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Legionella is an aerobic, gram-negative, intracellular pathogen and is an important
cause of community-acquired pneumonia. Legionella pneumophila is the most
common causative agent of Legionella pneumonia. Clinical diagnosis of Legionella
pneumonia is challenging due to the lack of specific clinical manifestations and
the low positive rates of conventional pathogen detection methods. In this study,
we report a case of a patient with chronic myeloid leukemia who developed
rigors and high fever after chemotherapy and immunotherapy. Chest computed
tomography revealed consolidation in the left lower lobe of the lung and ground-
glass opacities in both lower lobes. Multiple blood cultures showed Escherichia
coli, Staphylococcus aureus, Bacillus licheniformis, and positive results in the p-D-
glucan test (G test). The patient was treated with various sensitive antimicrobial
agents, including meropenem plus fluconazole, meropenem plus carpofungin,
and vancomycin. Unfortunately, the patient's condition gradually worsened
and eventually resulted in death. On the following day of death, metagenomic
next-generation sequencing (MNGS) of 1whole blood revealed L. pneumophila
pneumonia with concurrent bloodstream infection (blood mMNGS reads 114,302).
These findings suggest that when conventional empirical antimicrobial therapy
proves ineffective for critically ill patients with pneumonia, the possibility of
combined Legionella infection must be considered, and mNGS can provide a
diagnostic tool in such cases.

KEYWORDS
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1 Introduction

Legionella is an aerobic, gram-negative rod bacterium widely found in warm and humid
natural environments. Legionella pneumonia (LP) is a lung infection caused by Legionella
species and can involve extrapulmonary organs. Although LP currently accounts for only
2-9% of community-acquired pneumonia (CAP) cases (1), its incidence is increasing, and
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the disease can develop into severe pneumonia. At present, there is
insufficient large-sample epidemiological data on LP in China.
Meanwhile, data from the European Union/European Economic
Area (EU/EEA) has shown an upward trend in the notification rate
for Legionella disease. This rate increased from 1.2 to 1.4/100,000
population between 2012 and 2016, and further increased to 1.8-2.2
during 2017-2019 (2). Given the limited awareness about the
disease among clinicians and the difficulty of early diagnosis, the
actual incidence of LP is likely higher. LP is more common in
immunocompromised individuals, with hematologic malignancies
being one of the high-risk factors (3). A case of leukemia-associated
LP diagnosed via metagenomic next-generation sequencing
(mNGS) was previously reported in the literature (4). However, the
patient had no accompanying bloodstream infection, and the
mNGS sequence count was low. In this paper, we report the case of
a patient with chronic myeloid leukemia who developed fever and
pneumonia after chemotherapy and immunotherapy. Multiple
“pathogenic bacteria” were identified in blood culture, and various
“sensitive drugs” were administered. However, the true pathogen,
Legionella, was overlooked until the patient was diagnosed with LP
and bloodstream infection through mNGS (Legionella pneumophila
sequence count: 114,302; relative abundance: 95.42%). Ineffective
treatment before LP diagnosis eventually led to the patient’s death,
highlighting the need to consider combined Legionella infection in
the future.

2 Case description

The patient, a 49-year-old female, was admitted to the hospital on
June 11, 2022, for the third cycle of chemotherapy due to a diagnosis
of chronic myeloid leukemia that had persisted for over 3 months. She
had a medical history of hypertension and type 2 diabetes. On
admission, her vital signs were as follows: temperature 36°C, blood
pressure 96/68 mmHg, heart rate 84 beats per minute, and respiratory
rate 18 breaths per minute. Chest computed tomography (CT)
performed on June 13 showed no abnormalities (Figure 1). The patient
received targeted therapy with imatinib mesylate and chemotherapy
with idarubicin combined with cytarabine on June 14. On June 28, the
patient developed rigors and fever, with a maximum temperature
of 40.4°C.

10.3389/fmed.2023.1266895

Blood tests revealed leukopenia with a white blood cell count of
0.1x10"/L (normal range: 3.5-9.5x10"°/L), neutropenia with an
absolute neutrophil count of 0 (normal range: 1.8-6.3x10"/L),
anemia with a hemoglobin level of 78 g/L (normal range: 115-150g/L),
and thrombocytopenia with a platelet count of 5x 10"/L (normal
range: 125-350x 10"%/L). Lymphocyte subset analysis showed an
absolute CD3 +CD4+ T lymphocyte count of 195 cells/pL (normal
range: 550-1,440 cells/pL) and an absolute CD3 + CD8+ T lymphocyte
count of 273 cells/uL (normal range: 320-1,250 cells/pL). The
B-D-glucan test (G test) yielded a result greater than 600 pg./mL
(normal range: 0-70 pg./mL).

