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Abstract The Eurasian otter (Lutra lutra Linnaeus, 1758),
a predator from the Order Carnivora, Family Mustelidae,
evolved the ability to swim and forage in water, being an
important element of biodiversity. Otters are widely spread
through Portugal, and scats have been extensively used in
ecology studies; however, valid information on their
microbiota is scarce. This work represents a first approach
to characterise the otter faecal microflora in samples
collected in river stretches of the Sado river basin (Portugal)
during winter 2006. Eight sampling stretches of 8 km were
selected, and from each, six to eight sampling sites were
visited. A total of 31 scats were analysed. The microflora

studied included aerobic bacteria, spore-forming anaerobic
bacteria and viruses (coronavirus, parvovirus, adenovirus,
parainfluenza virus). Bacterial isolates were identified
based on morphology and metabolic pathways, and virus
detection was performed by polymerase chain reaction. The
results revealed the high degree of bacterial diversity in the
faecal microflora of L. lutra. A total of 88 Gram-negative
(23 genera) and 44 Gram-positive isolates (ten genera) were
identified. The identification of four isolates was inconclusive,
and their identification was performed by 16S ribosomal
ribonucleic acid sequencing, which confirms the need for
biochemical testing optimisation regarding animal isolates.
None of the scats was positive for virus detection. Identifica-
tion of otter faecal microflora and of potential pathogens is an
important first step towards understanding and monitoring
their importance in otter population health.
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Introduction

The otter (Lutra lutra Linnaeus, 1758) is one of the few
Eurasian predators (Carnivora, Mustelidae) that evolved the
ability to actively swim and forage in water, rendering it an
important element of biodiversity. Otters are well spread
through Portugal (Trindade et al. 1998) and may be found in a
wide range of aquatic environments, from very small streams
and large rivers to dams, including also coastal and estuarine
environments (Santos-Reis et al. 1995). Otter densities in
Portugal are unknown but suspected to be high (Santos-Reis
et al. 2003), in opposition to many European countries, where
otter populations progressively declined since the beginning of
the twentieth century (Mason and Macdonald 1986) and only
now are apparently recovering (Cortés et al. 1998).
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The need for genetic, demographic and life-history
information about this species is thus a reality (Kohn and
Wayne 1997; Kruuk 2006). Individual molecular identifi-
cation through faecal deoxyribonucleic acid (DNA) analysis
is a new non-invasive method being applied in abundance
and home-range studies (Dallas et al. 2003; Arrendal et al.
2004; Selkoe and Toonen 2006). To improve the success of
DNA extraction from the faeces, scats need to be collected
fresh, and to ensure this, surveys are usually repeated
in consecutive days at sunrise. Fresh samples also allow
the characterisation of the faecal microflora (Kohn and
Wayne 1997).

Valid microflora characterisation studies on otters are
scarce, and little is known about the clinical significance of
faecal isolates and environmental contaminant-related dis-
eases. Otters can be affected by viral, bacterial, mycotic and
parasitic diseases. Most studies regarding bacterial diseases in
otters concern the American river otters (Lutra canadensis).
These are shown to be sensitive to genitourinary infections
promoted by Proteus mirabilis, beta-haemolytic Streptococ-
cus and beta-haemolytic Escherichia coli (Hoover and Tyler
1986). The presence of Klebsiella pneumoniae has been
related to retropharyngeal abscesses (Hoover and Tyler,
1986). Regarding the Eurasian otters, they were shown to
be a possible natural reservoir for pathogenic Yersinia
enterocolitica and Y. pseudotubeculosis, playing an impor-
tant role in the epidemiology of yersinioses (Nikolova et al.
2001). Studies regarding southern sea otters (Enhydra lutris)
infectious diseases and necropsy data are also available
(Smith et al. 2002; Hanni et al. 2003; Kreuder et al. 2003).

Otters may be susceptible to several canine and feline
viral pathogens. Although the presence of antibodies against
canine and feline parvovirus, canine and feline coronavirus,

canine herpesvirus and canine adenovirus (CAD) type 2
have been reported (Kimber and Kollias 2000; Kimber et al.
2000), the potential role of these species as reservoirs of
infectious virus has not been investigated.

