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Purpose of review

In this era of increasing antimicrobial resistance, use of probiotics in infection

prevention has brought new perspective. However, in 2008 the, until then

considered, safe use of probiotics became an important topic after publication of a

trial showing excess mortality in patients on probiotic prophylaxis. In this article, we

review the concept of infection prevention by probiotics and the present knowledge

of the efficacy of probiotics in prevention of infections among patients with

abdominal diseases and in intensive care. Safety issues of probiotics will be

discussed extensively.

Recent findings

Over 30 clinical trials with probiotics to prevent infections have been published, some

of which were prematurely stopped recently. Studies with critically ill patients and

patients with abdominal diseases showed conflicting results regarding the effects of

probiotics on infection rates, as did meta-analyses. These studies are difficult to

compare because different probiotics were used which all have different efficacy and

safety profiles.

Summary

The efficacy of probiotics in infection prevention among critically ill patients is still

not unequivocally determined. The safety profile differs per probiotic strain and

should not be generalized towards other strains and patient populations. A well

designed and well powered clinical trial with clear endpoints to demonstrate efficacy

is warranted.
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Introduction
The beneficial properties of probiotics had already been

recognized by Metchnikoff at the beginning of the

1900s and were ‘rediscovered’ 60 years later by Lilly

and Stillwell [1]. More recently, studies with critically ill

patients and patients with abdominal diseases showed

conflicting results regarding the effects of probiotics on

infection rates, as did meta-analyses [2–4]. Furthermore,

the safety of probiotics became a matter of intense

debate after the publication of a clinical trial of probiotics

in severe acute pancreatitis patients showing excess

mortality [5]. Thereafter, only a few trials have been

published in the field [6,7�–9�,10].

In this article, we will review the concept of prevention of

infections by probiotics and the current knowledge of the

efficacy of probiotics in abdominal diseases and intensive

care-acquired infections. Moreover, safety issues regard-

ing probiotics will be discussed.
Copyright © Lippincott Williams & Wilkins. Unaut
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Definitions
Probiotics, literally meaning ‘for life’, are live microor-

ganisms, which confer a health benefit on the host when

administered in adequate amounts [11]. A product can be

called a probiotic when the following requirements are

met: strains are designated individually (e.g. in case of a

multispecies product); strains are speciated appropri-

ately; strains retain a viable count at the end of their

shelf life; and the designated product formulation confers

a proven clinical endpoint [12].

Probiotics are often administered in conjunction with

prebiotics. Prebiotics are nondigestible food ingredients

consisting mainly of plant fibres that are used by gut flora as

a substrate for fermentation. Prebiotics beneficially affect

the host by selectively stimulating growth, activity, or both

of a restricted number of bacteria in the colon [13]. More-

over, they could enhance survival of probiotic strains when

administered in combination as a so-called synbiotic [14].
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Key points

� The efficacy of probiotics in infection prevention is

a matter of ongoing debate.

� The safety profile differs per probiotic strain, and

should not be generalized.

� A well powered clinical trial with clear endpoints to

demonstrate efficacy is warranted.
Numerous bacterial species can serve as probiotic. An

important group is that of lactic acid bacteria (LAB),

which can be divided in two subgroups: the fibre-fer-

menting LAB, such as the fruit/vegetable-borne LAB

Lactobacillus plantarum, and the mainly milk-borne LAB

like L. casei. The first occur more frequently and in larger

amounts in the gut compared to the latter [15].
Possible mechanisms of action of probiotics
In order to be effective, a probiotic or synbiotic should be

able to survive the hostile environment of the stomach,

colonize the gut mucosa and reduce colonization and

overgrowth of the intestine by potentially pathogenic

microorganisms (PPMs) [16]. Many probiotics exert their

action in the colon. Klarin et al. [17] demonstrated that L.
plantarum 299v could survive the passage from stomach to

rectum and adhere onto rectal mucosa even in critically ill

patients that were treated with antibiotics. The main goal

of ingestion of probiotics is to create an unfavourable local

environment for pathogen colonization [18], and thereby

to reduce translocation: leakage of microbes and toxins

from the gut into the body [15].