The patient was initially treated with antimicrobial therapy with
intravenous meropenem (1.0 g every 8 h) and oral fluconazole (200 mg
once daily), which was later switched to intravenous caspofungin
(50 mg once daily). However, the symptoms persisted, and the patient
developed a cough with productive sputum. On auscultation,
decreased breath sounds and crackles were observed in the left lower
lung. A follow-up chest CT on July 5 revealed consolidations in the
left lower lobe and ground-glass opacities in both lower lobes
(Figure 2). Multiple blood cultures tested positive for Escherichia coli,
Staphylococcus aureus, and Bacillus licheniformis. Consequently,
intravenous vancomycin (1g every 12h) was added to the treatment
regimen, but the patient’s condition did not improve.

On July 9, the patient was transferred to the ICU due to
respiratory and circulatory failure and was subsequently intubated
and mechanically ventilated. High-dose vasopressors were
administered to maintain circulation. Sputum, tracheal aspirate, and
bronchoalveolar lavage fluid cultures yielded negative results, as did
L. pneumophila IgM. On July 12, whole blood mNGS was performed
using the PMSEQ-4500 platform (BGI Co., Ltd., Shenzhen, China).
The results, available on July 14, indicated L. pneumophila with a
sequence count of 114,302 and a relative abundance of 95.42%, with
no co-infections detected from other bacteria, fungi, viruses, or
suspected background microorganisms. Combined with her medical
history, clinical symptoms, physical signs, auxiliary examinations,
and mNGS, we eventually diagnosed the patient with Legionella
pneumonia and bloodstream infection. Unfortunately, the patient
succumbed to multiple organ failure (MOF) on July 13. Written
informed consent was obtained from the individual for the
publication of any potentially identifiable images or data included in
this article.

FIGURE 1
Chest CT performed on June 13, 2022, showed no definite abnormalities.
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FIGURE 2
Chest CT performed on July 5, 2022, revealed a large consolidative opacity in the left lower lobe and ground-glass opacities in both lower lobes.

3 Discussion

Human Legionella infection is primarily caused by L. pneumophila.
It mainly affects the lower respiratory tract and is more common in
the summer and early autumn. A study from Europe showed that
70.7% of Legionella infections were community-acquired, 19.9% were
travel-related, and 7.3% were healthcare-associated (5). The mortality
rate of hospital-acquired LP can reach 50%, significantly higher than
that of community-acquired LP (10%) (6). Lupia et al. (7) found that
nearly one-quarter of the LP cases occurred in immunocompromised
individuals with conditions such as AIDS, cancer, or hematological
disorders, and the disease was more likely to progress to severe
pneumonia in these patients.

The overall mortality rate of LP is 4-18%, and approximately
20-27% of patients require ICU admission (8). However, in
immunocompromised patients who do not receive appropriate
antimicrobial treatment in the early stages, the mortality rate can be as
high as 80% (9). Legionella bacteria are characterized by their inability
to grow on routine cultures, atypical clinical presentations, resistance
to commonly used beta-lactam antibiotics, and concurrent infections
with other bacteria or fungi, making rapid and timely diagnosis
difficult. This often leads to the selection of incorrect treatment
regimens, thereby missing the optimal treatment window for LP. A
study from Korea showed that low platelet count (<150,000/mm?®) and
delayed antibiotic treatment (>1 day) were independent risk factors
for the progression of non-severe LP to severe pneumonia (10).
Therefore, high mortality rates are closely related to delayed diagnosis,
inappropriate antibiotic selection, and concurrent infections with
other pathogens. The present case was a patient with chronic myeloid
leukemia who had myelosuppression after chemotherapy. Her
condition was complicated by granulocytopenia and severe
immunosuppression, which made her susceptible to various
infections, including Legionella. Although multiple blood cultures
showed the growth of various bacteria, the presence of Legionella was
overlooked; therefore, targeted antimicrobial treatment was
not administered.

