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Background: Legionella pneumonia, rhabdomyolysis, and acute kidney injury are called the Legionella triad, which is rare and associated with a poor outcome and even death. Early diagnosis and timely treatment are essential for these patients.

Case presentation: A 63-year-old man with cough, fever, and fatigue was initially misdiagnosed with common bacterial infection and given beta-lactam monotherapy but failed to respond to it. Conventional methods, including the first Legionella antibody test, sputum smear, and culture of sputum, blood, and bronchoalveolar lavage fluid (BALF) were negative. He was ultimately diagnosed with a severe infection of Legionella pneumophila by metagenomics next-generation sequencing (mNGS). This patient, who had multisystem involvement and manifested with the rare triad of Legionella pneumonia, rhabdomyolysis, and acute kidney injury, finally improved after combined treatment with moxifloxacin, continuous renal replacement therapy, and liver protection therapy.

Conclusion: Our results showed the necessity of early diagnosis of pathogens in severe patients, especially in Legionnaires' disease, who manifested with the triad of Legionella pneumonia, rhabdomyolysis, and acute kidney injury. mNGS may be a useful tool for Legionnaires' disease in limited resource areas where urine antigen tests are not available.
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Introduction

Legionella pneumophila (L. pneumophila), a species of the Legionella genus, is the causative agent of Legionellosis, which contains two forms: the non-pneumonic form (Pontiac fever) and the acute pneumonic form (Legionnaires' disease) (1). Pontiac fever is an influenza-like syndrome. Legionnaires' disease is more severe and can be involved in extrapulmonary manifestation with severe pneumonia, which requires hospitalization and most commonly intensive care. The mortality was 4.6% in medical wards compared with 23.1% in the intensive care unit (ICU) (2). Extrapulmonary manifestations included abdominal pain, diarrhea of the digestive system, weakness, and fatigue of the musculoskeletal system, myoglobinuria of the urinary system, malaise of the nervous system, etc. The triad of Legionella pneumonia, rhabdomyolysis, and acute kidney injury (AKI) was rare, and its mortality was much higher than in patients who manifested only with Legionella pneumonia. Early diagnosis and prompt treatment is critical for such patients. However, the existing diagnosis method of legionellosis cannot meet the clinical demands.

Metagenomic next-generation sequencing (mNGS), a culture-independent method, can detect all pathogens from one specimen (3) and has been recommended by expert consensus for diagnosing challenging cases of complicated infectious disease (4). It is especially suitable for suspected infectious diseases with negative conventional methods. Herein, we present a case of Legionella pneumophilia infection that manifested initially as cough, fever, and fatigue, and led to a rare triad of Legionella pneumonia, rhabdomyolysis, and AKI, which was ultimately diagnosed by mNGS.



Case presentation

A 63-year-old man presented to the emergency department with a 3-day history of cough, fever, and fatigue. He was receiving piperacillin-tazobactam monotherapy at a local hospital. However, the patient failed to respond to the treatment. Initial vital signs were body temperature (>40°C), pulse 148 beats per minute, and blood pressure 146/73 mmHg. Although he had been administered 10 L of oxygen via a nasal cannula, the peripheral oxygen saturation was only 87%. Physical examination revealed somnolent consciousness, and auscultation revealed decreased breath sounds and scattered rales in both lower lobes. The muscle strength of the upper limbs was grade four, and that of the lower limbs was grade two. The initial laboratory test results are presented in Table 1. Urine analysis showed hematuria. The first serum antibody test of anti-Legionella was negative. DNA tests for chlamydia and mycoplasma were negative, as well as viral pharyngeal swabs for influenza A and B. Electrocardiography revealed sinus tachycardia. Computed tomography (CT) revealed extensive consolidation in both the lower lobes (Figures 1A, B). Invasive intubation and continuous renal replacement therapy (CRRT) were initiated immediately after admission, and intravenous meropenem (1,000 mg q8h) was given on the first day. Given that the patient had confusion, hyponatremia, elevated creatine kinase (CK), and severe pneumonia, Legionnaire's disease was suspected. Thus, moxifloxacin (400 mg, once a day) was added the next day for treatment. He was admitted to the intensive care unit (ICU) for the management of acute respiratory failure, massive rhabdomyolysis, and AKI.


