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Abstract
Background Peritonsillar abscess (PTA) is a severe deep neck space infection with an insufficiently characterized 
bacterial etiology. We aimed to reveal the bacteria associated with PTA applying next generation sequencing (NGS). 
Tonsil biopsies and pus samples of 91 PTA patients were analysed applying NGS method.

Results Over 400 genera and 800 species belonging to 34 phyla were revealed. The most abundant species in both 
sample types were Streptococcus pyogenes, Fusobacterium necrophorum and Fusobacterium nucleatum. When present, 
S. pyogenes was normally a predominant species, although it was recovered as a minor population in some samples 
dominated by F. nucleatum and occasionally F. necrophorum. S. pyogenes and F. necrophorum were the predominant 
species (> 10% in a community) in 28 (31%) pus samples, while F. nucleatum in 21 (23%) and S. anginosus in 8 (9%) pus 
samples. We observed no substantial differences between the microbial findings in pus and tonsil biopsies.

Conclusions The most probable causative agents of PTA according to our NGS-study include Streptococcus 
pyogenes, Fusobacterium necrophorum and Fusobacterium nucleatum. Some other streptococci (S. anginosus) and 
anaerobes (Prevotella, Porphyromonas) may contribute to the infection as well. Pus of the peritonsillar abscess is more 
representative specimen for microbiological examination than the tonsillar tissue. Our results are important in the 
context of optimizing the handling of the PTA patients.
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Background
Peritonsillar abscess (PTA) is a collection of pus between 
the tonsil fibrous capsule and superior pharyngeal con-
strictor muscle. It is the most frequent cause of acute 
admissions in otorhinolaryngology [1–4]. Although it 
can occur at any age, the highest incidence has been 
shown between years 15 to 40 [2, 3]. PTA is considered a 
suppurative complication of acute tonsillitis, where bac-
teria from the tonsillar mucosa invade the surrounding 
tissue [1, 2]. It has been proposed that in some cases, the 
abscess may originate from Weber’s salivary glands [5] 
or that minor salivary glands are sometimes involved in 
the development of PTA [6]. Rising amounts of evidence 
associate PTA with periodontal disease and smoking [7]. 
However, the true pathophysiology of the disease is still 
widely unclear. When untreated, severe complications 
may occur, such as descending mediastinitis, para- and 
retropharyngeal abscess, and necrotizing fasciitis [3]. 
Thus, rapid diagnosis, usually based on clinical and phys-
ical examination, and fast-acting treatment is required 
[2]. The latter involves mostly a surgical intervention, 
such as needle aspiration, incision and drainage or acute 
tonsillectomy, with the addition of antimicrobial therapy 
and acute pain management [1–3].

The spectrum of microbes involved in the infection 
remains poorly characterized. Previous findings are 
greatly varying, and cultures obtained from PTA materi-
als are frequently polymicrobial [3, 8]. Although Strep-
tococcus pyogenes is currently considered to be the main 
causative agent of PTA, it is only recovered from approxi-
mately one third of PTA specimens [8–11]. Recent stud-
ies have also investigated the role of Fusobacterium 
necrophorum (FN) in PTA, which is found in about a 
quarter of PTA materials using DNA-based identifica-
tion [8]. A significant increase in anti-FN antibody levels 
was observed in PTA patients with FN-positive pus aspi-
rate cultures [9], providing a strong basis to include FN 
in the list of microbes responsible for the development 
of PTA. Other microbes, such as viridans-streptococci, 
Streptococcus anginosus group (SAG), Staphylococcus 
aureus, Bacteroides spp., Prevotella spp., Neisseria spp., 
and Klebsiella pneumoniae might also occasionally play 
a role in the development of PTA [3, 10, 12]. However, no 
previous studies have applied next generations sequenc-
ing (NGS) to obtain a complete and unbiased description 
of bacteria in PTA-samples.