The clinical manifestations of Legionnaires’ disease are associated
with bacterial load, virulence factors, and the patient’s immune status
(11). In this case, the patient had underlying chronic leukemia and
had undergone multiple chemotherapy and targeted therapy sessions,
resulting in immunosuppression and an increased susceptibility to
severe infections. Notably, the clinical manifestation of LP is similar
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to that of other pneumonias and lacks specificity. Common symptoms
include fever, respiratory symptoms (such as cough and dyspnea),
gastrointestinal symptoms, and neurological symptoms. In some
cases, extrapulmonary manifestations such as splenomegaly, splenic
rupture, pericarditis, and arthritis may occur (12). Common
complications of LP include pleural effusion, acute kidney injury, and
rhabdomyolysis (7). The main clinical manifestations in this patient
were high fever, cough, and sputum production. Multiple cultures of
sputum, tracheal aspirate, and bronchoalveolar lavage fluid were all
negative. However, we did not consider atypical pathogens such as
Legionella, and further targeted investigations were performed to
determine the diagnosis.

Early diagnosis followed by timely and appropriate antimicrobial
treatment are key factors in reducing the mortality rate of LP. Although
bacterial culture currently remains the “gold standard” for LP
diagnosis, its strict requirements pose challenges for early diagnosis
(13), with only 5% of patients being diagnosed through this approach
(12). However, urinary antigen testing is a rapid method for detecting
Legionella and is considered a frontline diagnostic tool for LP,
accounting for 70-80% of confirmed cases in Europe (14). However,
the sensitivity of urinary antigen testing for LP caused by
L. pneumophila serogroup 1 is at most 80-90%; this sensitivity further
drops to <50% for LP caused by other Legionella species (15).
Therefore, the risk of missed diagnoses is high when this approach is
used alone.

Conversely, mNGS is a novel and promising approach which
combines high-throughput sequencing with bioinformatics analysis
and can directly identify pathogen sequences in clinical samples. It has
been applied in clinical infectious disease diagnostics, including
pneumonia (16). mNGS typically involves the following steps: sample
collection, sample processing, and nucleic acid extraction, library
construction, high-throughput sequencing, bioinformatics analysis,
and interpretation of mNGS results. Numerous studies have
demonstrated the increasing advantages of mNGS in pathogen
diagnosis. These advantages include rapid diagnosis (approximately
30h), precision, the ability to detect a wide range of pathogens, and
applicability to various types of samples. Additionally, the results are
less influenced by previous antibiotics (4, 17-19). However, its clinical
application is limited by the high cost, complex laboratory procedures,
and susceptibility to contamination. The patient presented with a
severe infection and repeatedly tested positive for blood cultures.
Despite receiving various antibiotics, four blood cultures and a
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bronchoalveolar lavage fluid culture were all negative. However, fever
remained high and there was no improvement in infection symptoms.
The true pathogen could not be identified. Eventually, whole-blood
mNGS revealed a high sequence of L. pneumophila, with no
co-infections detected from other bacteria, fungi, viruses, or suspected
background microorganisms. Combined with the patients
immunosuppressive status, clinical features, imaging and laboratory
tests, and mNGS results, the final diagnosis was Legionella pneumonia
accompanied by bloodstream infection. Due to the patient being
clinically dead when the mNGS results were reported, no further
examination was conducted. Due to inadequate awareness of LP and
general satisfaction with the positive results from multiple blood
cultures, the authors failed to perform early mNGS for a definitive
diagnosis, resulting in a delay in effective treatment and, ultimately,
the patient’s death. In summary, whole blood mNGS is of great
significance in the diagnosis of this patient.

Regarding treatment, as Legionella is an intracellular bacterium,
effective antimicrobial therapy requires selecting antibiotics that can
achieve high intracellular drug concentrations and penetrate lung
tissue. The 2007 guidelines on CAP management in adults, jointly
issued by the Infectious Diseases Society of America and the American
Thoracic Society, recommend quinolones and macrolides as first-line
agents, with doxycycline as an alternative. For severe Legionella
infections, the guidelines suggest using a combination of
fluoroquinolones and macrolides or levofloxacin (20). The dosage and
route of administration should be determined based on disease
severity, potential risk factors, patient level of consciousness, and
gastrointestinal condition (21). Regarding the duration of treatment,
it is recommended to treat immunocompetent patients for a minimum
of 2weeks, while immunosuppressed patients should receive at least
3 weeks of treatment to reduce the risk of relapse after discontinuation
(22). Effective treatment relies on appropriate antimicrobial therapy
after early diagnosis, proper management of complications, and
effective control of potential comorbidities and risk factors.

