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Background: Pharyngitis guidelines focus solely on group A
�-hemolytic streptococcal infection. European data suggest that
in patients aged 15 to 30 years, Fusobacterium necrophorum
causes at least 10% of cases of pharyngitis; however, few U.S.
data exist.

Objective: To estimate the prevalence of F. necrophorum; My-
coplasma pneumoniae; and group A and C/G �-hemolytic strep-
tococcal pharyngitis and to determine whether F. necrophorum
pharyngitis clinically resembles group A �-hemolytic streptococ-
cal pharyngitis.

Design: Cross-sectional.

Setting: University student health clinic.

Patients: 312 students aged 15 to 30 years presenting to a stu-
dent health clinic with an acute sore throat and 180 asymptom-
atic students.

Measurements: Polymerase chain reaction testing from throat
swabs to detect 4 species of bacteria and signs and symptoms
used to calculate the Centor score.

Results: Fusobacterium necrophorum was detected in 20.5%
of patients and 9.4% of asymptomatic students. Group A

�-hemolytic streptococcus was detected in 10.3% of patients
and 1.1% of asymptomatic students. Group C/G �-hemolytic
streptococcus was detected in 9.0% of patients and 3.9% of
asymptomatic students. Mycoplasma pneumoniae was detected
in 1.9% of patients and 0 asymptomatic students. Infection rates
with F. necrophorum, group A streptococcus, and group C/G
streptococcus increased with higher Centor scores (P < 0.001).

Limitations: The study focused on a limited age group and took
place at a single institution. Asymptomatic students—rather than
seasonal control participants—and a convenience sample were
used.

Conclusion: Fusobacterium necrophorum–positive pharyngitis
occurs more frequently than group A �-hemolytic streptococcal–
positive pharyngitis in a student population, and F. necrophorum–
positive pharyngitis clinically resembles streptococcal
pharyngitis.

Primary Funding Source: University of Alabama at Birming-
ham and the Justin E. Rodgers Foundation.
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Recent European studies have estimated that Fuso-
bacterium necrophorum, an obligate anaerobic

gram-negative bacillus, causes approximately 10% of
endemic pharyngitis in adolescents and young adults
(1–3). Fusobacterium necrophorum is also the most
common cause of peritonsillar abscess in this age
group and the primary cause of the Lemierre syndrome
(4, 5), which starts a few days after the onset of a sore
throat. The syndrome includes suppurative internal jug-
ular thrombophlebitis with subsequent metastatic in-
fections (most commonly lung, brain, or joints). A re-
view estimated that F. necrophorum causes at least
80% of the cases of this syndrome (6). A 2009 analysis
showed that F. necrophorum pharyngitis caused more
morbidity and mortality than streptococcal pharyngitis
caused by Streptococcus pyogenes (group A) for this
age group (7).

Current pharyngitis management guidelines focus
only on the diagnosis of group A streptococcal pharyn-
gitis. A recent Infectious Disease Society of America
guideline, titled “Diagnosis and Management of Group
A Streptococcal Pharyngitis” (8), presents the rationale
for treating group A streptococcal pharyngitis (that is,
decrease probability of acute rheumatic fever, de-
crease suppurative complications [primarily peritonsil-

lar abscess], decrease the duration of symptoms,
and decrease contagion). However, Streptococcus
dysgalactiae subspecies equisimilis, which includes
�-hemolytic organisms expressing Lancefield group
C/G polysaccharide antigens, also causes pharyngitis in
this age group (9–11). Antibiotics can decrease symp-
tom duration in patients with pharyngitis caused by
these organisms (7). Group C streptococci also cause
peritonsillar abscess (11).

