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Background: Purulent pericarditis is a rare, life-threatening infection, most commonly caused by bacteria such as Staphylococcus
aureus. We report an exceptional case of hematogenously disseminated infection probably originating from the oral cavity, high-
lighting a novel pathogen profile.

Case Presentation: We report a 66-year-old male with no history of periodontal disease or oral procedures presented with purulent
pericarditis and a concomitant subphrenic abscess. Metagenomic next-generation sequencing (mNGS) of pericardial fluid revealed
a polymicrobial infection with three periodontal pathogens: Tannerella forsythia, Fusobacterium nucleatum, and Porphyromonas
gingivalis. The patient was treated with pericardiocentesis, targeted antibiotics, and organ support, resulting in clinical stabilization.
Conclusion: This case provides clinical evidence that a consortium of periodontal pathogens can disseminate hematogenously to
cause severe metastatic infections in sterile sites, even in individuals without overt oral disease. It underscores the need to consider
occult oral origins in infections of unknown source and illustrates the value of comprehensive molecular diagnostics in identifying
fastidious organisms, although it remains undetermined whether both conditions were secondary to the same source.
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Introduction
Purulent pericarditis is a rare, life-threatening infection of the pericardium that necessitates diagnostic and therapeutic
approaches distinct from those for viral or idiopathic pericarditis.'* Although the incidence of this condition has
significantly decreased since the introduction of antibiotics, purulent pericarditis remains associated with a high mortality
rate, primarily due to delays in diagnosis and the occurrence of complications.’

Typical purulent pericarditis is commonly caused by pathogens such as Staphylococcus aureus and Streptococcus
pneumoniae.4’5

To our knowledge, based on a thorough review of the available literature, this appears to be the first reported case of
purulent pericarditis attributed to the concurrent infection with three recognized periodontal pathogens: Tannerella
forsythia, Fusobacterium nucleatum, and Porphyromonas gingivalis. This specific polymicrobial etiology involving
this exact combination of pathogens has not been commonly described in the context of purulent pericarditis.

Case Presentation
A 66-year-old man arrived at the emergency department with a four-hour history of sudden, tearing pain in left side of his
chest. This was accompanied by profuse sweating, chest tightness, and shortness of breath. He had initially been
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evaluated at a local hospital, where an electrocardiogram (ECG) and tests for troponin-I and D-dimer came back
unremarkable. Suspecting acute coronary syndrome, the medical team administered a loading dose of aspirin (300 mg)
and clopidogrel (300 mg) orally; however, his chest pain persisted. He was subsequently transferred to our center for
further management.

The patient’s medical history includes a cerebral infarction and a cholecystectomy. He has a smoking history of two
packs per day and denies any history of hypertension, diabetes, trauma, or drug allergies.

Upon admission, his vital signs were stable, with a body temperature of 36.6°C, blood pressure of 124/71 mmHg,
respiratory rate of 18 breaths per minute, and heart rate of 93 beats per minute. The patient appeared alert but lethargic.
Lung auscultation revealed bilateral coarse breath sounds, and cardiac auscultation detected no pathological murmurs or
pericardial friction rub.

Initial laboratory investigations revealed leukocytosis characterized by neutrophilic predominance, with a white blood
cell count of 9.85 x 10°/L and neutrophil percentage at 86.5%. A simultaneous assessment of inflammatory markers
indicated an elevated C-reactive protein level of 33 mg/L. The electrocardiogram (ECG) was non-diagnostic. However,
contrast-enhanced computed tomography (CT) of the chest and abdomen demonstrated a small pericardial effusion
alongside a subphrenic mass (illustrated in Figure 1a and b).

While under observation in the emergency department, the patient received empirical antimicrobial and analgesic
therapy, resulting in partial alleviation of chest pain over the subsequent 15 hours. Nevertheless, the clinical status of the
patient deteriorated, as evidenced by the onset of fever (38.0°C), somnolence, tachycardia, and hypotension (77/
54 mmHg).

Repeat diagnostic evaluations confirmed the progression of the clinical condition. The ECG displayed widespread ST-
segment elevation. Subsequent laboratory tests indicated pronounced leukocytosis (15.17 x 10%/L) with sustained
neutrophilia (84.7%) and a significant elevation in C-reactive protein levels (207.23 mg/L). Furthermore, evidence of
hyperkalemia (7.00 mmol/L), metabolic acidosis (pH 7.32), and acute hepatic and renal impairment was noted, with
elevated alanine aminotransferase (308 U/L), total bilirubin (44.6 umol/L), and creatinine (165 pmol/L) levels. An urgent
transthoracic echocardiogram revealed a moderate-to-large circumferential pericardial effusion accompanied by impaired
biventricular function (as depicted in Figure 2). In light of the critical presentation, a multidisciplinary consultation was
convened, and the patient was urgently admitted to the intensive care unit.

