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Background
Legionella pneumophila is a community-acquired, 
opportunistic, and pathogenic nontypical microorgan-
ism [1, 2]. Most cases are infected by inhaling aerosols 
produced by shower or cooling water systems, and age, 
underlying diseases, alcoholism, smoking, or immune 
suppression are common risk factors [3]. Culture of lower 
respiratory tract specimens is still the gold standard for 
detecting Legionnaires’ disease. However, this method 
requires several days and complex culture media to pro-
mote pathogen growth [4], resulting in a lower positivity 
rate of culture.
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Abstract
Background  Legionella pneumonia is one of the most severe types of atypical pneumonia, impairing multiple organ 
systems, posing a threat to life. Diagnosing Legionella pneumonia is challenging due to difficulties in culturing the 
bacteria and limitations in immunoassay sensitivity and specificity.

Case presentation  This paper reports a rare case of sepsis caused by combined infection with Legionella 
pneumophila and Fusobacterium necrophorum, leading to respiratory failure, acute kidney injury, acute liver injury, 
myocardial damage, and electrolyte disorders. In addition, we systematically reviewed literature on patients with 
combined Legionella infections, analyzing their clinical features, laboratory results and diagnosis.

Conclusions  For pathogens that require prolonged incubation periods and are less sensitive to conventional 
culturing methods, metagenomic next-generation sequencing (mNGS) can be a powerful supplement to pathogen 
screening and plays a significant role in the auxiliary diagnosis of complex infectious diseases.
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Legionella pneumophila is the pathogen of severe 
Legionnaire’s disease pneumonia, and the outcome of 
the infection mostly depends on bacterial virulence fac-
tors and host immunity. Elderly people, immunocompro-
mised patients, and patients with chronic lung diseases 
are more likely to progress to severe pneumonia. Some 
cases also cause various extrapulmonary manifestations, 
known as disseminated Legionnaire’s disease, and severe 
cases can lead to multiorgan dysfunction and even life-
threatening conditions [5]. The mortality rate of Legio-
nella pneumonia increases from 10% in the general 
population to 50% in the intensive care unit [6].

In recent years, there have been multiple reports of 
Legionella pneumonia combined with other pathogen 
infections, including viral, bacterial, and fungal coin-
fections [7–15], but the symptoms are atypical and eas-
ily confused with other pathogen infections. mNGS is 
widely used in the diagnosis of rare pathogens, providing 
important diagnostic and therapeutic clues for difficult 
and critically ill patients.

Here, we report a case of Legionella pneumonia and 
suspected combined with Lemierre’s syndrome (LS). The 
pathogenic microorganisms were identified as Legio-
nella pneumophila and Fusobacterium necrophorum by 
mNGS testing of bronchoalveolar lavage fluid (BALF) 
and peripheral blood samples. We then reviewed relevant 
literature on other pathogenic bacterial coinfections with 
Legionella.

Case presentation
A 37-year-old male patient presented to our emergency 
department on October 31st with symptoms of fever, 
shortness of breath, and altered consciousness. Accord-
ing to his companion, the patient had developed a fever 
two days prior, with a maximum temperature of 39.9 °C, 
occasional coughing, and throat pain, but without sig-
nificant sputum production. He did not seek medical 
attention promptly. The patient had a history of hyper-
tension and did not give any history of travel. Physical 
examination revealed a temperature of 39.2  °C, pulse 
rate of 120 beats/min, respiratory rate of 32 breaths/min, 
blood pressure of 151/103 mmHg, coarse breath sounds 

in both lungs, blue bruises visible on the right side of 
the abdomen, and no abdominal tenderness. Laboratory 
testing showed a white blood cell count of 10.69 × 109/L 
(ref, 3.5–9.5 × 109/L), platelet count of 103 × 109/L (ref, 
125–350 × 109/L), C-reactive protein level of 338.99 mg/L 
(ref, 0–10  mg/L), D-dimer level of 2.34  µg/mL (ref, 
0-0.5  mg/L), and procalcitonin level of 5.23 ng/mL 
(ref, 0–0.5 ng/mL). Chest computed tomography (CT) 
revealed pneumonia with consolidation (Fig.  1), while 
head CT and abdominal CT scans showed no obvious 
abnormalities. The initial diagnosis was severe commu-
nity-acquired pneumonia.