Mycoplasma pneumoniae is also a cause of bacte-
rial pharyngitis, mainly affecting children but also oc-
curring in adults (12). As is the case for F. necrophorum,
most recent information about the role of M. pneu-
moniae in pharyngitis comes from pediatric studies
done in Europe with little or no prevalence data from
the United States. In constructing this study, we focused
on the adolescent or young adult age group (15 to 30
years) because pharyngitis differs greatly in these pa-
tients versus preadolescents (13). They have the high-
est rates of both peritonsillar abscess and the Lemierre
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syndrome (5, 14), and it is known that group A strepto-
coccus occurs less frequently than in younger children
(13). Therefore, we designed a clinical study to address
2 questions: How common is F. necrophorum com-
pared with other agents of bacterial pharyngitis in per-
sons aged 15 to 30 years? Is the clinical presentation of
F. necrophorum pharyngitis similar to streptococcal
pharyngitis?

METHODS
Study Design

We developed and validated a real-time poly-
merase chain reaction (PCR) assay for detecting F.
necrophorum from throat swabs to address these major
questions about the occurrence and presentation of F.
necrophorum pharyngitis. We then used the PCR assay
to sample university students seeking medical care for
pharyngitis in an ambulatory care setting and a com-
parison group of healthy students. In addition, we
sought other potential agents of bacterial pharyngitis,
including M. pneumoniae and groups A and C/G
�-hemolytic streptococci, using modifications of previ-
ously established real-time PCR assays for these
organisms (15, 16). We also obtained clinical data
to characterize the presentations of these bacterial
pharyngitides.

Patient and Comparison Populations
We enrolled students aged 15 to 30 years seeking

medical care at a university student health clinic with a
chief symptom of “sore throat” between March 2013
and March 2014. Potential study patients received an
information sheet that clearly informed them that they

had a choice about whether to participate. On some
busy days, the physician and nursing staff did not enroll
all patients. We estimate that approximately 10% to
15% of patients either were not offered or declined
participation. We excluded patients currently receiving
antibiotics or who had been prescribed antibiotics
within the previous 4 weeks. For comparison purposes,
research physicians and staff collected throat swabs
from a population of healthy students (aged 15 to 30
years) who did not report any clinical manifestations of
pharyngitis; had no evidence of swollen tonsils, exu-
date, or lymphadenopathy; and were not receiving an-
tibiotics. Research staff recruited these students outside
the student health site. Most students (91%) were re-
cruited during 4 days (the first week of April 2013) at
the medical school lecture halls.

Clinical Data
Clinical information that was obtained included his-

tory of fever; presence of cough; swollen, tender cervi-
cal lymphadenopathy; and tonsillar exudates. We used
these clinical indicators to calculate the Centor score
and assessed whether that score, originally developed
to predict the probability of streptococcal pharyngitis
(17), would similarly stratify patients with pharyngitis
testing positive for F. necrophorum or group C/G
�-hemolytic streptococcus. This study was performed
with approval from the University of Alabama at Bir-
mingham Institutional Review Board for Human Use
(Birmingham, Alabama). Informed consent was not re-
quired because of the minimal risk involved.

Microbiological Methods
Specimen Collection and Initial Processing

Plastic shaft polyester swabs were used for speci-
men collection. The tongue was depressed with a
wooden tongue depressor, and the swab was rubbed
over the tonsillar area and posterior pharynx. The swab
was then placed in a vial of phosphate-buffered saline
(pH, 7.4) PCR transport buffer and swirled, and excess
fluid was extracted by pressing the swab against the
inside of the vial. The swab was then removed from the
specimen and discarded. The solutions were stored at
4 °C for up to 24 hours before delivery to the research
laboratory. We extracted DNA using the proteinase K
method, as previously described (18). In brief, approx-
imately 400 μL of specimen was centrifuged at 14 000x
g for 20 minutes at 4 °C, and pellet was digested with
200 μL of proteinase K lysis buffer (10 mM of Tris-HCl
[pH, 8.0]; 100 mM of KCl; 2.5 mM of MgCl2; 0.5% of
Triton X-100; 0.5% of Tween 20; and 0.5 mg/mL of pro-
teinase K) for 1 hour at 60 °C. Proteinase K was then
inactivated by incubation at 95 °C for 5 minutes. In case
of inhibition of the PCR reaction, proteinase K–digested
samples were purified using QIAamp DNA Blood Mini
Kit (Qiagen). The processed DNA samples were stored
at �80 °C until analyzed by real-time PCR for F.
necrophorum and groups A and C/G streptococci.