The optimal specimen type for microbial diagnostics of 
PTA remains undetermined. Both healthy and diseased 
tonsils are heavily colonized with bacteria, complicating 
routine diagnostics as well as scientific investigations. 
In a previous study we compared culture of pus aspired 
from the abscess to culture of tissue biopsies from the 
tonsillar fossa, showing that the latter revealed more 
bacterial species per sample [13]. As the main function 

of tonsils is to prevent infections with activated B and 
T lymphocytes after contact with harmful bacteria [14], 
we assumed that it might be the place to search for the 
microbes causing the disease.

As there are no commonly accepted guidelines for the 
treatment of PTA, handling of the patients varies greatly 
between countries, hospitals and physicians and depend 
a lot on the physician’s experience and intuition. The ini-
tial antibiotic therapy usually includes broad-spectrum 
antimicrobial therapy targeted against streptococci and 
oral anaerobes [2, 3, 8, 15]. Reliable knowledge about the 
most probable pathogens and about the most optimal 
type of specimen would improve the handling of PTA 
patients significantly.

We aimed to detect the microbes present in both ton-
sils and peritonsillar pus of PTA patients applying NGS 
in order to reveal the most probable causative agents of 
PTA. We also aimed to define the best specimen type for 
their detection.

Materials and methods
Patient cohort
A prospective study was performed between Febru-
ary 2016 and January 2019 at the Ear Clinic, Tartu Uni-
versity Hospital, Estonia. The patient cohort included 
91 PTA patients (53 male and 38 female patients, with 
median age of 31.5, range 13−67 years) undergoing bilat-
eral tonsillectomy due to PTA. Exclusion criteria were 
age younger than 12 years, diabetes type I and II, current 
administration of immunosuppressants, immunosup-
pressive disease, and current chemo- or radiation ther-
apy. The patient cohort was described more thoroughly 
elsewhere [16].

The study was approved by the Ethics Review Com-
mittee on Human Research of the University of Tartu 
(Permission No. 255/T-1). Participation in the study was 
voluntary. All patients were included after their written 
informed consent was obtained.

Clinical handling of the patients and specimen collection
The diagnosis of PTA was based on clinical evaluation 
prior to surgery and the presence of pus in the periton-
sillar space. Basic clinical data were recorded (Table  1). 
Blood indices were examined in the United Laboratory of 
Tartu University Hospital by using standard methods.

All surgical procedures were performed within 24 h of 
admission under general anaesthesia. The tonsils were 
removed by blunt dissection, followed by collection of 
pus by swabbing the abscess cavity. Both the pus sample 
and the removed tonsil were stored in sterile tubes at -80 
oC until DNA extraction.
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Molecular analyses
Bacterial DNA from washouts of the swabs was extracted 
with the PureLinkTM Microbiome DNA Purification 
Kit (Invitrogen, USA), using the ELMI Sky Line instru-
ment (ELMI Ltd, Riga, Latvia) according to manufac-
turer’s instructions. The frozen tonsil biopsy specimens 
(~ 25 mg) were suspended in 500 µL of lysis buffer (200 
mM Tris-HCl (pH 8.0), 25 mM ethylenediaminetetraace-
tic acid (EDTA), 300 mM NaCl, 1.2% sodium dodecyl 
sulfate) and 20 µL of proteinase K (400 µg/mL) for DNA 
extraction. The mixture was incubated at 37 ◦C for 24 h. 
The procedure of DNA extraction was continued accord-
ing to the tissue protocol of QIAamp DNA Mini Kit 
(Qiagen, Hilden, Germany). DNA was amplified within 
the hypervariable (V3-V4) region of prokaryotic 16  S 
ribosomal RNA gene. Sequencing was carried out on an 
Illumina MiSeq System using MiSeq Reagent Kit v3 in 
paired end 2 × 300 bp mode. Details of molecular meth-
ods are presented in Table S1.

Statistical analysis
The statistical analysis was performed using SigmaPlot 
14.5 (Systat Software, Inc., USA). Statistical significance 
was determined using descriptive statistics, Mann-Whit-
ney, chi-square, and Spearman correlation tests. The level 
of statistical significance was considered to be p < 0.05. R 
software (R version 4.1.1, R, Vienna, Austria) was used 
for generation of figures.

