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Objective: The first aim of this study was to compare the microbiota of different locations (pus, tonsillar

fossa, blood) in peritonsillar abscess (PTA) patients in order to optimize the sampling scheme. The second

aim was to estimate the occurrence of tonsillitis episodes and macroscopic oropharyngeal signs characteristic

of recurrent tonsillitis in PTA patients.

Methods: The study group consisted of 22 consecutive patients with PTA undergoing bilateral tonsillectomy.

The PTA was punctured; pus and tonsillar fossa biopsy samples and the peripheral blood cultures were

collected. The index of tonsillitis was calculated by multiplying the number of tonsillitis episodes per year by

the morbidity period in years. Macroscopic oropharyngeal signs were evaluated and they were as follows:

tonsillar sclerosis, obstruction of the tonsillar crypts, scar tissue on tonsils, cryptic debris, and lymphatic tissue

aggregates.

Results: The cultures of the pus were positive in 16 out of 22 patients and the cultures of the tonsillar fossa

samples were positive in all cases. In total, 62 different organisms were found from tonsillar fossa, pus, and

blood samples, which belonged to 5 different phyla and 18 different families.

In the tonsillar fossa, the most frequent bacteria found were Streptococcus spp. In pus samples, the most

frequently found bacteria were Streptococcus spp. and bacteria from the Streptococcus milleri group.

Conclusion: PTA patients had mixed anaerobic and aerobic microbiota both in the tissue of the tonsillar fossa

and the pus of the peritonsillar space. We demonstrated that the tonsillar fossa specimen is a better material

for microbiological analyses, because it reveals more bacteria per culture. PTA patients usually have a low

number of tonsillitis episodes in their previous history, but a relatively high number of macroscopic

oropharyngeal signs, indicating the sclerotic process in palatal tonsils.
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A
peritonsillar abscess (PTA) is characterized by

a purulent secretion accumulated between the

fibrous capsule of the palatine tonsil and the

pharyngeal superior constrictor muscle (1, 2). It is a

suppurative complication of tonsillitis. It commonly

occurs in adolescents and young adults, although any age

can be affected. Annual reported incidence ranges from

9 to 37 cases per 100,000 persons a year (3, 4). The con-

dition may be life-threatening, though in the antibiotics

era, the mortality rate due to PTA has dropped consider-

ably. The proper treatment for this infection aims to avoid

serious complications which include its extension into deep

spaces of the neck. Therefore, the management of PTA

usually includes both surgical and antimicrobial therapy.

Surgical drainage varies from pus aspiration and/or

drainage all the way to acute tonsillectomy (5, 6).

Antibacterial treatment relies on the microbial aetiology

of PTA and should cover essentially all the bacteria that are

considered to be significant causative agents. Several

studies have shown a mixed aerobic and anaerobic flora

in PTA (1�3, 7�11). As the cultures are obtained from an

area normally heavily colonized, the aetiological relevance

of each bacterium is raised. Owing to the method of sample

collection, such culture results include both a proportion

of contaminants and bacteria of clinical significance. It is

not clear whether the location of bacteria and the site of
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bacteriological sampling would help to determine mi-

crobes having an aetiological role in PTA.

The objective of this study was twofold. The first aim

was to compare the microbiota of different locations

(pus, tonsillar fossa, blood) in PTA patients in order to

optimize the sampling scheme. The second aim was to

estimate the occurrence of tonsillitis episodes and macro-

scopic oropharyngeal signs characteristic of recurrent

tonsillitis in PTA patients.

Materials and methods

Patients
The prospective study was performed between November

2011 and May 2012 at the Department of Otorhinolar-

yngology, Tartu University Hospital. The study group

consisted of 22 consecutive patients (16 male and 6 female

with median age of 32, range 14�74) with PTA, undergoing

bilateral tonsillectomy. The study was approved by the

Ethical Committee of the University of Tartu. All patients

were included after their informed consent was obtained.

Clinical examination
The diagnosis of PTAwas based on the clinical evaluation,

confirming pus collection in the peritonsillar space (Table 1).

The following clinical and demographic data were ob-

tained: age, gender, type of antimicrobial therapy before

admission, axillary temperature with an accuracy of 0.18C,

history of previous episodes of recurrent tonsillitis, and

length of previous history of tonsillitis.

