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Abstract
BACKGROUND
Leptospira is an uncommon pathogen for adult severe community-acquired pneumonia and its nonspecific manifestations and limited diagnostic tests make it difficult to identify. Although conventional penicillin remains efficacious to treat leptospirosis, failure in early diagnosis and treatment can lead to progression into a deadly syndrome with multiple organ dysfunction. Next generation sequencing is of great value to understand cases with infection of unknown cause, which could help in the diagnosis of uncertain Leptospira infection.

CASE SUMMARY
We recently managed a patient with fever, cough and dyspnea on admission that progressed into persistent adult respiratory distress syndrome, hemoptysis and hematuria after admission. In this case, the rare Leptospira infection was clouded by the positive influenza tests at admission, delaying early Leptospira-targeted antibiotics administration. Next generation sequencing, a novel molecular diagnostic tool, provided a key hint to uncover the crucial pathogen, Leptospira interrogans, further supported by the possible occupational exposure history. Subsequent conventional penicillin and mechanical respiratory support were administrated to cure the patient successfully without any sequela.

CONCLUSION
Clinicians must pay attention to possible exposure history and keep uncommon Leptospira in mind when managing pneumonia with unknown causes. 
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Core Tip: Pneumonia caused by Leptospira interrogans is rare but life-threatening. In the early phase, the nonspecific symptoms of Leptospira pneumonia often lead clinicians to misdiagnosis as influenza or other illness. We herein report a 54-year-old man who presented with cough, fever and dyspnea and was misdiagnosed with influenza but was confirmed with Leptospira infection with the help of next generation sequencing. Possible exposure history and next generation sequencing during management of infections with unknown causes are important. 

INTRODUCTION
Community-acquired pneumonia (CAP) is a common but multifactorial disease, and nearly a quarter are attributed to Streptococcus pneumonia[1]. Leptospira interrogans is a rare pathogen also responsible for adult CAP with a high fatality rate. With the increase of international travel, global warming and urban slum settlements, leptospirosis is re-emerging as an infectious disease worldwide, not only limited to tropic developing areas[2-4]. Relatively few cases have been reported in China in recent years. However, morbidity and mortality of Leptospira infection are thought to be underestimated because of lack of clinical vigilance, nonspecific clinical symptoms and limited availability of rapid and accurate diagnostic tests, which poses challenges to timely and effective clinical judgment and treatment[5-7].
This phenomenon may also result in little systematic research and understanding of the relationship between pneumonia and Leptospira. The application of next generation sequencing (NGS) has greatly promoted our knowledge of pneumonia-related pathogens ranging from their subtypes to their pathogenic characteristics[8]. Herein, we report a case of a 54-year-old man with severe pneumonia caused by Leptospira, which was misdiagnosed as viral pneumonia at admission. In this paper, we will discuss how we made the final diagnosis of Leptospira infection. This case will enhance the understanding of Leptospira infection and remind clinicians to remember it when managing pneumonia of unknown cause.

CASE PRESENTATION
Chief complaints
A 54-year-old man presented with a 4 d history of cough with white phlegm, chills and fever as well as dyspnea for 1 d. No hemoptysis, chest pain, edema or rash were found.

History of present illness
Before this visit, he had been given 1.5 g of intravenous cefuroxime but received little improvement. According to the above examinations, the initial diagnosis was considered severe pneumonia caused by influenza virus. Thus, the patient was treated with methylprednisolone (40 mg, q12 h), oseltamivir (75 mg, bid), tienam (0.5 g, q8 h) and moxifloxacin (0.4 g qd). Unexpectedly the next morning, the patient’s condition worsened into cough with bloody sputum and shortness of breath with decreased SpO2 to 60%. Hence, the patient was managed with intubation and continuous mechanical ventilation of positive end-expiratory pressure 8 cm H2O, FiO2 40% and SpO2 99%. Caspofungin was added to the initial therapeutic plan.
Further examinations were also performed to find the essential causes. Sputum smear test showed no positive findings. Bronchoscopy showed sporadic mucosal petechiae and bloody sputum in the bilateral bronchi (Figure 1), and bronchoalveolar lavage fluid (BALF) was collected. Echocardiography revealed left ventricular diastolic dysfunction and moderate tricuspid regurgitation with pulmonary arterial hypertension. The patient was negative for acid-fast bacilli stain, fungi test of BALF, tumor makers and a panel of respiratory viruses and autoantibodies. Under the current comprehensive treatment covering anti-infections of virus, bacteria and fungi, the patient did not improve and had persistent hemoptysis and hematuria under assisted ventilation. Inflammation and myocardial impairment-related laboratory values were elevated, and hemoglobin and platelet counts remained below normal levels (Figure 2).
The NGS report of the BALF on day 6 after admission indicated the cause. To our surprise, NGS indicated an infection of Leptospira interrogans. Subsequently, it was retrospectively interviewed that the patient worked as a rubbish cleaner of rivers with high exposure risk of Leptospira infection.

History of past illness
The patient reported a 30 yr history of smoking and drinking. He denied any history of hypertension, diabetes or other chronic disease.