Several molecular working mechanisms of probiotics

have been described [15,19]. Some Lactobacilli, for

example L. plantarum, adhere to the intestinal wall via

mannose receptors and compete for these receptors with

Gram-negative bacteria such as Escherichia coli and Pseu-
domonas spp. [20], thereby preventing Gram-negative

colonization and infection. Another way to interfere in

pathogen adhesion is the production of mucins (MUC2

and MUC3). An increase in mucin messenger RNA

expression was demonstrated in vitro when mucosal cells

were incubated with L. plantarum 299v, which led to

inhibition of adherence of E. coli to intestinal cells [21].

Certain Lactobacillus and Bifidobacterium strains bind and

sequestrate aflatoxin B [22,23], thus decreasing sufficient

amount of free toxins that can contaminate food or serve

as carcinogen. Probiotics compete for nutrients with

potential pathogens [24]; alter local pH [25]; produce

bacteriocins to inhibit pathogens [26]; enhance intestinal

barrier function [27], and scavenge superoxide radicals

[28].

In addition, probiotics have been shown to be immune

modulating. Defects in macrophage function (an effect

of antibiotic administration) are eliminated by supply

of certain low-molecular-weight peptides obtained from

indigenous gut microbiota such as Bacteroides spp.

and Lactobacillus [29]. Furthermore, cell-free extracts

(supernatant) of B. longum and L. acidophilus significantly

enhanced phagocytosis of both inert particles and viable

Salmonella [30]. Probiotics may activate macrophages

to increase antigen presentation and secretory IgA pro-

duction [31,32]; modulate cytokine profiles [33]; reduce
opyright © Lippincott Williams & Wilkins. Unauth
pro-inflammatory cytokines [34]; induce anti-inflamma-

tory cytokines like IL-10 [35]; and modulate dendritic

cell phenotype and function [36].

Although the exact working mechanism of probiotics is

not yet clear, probiotics are increasingly being used.
Use of probiotics in humans
Due to concerns regarding development of antibiotic

resistance in hospitals, rising healthcare costs and lack

of new antimicrobial classes being developed, probiotics

have been considered a good prophylactic or therapeutic

alternative in numerous conditions. Probiotics do not

have the risk of antimicrobial resistance and offer prac-

tical benefits like low-cost preparation, long shelf life, and

ease of administration [18].

Most evidence is available on prevention and treatment

of acute infectious diarrhoea, for instance rotavirus infec-

tion [37] or antibiotic-associated diarrhoea [38]. Also

reported are prevention of lactose malabsorption or intol-

erance [39], the consolidation of remission of inflamma-

tory bowel disease [40] and reduction of the incidence of

atopic eczema in infants [41]. Nearly a decade ago, the

first clinical studies using L. plantarum 299 as probiotic

showed promising reductions in surgical and ICU sepsis

rates [42–44]. In this review we will focus on prevention

of infections in patients with abdominal diseases and

ICU-acquired infections.
Prevention of infections in abdominal
diseases
An important population in which probiotics are inves-

tigated is the one with patients undergoing abdominal

surgery or suffering from pancreatitis.

