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rRNA-based molecular phylogenetic techniques were used to identify the bacterial species present in the ear
fluid from a female patient with otitis externa. We report the identification of Staphylococcus intermedius from
the patient and a possible route of transmission. Analysis of 16S ribosomal DNA restriction fragment length
polymorphisms indicated that the dominant species present was S. intermedius. A pet dog owned by the patient
also was tested and found to harbor S. intermedius. In humans, the disease is rare and considered a zoonosis.
Previously, S. intermedius has been associated with dog bite wounds, catheter-related injuries, and surgery. This
study represents the first reported case of a noninvasive infection with S. intermedius.

Associated frequently with animals and rarely found in hu-
mans, Staphylococcus intermedius was first described as a new
species in 1976 and differentiated from Staphylococcus aureus
and Staphylococcus epidermidis based on biochemical and mi-
crobiological tests (9). S. intermedius has been isolated from
the skin, hair, and gingiva of normal healthy dogs (2, 21) and
has been found as a microbial inhabitant of several dog bite
wounds (4, 14, 21, 22). Although this bacterium can be patho-
genic in animals, it has been identified infrequently in humans
(13, 15, 17, 23) and rarely causes disease. In the few instances
of disease, S. intermedius was isolated only from patients who
had undergone invasive procedures, for example, in a catheter-
related bacteremia case (26) and following a coronary artery
bypass grafting (8). Because S. intermedius is an uncommon
component of the normal human microbiota (17) and can be
associated with animal bite wounds, it represents a true zoo-
notic pathogen.

Methods for bacterial identification have been undergoing
rapid change over the past decade, and molecular phylogenetic
techniques are rapidly becoming the procedures of choice (10,
19, 25). Phylogenetic classification based on the 16S rRNA
gene has clarified the taxonomy of many bacterial groups from
genera to families and has led to the discovery of several new
divisions (phyla) (12, 18). PCR amplification of the 16S rRNA
gene directly from a sample of mixed microbiota alleviates the
requirement for culturing (18). This is important, since most
microorganisms (greater than 99% on earth) have not been
cultured, and it may be very difficult to do so because many of
them exist in complex natural communities, such as biofilms.

In the present study, we report the bacterial species found in
the ear fluid of an otherwise healthy female patient with otitis
externa, and we correlate these findings with the possible
source of the infection, an indoor pet dog. S. intermedius was
identified as the major bacterial component of ear fluid from
this patient. It was also found that her indoor pet dog harbored
S. intermedius. Following antibiotic treatment and recovery of
the patient from otitis externa, the microbial population in the
patient lacked S. intermedius.

Sample collection. A sterile BBL CultureSwab (Becton
Dickinson Microbiology Systems, Sparks, Md.) was used to
collect ear fluid from a 38-year-old female patient with otitis
externa, who was otherwise healthy. Samples from a 2-year-old
dog (golden retriever) owned by the patient were collected in
the same manner as above. The canine samples were from the
ear, back, and chest. Both human and canine samples were
stored at 280°C until processed. A control sample, S. interme-
dius ATCC 51874, was acquired from the American Type Cul-
ture Collection (ATCC; Manassas, Va.) and stored at 280°C.

DNA extraction and PCR. Genomic DNA was obtained with
a Soil DNA Isolation Kit according to the manufacturer’s rec-
ommendation (Mo Bio Laboratories, Solana Beach, Calif.)
and gave high-quality DNA suitable for PCR. The 16S and 23S
ribosomal DNA (rDNA) primers used in this study are listed in
Table 1. The following primer pairs were used for amplification
of the genomic DNA with their specificities listed parentheti-
cally: 515F-1492R (universal), 27F-1492R (Bacteria domain
members only), StaphF-1492R (Staphylococcus and related
genera), and ITS1F-ITS1R (S. intermedius and closely related
species).

PCR amplification was performed in 50-ml reaction mixtures
consisting of buffer reaction mix (10 mM Tris-HCl [pH 8.3], 50
mM KCl, 0.001% [wt/vol] gelatin), 200 mM deoxynucleotide
triphosphates, 1.5 mM MgCl2, 4 mM primer, and 1 to 5 ml of
template DNA. Reactions were run for 35 cycles of amplifica-
tion. After an initial denaturation at 94°C for 10 min to activate
the AmpliTaq Gold (Perkin-Elmer, Norwalk, Conn.), cycles of
1 min at 94°C, 1 min at 50°C, and 1.5 min at 72°C were run.
There was a final extension step at 72°C to ensure complete
extension for efficient cloning. Each reaction mixture con-
tained 2.5 U of AmpliTaq Gold.