In addition, macroscopic oropharyngeal signs were

evaluated and the index of tonsillitis (IT) was calculated

as described in our previous studies (12, 13). Macroscopic

oropharyngeal signs were evaluated on tonsill in the opposite

side of PTA and they were as follows: tonsillar sclerosis,

obstruction of the tonsillar crypts, scar tissue on tonsils,

cryptic debris, and lymphatic tissue aggregates. Tonsillar

sclerosis was defined as increased tightness of the ton-

sillar and peritonsillar tissue together with fixation of

the palatine tonsil in the tonsillar fossa. Obstruction of the

tonsillar crypts was documented when narrowing of the

crypt mouth was observed, resulting in the loss of clear

cryptic pattern of the tonsillar surface. Scar tissue on the

tonsils was defined as white tissue spots or streaks on the

tonsillar surface. Cryptic debris was described as any

white or yellow matter in the crypts or in the supratonsillar

cleft. Multiple round or elongated yellow-coloured patches

on the retropharyngeal mucosa were described as lympha-

tic tissue aggregates, which are presumably due to enlarge-

ment of normal lymphatic structures in the throat. The

IT score was calculated by multiplying the number of

tonsillitis episodes per year by the morbidity period in

years (14). Basically, it represents the total number of

tonsillitis episodes the patient has ever had.

Specimen collection
All operations were undertaken under general anaesthesia.

The PTA was punctured and pus was aspirated into a

sterile syringe. The tonsils were removed by blunt dissec-

tion and placed in sterile containers separately. After

removal of a tonsil, a tissue biopsy sample was taken

from the tonsillar fossa for microbiological analysis. The

tissue sample was immediately placed into Stuart transport

medium (OXOID, Basingstoke, UK).

Within 5 min of the removal of the first tonsil (the

tonsil at the side of the abscess), the peripheral blood

cultures were drawn aseptically into BACTEC Plus

Aerobic/F and BACTEC Plus Anaerobic/F blood culture

bottles (Becton Dickinson, Maryland, Sparks, USA).

Microbiological analyses
All collected specimens were immediately taken to a

microbiology laboratory. Pus aspirates and tissue were

transported in sterile tubes. All materials were cultured

semi-quantitatively in the anaerobic box with loop

(10 ml). Blood agar plates (OXOID, Basingstoke, UK) were

employed for aerobes, chocolate agar plates for Haemophilus

sp., tryptic soy-serum-bacitracin-vancomycin agar (TSBV;

Oxoid) for Aggregatibacter sp., and fastidious anaerobe agar

(FAA; Lab M, Heywood, UK) for anaerobes. The plateswere

incubated at 36.68C either aerobically for 2 days (blood agar),

in a CO2-enriched atmosphere for 5 days (chocolate and

TSBV agar), or anaerobically for 7 days using the anaerobic

glove box (FAA). Bacterial count was evaluated semiquanti-

tatively: the growth in the first sector (�), in the second sector

(��), in the third sector (���), and in the fourth sector

(����). Another amount of pus was inoculated into

blood culture bottles (BACTEC Pediatric, Plymouth, UK).

Identification of isolated microorganisms was performed

using the MALDI Biotyper (Bruker Daltonics, Bremen,

Germany).

Table 1. Clinical data

Antimicrobial therapy

before admission
16 (72.7%)

6 female (27.3%) and 16

male (72.7%)

Gender Median Range

Age 32 14�74 years

Fever 38.48C 37.18C�39.18C

Organisms from tonsillar fossa 6 1�10

Organisms from pus 3 0�9

Average tonsillitis episodes

per year

0 0�10

Length of previous history

of tonsillitis

0 0�5 years

Index of tonsillitis 0 0�36

Sclerotic signs 4 0�5
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All blood culture bottles were promptly taken to the

laboratory and incubated at 368C in a fully automated

blood culture instrument (Bactec 9050TM, Becton Dick-

inson). The blood culture bottles were cultured for 7 days

in total. When evidence of growth was noted, Gram staining

and subculture were performed on the relevant plates.

