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ABSTRACT
This study determined the species of 54 staphylococci isolates from canine otitis and their ability to produce
biofilm through the Congo red agar method, confirmed by scanning electron microscopy. The most
frequently identified species were S. intermedius and S. simulans. Results showed that 30% of the strains
were biofilm producers.
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Since the initial observations that some staphylococcal

phenotype differentiation between biofilm producers and non-

strains produced biofilm, a great deal of research has been

producers can help elucidate its impact in veterinary infections

carried out to evaluate its clinical significance. Hitherto there

(1, 4).

are many reports of biofilm production amidst clinically

This study aims to identify down to species level

relevant staphylococci (1, 2), often citing this characteristic as

staphylococcal strains isolated from canine clinical specimens

an important virulence factor (4). Bacteria from the genus

and determine the ability of these strains to produce biofilm.

Staphylococcus, including Staphylococcus intermedius and

Fifty-four clinical isolates previously identified by Gram,

Staphylococcus simulans, are reported to constitute normal skin

by morphological and by biochemical characteristics as

flora, but also to be involved in severe infections in both

staphylococci strains (6), were successfully obtained from the

humans and animals (1, 5, 7, 11). Among the many

collection of the Bacteriology Laboratory at the Federal

staphylococcal infections in veterinary medicine, otitis is the

University of Ceará, Brazil. These isolates were originally

most common ear disease in dogs and may present itself with

acquired from dogs diagnosed with infectious otitis, according

high levels of antimicrobial resistance, when of an infectious

to Harvey et al. (3). Species identification was determined

nature (7), a characteristic that is also commonly found in

through the automated system Vitek2® (bioMérieux, Marcy

infections associated with biofilm formation (9). Thus, the

l’Étoile, France - software 4.03). The two most frequently
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identified staphylococcus species were S. intermedius (n=28), a

occasionally found on animal skin and a known opportunistic

species commonly found in animals, especially dogs, usually

pathogen (11) (Table 1).

causing infection (5), and S. simulans (n=22), a species
Table 1. Distribution of identified staphylococcal species and phenotypical detection of biofilm-producing strains.
Bacterial Isolates
BP (%)
11
5
0
0
0
16 (30)

Staphylococcus intermedius
Staphylococcus simulans
Staphylococcus haemolyticus
Staphylococcus epidermidis
Staphylococcus lugdunensis
Total
*CRA - Congo red agar

BP - Biofilm producer

CRA*
NBP (%)
17
17
2
1
1
38 (70)

Total (%)
28 (52)
22 (40)
2 (4)
1 (2)
1 (2)
54 (100)

NBP - Non-biofilm producer

Two strains were used as reference for biofilm production:

staphylococci were incubated for 48 h at 37°C in BHI broth,

Staphylococcus aureus ATCC 29523 as positive control and

without agitation, in 24-well plates and in the presence of a

Staphylococcus epidermidis ATCC 12228 as negative control

sterile glass slide (diameter 5mm) for each well. The growth

(1, 9).

medium was discarded and replaced after 24 hours (9). After

All 56 strains, 54 clinical isolates and the two controls,

incubation, each glass slide, with any adherent bacteria, was

were submitted to phenotypic characterization of biofilm

washed three times for 15 min each in 0.05M PBS. Then they

production using the Congo red agar (CRA) method (2). CRA

were all fixed with 2% (wt/vol) glutaraldehyde in filter-

plates were prepared by adding 0.8g of Congo red dye and 36g

sterilized 0.05M PBS (pH 7.4), at room temperature, for 16

of saccharose (both from Sigma, Missouri, USA) to 1L of

hours. Thereafter, they were rinsed again in sterile PBS

brain-heart infusion (BHI) agar (Oxoid, Cambridge, UK).