Abdominal surgery

Rayes et al. [42] investigated the incidence of bacterial

infections in patients after major abdominal surgery

(n¼ 90) in a prospective, randomized trial. The incidence

of infections was significantly lower (P¼ 0.01) in the

group with enteral fibre-containing nutrition with viable

L. plantarum 299 (10%) and heat-killed Lactobacillus
(10%) compared with the group on parenteral nutrition

or fibre-free enteral nutrition (30%) [42]. The same
orized reproduction of this article is prohibited.
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authors compared the incidence of postoperative infec-

tions among liver transplant recipients (n¼ 95), compar-

ing three groups; one group using standard formula of

enteral nutrition with selective bowel decontamination

(SDD); one group using fibre-containing formula and

viable L. plantarum 299 and the third group using

fibre-containing formula and heat-killed L. plantarum
299. Patients receiving viable L. plantarum 299 developed

significantly less bacterial infections (13%) compared

with SDD (48%) and heat-killed L. plantarum (34%,

P¼ 0.02) [43]. Two other clinical trials used Synbiotic

2000, containing four different strains: Pediococcus pento-
saceus, Leuconostoc mesenteroides, L. paracasei and L. plan-
tarum combined with fibres. Among liver transplant reci-

pients (n¼ 66), the incidence of postoperative bacterial

infections was significantly reduced when given Synbio-

tic 2000 (3%) compared to fibres alone (48%) [45]. Also

patients undergoing pancreas resection (n¼ 80) had sig-

nificantly fewer postoperative bacterial infections when

given Synbiotic 2000 (12.5%) compared to fibres only

(40%, P¼ 0.005) [46].

Among biliary cancer patients undergoing hepatectomy,

postoperative infections were significantly reduced by a

synbiotic product containing B. breve Yakult and L. casei
Shirota [47]. Postoperative infectious complications were

significantly reduced by a combination of Enterococcus
faecalis, Clostridium butyricum and Bacillus mesentericus
among patients undergoing pancreaticoduodenectomy

[48]. By contrast, three other studies, conducted by the

same research group, applying different regimens of

probiotics, did not show an influence of probiotics on

septic morbidity after abdominal surgery, possibly due to

a relatively short period of postoperative administration

[49–51].

A meta-analysis, based on the above-mentioned trials [2]

and a review [52], including six additional trauma and

pancreatitis trials, concluded that the use of probiotics or

synbiotics reduced postoperative infections after abdomi-

nal surgery [odds ratio (OR) for any infection 0.26, 95%

confidence interval (CI) 0.12–0.55, P< 0.001]. However,

the results of the meta-analysis should be interpreted with

caution due to the heterogeneity of the included studies.

Very recently, Liu et al. [9�] reported that patients under-

going colorectal surgery for carcinoma (n¼ 100) who

received probiotics (L. plantarum, L. acidophilus, B.
longum) experienced significantly less infectious compli-

cations compared with placebo in a trial with bacterial

translocation as primary endpoint.

Pancreatitis

Patients with acute pancreatitis (n¼ 45) were randomized

to either viable L. plantarum 299 with oat fibre substrate

by nasojejunal tube, or to an identical preparation with
Copyright © Lippincott Williams & Wilkins. Unaut
heat-killed Lactobacillus. Infected pancreatic necrosis

and abscesses occurred in 1 of 22 patients receiving viable

L. plantarum 299 compared with 7 of 23 patients in the

heat-killed group (P¼ 0.02) [44]. Sixty-two patients with

severe acute pancreatitis were either given Synbiotic

2000 with prebiotics or prebiotics only. The total

incidence of systemic inflammatory response syndrome

and multiorgan failure was significantly lower in the first

group (P< 0.05), as was the number of patients recover-

ing with complications. A lower rate of late organ failure

was detected in the synbiotic group [53]. Besselink et al.
[5] conducted a randomized controlled trial with pre-

dicted severe acute pancreatitis patients that received

a multispecies probiotic (six strains) as infection pro-

phylaxis and compared them with placebo. In the pro-

biotic group 16% of patients died, compared with 6%

in the placebo group (relative risk 2.53). Nine patients in

the probiotic group developed bowel ischemia, of which

eight with fatal outcome, compared with none in the

placebo group (P¼ 0.004) [5].