Results
Clinical characteristics of the patient cohort
Specimens from 91 PTA patients were studied (Table 1). 
There was a significant male patient predominance 
(53 out of 91; p = 0.038), and nearly half of the patients 
(49.5%) had used antibiotics prior to hospitalization, 
including amoxicillin with clavulanic acid (21%), peni-
cillin V (19%), amoxicillin (19%), clarithromycin (15%), 

cefadroxil (6%), cefuroxime (6%), clindamycin (4%), cef-
prozil (4%), azithromycin (2%) and ciprofloxacin (2%). 
Blood analyses revealed increased levels of WBC, C-reac-
tive protein, and anti-streptolysin O. One fifth of the 
patients were regular smokers. Age, smoking and antibi-
otic use did not have impact on microbial communities 
(Figure S1). Additional information about the cohort has 
been published previously [16].

Overall sequence statistics and diversity analysis
A total of 5,058,572 high quality reads were obtained, 
with a mean of 19 475 reads per tonsil and 36 114 per 
pus sample. The OTUs were classified into 34 phyla, 476 
genera, 880 species and 331 unclassified groups. Shan-
non ’H’ diversity (proportion of the species) and Simp-
son’s indices (number of the species/relative abundance 
of the species) showed no significant difference between 
the sample types, while species richness (number of spe-
cies in a community) was significantly higher in pus than 
in tonsils (mean value of 104±43 and 86±28, respectively) 
(Fig. 1). The beta-diversity analysis revealed a clear sepa-
ration between pus samples and tonsil biopsies. Addi-
tionally, clustering between pus and tonsil biopsy of the 
same patient was demonstrated (Fig. 2).

Microbial communities in tonsils
The incidences for the most predominant bacteria in ton-
sil biopsies is provided in Table  2, and their main rela-
tive abundances are shown in Fig.  3. The incidence and 
relative abundance for all detected bacteria are listed 
in Tables S2-S5. Nearly one third of an average tonsil 
microbiota was composed of the Gram-negative anaero-
bic generaFusobacterium and Prevotella (mean relative 
abundances 22.2 and 13.4%, respectively) while the genus 
Streptococcus had a mean relative abundance of 14.3%. At 
the species level, Fusobacterium necrophorum displayed 
the highest mean relative abundance (14.6%), followed by 
Streptococcus pyogenes (10%) and Fusobacterium nuclea-
tum (6.8%). Other species displaying a high mean relative 
abundance in tonsils were Prevotella oris (4%) and Por-
phyromonas endodontalis (3.1%).

Microbial communities in pus
The incidences for the most predominant bacteria in 
pus samples is provided in Table 2, and their main rela-
tive abundances are shown in Fig. 3. On the genus level, 
streptococci were present in all pus samples and had the 
highest mean relative abundance (27.6%). Fusobacte-
ria represented the second most dominant genus with 
a mean relative abundance of 21.6%. In contrast to the 
tonsil samples, the highest mean relative abundancies 
at the species level was found for S. pyogenes (16.7%), 
followed by F. necrophorum (13.3%) and F. nucleatum 
(7.8%). Streptococcus mitis and P. oris were also present 

Table 1 Clinical and blood variables in study subjects
Clinical data Mean ± SD Median 

(range)
Age (years) 33.5 ± 13.8 31.5 (13–67)

Antibiotic treatment before 
hospitalization

n = 45 (49.5%) *

Body temperature (°C) 37.6 ± 0.6 37.5 
(36.0–39.4)

Duration of symptoms before hospital-
ization (days)

5.5 ± 4.1 5 [1–30)

C-reactive protein (mg/L) 100.1 ± 67.4 86.9 
(6.9–334.4)

WBC (x 109/L) 13.6 ± 3.7 13.8 
(6.8–22.7)

Anti-streptolysin O (IU/mL) 259.9 ± 405.3 147.0 (20.0–
3079.0)

* data is given as number (percentage) of patients
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in slighlty higher quantities than in tonsils (5.2 and 5.1%, 
respectively).