EDITORS' NOTES

Context

Fusobacterium necrophorum may cause peritonsillar
abscess and life-threatening internal jugular thrombo-
phlebitis. However, it is not known how commonly this
bacillus is seen in patients presenting with symptoms of
pharyngitis.

Contribution

This study of patients presenting with pharyngitis to a
student health clinic found that F. necrophorum was
present more often than was group A �-hemolytic strep-
tococcus. Infection with either bacterium increased with
increasing Centor scores.

Caution

The study included a convenience sample and did not
have a matched, asymptomatic control group for
comparison.

Implication

Further study is warranted to evaluate testing and treat-
ing F. necrophorum pharyngitis.
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Real-Time PCR Assay for F. necrophorum
The PCR method targeting a 254 base-pair frag-

ment of the F. necrophorum rpoB gene was adopted
from Aliyu and colleagues (19) with modifications using
the LightCycler 2.0 (Roche). The PCR reaction was car-
ried out in a 20-μL mixture containing 500 nM of each
primer, 200 nM of each probe, 0.4 U of uracil-DNA gly-
cosylase, and 4.00 μL of LightCycler FastStart DNA
MasterPLUS HybProbe buffer. Polymerase chain reaction
conditions were as follows: uracil-DNA glycosylase di-
gestion at 40 °C for 10 minutes followed by FastStart
DNA polymerase activation and DNA denaturation at
95 °C for 10 minutes; 50 cycles of amplification and
quantification (denaturing at 95 °C for 0 sec, annealing
at 60 °C for 5 seconds, and extension at 72 °C for 15
seconds); 1 melting curve cycle held at 95 °C for 0 sec-
onds, 45 °C for 30 seconds, and 85 °C for 0 seconds
with continuous fluorescence acquisition at a ramp rate
of 0.1 °C per second; and 1 final cooling cycle of 40 °C
for 30 seconds. Polymerase chain reaction results were
analyzed by LCS4 software (Roche). To calculate the
analytic sensitivity for the real-time PCR assay, serial
1:10 dilutions of F. necrophorum subsp. necrophorum
(ATCC 25286) were made from a saline mixture (Mc-
Farland standard 1.0) of colonies grown anaerobically
on trypticase soy agar with 5% sheep blood. The num-
ber of colony forming units (CFUs) of the original mix-
ture was measured by incubating 100 μL of each dilu-
tion on blood agar plates under anaerobic conditions
and counting the discrete colonies. The calculated bac-
terial concentration in the original culture mixture was
6.75 × 107 CFU/mL. The DNA was prepared using 200
μL of each dilution by the proteinase K digestion
method, as mentioned previously. Polymerase chain re-
action was then performed on each dilution in triplicate
and a standard curve was obtained. A total of 120 dif-
ferent F. necrophorum reference strains and clinical iso-
lates, as well as other bacteria that may be related ge-
netically or known to coexist with Fusobacterium in the
upper respiratory tract, was tested to determine the an-
alytic specificity of the assay (Appendix Table 1, avail-
able at www.annals.org).

Real-Time PCR Assay for M. pneumoniae
Detection of M. pneumoniae in extracted DNA was

performed by real-time PCR using an assay that was
developed and validated in our laboratory with the
LightCycler 2.0 on the basis of a method originally de-
scribed by Dumke and colleagues (15), targeting an
89-bp fragment of the repMp1 noncoding DNA se-
quence present in several copies in the genome. This
assay has been shown previously in our laboratory to
detect 0.45 CFU/mL of specimen and is known to be
specific for detection of M. pneumoniae.