The conclusion of a recent meta-analysis with seven

included studies on pre, pro and synbiotics for acute

pancreatitis (the included studies being heterogeneous)

was that no sufficient evidence to support the use of pro

or synbiotics to prevent postoperative infections in pan-

creatitis could be demonstrated (OR 0.30, 95% CI 0.09–

1.02, P¼ 0.05) [3].
Prevention of ventilator-associated
pneumonia and other ICU infections
Since the prevalence of infections, for example venti-

lator-associated pneumonia (VAP), and subsequent

mortality is high in critically ill patients, probiotics have

also been applied for infection prevention in ICU.

The synbiotic formula Trevis (L. acidophilus La5, B. lactis
Bb-12, S. thermophilus, L. bulgaricus with oligofructose)

applied in ICU patients was not associated with measur-

able clinical benefit compared with placebo [54]. Another

study by the same research group showed that enteral

administration of L. plantarum 299v to critically ill patients

did not significantly change septic morbidity compared

with conventional ICU therapy [55]. Synbiotic2000Forte

applied in critically ill, multitrauma patients significantly

reduced infection and sepsis rates compared to placebo

[56], as well as glutamine, fermentable fibre and peptide

diet [57]. Oral administration of L. casei rhamnosus delayed

respiratory tract colonization and infection by P. aeruginosa
in ICU patients. There was a trend towards reduced occur-

rence of VAP with P. aeruginosa [58]. Application of

L. plantarum 299 to critically ill patients on mechanical

ventilation led to a VAP rate of 4% compared to 14% in the

chlorhexidine group (not significant) [59]. Similar findings

were reported for Synbiotic2000Forte [6].
horized reproduction of this article is prohibited.
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A recent meta-analysis showed that use of probiotics in

mechanically ventilated patients was associated with a

lower incidence of VAP compared to controls [4]. However,

four other recent reviews/meta-analyses [16,18,60,61], two

of which with special focus on hospital-acquired pneumo-

nia, failed to show a reduction in infections among critically

ill patients or stated that there is insufficient evidence for

reduction of nosocomial pneumonia by probiotics.

A possible explanation for the differences in outcome

may be the inclusion of different clinical trials with low

homogeneity among the populations [4], varying from

patients admitted to the ICU to patients after abdominal

surgery or with pancreatitis. Other factors playing a role in

the variation in outcome are the application of different

probiotic strains with varying properties and bioavailabil-

ity, the significantly different definitions of infectious

endpoints like VAP in the different trials [16], consider-

able variation in dose, time of onset and duration of

administration of probiotics or synbiotics. All these fac-

tors are known to be crucial entities in probiotic use [62]

and hamper proper comparison of trials with probiotics.

Suboptimal trial design, inadequate blinding, and small

study samples make it even more difficult to draw an

appropriate conclusion from these data [61].

After publication of these meta-analyses, three random-

ized controlled trials with ICU patients have been pub-

lished. In a prematurely stopped trial, 167 patients were

given Ergyphilus (mainly L. rhamnosus GG, among three

other strains) or placebo for the duration of mechanical

ventilation. The primary endpoint 28-day mortality was

not significantly different between both groups. How-

ever, among a subgroup of patients with severe sepsis, 28-

day mortality was reduced in the probiotic group. By

contrast, probiotics were associated with a higher

mortality in patients with nonsevere sepsis, but mortality

was unexpectedly low in placebo-treated patients.

Additionally, no reductions in nosocomial infections

(especially VAP) were demonstrated. The authors con-

cluded that prophylactic administration of probiotics to

critically ill could not be encouraged [7�].

Both oropharyngeal and gastric administration of L. rham-
nosus GG was found to be well tolerated and efficacious in

preventing (Gram-negative) VAP in a selected ICU

population (n¼ 146), with high APACHE II scores and

prolonged duration of mechanical ventilation, compared

with placebo (incidence 19 vs. 40%, P¼ 0.007) [8�].