In Portugal, the otter health status is unknown. This
work represents a first approach to the study of viable otter
faecal microflora in several river stretches of the Sado river
basin (Portugal). Bacteria were identified from stool swabs
on the basis of morphology and metabolic pathways or by
partial 16S ribosomal DNA (rDNA) sequencing. To collect
information about the presence and prevalence of canine
viruses in the population, a virological survey was also
conducted for Canine Parvovirus (CPV; Parvoviridae),
Canine Parainfluenza Virus (CPIV; Paramyxoviridae) and
CAD1 and CAD2 (Adenoviridae) on stool samples.

Materials and methods

Scat sampling

The Sado river basin is located in Alentejo province, in the
south of Portugal (Fig. 1). Eight river stretches, with
approximately 8 km each and spread throughout the basin
to represent the several types of existing streams (ditches to
main river) were chosen for sampling. Chosen river
stretches were sufficiently far apart to ensure use by
different otters. At each stretch, six to eight otter marking
places were chosen for scat collection. In winter of 2006,
these sampling sites were surveyed at sunrise, for 5
consecutive days, assuring that sample collection was
performed within 15 h from deposition by the otter. Otter
scats are easily recognisable to the trained eye and are
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usually deposited by the otter in prominent places as
marking activity for territory defence. Scats collected at
the river stretches might be from the same individual, but
scats from different river stretches are probably not. Among
119 scats collected, 31 were randomly selected on site and
processed for microflora analysis (Table 1), being the
remaining used in diet assessment and in the molecular
identification of individual otters (data not shown). For
each scat sample selected, an AMIES swab (FL medical)
was immediately performed for bacteria identification and
kept refrigerated until further processing. The remaining
scat sample was kept frozen for viral detection.

Bacteria detection and phenotypic identification

The bacteria studied included aerobic bacteria and anaero-
bic spore-forming bacteria. Aerobic bacteria isolation from
swabs was performed in Columbia agar (bioMérieux),
incubated at 37°C for 24 to 48 h. The swabs were also
inoculated in Brain Heart Infusion broth (Merck), subjected to
heat shock (80°C, 10 min), inoculated in Schaedler agar
(bioMérieux) and incubated for 48 h at 37°C in the absence of
oxygen for spore-forming anaerobic bacteria detection. Iso-

lates were identified through their macro- and microscopic
morphology, staining characteristics and biochemical profiles
using API (bioMérieux) and BBL Crystal (Becton Dickinson)
galleries, according to the manufacturer’s instructions.

Bacterial isolates which biochemical profiles that origi-
nated doubtful identifications were identified through 16S
rDNA based analysis. Bacterial cultures were grown in
Nutrient Broth (Difco) supplemented with 1.5% agar for
24–36 h at 37°C. A colony was collected with a sterile
toothpick and suspend in 100 μL of a lysis buffer
containing 10 mM Tris, 1 mM ethylenediamine tetraacetic
acid, 0.1% Tween 20, pH 8.0. Cell lysates were prepared by
heating at 100°C for 10 min followed by rapid cooling on
ice. An 800-bp segment of the 16S ribosomal ribonucleic
acid (RNA) gene was amplified using the universal primers
104F and 907R (Muyzer et al. 1996). Polymerase chain
reaction (PCR) amplification was performed in a T gradient
thermocycler (Biometra) as described by Chambel et al.
(2006). The amplification products were purified with a
JETquick spin column (Genomed) and sequenced in a CEQ
2000-XL automated DNA capillary sequencer (Beckman
Coulter) by a dye-labelled dideoxy-termination method
using the 907R primer with standard protocols (Dye
Terminator Cycle Sequencer start kit, Beckman Coulter;
Chambel et al. 2006). Partial 16S rDNA sequences with
approximately 600 bp were compared with National Center
for Biotechnology Information/GenBank entries using the
Basic Local Alignment Search Tool algorithm (Altschul et
al. 1997). Species level identification was assumed for
homology values higher than 97%.

