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Background. Most pharyngotonsillitis guidelines focus on the identification of group A streptococci (GAS), guided by clinical 
scores determining whom to test with a rapid antigen detection test. Nevertheless, many patients testing negative with this test are 
evaluated for group C/G streptococci (GCS/GGS) and Fusobacterium necrophorum, yet their importance remains debated. Our 
primary aim was to evaluate associations between complications and findings of F. necrophorum, GAS, or GCS/GGS in 
pharyngotonsillitis.

Methods. This was a retrospective, registry-based study of pharyngotonsillitis cases tested for F. necrophorum (polymerase 
chain reaction) and β-hemolytic streptococci (culture) in the Skåne Region, Sweden, in 2013–2020. Patients with prior 
complications or antibiotics (within 30 days) were excluded. Data were retrieved from registries and electronic charts. Logistic 
regression analyses were performed with a dichotomous composite outcome of complications as primary outcome, based on 
International Classification of Diseases, Tenth Revision, codes. Cases with negative results (polymerase chain reaction and 
culture) were set as reference category. Complications within 30 days were defined as peritonsillar or pharyngeal abscess, otitis, 
sinusitis, sepsis or septic complications, recurrence of pharyngotonsillitis (after 15–30 days) or hospitalization.

Results. Of 3700 registered cases, 28% had F. necrophorum, 13% had GCS/GGS, 10% had GAS, and 54% had negative results. 
The 30-day complication rates were high (20%). F. necrophorum (odds ratio, 1.8; 95% confidence interval, 1.5–2.1) and GAS (1.9; 
1.5–2.5) were positively associated with complications, whereas GCS/GGS were negatively associated (0.7; 0.4–0.98).

Conclusions. Our results indicate that F. necrophorum is a relevant pathogen in pharyngotonsillitis, whereas the relevance of 
testing for GCS/GGS is questioned. However, which patient to test and treat for F. necrophorum remains to be defined.
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Pharyngotonsillitis is among the most frequent complaints in 
primary care, accounting for 11% of antibiotic prescriptions 
in Sweden [1]. Most guidelines recommend treatment of 
Streptococcus pyogenes (group A streptococci [GAS]) pharyng
otonsillitis after identification by a rapid antigen detection test 
(RADT), preceded by either the Centor criteria [2], modified 
Centor criteria [3], or FeverPAIN score [4–6]. The rationale 
for antibiotic therapy includes reduction of purulent 

(eg, peritonsillar abscess) and nonpurulent (eg, rheumatic fe
ver) complications [7].

To our knowledge, no guidelines suggest the routine diag
nostics of Fusobacterium necrophorum [6], which may also 
cause pharyngotonsillitis [8, 9]. In patients with nonstreptococ
cal pharyngotonsillitis, the test positivity rates for F. necropho
rum by polymerase chain reaction (PCR) have been as high as 
48% in selected age groups (18–32 years) [10]. High tonsillar 
carriage rates (up to 21%) have also been described in asymp
tomatic adolescents and young adults [9–11]. While 
F. necrophorum has been more commonly found in cases com
pared with controls, there is insufficient knowledge on the ex
tent of the association between complications and findings of 
F. necrophorum, as well as group C/G streptococci (GCS/ 
GGS) [5, 12, 13] in pharyngotonsillitis cases.

Several studies have found an increasing incidence of inva
sive F. necrophorum infections [14–17]. In a previous study, 
Nygren and Holm [18] found that 59% of patients presenting 
with Lemierre syndrome had sought healthcare before the sub
sequent septic presentation, yet only 6% had received antibiotic 
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treatment. Whether early antibiotic treatment could prevent 
complications is unknown because no randomized controlled 
trials have evaluated the efficacy of antibiotic therapy in 
F. necrophorum pharyngotonsillitis.

In Sweden, pharyngotonsillitis guidelines were updated in 
2012. The use of throat culture for GAS and GCS/GGS and di
agnostics for F. necrophorum were mentioned as an option in 
patients with negative RADT results yet persistent symptoms 
after 3 days or on deterioration after the index visit [19].