Cloning and RFLP analysis. PCR products were purified by
a QIAquick PCR purification kit (Qiagen, Chatsworth, Calif.)
and cloned with the TOPO TA cloning kit pCR2.1-TOPO
vector (Invitrogen Corporation, Carlsbad, Calif.), according to
the manufacturer’s recommendations. rDNA inserts from
pCR2.1 vector clones were reamplified by PCR with vector
primers to the T7 and SP6 promoter sites, approximately equi-
distant from the 59 and 39 ends of the insert. Restriction frag-
ment length polymorphism (RFLP) analysis was used to esti-
mate the diversity of bacteria in the patient sample. DNA was
digested with MspI and HinP1I (New England Biolabs, Bev-
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erly, Mass.). The digested DNA was separated on a 3% Meta-
Phor gel (FMC Bioproducts, Rockland, Maine) in 13 Tris-
acetate-EDTA for about 2 h at 50 V.

Sequencing and phylogenetic analysis. PCR products were
sequenced on an ABI Prism 377XL automated DNA se-
quencer. 16S rDNA sequences were compared to known se-
quences in GenBank (5) with the advanced gapped BLAST
(basic local alignment search tool) algorithm (3). The se-
quences were compiled in Chromas version 1.3 (Conor Mc-
Carthy, Griffith University, Brisbane, Queensland, Australia),
aligned with the genetic database environment alignment ed-
itor, and placed into a phylogenetic tree containing approxi-
mately 8,000 rDNA sequences. The neighbor-joining tree was
generated on the ARB application (O. Strunk, O. Gross, B.
Reichel, M. Max, S. Hermann, N. Struckmann, B. Nonhoff, M.
Lenke, A. Vilbig, T. Ludwig, A. Bode, K. H. Schleifer, and W.
Ludwig, 1996 [http://www.mikro.biologie.tu-muenchen.de/pub
/ARB/documentation/arb.ps]).

Results. PCR was used to amplify 16S rDNA from a mixture
of genomic DNA isolated from the ear fluid of a 38-year-old
female with otitis externa. Primer pairs were designed to detect
either most bacterial species (27F-1492R) or all three domains
of life (515F-1492R). The bacterium-specific PCR product was
cloned, and select clones were sequenced. The majority of 16S
rDNA clones sequenced (;700 nucleotides each) were iden-
tical to the 16S rDNA sequence of S. intermedius, an organism
commonly associated with dogs and other animals. We then
collected samples from a canine pet belonging to the female
patient and amplified the 16S rDNA from microbial contents
of the ear, as well as the chest and back. Canine microbial 16S
rDNA was amplified with primers StaphF-1492R to limit the
16S rDNA PCR product mixture to a population of Staphylo-
coccus and related genera for ease of analysis. All clones tested
were indeed S. intermedius. The entire swab sample from both
human and canine sources was used for PCR, and so there was
no sample available for culturing.

Amplification of microbial 16S rDNA by PCR is very sensi-
tive to contamination by microbial DNA in laboratory reagents
and solutions (24, 27). Therefore, we analyzed negative con-
trols by two methods. First, a control was prepared without the
addition of sample (i.e., ear fluid) and worked up in the same
manner as the true sample. Second, a control was performed
during PCR that lacked input genomic DNA. No amplification
was observed in these negative controls.

We performed RFLP analysis to provide more informative
data on the population of bacteria in the otitis externa sample.
An analysis of 20 samples indicated a population dominated by
Staphylococcus species, particularly S. intermedius (RFLP type
A, 50%). The other staphylococcal species present was iden-
tified as Staphylococcus capitis (RFLP type B, 15%)—a species

related to S. epidermidis and a common inhabitant of the hu-
man integument (17). Additional species identified included
Pseudomonas sp., Corynebacterium tuberculostearicum, and Do-
losigranulum pigrum (RFLP types C, D, and E, respectively).
All the sequenced 16S rDNA clones were 99% or greater in
identity to known species except for the unknown Pseudomo-
nas sp. (98% identity to Pseudomonas fluorescens).

To examine the similarities between S. intermedius from the
human ear and the canine ear, we compared their 16S rDNA
sequences with an external sample of S. intermedius isolated
from a canine furuncle (ATCC 51874). Comparison of the 16S
rDNA (1,211 nucleotides) of S. intermedius isolated in this
study from both the human and the canine indicated that the
sequences were identical at every position to the sequence of
the ATCC sample. These sequences were nearly identical to
the GenBank entry D83369, except at position 1260. Sequence
D83369 has an A at position 1260, whereas the sequences from
this study have a G.