For antibiotic susceptibility testing only the oppor-

tunistic pathogens were selected. The selected microor-

ganisms were Streptococcus pneumoniae, S. pyogenes,

S. parasanguinis, S. anginosus, S. intermedius, S. constellatus,

Rothia mucilaginosa, and Fusobacterium necrophorum. Anti-

microbial sensitivity testing was performed for antimicro-

bials, which included first and second line antibiotics for

treating PTA: penicillin, ampicillin/sulbactam, cefurox-

ime, clindamycin, erythromycin, ciprofloxacin, and me-

tronidazole. Minimum inhibitory concentrations (MICs)

were assessed using the E-test method and the guide-

line ‘Breakpoint tables for interpretation of MICs

and zone diameters’ from the European Committee

on Antimicrobial Susceptibility Testing (version 5.0,

2015; www.eucast.org) (15). Exact MIC values, which

were used to determine sensitivity for each specimen,

were as follows: S. parasanguinis � penicillin, ampicillin/

sulbactam (MIC susceptible50.25; resistant�2); clinda-

mycin (MIC susceptible50.5; resistant�0.5); S. milleri

group (SMG) � penicillin, ampicillin/sulbactam (MIC

susceptible50.25; resistant�2); clindamycin (MIC sus-

ceptible 50.5; resistant�0.5); S. pneumoniae � penicillin

(MIC susceptible50.06; resistant�2); ampicillin/sulbac-

tam (MIC susceptible50.5; resistant�2); cefuroxime,

erythromycin (MIC susceptible50.25; resistant�0.5);

clindamycin (MIC susceptible50.5; resistant�0.5);

ciprofloxacin (MIC susceptible50.125; resistant�2); S.

pyogenes � penicillin, ampicillin/sulbactam (MIC sus-

ceptible50.25; resistant�0.25); clindamycin (MIC sus-

ceptible50.5; resistant�0.5); F. necrophorum � penicillin

(MIC susceptible50.25; resistant�0.5); ampicillin/sul-

bactam (MIC susceptible54; resistant�8); clindamycin

(MIC susceptible54; resistant�4); metronidazole (MIC

susceptible54; resistant�4).

Results

Clinical data
The 22 patients who were hospitalized due to PTA

included 16 males and 6 females with a median age of

32 (range 14�74). The average duration of symptoms was

3�7 days preoperatively (Table 1).

Fifteen patients out of 22 (68.2%) had a fever, but only

nine patients (40.9%) had a fever greater than 388C at

presentation. The median temperature was 38.48C.

Most patients had received antibiotics prior to presen-

tation. Only 6 patients out of 22 (27.3%) had not been

treated with antibiotics. Antibiotics that were prescribed

usually by general doctors before hospitalization were

penicillin V, amoxicillin, cefadroxil, and clindamycin.

Three patients took a second course of antibiotics before

hospitalization; the second choice was always clindamycin.

Most of the patients (63.6%) had never had problems

with their tonsils. Seven patients (31.8%) had one to three

episodes a year and only one patient had tonsillitis

episodes more often than three times a year. The highest

IT score was 36, but the median value was 0 (range 0�36)

and the mean value was 4.04. After excluding the one

person with the IT score of 36, the mean value of IT

dropped to 2.16 (Table 1).

The most common macroscopic oropharyngeal sign

was cryptic debris that occurred in 83.3% of patients.

Tonsillar sclerosis and scar tissue on tonsils was present

in 72.2% of cases, obstruction of the tonsillar crypts in

61.1%, and lymphatic tissue aggregates on the retro-

pharyngeal mucosa in 55.6% of the patients. The

examination was performed before tonsillectomy on a

scale of 0�5 and the median value was 4 (range 0�5).

Microbiological data
The pus cultures were positive in 16 (72.7%) out of

22 patients and the cultures of the tonsillar fossa samples

were positive in all cases. At the same time, only 2 out of

22 blood samples were positive. In total, 62 different

organisms were found from tonsillar fossa, pus, and blood

samples, which belonged to 5 different phyla and 18

different families (Table 2). Among them, 32 different

organisms were discovered from the pus specimens, 49

different organisms from the tonsillar fossa, and 3 organ-

isms from the blood samples (Table 2). The median number

of different organisms found in all tonsillar fossa biopsies

was six (range 1�10, mean 5.7 SD 9 2.5) and in all pus

samples it was three (range 0�9, mean 2.7 SD9 2.7) (Fig. 1).

In the tonsillar fossa, the most frequent bacteria found

were Streptococcus spp., whereas the most frequent speci-

mens were S. parasanguinis (12/22) and S. pneumoniae

(12/22). Streptococcus spp. was followed by Neisseria spp.

and Actinomyces spp. In the tonsillar fossa biopsy we

found six Staphylococcus spp. specimens, but staphylo-

cocci were not found in any pus cultures. In addition,

R. mucilaginosa was present in seven (31.8%) tonsillar

fossa biopsies, but was never found in the pus.