It is notable that anaerobic bacteria were highly abun-
dant in the majority of pus samples, constituting more 
than 10% in 59 (15 with and 44 without S. pyogenes) out 
of 91 samples and more than 50% in 25 samples (Figure 
S2).

Microbial comparison of pus and tonsil samples
At the genus level, the overall bacterial composition of 
the two sample types were similar. Both pus and tonsillar 
biopsies were dominated by streptococci or fusobacte-
ria, and with smaller quantities of Prevotella. Concern-
ing environmental and/or non-pathogenic bacteria, 
tonsils displayed significantly higher levels of the genera 
Sphingomonas, Chryseobacterium, and bacteria from the 
Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium 

Fig. 2 Non-metric multidimensional scaling (NMDS) plots showing the difference of pus (red) and tonsillar biopsy (blue) microbiota across elevations at 
species level based on beta-diversity index (Bray-Curtis similarity index). Samples of one patient are connected by a dotted line

 

Fig. 1 Species richness, Shannon’H’ diversity and simpson indeces in the tonsillar biopsy (blue) and pus (red) specimens
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Table 2 Incidence of the predominant bacteria* in pus and tonsil tissue of PTA patients
Phylum Incidence (%)

in
Genus Incidence (%)

in
Species Incidence 

(%) in
Pus Tonsil Pus Tonsil Pus Tonsil

Actinobacteriota 99 100

Bacteroidota 100 100 Prevotella 98 100 Prevotella oris 91 87

Porphyromonas 95 90 Porphyromonas endodontalis 76 70

Alloprevotella 95 92

Chryseobacterium 38 97 Chryseobacterium hominis 16 97

Cyanobacteria 47 59

Firmicutes 100 100 Streptococcus 100 99 Streptococcus pyogenes 70 66

Streptococcus mitis 74 82

Streptococcus anginosus 89 72

Veillonella 91 95

Parvimonas 90 86 Parvimonas micra 90 84

Peptostreptococcus 77 73 Peptostreptococcus stomatis 77 72

Fusobacteriota 99 100 Fusobacterium 98 100 Fusobacterium necrophorum 75 82

Fusobacterium nucleatum 86 89

Proteobacteria 100 100 Haemophilus 95 88 Haemophilus parainfluenzae 89 90

Sphingomonas 32 97 Sphingomonas faeni 5 97

Allorhizobium # 36 99

Patescibacteria 78 67

Spirochaedota 78 77 Treponema 78 77

Synergistota 48 51
* Table displays the incidence of the bacteria whose mean relative abundance is given on Fig. 3

# Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium group

Fig. 3 Microbial composition of tonsils and pus on phylum, genus and species level according to mean relative abundance. On genus and species 
level, top 10 bacterial taxa from both sample types are shown. Compared to pus, Bacteroidota and Proteobacteria relative abundances were significantly 
higher in tonsils (p = 0.038 and < 0.001, respectively), while pus samples contained more Firmicutes and Actinobacteria (p < 0.001 and 0.017, respectively). 
* - Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium group
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group (all p < 0.001). Pus samples displayed significantly 
more streptococci (p < 0.001), Gemella (p = 0.02) and 
Actinomyces (p = 0.007).

Species-level analysis revealed a very diversely colo-
nised environment in both tonsils and pus, and there 
were no species that would be present in all studied sam-
ples. Predominant species in both specimen types were S. 
pyogenes, F. necrophorum and F. nucleatum. In pus sam-
ples, Streptococcus anginosus (p = 0.012), Granulicatella 
adiacens (p = 0.007), and Eubacterium brachy (p = 0.012) 
were found to present significantly higher incidence and 
abundance than in tonsils. Tonsils displayed a signifi-
cantly higher level of non-pathogenic bacteria in terms of 
both incidence and relative abundances, such as C. homi-
nis and S. faeni (both p < 0.001) than pus.