TABLE 1 Laboratory analysis at admission.
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FIGURE 1
 Chest computed tomography (CT) of the patient. (A, B) Chest CT on the first day of admission to the emergency department showed consolidation of the lower lobes of both lungs; (C, D) Chest CT 23 days after moxifloxacin treatment showed that the lesions were significantly absorbed.




Diagnostic assessment

The patient's sputum smear and sputum, blood, and bronchoalveolar lavage fluid (BALF) conventional common bacteria cultures failed to reveal a pathogen. Therefore, BALF and lung tissue samples were sent for mNGS analysis (BGI-500, Chengdu, China). The BGI company conducted mNGS as described previously (5), using samples of 0.5–3 mL sputum or lung tissue collected following standard procedures. The sample was agitated at 2,800–3,200 rpm for 30 min in a 1.5 mL microcentrifuge tube. DNA was extracted from a new tube of 0.3 mL sample tube using the TIANamp Micro DNA Kit (DP316; Tiangen Biotech, http://tiangen.com) according to the manufacturer's recommendations. DNA libraries were constructed using DNA fragmentation, end repair, adapter ligation, and PCR amplification. It generated high-quality sequencing data from sequencing libraries using the BGISEQ-500 platform. Subsequently, computational subtraction of the human host sequences (hg19) was performed and low-quality and short reads (< 50 bp) were removed by Burrows-Wheeler Alignment, as well as low-complexity reads, the remaining data were classified by aligning them to BGI self-established database downloaded from NCBI (ftp://ftp.ncbi.nlm.nih.gov/genomes/), which contains 1,798 whole genome sequences of DNA viral taxa, 6,350 bacterial genomes or scaffolds, 1,064 fungi related to human infection, and 234 parasites associated with human diseases.

In total, 147,673,559 clean sequence reads were obtained in the BALF. When human host reads were excluded, 1,021 sequence reads were identified as Legionella at the genus level, 980 of which matched L. pneumophila at the species level. mNGS of the lung tissue yielded 131,264,566 clean sequence reads. When human host reads were excluded, 309 sequence reads were identified as Legionella at the genus level, 291 of which matched L. pneumophila at the species level (Figure 2). Experts in respiratory illness, microbiology, and radiology interpreted the results to identify potential etiological agents. Moxifloxacin monotherapy was used according to these results, and meropenem was weaned. Chest radiography showed significant improvement after 7 days, and the patient was extubated. After 15 days in the ICU, the patient was transferred to the general ward for treatment. Kidney function recovered gradually, and the frequency of hemodialysis changed from once a day to every other day and continued until day 15. The second anti-Legionella antibody test was positive 22 days after the onset of the disease. After 23 days of moxifloxacin treatment, chest CT revealed significant absorption of lesions (Figures 1C, D). He was discharged from the hospital after 38 days with normal creatinine and CK, ALT, AST, LDH, WBC count, PCT, and CRP levels (Figure 3). The timeline of patients with relevant data on episodes and interventions is presented in Figure 4.
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FIGURE 2
 The corresponding reads of detected microorganism in (A) BALF and (B) lung tissue.
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FIGURE 3
 Some clinical indicators of this patient during hospitalization. (A) Creatinine and CK levels; (B) ALT, AST, and LDH levels; (C) WBC and body temperature; (D) PCT, CRP levels.
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FIGURE 4
 Timeline of the patient with relevant data of the episodes and interventions.




Discussion

Legionella is gram-negative rod-shaped bacteria ubiquitously found in fresh water environments and moist soil (6). Legionella pneumonia accounts for 2–15% of all community-acquired pneumonia (CAP) cases requiring hospitalization. It is the second most common cause of serious pneumonia and requires ICU admission (7). Legionnaire's disease is a severe form of pneumonia caused by Legionella; it can have extrapulmonary manifestations (8). Most cases are caused by L. pneumophila, whereas some are caused by Legionella longbeachae. Male sex (>50 years of age), smoking, and diabetes mellitus are the risk factors (9). Approximately 62% of the cases occur during summer and early autumn (10), which is related to the use of air conditioning. In this case, although the patient had no history of diabetes, his random blood glucose level was 24.0 mmol/L, and his glycosylated hemoglobin level was 13.3%. Therefore, the patient was diagnosed with type 2 diabetes. Generally, he had four risk factors: sex, age, smoking history, and type 2 diabetes. Before the symptoms appeared, he played Mahjong with his friends for 3 consecutive days on air conditioning. We suspected that Mahjong parlor was the source of the L. pneumophila infection.

