
lable at ScienceDirect

Anaerobe 17 (2011) 407e409
Contents lists avai
Anaerobe

journal homepage: www.elsevier .com/locate/anaerobe
Clinical Microbiology

Intestinal lactoflora in Estonian and Norwegian patients with antibiotic associated
diarrhea

Epp Sepp a, Jelena �St�sepetova a, Imbi Smidt a, Merle Rätsep a, Siiri Kõljalg a,b, Krista Lõivukene b,
Reet Mändar a, Liis Jaanimäe a, Iren H. Löhr c, Olav B. Natås c, Paul Naaber a,c,*
aDepartment of Microbiology, University of Tartu, Ravila 19, 50411 Tartu, Estonia
bDepartment of Clinical Microbiology, Tartu University Hospital, Puusepa 1A, 50406 Tartu, Estonia
cDepartment of Medical Microbiology, Stavanger University Hospital, Postbox 8100, 4068 Stavanger, Norway
a r t i c l e i n f o

Article history:
Received 20 December 2010
Received in revised form
6 April 2011
Accepted 10 April 2011
Available online 29 April 2011

Keywords:
Clostridium difficile
Intestinal lactobacilli
Antibiotic associated
diarrhea
Lactobacillus
* Corresponding author. Department of Medic
University Hospital, Postbox 8100, 4068 Stavanger, N
fax: þ47 5151 9939.

E-mail addresses: napa@sus.no, paul.naaber@gma

1075-9964/$ e see front matter � 2011 Elsevier Ltd.
doi:10.1016/j.anaerobe.2011.04.012
a b s t r a c t

The disruption of intestinal microbiota is an important risk factor for the development of Clostridium
difficile caused antibiotic associated diarrhea (AAD). The role of intestinal lactoflora in protection against
C. difficile is unclear. Fecal samples (n ¼ 74) from AAD patients were investigated for C. difficile and
lactobacilli by culture and real-time PCR. Lactobacilli were identified by enterobacterial repetitive
intergenic consensus PCR (ERIC-PCR) and sequencing of 16S rRNA. In C. difficile negative cases we found
somewhat higher counts of intestinal Lactobacilli (5.02 vs. 2.15 CFU log10/g; p ¼ 0.053) by culture and
more frequently Lactobacillus plantarum (33.3% vs. 9.4%; p ¼ 0.03) as compared with positive ones.
Results of total counts of lactobacilli comparing Estonian and Norwegian samples were conflicting by
culture and PCR. We found higher colonization of Norwegian AAD patients with L. plantarum (21% vs. 5%,
p ¼ 0.053) and Estonians with Lactobacillus gasseri (19% vs. 2%, p ¼ 0.023). Particular lactobacilli
(e.g. L. plantarum) may have a role in protection against C. difficile, whereas the meaning of total counts of
lactobacilli remains questionable. In different persons and nations, different lactobacilli species may have
a protective role against C. difficile.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Antibiotic associated diarrhea can develop due to infection
caused by a specific pathogen (in the majority of cases by Clos-
tridium difficile) or due to dysbiosis of intestinal microbiota.
C. difficile associated AAD is clinically more severe and could be
associated with high mortality. AAD due to dysbiosis without
a specific pathogen is usually mild and self limited [1].

It is a general agreement that the most important risk factor for
establishment of C. difficile in the intestinal tract is the alteration of
indigenous intestinal microbiota. However, it is not known which
microbial groups are mainly responsible for maintenance of colo-
nization resistance against C. difficile. The role of intestinal lacto-
bacilli in colonization resistance is controversial [2]. Also, the usage
of probiotic lactobacilli for prophylaxis or treatment of C. difficile
infection has been only partially successful [3,4]. Reasons for these
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controversial results could be due to the individuality of intestinal
lactoflora and the differences in disturbance of the intestinal
microbial ecosystem after antibiotic treatment.

The aim of our study was to compare counts and species
composition of intestinal lactoflora in (1) C. difficile positive and
negative AAD cases and (2) Estonian and Norwegian AAD patients
using culture based and molecular methods.
2. Material and methods

Consecutive fecal samples routinely sent for C. difficile diag-
nostics in Estonia (4 hospitals) and in Norway (Stavanger University
Hospital) were collected during 2008. After initial screening for
C. difficile in local labs, consecutive 31 C. difficile culture positive and
43 culture negative cases with documented diarrhea and antibiotic
usage (AAD cases) were included, and fecal samples were stored
at �80 �C. Of these 74 AAD patients (44 female and 30 male; age
3e89; median 72 years), 41 were from Norway and 33 from Estonia
(age medians 76 and 61 years; p ¼ 0.005).

