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Abstract The purpose of this investigation was to describe
the clinical spectrum of invasiveFusobacterium necrophorum
infections and Lemièrre’s syndrome, to examine the role of
underlying thrombophilia and concomitant mononucleosis in
Lemièrre’s syndrome, and to describe thromboembolic com-
plications. Patients with invasive F. necrophorum infections
were identified either prospectively or retrospectively through
the regional database of clinical microbiology from 2000 to
2015. Patient records were reviewed and blood samples from
patients with Lemièrre’s syndrome were collected for
Epstein–Barr virus (EBV) serology and screening for
thrombophilia. Of the 65 patients included, 33 had
Lemièrre’s syndrome. Of the remaining 32 patients, other in-
fections of the respiratory tract and abdominal or urogenital
infections were most common. Patients with Lemièrre’s syn-
drome or other tonsillar infections were younger than patients
from the other groups. For Lemièrre’s syndrome, the 26 pa-
tients with severe sepsis on admittance had longer duration of
symptoms. Three of five patients who developed distant man-
ifestations had more than 14 days of symptoms. Jugular vein
thrombosis was verified in 14 patients, two of whom devel-
oped serious complications. Three of 26 patients tested had
factor V Leiden mutation, corresponding to the background

prevalence. One of 22 patients tested had a concomitant EBV
infection. This study confirms earlier studies of the clinical
spectrum caused by F. necrophorum. For Lemièrre’s syn-
drome, the study adds to the knowledge on thromboembolic
outcome, demonstrating that jugular vein thrombosis may
cause severe complications. The time to treatment seems to
be important for the risk of severe disease. In this study, con-
comitant EBV infection or underlying thrombophilia was
uncommon.

Introduction

Lemièrre’s syndrome (LS) is a severe infection that typically
starts with tonsillitis and progresses to involve the
parapharyngeal space and the jugular vein, leading to throm-
bophlebitis and pulmonary septic emboli. Fusobacterium
necrophorum is the causative pathogen in the majority of
cases. Much of the knowledge on the natural course of LS
stems from the original reports by Lemièrre [1]. In addition,
numerous case reports have been published (for a summary,
see [2]) and a few larger observational studies [3–8].

The pathogenesis of LS is largely unknown. Invasion and
thrombus formation may be due to bacterial or host factors.
We have previously shown that F. necrophorum binds to and
activates components of the pro-coagulant and pro-
inflammatory contact system [9], and can acquire plasmin
activity [10]. An outer membrane protein of F. necrophorum
that binds to endothelium was recently described for the ani-
mal pathogen F. necrophorum subspecies necrophorum, and
could possibly direct the infection to involve the blood vessels
[11]. Host factors could also play a role in F. necrophorum
invasion and entry into the veins, and, subsequently, in throm-
bus formation. A few previous case reports or case series have
reported thrombophilia in association with LS [12–15]. One
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survey reported underlying thrombophilia in five of seven
children with acute otitis media complicated by sinus throm-
bosis, but fusobacteria were not specifically reported in that
survey [16]. Epstein–Barr virus (EBV) infection concomitant
with LS has been described in several case reports (see [2] for
references). In a series of six cases, three had evidence of acute
EBV infection and the severity of LS seemed to be worse in
patients with concomitant mononucleosis [17]. However, the
true prevalence of EBV infection in patients with LS is
unknown.

The aims of this study were to add to the previous knowl-
edge of the clinical spectrum of LS and other invasive infec-
tions with F. necrophorum by describing 65 cases between
2000 and May 2015, to describe thromboembolic complica-
tions, and to investigate the frequency of underlying
thrombophilia and concomitant EBV infection in LS.