solution, in the same manner as before. Following these

Plates with the medium were inoculated and incubated in

procedures, the slides were dehydrated in successive ethanol-

aerobic conditions for 24 to 48 hours at 37°C. Black to almost

water mixtures with increasing ethanol concentrations (20%,

black colored colonies were considered as biofilm producer

40%, 60%, 80%, and 95% [vol/vol]) for 15 min each and then

strains, while red to bordeaux colored colonies on CRA were

twice in absolute ethanol for the same time (10). After drying,

classified as strains unable to produce biofilm (1, 2). The two

samples were affixed to aluminum mounts with double sided

reference strains S. epidermidis ATCC 12228 and S. aureus

carbon adhesive tape and sputter coated with gold. The upper

ATCC 29523 were found to be, respectively, negative (Figure

surfaces of the slides were examined by SEM for the presence

1A) and positive (Figure 1D) to the test, as expected.

of biofilm structures and photographed (10) (Figure 1E-H).

Among the 54 clinical strains, the final classification was

The negative control and non-biofilm producer strains failed to

as follows: 16 with black to almost black colonies as biofilm

colonize the surface of the glass slide. Artifacts from the

producers and 38 with red to bordeaux colonies as non

fixation process and small clusters of adhered cells were

producers (Table 1). To confirm these findings, the studied

observed, but these cells did not aggregate to form a monolayer

strains were cultured and had their images captured by

or any form of biofilm structure (Fig. 1E and 1F). The positive

scanning

control strain and biofilm producer strains grew evident biofilm

electron

microscopy

(SEM).

Briefly,

the
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biomass with a multilayered three-dimensional structure (Fig.

colors of the colonies, making the results more pronounced but

1G and 1H).

not changing them. These three were S. simulans strains and

Several studies, as the current one, have shown a strong

were ultimately classified as biofilm producers. Overall, 30%

association between S. intermedius and canine otitis (7, 8). It

of the 54 clinical isolates turned out to be biofilm producer

was the most prevalent species amongst the isolated bacteria,

strains. The images acquired by SEM supported the CRA test

accounting for 52% of the identified strains in this study. In

results.

small animal practice, common infections, such as otitis, often

Bacterial infection and biofilms remain as major

receive empirical antimicrobial therapy before test results are

challenges in modern clinical microbiology (1), and to our

available.

the

knowledge, only a few in vitro studies have addressed the

veterinarian, prior knowledge of which bacterial species are

subject of biofilm production in the field of veterinary

most frequently found in each infectious disease is extremely

medicine. This is the first time that S. simulans is shown to

beneficial (8).

produce biofilm as an isolated species, and not in a

This

information

corroborates

that,

for

The phenotypic detection of biofilm production through

multispecies model. The confirmation of the presence of such

cultures on CRA medium (Table 1) was determined after a

virulence factor amongst these staphylococcal strains brings

final evaluation at the end of a 48 h incubation period (Figure

light to the possible role that biofilm formation has in canine

1A-D). Consistent with findings of Arciola et al. (1), the first

otitis. This should be further investigated, possibly to

reading after 24 h of incubation in CRA medium was enough

determine its influence on antimicrobial resistance.

to permit a definite result for most strains. In these

In conclusion, we believe that the accurate identification of

experiments, only three strains required a second reading at 48

biofilm producers in clinical specimens may provide greater

h to achieve a precise result. However, for all three, the lapse

understanding

of time between the two readings served only to intensify the

staphylococci infections in veterinary medicine.

and

help

improve

the

management

of

Figure 1. Corroborative Congo red agar (CRA) plate test and scanning electron microscopy (SEM) results for four strains. CRA plate test
images for the negative control (A), a non-biofilm producer strain (B), a biofilm producer strain (C) and the positive control (D). Positive strains
give black colonies and negative strains give red colonies on CRA. SEM images of Staphylococci strains growing on glass slides after 48 hours
for the negative control (E), a non-biofilm producer strain (F), a biofilm producer strain (G) and the positive control (H). Adhered bacteria were
fixed, treated and observed by SEM (x10000 magnification). Positive strains show larger cell clusters and biofilm matrix, while the negative
strains show only a few adhered cells. Amorphous structures in Fig. 1F are artifacts of fixation as seen in blank slides that went through the same
process. Images represent typical fields of view.
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