Virus detection and PCR identification

Viral DNA and RNAwere extracted simultaneously from 31
stool samples with QIAamp MinElute Virus Spin Kit
(Qiagen) according to the manufacturer’s instructions. The

Table 1 Surveyed streams in river Sado basin and faecal otter
samples collected at each stream

Stream Samples

“Ribeira de Sta Catarina” L1, L2, L3, L5, L8
“Ribeira de S.Cristóvão” L4, L6, L7
“Ribeira de Peramanca” L9, L10
“Rio Sado” L11, L12, L13, L14, L15
“Ribeira de Alfundão” L16 L17, L18, L24
“Ribeira de Canhestros” L19, L20, L21, L22, L23
“Ribeira de Campilhas” L25, L26, L27, L28, L29
“Ribeira de Grândola” L30, L31

Table 2 Primers used in virus detection by PCR and RT-PCR (Erles et al. 2004; Desario et al. 2005)

Virus/primers Primer sequence (5′–3′) Nucleotide position Amplicon size

Canine Parainfluenza virus (CPIV)
CPI1 AGTTTGGGCAATTTTTCGTCC 120–140a 667 bp
CPI2 TGCAGGAGATATCTCGGGTTG 786–766a

CPI3 CGTGGAGAGATCAATGCCTATGC 521–543a 187 bp
CPI4 GCAGTCATGCACTTGCAAGTCACTA 702–678a

Canine Adenovirus 1 (CAV1) and 2 (CAV2)
CA 1,2 F CTGGGCGGGATTTAGAGGGTGG 18,804–18,825b 704 bp
CA 1,2 R CAAGGGCGTGGGCGGAGTTAGA 19,507–19,486b

Canine Parvovírus (CPV)
CP1 CAGGAAGATATCCAGAAGGA 4,003–4,022c 583 bp
CP2 GGTGCTAGTTGATATGTAATAAACA 4,561–4,585c

a GenBank accession number AF052755
b GenBank accession number U77082
c GenBank accession number AY42955
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positive controls for CPIV RNA, CAD2 DNA and CPV
DNAwere extracted from Vanguard 7 vaccine (Pfizer) with
QIAamp MinElute Virus Spin Kit (Qiagen). The lyophilised
fraction of the vaccine was ressuspended in 1 mL of the

liquid fraction, and 100 μL was used for viral nucleic acid
extraction, corresponding to 106 tissue culture 50% infectious
dose (TCID50) CPIV strain NL-CPI5, 103.2 TCID50 CAD2
strain Manhattan and 107 TCID50 CPV strain NL35D.

Table 3 Gram-positive bacteria isolated from otter scat samples (river Sado basin)

Genus Species Number of isolates Number of positive samples

Aerococcus A. viridans 2 (1.5%) 2
Bacillus B. brevis, B. cereus, B. licheniformis, B. megaterium,

B. pumilus, B. sphaericus, Bacillus sp.
12 (9.1%) 8

Cellulomonas/
Microbacterium

Cellulomonas/Microbacterium sp. 2 (1.5%) 2

Clostridium a, b, c C. beijerinckii/butyricum, C. perfringens, C. sordelii,
Clostridium sp.

12 (9.1%) 10

Corynebacteriuma, d, e C. aquaticum, C. diphteriae mitis 3 (2.3%) 2
Enterococcus E. durans, E. faecalis, E. faecium 5 (3.8%) 5
Paenibacillus P. alvei 1 (0.8%) 1
Propionibacterium P. avidum 3 (2.3%) 3
Staphylococcusa, f S. simulans 1 (0.8%) 2
Streptococcusa, b, c, g S. porcinus 1 (0.8%) 1
No identification 2 (1.5%) 2
Total 44 (33.3%)

a Potential pathogenic isolates: b Quinn et al. 1994; c Kimber and Kollias 2000; d Coyle and Lipsky 1990; e Funke et al. 1997; f Foster et al. 1997;
g Hoover and Tyler 1986

Table 4 Gram-negative bacteria isolated from otter scat samples (river Sado basin)

