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ARTICLE INFO ABSTRACT

Keywords: Pulmonary infection caused by Fusobacterium necrophorum, an obligate anaerobic gram-negative bacterium, most

Empyema commonly occurs as a part of Lemierre’s syndrome, i.e., pharyngotonsillitis complicated by septic thrombo-

lljus_olzjacm_nflm phlebitis of the internal jugular vein and secondary lung abscesses. A 51-year-old previously healthy man was
eriodontitis

admitted to our hospital with pleuritic right-sided chest pain. No sore throat, dysphagia, or neck pain was
observed. Chest radiography and computed tomography (CT) revealed massive right pleural effusion and
bilateral bronchopneumonia. Right thoracic drainage yielded purulent fluids, from which a pure culture of
F. necrophorum was isolated. Blood culture and broad-range polymerase chain reaction for bacterial 16S ribo-
somal ribonucleic acid on blood samples were negative. CT scan showed no evidence of internal jugular vein
thrombosis or peritonsillar abscess. The right thoracic tube was removed after the purulent fluids were no longer
drained. Although the antibiotic treatment was continued with intravenous sulbactam/ampicillin, to which
F. necrophorum was sensitive, left purulent pleural effusion emerged. The antibiotic was switched to clindamycin,
cefazolin, cefotiam, and flomoxef. Although the left pleural effusion gradually decreased, the right purulent
pleural fluid was reaccumulated. Thus, the patient underwent right-sided thoracoscopic decortication and
debridement, followed by thoracic lavage through a chest tube with saline solution. After the surgery, the pa-
tient’s condition improved, and no recurrence of pleural effusion was observed. This report presents the case of a
previously healthy patient with bilateral parapneumonic empyema caused by F. necrophorum, without mani-
festations of pharyngotonsillitis, bacteremia, or Lemierre’s syndrome. Extensive thoracic drainage, effective
antibiotics, and timely surgical interventions are imperative.

Lemierre’s syndrome

Introduction

Fusobacterium is an obligate anaerobic gram-negative bacterium
commonly found in the normal oral, gastrointestinal, and genital flora
[1-3]. Fusobacterium infections, albeit rare, present with a wide clinical
spectrum, ranging from local pharyngotonsillitis to life-threatening
sepsis with metastatic infections in the brain, lungs, liver, joints, and

heart valves [1-3]. The most isolated pathogens in Fusobacterium spe-
cies are Fusobacterium nucleatum and Fusobacterium necrophorum.
F. nucleatum is recently considered to be a common pathogen of empy-
ema likely caused by bacterial spreading from periodontitis to the
thoracic cavity [4]. In contrast, pulmonary infection by F. necrophorum
most commonly occurs as a part of Lemierre’s syndrome, that is, phar-
yngotonsillitis complicated by septic thrombophlebitis of the internal

* Correspondence to: Department of Respiratory Medicine Tokyo Medical University Ibaraki Medical Center, 3-20-1 Chuou, Ami, Inashiki, Ibaraki 300-0395,

Japan.
E-mail address: kaoshiba@tokyo-med.ac.jp (K. Aoshiba).
1 ORCID: 0000-0001-8182-069X.
2 ORCID: 0000-0002-9490-9754.

https://doi.org/10.1016/j.idcr.2024.e02098

Received 26 December 2023; Received in revised form 17 September 2024; Accepted 13 October 2024

Available online 15 October 2024

2214-2509/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:kaoshiba@tokyo-med.ac.jp
www.sciencedirect.com/science/journal/22142509
https://www.elsevier.com/locate/idcases
https://doi.org/10.1016/j.idcr.2024.e02098
https://doi.org/10.1016/j.idcr.2024.e02098
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

T. Kufukihara et al.

jugular vein, leading to secondary lung abscesses [5]. Thus, pulmonary
infection caused by F. necrophorum is usually related to anteceding
pharyngotonsillitis. We report a case of bilateral parapneumonic em-
pyema due to F. necrophorum infection that affected a previously healthy
patient without pharyngotonsillitis or Lemierre’s syndrome.