4 Conclusion

LP can be easily overlooked in clinical practice due to the lack of
specific clinical manifestations. This study reported a case of secondary
LP in a patient with chronic leukemia who died due to delayed
diagnosis and ineffective treatment. This highlights the importance of
considering the possibility of Legionella infection in critically ill
patients  with  pneumonia, especially those who are
immunocompromised and remain unresponsive to corresponding
antimicrobial therapy, even if definitive microbiological results have
been obtained. For such patients, it is crucial to perform Legionella
testing promptly and include empiric antibiotic therapy targeting
Legionella upon positive results. If necessary, mNGS can be employed
as an early diagnostic approach, followed by targeted treatment to

reduce the mortality rate effectively.

References
1. Stout JE, Yu VL. Legionellosis. N Engl ] Med. (1997) 337:682-7. doi: 10.1056/
NEJM199709043371006

2. Samuelsson J, Payne Hallstrém L, Marrone G, Gomes Dias J. Legionnaires' disease
in the EU/EEA*: increasing trend from 2017 to 2019. Euro Surveill. (2023) 28:2200114.
doi: 10.2807/1560-7917.ES.2023.28.11.2200114

Frontiers in Medicine

10.3389/fmed.2023.1266895

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

Written informed consent was obtained from the individual’s next
of kin for the publication of any potentially identifiable images or data
included in this article.

Author contributions

CB: Data curation, Writing - original draft. SL: Formal analysis,
Writing - original draft. LC: Methodology, Supervision, Writing —
original draft. YX: Data curation, Writing - original draft. GZ:
Resources, Writing — review & editing. LH: Conceptualization,
Resources, Visualization, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This research
was funded by the Science and Technology Research and Development
Program of Chengde City (grant no. 202204A051).

Acknowledgments

We would like to thank Editage (www.editage.cn) for English
language editing.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

3. Schlossberg D, Bonoan J. Legionella and immunosuppression. Semin Respir Infect.
(1998) 13:128-31.

4. Niu SQ, Zhao LM. Metagenomic next-generation sequencing clinches the diagnosis of
Legionella pneumonia in a patient with acute myeloid leukemia: a case report and literature
review. Front Cell Infect Microbiol. (2022) 12:924597. doi: 10.3389/fcimb.2022.924597

frontiersin.org


https://doi.org/10.3389/fmed.2023.1266895
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
http://www.editage.cn
https://doi.org/10.1056/NEJM199709043371006
https://doi.org/10.1056/NEJM199709043371006
https://doi.org/10.2807/1560-7917.ES.2023.28.11.2200114
https://doi.org/10.3389/fcimb.2022.924597

Buetal.

5. Beauté JThe European Legionnaires' Disease Surveillance Network. Legionnaires'
disease in Europe, 2011 to 2015. Euro Surveill. (2017) 22:30566. doi: 10.2807/1560-7917.
€s.2017.22.27.30566

6. Landau Z, Rezvak A, Shtalrid M, Resnitzky P. Legionnaires' disease during
induction of remission chemotherapy for acute nonlymphocytic leukemia. Leuk
Lymphoma. (1995) 17:189-90. doi: 10.3109/10428199509051722

7. Lupia T, Corcione S, Shbaklo N, Rizzello B, De Benedetto I, Concialdi E, et al.
Legionella pneumophila infections during a 7-year retrospective analysis (2016-2022):
epidemiological, clinical features and outcomes in patients with Legionnaires' disease.
Microorganisms. (2023) 11:498. doi: 10.3390/microorganisms11020498

8. Viasus D, Gaia V, Manzur-Barbur C, Carratala J. Legionnaires' disease: update on
diagnosis and treatment. Infect Dis Ther. (2022) 11:973-86. doi: 10.1007/s40121-022-00635-7

9. Isenman HL, Chambers ST, Pithie AD, MacDonald SLS, Hegarty JM, Fenwick JL, et al.
Legionnaires' disease caused by Legionella longbeachae: clinical features and outcomes of 107
cases from an endemic area. Respirology. (2016) 21:1292-9. doi: 10.1111/resp.12808

10. Huh JY, Choi SH, Jo KW, Huh JW, Hong SB, Shim TS, et al. Incidence and risk
factors associated with progression to severe pneumonia among adults with non-severe
Legionella pneumonia. Acute Crit Care. (2022) 37:543-9. doi: 10.4266/acc.2022.00521

11. Iliadi V, Staykova J, Iliadis S, Konstantinidou I, Sivykh P, Romanidou G, et al.
Legionella pneumophila: the journey from the environment to the blood. J Clin Med.
(2022) 11:6126. doi: 10.3390/jcm11206126