Genus Species Number of isolates Number of positive samples

Acinetobactera, b, c A. lwoffi 1 (0.8%) 1
Aeromonasa, b A. hydrophila, A. hydrophila/caviae, A. sobria 18 (13.6%) 15
Agrobacterium A. tumefaciens 1 (0.8%) 1
Burkholderia B. cepacia 4 (3.0%) 4
Buttiauxella B. agrestis 1 (0.8%) 1
Chryseomonas C. luteola 1 (0.8%) 1
Citrobacter C. amalonaticus, C. braaki, C. youngae, Citrobacter sp. 7 (5.3%) 6
Empedobacter E. brevis 1 (0.8%) 1
Enterobacter E. amnigenus, E. cancerogenus, E. cloacae, E. gergoviae,

E. sakazakii, Enterobacter sp.
7 (5.3%) 7

Escherichiaa, d E. coli, E. vulneris 3 (2.3%) 3
Hafnia H. alvei 2 (1.5%) 2
Klebsiellaa, d K. oxytoca, K. pneumoniae, K. ozaenae 3 (2.3%) 3
Moraxella Moraxella sp. 2 (1.5%) 2
Morganella M. morganii 1 (0.8%) 1
Pantoea P. agglomerans, Pantoea spp. 13 (9.8%) 12
Pasteurellaa, e Pasteurella sp. 1 (0.8%) 1
Pseudomonasa, b, c P. aeruginosa, P. fluorescens, P. putida 5 (3.8%) 5
Rahnella R. aquatilis 1 (0.8%) 1
Salmonellaa, c, f S. arizonae, S. pullorum 4 (3.0%) 3
Serratia S. fonticola, S. plymuthica, Serratia sp. 3 (2.3%) 2
Shigella Shigella sp. 1 (0.8%) 1
Vibrio V. alginolyticus, V. metschikovii, V. parahaemolyticus 5 (3.8%) 5
Yokenella Y. regensburgei 1 (0.8%) 1
No identification 2 (1.5%) 2
Total 88 (66.7%)

a Potential pathogenic isolates: b Quinn et al. 1994; c Kimber and Kollias 2000; d Hoover and Tyler 1986; e Kehrenberg et al. 2001; f Smith et al.
2002
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For reverse transcription (RT) PCR and PCR assays, the
primers sequence and the expected size of the amplicons
are indicated in Table 2. For amplification of CPIV RNA,
one-step RT-PCR reactions were performed according to
Desario et al. 2005, in 50 μL with 10 μL of the sample and
50 pmol of each primer using AccessQuick™ RT-PCR
System (Promega) according to manufacturer’s instructions.
The nested PCR was done in 50 μL using FideliTaq™ PCR
Master Mix (2×) (USB) according to the manufacturer’s
instructions, 2 μL of the RT-PCR reaction and 50 pmol of
each primer using the same PCR cycling conditions
(Desario et al. 2005). DNA amplification of CAD1 and
CAD2 was done in 50 μL using FideliTaq™ PCR Master
Mix (2×) (USB), 10 μL of sample and 50 pmol of each
primer, according to Desario et al. 2005. For DNA
amplification of CPV, the reaction was done in 50 μL
using FideliTaq™ PCR Master Mix (2×) (USB), 2 mM
MgCl2 final volume, 10 μL of sample and 50 pmol of each
primer, according to Erles et al. 2004.

Serial dilutions were performed using the positive control of
CPIV RNA, CAD1, CAD2 and CPV DNA, to determine the
sensitivity of the RT-PCR and the PCR assays for detection of
viral nucleic acid in the biological materials. The viral nucleic
acids were diluted until an end point dilution corresponding to
1 TCID50 of each and subjected to RT-PCR and PCR.

Results

A total of 132 bacterial isolates were obtained. Forty-four
(33.3%) were Gram-positive bacteria, belonging to ten genera,
and 12 isolates corresponded to spore-forming anaerobic
bacteria (9.1%). More than one species was isolated for four
genera (Table 3). It was also possible to detect 88 Gram-
negative isolates (66.7%), corresponding to 23 genera, and
for ten genera, more than one species were isolated (Table 4).

It was not possible to identify four isolates (3.0%) based
on their phenotypic characteristics, and their identification
was performed by 16S rDNA sequencing (Table 4). The
Gram-positive isolates were identified as Exiguobacterium
sp., and the Gram-negative isolates were identified as
Y. enterocolitica and Citrobacter sp.