Patients and methods

Identification of cases, case definition of LS, and analyses
of patient blood samples

The study consists of a retrospective and a prospective part
spanning the period from 2000 to May 2015 in the region of
Skåne at the southern-most part of Sweden. The region has a
population of approximately 1.2 million and ten hospitals
from primary to tertiary level. The patients were identified
by searching the databases of the Clinical Microbiology
Laboratory (Skåne region, Sweden) for F. necrophorum iso-
lated from blood or other normally sterile sites. In addition, we
gained knowledge of three patients with culture-negative LS
(or in one case with bacteria other than F. necrophorum) who
were included by clinical criteria (see below). Informed con-
sent to participate in the study was obtained from the patients.
Diseased patients were included with the consent of the re-
spective caregiver. Cases before 2008 were all included retro-
spectively. From 2008, the clinical microbiology department
alerted us when a blood culture positive for F. necrophorum
was encountered, and LS patients were included prospectively
in our hospital from that time point, and fromMay 2012 from
the whole region. In total, 14 LS patients were included pro-
spectively from 2008 toMay 2015. At a later follow-up search
of the databases, ten additional LS cases between the years
2008 and 2015 were found and included retrospectively. The
main reason for prospective inclusion of the patients was to
collect pre-immune serum for EBV serology fromLS patients.
The medical records of both prospectively and retrospectively
included patients were reviewed retrospectively.

Pre-immune serum was drawn within the first days of ad-
mission for the 14 prospectively included LS patients, and for
immune serum at least two weeks later. Plasma for screening
for thrombophilia was acquired after recovery for 12

prospectively included LS patients, and at the time of inclu-
sion for 14 retrospectively included LS patients (median
7 years after the LS episode). The screening consisted of anal-
yses for genetic (factor V Leiden and prothrombin 20210 G to
A mutation, protein S, protein C, and antithrombin) and ac-
quired (cardiolipin antibodies and lupus anticoagulants)
thrombophilia at the Department of Laboratory Medicine,
Skåne region, according to the standard methods of the labo-
ratory. Analysis of EBV antibody titers (EBNA, anti-VCA
IgG and IgM) from patient sera was performed at the
Clinical Microbiology Laboratory, Skåne region, according
to the standard methods of the laboratory.

Severe sepsis and septic shock were defined according to
the guidelines of the Surviving Sepsis Campaign 2012 [18].

The case definition of LS was modified from the sugges-
tion made by Riordan [2] and requires a history of anginal
illness or other primary focus in the head and neck in the
preceding 4 weeks or compatible clinical findings, and at least
two of the following: (1) isolation of F. necrophorum from
blood cultures or a normally sterile site; (2) evidence of inter-
nal jugular vein thrombophlebitis; (3) evidence of metastatic
lesions in the lungs (multifocal pneumonia, or if only one lung
infiltrate is present, a typical rounded consolidation, sugges-
tive for septic embolization).

Microbiological methods

According to local blood culture routines, two blood cultures,
each with one aerobic and one anaerobic blood culture bottle
[BacT/ALERT FA/FN (bioMérieux, Marcy l’Etoile, France)
before 2015 and BACTEC Plus Aerobic/BACTEC Lytic
Anaerobic (BD, Sparks, MD) from 2015], are drawn. For
small children, only aerobic blood cultures are routine
[BacT/ALERT PF (bioMérieux) before 2015 and BACTEC
Peds Plus (BD) from 2015]. Positive blood culture bottles
were subcultured under anaerobic conditions on Fastidious
Anaerobe Agar (LabM, Heywood, UK) with 5 % horse blood
and species determination was mostly following the guide-
lines of the BAnaerobic bacteriology manual^ 2002 [19] and
was sometimes complemented with sequencing of the 16S
rRNA gene. Over the last several years, matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) has become the most common method
for species determination (see below for details).
Susceptibility testing by the Clinical Microbiology
Laboratory was done with gradient strips (Etest,
bioMérieux) on MH-F agar, or in case of insufficient growth,
Fastidious Anaerobe Agar, using the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) breakpoints
for anaerobic Gram-negative bacteria. The detection of
F. necrophorum DNA from throat swabs was done by real-
time polymerase chain reaction (PCR) of the rpoB gene [20].
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All bacterial isolates recovered from the microbiology de-
partment were analyzed using an ultrafleXtreme MALDI-
TOF/TOF instrument with the Biotyper 3.1 software and the
BDAL-5627 database (Bruker Daltonics; Bremen, Germany).
The direct spotting method without formic acid extraction was
used [21], and a score of at least 2.2 was achieved for all
strains. The isolates were further characterized to the subspe-
cies level by sequencing of the gyrB gene as previously de-
scribed [9] using subspecies common primers [22].

Statistical analyses were performed using the GraphPad
Prism version 6 software. The study was approved by the local
research ethical committee (reference number 2011/709).