Upon admission, the patient was initiated on empirical antimicrobial therapy, consisting of piperacillin-tazobactam
4.5 g every 6 hours and moxifloxacin 0.4 g once daily. The patient underwent tracheal intubation for respiratory support
and received continuous renal replacement therapy. Given the clinical presentation characterized by fever, pericardial
effusion, and the subphrenic mass, the initial differential diagnosis included tuberculous pericarditis, autoimmune
disorders (such as systemic lupus erythematosus), malignancies (including lymphoma or metastatic cancer), and other
pyogenic bacterial infections. On the 1st day of hospitalization, a diagnostic pericardiocentesis was performed, yielding
300 mL of purulent, yellow, turbid fluid. Analysis of the effusion revealed significant biochemical markers indicative of
infection: markedly low glucose (0.05 mmol/L), elevated white blood cell count (5400 cells/uL), increased protein (50.6

Figure | (a) Contrast-enhanced computed tomography showing a small amount of pericardial effusion. (b) Contrast-enhanced computed tomography showing a subphrenic
mass (red arrow).
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Figure 2 Transthoracic echocardiogram. (a) Apical 4-chamber image demonstrating a large pericardial effusion. (b) Subcostal image demonstrating early right ventricular
diastolic collapse in the context of the large circumferential effusion.

g/L), elevated lactate dehydrogenase levels (5056 U/L), and a positive mucin clot test. Collectively, these findings
conclusively established a diagnosis of purulent pericarditis.

To investigate common pathogens, pericardial fluid and blood samples were sent for comprehensive bacterial, fungal,
and mycobacterial cultures, all of which yielded negative results. A multidisciplinary team (MDT) discussed the CT
findings and concluded that the mass observed in the right subphrenic area was likely an abscess. This conclusion was
supported by characteristic imaging features, which included rim enhancement and a well-defined fluid collection. The
lesion measured approximately 4.1x3.8 cm. The team also hypothesized that the purulent pericarditis might have resulted
from the direct extension of this subphrenic infection. On the 10th day of hospitalization, given the negative results from
conventional cultures and the complexity of the case, there was an urgent need for a more sensitive and rapid diagnostic
approach to guide targeted therapy. As a result, the pericardial effusion was sent for mNGS analysis. CT-guided
percutaneous drainage of the subphrenic mass was performed, and the fluid obtained was purulent, yellow, and turbid.
The patient’s symptoms of cardiac tamponade improved significantly. On the 11th day of hospitalization, follow-up
echocardiography revealed only a small amount of residual pericardial effusion. Since the drainage tube was no longer
patent and could not facilitate further drainage, it was removed after a total of 1000 mL of purulent fluid had been
drained.

On the 14th day of hospitalization, the mNGS findings identified the causative organisms as 7. forsythia (15.4%),
F. nucleatum (6.3%), and P. gingivalis (5.2%). Based on these results, the empirical antibiotic regimen of piperacillin-
tazobactam and moxifloxacin was changed to targeted therapy with cefoperazone-sulbactam, administered intravenously
at a dosage of 3g every 12 hours. A subsequent specialized oral examination revealed poor oral hygiene characterized by
significant dental plaque and calculus. A repeat echocardiogram showed a small amount of pericardial effusion with
fibrin formation and impaired biventricular diastolic function. Given the patient’s stabilized condition, the tracheal tube
was successfully extubated.

On hospital day 21, the patient was discharged in stable condition. Although his renal function had not fully
recovered, he was advised to follow up with the nephrology department and to undergo regular echocardiographic
surveillance. The detailed timeline of clinical presentation, diagnostic workup, and therapeutic interventions is summar-
ized in Table 1.