Personal and family history
The patient and his families denied any history of hypertension, diabetes or other chronic disease.

Physical examination
On examination, his temperature was 37.5 °C, pulse was 118/min, respiratory rate was 19/min, and blood pressure was 81/54 mmHg at admission. He was in a conscious state but in compulsive position with cyanotic face. His superficial lymph nodes were not swollen. Lung examination showed bilateral rales. Other physical examinations were normal.

Laboratory examinations
Arterial blood gas analysis showed lower PaO2 of 64 mmHg and SpO2 of 94.3% with 2 L/min oxygen support. Laboratory investigations revealed decreased white blood cell count of 1.7 × 109/L and platelet count of 56 × 109/L, elevated C-reactive protein of 190.81 mg/L, creatinine phosphokinase of 372 U/L, creatinine of 117 μmol/L and activated partial thromboplastin ratio of 1.30 and a positive urine occult blood test. The throat swab for influenza virus antigen was positive.

Imaging examinations
Chest computed tomography (CT) indicated infectious lesions of both lungs and emphysema with pulmonary bullae (Figure 3A).

FINAL DIAGNOSIS
Severe pneumonia with Leptospira interrogans infection.

TREATMENT
After identification of the Leptospira pathogen, the patients finally received penicillin (400000 U, q12 h, im) for 1 wk as well as respiratory support, while previous administration of oseltamivir and caspofungin was stopped. After 1 wk, with advice of the infection department, the usage of penicillin was doubled for 2 d and then doubled again for another 1 wk.

OUTCOME AND FOLLOW-UP
After about 1 wk of penicillin treatment, the patient obviously got better with significantly relieved cough and hemoptysis as well as improved oxygenation status without mechanical ventilation (PaO2 78 mmHg, SpO2 95.3 under 5 L/min oxygen flow). Additionally, echocardiography of mild mitral and tricuspid regurgitation and decreased brain natriuretic peptide suggested the improvement of myocardial damage. Chest CT also showed the bilateral lung inflammation was greatly resolved (Figure 3C). After a total of 16 d of penicillin, the patient was discharged home without any complaint. Most laboratory values were returning to normal (Figure 2). Follow-up chest CT after discharge was almost completely cleared with no recurrence (Figure 3D).

DISCUSSION
The main pathogens of CAP in China are Streptococcus pneumoniae and Mycoplasma pneumoniae. Other common related-pathogens include Hemophilus influenzae, Chlamydia, Klebsiella pneumoniae and Staphylococcus aureus[1]. Respiratory virus, especially influenza, rhinovirus and coronavirus, is reported to be responsible for a third of adult pneumonia cases[9]. By comparison, pneumonia caused by Leptospira is rare and seldom reported. Leptospira interrogans, detected in this case, is one type of pathogenic spirochetes and could cause zoonotic leptospirosis. Leptospirosis is estimated to affect over one million people and accounts for about 60000 deaths annually worldwide[3]. Clinical manifestations of leptospirosis vary, ranging from subclinical status, mild influenza-like illness to severe multiple organ dysfunction, including kidney, liver, heart and lung. The typical severe syndrome, named “Weil’s disease,” is characterized by jaundice and renal failure with hemorrhagic complications[10].
Pulmonary involvement of leptospirosis occurs in 20%-70% of patients[11] and is mostly secondary to renal and hepatic dysfunction as an immunity-mediated status[12,13], including mild to severe pneumonia, deadly alveolar hemorrhage, adult respiratory distress syndrome, etc.[12] and manifesting as cough, dyspnea, hemoptysis, etc. As observed in this case lung involvement of severe pneumonia was primary and main manifestations were relatively few. However, mortality from severe lung involvement like adult respiratory distress syndrome and pulmonary hemorrhage greatly exceeds that from Weil’s disease (> 50% vs > 10%), although optimal treatment is given[14]. It is the nonspecificity and diversity of clinical symptoms, particularly atypical manifestations, that lead to lack of clinical suspicion, which delays targeted detection and treatment of leptospirosis and increases mortality. 
Common laboratory biochemical tests of leptospirosis usually show no specific abnormalities compared with most infectious diseases. For Leptospira-related pneumonia, chest CT may show ground-glass opacities, consolidation and small pleural effusion, which could also be observed in radiographs of influenza pneumonia[12,15]. Thus, it is possible to misdiagnose this case as influenza pneumonia, especially based on evidence from the initial throat swab test. During hospitalization, bronchoscopy with BALF collection was required because it could help to identify hemorrhage even if it remained occult and to obtain samples for etiological tests. Overall, for differential diagnosis, persistent hemorrhagic complications and related abnormal values, which are relatively few in influenza-associated pneumonia under corresponding antiviral treatment, it may be the only hint to raise doubt of the initial diagnosis and treatment plan.
For the final etiological diagnosis, serological tests and isolation of Leptospira are usually considered as the prior standard diagnostic methods for leptospirosis, including conventional microscopic agglutination test and enzyme-linked immunosorbent assay[7,16], whereas patient autoimmune status, previous medications with immunosuppressor and antibiotics and timing of specimen collection lead to an inevitable bias in etiological tests[17]. Polymerase chain reaction, as the representative of current molecular tests, is another widely-used and reliable diagnostic tool[7]. However, these methods share several common drawbacks, such as failing to discriminate among widely-diverse Leptospira serotypes and only targeting some specific pathogens based on clinical prejudgments[7,18]. 
NGS, applied in our case, is a rapid and high-throughput assay that determines the entire nucleotide sequences of a sample in a single run without any target primers or probes[19]. NGS could identify a variety of microorganisms at one detection and provide data about typing, virulence and antimicrobial resistance simultaneously[8]. Many previous reports confirmed that NGS offers great advantages in diagnosis and management of infectious diseases of undetermined, uncommon or emerging origins[20-22] and were superior to traditional detecting techniques. It should be noted that not all microorganisms detected by NGS, like internal colonizing bacteria, bear responsibility for the diseases. To identify the crucial pathogens, clinicians need to combine NGS results with contact history, clinical symptoms and other laboratory tests to make a comprehensive interpretation.
Penicillin remains the first choice for treatment of leptospirosis recommended by the World Health Organization because no penicillin-resistant strains have been found so far. Other antibiotics like doxycycline, tetracycline and amoxicillin are also preferred. Early and suitable administration of antibiotics could shorten disease course, decrease mortality and prevent deterioration[22]. For patients with severe pulmonary illness of leptospirosis, as observed in, hemodynamic and respiratory support are urgent. Mechanical ventilation should be a priority to deal with severe pulmonary hemorrhage[23]. Recently, extracorporeal membrane oxygenation, as a salvage intervention, is also confirmed to benefit the management of severe pulmonary leptospirosis[18]. Immunomodulation therapy is expected to promote recovery from leptospirosis. Rodrigo et al[24] reviewed that steroids may only improve the outcomes of pulmonary leptospirosis but not benefit other clinical subtypes. Several reports and trials supported utilization of glucocorticoids, and Shenoy et al[25] concluded use of corticosteroids within the first 24 h of onset of pulmonary illness could reduce the need for assisted ventilation[16,25-27]. Additionally, activated factor VII, desmopressin cyclophosphamide and hemofiltration have been used in several refractory cases[28,29].
Prevention measures play an important role in management of leptospirosis. It is well-known that pathogenic Leptospira invades bodies via skin and mucosa abrasion. Indirect infection by contact with contaminated water or soil is more common than direct contact with infected mammals. Avoiding exposure to pathogens, such as wearing boots and goggles, is the most important protective measures for people with potential occupational risk, like the river-trash cleaner in this case. Although vaccines against Leptospira have been available since 1886, its general application still faces great challenges. Current qualified vaccines are restricted to partial serotypes and provide short-term immunity and are only available in several specific epidemic areas[30]. In addition, oral doxycycline can be used as chemoprophylaxis for high-risk people such as rescuers in floods[31].