Real-Time PCR Assay for β-Hemolytic Streptococci
Extracted DNA from patients and asymptomatic

students were shipped frozen to the Department of
Molecular Diagnostics at Sparrow Health System (Lan-
sing, Michigan) for testing by real-time PCR using the

LightCycler 2.0 for the presence of �-hemolytic strepto-
coccus, according to a method described previously by
Uhl and colleagues (16). The gene target of this assay is
a 198-bp fragment of the ptsI gene of group A strepto-
coccus. This PCR assay can distinguish this organism
from group C/G streptococcus, for which there is a 1
base-pair difference from the gene sequence of ptsI.
However, the assay does not distinguish between the
latter 2 organisms.

Statistical Analysis
We calculated descriptive statistics for the preva-

lence of each bacterial pathogen detected in patients
and asymptomatic students using real-time PCR. We
defined “nonbacterial” as patients with negative PCR
tests for F. necrophorum; M. pneumoniae; and groups
A and C/G streptococci. To begin to estimate the car-
riage rate of F. necrophorum within this community, we
standardized the prevalence in a convenience sample
of students without symptoms of pharyngitis (described
previously) to the age and sex distribution of the pa-
tients and found confidence bounds for this estimate
(dstdize command in Stata, version 11.2 [StataCorp]).
For each patient, we calculated the Centor score by
assigning 1 point each to a fever history; the lack of a
cough; swollen, tender anterior cervical adenopathy;
and tonsillar exudates (17). We measured the strength
of the association between the Centor score and bac-
terial species using the chi-square test for trend. We
then dichotomized the Centor score as 0 to 1 and 2 to
4, because Infectious Disease Society of America
guidelines use the cutoff of 2 for clinical decisions (8).
We also compared patients with positive PCR results
for F. necrophorum and those with negative PCR results
for F. necrophorum using the chi-square test. Stata was
used for all statistical analyses and a P value less
than 0.05 was used to designate statistical significance.
No formal sample size or power calculations were
performed.

Role of the Funding Source
This study was funded by the University of Alabama

at Birmingham and the Justin E. Rodgers Foundation.
The funding source did not participate in the study de-
sign, data collection, analysis and interpretation of the
data, or the decision to submit the manuscript for
publication.

RESULTS
Performance Characteristics of Real-Time PCR
Assay for F. necrophorum

The analytic sensitivity of the rpoB LightCycler 2.0
assay using an F. necrophorum reference strain was de-
termined to be 0.675 CFU/mL, meaning that this tech-
nique can theoretically detect a single organism in a
throat swab. Specificity of the assay was confirmed by
the lack of cross-reactivity with other Fusobacterium
species or other commensal and pathogenic oropha-
ryngeal microorganisms that were examined (Appen-
dix Table 1). Amplification occurred only in type spe-
cies and clinical isolates of F. necrophorum, including
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both subspecies (F. necrophorum subsp. funduliforme
and F. necrophorum subsp. necrophorum).

Demographic Characteristics of Patients and
Asymptomatic Students

The demographic characteristics of the patients
and asymptomatic students are provided in Table 1.
There were substantially more women and students
aged 15 years to younger than 20 years in the patient
group.

Prevalence of Bacterial Species in Patients With
Pharyngitis Versus Asymptomatic Students

The prevalence of each bacterial species in pa-
tients with pharyngitis and asymptomatic students is
shown in Table 2. Fusobacterium necrophorum was the
most common organism detected in patients with phar-
yngitis, occurring in 64 (20.5%), versus only 17 (9.4%) of
asymptomatic students. The adjusted estimated car-
riage rate of F. necrophorum was 12.2% (95% CI, 3.3%
to 21.1%). However, small numbers among the groups
of asymptomatic students in whom other bacterial
species were identified precluded meaningful calcula-
tions of standardized carriage rates. Fusobacterium
necrophorum was present alone in 47 of these 64 pa-
tients. In the remaining 17 patients, there were 9 simul-
taneous infections with group A streptococcus; 7 with
group C/G streptococcus; and 1 with group A and C/G
streptococci and M. pneumoniae. Group A streptococ-
cus was the second most common organism detected,
occurring in 32 (10.3%) of patients versus only 2 (1.1%)
asymptomatic students. This organism was the sole
pathogen detected in 21 patients and was found in as-
sociation with other organisms in 11 patients. Group
C/G streptococcus was almost as common as group A
streptococcus, being detected in 28 (9.0%) patients
compared with 7 (3.9%) asymptomatic students. These
organisms were present alone in 19 patients and in
combination with other bacteria in 9 patients. Myco-
plasma pneumoniae was an uncommon agent of phar-
yngitis in this age group, being detected in only 6 pa-