Discussion

Purulent pericarditis is an acute infection of the pericardium, characterized by the presence of purulent effusion, most
often caused by bacterial pathogens and, in some cases, fungal pathogens.® Once a significant contributor to infectious
disease mortality, it has become quite rare, representing less than 1% of cases of acute pericarditis.? Nevertheless, its
mortality rate remains alarmingly high, ranging from 20% to 30%, primarily due to diagnostic delays attributed to non-
specific symptoms, as well as two major complications: rapid effusion leading to cardiac tamponade and the progression

of fibrinous organization to constrictive pericarditis.®™
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Table | Timeline of Key Clinical Events

Time Point Event

0 pre-admission Arrived at the emergency department with chest pain.Contrast-enhanced CT of the chest and abdomen demonstrated
a small pericardial effusion alongside a subphrenic mass.

15h The clinical status of the patient deteriorated. Echocardiogram revealed a moderate-to-large circumferential pericardial
effusion. Transferred to ICU.

Upon admission Empirical antimicrobial therapy (piperacillin-tazobactam and moxifloxacin), tracheal intubation and continuous renal
replacement therapy was initiated.

| Day Pericardiocentesis was performed, yielding 300 mL of purulent, yellow, turbid fluid.

10 Day CT-guided percutaneous drainage of the subphrenic mass was performed.

The pericardial effusion was sent for mNGS analysis.

Il Day The pericardiocentesis drainage tube was removed.

14 Day mNGS results from the pericardial fluid identified Tannerella forsythia, Fusobacterium nucleatum, and Porphyromonas gingivalis.
Therapy was targeted to cefoperazone-sulbactam.

2| Day The patient was discharged in stable condition.

Typically, purulent pericarditis occurs secondary to the spread of infection from adjacent sites (such as pneumonia or
empyema), hematogenous dissemination (as seen in sepsis or endocarditis), direct contamination (due to surgery or
trauma), or in individuals with compromised immune systems.*

The present case, driven by the periodontal pathogens T. forsythia, F. nucleatum, and P. gingivalis, highlights the
unique diagnostic challenges posed by atypical microorganisms. The isolation of this specific anaerobic triad is
noteworthy. 7. forsythia, F. nucleatum, and P. gingivalis are obligate anaerobic, gram-negative rods native to the oral
cavity.” '! Research in animal models has demonstrated that a single bacterial species does not induce abscess formation;
rather, the combination of 7. forsythia, F. nucleatum, and P. gingivalis is responsible for abscess development.'? This
indicates that these three bacterial species exhibit synergistic effects. Two of these members, P. gingivalis and
T. forsythia, form the core of the “red complex”, a consortium strongly linked to periodontal diseases.'! P gingivalis
is particularly recognized for its immune evasion strategies through gingipains, which may facilitate persistent
bacteremia.'® F nucleatum, often regarded as a bridging pathogen within oral biofilms, possesses adhesins such as
FadA that enable the invasion of endothelial cells, potentially explaining its spread through the bloodstream to distant
sites.”'" The identification of these classic periodontal pathogens in a patient without overt symptoms of periodontitis
suggests that hematogenous spread may occur through mechanisms such as subclinical dysbiosis and low-grade
inflammation that can microscopically compromise the gingival epithelial barrier, and/or transient bacteremia induced
by routine daily activities that may introduce bacteria into circulation.'*'® Their simultaneous presence at a distant
sterile site strongly supports the hypothesis of coordinated translocation from a periodontal niche, emphasizing the oral
microbiome as a possible reservoir for systemic infections.'

Conventional microbiological methods complicate this issue. Standard cultures often exhibit low sensitivity for
fastidious anaerobes,'” frequently leading to “culture-negative” purulent pericarditis. As demonstrated in this study,
a definitive diagnosis relied on advanced molecular techniques.'® Metagenomic next-generation sequencing (mNGS)
played a crucial role, directly identifying pathogens that conventional methods failed to detect and establishing a link
between the infection and a likely oral source.

The multidisciplinary team proposed that the purulent pericarditis resulted from the direct spread of a subphrenic
abscess. However, since the pus from the subphrenic region was not subjected to mNGS testing, a definitive etiological
conclusion could not be established. While the direct contiguous spread from the subphrenic abscess was deemed the
most likely cause, it is also essential to consider the alternative possibility of hematogenous spread originating from
a periodontal source. T. forsythia, F. nucleatum, and P. gingivalis have been shown to induce bacteremia and contribute to
metastatic infections, revealing a synergistic role in abscess formation and systemic spread.”'*'* Therefore, it is
plausible that transient bacteremia from a periodontal site could result in concurrent seeding of both the pericardium
and subphrenic space. This case highlights a critical clinical consideration: the detection of such periodontal pathogens in
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any sterile site should raise suspicion for a potential hidden oral source and necessitate further evaluation for additional
metastatic foci.