In the current study, the primary aim was to evaluate the as
sociation between complication rates and findings of F. necro
phorum, GAS, or GCS/GGS in patients presenting with 
pharyngotonsillitis who had been investigated for both 
F. necrophorum and β-hemolytic streptococci. The secondary 
aim was to describe complications in patients empirically or 
nonempirically treated with antibiotics awaiting microbiology 
results.

METHODS

Study Setting and Design

The study was carried out in the Skåne Region, Sweden, with a 
population of approximately 1.4 million (2020). Owing to data 
availability, inclusion occurred from 1 June 2013 to 
31 December 2020. This was a retrospective, registry-based 
study including all patients with pharyngotonsillitis in whom 
both a throat culture for β-hemolytic streptococci and PCR 
for F. necrophorum were performed at a primary healthcare 
center (n = 100) or hospital (n = 9) during emergency depart
ment or outpatient visits. The unique personal identification 
number was used to link information about healthcare-related 
contacts with information about microbiological, clinical, lab
oratory, hospitalization, and drug prescription data from re
gional databases.

Case Definition and Exclusion Criteria

A case was defined as an episode of pharyngotonsillitis (codes 
J02–J03 from International Classification of Diseases, Tenth 
Revision [ICD-10]) in a patient for whom simultaneous throat 
culture for β-hemolytic streptococci and F. necrophorum PCR 
were performed. Cases were categorized according to the pres
ence of pathogens; results included F. necrophorum, GAS (de
fined as either culture or RADT positive), GCS/GGS (grouped 
together), or negative (in both PCR and culture). Excluded 
were patients with a previous (within 30 days) diagnosis of 
chronic tonsillitis, peritonsillar or other pharyngeal abscess, si
nusitis, otitis, sepsis or septic complications, including compli
cations registered on the day of the index visit, or with previous 
(within 30 days antibiotic) therapy (defined as a β-lactam anti
biotic, clindamycin, or metronidazole). The Supplementary 
Appendix 1 lists ICD-10 codes (including KSH-7 codes, a sim
plified coding system based on the International Classification 

of Diseases and used in Swedish primary healthcare centers) 
used to define pharyngotonsillitis, exclusion criteria and 
complications.

Microbiological Diagnostics

According to clinical and laboratory routine, tonsillar swab 
samples were obtained using the ESwab test containing 
Liquid Amies medium and a regular flocked swab (Copan). 
For throat cultures, 30 µL of the sample was plated on 
Columbia agar plates containing sheep blood in the top layer, 
where the substrate was prepared using Columbia II agar 
(BD2997596). The plates were incubated anaerobically in an 
Electrotek anaerobic workstation (Electrotek Scientific) for a 
minimum of 16 hours. Typical β-hemolytic colonies were 
Lancefield classified using a Streptex Latex Agglutination 
Test, according to the manufacturer’s instruction (Remel; 
Thermo Scientific R30950501) as GAS, GCS, or GGS. Further 
species identification of GCS/GGS (eg, Streptococcus dysgalac
tiae supsp. equisimilis and dysgalactiae, Streptococcus equi, 
and Streptococcus canis) with matrix-assisted laser desorp
tion/ionization–time of flight mass spectrometry in throat cul
tures was not routinely performed.

The real-time PCR used for F. necrophorum was modified 
from the methods presented by Jensen et al [10] and Aliyu 
et al [20] and performed as described by Nygren et al [11]. 
All samples were analyzed at the Department of Clinical 
Microbiology at the Skåne University Hospital, Lund, Sweden.

Outcomes

The primary outcome was defined as a dichotomous (1/0) com
posite outcome on day 1–30 from the index visit using ICD-10 
codes for the following complications: peritonsillar abscess, 
other pharyngeal abscess, otitis, sinusitis, recurrence of phar
yngotonsillitis (day 15–30), sepsis or septic complications, 
and hospitalization. Hospitalizations with an orthopedic, psy
chiatric, or surgical (eg, trauma) primary diagnosis were ex
cluded (see Supplementary Appendix 1 for primary diagnoses 
associated with hospitalization). Recurrence of pharyngotonsil
litis was defined as a new diagnosis of acute pharyngotonsillitis 
after 15–30 days. Data on outcomes were ascertained from re
gional databases covering registered diagnoses for 
healthcare-related contacts.