In an attempt to identify greater heterogeneity, we amplified
and cloned the 16S-23S intergenic spacer (ITS) of S. interme-
dius from the three samples. Primers ITS1F-ITS1R amplified
the ITS (390 nucleotides long) and portions of the 16S and 23S
rDNA genes (Table 1). However, the sequences were nearly
identical in all three samples. One region at position 242 of the
ITS differed in several clones examined. At this position, we
observed a G-to-A change when comparing the samples from
this study to the sample from the ATCC. A variable nucleotide
at position 50 in the 23S rDNA changed from a U in the human
and canine ear samples to a C in the ATCC sample.

The female patient was treated with the topical antibiotics
neomycin and polymyxin B and quickly recovered from the
otitis externa (approximately 4 days). We again tested an ear
sample by PCR to examine the organisms present in the
healthy ear. Examination of the 16S rDNA sequences indi-
cated that the ear still harbored S. capitis and Pseudomonas sp.,
but S. intermedius was absent.

Discussion. Molecular phylogenetic approaches based on
PCR and sequence analysis of the 16S rRNA gene were ap-
plied to identify the bacteria present in an ear fluid sample
from a patient with otitis externa. We analyzed 25 cloned 16S
rDNA sequences from the 27F-1492R-amplified PCR product
and noticed an undiversified population of bacteria dominated
by one type. This bacterium was identified as S. intermedius, an
organism normally associated with healthy animals but capable
of causing disease in both animals and humans (2, 4, 6, 8, 26).
S. intermedius is related to staphylococcal species isolated from
various animals and falls into a cluster referred to as the Staph-
ylococcus hyicus-intermedius cluster group (Fig. 1) (20). Four
additional species were identified as S. capitis, Pseudomonas
sp., C. tuberculostearicum, and D. pigrum. S. capitis and C.

TABLE 1. Oligodeoxynucleotide primers used for PCR amplification of bacterial DNA (16S rDNA, ITS, or 23S rDNA)
from human, canine, and control samples

Deoxyoligonucleotide
name

Deoxyoligonucleotide sequencea

(59 to 39)
Location on
16S rRNAb Specificity

515F GTGCCAGCMGCCGCGGTAA 515–533 Universal
1492R GGYTACCTTGTTACGACTT 1492–1510 Universal
27F AGAGTTTGATCMTGGCTCAG 8–27 Bacteria
StaphF CCTAAYCAGAAAGCCACGGC 488–507 Staphylococcus and related genera
ITS1F GATAGAGTTTTCCTCTTCGGAG 1015–1036 S. intermedius and closely related species
ITS1R GGGTTCCCCCATTCGGAAATC 110–130 (23S rRNA) Staphylococcus and related genera

a M 5 A 1 C, and Y 5 C 1 T.
b Escherichia coli numbering system. ITS1F anneals to the 16S rDNA, whereas ITS1R anneals to the 23S rDNA. ITS1F-ITS1R amplifies the 39 region of the 16S

rRNA gene (nucleotide numbers 1037 to 1542), the ITS, and the 59 region of the 23S rRNA gene (nucleotide numbers 1 to 109).
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tuberculostearicum are inhabitants of the human integument
and likely represent the normal microbiota. D. pigrum, isolated
originally from the spinal cord of a multiple sclerosis patient
and the eye swab from a neurotopic cornea (1), appears to be
rare, as few descriptions exist. However, out of 25 clones, the
D. pigrum 16S rDNA sequence was identified only once, and
thus it is probably a minor component of the bacterial popu-
lation. Interestingly, D. pigrum is closely related to the genus
Alloiococcus, which includes the single species Alloiococcus
otitis, a bacterium identified as a commensal frequently found
in ear samples from healthy adults (data not shown).

Since we speculated that S. intermedius from the ear fluid of
the human patient was acquired from the canine pet, we com-
pared the sequences of the 16S rRNA genes from the human
and canine samples to an outside source. We chose an ATCC
S. intermedius strain originating from the furuncle (boil) of a
dog. All three 16S rDNA sequences were identical in the
regions analyzed. However, it is known that some species of
bacteria have highly variable ITS sequences in the rRNA
operon that allow for strain differentiation (16). Therefore, we
amplified the ITS region between the 16S and 23S genes in the
desire to uncover greater sequence heterogeneity. Although
highly similar in all three samples, the ITS had one position of
variation at nucleotide 242. This region of the ITS was identi-
cal in the two ear samples but changed in the ATCC sample.
The ITS has been known to be highly conserved between
different isolates in some species, such as Tropheryma whippelii
(11) and Mycobacterium leprae (7).