The precise route of dissemination from the oral cavity to the pericardium in this case remains uncertain. Both direct
extension from the adjacent subphrenic abscess and hematogenous spread are plausible, though neither can be defini-
tively proven based on the available evidence.

To our knowledge, two cases of pericarditis caused by Fusobacterium nucleatum have been documented,'**° but this
appears to be a rare reported case of cardiac infection specifically linked to the periodontal pathogen triad of 7. forsythia,
F. nucleatum, and P. gingivalis. The underreporting of 7. forsythia can likely be attributed to its fastidious nature, its role
in polymicrobial infections, and historical diagnostic challenges.''*' This case underscores the significance of molecular
tools, such as mNGS, in identifying fastidious pathogens. It highlights the necessity of incorporating these diagnostic
methods early in the evaluation of culture-negative or atypical infections. Additionally, it strongly suggests that a silent
oral source should be considered in case of pericarditis of unknown origin, emphasizing the importance of
a comprehensive dental assessment. Ultimately, this finding reinforces the concept that oral health is a crucial aspect
of systemic wellness and positions the management of periodontal disease as a potential strategy for preventing focal
non-oral infections.

This case report has several limitations, the most notable of which is the lack of a formal periodontal examination and
diagnosis following discharge. As a result, we cannot definitively confirm whether active periodontitis is the primary
source of the issue. However, there are several compelling pieces of circumstantial evidence that support this hypothesis.
Firstly, the identification of the classic periodontal pathogen triad (7. forsythia, F. nucleatum, P. gingivalis) from both
sterile sites is highly specific; these organisms are rarely found as part of the normal flora outside of deep periodontal
pockets.”'*'” Secondly, the specialized oral examination conducted during hospitalization provided objective documen-
tation of poor oral hygiene characterized by significant dental plaque and calculus (degree 2), which acts as a critical
prerequisite and major risk factor for periodontitis.'®** While this finding does not replace a formal periodontal charting,
it does offer a plausible anatomical and ecological environment for the pathogens in question. Therefore, although
definitive confirmation of the source is lacking, the combination of microbiological and clinical evidence suggests
a probable periodontal origin. This situation highlights a practical challenge in managing critically ill patients, as
comprehensive dental evaluations are often postponed during acute management. Our experience emphasizes the
necessity of documenting the oral health status during hospitalization and ensuring mandatory dental follow-up as part
of the discharge plan for such cases. This approach is essential for confirming the source and guiding long-term
preventive care. Furthermore, despite the molecular identification of periodontal pathogens, the inability to conduct
concurrent oral microbiological sampling prevents us from definitively establishing causality between oral colonization
and the metastatic cardiac infection.

While metagenomic next-generation sequencing (mNGS) proved instrumental in elucidating the polymicrobial
etiology in this culture-negative case, it is essential to recognize the inherent limitations associated with this technology.
Firstly, the potential for environmental or reagent contamination must be critically assessed. Secondly, the clinical
significance of the relative abundance percentages yielded by mNGS can be ambiguous. For instance, a low-abundance
signal may still reflect the presence of a true pathogen, as evidenced by the identification of Porphyromonas gingivalis in
our case. Furthermore, it is important to note that mNGS detects microbial DNA but cannot intrinsically distinguish
between active infection, colonization, or the presence of non-viable organisms. Thus, correlating the results with the
clinical presentation—in this case, our patient with purulent pericarditis—is critical for accurately interpreting patho-
genicity. Finally, a significant limitation of mNGS is its failure to provide conventional antimicrobial susceptibility data.
This shortcoming necessitated the selection of empirical broad-spectrum antimicrobial therapy directed against anaerobic
and oral flora, informed by both the identified pathogens and established clinical guidelines.

Conclusion

Patients with purulent pericarditis often present initially to the emergency department.”* >® The effective management of
this condition requires prompt recognition by emergency physicians, with the definitive diagnosis achieved in collabora-
tion with cardiologists. This teamwork enables the development of an appropriate treatment plan and helps prevent
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complications.”” This case offers compelling clinical evidence that a consortium of periodontal pathogens can lead to
severe metastatic infections in sterile sites, even in individuals without evident oral disease. It highlights the importance
of considering hidden oral origins in infections of unknown source and demonstrates the value of comprehensive
molecular diagnostics in identifying elusive organisms.
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