No clinical manifestations unique to Legionnaire's disease were observed. The symptoms of Legionnaires' disease from most to least common include fever, cough, chills, dyspnea, neurological abnormalities, myalgia or arthralgia, diarrhea, chest pain, headache, and nausea or vomiting (10). Non-specific laboratory findings are common, such as elevated CK level, myoglobinuria, hyponatremia, microscopic hematuria, and leukocytosis (10). The rate of hyponatremia was 25.3% in a study of CAP (11). In Legionnaires' disease, the rate of hyponatremia was 44.4% (12). Hyponatremia has a negative impact on multiple outcomes, such as the need for mechanical ventilation and ICU care, the duration of hospital or ICU stay. In particular, hyponatremia adds more than 10,000 RMB to the cost of care (13). In studies of Legionella-related CAP, hyponatremia (< 133 mmol/L) was one of the strongest predictors (14, 15). Our patient had hyponatremia, elevated CK level, myoglobinuria, and leukocytosis, which were important reasons that the attending physician suspected Legionella-related CAP and administered moxifloxacin.

Furthermore, rhabdomyolysis is a syndrome caused by the breakdown and necrosis of muscle tissue and release of intracellular contents into the bloodstream (16). A diagnosis can be made when the serum CK level is >1,000 U/L (16). In adults, common causes are trauma and infection. The reported viruses and bacteria that can cause rhabdomyolysis include the following: influenza A and B, coxsackievirus, Epstein–Barr virus, primary human immunodeficiency virus, Legionella species, Streptococcus pyogenes, Staphylococcus aureus (pyomyositis), and Clostridium (17). Rhabdomyolysis caused by bacteria is associated with high mortality and morbidity: 57% of the cases lead to AKI, and 38% result in death (18). It can cause subacute- or acute-onset myalgia, transient muscle weakness, and dark tea- or cola-colored urine (16). Rhabdomyolysis induced by Legionella is rare. Prompt recognition is important for doctors to provide timely and appropriate treatment. In the present case, the patient was initially administered piperacillin-tazobactam monotherapy; however, no response was observed. Differential diagnoses of S. pyogenes and S. aureus can be excluded.

AKI refers to a sudden loss of excretory kidney function determined by increased serum creatinine levels and reduced urinary output, which can be caused by various factors (19). Infections and hypovolemic shock are the primary causes of AKI in low- and middle-income countries (19). In high-income countries, it mostly occurs in hospitalized older patients and is associated with sepsis, drug use, or invasive procedures (19). In non-traumatic rhabdomyolysis, AKI related to myoglobinuria is a serious complication. Patients who develop AKI have an increased mortality rate of 80% (20). Considering Legionella infection, the exact pathophysiology of rhabdomyolysis and AKI is poorly understood and is currently suspected to be endotoxin-mediated (21). It is thought to be induced by rhabdomyolysis; it is also thought to be induced by direct bacterial inoculation of the renal tissue (22). In our case, the CK level of the patient was 27,848 IU/L, he was anuric, with no more than 40 mL dark-tea urine in 24 h, and the synchronous serum creatinine was 616.00 μmol/L when he came to our hospital. In this patient, renal function was severely impaired in the initial stage of the disease, and it was difficult to determine whether AKI was indirectly associated with L. pneumophila via rhabdomyolysis or directly affected by L. pneumophila.

The triad of Legionella pneumonia, rhabdomyolysis, and AKI is an unusual syndrome that was first reported in 1992 (23) and is associated with high morbidity and mortality rates (up to 40%). We performed a literature search of PubMed using the keywords “L. pneumophila” and “rhabdomyolysis” and “acute kidney injury or acute renal injury” There have been 13 published case reports of rhabdomyolysis, renal failure, and Legionnaires' disease. The full text of one case report was unavailable; therefore, 12 case reports were available (Supplementary material). There were 11 men and 1 woman, with an average age of 53 years (range: 26–67). CK levels ranged from 1,103 to 600,000 IU/L, and the serum creatinine ranged from 2.1 to 11.05 mg/dL. All patients received antibiotic therapy with macrolides and/or fluoroquinolones. In total, 7 patients underwent dialysis, and 11 recovered; one female patient and one male patient died. Therefore, an early diagnosis is crucial. We conclude that the timely administration of potent antibacterial drugs and hemodialysis treatment led to the recovery of renal function. All diagnoses were based on antigen or antibody tests. Our patient is the first case of the triad of Legionella pneumonia, rhabdomyolysis, and AKI diagnosed using mNGS.