C. difficilewas detected by (1) cultivation of samples on Brazier’s
CCEYAgar with cefoxitin and cycloserine supplement (LabM, UK) in

mailto:napa@sus.no
mailto:paul.naaber@gmail.com
www.sciencedirect.com/science/journal/10759964
http://www.elsevier.com/locate/anaerobe
http://dx.doi.org/10.1016/j.anaerobe.2011.04.012
http://dx.doi.org/10.1016/j.anaerobe.2011.04.012
http://dx.doi.org/10.1016/j.anaerobe.2011.04.012


E. Sepp et al. / Anaerobe 17 (2011) 407e409408
anaerobic environment (Concept, UK; with gas mixture 5 C02, 5%,
H2, 90% N2) and (2) real-time PCR as described by Rinttilä et al. [5].
Culture and/or PCR positive samples considered as C. difficile posi-
tive cases.

For quantification of lactobacilli by culture, weighed fecal
samples were homogenized in prereduced buffer, and serial dilu-
tions were seeded on ManeRogosaeSharpe agar (MRS; Oxoid, UK)
and Rogosa (Oxoid, UK) agar. Rogosa agar was incubated in anaer-
obic cabinet (Concept, UK; with gas mixture 5 CO2, 5%, H2, 90% N2)
and MRS agar in microaerophilic environment (Joan, France; with
gas mixture 10% CO2). Colony forming units per gram (CFU log10/g)
were calculated. The detection limit of quantitative culture was
2 CFU log10/g.

For quantification of lactobacilli by real-time PCR, bacterial DNA
from fecal samples was extracted using a QIAamp DNA stool mini
kit (QIAgen, Hilden, Germany). Real-time PCR was performed with
the ABI PRISM 7500 HT (Applied Biosystems) as described previ-
ously [5]. Data analysis was conducted with Sequence Detection
Software version 1.6.3, supplied by Applied Biosystem.

From each cultivated sample, up to 5 morphologically different
dominating strains of lactobacilli were isolated, typed by entero-
bacterial repetitive intergenic consensus PCR (ERIC-PCR) and
identified by 16S rRNA sequencing as described previously [6,7].
Comparison of the 16S rRNA sequences obtained by using the
GeneBank database BLAST program (http://www.ncbi.nlm.nihgov/
BLAST/) allowed the assignment of a strain to a particular species.
In general, when 16S rRNA similarity values exceed 97%, the strains
are considered to belong to the same species.

Data were analyzed with SigmaStat (Jandel Scientific, USA)
using the Spearman Rank correlation test, Wilcoxon Signed Rank
test, ManneWhitney Rank Sum Test, and Chi square test.
3. Results

We detected in total 62 C. difficile positive cases by PCR and/or
culture. Lactobacilli were found in 44 cases by culture and 68 cases
by PCR (Table 1). Comparing counts in PCR and/or culture positive
cases (n ¼ 74), PCR detected significantly higher counts of lacto-
bacilli (medians 8.2 vs. 2.95 CFU log10/g, p < 0.001), but no corre-
lation in counts between these methods was found (r ¼ 0.09;
p ¼ 0.4). In total, 91 strains of lactobacilli were isolated and iden-
tified: Lactobacillus rhamnosus (n ¼ 34), Lactobacillus gasseri
(n ¼ 16), Lactobacillus plantarum (n ¼ 15), Lactobacillus casei
(n ¼ 11), Lactobacillus acidophilus (n ¼ 8), Lactobacillus paracasei
(n ¼ 2), Lactobacillus zeae (n ¼ 2), Lactobacillus amylovorus (n ¼ 1),
Lactobacillus fermentum (n ¼ 1) and Lactobacillus brevis (n ¼ 1).

Comparing total counts of lactobacilli by culture in C. difficile
positive and negative cases, we found somewhat lower counts in
C. difficile positive samples than in negative ones (medians 2.15 vs.
5.02 CFU log10/g). However this difference was not statistically
significant (p ¼ 0.053). No differences were found comparing these
counts detected by PCR (medians 8.25 vs. 7.05 CFU log10/g;
p ¼ 0.12). Comparing colonization with particular Lactobacillus
species in C. difficile negative and positive cases, we found
a significantly higher colonization rate with L. plantarum in
Table 1
Identification of lactobacilli in samples from AAD patients by the culture and PCR
methods.