Baseline Data

Baseline data on age, sex, and comorbid conditions included in 
the Charlson comorbidity index [21] were ascertained using 
registry data from the preceding year. Data on C-reactive pro
tein (CRP), fever (temperature ≥38.0°C), RADT, coinfections 
±1 day from the index visit, and antibiotic therapy were ac
quired from regional databases. Initiation of antibiotic therapy 
was defined as either the day antibiotics were given in the hos
pital or the day the prescription was collected at the pharmacy. 
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Effective antibiotic therapy was defined as a β-lactam antibiotic 
or clindamycin but including metronidazole in patients who 
tested positive for F. necrophorum. In descriptive statistics, cas
es with 2 identified pathogens were presented as separate cases 
in each pathogen group. In regression analyses and in 
Kaplan-Meier curves, cases with coinfection were defined as 
F. necrophorum if present and as GAS if other β-hemolytic 
streptococci were also present.

Statistical Calculation, Bias, and Sensitivity Analyses

No formal power calculation was done, and the number of cas
es during the study period determined the sample size. In the 
primary analysis, logistic regression analyses were performed 
with the primary (composite) outcome as dependent variable. 
Crude odds ratios (ORs) were estimated for patients with F. 
necrophorum, GAS, or GCS/GGS versus those with negative 
PCR and culture results. These were subsequently adjusted 
for sex, age category (0–12 [reference category], 13–30, or 
>30 years), index test location (primary healthcare center or 
hospital), and any of the comorbid conditions of the 
Charlson comorbidity index (no/yes) [21]. Owing to the 
registry-based design, variables with missing or unavailable 
data (CRP levels, fever, and anamnestic and clinical informa
tion) were not used in regression analyses.

Antibiotic therapy was considered an effect modifier with 
suspected indication bias (ie, patients with more severe presen
tations were more likely to receive treatment). Therefore, it was 
not included in the regression analyses. Instead, in a secondary 
analysis we stratified data into 2 groups based on empiric anti
biotic therapy (no/yes) within 1 day of the index visit and inves
tigated associations between bacterial findings and the primary 
outcome separately in each group.

A subgroup analysis was performed in patients with negative 
RADT results, excluding those with unknown RADT status 
(not registered or not determined) or positive RADT results, 
investigating associations between culture and PCR findings 
and complications in this subset of RADT-negative patients. 
Subgroup analyses were also performed for patients aged 0– 
12, 13–30, or >30 years, investigating associations between mi
crobiological findings and complications in each age category.

Several sensitivity analyses were performed. For coinfec
tions, because cases with F. necrophorum were defined as 
F. necrophorum regardless of coinfections in regression analy
ses, the separate associations between all possible combinations 
of pathogens with outcomes were evaluated. All patients with a 
prior diagnosis of pharyngotonsillitis within 30 days (who did 
not meet other exclusion criteria) were excluded. The period 
of inclusion (2013–2016 vs 2017–2020) was used as an indepen
dent variable to evaluate the impact of increased testing or oth
er chronological bias.

Statistical analyses were performed using Stata Statistical 
Software (release 13; StataCorp,) and illustrations were created 

using GraphPad Prism 9 (GraphPad Software). This study was 
approved by the local ethical review board in Lund, Sweden 
(no. 2017/971).

RESULTS

A total of 3700 case patients were included, of whom 1034 
(28%) tested positive for F. necrophorum, 481 (13%) for GCS/ 
GGS, and 371 (10%) for GAS (culture or RADT) and 2016 
(54%) had negative results (Figure 1). Among cases defined 
as GAS, 233 of 371 (63%) had an RADT performed and regis
tered; 122 of 233 RADT results (52%) were positive. 
Accordingly, the GAS group included 122 RADT-positive cases 
and 249 cases included by culture. Of GAS cases, 91% had 
growth in cultures, leaving 9% that had only RADT positivity 
yet were still defined as GAS. All patients were followed up 
for 30 days after the index visit.

Baseline Characteristics

When age was categorized into predefined groups of 0–12, 13–30 
and >30 years, a large majority of patients with F. necrophorum 
infection were 13–30 years old. A similar age distribution was 
seen in those with GCS/GGS, while patients with GAS and neg
ative results had less distinct age distributions. No distinct sex 
overrepresentation for any bacterial finding was found. 
Patients with GAS had a higher proportion of index tests per
formed at a hospital. Comorbid conditions were rare (Table 1).