Evaluation of predominant bacteria in individual samples
Figure  4 illustrates the relative distributions of S. pyo-
genes, fusobacteria and other predominant bacteria 
(having proportion over 10%) in pus samples of each 
particular patient. S. pyogenes, when present, was mostly 
as the predominant species. In cases of lower propor-
tion (under 40%), S. pyogenes was often accompanied by 
high amounts of F. nucleatum (8 cases), but seldom with 
F. necroforum. The latter was found as the predominant 
species in half of non-S. pyogenes cases while F. nuclea-
tum predominated in 13 and Streptococcus anginosus 
in 8 non-S. pyogenes cases. Other streptococci (S. mitis 
and unclassified streptococci) belonged among the pre-
dominant bacteria in a portion of pus samples both in 
the presence and absence of S. pyogenes. In addition, the 
anaerobic Gram negative rods Porphyromonas and Pre-
votella belonged among the most abundant bacteria in 
some pus samples. In 25 pus samples, a predominant 
species exceeded 50% of the total bacterial community, 
including 13 cases of S. pyogenes, 9 cases of F. necropho-
rum, 2 cases of F. nucleatum, and 1 case of S. anginosus.

It is notable that in three pus samples containing very 
small amounts of S. pyogenes, no microbe had a propor-
tion above 10%. In these outlier samples with such large 
bacterial diversities, saliva contamination of the samples 
cannot be ruled out.

Associations between the most predominant bacterial 
species
We investigated the relationships between the three most 
predominant species in both specimen types by compar-
ing their mean relative abundancies in the presence and 
absence of each of the two other species (Fig. 5). Samples 
without S. pyogenes contained high relative abundancies 
of F. necrophorum, while the samples with S. pyogenes 
displayed lower levels (less than 6%) of F. necrophorum, in 
both tonsils and pus. The presence of F. necrophorum was 

associated with lower relative abundancies of F. nuclea-
tum in both sample types.

Correlations between bacteria and clinical markers
Correlations between bacteria and clinical indices were 
seeked in case of both specimens. The proportion of 
F. nucleatum in the tonsils increased by age (R = 0.331, 
p = 0.002) while that of F. necrophorum decreased by age 
(R=-0.232, p = 0.029). Duration of symptoms before hos-
pitalization was in positive association with S. pyogenes, 
both in tonsils (R = 0.279, p = 0.008) and pus (R = 0.296, 
p = 0.005). As expected, the level of anti-streptolysin O 
was in positive association with S. pyogenes (R = 0.275, 
p = 0.009) in tonsils.

Discussion
Our results suggest that the most probable PTA-causing 
pathogens are Streptococcus pyogenes and two species of 
fusobacteria, Fusobacterium nucleatum and Fusobacte-
rium necrophorum. Some other streptococci (including S. 
anginosus) and some other Gram negative anaerobic rods 
(Prevotella, Porphyromonas) may contribute to the infec-
tion as well. S. pyogenes and F. necrophorum tend to cause 
the infection rather individually than in combination 
while in case of other bacteria, polymicrobial infection 
is more likely. It is important to point that these bacte-
ria are members of the normal nasopharyngeal micro-
biota [9]. Therefore, in a large number of cases, they may 
remain undetected in routine diagnostics or it may not 
be clear which of the isolated microbes is the cause of 
the infection, thus, it is important to address the meth-
odological challenges [17] as well as pathogenic potential 
of the suspected bacteria. Our analysis was based on the 
results of NGS, the new golden standard of microbiome 
studies, and our results may be important in the context 
of optimizing the handling of the PTA patients.