Case

A 51-year-old male patient was admitted to our hospital with a 3-
week history of pleuritic right-sided chest pain, cough, dyspnea, and
subjective fever. No sore throat, dysphagia, or neck pain was observed.
He was an active smoker (20 cigarettes per day for 30 years) and had a
history of urinary infection at 2 years of age and recurrent herpes labialis
over adulthood. The patient was otherwise healthy and enjoyed playing
tennis before the onset of the current symptoms. He denied a history of
aspiration, food regurgitation, or excessive alcohol intake. On physical
examination, he had a fever (37.6 °C), heart rate of 106 bpm, blood
pressure of 128/68 mmHg, and oxygen saturation of 94 % on a 2-L nasal
cannula. No pharyngitis, tonsil enlargement, cervical adenopathy, or
neck swelling was observed. An oral examination by a dentist identified
periodontitis as mild. On auscultation, heart sounds were normal;
however, breath sounds decreased over the right side of the chest. The
laboratory tests revealed a white cell count of 50.2 x 10%/L, with 95 %
neutrophils, hemoglobin of 13.4 g/dL, and platelet count of 336 x 10°/
L. The C-reactive protein (CRP) was 364 mg/dL. Liver and kidney
functions were normal. The human immunodeficiency virus (HIV) test
result was negative. The urine pneumococcal and Legionella antigen test
results were negative. Chest radiography and computed tomography
(CT) revealed massive right pleural effusion and bronchopneumonia in
the bilateral lower lobes (Fig. 1A-E).

The patient underwent right-sided needle thoracocentesis, by which
purulent fluids were obtained, and was tentatively diagnosed with
bilateral pneumonia complicated by right empyema. Empirical anti-
biotic therapy was initiated with intravenous sulbactam/ampicillin (3 g
four times a day) according to the Japanese Association for Infection
Japanese Society of Chemotherapy Guidelines to Clinical Management
of Infectious Disease [6], after obtaining two sets of aerobic and
anaerobic blood cultures from two different sites, which were eventually
found to be negative (Fig. 2). The result of broad-range polymerase
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chain reaction (PCR) for bacterial 16S ribosomal ribonucleic acid
(rRNA) on blood samples was also negative. A right thoracic tube was
inserted, which drained 3130 mL of pleural fluid over 14 days of
admission, and the fluid collection was drained to dryness. The pleural
fluid yielded a pure anaerobic culture of F. necrophorum, which was
sensitive to sulbactam/ampicillin (Table 1). The aerobic culture yielded
no growth. Urine culture obtained on the day of admission was negative.
Although F. necrophorum is a common pathogen in Lemierre’s syndrome,
CT scan showed no evidence of internal jugular vein thrombosis, peri-
tonsillar or retropharyngeal abscess, or liver abscess. Brain CT and
magnetic resonance imaging were not performed because the neuro-
logical findings of the patient were normal.

A follow-up contrast-enhanced CT scan on day 8 of admission
revealed improvements in the bilateral pneumonia and a reduction in
the right pleural effusion, whereas left pleural effusion emerged
(Figs. 1F, 1G, and Fig. 2). Left-sided thoracocentesis yielded purulent-
appearing pleural fluid, albeit negative for aerobic and anaerobic bac-
terial cultures, leading to our diagnosis of parapneumonic empyema,
which affected both sides of the thoracic cavities. The patient refused to
undergo left tube thoracostomy because the anteceding right tube
thoracostomy was so painful. The right thoracic tube was removed on
day 14 of admission when the purulent fluids were no longer drained.
The initial antibiotic treatment with sulbactam/ampicillin was dis-
continued on day 16 of admission (Fig. 2) because of drug eruption and
was switched to clindamycin (600 mg three times a day) based on the
results of the antibiotic sensitivity test (Table 1). Thereafter, the anti-
biotic treatment was changed to cefazolin (2 g three times a day),
cefotiam (2 g three times a day), and flomoxef (2 g twice a day) because
the patient’s body temperature and blood CRP levels remained high,
although the left pleural effusion gradually decreased (Fig. 2). However,
the right pleural fluid was reaccumulated 5 days after the removal of the
right chest tube (Figs. 1H, 11I, and 2). Thoracocentesis of the right side
yielded purulent pleural fluid again, which contained 16S rRNA
matching only F. necrophorum detected by broad-range PCR. The
recurrence of Fusobacterium empyema was diagnosed, which was not
improved despite continuous treatment with sensitive antibiotics
(Fig. 2). Thus, the patient underwent right-sided thoracoscopic decor-
tication and debridement on day 33 of admission, followed by thoracic
lavage through a chest tube with saline solution for 7 postoperative