Fortuitously, additional evidence for the similarity of S. in-
termedius from the human and canine ear sample clones was
noticed at the extreme 59 end of the 23S rDNA. A variable
position in the 23S rDNA (position 50) changed from a U to a
C in the human and canine clones but not the ATCC clones.

Due to its greater length and larger number of variable posi-
tions, further sequence analysis of the 23S rDNA may be help-
ful in species and strain identification.

Talan et al. identified S. intermedius as a potential pathogen
in dog bite wounds (21) and reported the first confirmed cases
of human infection presenting S. intermedius (22) a decade
ago. Since then, there have been additional reports of bite
wounds harboring S. intermedius (4, 14). In humans, however,
S. intermedius is rarely found as part of the normal microbiota,
even in people who have contact with animals. In a study of the
nasopharyngeal flora of 144 veterinary staff members, only one
person was identified as harboring S. intermedius (23). Another
study reported just two cases of S. intermedius out of 3,397
isolates from samples of hospitalized patients (15). A recent
report on the distribution of Staphylococcus species within
human clinical samples indicated the absence of S. intermedius
from 1,230 strains tested (13). Interestingly, there has been a
report of a dog with otitis media harboring S. intermedius (6),
providing evidence that S. intermedius may be involved in ca-
nine ear infections.

PCR and sequence analysis have allowed us to rapidly iden-
tify the dominant species present in the ear samples from a
human with otitis externa and the ear samples from the pa-
tient’s pet dog. To our knowledge, this is the first reported case
of a noninvasive infection with S. intermedius (i.e., not the
result of bite wounds or surgical procedures). Since S. interme-
dius is not detected unless specific biochemical tests are done
(9), it may be misclassified as S. aureus. We believe that S.
intermedius may be an important zoonotic pathogen in humans
who are in close contact with indoor pets. PCR of the 16S
rDNA gene could be an effective alternative in detecting S.
intermedius in human infections where zoonosis is suspected. It
is not clear how widespread S. intermedius involvement in otitis

FIG. 1. Selected sequences of the genus Staphylococcus showing the S. hyicus-intermedius cluster group. The number of nucleotides analyzed and the corresponding
GenBank number are to the right of the sequence. A neighbor-joining algorithm from the ARB software determined phylogenetic distances and topology. A local tree
consisting of the approximately 45 Staphylococcus species was generated with Bacillus subtilis as an outgroup (data not shown). The bar indicates nucleotide changes
per site.

1630 NOTES J. CLIN. MICROBIOL.



externa may be, but patients who are in close contact with
house pets may benefit from a more detailed analysis. This type
of analysis does not require any culturing, and once DNA is
prepared, there are no biohazard dangers. Regular bathing
and cleansing of house pets and immediate treatment of pet
ear infections with antibiotics may help to prevent zoonotic
transmission to their owners.

Nucleotide sequence accession numbers. The rDNA se-
quences of select clones from this study have the GenBank
accession no. AF193881 to AF193888.
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and D. J. Lipman. 1997. Gapped BLAST and PSI-BLAST: a new generation
of protein database search programs. Nucleic Acids Res. 25:3389–3402.

4. Barnham, M., and B. Holmes. 1992. Isolation of CDC group M-5 and
Staphylococcus intermedius from infected dog bites. J. Infect. 25:332–334.

5. Benson, D. A., I. Karsch-Mizrachi, D. J. Lipman, J. Ostell, B. A. Rapp, and
D. L. Wheeler. 2000. GenBank. Nucleic Acids Res. 28:15–18.

6. Cole, L. K., K. W. Kwochka, J. J. Kowalski, and A. Hillier. 1998. Microbial
flora and antimicrobial susceptibility patterns of isolated pathogens from the
horizontal ear canal and middle ear in dogs with otitis media. J. Am. Vet.
Med. Assoc. 212:534–538.

7. de Wit, M. Y. L., and P. R. Klatser. 1994. Mycobacterium leprae isolates from
different sources have identical sequences of the spacer region between the
16S and 23S ribosomal RNA genes. Microbiology 140:1983–1987.

8. Gerstadt, K., J. S. Daly, M. Mitchell, M. Wessolossky, and S. H. Cheeseman.
1999. Methicillin-resistant Staphylococcus intermedius pneumonia following
coronary artery bypass grafting. Clin. Infect. Dis. 29:218–219.
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