Given the patient’s persistent high fever (peaking at 
43 °C), symptoms of altered consciousness, and abnormal 
blood count and chest CT results indicating pneumo-
nia, atypical pneumonia was highly suspected, poten-
tially caused by Legionella or Mycoplasma pneumoniae. 
Empirical treatment with moxifloxacin (0.4  g daily) was 
initiated. On November 1st, the patient’s condition dete-
riorated significantly. Laboratory tests showed arterial 
oxygen tension of 8.8 KPa (ref, 4.67-6 KPa), blood oxy-
gen saturation of 94.3% (ref, 95–98%), procalcitonin of 
6.99 ng/ml (ref, 0-0.5 ng/ml), creatinine at 163.5 umol/L 
(ref, 57–111 umol/L), aspartate aminotransferase at 119 
U/L (ref, 15–40 U/L), creatine kinase at 1728 U/L (ref, 
50–310 U/L), lipase at 411 U/L (ref, 13–63 U/L), D-dimer 
at 9.22  mg/L (ref, 0-0.5  mg/L), calcium at 1.84 mmol/L 
(ref, 2.11–2.52 mmol /L), phosphorus at 3.08 mmol/L 
(ref, 0.85–1.51 mmol /L), magnesium at 1.25 mmol/L 
(ref, 0.75–1.02 mmol/L), and lactate level exceeding 12 
mmol/L (ref, 0.9–1.7 mmol/L). A concomitant blood-
stream infection, septic shock, and central nervous 
system infection was suspected. Urgent measures under-
taken included colloid albumin supplementation, intra-
venous immunoglobulin support, and aggressive fluid 
resuscitation. Due to the severity of the patient’s condi-
tion and the possibility of multiple system infection, a 
combination of doxycycline (0.1 g, 12 h) and meropenem 
(1.0  g, 8  h) was also administered. The sputum culture 
showed Streptococcus salivarius and Neisseria species. 
Blood culture was negative. To ascertain the pathogenic 
microorganism, bronchoscopy and sputum lavage were 

Fig. 1  Chest computed tomography scan at admission
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performed, and the BALF (Bronchoalveolar Lavage 
Fluid) and blood samples were sent for mNGS using 
the PMSeq2000 platform. The next day, mNGS results 
showed 7801 sequence reads of Legionella pneumophila 
and 688 sequence reads of Fusobacterium necrophorum 
in BALF. Additionally, common respiratory microflora 
were detected. Unbiased mNGS of the plasma identified 
749 sequence reads corresponding to Legionella pneu-
mophila and 7 sequence reads of Fusobacterium necroph-
orum were identified, with no fungi, viruses, or specific 
pathogens detected. The read distribution, cover rate and 
depth ratio of Legionella pneumophila and Fusobacte-
rium necrophorum are shown in Fig. 2 .

On November 1st, at 9:40, the patient’s blood oxygen 
saturation plummeted to 74%, manifesting cyanosis of 
the lips and respiratory failure. Immediate endotracheal 
intubation was performed. Despite intensive interven-
tions including chest compressions, inotropic medica-
tion, and mechanical ventilation, the patient’s condition 
rapidly worsened, with subsequent acute kidney and liver 
failure, cardiac injury, electrolyte imbalances, and even-
tually, a flatline on the electrocardiogram at 20:30, indi-
cating clinical death.

Discussion
Legionella is widely distributed in artificial and natural 
water sources, moist soil, and hospital hot water systems. 
Legionella can be classified into 58 species and has more 
than 70 different serogroups. Legionella pneumonia is a 
multisystem disease with a high mortality rate. The inci-
dence may exhibit an increased prevalence among geri-
atric populations, patients with comorbidities, tobacco 
smokers, hospital inpatients, and those with delayed 
diagnoses and treatment [3, 16]. Chest CT often shows 
patchy or interstitial infiltrates in the lungs, which can 
progress to nodular consolidation. After being infected 
with Legionella, patients may rapidly progress to severe 
illness and experience mortality due to tension pneu-
mothorax, shock, respiratory failure, or multiple organ 

dysfunction syndrome [3]. In this case study, the patient 
presented with fever and consciousness disorders, and 
CT showed consolidative pneumonia in the lungs. How-
ever, a definite diagnosis could not be made based on 
clinical manifestations alone. Therefore, it is crucial to 
shorten the time to identify the microorganism for timely 
diagnosis and appropriate treatment.

Legionella pneumonia is caused by Legionella species, 
a strict gram-negative bacterium with specific growth 
requirements. The conventional diagnostic techniques 
for Legionella pneumonia involve lower respiratory 
tract culture, urine antigen detection, and quantitative 
PCR detection of respiratory, serum, or urine samples. 
Although lower respiratory tract culture is regarded as 
the reference standard, its sensitivity is restricted [17]. 
Metagenomic sequencing can significantly improve the 
early diagnosis of infectious diseases. In this case study, 
we identified both Legionella pneumophila and Fuso-
bacterium necrophorum in both plasma and BALF using 
metagenomic sequencing, providing a basis for pathogen 
diagnosis.