Results

All F. necrophorum infections and LS without verified
F. necrophorum: epidemiology and microbiology

Sixty-eight patients were identified from the laboratory data-
bases. Two patients declined to participate in the study, and
four were lost to follow-up. Three additional LS patients were
identified by clinical criteria. Altogether, 65 patients were in-
cluded in the study.

The Clinical Microbiology Laboratory in the Skåne region
serves a population of approximately 1.2 million. The inci-
dence of invasive F. necrophorum infections was thus calcu-
lated to be 3.7 per million per year. Thirty-three of the includ-
ed patients fulfilled our criteria for LS, resulting in a yearly
incidence of 1.8 cases per million. Nine of the cases were
diagnosed in the first 8 years of the study and 23 during the
last 7.5 years. The demographic data, co-morbidities, labora-
tory results, and outcome are summarized in Table 1.

All 48 blood isolates of F. necrophorum that could be re-
covered belonged to the subspecies funduliforme. All isolates
were deemed sensitive to penicillin, cephalosporin,
c l indamycin, and metronidazole by the Clinical
Microbiology Laboratory.

Lemièrre’s syndrome

Microbiology

Blood cultures were positive for 30 of 33 patients with LS.
F. necrophorum was in monoculture in 20/30 blood cultures.
Of the mixed cultures, three grew coagulase-negative staphy-
lococci and one aMicrococcus, possibly representing contam-
inations. One culture grew a Peptostreptococcus, one
Veillonella, and three viridans streptococci. In one patient,
F. necrophorum was not detected, and blood cultures grew
Arcanobacterium haemolyticum and viridans streptococci.
Two patients had negative blood cultures but a positive PCR
for F. necrophorum from pleural fluid or a throat swab. These

patients who were culture-negative for F. necrophorum were
all included based on the clinical criteria. In one patient,
F. necrophorum was found in pulmonary tissue post-mortem.
Since 2010 (the year F. necrophorum PCR analysis was intro-
duced), all eight throat swabs analyzed from LS patients were
positive for F. necrophorum. Of the 23 conventional throat
swab cultures (which will not detect fusobacteria in part due
to aerobic incubation), 19 were negative and four grew beta-
hemolytic streptococci (two B, one C, and one G). The strepA
antigen test was negative for 24 patients.

Symptoms and signs on admission

According to the medical records on admission, 22 of the 33
patients with LS had sought medical attention prior to admis-
sion, most often to a general practitioner. Twelve of these
patients had a documented negative strepA test .
Mononucleosis was suspected in nine patients, but the test
for heterophilic antibodies was only documented in two cases,
one positive (which later proved to be false-positive) and one
negative. Antibiotics were prescribed for two patients (eryth-
romycin and penicillin V). In one case, fusobacteria were
suspected and the patient was told to come back in case of
worsening symptoms to rule out LS. The median delay be-
tween the onset of symptoms and admission was 5 days (range
1–18 days).

The symptoms and signs on admission are summarized in
Fig. 1. Thirty patients had a sore throat or a history of a sore
throat within the proceeding weeks, of whom one also had a
dental infection and one an otitis media. Two patients had no
history of tonsillitis. One had a probable dental focus and one
had a recent trauma to the outside of the neck, believed to be a
locus minoris for the infection. In 18 patients, unilateral neck
tenderness was documented upon admission, and in an addi-
tional three patients at a later examination. Whether this ten-
derness was due to lymphadenopathy or to thrombophlebitis
could not be determined from the medical records. A
peritonsillar abscess was found in one patient only.

At the time of admission, the majority of patients had lab-
oratory signs of organ failure. Twenty-six patients fulfilled the
criteria for severe sepsis on admission, and 29 over the first
24 h after admission. The most common abnormal parameters
defining severe sepsis were low platelet counts (<100 × 109/L
in 14 patients), elevated bilirubin (>35 g/L in 14 patients), and
elevated lactate (11 patients.). Six patients developed septic
shock, all of whom received inotropic support. The median
duration from the onset of symptoms to admittance was sig-
nificantly longer in the groups with severe sepsis and septic
shock (median 6 days, range 1–17 days) than in the group that
did not fulfil the criteria for severe sepsis on admittance (me-
dian 3.5 days, range 2–5 days) (Mann–Whitney, p=0.03).
Twelve patients required intensive care, most commonly due
to respiratory failure, leading to ventilator assistance in six
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Table 1 Summary of demographic data, clinical chemistry findings, severity and outcome for different groups of invasive F. necrophorum infections