tients (1.9%), 2 of whom also had F. necrophorum or
streptococcus. Mycoplasma pneumoniae was not de-
tected in any of the asymptomatic students. These
small numbers preclude meaningful assessment of the
clinical characteristics of M. pneumoniae pharyngitis in
this patient population. Overall, 110 of the 312 patients
with pharyngitis (35.3%) had positive results on PCR for
1 or more of these bacterial species.

Application of the Centor Score for Pharyngitis
According to Bacterial Species

Table 3 shows Centor scores by bacterial species;
higher scores were associated with bacterial species
(P < 0.001). Appendix Table 2 (available at www.annals
.org) shows Centor scores dichotomized at a score of 2
by bacterial species. Patients with scores 2 to 4 were
nearly twice as likely to have a bacterial pathogen (76
of 169 [45.0%]) than those with scores 0 to 1 (34 of 143
[23.8%]). Table 4 shows the individual components of
the Centor score by bacterial species.

DISCUSSION
These data document clearly that F. necrophorum

causes pharyngitis in persons aged 15 to 30 years. We
found a carrier rate of 9.4% for F. necrophorum in
asymptomatic students. We also found a similar per-
centage of patients with positive results on PCR for F.
necrophorum who had a Centor score of 0. A total of
20.5% of our patients with pharyngitis had positive re-
sults on PCR for F. necrophorum, meaning that approx-
imately 11% of cases of pharyngitis in patients coming
to this university health clinic were caused by F.
necrophorum. Our finding that F. necrophorum was the
most common bacterial agent of pharyngitis in this

Table 1. Demographic Characteristics of Patients and
Asymptomatic Students*

Characteristic Patients
(n � 312)†

Asymptomatic
Students
(n � 180)‡

Mean age (SD), y 22.3 (3.1) 24.1 (1.8)
Age, n (%)

15–20 y 111 (35.6) 7 (3.9)
21–25 y 141 (45.2) 135 (75.0)
26–30 y 60 (19.2) 38 (21.1)

Women, n (%) 232 (74) 82 (46)
Race, n (%)

White 231 (74) 132 (73)
Black 43 (14) 21 (12)
Asian 21 (7) 19 (11)
Hispanic 5 (2) 4 (2)
Other or unknown 12 (4) 4 (2)

* Percentages may not sum to 100 due to rounding.
† Patients were students aged 15 to 30 y recruited between March
2013 and March 2014.
‡ Asymptomatic students were recruited during 4 d in April 2013.

Table 2. Summary of Bacterial Species Identified in
Patients and Asymptomatic Students*

Species Patients
(n � 312)

Asymptomatic
Students
(n � 180)

Fusobacterium necrophorum 64 (20.5) 17 (9.4)
F. necrophorum alone 47 (15.1) 16 (8.9)
F. necrophorum and GAS 9 (2.9) –
F. necrophorum and GCS/GGS 7 (2.2) 1 (0.6)
F. necrophorum, GAS, and

Mycoplasma pneumoniae
1 (0.3) –

GAS 32 (10.3) 2 (1.1)
GAS alone 21 (6.7) 2 (1.1)
GAS and GCS/GGS† 1 (0.3) –

GCS/GGS 28 (9.0) 7 (3.9)
GCS/GGS alone 19 (6.1) 6 (3.3)
GCS/GGS and M. pneumoniae 1 (0.3) –

M. pneumoniae 6 (1.9) 0 (0)
M. pneumoniae alone 4 (1.3) –

None 202 (64.7) 155 (86.1)