mNGS is an unbiased approach that can theoretically detect all pathogens in clinical samples and is particularly suitable for complicated infectious diseases, including viral, bacterial, fungal, and parasitic diseases (24). mNGS has a significantly better pathogen detection yield than other methods, especially for difficult-to-culture pathogens such as Legionella (25–28). Clinicians often find it difficult to distinguish Legionella pneumonia from other causes of pneumonia because of the lack of specific clinical manifestations. The gold standard for diagnosis is culture; however, it is now rarely used because it is very time-consuming. Sputum smear microscopy depends on the number of bacteria and the operator's skill. It is difficult to distinguish Legionella from other bacteria using microscopic morphology. Legionella does not grow on the standard medium used in microbiology laboratories, and a specific medium containing yeast extract and activated charcoal (buffered charcoal yeast extract, BCYE) is required (2). Anti-Legionella antibodies in most patients develop only approximately 3 weeks after disease onset, and anti-Legionella antibodies are not suitable for patients with severe diseases, such as Legionnaires' disease. In many countries, urinary antigen test is the primary diagnostic technique, although it is poorly sensitive to strains that are non-L pneumophila serogroup 1 or other species, including L. longbeachae (8). Urine antigens were not available at our hospital. In this case, before the patient came to our hospital, he had been administered piperacillin-tazobactam at a local hospital but still had a fever. The conventional method yielded negative results. After got the sample less than 48 h, the results of mNGS sent to physicians. For fungi, 88,625 reads mapping to Candida were detected in BALF. At the same time, no fungi were found in the libraries from the lung biopsy. Candida was more common in oral cavity and the upper respiratory tract, so we concluded that some contaminants may be introduced in the process. mNGS detected Legionella in both the BALF and lung tissues. Based on his medical history, clinical symptoms, physical signs, results of auxiliary examinations, and mNGS of both BALF and lung tissue, we confirmed the causative pathogen and discontinued meropenem. Thus, this approach also facilitates the use of targeted and efficacious antimicrobial therapies and avoids antibacterial resistance caused by abuse. Indeed, a large number of reads is associated with relative prolonged time and financial costs. Despite the high cost, some severe patients will benefit from the use of mNGS due to timely and targeted treatment. Sometimes, the total cost of patients using multiple pathogen cultures and tests even exceeds mNGS. Meanwhile, with the continuous progress of sequencing technology, the price of mNGS is gradually decreasing.

Legionella is susceptible to erythromycin, clarithromycin, azithromycin, levofloxacin (LEV), and moxifloxacin (MOX) in clinical practice (29). Many antibiotic-resistant clinical isolates of L. pneumophila have been identified (30). These isolates were mainly azithromycin-resistant. A meta-analysis concluded that the effectiveness of macrolides or respiratory fluoroquinolones did not reduce mortality among patients with Legionella pneumonia (31). Therefore, clinicians should select an antibiotic that is better tolerated and can provide coverage for concomitant infections. Patients with extrapulmonary involvement are often treated with fluoroquinolones (18). These three fluoroquinolones have similar minimum inhibitory concentrations against L. pneumophila (30). However, LEV requires dose adjustment according to renal function. Ciprofloxacin should be administered twice daily, which is inconvenient and also requires dose adjustments according to renal function. MOX is an imported drug with proven efficacy and does not require dose adjustment in patients with impaired renal function; therefore, we chose MOX. The current antibiotic treatment strategy entails a 7–10 days course for mild cases and a 21 days course for severe cases, which can be adjusted according to the patient's clinical response. In our case, due to severe illness, we administered MOX for 30 days, including 23 days of intravenous administration and 7 days of oral treatment. Eventually, the patient recovered completely.

This case illustrates the potential for severe rhabdomyolysis in a patient with Legionella pneumonia. It is believed that the rapid initiation of precise antimicrobial treatment and early substitution of renal function resulted in good outcomes. mNGS can assist in diagnosing infections caused by difficult-to-culture pathogens early, such as Legionella, especially in resource-limited settings where specific assays, such as the urine antigen of Legionella, are not accessible.
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