Lemièrre’s
syndrome

Tonsillitis, peritonsillar
or retropharyngeal
abscess

Other respiratory
tract infections

Abdominal/urogenital
infections

Other focia

Number of patients 33 10 7 8 7

Age (years)**** 19 (15–37) 22 (17–57) 63 (16–79) 61 (35–87) 60 (16–88)

Sex (% male) 55 60 86 75 50

Patients with co-morbidities, n (%)b 1 (3) 0 5 (71)*** 4 (50)* 2 (28)

Days of symptoms prior to admission** 5 (1–18) 3 (1–5) 1 (1–45) 3 (1–28) 4 (1–6)

Platelets (×109/L) (normal >145)*** 114 (10–304) 166 (121–292) 300 (207–476) 113 (89–153) 199 (55–268)

CRP (mg/L) (normal <3) 249 (81–444) 208 (119–583) 14 (7–329) 250 (185–338) 249 (32–377)

Bilirubin (μmol/L) (normal <25) 32 (9–172) 22 (17–57) – 18 (7–33) 12 (7–35)

Creatinine (μmol/L) (normal <105) 113 (47–363) 89 (55–202) 77 (63–127) 143 (65–201) 112 (55–662)

Elevated lactate, n (% of patients)c 10 (30) – – 0 0

Severe sepsis, n (% of patients) 26 (79) 3 (30) 2 (29) 6 (75) 4 (57)

Septic shock, n (% of patients) 6 (18) 0 0 0 0

ICU, n (% of patients) 12 (36) 1 (10) 1 (14) 0 0

Duration of hospital stay (days)** 14 (5–37) 5 (0–36) 11 (3–25) 8 (4–16) 13 (5–51)

Duration of fever (days) after admission** 5 (1–16) 2 (0–5) 4 (1–5) – 3 (1–21)

Duration of antibiotic treatment (days)* 31 (18–90) 14 (12–45) 17 (4–25) 17 (7–65) 29 (7–83)

Mortality within 4 weeks, n (% of patients) 1 (3)d 0 0 1 (13) 0

a Two DVT, one pericarditis, one septic arthritis, three unknown
bCharlson co-morbidity score equal to or greater than 1 [32]
c Due to different methods with different normal ranges (in arterial or venous blood), the exact value is not presented
dDied prior to admission

Numbers are median and range, unless otherwise stated. If 50 % or more of the data was missing in a group, the result is not shown (marked as –)

For dichotomous variables, all other groups were individually tested against the LS group using Fisher’s exact test with a Bonferroni correction. For
continuous variables, a Kruskal–Wallis test was used to compare medians of all groups. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001

Fig. 1 Lemièrre’s syndrome.
Symptoms, signs, clinical
chemistry findings and severity
on admission, and early level of
care (1>105 μmol/L or >50 %
above the patient’s habitual level;
2>2.2 mmol/L for venous blood
and >1.6 mmol/L for arterial
blood)
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patients and non-invasive ventilator assistance in an additional
three patients. Dialysis was required for one patient.

Pulmonary involvement

All patients had pulmonary involvement. Seventeen patients
had radiological evidence of pulmonary abscesses and 25 pa-
tients of pleural effusion. In ten patients, a chest drain was
inserted and, most commonly, serous pleural fluid was
drained. Empyema, defined as pus or low pH of pleural fluid,
was only verified in three patients (but the pH was analyzed
for one patient only), two of whom had more than two weeks
of symptoms prior to treatment. One patient first received a
pleural drainage and later developed a large interlobar abscess,
despite on-going antibiotic therapy, necessitating thoracotomy
to drain the abscess.

Manifestations outside the neck and lungs

Five patients developed manifestations outside the neck and
lungs: two cases of meningitis (one also with multiple brain
abscesses), one thrombosis of the cavernous sinus, one osteitis
of the iliacal bone with local spread to the iliopsoas muscle,
and one mediastinitis. In the two cases of meningitis, diagnosis
was verified by elevated cells counts and low glucose of the
cerebrospinal fluid (CSF). Culture of the CSF was negative in
both patients but, in these cases, anaerobic cultures were not
performed. It is notable that, of the five patients who had been
ill for more than 14 days before admission, three developed
distant manifestations. Splenomegaly or hepatomegaly was
noticed in 12 of 18 patients who were examined with either
computed tomography (CT) scan or ultrasound.