In total, 1286 of 3700 patients (35%) had unknown RADT 
status. No patients were reported to have coinfections with 2 
different β-hemolytic streptococci. Among patients with F. nec
rophorum, 48 of 1034 (5%) were coinfected with GAS (RADT 
or culture) and 154 of 1034 (15%) with GCS/GGS. Data on fe
ver at index visit were available in 612 of 3700 cases (17%), 
which is why no comparisons could be made. CRP levels 
were available in 2282 of 3700 cases (62%). CRP levels were 
higher among test-positive cases, with similar levels for differ
ent pathogens (Table 1).

Outcomes

The primary outcome of any complication within 30 days was 
found in 742 of 3700 patients (20%) (Table 2). The 3 most com
mon complications of the composite score were hospitaliza
tion, with 338 events (9%), recurrence of pharyngotonsillitis 
(day 15–30), with 320 events (9%), and peritonsillar abscess, 
with 172 events (5%). The other complications of the composite 
score were rare. The highest complication rates were seen when 
GAS was identified (28%), followed by F. necrophorum (26%), 
negative results (17%), and GCS/GGS (16%) (Table 2). For 
GCS/GGS and GAS, these rates included coinfections with 
F. necrophorum. In patients with GCS/GGS as the sole finding, 
the complication rate was lower, 40 of 327 (12%).
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In logistic regression analyses, findings of GAS or F. necro
phorum were associated with increased complication rates, 
whereas findings of GCS/GGS were associated with decreased 
complication rates (Table 3). Timing of events by bacterial find
ing was visualized in Kaplan-Meier curves for any complication 
(Figure 2) and separately for peritonsillar abscess, which high
lights an association with F. necrophorum (Figure 3). 
Recurrence of pharyngotonsillitis (day 15–30) was most com
monly seen in patients with F. necrophorum, highlighted by a 
continuous increase in complications illustrated in the 
Kaplan-Meier curves after day 15 (Figure 2).

Antibiotic Therapy

When patients with negative findings were stratified by empiric 
antibiotic therapy within the first day of the index visit, compli
cation rates were higher in treated than in nontreated patients 
(24% [n = 1013] vs 9% [n = 1003]), highlighting probable indi
cation bias. Similarly, CRP levels were higher in treated than in 
nontreated patients (median [interquartile range], 81 [35–145] 
vs 13 [3–42] mg/L, respectively). Patients with F. necrophorum 
infection who were treated within the first day after the index 
visit also had higher complication rates than nontreated pa
tients (31% [n = 682] vs 17% [n = 352], respectively). Because 
we could not adequately adjust for this bias, we stratified pa
tients into 2 cohorts according to whether or not they received 

antibiotic therapy within the first day after the index visit, and 
we compared patients within each cohort.

Among patients not empirically treated with antibiotics (n = 
1552), only F. necrophorum was associated with increased com
plication rates (OR, 2.0; 95% confidence interval [CI], 1.4–2.9). 
Neither patients with GAS nor those with GCS/GGS had higher 
rates of complications than patients with negative results. Of 
these 1552 nontreated patients, 68 (4%) were defined as having 
GAS. Not surprisingly, RADT positivity was rare in this cohort 
because treatment is then recommended (10 of 1058 
RADT-tested patients in this cohort [1%]) (Supplementary 
Appendix 2; Supplementary Tables 1 and 2).

Subgroup and Sensitivity Analyses

In a subgroup analysis of RADT-negative patients with phar
yngotonsillitis (n = 2292), only F. necrophorum was associated 
with increased complication rates (OR, 2.0; 95% CI, 1.5–2.5). In 
this cohort, findings defined as GAS (4% [n = 97]), were not as
sociated with increased complication rates (OR, 1.5 (95% 
CI, 0.8–2.5), yet a type 2 error cannot be ruled out 
(Supplementary Appendix 2; Supplementary Table 3). In the 
subgroup analyses investigating associations stratified by age, 
F. necrophorum was associated with complications among pa
tients 13–30 or >30 years old (Supplementary Appendix 2; 
Supplementary Table 4). Finally, none of the sensitivity 

n = 11 748

n = 9247

n = 5139
(±1 d)