Fig. 1. Radiographic images of the chest. (A) Chest radiography on the day of admission shows massive right pleural effusion. (B-E) The lung window (B and D) and
mediastinal (C and E) window images of chest plain computed tomography (CT) on the day of admission show massive right pleural effusion and bronchopneumonia
(*) in the bilateral lower lobes. (F and G) The lung window (F) and mediastinal (G) window images of chest contrast-enhanced CT on day 8 of admission reveal
improvements in the bilateral pneumonia and a reduction in the right pleural effusion, whereas left pleural effusion emerges. (H and I) The lung window (H) and
mediastinal (I) window images of the chest plain CT on day 19 of admission show the reaccumulation of the right pleural fluid. (J) Chest radiography on the day of

discharge shows no recurrence of pleural effusion.
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Fig. 2. Timeline of the patient’s clinical course. SBT/ABPC, sulbactam/ampicillin (12 g/day); CLDM, clindamycin (1.8 g/day); CEZ, cefazolin (6 g/day); CTM,

cefotiam, 4 g/day); FMOX, flomoxef (4 g/day).

Table 1

Results of the drug susceptibility test.
Drug MIC (mg/L) Interpretation
Sulbactam/ampicillin <0.1 Susceptible
Piperacillin <4 Susceptible
Tazobactam/piperacillin <4 Susceptible
Cefmetazole <2 Susceptible
Cefotaxime <2 Susceptible
Cefoperazone <2 Susceptible
Ceftriaxone <2 Susceptible
Cilastatin/imipenem <0.5 Susceptible
Meropenem <0.5 Susceptible
Tetracycline <0.5 Susceptible
Clindamycin <0.25 Susceptible
Ampicillin <0.25 Susceptible
Chloramphenicol <2 Susceptible
Moxifloxacin 0.5 Susceptible
Metronidazole <1 Susceptible

days. After the surgery, the patient’s condition improved with re-
ductions in the blood CRP levels. No recurrence of pleural effusion was
observed (Fig. 1J; the patient was discharged 45 days after admission.

Discussion

Parapneumonic empyema rarely affects both thoracic cavities
particularly in immunocompetent individuals. Our study showed that
F. necrophorum infections can be involved in such a rare disease condi-
tion. Fusobacterium infections are uncommon; the annual incidence of
Fusobacterium infections and bacteremia is reported to be 0.76-1.78
and 0.53-0.55 cases per 100,000 population, respectively [1-3].

Although F. necrophorum and F. nucleatum, the most frequently isolated
species within this genus, affect males more commonly than females
[1-3], a considerable disparity between ages is present. F. necrophorum
infections are prevalent in healthy, young patients (a median age of
20-40 years), whereas F. nucleatum infections preferentially affect older
individuals (a median age of 50 years) who have comorbidities, such as
malignancy and hemodialysis [1-3]. In previous literature, most re-
ported cases of F. necrophorum infection involved individuals aged < 48
of age [2]. In this context, our case is a unique elderly case of
F. necrophorum infection that affected a patient aged > 50 years.
Pulmonary infection by F. necrophorum usually manifests as a part of
Lemierre’s syndrome, that is, pharyngotonsillitis complicated by
thrombophlebitis of the jugular vein, which causes septic pulmonary
embolism [7]. However, our case had no evidence of upper respiratory
tract infection or jugular venous thrombophlebitis, and the results of
anaerobic (and also aerobic) blood culture and broad-range PCR for the
bacterial 16S rRNA on blood samples were negative. Furthermore, septic
pulmonary emboli in Lemierre’ syndrome are usually observed on CT
images as multiple peripheral lung nodules with occasional cavitation
[7]. However, such lung nodules were absent in this study, which,
instead, showed the features of bronchopneumonia in the bilateral lung
fields, characterized by infiltrates spreading through the bronchovas-
cular bundles. Based on these findings, we propose that the pulmonary
infection in our patient was due not to hematogenous but due to bron-
chogenic spread of the pathogen. Our patient had mild periodontitis;
this could be the source of infection, extending to pneumonia via aspi-
ration of saliva containing oral bacteria. However, aspiration pneu-
monia rarely occurs in healthy individuals such as our patient, who was
an active amateur tennis player. He had no comorbidities and denied
episodes of aspiration, vomiting, dysphagia, or gastrointestinal regur-
gitation, although we could not rule out silent aspiration without any
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overt clinical symptoms. A possible explanation for the patient’s atypical
presentation is that his smoking habit irritated periodontitis [8]; addi-
tionally, it promoted direct inhalation of F. necrophorum during smok-
ing. Thus, vaping of electronic cigarettes is acknowledged as an
emerging risk factor for F. necrophorum pneumonia in adolescents [9].
Furthermore, smoking increases the risk and severity of respiratory tract
infections by impairing immune cell antimicrobial functions and
inducing microbial resistance to attack by immune cells [10]. Thus,
smoking may contribute to severe presentation of F. necrophorum
infection in our patient. Another possibility is that our patient had an
unrecognized immunodeficiency. He had a history of urinary infection
at the age of 2 years and recurrent herpes labialis over adulthood, sug-
gesting an occult immune deficit, although his HIV test result was
negative. We did not rule out the possibility that undelaying unrecog-
nized immune deficiency could have led to the progressive nature of
F. necrophorum pneumonia leading to empyema in our patient. Third, it
is possible that F. necrophorum was a bystander in a polymicrobial pul-
monary infection. However, we doubt this possibility because it was the
only organism detected in the pleural fluid by bacterial culture and
broad-range PCR for the bacterial 16S rRNA gene.