Thromboembolic complications

Jugular vein thrombosis was verified in 14 of the 23 patients
who were examined by either ultrasound, magnetic resonance
imaging (MRI), or CT. Six patients with thrombosis were
treated immediately after diagnosis with full-dose low molec-
ular weight heparin (LMWH), but one of them presented very
late, on day 14 after the onset of fever, and had already, by the
time the jugular vein thrombosis was diagnosed, developed a
thrombosis of the cavernous sinus and abducens nerve palsy.
There was no sign of local abscess formation in connection to
the cavernous thrombosis. In one of the patients with full-dose
anticoagulation, the thrombosis progressed from 2 to 7 cm,
reaching the jugular foramen during the first 3 days of treat-
ment. Two of the patients with jugular vein thrombosis were
treated with prophylactic dose LMWH only, one of whom had
a very high thrombosis reaching the sigmoid sinus, which
comprised the drainage of the central nervous system (CNS),
and later resulted in a one-sided palsy of the hypoglossal and
glossopharyngeal nerves. Six patients with jugular vein

thrombosis did not receive any or a few doses only of antico-
agulants and did not develop any complications. The duration
of anticoagulant therapy differed between the patients.
LMWH was given initially to all anticoagulated patients.
Three patients subsequently received warfarin for 6 months,
and three received LMWH for the entire course of treatment,
which varied between 19 days to 3 months.

Screening for thrombophilia

Plasma from 26 patients with LS was collected and analyzed
for thrombophilia as described above. A previous study of 287
healthy blood donors from the same region was used as a
control for fV mutation [23]. Three (12 %) of the patients
and 29 (10.1 %) of the healthy blood donor controls had fV
mutation. There was no significant difference between the
groups using Fisher’s exact test (p=0.7). One of the patients
had both fV mutation and lupus anticoagulants. No other
thrombophilia was detected. All the three patients with under-
lying thrombophilia had a CT scan of the neck at the time of
admission and only one had a verified jugular vein thrombo-
sis. The two patients with complicated thrombosis (thrombo-
sis of the cavernous sinus and high jugular vein thrombosis
with hypoglossal paresis) had normal coagulation screening.

EBV

In total, 23 patients with LS were tested for EBV. Fourteen
patients had already been tested as part of the clinical work-up.
In addition, eight more paired sera collected prospectively
between the years 2008 and 2015 were analyzed for EBV
antibodies. Only one patient was positive for VCA-IgM, indi-
cating a concomitant mononucleosis. One patient died from
LS prior to admission, and the forensic testing revealed high
numbers of EBV copies in the CSF (26,000/mL) and serum
(500 copies/mL), but anti-EBVantibodies could, unfortunate-
ly, not be analyzed.

Antibiotic therapy and outcome

All patients were treated with a β-lactam antibiotic on admis-
sion, most commonly a cephalosporin. Six patients received a
combination of a β-lactam and clindamycin or metronidazole.
On day 5, when the etiology was known in most cases, 28
patients received a combination of a β-lactam (most commonly
a penicillin) and either metronidazole or clindamycin. At dis-
charge, single therapywith either metronidazole or clindamycin
was the most common treatment (Fig. 2). The median total
duration of antibiotic therapy was 31 days (range 18–90 days).

The median time to defervescence (defined as the day after
the last time a temperature of 38 °C ormore wasmeasured) was
5 days (range 1–16 days) after admission and start of antibiotic
therapy. In many cases, the patient seemed to improve initially,
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but after a few days, the fever reoccurred. No conclusion on the
type of antibiotic treatment and outcome could be drawn.
Pulmonary abscesses were seen in 17 patients and not associ-
ated with longer duration of fever, whereas in seven of the ten
patients who received a pleural drainage, the duration of fever
was longer than 10 days. There was no in-hospital mortality,
but one patient was never admitted and died at home, and was
diagnosed on forensic examination. Neurological sequelae
were documented in one patient with a hypoglossal paresis.
Respiratory sequelae were not documented, but pulmonary
function was generally not examined on follow-up.