PCR

Positive Negative

Culture Positive 40 4
Negative 28 2
negative cases (33.3% vs. 9.4%; p ¼ 0.03). A similar trend was found
in the case of L. gasseri, though not statistically significant (20% vs.
7.8%; p ¼ 0.17).

Comparing the presence of C. difficile in Estonian and Norwegian
samples, no differences were found. Comparing the prevalence of
lactobacilli in these samples, we found somewhat higher coloni-
zation of Norwegian (64%) as compare with Estonian AAD patients
(46%), however this was not a statistically significant difference.
The total counts of lactobacilli by culture were higher in Norwegian
samples as compared with Estonian ones (medians 4.14 vs.
0 CFU log10/g; p ¼ 0.018). Using PCR for quantification of lactoba-
cilli, we found the opposite trend: counts in Norwegian samples
were lower than in Estonian ones (medians 8 vs. 8.33 CFU log10/g;
p ¼ 0.0002). Comparing colonization with particular lactobacilli
species between two countries, we found higher colonization of
Norwegians with L. plantarum (21% vs. 5%, p¼ 0.053) and Estonians
with L. gasseri (19% vs. 2%, p ¼ 0.023). Presence or absence of
C. difficile or particular Lactobacillus species was not related to AAD
patients’ age.

Comparing genetic relatedness of L. plantarum (Fig. 1a) and
L. gasseri (Fig. 1b) strains by ERICePCR, we found high diversity.
Strains isolated from C. difficile negative (or positive) cases did not
belong to the same clusters.
4. Discussion

This is the first published study quantitatively and qualitatively
evaluating intestinal lactobacilli in C. difficile positive and negative
Fig. 1. Genetic relatedness of L. plantarum (A) and L. gasseri (B) strains. E e Estonian;
N e Norwegian patient. CD e C. difficile negative and CD þ C. difficle positive case.
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AAD patients and comparing the results of culture and molecular
methods. Evaluation of intestinal lactobacilli in connection with
C. difficile infection could be important on the one hand for
assessment of the role of autochthonous lactobacilli in the main-
tenance of colonization resistance against C. difficile and on the
other hand for evaluation of the possible isolation of particular
Lactobacillus strains with potential probiotic activity against
C. difficile.

We found a borderline trend indicating lower counts of total
lactobacilli in C. difficile positive AAD patients as compared with
negative ones by culture methods. No differences were found
counting lactobacilli by PCR. Only a few studies investigating the
role of population levels of indigenous lactobacilli in colonization
resistance against C. difficile are available. Our previous studies
indicate that higher counts of intestinal lactobacilli may associate
with lower colonization rate of infants and AAD patients with
C. difficile [8,9]. In one other study, a higher count of intestinal
lactobacilli in C. difficile diarrhea patients has been shown as
compared with healthy elderly persons [10,11]. Since lactobacilli
are resistant to several broad-spectrum antibiotics, higher counts of
lactobacilli in this study could be related to antibiotic usage rather
than connected with C. difficile infection.

In identifying members of the dominating Lactobacillus pop-
ulation, we found that L. plantarumwas significantlymore common
in C. difficile negative samples as compared with positive ones. We
have previously shown that L. plantarum strains usually have the
best antagonistic activity against C. difficile in vitro as compared to
other intestinal lactobacilli [12]. This antagonistic activity was
strain e rather than species-specific in this study. Thus, the
importance of total counts of intestinal lactobacilli in protection
against C. difficile remains questionable, and further studies with
large patient groups are needed. However, particular species such
as L. plantarum (or some of its strains) may have a role in supporting
colonization resistance against C. difficile.

Comparing Norwegian and Estonian AAD patients, we found
differences in quantitative counts of lactobacilli as well as in their
species composition. In the case of total counts of lactobacilli,
conflicting results by culture based and non-culture based methods
were found. No correlation was found in counts of lactobacilli
between these methods. Thus, it seems that culture and PCR are
detecting different groups of lactobacilli that overlap only to some
extent. One explanation for this finding is the fact that primers
designed for lactobacilli detect also other related bacteria such as
Pediococcus spp., Weissella spp., and Leuconostoc lactis [5]. Also,
other studies have shown discrepancies between molecular
methods and culture in investigation of intestinal microbiota [13]. It
has also been supposed that PCR detects high numbers of non-
cultivable and nonviable lactobacilli originating from food and
proximate parts of the alimentary tract (e.g. oral cavity). If this is
true, culture results may represent more autochthonous lactobacilli
of the lower part of the intestine and PCR significant numbers of
allochthonous micro microbiota [14]. Thus these conflicting results
of our study may indicate domination of different lactobacilli
groups in Estonian andNorwegian AADpatients. Comparing species
composition of lactoflora, we found the highest difference in
prevalence of L. gasseri and L. plantarum. Reasons for these differ-
ences could be in the genetic variations between nations as well as
differences in nutritional habits [15]. Thus, due to individual
differences in intestinalmicrobiota (including lactobacilli), different
lactobacilli species may have a leading role in the maintenance of
colonization resistance against C. difficile in different persons or
nations.
Acknowledgments