Mortality was not significantly different between both

groups. The authors stated that results could not be

generalized to a broader ICU population and should be

considered as preliminary observations [8�]. A third, also

prematurely stopped trial (n¼ 254) failed to demonstrate

noninferiority of L. plantarum 299/299v and rose-hip

compared with SDD in prevention of ICU-acquired
opyright © Lippincott Williams & Wilkins. Unauth
infections. The results suggested that L. plantarum
299/299v might be inferior to SDD, although the differ-

ence in ICU mortality and mortality at day 28 was not

statistically significant between both groups [10].
Adverse effects of probiotics
Until recently, the use of probiotics was generally regarded

as well tolerated. Only a few case reports had been pub-

lished reporting adverse effects, for example Saccharomyces
boulardii fungaemia [63] and bacteraemia with lactobacilli

[64]. These rare cases of bacteraemia or fungaemia were

mostly polymicrobial [65] and occurred in patients with

severe comorbidities such as immune suppression [63],

short bowel syndrome [66] or in patients with indwelling

centralvenouscatheters[67].Noincrease inadverseeffects

could be demonstrated on a population level, after a nation-

wide increase in probiotic consumption [68]. So, the safety

issue of probiotics was not considered to be of paramount

importance. However, in 2008 Besselink et al. [5] reported

excess mortality among their group of patients with pre-

dicted severe acute pancreatitis, receiving a multispecies

probiotic, compared with placebo. The authors hypothes-

ized that the combination of severe pancreatitis, sub-

sequent organ failure, intestinal hypoperfusion through

reduction in mucosal blood flow and an increased bacterial

load due to the probiotic strains could have led to increased

local inflammation, further compromising mucosal blood

supply resulting in bowel ischaemia [69]. They concluded

that bacteraemia, infected pancreatic necrosis, organ fail-

ure and mortality were all associated with intestinal barrier

dysfunction early in the course of acute pancreatitis. Pro-

phylaxis with the specific combination of probiotic strains

was associated with increased bacterial translocation and

enterocyte damage in patients with organ failure specifi-

cally [69]. The authors stated that because of the results of

their trial, probiotics should not be used in critically ill

patients until more information became available about

causes and underlying mechanism of the excess mortality.

Type and number of strains, for example single strain vs.

multispecies product, may, however, influence outcome,

including appearance of adverse events. Also, the inves-

tigated condition and route of administration, that is

application via gastric vs. duodenal or jejunal tube may

be crucial for adverse events like intestinal ischaemia.

Therefore, results of one trial may not be applicable to

other probiotic studies in critically ill patients, although

vigilance for adverse effects is warranted, especially in

this patient population.
Conclusion
Despite the vast amount of clinical trials on probiotics, no

unequivocal conclusion can be drawn regarding efficacy in

infection prevention. Safety of probiotic use in critically ill
orized reproduction of this article is prohibited.
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patients is a matter of ongoing debate. It should be

emphasized that every probiotic may consist of different

strains (such as lactobacilli or bifidobacteria) which exert

their own specific properties, which could lead to different

results with regard to efficacy or adverse effects. Results

of studies with certain probiotics in specific patient

populations can therefore not be readily extrapolated to

other studies using different probiotics in different patient

populations.

Therefore, a large, well described and well designed

placebo-controlled trial with sufficient power should be

initiated in a general ICU population, comparing a single

strain regimen (e.g. ‘experienced’ strains with a good

safety profile like L. plantarum 299 or L. rhamnosus
GG) with a multispecies regimen (e.g. Synbiotic2000).

The endpoint should be unequivocal, like 28-day

mortality, in order to properly demonstrate the clinical

effectiveness of probiotic intervention. Moreover, con-

current efforts must be made to identify the exact (mol-

ecular) working mechanism of each strain/mixture, to

establish the right doses, schedule and timing of admin-

istration and to clarify the benefits of adding prebiotics.

Despite the ongoing debate, probiotics still seem to be a

safe alternative for antibiotic prophylaxis in this era of

increasing antibiotic resistance and deserve a well mon-

itored ‘second life’.
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