Non-Lemièrre invasive infections

Infections of the respiratory tract

Seventeen patients had F. necrophorum infections of the respi-
ratory tract but did not fulfil criteria for LS. Four patients with a
positive blood culture for F. necrophorum had a peritonsillar
abscess, without any signs of further invasion or involvement
of the jugular vein or lungs. They generally had mild disease.
One patient had a retropharyngeal abscess that had progressed
per continuum to the mediastinum and pleura, from which
culture yielded F. necrophorum together with viridans strepto-
cocci and mixed anaerobic bacteria. Five patients had tonsillitis
only. Of these, three had Lemièrre-like conditions with cough
and unilateral tenderness of the neck, two of whom had severe
sepsis, and one of whom had a single pulmonary infiltrate, but
not fulfilling our case definition for LS.

Two patients had a diagnosis of a probable aspiration pneu-
monia, of whom one was a young woman who was found
unconscious after intoxication. Two patients had lobar pneu-
monia and two patients had pneumonia with empyema. One
patient developed high fever after a dental extraction, with no
signs of dissemination other than a positive blood culture.
Three of the six patients with non-Lemièrre pleuropulmonary
infections had serious underlying chronic diseases.

Abdominal and urogenital infections

Of the eight patients with bacteremia originating from the
urogenital or abdominal tract, three had an infection of the
liver or a manifestation adjacent to the liver: one had a portal
vein thrombosis diagnosed after the third reoccurrence of fe-
ver and two had liver abscesses (one a week after extirpation
of anal polyp and one of whom also developed septic arthritis
of the acromioclavicular joint). These three patients had no
serious underlying diseases.

One patient had a tubo-ovarial abscess and, in one patient,
diverticulosis was believed to be the origin. Three patients had
advanced cancer of the urogenital or gastrointestinal tract and
the F. necrophorum bacteremia was believed to originate from
damaged barriers in the gastrointestinal tract due to the tumor
invasion.

Other primary foci and unknown origin

Of the remaining seven patients, three patients had a positive
blood culture for F. necrophorum as the only sign of dissem-
ination and no primary focus was found. One patient had
septic arthritis of the shoulder without any other apparent fo-
cus. One patient with lung cancer and invasion of the medias-
tinum developed purulent pericarditis a few days after bron-
choscopy. She was also undergoing dental treatment for se-
vere periodontitis. One very unusual case was a woman who
was admitted with fever and complaints of pain proximal to
the knee after a minor trauma. She was found to have multiple
septic pulmonary emboli, but no symptoms from the upper
respiratory tract. Later during the course of disease, she was
diagnosed with a deep vein thrombosis (DVT) in the same leg
as the original trauma. Another patient was also diagnosed
with a DVT. He developed fever over the next couple of days,
and, after one week, blood cultures grew F. necrophorum and
a CT scan showed a large abscess of the calf.

Fig. 2 Lemièrre’s syndrome.
Antibiotic therapy per patient on
admission, on day 5, and at
discharge [Antibiotics that were
changed after less than 24 h were
excluded. Levofloxacin or a
macrolide was often added to the
initial therapy to cover
legionellosis (not shown)]

2204 Eur J Clin Microbiol Infect Dis (2015) 34:2199–2207



Discussion

This study describes the spectrum of invasive infections with
F. necrophorum and LS. Whereas the groups of tonsillitis,
peritonsillar abscess, and LS have much in common, mainly
affecting teenagers and young adults, the other invasive infec-
tions with F. necrophorum are very diverse, mainly affecting
chronically ill patients with predisposing diseases such as met-
astatic cancer. In our survey and others’, there are cases with
evidence of direct spread of a retropharyngeal/parapharyngeal
abscess to the mediastinum and secondary to the lungs. To
avoid inclusion of these patients in the LS group, we have
specified the requirements of the radiological findings defining
LS. We agree that a wider definition as suggested by
Hagelskjaer Kristensen and Prag [7], including all invasive
F. necrophorum infections with a primary focus in the head
and neck (even when a positive blood culture is the only sign
of dissemination), may give clinicians a simple way of paying
attention to the potentially serious condition, but in order to pin-
point the particular syndrome involving the jugular vein that is
clearly confined to a certain young age group, we decided to
use a more narrow definition. We believe this will help in find-
ing clues to the pathogenesis and possibly in obtaining a better
understanding of treatment options and outcome. Only children
above 13 years of age were included in the study, which may
explain why we did not observe otitis as a primary focus in our
study. However, there were no blood cultures positive for
F. necrophorum from children under the age of 13 years, but
this may be partly explained by the frequent routine of only
aerobic blood cultures in small children. Also, anaerobic cultur-
ing from themiddle ear or at surgical treatment for mastoiditis is
not routinely performed unless there is an abscess formation.