In pus samples, the most frequently found bacteria were

Streptococcus spp. Bacteria from the SMG, consisting of

S. anginosus, S. intermedius, and S. constellatus, were

isolated from the pus in 12 cases and from the tonsillar

fossa in four cases. Among the 16 positive pus samples,

SMG was present in nine (56.2%). A single organism was

cultured in four (18.2%) pus cultures, and multiple

organisms were present in 12 (54.5%) pus cultures. Out

of 22 patients, 6 (27.3%) had no microbiological growth in

the pus. S. pyogenes was a monoculture in the pus of two

patients; S. constellatus and F. necrophorum were each a

single organism in the pus culture of one patient.
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Table 2. Microorganisms isolated from the pus, tonsillar fossa, and blood of peritonsillar abscess patients

Phylum Family Bacteria Pus Tonsillar fossa Blood

Proteobacterium Comamonadaceae Acidovorax temperans 1

Moraxellaceae Moraxella/Branhamella catarrhalis 1

Pasteurellaceae Aggregatibacter aphrophilus 1

Haemophilus influenzae 1

Haemophilus parainfluenzae 2

Neisseriaceae Neisseria flavescens 1 7

Neisseria macacae 4

Neisseria mucosa/macacae 2

Neisseria perflava 2 5

Neisseria perflava/flavescens 3

Neisseria subflava 1 1

Neisseria spp. 1

Firmicutes Bacillaceae Bacillus licheniformis 1

Carnobacteriaceae Granulicatella adiacens 1 1

Clostridiaceae* Clostridium halophilum 2 3

Parvimonas micra 2 1

Peptostreptococcus anaerobius 1

Lactobacillaceae Lactobacillus catenaformis 2

Lactobacillus fermentum 1

Lactobacillus plantarum 1

Staphylococcaceae Gemella haemolysans 1

Gemella haemolysans/morbillorum 1

Gemella sanguinis 1

Staphylococcus aureus 1

Staphylococcus epidermidis 3

Staphylococcus hominis 1

Staphylococcus warneri 1

Streptococcaceae Streptococcus anginosus 2 2

Streptococcus constellatus 5 1

Streptococcus dysgalactiae 1

Streptococcus gordonii 2

Streptococcus intermedius 3 1

Streptococcus intermedius/anginosus 2

Streptococcus mitis 1

Streptococcus mutans 2

Streptococcus oralis 5 1

Streptococcus parasanguinis 4 12

Streptococcus peroris 1 4

Streptococcus pneumoniae 4 12

Streptococcus pyogenes 6 4

Streptococcus salivarius 1 6

Streptococcus sanguinis 1 2

Streptococcus sobrinus 1

Veillonellaceae* Dialister pneumosintes 1

Veillonella atypica 1

Actinobacteria Actinomycetaceae Actinomyces radicidentis 1

Actinomyces naeslundii 1

Actinomyces odontolyticus 1 5

Actinomyces oris 3

Corynebacteriaceae Corynebacterium argentoratense 1 2

Bifidobacteriaceae* Alloscardovia omnicolens 2

Bifidobacterium dentium 1 1
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In 9 patients out of the 16 with positive pus samples

(56.2%), the same organisms that were found in the pus

were also present in the tonsillar fossa biopsy samples

(altogether 20 isolates) (Fig. 2). At the same time, all

except one pus sample had one or more specimens in the

pus that were not found in the tonsillar fossa biopsy.

The blood culture was positive in only two (9.1%)

patients. The bacteria found from blood cultures were S.

mitis and S. oralis in one patient and Peptostreptococcus

anaerobius in another. None of the bacteria were found in

the patients’ pus or tonsillar fossa samples.

We also determined the antibiotic susceptibility for

opportunistic bacteria. The data are presented in Table 3.

Discussion
In the present study, we found mixed aerobic and

anaerobic microbiota either in the tonsillar fossa or in

the pus evacuated from the peritonsillar space. We de-

monstrated that the tonsillar fossa specimen is a better

material for microbiological analyses, because it reveals

more bacteria per culture.

Altogether 49 species were recovered from the tonsillar

fossa, which is significantly more than the 32 species

recovered from the pus cultures. The most common

microorganisms were Streprococcus species, particularly

the SMG (S. anginosus, S. intermedius, and S. constellatus).

Although the SMG is normally found on the orophar-

yngeal mucosa, it has been recognized as the aetiological

agent of the abscesses in the head and neck region (16�18).

