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Abstract
BACKGROUND
Lemierre's syndrome is a disease that causes anaerobic sepsis, internal jugular vein thrombosis, and septic embolism in the lungs and other organs after acute oropharyngeal infection. It was named after André-Alfred Lemierre in 1936.

CASE SUMMARY
Here, we have reported a case of Lemierre’s syndrome in a 56-year-old female patient who presented with a sore throat. The patient had septic shock, had not voided, and had severe hyperglycemia at the time of her visit. Imaging tests revealed bilateral pneumonia, pleural effusion, pulmonary embolism, and renal vein thrombosis. The patient was admitted to the intensive care unit and placed on mechanical ventilation due to acute respiratory distress syndrome. Continuous renal replacement therapy was administered to treat renal failure with anuria. Klebsiella pneumoniae was cultured from blood and sputum samples. After reviewing various results, the patient was ultimately diagnosed with Lemierre’s syndrome. The patient was treated with appropriate antibiotics and thrombolytic agents. She was discharged from the hospital after recovery.

CONCLUSION
Lemierre’s syndrome is associated with a high mortality rate. Therefore, clinicians should be familiar with the signs and symptoms of this disease as well as the preemptive examinations, procedures, and treatments.
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Core Tip: Lemierre’s syndrome is mostly caused by Fusobacterium. However, we present a rare case of Lemierre’s syndrome caused by Klebsiella pneumoniae in a patient with poor glycemic control. Uncommon in Lemierre’s syndrome, renal vein thrombosis and acute kidney injury occurred, continuous renal replacement therapy was performed, and mechanical ventilation was performed for serious pulmonary complications. The incidence of Lemierre's syndrome decreased after antibiotics were developed. However, when Lemierre’s syndrome occurs, the mortality rate from its complications is high, so we want to emphasize that patients with systemic symptoms accompanied by fever and sore throat should be suspicious of Lemierre's syndrome.

INTRODUCTION
Lemierre’ syndrome, also known as postanginal sepsis, was first named in 1936 after the French microbiologist André-Alfred Lemierre. This syndrome is characterized by anaerobic sepsis and blood clots in the internal jugular vein (IJV) after acute oropharyngeal infection. It also causes septic embolism in the lungs and other organs[1]. 
Lemierre’s syndrome is typically caused by Fusobacterium necrophorum, which is a part of the normal flora of the oropharynx. However, the recent development of various antibiotics and advancements in medical care have led to diversified and antibiotic-resistant strains.
Therefore, after referring to the current literature, we have reported a single case of Lemierre’s syndrome caused by Klebsiella pneumoniae (K. pneumoniae). In accordance with the course of this disease, pulmonary embolism, occurring after oropharyngeal infection, developed into acute respiratory distress syndrome. 

CASE PRESENTATION
Chief complaints
A 56-year-old female patient presented to the emergency department of our institution with sore throat, dyspnea, abdominal pain, and diarrhea. 

History of present illness
The patient was unable to eat due to a sore throat and had been unable to take her diabetes medication for 5 d prior to the visit. 
Subsequently, the patient visited the hospital with abdominal pain, diarrhea, and shortness of breath.

History of past illness
The patient had been prescribed medication for diabetes and hypertension 2 years previously. She also had a history of a canceled surgery for chronic right-sided otitis media.

Personal and family history
The patient had diabetes, hypertension, and chronic otitis media.

Physical examination
At the time of admission, the patient’s blood pressure, pulse rate, respiratory rate, body temperature, and oxygen saturation level were 11.3/7.8 kPa, 104, 22, 36 °C, and 90%, respectively. The patient was conscious. Swelling and redness were observed in the left neck and both tonsils. Rales were auscultated throughout the chest. Auscultation of the abdomen revealed a normoactive bowel sound with no tenderness. 
No urine was produced after catheter insertion.

Laboratory examinations
Blood tests revealed an evaluated white blood cell count (16.47 × 103/µL), anemia (hemoglobin level, 7.2 g/dL; hematocrit level, 24.4%), renal failure (blood urea nitrogen, 78.8 mg/dL; creatinine level, 4.22 mg/dL). The patient was hyperglycemic, with a glucose level of 32.6 mmol/L. The patient had uncontrolled diabetes, with a glycated hemoglobin level of 11%. The C-reactive protein level was also elevated at 207.58 mg/dL. An arterial blood gas test revealed acidosis of pH 7.27. Additionally, a pCO2 level of 25 mmHg, a pO2 level of 83 mmHg, and a bicarbonate level of 11.5 mEq/L indicated metabolic acidosis. 
The anion gap was 21.5 mEq/L, and the serum lactate level was 1.8 mmol/L. Therefore, a provisional diagnosis of lactic acidosis was established. Urine ketone was present in trace amounts. Spot urine microalbumin/creatinine ratio was 123.6 mg/gCr. 