Since there is no ICD10 code for LS, we could not search the
diagnosis database for culture-negative LS cases, but we gained
knowledge of three additional cases of LS without positive
blood cultures for F. necrophorum. We cannot exclude the pos-
sibility that there are more clinical cases, but we believe that the
number is very limited when a diagnosis of LS has been made,
since infectious disease physicians are always involved in the
care of LS patients. A larger problem is that there was a sharp
rise in the incidence of LS over the study period, with 23 of the
cases diagnosed during the last 7.5 years of the study. There
have not been any changes in the national treatment guidelines
for tonsillitis that should have an impact on non-streptococcal
tonsillitis. We believe that improved microbiological methods
and higher awareness of LS are more likely reasons for the
increased incidence. At the end of the study period, we saw
more mild cases (data not shown), which would probably have
been overlooked or misdiagnosed during the earlier years.

Using a narrow definition of LS, we found that all patients
were between 15 and 37 years old, and most patients were
below 25 years old. The reason why LS is restricted to this
age group is not clear. One study using PCR from throat swabs

of healthy recruits and students found F. necrophorum in about
20 % of the individuals [22], and F. necrophorum is an impor-
tant pathogen causing tonsillitis in the same age group [24–26].
In contrast, study of the microbiota of the tonsils of 20 patients
after tonsillectomy showed that F. necrophorum was almost
absent in children and healthy young adults, but prevalent in
young adults with recurrent tonsillitis. However, the number of
patients in each group was small [27]. It is possible that a recent
acquisition of F. necrophorum in combination with a lack of
immunity could be important for the development of LS.

We observed tonsillitis caused by F. necrophorum accom-
panied by bacteremia, but not fulfilling our criteria for LS, in
five patients. It is reasonable to believe that LS originates in a
F. necrophorum tonsillitis that progresses to the parapharyngeal
space. However, there is yet no evidence that the treatment of
F. necrophorum tonsillitis can prevent LS or peritonsillar ab-
scess or even reduce the duration of symptoms. Knowing that
LS is very rare, the challenge is to identify the patients who are
at risk of developing LS, in the same young age group in which
F. necrophorum tonsillitis seems to be a common, and probably
often uncomplicated, condition. In the present study, a majority
of the patients had already sought medical attention prior to
admittance. On admittance, most patients fulfilled the criteria
for severe sepsis. However, the duration of symptoms was sig-
nificantly longer in the group with severe sepsis compared to
the patients who did not fulfil the criteria. Therefore, it is likely
that many of the signs and symptoms on admission had not
developed at the time of the first medical attention. Knowledge
about LS among general practitioners, and close follow-up of
patients with strepA-negative tonsillitis without spontaneous
improvement should at least make it possible to avoid the lon-
gest delays (in our study up to 18 days).

F. necrophorum has been reported to be the most common
pathogen found in peritonsillar abscesses [28], and a rise in
antibody titers against F. necrophorum was demonstrated in
sera from patients with peritonsillar abscess [29]. In our sur-
vey, we found five patients with a peritonsillar abscess and a
positive blood culture for F. necrophorum, which seems low
considering that peritonsillar abscess is a common diagnosis.
The reason for this is probably that culturing from blood is not
normally performed in this uncomplicated condition, and the
prevalence of positive blood cultures in patients with
peritonsillar abscesses is, thus, not known. However, only
one of the patients with LS had a peritonsillar abscess, which
is in line with the findings of Hagelskjaer Kristensen et al. [7],
but contrasting to the original finding by Lemièrre, who stated
that a peritonsillar abscess was a common precursor of LS [1,
2]. In the pre-antibiotic era, this may have been the case,
whereas nowadays, patients with a peritonsillar abscess are
almost always receiving antibiotics in combination with drain-
age, possibly hindering the development of LS. Less apparent
infections of the parapharyngeal space, leading to invasion of
the jugular vein, may be more likely to be left untreated.
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Dissemination to the lungs is caused by septic embolization,
whereas distant manifestations such as bone and joint infec-
tions must arise from generalized bacteremia. Dissemination
to distant sites and abscess formation surrounding the jugular
vein were uncommon in the present study. There was a tenden-
cy that such patients had delayed diagnosis. Lemièrre reported
very frequent distant manifestations, and also local suppuration
surrounding the jugular vein [1]. In our survey, earlier recogni-
tion and treatment likely prevented distant or severe local com-
plications for most of the patients.