Streptococcus pyogenes is an acknowledged caus-
ative agent of tonsillitis and also PTA. In previous stud-
ies, S. pyogenes has been isolated in about 20–40% of 
PTA patients [3, 10, 11, 18]. As the previous studies have 
applied cultures or PCR-based methods, the results were 
quite incomparable with our data – in case of S. pyo-
genes we showed an incidence of 66 and 70% as opposed 
to the previous highest finding of 42% [19]. However, in 
nearly one third of our samples we did not detect S. pyo-
genes, strongly suggesting the existence of other causative 
agents of PTA in a significant proportion of patients. 
According to the current diagnostics practices, these 
other possible agents, especially anaerobic bacteria may 
remain frequently undetected.

Fusobacterium necrophorum has been suggested as 
another possible causative agent of PTA [13, 20]. Stud-
ies applying NGS have detected F. necrophorum seldom 
in the healthy tonsils while both the prevalence and 
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abundance of this species was significantly increased in 
case of tonsillitis [21]. In our study, we identified F. nec-
rophorum in both sample types for over 75% of PTA 
patients with high abundancies in half of non-S. pyogenes 
cases, indicating a clear link between PTA development 
and F. necrophorum. Thus, our data are in line with other 
studies suggesting that F. necrophorum might be a sub-
stantial causative agent of PTA [3, 8, 20]. A synergistic 
effect of F. necrophorum and S. pyogenes in the formation 

of PTA is unlikely provided the observed negative cor-
relation between the two species. Streptococcus pyo-
genes may have an inhibitory effect on F. necrophorum as 
described earlier [22]. Considering these complex rela-
tionships between the microbes, it is important to con-
sider F. necrophorum as the causative agent of PTA in the 
absence of S. pyogenes and vice versa.

Fusobacterium nucleatum ranked third in terms of 
mean relative abundance in both sample types and was 

Fig. 4 Relative distribution of the bacteria in the pus of peritonsillar abscess. Left side indicates only S. pyogenes, irrespective of the bacterial count, right 
side indicates the other bacteria having proportion over 10%
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the third most frequently predominating species in indi-
vidual samples as well. It predominated in 15% of the 
communities, suggesting that it could belong to the main 
causative agents in those cases. This species has not pre-
viously been considered a potential cause of PTA, except 
in a patient with Lemierre syndrome [23]. At the same 
time, it has been isolated from PTA patients in several 
studies [24–26], including in our previous culture-based 
study [13]. In addition, significant increase in antibod-
ies titre against F. nucleatum has been found previously 
in PTA patients [27]. Our results showed a significant 
increase in the abundance of F. nucleatum in the absence 
of F. necrophorum and a negative correlation between 
the two. Again, an antagonistic relationship is a plausible 
possibilty.

In addition to the above-mentioned three bacteria, 
or data suggest that some PTA cases may be associated 
with other opportunistic bacteria like some streptococ-
cal species (S. anginosus, S. mitis) or other Gram negative 
anaerobic rods (Porphyromonas, Prevotella). Although S. 
pyogenes and F. necrophorum tended to cause the infec-
tion rather individually than in combination, this disease 
might be polymicrobial in case of other microbial com-
binations [10]. To clarify the clinical importance of other 
bacteria, additional studies are needed.

Correlations between different bacteria and clinical 
findings were mild in our study. We found S. pyogenes 
to be associated with increased duration of symptoms 
before hospitalization possibly indicating a slower devel-
opment of severe symptoms as compared to fusobacteria.

The sampling sites for microbiological analyses need 
to be chosen wisely [17]. In our study we compared 
biopsy material from tonsils and pus. The tonsils dis-
played significantly higher levels of less pathogenic and 
environmental bacteria in terms of both incidence and 
relative abundances, such as Chryseobacterium homi-
nis and Sphingomonas faeni, and also the poorly defined 
Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium 
group. Although C. hominis is considered to be of human 
origin [28] and S. faeni an environmental microbe [29], a 
positive correlation was shown between them. Their role 
in the disease should be evaluated with caution, since 
contamination cannot be ruled out. Additionally, tonsils 
form an important part of localised immune protection 
and they are exposed to various microbes both inhaled 
and ingested [14]. This aspect may also explain the higher 
content of S. faeni, C. hominis and Allorhizobium group 
in the tonsil tissue as compared to pus. Specimen collec-
tion and handling took place in the same environment for 
pus and biopsies. As concerns putative causative agents 
of PTA, there was no significant difference between their 
prevalence in pus and tonsils. In clinical practice, pus has 
several advantages over tonsil biopsies: it is easier both to 
collect and to manage in the laboratory and it was found 
to be less contaminated by non-pathogenic bacteria com-
plication interpretation of results. Therefore, we recom-
mended aspiration of pus for routine diagnostic bacterial 
diagnostics. However, it is important to note that in case 
of cultures, microbes in pus may not always be viable.