(>1 to 30 d prior)
n = 938

Previous complications
(0–30 d prior)

n = 501

n = 3700

n = 1034 n = 371 n = 481 n = 2016

Figure 1. Flowchart of the steps for inclusion in the study, case definitions and exclusion criteria with numbers of identified cases by pathogen detected. Owing to co
infections, each case can be represented in >1 box describing microbiological findings. The numbers of coinfections can be found in the Supplementary Appendix 2; 
Supplementary Table 5. Previous complications were defined as chronic tonsillitis, peritonsillar or other pharyngeal abscess, otitis, sinusitis, and sepsis or septic compli
cations. Abbreviations: F. necrophorum, Fusobacterium necrophorum; GAS, group A streptococci; GCS/GGS, group C/G streptococci; PCR, polymerase chain reaction.
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analyses had a notable impact on associations between micro
biological findings and complications, including when the im
pact of coinfections was examined (Supplementary Appendix 
2; Supplementary Tables 5–7).

DISCUSSION

This study aimed to describe associations between microbio
logical findings and complications in patients with pharyngo
tonsillitis tested with F. necrophorum PCR and throat culture 

for β-hemolytic streptococci. We found higher complication 
rates when GAS or F. necrophorum were identified, whereas 
GCS/GGS were negatively associated with complications. In a 
subgroup analysis of RADT-negative patients, only F. necro
phorum had a positive association with complication rates. 
Among patients who had not received empiric antibiotics with
in 1 day of the index visit, only F. necrophorum was associated 
with increased complication rates.

Hospitalization, recurrence of pharyngotonsillitis (after 15– 
30 days), and peritonsillar abscess constituted the 3 major 

Table 1. Baseline Characteristics and Antibiotic Therapy by Bacterial Findings

Patients, No. (%)a

Fusobacterium necrophorum (n = 1034)
GAS 

(n = 371) GCS/GGS (n = 481) Negative (n = 2016) All (N = 3700)

Age, median (IQR) 21 (18–27) 30 (19–40) 21 (18–27) 25 (18–37) 23 (18–34)

Age group

0–12 y 11 (1) 50 (13) 23 (5) 239 (12) 321 (9)

13–30 y 840 (81) 150 (40) 361 (75) 1021 (51) 2209 (60)

>30 y 183 (18) 171 (46) 97 (20) 756 (38) 1170 (32)

Female sex 597 (58) 203 (55) 311 (65) 1178 (58) 2174 (59)

Any comorbid condition 15 (1) 15 (4) 8 (2) 114 (6) 150 (4)

Index visit in primary care 828 (80) 267 (72) 397 (83) 1685 (84) 3021 (82)

Fever (≥38°C) 85/187 (45) 56/104 (54) 49/72 (68) 140/293 (48) 307/612 (50)

CRP, median (IQR), mg/L 76 (25–156) 87 (35–163) 72 (33–134) 34 (6–86) 52 (13–115)

Antibiotic within 1 d

Any effective antibioticb 682 (66) 291 (78) 301 (63) 1013 (50) 2148 (58)

β-Lactam 404 (39) 214 (58) 180 (37) 665 (33) 1382 (37)

Clindamycin 270 (26) 77 (21) 121 (25) 348 (17) 758 (20)

Metronidazolec 36 (3) … … … …

Antibiotic within 3 d

Any effective antibioticb 792 (77) 314 (85) 355 (74) 1058 (52) 2354 (64)

β-Lactam 455 (44) 235 (63) 226 (47) 717 (36) 1534 (41)

Clindamycin 414 (40) 105 (28) 146 (30) 394 (20) 976 (26)

Metronidazolec 62 (6) … … … …

Abbreviations: CRP, C-reactive protein; GAS, group A streptococci; GCS/GGS, group C/G streptococci; IQR, interquartile range.  
aData represent no. (%) of patients unless otherwise specified. Cases with coinfections are presented in multiple columns.  
bEffective antibiotic therapy was defined as a β-lactam antibiotic or clindamycin, with the addition of metronidazole in cases positive for F. necrophorum.  
cMetronidazole was reported only for F. necrophorum owing to its lack of efficacy against β-hemolytic streptococci.