The biochemical profiles of the E. coli isolates also
originated doubtful identifications. Although isolate L15-5
was identified as E. coli with a significance of 99.3%, the
profile (5045552) originated a doubtful identification. In
relation to isolate L18-4, a BBL E/NF system (5465646171,
89.24%) was performed, as the API profile (5446572) was
unacceptable. Therefore, these two isolates were subjected to
16S rDNA sequencing (Table 5). This method revealed that
the isolates could be identified as Shigella boydii (99%),
E. coli (99%) or Photorhabdus luminescens (99%).

Regarding virus detection, the sensitivity of the RT-PCR
and the PCR assays was determined by the amplification of
serial dilutions of the positive control of CPIV RNA,
CAD1, CAD2 and CPV DNA. All the dilutions were
amplified showing high specificity and sensitivity. The
31 samples were tested for the three viral pathogens
separately. None was positive showing the absence of these
viral pathogens in the analysed biological material.

Discussion

In recent years, there has been a growing interest in wildlife
diseases because of public concern for its welfare, human
medical interest in zoonoses, their potential role as
environmental pollution monitors and veterinary interest
in wildlife and their potential role as reservoirs of infection
for farm or companion animals (Simpson 2000). We aimed
at investigating microbial diversity of the otter’s faecal
flora, as they are well spread in this country, being found in

Table 5 Species level identification by partial 16S rDNA sequencing

Isolate identification Partial 16S rDNA (bp) BLAST results

Accession number Taxonomic description Percent homology

L2-5 619 GI89513049 Exiguobacterium sp. 100
L5-5 620 GI71725879 Exiguobacterium acetylicum 99

GI34536531 Exiguobacterium oxidotolerans 99
L6-3 575 GI861167 Yersinia enterocolitica 100

GI46406312 Yersinia frederiksenii 99
GI13991902 Yersinia rohdei 98

L7-4 619 GI3169777 Citrobacter sp. 99
GI90655953 Buttiauxella agrestis 98
GI70610311 Pantoea sp. 98

L15-5 617 GI52697039 Shigella boydii 99
L18-4 618 GI46242278 Escherichia coli 99

GI38112705 Photorhabdus luminescens 99
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a wide range of aquatic environments. Although cultured-
based methods applied for faecal bacteriological examina-
tion have several limitations (Leser et al. 2002), as there are
no data available on the microbiota of the Portuguese otter,
we have chosen not to apply selective media or to perform
PCR-based analysis, which would restrict microbiota
characterisation. Harmsen et al. (1999) have already stated
that molecular biology methods are sometimes insufficient for
characterisation of faecal bacteria and provide no information
on viability of microorganisms. Nevertheless, it should be
noticed that fastidious bacteria, like Mycobacterium sp.,
would be lost in our study and acid-fast staining does not
provide accurate results. Further studies should address this
pathogen, by PCR amplification.

In the present study, it was possible to identify a total of
132 isolates. One third of the isolates (33.3%) corresponded
to Gram-positive bacteria, and of these, 17 have been
considered as potentially pathogenic: Clostridium (9.1%),
Corynebacterium (2.3%), Staphylococcus (0.8%) and
Streptococcus (0.8%). References in the literature regarding
the potential pathogenic role of Corynebacterium spp. in
otters could not be found. The pathogenic role of
haemolytic staphylococci to European river otters was
described by Foster et al. (1997), while Hoover and Tyler
(1986) related the occurrence of genitourinary infections
with beta-haemolytic Streptococcus. Staphylococcus were
also related to hepatic haematoma, secondary infections
from the lung, kidney, and spleen and subcutaneous
abscesses by Kimber and Kollias (2000), who also
described the presence of toxinogenic C. perfringens in
the North American river otters.

Most of the isolates were Gram-negative bacteria
(66.7%) that were found in all but two of the swab samples.
Because these bacteria are sensitive to collection and
transport conditions, this indicates that isolation success
was not affected by sampling procedures (Oliveira et al.
2007). From the 23 genera isolated, seven corresponded to
potential Gram-negative pathogenic isolates according to
their biochemical profile: Acinetobacter lwoffi (0.8%),
Aeromonas spp. (13.6%), Escherichia spp. (2.3%), Klebsiella
spp. (2.3%), Pasteurella sp. (0.8%), Pseudomonas spp. (3.8%)
and Salmonella spp. (3.0%).