Imaging examinations
Chest radiography showed multiple patchy infiltrations in both lungs (Figure 1).
Chest computed tomography (CT) revealed peribronchial consolidation and ground-glass opacity with cavitary nodules in both lungs. Pulmonary thromboembolism (PTE) in the segmental and subsegmental pulmonary arteries of the right lower lobe was suspected (Figure 2).
Abdominal computed tomography showed extensive thrombosis in the left renal vein, extending to partial thrombosis in the suprarenal inferior vena cava (IVC).
A neck angio CT was performed on the third day to assess left neck swelling. A 13 mm × 10 mm nodular lesion was observed on the left parotid gland (Figure 3).

Further diagnostic work-up
For further evaluation, blood, sputum, and urine cultures, hypercoagulability test were performed. 
The hypercoagulability test showed decreased protein S activity and less free protein S antigen but normal total protein S antigen, protein C activity, and protein C antigen. The von Willebrand factor and factor V Leiden were normal, and lupus anti-coagulant level was elevated. However, anticardiolipin and anti-β2 glycoprotein-1 antibodies were absent.
Additionally, the following findings were noted: prothrombin time, 14.5 s; antithrombin III, 72.1; D-dimer, 2.01; and fibrinogen, 926.1. These results did not meet the diagnostic criteria for disseminated intravascular coagulation.
On the fourth day of hospitalization, as pneumonia was worsening, sputum analysis was performed using bronchoalveolar lavage.
A fine-needle aspiration biopsy of the nodule on the left parotid gland was performed on day 14. The nodule was found on neck angio CT. Biopsy results indicated that the nodule consisted of inflammatory cells. Although there was a possibility of cervical lymphadenopathy, the mass was not removed and was closely observed.
The patient had a history of discontinued treatment for chronic right-sided otitis media. Therefore, she underwent otoscopy after being transferred to a general hospital unit. Chronic otitis media with cholesteatoma was suspected. An additional temporal bone was identified on CT. The focal bone defect was suspected to be the right tegmen mastoideum. Therefore, surgical therapy was considered after the acute inflammation was controlled.
Follow-up chest CT was performed as there was no further clinical improvement in pneumonia. Progression of invasive aspergillosis was observed.

Microbiological identification of the causative agent
K. pneumoniae was identified on culture of blood samples taken immediately after admission and on culture of sputum samples extracted via bronchoscopy. Except for piperacillin and ampicillin, the bacteria were susceptible to other antibiotics.
Aspergillus niger (A. niger) was identified on a follow-up sputum culture. The (1-3)-β-D-glucan assay confirmed the presence of invasive Aspergillus.

FINAL DIAGNOSIS
The final diagnosis was Lemierre’s syndrome due to K. pneumoniae.

TREATMENT
After admission, the patient was transferred to the intensive care unit to undergo treatment for anuria and metabolic acidosis. After continuous renal replacement therapy and administration of a large amount of fluid, the patient started to urinate on the first day of hospitalization. Acute renal failure improved on the second day. However, oxygen demand gradually increased, and pneumonia was aggravated in both lungs on chest radiographs. Therefore, mechanical ventilation was initiated.
Piperacillin-tazobactam and levofloxacin were used as empirical antibiotics. They were used to simultaneously manage Streptococcus pneumoniae and Pseudomonas spp., the causative agents of severe community-acquired pneumonia. These antibiotics were selected based on previous reports of fluoroquinolone combination therapy leading to a better prognosis than β-lactam alone in severe cases[2].
Enoxaparin, a low-molecular-weight heparin, was initiated on the second day to treat the pulmonary thromboembolism.
However, the patient’s clinical condition further deteriorated due to pneumonia. Therefore, on the fourth day, the initial antibiotics were replaced with vancomycin and meropenem.
As there was no improvement in pneumonia after the antibiotics were changed, mechanical ventilation was continued. On the ninth day, vancomycin was discontinued due to a lack of evidence of a gram-positive bacterial infection. Amikacin was added to meropenem. On day 13, improvement was seen in pneumonia. The patient’s oxygen demand decreased, and therefore, she was weaned from mechanical respiratory support. She was subsequently transferred to a general hospital unit.
Moreover, A. niger was isolated in a follow-up sputum culture. Therefore, we started administering amphotericin following consultation with the infectious disease medical staff.
Subsequently, the patient recovered gradually, amphotericin was switched to itraconazole and low-molecular-weight heparin was switched to apixaban. She was ultimately discharged from the hospital.