Considering our coinfection case, Lemierre’s syn-
drome, also known as postthroat sepsis, is a rare but 
potentially deadly infectious disease caused primarily by 
Fusobacterium necrophorum [18]. This anaerobic, gram-
negative bacterium is commonly found in humans and 
animals as part of the normal flora of the oral, upper 
respiratory, gastrointestinal, and genitourinary tracts. LS 
has an estimated annual incidence of 3.6 cases per mil-
lion people, with a higher rate of 14.4 cases per million 
in individuals aged 15–24 years [19]. The condition is 
more common in men, with a male-to-female ratio of 2:1. 
Fusobacterium necrophorum can produce various toxins 
associated with abscess formation, arteriovenous throm-
bosis, metastatic abscesses, and disseminated intravascu-
lar coagulation [20]. In early stages of LS, patients may 
show signs of oropharyngeal infection like fever and 
throat pain, including peritonsillar abscess. They can also 
display nonspecific symptoms such as systemic stiffness, 

Fig. 2  The cover rate, read distribution, Shannon_index and depth ratio of Legionella pneumophila and Fusobacterium necrophorum in BALF and plasma
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chills, swollen neck lymph nodes, limb weakness, as well 
as gastrointestinal issues like nausea and vomiting [21]. 
Due to its rapid progression, LS can lead to respiratory 
failure, requiring advanced life support measures such 
as respiratory-assisted ventilation after endotracheal 
intubation. Early identification and targeted therapy are 
crucial for improving patient outcomes. While blood 
cultures have a low positivity rate for Fusobacterium nec-
rophorum, they remain a vital diagnostic criterion for LS 
[22]. In this case study, the patient presented with symp-
toms of fever and throat pain. Detection of Fusobacte-
rium necrosis in BALF and blood mNGS can be inferred 
that the patient may have complications with LS. How-
ever, due to the urgent nature of the patient’s condition, 
confirmatory imaging for internal jugular vein thrombo-
sis was unavailable.

Regarding Legionnaires’ disease, a previous study 
found that Legionella pneumophila was detected in 
both BALF and blood samples using mNGS [23]. There-
fore, when conventional detection methods fail to iden-
tify the pathogen, mNGS should be considered to guide 
appropriate treatment adjustments [24]. mNGS has been 
shown to have higher sensitivity than culture methods, 
especially in blood, BALF and sputum samples [25]. 
However, the positive mNGS group had a longer hospital 
stay and a higher 28-day mortality rate, indicating that a 
positive nucleic acid sequence test may be a potential risk 
factor for poor prognosis in adult patients. Thus, mNGS 
should be used more widely for early pathogen detection 
and diagnosis [26].

The reported cases of coinfection with Legionella pneu-
mophila and Fusobacterium necrophorum are extremely 
rare. In fact, coinfection with other pathogens in Legion-
naires’ disease is also uncommon, with most cases 
involving viral coinfection. Here, we review several case 
series and reports, including seven cases of Legionella 
pneumophila combined with other pathogen infec-
tions. Table 1 summarizes their basic features, diagnostic 
parameters, and prognostic factors. In these cases, Legio-
nella diagnosis tools included PCR-based techniques, 
urinary antigen tests, and metagenomic sequencing. The 

studies emphasized the importance but difficulty of diag-
nosing the pathogen. In most cases, the mortality rate 
is relatively high when Legionella pneumonia is com-
plicated by other pathogens, and only one patient in the 
above cases recovered from coinfection. Therefore, early 
and accurate pathogen diagnosis is extremely important. 
For patients with severe community-acquired pneumo-
nia, particularly those with multilobar lung lesions and 
bilateral pleural effusions indicated by imaging, Legio-
nella infection should be considered if initial empirical 
treatment is ineffective.

Conclusion
This article discusses the challenges in diagnosing Legio-
nella pneumonia, which can cause severe pneumonia, 
impair multiple organ systems, and even threaten life. 
This article reports a rare case of sepsis caused by a com-
bined infection of Legionella pneumophila and Fusobac-
terium necrophorum, leading to various complications. 
The article also reviews the clinical features, laboratory 
results, and treatment strategies of patients with Legio-
nella combined infection. The article highlights the 
importance of accurate pathogen detection for effective 
diagnosis and treatment and suggests that mNGS can be 
a useful supplement to pathogen screening.
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Table 1  Clinical Characteristics and Diagnosis Parameters of Cases
No. Gender Age Country Coinfection with pathogens Diagnostic Tool 

of Legionnaires’ 
Disease

Outcomes Ref.