This study was supported by grants of Stavanger University
Hospital (Project no 500808), Europe financial mechanisms and
Norway financial mechanism (EMP 13), Estonian Ministry of
Education and Research (target financing No SF0180132s08), and
Estonian Science Foundation (grant No 7933). We thank Elena
Shkut and Olaug Aarseth for technical help.
References

[1] Gorkiewicz G. Nosocomial and antibiotic-associated diarrhoea caused by
organisms other than Clostridum difficile. Int J Antimicrob Agents 2009;33:
S37e41.

[2] Naaber P, Mikelsaar M. Interactions between Lactobacilli and antibiotic-
associated diarrhea. Adv Appl Microbiol 2004;54:231e60.

[3] Katz JA. Probiotics for prevention of antibiotic-associated diarrhea and Clos-
tridium difficle diarrhea. J Clin Gastroenterol 2006;40:249e55.

[4] McFarland LV. Evidence-based review of probiotics for antibiotic-associated
diarrhea and Clostridium difficile infections. Anaerobe 2009;15:274e80.

[5] Rinttilä T, Kassinen A, Malinen E, Krogius L, Palva A. Development of an
extensive set of 16S rDNA-targeted primers for quantification of pathogenic
and indigenous bacteria in faecal samples by real-time PCR. J Appl Microbiol
2004;97:1166e77.

[6] Ventura M, Zink R. Specific identification and molecular typing analysis of
Lactobacillus johansonii by using PCR-based methods and pulsed-field gel
electrophoresis. FEMS Microbiol Lett 2002;217:141e54 [P.J].

[7] Simpson C, Stanton GF, Fitzgerald RP. Ross, Genomic diversity and relatedness
of bifidobacteria isolated from a porcine cecum. J Bacteriol 2003;185:
2571e81.

[8] Naaber P. Clostridium difficile infection and intestinal microbial ecology. Dis-
sertationes Medicinae Universitatis Tartuensis 1997;29. Tartu.

[9] Naaber P, Klaus K, Sepp E, Björksten B, Mikelsaar M. Colonization of infants
and hospitalized patients with Clostridium difficile and Lactobacilli. Clin Infect
Dis 1997;25:S189e90.

[10] Hopkins MJ, Macfarlane GT. Changes in predominant bacterial population in
human faeces with age and with Clostridium difficile infection. J Med Microbiol
2002;51:448e54.

[11] Hopkins MJ, Sharp R, Macfarlane GT. Age and disease related changes in
intestinal bacterial populations assessed by cell culture, 16S rRNA abundance,
and community cellular fatty acid profiles. Gut 2001;48:198e205.

[12] Naaber P, Smidt I, �St�spetova J, Brilene T, Annuk H, Mikelsaar M. Inhibition of
Clostridium difficile strains by intestinal Lactobacillus species. J Med Microbiol
2004;53:551e4.

[13] Bezirtzoglou E, Maipa V, Chotoura N, Apazidou E, Tsiotsias A, Voidarou C, et al.
Occurrence of Bifidobacerium in the intestine of newborns by fluorescence in
situ hydridization. Comp Immunol Microbiol Infect Dis 2006;29:345e52.

[14] Walter J, Hertel C, Tannock GW, Lis CM, Munro K, Hammes WP. Detection of
Lactobacillus, Pediococcus, Leuconostoc, and Weissella species in human feces
by using group-specific PCR primers and denaturing gradient gel electro-
phoresis. Appl Environ Microbiol 2001;67:2578e85.

[15] Mikelsaar M, Annuk H, Shchepetova J, Mandar R, Sepp E, Björksten B. Intes-
tinal Lactobacilli of Estonian and Swedish children. Microb Ecol Health Dis
2002;14:75e80.


	Intestinal lactoflora in Estonian and Norwegian patients with antibiotic associated diarrhea
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	Acknowledgments
	References