OUTCOME AND FOLLOW-UP
Leukocytosis occurred on the 12th day after discharge; therefore, the patient was re-hospitalized. There was suspicion of an abscess in the right lung field. An air-fluid level was identified (Figure 4).
A. niger was not identified in the follow-up culture performed after hospitalization. K. pneumoniae susceptible to third-generation cephalosporins was identified, consistent with the initial culture result. Therefore, during hospitalization, piperacillin-tazobactam was administered. The patient was discharged with a prescription of cefditoren and itraconazole.
Itraconazole was discontinued after 3 mo. The lung lesion with bilateral ground-glass opacity on radiography did not improve. Therefore, the patient continued taking cefditoren and received continuous respiratory rehabilitation treatment. To reduce the risk of PTE recurrence, apixaban was administered for ≥ 6 mo.

DISCUSSION
In 1989, Sinave et al[3] summarized the key symptoms of Lemierre’s syndrome and suggested the following diagnostic criteria: (1) Primary infection of the oropharynx; (2) Sepsis with at least one bacteria identified on a blood culture; (3) Clinical or imaging findings of IJV thrombosis; and (4) At least one metastasis.
Lemierre’s syndrome was a common disease until the development of antibiotics. However, recently it has become a rare disease and has been called the “forgotten disease”[1].
This disease occurs mainly in adolescents and young adults. However, its cause has not been clearly established. 
In young adults, pharyngitis symptoms are observed during the initial stages of the disease. In contrast, elderly individuals manifest early metastatic complications, such as pneumonia and brain abscesses. This suggests that infection of the IJV causes complications in other organs through blood circulation. In recent studies, 7% cases of Lemierre’s syndrome progressed to septic shock[4]. Pulmonary impairment was the most common metastatic complication, leading to pneumonia, pulmonary embolism, pleural effusion, pneumothorax, and thoracic empyema. A total of 10% cases required mechanical respiratory assistance for acute respiratory distress syndrome. This was the case in our study.
Less than 5% patients receive renal replacement therapy for acute renal failure[4]. However, for 2 d, our patient underwent continuous renal replacement therapy for acute kidney injury caused by septic shock and renal vein thrombosis.
Lemierre’s syndrome is primarily caused by Fusobacteria, which are a part of the normal flora in the oropharynx, genitourinary tract, and gastrointestinal tract. Among the 13 species of Fusobacterium, F. necrophrum is the most common pathogen[5]. In other case reports, Bacteroides spp., Streptococcus spp., Enterococcus spp., Peptostreptococci, and Proteus mirabilis have been identified as pathogens.
In the present case, K. pneumoniae was the causative pathogen. However, K. pneumoniae has rarely been reported as a cause of Lemierre’s syndrome in previous case reports. Based on some retrospective studies, only 2.5% cases have been reported to be caused by K. pneumoniae[6].
In a study published in 2015, eight of nine patients with Lemierre’s syndrome associated with K. pneumoniae had poorly controlled diabetes[7].
Similarly, our patient had poor blood glucose control with a glycated hemoglobin level of 11% and a serum glucose level of 32.6 mmol/L at the time of admission.
Patients with type 2 diabetes mellitus are vulnerable to infection because of the decreased activity of neutrophils[8]. The underlying mechanism of the increased susceptibility of patients with type 2 diabetes mellitus to K. pneumoniae is as follows. The hypermucoviscosity phenotype of K. pneumoniae, especially K1/K2 isolates, is resistant to phagocytosis[9]. Poor glycemic control significantly reduces phagocytosis of virulent K1/K2 K. pneumoniae. Additionally, Lin et al[10] showed that older patients with poor glycemic control had decreased phagocytosis activity.
Beta-lactamase-resistant beta-lactam antibiotics are recommended for typical Lemierre’s syndrome. Beta-lactamase produced by F. necrophorum may lead to therapy failure[7].
Therefore, treatment should be changed from empirical antibiotics to targeted antibiotics based on the results of the blood culture and antibiotic susceptibility analysis.
If K. pneumoniae is the likely cause of Lemierre’s syndrome, drugs that can also treat gram-negative aerobic rods should be used until the causative pathogen is identified. Additionally, the appropriate drug must be selected based on the susceptibility data of K. pneumoniae in the region and the risk of an Extended-spectrum beta-lactamases-producing strain[11,12].
In our patient, IJV thrombosis was not observed. Instead, pulmonary thromboembolism, partial thrombosis of the suprarenal IVC, and extensive thrombosis of the left renal vein were observed. 
The hypercoagulability test results led to the suspicion of protein S deficiency. However, protein S deficiency is difficult to diagnose solely based on the results obtained once in the acute phase[13]. 
We have scheduled another test for the protein S deficiency diagnosis 3 mo later. Since prolonged prothrombin time and decreased antithrombin III levels are common in sepsis, the result was considered to be non-specific.
We compared the hypercoagulability properties of F. necrophorum and K. pneumoniae because they are related to the pathogenesis of Lemierre’s syndrome.
F. necrophorum produces a component of the cell surface called hemagglutinin, which forms thrombi[4]. Russo et al[14] have suggested that this is because K. pneumoniae causes more frequent metastatic spread in the K1/K2 group. Another possibility is increased capsule production in the hypervirulent type.
Although the hypothesis has not been tested, it appears that the mucoviscosity of the strain’s thick capsules persists in the bloodstream and causes greater aggregation of bacterial cells to form thrombi[14].
The role of anticoagulation for IJV thrombosis is controversial. As Lemierre’s syndrome has a low incidence rate, there is a lack of controlled investigations for anticoagulation treatment.
Also, anticoagulation medication was introduced to prevent respiratory failure and propagation of the septic thrombus to the intracranial sinuses.
There is no clear evidence to outline the appropriate duration of anticoagulation treatment. Previously reported findings suggest a duration of 4 wk to 6 mo[15]. Schubert et al[16] analyzed 23 patients diagnosed with septic thrombosis of the IJV from 1998 to 2010. The primary infection site in 11 patients was the middle ear[16]. Otitis is a common disease. However, it can progress to systematic infection by forming septic thromboses in the IJV. Therefore, source control is fundamental even if it is a local infection.
In addition, the incidence rate of Lemierre’s syndrome is increasing again in recent years. The development of various antibiotics and advancements in medical care have led to the emergence of various new pathogenic strains and multidrug-resistant strains. The syndrome may be fatal as it is accompanied by numerous systemic complications. Therefore, Lemierre’s syndrome must be suspected in cases of fever or throat pain associated with infections of the oropharynx and middle ear. Preemptive examinations, consultation with other specialists, appropriate procedures, and targeted treatments are essential.