12. Cunha BA, Burillo A, Bouza E. Legionnaires' disease. Lancet. (2016) 387:376-85.
doi: 10.1016/S0140-6736(15)60078-2

13. Pierre DM, Baron ], Yu VL, Stout JE. Diagnostic testing for Legionnaires' disease.
Ann Clin Microbiol Antimicrob. (2017) 16:59. doi: 10.1186/s12941-017-0229-6

14. Jong BD, Hallstrém LP. European surveillance of Legionnaires' disease. Curr Issues
Mol Biol. (2021) 42:81-96. doi: 10.21775/cimb.042.081

Frontiers in Medicine

05

10.3389/fmed.2023.1266895

15. Svarrer CW, Liick C, Elverdal PL, Uldum SA. Immunochromatic kits Xpect
Legionella and BinaxNOW Legionella for detection of Legionella pneumophila urinary
antigen have low sensitivities for the diagnosis of Legionnaires' disease. ] Med Microbiol.
(2012) 61:213-7. doi: 10.1099/jmm.0.035014-0

16. Sun T, Wu X, Cai Y, Zhai T, Huang L, Zhang Y, et al. Metagenomic next-generation
sequencing for pathogenic diagnosis and antibiotic management of severe community-
acquired pneumonia in immunocompromised adults. Front Cell Infect Microbiol. (2021)
11:661589. doi: 10.3389/fcimb.2021.661589

17. Xie G, Zhao B, Wang X, Bao L, Xu Y, Ren X, et al. Exploring the clinical utility of
metagenomic next-generation sequencing in the diagnosis of pulmonary infection.
Infect Dis Ther. (2021) 10:1419-35. doi: 10.1007/s40121-021-00476-w

18. Zuo YH, Wu YX, Hu WP, Chen Y, Li YP, Song ZJ, et al. The clinical impact of
metagenomic next-generation sequencing (mNGS) test in hospitalized patients with
suspected Sepsis: a multicenter prospective study. Diagnostics. (2023) 13:323. doi:
10.3390/diagnostics13020323

19. Wang Y, Dai Y, Lu H, Chang W, Ma E, Wang Z, et al. Case report: metagenomic
next-generation sequencing in diagnosis of Legionella pneumophila pneumonia in a
patient after umbilical cord blood stem cell transplantation. Front Med (Lausanne).
(2021) 8:643473. doi: 10.3389/fmed.2021.643473

20. Lim WS, Baudouin SV, George RC, Hill AT, Jamieson C, Le Jeune I, et al. BTS
guidelines for the management of community acquired pneumonia in adults: update
2009. Thorax. (2009) 64:iiil-iii55. doi: 10.1136/thx.2009.121434

21.Phin N, Parry-Ford F, Harrison T, Stagg HR, Zhang N, Kumar K, et al.
Epidemiology and clinical management of Legionnaires' disease. Lancet Infect Dis.
(2014) 14:1011-21. doi: 10.1016/S1473-3099(14)70713-3

22. Cunha CB, Cunha BA. Antimicrobial therapy for Legionnaire's disease: antibiotic
stewardship implications. Infect Dis Clin N Am. (2017) 31:179-91. doi: 10.1016/j.
idc.2016.10.013

frontiersin.org


https://doi.org/10.3389/fmed.2023.1266895
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.2807/1560-7917.es.2017.22.27.30566
https://doi.org/10.2807/1560-7917.es.2017.22.27.30566
https://doi.org/10.3109/10428199509051722
https://doi.org/10.3390/microorganisms11020498
https://doi.org/10.1007/s40121-022-00635-7
https://doi.org/10.1111/resp.12808
https://doi.org/10.4266/acc.2022.00521
https://doi.org/10.3390/jcm11206126
https://doi.org/10.1016/S0140-6736(15)60078-2
https://doi.org/10.1186/s12941-017-0229-6
https://doi.org/10.21775/cimb.042.081
https://doi.org/10.1099/jmm.0.035014-0
https://doi.org/10.3389/fcimb.2021.661589
https://doi.org/10.1007/s40121-021-00476-w
https://doi.org/10.3390/diagnostics13020323
https://doi.org/10.3389/fmed.2021.643473
https://doi.org/10.1136/thx.2009.121434
https://doi.org/10.1016/S1473-3099(14)70713-3
https://doi.org/10.1016/j.idc.2016.10.013
https://doi.org/10.1016/j.idc.2016.10.013

	Case report: Fatal Legionella infection diagnosed via by metagenomic next-generation sequencing in a patient with chronic myeloid leukemia
	1 Introduction
	2 Case description
	3 Discussion
	4 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	 References