We found SMG microorganisms in up to 56.2% of positive

cultures. In our previous study, in addition to Streptococcus

species, the anaerobic bacteriawere the second most common

bacteria found in the tonsillar fossa of patients with recurrent

tonsillitis (Kasenõmm et al. 2004). In the present study, the

number of anaerobes in the tonsillar fossa of PTA patients

was significantly lower. This finding is not in accordance

with recent studies where the importance of anaerobes in

the aetiology of PTA, particularly F. necrophorum, has been

Table 2 (Continued )

Phylum Family Bacteria Pus Tonsillar fossa Blood

Micrococcaceae Rothia dentocariosa 2 1

Rothia mucilaginosa 7

Kocuria marina 1

Micrococcus luteus 1

Bacteroidetes Bacteroidaceae* Bacteroides pyogenes 1

Prevotellaceae* Prevotella intermedia 1

Prevotella melaninogenica 1 2

Fusobacteria Fusobacteriaceae* Fusobacterium necrophorum 1 2

Fusobacterium nucleatum 3

*Anaerobes.
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Fig. 1. Patient culture results and their locations.
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questioned (3, 6�10). We found F. necrophorum only in one

pus culture and in two tonsillar fossa specimens. On the other

hand, S. pyogenes, the most important aetiological agent of

acute tonsillitis, was recovered from four tonsillar fossa

specimens and from six pus cultures out of 22 (27.2%).

Interestingly, in our previous study on recurrent tonsillitis we

recovered no S. pyogenes from tonsillar core specimens by the

culture method, but found it in 29% of caseswhenusing more

sensitive PCR. It has been demonstrated that S. pyogenes has

a great ability to conceal itself intracellularly, to prevent

immune response (19). Our data may suggest that in the case

of acute infection, as well as in PTA, S. pyogenes may escape

from epithelial cells and play an important role in the

pathogenesis of the disease.

We recovered only two positive blood cultures from our

PTA patients. The bacteria isolated from blood cultures

were viridans streptococci (S. mitis and S. oralis) and

P. anaerobius. In other studies, the percentage of positive

blood cultures has been higher (20). In our previous study,

the rate of positive blood cultures during tonsillectomy was

as high as 44% (12). In the present study, we used the same

culture media and the same protocol for collecting blood

cultures during tonsillectomy. Therefore, we suggest that

the significantly lower rate of positive blood cultures

is related to preoperative antibacterial therapy. In our

previous study, the study group consisted of patients with

recurrent tonsillitis in whom tonsillectomy was performed

in their relatively healthy state, without preoperative anti-

biotics. In comparison, among the PTA patients only 6 out

of 22 had not taken antibiotics before hospitalization. On

the other hand, these data also demonstrate that the use of

antibiotics prior to acute tonsillectomy for PTA may be

beneficial so as to reduce bacterial translocation and avoid

more serious complications. Antibiotics that were used

were penicillin V, amoxicillin, cefadroxil, and clindamycin.

Because there are no common guidelines for the treatment

of PTA in Estonia, the antibiotics spectrum varies.

According to our study the commonly used antibiotics

penicillin and other beta-lactam antibiotics are suitable as

empirical treatment. Antibiotic resistance to penicillin and

other beta-lactam is higher only among F. necrophorum.

However F. necrophorum was not avery common pathogen

in our population.

In a further analysis we studied the IT value in PTA

patients. We found that only one patient with PTA out of

22 had an IT score of 36 or higher. The median IT value

was 0 (range 0�36) and the average was 4.04. When that

single patient with the IT score of 36 was excluded, the

average IT value dropped to 2.16. This is a much lower

value than in the patients with recurrent tonsillitis in our

previous study (13), where the median IT score was 30

(range 6�138). There we found that the IT score of 36 is

an optimal prediction for impaired defensive function of

palatine tonsils for a patient with recurrent tonsillitis and

tonsillectomy was recommended. These data suggest that

patients with PTA usually have no, or very few, previous

tonsillitis episodes.

We also estimated the presence of five different macro-

scopic oropharyngeal signs (tonsillar sclerosis, scar tissue

on the tonsils, obstruction of tonsillar crypts, cryptic

debris, and lymphatic tissue aggregates) in PTA patients

on the opposite side. The same macroscopic signs were

used in a previous study, where a strong correlation

between the occurrence of those signs and the development

of tonsillar scarring was demonstrated (12). In the present

study, the median rate of macroscopic oropharyngeal signs
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Fig. 2. Patients with positive pus samples and their microbiological results with locations.
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in PTA patients was 4 out of 5. This finding shows that even

when patients had only a few tonsillitis episodes or none at

all, most of them had signs characteristic of recurrent

inflammation in the tonsillar tissue. Ongoing inflamma-

tion in the tonsillar tissue leads, in the long term, to

tonsillar scarring and a lower protective function of the

tonsils (12). This finding may partially explain the devel-

opment of PTA despite the absence of recurrent tonsillitis

symptoms in these patients.