CONCLUSION
The primary site of infection in Lemierre’s syndrome is the oropharynx. Oropharyngeal infections cause IJV thrombosis and anaerobic sepsis. The disease typically manifests as sore throat, a symptom of oropharyngeal infection. This can lead to metastatic complications and death. Lemierre’s syndrome is a rare disease[17]. Therefore, it is difficult for doctors with no experience with this syndrome to suspect it[5]. In addition, symptoms of oropharyngeal infection are often resolved when the patient visits the hospital. This disease should be considered in the differential diagnosis when systemic complications caused by upper respiratory tract infection are suspected.
Atypical Lemierre’s syndrome should be suspected in cases in which a typical causative strain is not identified or cases of thromboembolism at a site other than the IJV thrombosis. After diagnosis, it is essential to assess whether surgery or intervention is necessary through active consultation with other specialists. Appropriate antibiotic treatment according to the causative strain must be initiated.
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Figure Legends
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Figure 1 Chest radiography showed multiple patchy infiltrations at both lungs.
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Figure 2 Computed tomography scan of the chest showed suspicious pulmonary thromembolism in segmental and subsegmental pulmonary arteries of right lower lobe (white arrow).
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Figure 3 Computed tomography scan of the neck showed the 13 mm × 10 mm size nodular lesion (white arrow) in left parotid gland.
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Figure 4 Chest radiography showed large cavitary consolidation with internal air-fluid level in right upper and middle lobes.
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