GAS = group A �-hemolytic streptococcus; GCS = group C �-
hemolytic streptococcus; GGS = group G �-hemolytic streptococcus.
* Values are numbers (percentages). Percentages may not sum to the
totals due to rounding.
† Data were missing for 1 patient.
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population of young adults is consistent with previous
reports from Europe (1, 2). We also saw that group C/G
streptococcus was almost as common as group A strep-
tococcus in young adults, consistent with a recent U.S.
study (20). The data on M. pneumoniae from our pa-
tient population do not provide evidence that this or-
ganism is a common cause of adolescent or young
adult pharyngitis. This finding argues against diagnos-
tic testing or including coverage for M. pneumoniae in
empirical treatment strategies. Using the Centor score
prediction model previously validated for group A
streptococcal pharyngitis (17), we found similar results
for F. necrophorum and groups A and C/G streptococ-
cal pharyngitis. As the Centor score increased, we
found a trend for increased positive PCR testing for all
3 bacteria. These results support the Centor score as a
predictor of bacterial pharyngitis caused by F.
necrophorum as well as non–group A streptococcus
rather than just group A streptococcal pharyngitis. Sim-
ilar conclusions about the application of the Centor
score to non–group A streptococcal pharyngitis were
also reported by Tiemstra and Miranda (20), but they
did not evaluate the occurrence of F. necrophorum.

How should we interpret these findings and use
them for clinical decision making? United States guide-
lines support prescribing antibiotics for known group A
streptococcal pharyngitis. However, no current guide-
lines from any professional or governmental organiza-
tion directly address management of non–group A
streptococcal or F. necrophorum pharyngitis.

Throat cultures with specific Lancefield typing can
identify group C/G pharyngitis. However, although that
strategy is likely able to decrease suppurative compli-
cations if antibiotic treatment is given based on a pos-
itive culture, it may not lead to decreased symptom du-
ration. This approach would require at least 1 to 2 days
to obtain results because no point-of-care tests cur-
rently exist.

Routine throat cultures do not identify F. necropho-
rum because it is an anaerobe requiring special media
and incubation conditions. Although we developed a
research PCR assay to detect and identify F. necropho-
rum, we are not aware of any commercially available
rapid testing for this organism. We do not believe that
one could ethically do a randomized, controlled trial of
antibiotic therapy for F. necrophorum pharyngitis given
the potential severity of the Lemierre syndrome. There-
fore, we suspect that many physicians would prescribe
antibiotics for patients with F. necrophorum pharyngitis
if there were a point-of-care diagnostic test proving its
presence. Fortunately, F. necrophorum and all of the
�-hemolytic streptococci are usually susceptible to
penicillin and first-generation cephalosporin, although
F. necrophorum is intrinsically resistant to gentamicin,
and fluoroquinolone and tetracycline have relatively
poor activity. Significant erythromycin resistance in
both F. necrophorum and group A �-hemolytic strepto-
coccus has been reported during the last several years
(21–23). Despite in vitro susceptibility, there have been
reports of clinical failures of treating invasive F.

Table 3. Centor Scores, by Bacterial Species*

Centor
Score

Bacterial Species, n (%) Total, n

Fusobacterium
necrophorum

GAS† GCS/GGS† >1 Species‡ None

0 4 (10) 2 (5) 0 (0) 0 (0) 33 (85) 39
1 12 (12) 5 (5) 6 (6) 5 (5) 76 (73) 104
2 18 (17) 6 (6) 4 (4) 15 (14) 63 (59) 106
3 6 (14) 6 (14) 6 (14) 1 (2) 25 (57) 44
4 7 (37) 2 (11) 3 (16) 2 (11) 5 (26) 19
Total 47 (15) 21 (7) 19 (6) 23 (7) 202 (65) 312

GAS = group A �-hemolytic streptococcus; GCS = group C �-hemolytic streptococcus; GGS = group G �-hemolytic streptococcus.
* Percentages may not sum to 100 due to rounding.
† Data were missing for 1 patient.
‡ Includes Mycoplasma species.