Jugular vein thrombosis could be visualized in 14 patients,
but involvement of the vein lies within the definition, whether
directly visualized or not. Most patients with a thrombosis did
not undergo repeated radiology or ultrasound, and the devel-
opment of the thrombosis is, thus, unclear. However, one pa-
tient with an occluding thrombus progressed during the first 3
days of full-dose anticoagulation, but she did not develop any
serious complications more than local swelling and tender-
ness. In contrast, the jugular vein thrombosis resulted in seri-
ous complications in two cases. None of them had received
full-dose anticoagulant therapy prior to the complication (one
had received prophylaxis dose only and later developed ipsi-
lateral hypoglossal and glossopharyngeal paresis, and one pre-
sented on day 14 of fever with a cavernous sinus thrombosis
already on admission). Whether full-dose anticoagulation
could have prevented these complications is not clear, and in
the case of the cavernous sinus thrombosis, the delay in diag-
nosis and antibiotic treatment may have been more important
than the lack of antithrombotic treatment. Still, it is notable
that both serious complications developed before full dose
antithrombotic treatment was given. The incidence of serious
complications of the jugular vein thrombosis is not known.
We found two cases of complications, whereas Hagelskjaer
Kristensen and Prag et al. did not find any sinus thrombosis or
other complications due to the thrombosis in their study from
Denmark [7]. Larger retrospective studies to assess the risk of
sinus thrombosis are warranted, which could help in the
decision-making on whether or not to anticoagulate.

Our study shows that the majority of patients with LS do
not have thrombophilia as defined above.Moreover, there was
no apparent correlation between thromboembolic events and
underlying thrombophilia. The study is underpowered to de-
tect small differences, but suggests that routine screening for
thrombophilia may not be indicated in patients with thrombo-
sis due to LS. Screening for thrombophilia was done accord-
ing to the local guidelines for coagulation screening of patients
with unusual thrombosis. Other, more unusual causes of
thrombophilia can not, of course, be ruled out, but are unlike-
ly. For retrospectively included patients, the testing was some-
times donemany years after recovery (mean 7 years), which is
of no importance for genetic thrombophilia but could theoret-
ically affect the acquired thrombophilia. Lupus anticoagulants
and cardiolipin antibodies are, in most cases, permanent;

however, they can fluctuate in titer over time. In some rare
cases, they could also disappear [30, 31].

Serological evidence for a concomitant EBV infection was
only present in one of 22 patients tested, and elevated EBV
virus copies were found in one patient on forensic examina-
tion. Whether this represented a re-activation or a primary
infection is not clear. Thus, EBV infection seems to be less
important than expected from previous case reports and case
series, which probably reflects a tendency to publish positive
findings. However, a concomitant infection due to any respi-
ratory bacterium or virus, including EBV, may still be impor-
tant in facilitating for F. necrophorum invasion.

This study confirms the findings of earlier studies [3–8] that
F. necrophorum seems to act as a primary pathogen in a younger
age group causing infectionsmainly originating at the tonsils, and
as an opportunist in older age groups, causing infections due to
factors like aspiration, or barrier leakage in patients with intra-
abdominal cancers. For LS, the study adds to the knowledge
about thromboembolic outcome, although no conclusions can
be drawn on the risk of severe complications and treatment op-
tions.We also find that the time to appropriate treatment seems to
be an important factor for the risk of developing severe compli-
cations and distant manifestations. Among the patients with LS,
concomitant EBV infection or underlying thrombophilia appears
to be uncommon. To facilitate further studies, and to increase the
awareness of LS, an ICD code for LS would be very useful.
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