Table 2. Complication Rates Within 30 Days by Bacterial Findingsa

Complication

Patients, No (%)

F. necrophorum (n = 1034) GAS (n = 371) GCS/GGS (n = 481) Negative (n = 2016) All (N = 3700)

Any complication (composite outcome) 273 (26) 104 (28) 76 (16) 338 (17) 742 (20)

Specific complications

Hospitalization 110 (11) 66 (18) 31 (6) 151 (7) 338 (9)

Recurrence of pharyngotonsillitis (d 15–30) 133 (13) 31 (8) 41 (9) 138 (7) 320 (9)

Peritonsillar abscess 82 (8) 21 (6) 11 (2) 70 (3) 172 (5)

Other pharyngeal abscess 8 (0.8) 5 (1) 4 (0.8) 13 (0.6) 27 (0.7)

Otitis 0 (0) 3 (0.8) 0 (0) 11 (0.5) 14 (0.4)

Sinusitis 1 (0.1) 1 (0.3) 0 (0) 11 (0.5) 13 (0.4)

Sepsis or septic complications 5 (0.5) 1 (0.3) 2 (0.4) 1 (0.05) 8 (0.2)

Abbreviations: F. necrophorum, Fusobacterium necrophorum; GAS, group A streptococci; GCS/GGS, group C/G streptococci.  
aCases with coinfections are presented in multiple columns. One patient may have several specific complications (eg, sepsis and hospitalization).
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complications. Hospitalization was most commonly seen in pa
tients with GAS infection, while those with F. necrophorum had 
the highest rates of recurrence of pharyngotonsillitis (15– 
30 days) (Table 2) and peritonsillar abscess (Figure 3). It can 
be difficult to interpret a finding of F. necrophorum in pharyng
otonsillitis because most cases occur in the same age group 
where tonsillar carriage is seen [11, 22]. We found a test positiv
ity rate of F. necrophorum of 28%, and higher (38%) among pa
tients aged 13–30 years, in line with previous studies [8–10, 23]. 

However, our findings suggest that F. necrophorum is both fre
quently found in patients with pharyngotonsillitis and associat
ed with a high degree of complications, primarily among 
patients aged 13–30 years, but also in those >30 years of age. 
Interestingly, our findings question the relevance of GCS/ 
GGS in pharyngotonsillitis, with complication rates lower 
than in test-negative patients [8, 12, 24]. Furthermore, while 
power could be an issue in the subgroup analysis of 
RADT-negative patients, GAS was not associated with higher 
complication rates, raising questions about the role of throat 
culture for β-hemolytic streptococci in general.

While an association between F. necrophorum and increased 
complication rates is highlighted, conclusions are harder to 
draw on the impact of antibiotics. When patients were com
pared based on empiric antibiotic therapy, treated patients 
had higher complication rates and CRP levels. We believe 
this is related to confounding by indication; ie, patients with se
vere presentations have higher baseline risk of complications, 
and clinicians are more prone to treat them. When the cohort 
of patients who were not empirically treated was analyzed, only 
F. necrophorum remained associated with increased complica
tion rates, further suggesting that antibiotic therapy should be 
considered in cases with F. necrophorum pharyngotonsillitis. 
Here, RADT-positive patients were naturally uncommon since 
guidelines recommend treatment of these patients, but 
RADT-negative/culture-positive GAS cases constituted 4% 
(n = 97). These cases were not associated with complication 
rates, but a type 2 error cannot be excluded.