Table 4. Centor Score Components, by Bacterial Species

Centor Score
Component

Bacterial Species, n (%) None
(n � 202)

Fusobacterium
necrophorum
(n � 47)

GAS*
(n � 21)

GCS/GGS*
(n � 19)

>1 Species
(n � 23)†

Fever 18 (38) 6 (29) 9 (47) 9 (39) 55 (27)
Lack of cough 29 (62) 14 (67) 12 (63) 18 (78) 100 (50)
Swollen, tender anterior cervical

lymphadenopathy
31 (66) 15 (71) 16 (84) 16 (70) 115 (57)

Tonsillar exudates 16 (34) 8 (38) 7 (37) 3 (13) 27 (13)

GAS = group A �-hemolytic streptococcus; GCS = group C �-hemolytic streptococcus; GGS = group G �-hemolytic streptococcus.
* Data were missing for 1 patient.
† Includes Mycoplasma species.
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necrophorum infections with penicillin, leading to some
recommendations that metronidazole may be a better
alternative for invasive, suppurative conditions, such as
the Lemierre syndrome (21).

Our data show that in patients with Centor scores
of 2 or higher, the probability of having group A or C/G
streptococcal or F. necrophorum pharyngitis achieved
the 40% range; in those with a score of 4, more than
70% had positive PCR results for at least 1 of these
bacteria. These data support avoiding macrolides for
empirical treatment of adolescent or young adult phar-
yngitis because most F. necrophorum are not sensitive
to macrolides. These data should stimulate further
study and consideration of both testing and treatment
in patients aged 15 to 30 years presenting with acute
sore throat.

Although the Lemierre syndrome is uncommon, it
occurs much more frequently in adolescents or young
adults than acute rheumatic fever in the United States
(7). The Lemierre syndrome often causes long, complex
hospitalizations (often including intensive care), sub-
stantial subsequent morbidity, and an estimated mor-
tality rate of 5% (7). No data on the efficacy of treating
F. necrophorum pharyngitis with a goal of markedly de-
creasing the suppurative complications of peritonsillar
abscess and the Lemierre syndrome currently exist. We
note that 17 of the patients who were PCR-positive for
F. necrophorum had more than 1 bacterial species
present, including group A and C/G streptococcus,
with M. pneumoniae also present in 1 patient. It has
been postulated that simultaneous infection with other
bacteria or viruses represents a risk factor for F.
necrophorum suppurative complications (2, 21). These
findings deserve further investigation.

Limitations of this study include the following. The
PCR assay we used does not detect group F strepto-
coccus, which may cause some cases of pharyngitis.
Although we were able to demonstrate a likely bacte-
rial cause of acute pharyngitis in many of our university
student population, we did not attempt to detect viral
causes of pharyngitis. Many patients who were PCR-
negative for F. necrophorum or group A or C/G strep-
tococcus likely had viral infections. Our data support
further study of adolescent or young adult pharyngitis
diagnosis and treatment, but our findings and conclu-
sions do not apply to preadolescents because they
rarely have either group C/G streptococcus or F.
necrophorum (13). The design of this study to deter-
mine the bacterial cause of pharyngitis using molecular
methods was limited to a single health care center of
college-aged students and did not include bacterial
cultures, any type of follow-up component, or a defini-
tive treatment regimen. These topics require further
study.

These data show that the occurrence of F.
necrophorum pharyngitis in university students aged
15 to 30 years exceeds group A streptococcal pharyn-
gitis. The clinical presentation for this bacterial pharyn-
gitis resembles the clinical presentation of group A
streptococcal pharyngitis.
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Appendix Table 1. Microorganisms Used to Evaluate the
Specificity of Fusobacterium necrophorum Using a
Real-Time Polymerase Chain Reaction Assay