Conclusions
PTA patients have mixed anaerobic and aerobic micro-

biota both in the tissue of the tonsillar fossa and the pus

of the peritonsillar space, with S. pyogenes and members

of the SMG being the most common isolated species. Our

results indicate that tonsillar fossa specimens should be

preferred over pus sampling during abscess tonsillectomy

in order to reveal a possible pathogen.

Second, PTA patients usually have a low number of ton-

sillitis episodes in their previous history, but a relatively

high number of macroscopic oropharyngeal signs, indicat-

ing the sclerotic process in palatal tonsils and low immune

response that may support the development of mixed

oropharyngeal infections.
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Table 3. Antibiotic susceptibility of opportunistic bacteria

Pus Biopsy Total

S (%) I (%) R (%) S (%) I (%) R (%) S (%) I (%) R (%)

Streptococcus parasanguinis

P 1 (25) 3 (75) 0 (0) 7 (70) 3 (30) 0 (0) 7 (50) 5 (36) 0 (0)

SAM 1 (25) 3 (75) 0 (0) 6 (60) 2 (20) 2 (20) 7 (50) 5 (36) 2 (14)

CD 4 (100) 0 (0) 0 (0) 8 (80) 0 (0) 2 (20) 12 (86) 0 (0) 2 (14)

Streptococcus pneumoniae

P 3 (100) 0 (0) 0 (0) 1 (13) 7 (88) 0 (0) 4 (36) 7 (64) 0 (0)

CXM 3 (100) 0 (0) 0 (0) 3 (38) 2 (25) 3 (38) 6 (55) 2 (18) 3 (27)

SAM 3 (100) 0 (0) 0 (0) 7 (88) 1 (13) 0 (0) 10 (91) 1 (9) 0 (0)

CD 3 (100) 0 (0) 0 (0) 8 (100) 0 (0) 0 (0) 11 (100) 0 (0) 0 (0)

E 3 (100) 0 (0) 0 (0) 1 (13) 0 (0) 7 (88) 4 (36) 0 (0) 7 (64)

CIP 0 (0) 0 (0) 3 (100) 0 (0) 2 (25) 6 (75) 0 (0) 2 (18) 9 (82)

Streptococcus pyogenes

P 6 (100) 0 (0) 0 (0) 4 (100) 0 (0) 0 (0) 10 (100) 0 (0) 0 (0)

CXM 6 (100) 0 (0) 0 (0) 3 (75) 0 (0) 1 (25) 9 (100) 0 (0) 1 (10)

SAM 6 (100) 0 (0) 0 (0) 3 (75) 0 (0) 1 (25) 9 (100) 0 (0) 1 (10)

CD 6 (100) 0 (0) 0 (0) 3 (75) 0 (0) 1 (25) 9 (100) 0 (0) 1 (10)

E 5 (83) 0 (0) 1 (17) 2 (50) 1 (25) 1 (25) 7 (70) 1 (10) 2 (20)

Streptococcus milleri group

P 7 (100) 0 (0) 0 (0) 3 (100) 0 (0) 0 (0) 10 (100) 0 (0) 0 (0)

SAM 7 (100) 0 (0) 0 (0) 3 (100) 0 (0) 0 (0) 10 (100) 0 (0) 0 (0)

CD 7 (100) 0 (0) 0 (0) 3 (100) 0 (0) 0 (0) 10 (100) 0 (0) 0 (0)

Fusobacterium necrophorum

P 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 3 (100) 1 (25) 0 (0) 3 (75)

SAM 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 3 (100) 1 (25) 0 (0) 3 (75)

CD 1 (100) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0)

MTZ 1 (100) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0)

S, susceptible; R, resistant; I, intermediate; P, penicillin; SAM, ampicillin/sulbactam; CXM, cefuroxime; CD, clindamycin; E, erythromycin;

CIP, ciprofloxacin; MTZ, metronidazole.
We also determined the minimum inhibitory concentration (MIC) values for R. mucilaginosa: 0.016 and 0.125 for penicillin; 0.047, 0.094,

0.5, and 0.38 for cefuroxime; and 0.75, 2, and 6.2 for ciprofloxacin. These data were not included in the table since no MIC cut-off values

exist for R. mucilaginosa susceptibility and resistance.
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