1 F > 65 England SARS-CoV-2 Urine Ag Expired Chalker, V.J., et al. [8]
2 F > 80 England SARS-CoV-2 Urine Ag Expired Chalker, V.J., et al.9

3 M 80 Japan SARS-CoV-2 Urine Ag Expired Arashiro, T., et al. [9]
4 M 59 Italy Klebsiella pneumoniae real-time PCR Expired Scaturro, M., et al. 

[10]
5 F 43 Portugal Saprochaete clavata PCR Expired Caldas, J.P., et al. [12]
6 F 40 China Pneumocystis jirovecii mNGS Expired Oggioni, C., et al. [14]
7 F 80 Caucasian Streptococcus pneumonia Urine Ag Discharge after 

1 week
Beg, M., H. Arif, and T. 
Walsh [15]

https://doi.org/10.1186/s12890-024-03097-4
https://doi.org/10.1186/s12890-024-03097-4


Page 5 of 5Pan et al. BMC Pulmonary Medicine          (2024) 24:279 

Author contributions
YQP and YX carried out the literature search and drafted the first draft of the 
manuscript. YNL and HXD made contributions to the clinical management of 
the patient. WHX and HMS were responsible for designing and revising the 
draft. All authors read and approved the final manuscript.

Funding
This work was partially supported by the Youth Backbone Training Program of 
Shanghai Tongren Hospital (TRGG202119); Innovative talent base for doctors 
of emerging infection and immune regulation (RCJD2021B01).

Data availability
Sequence data that support the findings of this study have been deposited 
in the NCBI with the primary accession code SRR27909000,SRR2790901
6,SRR27909063,SRR27909071. Data is provided within the manuscript or 
supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the patient’s wife for publication 
of this case report and any accompanying images.

Competing interests
The authors declare no competing interests.

Received: 27 January 2024 / Accepted: 11 June 2024

References
1.	 Goncalves IG, Simoes LC, Simoes M. Legionella pneumophila. Trends Micro-

biol. 2021;29(9):860–1.
2.	 Chahin A, Opal SM. Severe Pneumonia caused by Legionella pneumophila: 

Differential diagnosis and therapeutic considerations. Infect Dis Clin North 
Am. 2017;31(1):111–21.

3.	 Phin N, Parry-Ford F, Harrison T, Stagg HR, Zhang N, Kumar K, Lortholary O, 
Zumla A, Abubakar I. Epidemiology and clinical management of Legionnaires’ 
disease. Lancet Infect Dis. 2014;14(10):1011–21.

4.	 Ito A, Yamamoto Y, Ishii Y, Okazaki A, Ishiura Y, Kawagishi Y, Takiguchi Y, Kishi 
K, Taguchi Y, Shinzato T, et al. Evaluation of a novel urinary antigen test kit for 
diagnosing Legionella pneumonia. Int J Infect Dis. 2021;103:42–7.

5.	 Cunha BA, Burillo A, Bouza E. Legionnaires’ disease. Lancet. 
2016;387(10016):376–85.

6.	 Burillo A, Pedro-Botet ML, Bouza E. Microbiology and Epidemiology of 
Legionnaire’s Disease. Infect Dis Clin North Am. 2017;31(1):7–27.

7.	 Chaudhry R, Sreenath K, Batra P, Vinayaraj EV, Rathor N, Saikiran K, Aravindan 
A, Singh V, Brijwal M, Soneja M, et al. Atypical bacterial co-infections among 
patients with COVID-19: a study from India. J Med Virol. 2022;94(1):303–9.

8.	 Chalker VJ, Adler H, Ball R, Naik F, Day J, Afshar B, Amin AK. Fatal co-infections 
with SARS-CoV-2 and Legionella pneumophila, England. Emerg Infect Dis. 
2021;27(11):2950–2.

9.	 Arashiro T, Nakamura S, Asami T, Mikuni H, Fujiwara E, Sakamoto S, Miura 
R, Shionoya Y, Honda R, Furukawa K et al. SARS-CoV-2 and Legionella co-
infection in a person returning from a Nile cruise. J Travel Med 2020, 27(3).

10.	 Scaturro M, Girolamini L, Pascale MR, Mazzotta M, Marino F, Errico G, Monaco 
M, Girolamo A, Rota MC, Ricci ML, et al. Case Report: First Report of Fatal 
Legionella pneumophila and Klebsiella pneumoniae Coinfection in a kidney 
transplant recipient. Front Med (Lausanne). 2022;9:912649.