Acholeplasma laidlawii PG8
Acholeplasma oculi
Acinetobacter baumannii
Acinetobacter lwoffii
Acinetobacter species
Actinomyces odontolyticus
Adenovirus
Arcanobacterium haemolyticum
Bacteroides fragilis
Bordetella pertussis
Brevibacillus brevis
Buffalopox virus BP4
Burkholderia cepacia
Candida albicans
Candida tropicalis
Chlamydophila (formerly Chlamydia) pneumoniae
Citrobacter braakii
Corynebacterium diphtheriae
Corynebacterium jeikeium
Corynebacterium pseudodiphtheriticum
Eikenella corrodens
Enterobacter cloacae subsp. cloacae
Enterococcus faecalis
Enterococcus faecium
Escherichia coli
Fusobacterium gonidiaformans
Fusobacterium mortiferum
Fusobacterium naviforme
Fusobacterium necrogenes
Fusobacterium necrophorum
Fusobacterium necrophorum subsp. funduliforme
Fusobacterium perfoetens
Fusobacterium polymorphum
Fusobacterium periodontium
Fusobacterium russii
Fusobacterium simiae
Fusobacterium varium
Haemophilus influenzae
Haemophilus parainfluenzae
Helicobacter pylori
Herpes simplex virus type 1
Herpes simplex virus type 2
Human genomic DNA
Klebsiella pneumoniae subsp. pneumoniae
Lactobacillus species
Legionella pneumophila
Listeria monocytogenes
Micrococcus luteus
Moraxella catarrhalis
Morganella morganii
Mycoplasma amphoriforme A39
Mycoplasma arthritidis PG27
Mycoplasma buccale
Mycoplasma collis
Mycoplasma faucium
Mycoplasma fermentans PG18
Mycoplasma genitalium PG37
Mycoplasma hominis
Mycoplasma hyorhinis
Mycoplasma lipophilum
Mycoplasma muris
Mycoplasma neurolyticum
Mycoplasma orale
Mycoplasma penetrans
Mycoplasma pirum BER p9
Mycoplasma pneumoniae M129
Mycoplasma primatum
Mycoplasma pulmonis ASH3 PG34

Continued

Appendix Table 1—Continued

Mycoplasma salivarium PG20
Mycoplasma spermatophilum
Neisseria gonorrhoeae
Neisseria meningitidis
Paenibacillus polymyxa
Pasteurella species
Peptostreptococcus anaerobius
Peptostreptococcus species
Peptostreptococcus type A
Peptostreptococcus type B
Porphyromonas gingivalis
Prevotella melaninogenica
Proteus mirabilis
Proteus vulgaris
Pseudomonas aeruginosa
Shewanella putrefaciens
Staphylococcus aureus
Staphylococcus aureus subsp. aureus
Staphylococcus aureus subsp. aureus strain 328
Staphylococcus capitis
Staphylococcus epidermidis
Staphylococcus haemolyticus
Staphylococcus lugdunensis
Staphylococcus pseudintermedius
Staphylococcus saprophyticus
Staphylococcus sciuri
Staphylococcus simulans
Staphylococcus warneri
Staphylococcus xylosus
Stenotrophomonas maltophilia
Streptococcus agalactiae
Streptococcus anginosus
Streptococcus canis
Streptococcus dysgalactiae subsp. dysgalactiae
Streptococcus dysgalactiae subsp. equisimilis
Streptococcus equi subsp. equi
Streptococcus mutans
Streptococcus oralis
Streptococcus pneumoniae
Streptococcus pyogenes
Streptococcus salivarius
Streptococcus sanguis
Streptococcus sobrinus (mutans group)
Treponema denticola
Ureaplasma parvum serovar 3
U. urealyticum serovar 10
Veillonella parvula
Veillonella species
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Appendix Table 2. Centor Scores Dichotomized at a Score of 2, by Bacterial Species

Centor
Score

Bacterial Species, n (%) Total, n

Fusobacterium necrophorum GAS GCS/GGS >1 Species* None

0–1 16 (11) 7 (5) 6 (4) 5 (3) 109 (76) 143
2–4 31 (18) 14 (8) 13 (8) 18 (11) 93 (55) 169
Total 47 (15) 21 (7) 19 (6) 23 (7) 202 (65) 312

GAS = group A �-hemolytic streptococcus; GCS = group C �-hemolytic streptococcus; GGS = group G �-hemolytic streptococcus.
* Includes Mycoplasma species.
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