Treatment approaches for PTA patients vary remark-
ably, depending on physicians’ preference and also 

Fig. 5 Mean relative abundance of the three suggested pathogens of peritonsillar abscess on the occasion where one or another suggested microbe 
is absent from the sample. A - Mean relative abundances of F. necrophorum and F. nucleatum in cases where S. pyogenes is present and where it is absent 
from the samples. B - Mean relative abundances of S. pyogenes and F. nucleatum in cases where F. necrophorum is present and where it is absent from the 
samples. C - Mean relative abundances of S. pyogenes and F. necrophorum in cases where F. nucleatum is present and where it is absent from the samples. 
Only the statistically significant p values are displayed on the figure. S.p, Streptococcus pyogenes; F.ne, Fusobacterium necrophorum; F.nu, Fusobacterium 
nucleatum; TB, tonsillar biopsy
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regional aspects considering antibiotic susceptibility. The 
first choice of antibiotic for PTA is frequently penicil-
lin alone or in combination with metronidazole. Other 
common antibiotic treatment options include amoxicil-
lin in combination with metronidazole, cephalosporins 
or clindamycin [11, 30]. Penicillin is effective against S. 
pyogenes and in most cases targets fusobacteria as well. 
Recent evidence reports a continuous susceptible state 
and even a decrease in MIC values of common antibiot-
ics used for fusobacterial infections, such as penicillin, 
clindamycin and others [31, 32]. Thus, penicillin remains 
an effective treatment option in majority of PTA cases. 
However, the possibility of other anaerobes cannot be 
ruled out, therefore, the addition of specific anaerobe 
coverage with metronidazole or clindamycin in poor 
response to penicillin alone should be considered. In 
addition, the polyols erythritol and xylitol inhibit growth 
of S. pyogenes and thus may have potential in preventing 
PTA in patients with frequent episodes of tonsillitis [33].

Limitations. Our study cohort was predominated by 
male patients. However, some studies have identified 
male gender as a risk factor of PTA [34], which could 
help to explain this phenomenon. Another limitation was 
antibiotics usage prior hospitalization that might influ-
ence microbial community composition by reducing the 
microbial diversity [17]. Antibiotics are often useful in 
order to treat the tonsillitis and to prevent several com-
plications [3]. At the same time, culture independent 
methods are less prone to bias caused by antimicrobial 
treatment in particular in sample types with slow clear-
ance of microbial DNA like undrained abscesses. To our 
knowledge, this is the first report using NGS, the new 
golden standard of microbiome studies, for identifying 
the microbial communities in tonsils and pus of PTA 
patients. Though being useful in revealing the wide spec-
trum of causative agents, it does not allow to determine 
their antibiotic susceptibility if needed.

In conclusion, the most probable causative agents of 
PTA include Streptococcus pyogenes, Fusobacterium nec-
rophorum and Fusobacterium nucleatum. Some other 
streptococci (e.g. S. anginosus) and anaerobes (e.g. Pre-
votella and Porphyromonas) might have role in PTA 
development, too. Hence, it is important to consider 
anaerobic bacteria both in the laboratory work and the 
treatment of PTA. Pus from the peritonsillar abscess 
appears to be a more representative specimen for micro-
biological examination than the tonsillar tissue. Our 
results are important in the context of optimizing the 
handling of the PTA patients.
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