11.	 Sanchez A, Elliott EI, Wang P, Spichler-Moffarah A. Legionella pneumophila 
and Staphylococcus aureus co-infections in a patient with SARS-CoV-2. BMJ 
Case Rep 2022, 15(3).

12.	 Caldas JP, Silva-Pinto A, Faustino AS, Figueiredo P, Sarmento A, Santos L. Sep-
tic shock due to co-infection with Legionella pneumophila and saprochaete 
clavata. IDCases. 2022;27:e01369.

13.	 Wu WH, Hui TC, Wu QQ, Xu CA, Zhou ZW, Wang SH, Zheng W, Yin QQ, Li X, 
Pan HY. Pneumocystis Jirovecii and Legionella pneumophila coinfection in a 
patient with diffuse large B-cell lymphoma: a case report. World J Clin Cases. 
2021;9(28):8595–601.

14.	 Oggioni C, Za A, Auxilia F, Faccini M, Senatore S, Vismara C, Foti M, Scaturro 
M, Fontana S, Rota MC, et al. Legionnaires’ disease contracted from patient 
workplace: first report of a severe case of coinfection with varicella-zoster 
virus. Am J Infect Control. 2016;44(10):1164–5.

15.	 Beg M, Arif H, Walsh T. Community-acquired Pneumonia secondary to 
Legionella pneumophila and Streptococcus pneumoniae: a rare co-infection. 
Cureus. 2019;11(2):e4080.

16.	 Correia AM, Ferreira JS, Borges V, Nunes A, Gomes B, Capucho R, Goncalves J, 
Antunes DM, Almeida S, Mendes A, et al. Probable person-to-person trans-
mission of Legionnaires’ Disease. N Engl J Med. 2016;374(5):497–8.

17.	 Fields BS, Benson RF, Besser RE. Legionella and Legionnaires’ disease: 25 years 
of investigation. Clin Microbiol Rev. 2002;15(3):506–26.

18.	 Lee WS, Jean SS, Chen FL, Hsieh SM, Hsueh PR. Lemierre’s syndrome: a forgot-
ten and re-emerging infection. J Microbiol Immunol Infect. 2020;53(4):513–7.

19.	 Hagelskjaer Kristensen L, Prag J. Lemierre’s syndrome and other disseminated 
Fusobacterium necrophorum infections in Denmark: a prospective epidemi-
ological and clinical survey. Eur J Clin Microbiol Infect Dis. 2008;27(9):779–89.

20.	 Sacco C, Zane F, Granziera S, Holm K, Creemers-Schild D, Hotz MA, Turpini E, 
Valentini A, Righini C, Karkos PD, et al. Lemierre Syndrome: clinical update 
and protocol for a systematic review and individual Patient Data Meta-analy-
sis. Hamostaseologie. 2019;39(1):76–86.

21.	 Riordan T. Human infection with Fusobacterium necrophorum (Nec-
robacillosis), with a focus on Lemierre’s syndrome. Clin Microbiol Rev. 
2007;20(4):622–59.

22.	 Johannesen KM, Bodtger U. Lemierre’s syndrome: current perspectives on 
diagnosis and management. Infect Drug Resist. 2016;9:221–7.

23.	 Guo W, Cui X, Wang Q, Wei Y, Guo Y, Zhang T, Zhan J. Clinical evaluation of 
metagenomic next-generation sequencing for detecting pathogens in bron-
choalveolar lavage fluid collected from children with community-acquired 
pneumonia. Front Med (Lausanne). 2022;9:952636.

24.	 Han D, Li Z, Li R, Tan P, Zhang R, Li J. mNGS in clinical microbiology laborato-
ries: on the road to maturity. Crit Rev Microbiol. 2019;45(5–6):668–85.

25.	 Xie F, Duan Z, Zeng W, Xie S, Xie M, Fu H, Ye Q, Xu T, Xie L. Clinical metage-
nomics assessments improve diagnosis and outcomes in community-
acquired pneumonia. BMC Infect Dis. 2021;21(1):352.

26.	 Duan H, Li X, Mei A, Li P, Liu Y, Li X, Li W, Wang C, Xie S. The diagnostic value of 
metagenomic next⁃generation sequencing in infectious diseases. BMC Infect 
Dis. 2021;21(1):62.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Metagenomic next-generation sequencing reveals co-infection with Legionella pneumophila and Fusobacterium necrophorum in a patient with severe pneumonia: a case report
	﻿Abstract
	﻿Background
	﻿Case presentation
	﻿Discussion
	﻿Conclusion
	﻿References