The main limitation of the current study is its retrospective 
design, leading to lack of data on clinical signs and symptoms, 

Table 3. Crude and Adjusted Associations Between Bacterial Findings 
and Any Complication Within 30 Days (Composite Outcome)

Bacterial Findings and  
Adjustment Variables Crude OR (95% CI) Adjusted OR (95% CI)

Bacterial findingsa

Negative (n = 2016) Reference Reference

F. necrophorum (n = 1034) 1.8 (1.5–2.1)b 1.8 (1.5–2.2)b

GAS (n = 323) 1.9 (1.5–2.5)b 1.7 (1.3–2.3)b

GCS/GGS (n = 327) 0.7 (.5–.98)b 0.7 (.5–1.03)

Adjustment variables

Age group

0–12 y Reference Reference

13–30 y 1.1 (0.8–1.5) 1.2 (0.9–1.6)

>30 y 1.1 (0.8–1.5) 1.3 (0.9–1.8)

Female sex 0.9 (0.7–1.01) 0.9 (0.7–1.04)

Any comorbid condition 1.5 (1.1–2.2)b 1.8 (1.2–2.7)b

Index visit at the hospital 3.4 (2.9–4.1)b 3.4 (2.8–4.1)b

Abbreviations: CI, confidence interval; F. necrophorum, Fusobacterium necrophorum; GAS, 
group A streptococci; GCS/GGS, group C/G streptococci; OR, odds ratio.  
aCases with coinfection were defined as F. necrophorum if present and as GAS if other 
β-hemolytic streptococci were present.  
bSignificant at P < .05.
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Figure 2. Kaplan-Meier curve highlighting timing of complications in patients with pharyngotonsillitis by pathogen. Cases with coinfection were defined as Fusobacterium 
necrophorum if present and as group A streptococcus (GAS) if other β-hemolytic streptococci were present. Complications were defined as a composite score (0/1) for days 
1–30 of peritonsillar abscess, other pharyngeal abscess, otitis, sinusitis, recurrence of pharyngotonsillitis (days 15–30), sepsis or septic complications, and hospitalization. 
Abbreviation: GCS/GGS, group C/G streptococci.
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as well as probable indication bias, which has already been 
mentioned. Furthermore, we acknowledge probable selection 
bias, owing to a narrow definition of pharyngotonsillitis re
stricting cases to J02–J03 (ICD-10) and the requirement of di
agnostic workup for inclusion. This has most likely led to the 
selection of more severely ill patients, leading to higher test pos
itivity rates, as well as higher complication rates than normally 
expected [1, 7, 19]. This could explain the high percentage of 
empirical antibiotics reported or indicate that current guide
lines are not followed. Consequentially, the generalizability of 
findings is limited to patients with severe symptoms of phar
yngotonsillitis with a high suspicion of a bacterial cause.

Our findings of an association between F. necrophorum and 
increased complication rates strongly indicate its relevance as a 
significant pathogen in pharyngotonsillitis [14–16, 18, 25, 26]. 
Furthermore, our findings suggest against performing throat 
cultures to identify β-hemolytic streptococci in patients with 
negative RADT results. In RADT-negative patients with phar
yngotonsillitis, current guidelines fail to instruct, and voices for 
improved guidance have already been raised [27]. However, 
our findings do not define which patients to test for F. necro
phorum, and we cannot conclude whether antibiotic therapy 
can prevent complications in F. necrophorum pharyngotonsil
litis. Because the rate of asymptomatic tonsillar carriage can 
be as high as 1 in 5 in adolescents and young adults [10, 11], 
testing all RADT-negative patients with sore throat in this 
age group and treating all positive cases could risk overtreat
ment. However, our results show that many complications, es
pecially peritonsillar abscess, occur early after the index visit 
(Figures 2 and 3). Thus, the current guideline of testing 

RADT-negative patients after 3 days of persistent symptoms 
may be inappropriate [19]. Therefore, future studies should fo
cus on how to identify patients with F. necrophorum pharyng
otonsillitis at risk of complications and evaluate antibiotic 
therapy in these patients to guide policy makers.

In conclusion, we present observational evidence that F. nec
rophorum is a relevant pathogen in pharyngotonsillitis with 
high complication rates. Our findings suggest that throat cul
tures to identify β-hemolytic streptococci may not be needed 
in RADT-negative patients with pharyngotonsillitis, but which 
patient to test and treat for F. necrophorum remains to be 
defined.
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Figure 3. Kaplan-Meier curve highlighting timing of peritonsillar abscess in patients with pharyngotonsillitis by pathogen. Cases with coinfection were defined as 
Fusobacterium necrophorum if present and as group A streptococcus (GAS) if other β-hemolytic streptococci were present. Abbreviation: GCS/GGS, group C/G streptococci.
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