A systematic review of bacterial pathogens causing empyema ranks
Staphylococcus aureus as the most frequent isolate (20.7 %), followed by
Viridans streptococci (18.7 %), Pseudomonas species (17.6 %), Entero-
bacteriaceae species (11.9 %), and Streptococcus pneumonia (10.8 %)
[11]. Until recently, Fusobacterium species have not been considered
the major causative agent of empyema because anaerobes are difficult to
culture. However, recent studies using the 16S rRNA gene PCR tech-
nique have identified the anaerobe F. nucleatum and aerobe Streptococcus
intermedius (both commonly implicated in periodontitis) as the most
common pathogens of empyema particularly in cases not associated
with pneumonia [4,12]. In contrast, empyema due to F. necrophorum
infection is extremely rare if Lemierre’s syndrome is absent. To the best
of our knowledge, only one study has reported a case of F. necrophorum
infection, which presented as parapneumonic empyema in the absence
of pharyngotonsillitis or Lemierre’s syndrome [13].

Our patient had a recurrence of Fusobacterium empyema that
occurred after removal of a chest tube, resisted antibody therapy, and
eventually required thoracoscopic decortication and debridement.
Fusobacterium is an obligate anaerobe that grows only under aerobic
conditions. We suspect that the removal of the chest tube generated a
closed anaerobic environment in the thoracic space, which promoted the
regrowth of Fusobacterium. Chest tube drainage and more aggressive
surgical drainage provide adequate oxygenation in the empyema cavity,
which may facilitate effective antibiotic treatment for Fusobacterium
infection.

Our patient refused early surgery for the right-sided empyema. Thus,
the delay in surgery led to prolonged hospital stays. The standard initial
medical treatment for empyema, comprising antibiotics and chest tube
drainage, fails in approximately 30 % of patients [14]. According to the
American Association for Thoracic Surgery consensus guidelines, fibri-
nopurulent (stage II) or organized (stage III) empyema requires surgical
intervention [15]. A recent systematic review with meta-analysis
revealed that when chest tube drainage is ineffective, surgical man-
agement, such as decortication and debridement, resulted in increased
the likelihood of treatment success and shorter chest drain duration and
hospital stays than intrapleural fibrinolysis [16]. Thus, the right-sided
surgical decortication in our patient should have been performed earlier.

In contrast to the right empyema, the left empyema was cured only
with antibiotics without thoracic drainage, which the patient refused.
The left pleural effusion was purulent but negative for bacterial cultures
probably because of previous administration of sulbactam/ampicillin.
Broad-range PCR tests for the bacterial 16S rRNA gene were not per-
formed for the left pleural effusion. Thus, we did not rule out the pos-
sibility that bacteria with different antibiotic sensitivities other than
F. necrophorum caused left empyema.

In conclusion, severe parapneumonic empyema due to
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F. necrophorum infection can occur in an immunocompetent host, even
in the absence of pharyngotonsillitis, bacteremia, or Lemierre’s syn-
drome. Extensive thoracic drainage, effective antibiotics, and timely
surgical intervention are imperative. Given its rarity, a keen awareness
of this organism is required in an otherwise unexplained pleuro-
pulmonary infection, which may affect healthy individuals.
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