References in the literature regarding the potential
pathogenic role of Acinetobacter spp. and Pasteurella spp.
in otters could not be found. Kimber and Kollias (2000)
described the association of Acinetobacter with otters, but
they could not determine its clinical significance. The
pathogenic role of K. pneumoniae to otters was discussed
by Hoover and Tyler (1986), who described these bacteria
as responsible for otters’ mortality by retropharyngeal
abscess. These authors also described the occurrence of
genitourinary infection of female otters because of patho-
genic E. coli. The potential pathogenic role of Pseudomonas

spp. must be taken into account, although the only
description of otter disease was associated with Pseudomonas
putrefaciens (Kimber and Kollias 2000). Salmonella spp.
were already isolated from otters at rehabilitation centres
(Smith et al. 2002) and in the wild (Kimber and Kollias
2000), which suggests that wildlife may play a reservoir role
for Salmonella infections.

Conclusions about the qualitative constitution of the
otter faecal flora should take in consideration the otters’
diet, as nutrient metabolism influences the establishment
and maintenance of mammalian intestine bacteria (Hooper
et al. 2002). Otters diet was characterised by macroscopic
observation of the scats (data not shown), being verified
that the major constitutes of the otters diet vary between
crayfish (61.3% of the scats), fish (29.0%) and fish and
crayfish (9.7%). No association was found between diet and
microflora. The distribution of the isolates should also be
taken in consideration. Our study describes the cultivable
aerobic and anaerobic spore-forming bacteria from 31 scats,
and we do not believe that this sample size may be
representative of the otter faecal flora, especially to differ-
entiate between a fully established bacterial community and
transient microorganisms. Data on more animals from
different sampling sites and a more thorough analysis may
allow for discriminating between faecal flora and transient
bacteria.

In this work, we also confirmed the urgent need to
optimise biochemical identification galleries regarding
animal isolates, which is supported by the fact that it was
not possible to identify four isolates based on their
biochemical profiles and also by the difficulties observed
in relation to the E. coli biochemical identification. One of
these isolates was identified as belonging to the Yersinia
genus, which has already been isolated from lung samples
of Eurasian otters (Nikolova et al. 2001).

Viral diseases have been reported in river otters. The
presence of antibodies against feline and canine virus was
already referred by other authors (Kimber and Kollias
2000; Kimber et al. 2000) in river otters, indicating their
susceptibility to viral infection. A vast number of pathogen
sequences are available for amplification from faecal
material (Kohn and Wayne 1997). None of the samples
was positive for the viral nucleic acids tested in this work.
CPIV, CAD1, CAD2 and CPV are eliminated in the stools
and persist in the environment for long periods because of
their resistance to adverse climatic conditions (Greene
1990). The negativity to all three viruses in the processed
stool samples indicates that these animals were not
excreting the virus at the time of collection. Infection by
Parvovirus is more frequent in the beginning of spring and
through out the summer (Greene 1990). The Adenovirus
and Parainfluenza virus are ubiquitous, but their pathogenic
impact is higher in populations with high animal density,
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which is not the case with the Eurasian otter, as they are
solitary territorial animals. Further studies should investi-
gate if this negativity is related to the time of collection, as
the PCR inhibitors that are usually encountered in faeces
(Kohn and Wayne 1997) were eliminated by the DNA
extraction method. Amplification of short DNA segments
(from 187 to 704 bp) also results in more consistent
amplifications, eliminating the possibility of no amplifica-
tion because of the fact that DNA in faeces is present in low
copy numbers or degraded (Kohn and Wayne 1997). The
success of DNA extraction was also improved by the
collection of scats at sunrise, to assure their freshness.

Identification of pathogens responsible for substantial
morbidity and mortality in otters and the geographic
distribution of these pathogens is an important first step
towards understanding and monitoring their importance in
otter population health. Further studies should include
fingerprinting of potentially pathogenic isolates, which
may allow the identification of the contamination source,
contributing to the development management plans to
minimise environmental contaminations.
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