CONCLUSION
In summary, severe CAP caused by Leptospira is uncommon, but it poses a considerable threat to public health. Although the lack of specific clinical symptoms and high-efficient diagnostic tools make it hard to discriminate from other infectious diseases, many measures could be taken to correctly diagnose the disease. First, high clinical suspicion of Leptospira infection is vital to handle severe pneumonia patients, especially those with hemorrhage complications. Second, recognition of high-risk people in contact with possible infected mammals or contaminated water or soil will give strong evidence to diagnosis. Third, NGS has great advantages in identification of undetermined or uncommon pathogens, which could provide hints for diagnosis and treatment. However, because of high costs and technical requirements, the application of NGS may be the final choice. Moreover, radiological and bronchoscopy tests are needed to provide further evidence to confirm and evaluate the lung involvement of leptospirosis. Given systematic leptospirosis, other organ functions, like kidney, liver and heart, need to be monitored. Early and overall assessment and timely comprehensive treatment composed of antibiotics, respiratory support and immunomodulation are critical to prevent the rapid progression, improve prognosis and promote rehabilitation of the severe lung leptospirosis.
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Figure Legends
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Figure 1 Bronchoscopy findings. A-C: Bronchoscopy images of main trachea (A), left main bronchus (B) and opening of the right basal segmental bronchus (C) showed that the bronchi were patent, and sporadic mucosal petechiae and bloody sputum were seen in the bilateral bronchi.
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Figure 2 Changes in laboratory parameters after admission. In the first 5 d of antiviral treatment after admission: inflammatory values were elevated; platelets and hemoglobin were decreased consistent with hemorrhagic complications; and elevated brain natriuretic peptide indicated the existence of myocardial impairment. After 5 d, penicillin was administered and the above vital parameters improved. WBC: White blood cell; CRP: C-reactive protein; PCT: Procalcitonin; PLT: Platelets; Hb: Hemoglobin; BNP: Brain natriuretic peptide.
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[bookmark: _Hlk62562682]Figure 3 Computed tomography findings. A-D: Computed tomography images were respectively taken on admission (A), 1 wk after admission (B), 1 wk before discharge (C), and 3 wk after discharge (D). Gradual resolution of inflammation in the bilateral lungs was seen during the treatment course.
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