, is not submitted to the same regulation and
safety monitoring as medical drugs. Side effects such as
bloodstream infections, endocarditis, abscess, and even
pneumonia due to probiotic LAB, have thereby been
progressively described in the literature, mostly in immuno-
suppressed or short bowel disease-affected patients [1–4].
Here we did not observe any serious adverse event linked to
probiotics administration despite the fact that a certain
degree of ‘immune paralysis’ must have been present in our
patients (many of them suffering from septic shock).

The principal limitation of this study stems from the fact
that it has been prematurely stopped. Indeed, we planned an
interim analysis after the first 200 patients were included.
Before we reached this milestone, the study from Besselink
et al. [11] was released showing elevated death rates in the
probiotic group. For safety’s sake, we thus decided to
perform the interim analysis shortly after publication of the
aforementioned article. As no global trend, even minor,
emerged at this stage, increasing the population size will
probably not be able to bring further information.

Conclusion

We were unable to observe protective effects of the use of
probiotics in critically ill patients ventilated for up to
2 days. Although numerous uncertainties remain (type
and the number of strains to be used, delay and length of
administration), and despite an acceptable safety profile,
especially the absence of associated bowel ischemia, the
daily prophylactic administration of probiotics cannot be
encouraged in the critically ill patient, notably in non-
severe sepsis patients.
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