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Introduction: Severe pneumonia is a serious pulmonary infection, and its high morbidity and mortality are associated with
underlying diseases, treatment-induced immunodeficiency, co-infection of multiple pathogens, and increase of multi-resistant patho-
gens; For severe community-acquired pneumonia (SCAP) in immunocompromised patients, most of which are infected with rare
atypical pathogens, mNGS as an unbiased and hypothesis-free approach to rapidly detect potential infectious agents in pulmonary
mixed infections. The cases of simultaneous co-infection of five non-respiratory core pathogens represented by Nocardia farcinica
have not been reported.

Case Presentation: This article will elaborate on a case of immunocompromised patient with nephrotic syndrome after corticoster-
oid treatment, who was diagnosed as SCAP after hospital admission and relevant laboratory examination. Bronchoalveolar lavage fluid
(BALF) metagenome next-generation sequencing (mNGS) method identified as Nocardia farcinica, Aspergillus fumigatus,
Pneumocystis jirovecii, cytomegalovirus and human coronavirus OC43 five pathogens co-infection, the patient improved and he
was discharged after receiving the combination treatment of imipenem, ganciclovir, compound sulfamethoxazole, and fluconazole.
Conclusion: For SCAP patients with immunocompromised, there may be possible co-infection of multiple rare pathogens, low
positive rate of conventional laboratory tests, mNGS can quickly and accurately identify pathogens, which can be used for targeted
drug treatment, promote the early recovery of patients and reduce the abuse of broad-spectrum antibiotics.
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Introduction

Severe pneumonia is a serious lung infection that may present as community-acquired pneumonia (CAP), hospital-acquired
pneumonia (HAP), or ventilator-associated pneumonia (VAP). Streptococcus pneumoniae is the most common bacterial
pathogen in SCAP, and other pathogens include viruses, atypical bacteria, enteric gram-negative bacteria as well as rarely
anaerobes.' > Among pathogens not covered by standard CAP therapy, immunocompromised patients are more likely to be
infected with Nocardia farcinica, Aspergillus fumigatus, pneumocystis jirovecii, and viruses other than influenza, according to
an international multicentre study analysis.* The morbidity of SCAP is increasing year by year, the infection pathogen is more
complex and may be more than one, the etiological diagnosis is difficult and the treatment is extremely challenging.

The etiologies of up to 62% of CAP remain undiagnosed despite comprehensive diagnostic work-up, possible reasons for
such few detections include an inability to obtain lower respiratory tract specimens, antibiotic use before specimen collection,
insensitive diagnostic tests for known pathogens.” mNGS may serve as a new technique to overcome the shortcomings of
conventional diagnostic methods. The chief advantage of mNGS lies in its unbiased sampling, high sensitivity and less affected
by previous antibiotic exposure, which enables the simultaneous identification of all potentially infectious agents in samples.®

We report a case of SCAP caused by simultaneous pulmonary infection with Nocardia farcinica, Aspergillus
fumigatus, Aspergillus fumigatus, cytomegalovirus and human coronavirus OC43, and have successfully treated one
patient. No cases of concurrent pulmonary infection caused by these five pathogens have been reported.
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Case Presentation

The patient was a 54-year-old male, developed cough, expectoration and chest pain without obvious inducement one
week ago, and attended the local doctor, the treatment effect of the hospital was not satisfactory, so he was transferred to
Guizhou Provincial People’s Hospital for treatment on September 06, 2023. History of hypertension for over 7 years;
Nephrotic syndrome was diagnosed for 6 months, and 48 mg corticosteroids were taken regularly for treatment. After
admission for physical examination: respiratory sounds in both lungs were reduced, wet rales were audible in both lungs,
no positive signs in the heart and abdomen, and no swelling in both lower limbs. The patient initially had repeated
hyperthermia, with a maximum body temperature of 39.2°C and 30 breaths per minute. The laboratory test results
(Table 1) were as follows: Arterial blood gas analysis showed PH 7.45, Arterial partial pressure of oxygen (PaO2)
52mmHg, Arterial partial pressure of carbon dioxide (PaCO2) 32mmHg, oxygenation index 179mmHg; Inflammatory
indicators were significantly increased, erythrocyte sedimentation rate (ESR) was rapid, cytomegalovirus DNA quanti-
fication was high, albumin, CD series, tuberculosis T Cell Spot Test (T-SPOT) number were low, and other examinations
including sputum culture, blood culture, novel coronavirus nucleic acid detection, antibody detection of eleven respira-
tory pathogens, 1.3-B-d-glucan, EB virus DNA quantification, anti-neutrophil cytoplasmic antibody were negative. Chest
computed tomography (CT) showed diffuse multiple lung lesions with partial fusion, cavity and peripheral halo signs.
Mediastinal lymph node enlargement and necrosis; Bilateral pleural effusion (Figure 1). Echocardiography showed
a small amount of pericardial effusion, and abdominal ultrasound showed no abdominal effusion.

The initial diagnosis was SCAP with respiratory failure and cytomegalovirus infection. In view of the patient’s long-
term corticosteroids treatment, immunocompromised and repeated high fever, the possibility of infection by opportunistic
pathogens such as fungi should be considered, empirical antibiotics cefoperazone sodium and sulbactam sodium,
ganciclovir, sulfamethoxazole, voriconazole anti-infection and thymalfasin should be used to enhance immunity. After
the above treatment, the peak temperature of the patient was lower than before, but moderate fever still appeared
repeatedly. On the sixth day, the patient developed mild edema of both lower limbs and B-ultrasound of blood vessels of
the extremities showed deep venous blood flow, which was considered to be related to nephrotic syndrome after
consultation by nephrologist of our hospital. And the level of D-dimer was high, so heparin preventive anticoagulation
therapy was given.

On the tenth day, bacterial culture in BALF was negative, but mNGS results showed the following five pathogens:
Nocardia farcinica, Aspergillus fumigatus, Pneumocystis jirovecii, cytomegalovirus, Human coronavirus OC43, the
sequences of each pathogen are shown in the Table 2. After 3 days of the antibiotic change to imipenem treatment,
the body temperature dropped to normal, inflammation index decreased significantly, quantification of cytomegalovirus
DNA returned to normal; Pulmonary CT showed less absorption and more fluid in the right pleural cavity and interlobar
fissure. Mediastinal lymph nodes enlarged as before (Figure 1).

On the 21st day, the patient’s cough and sputum were significantly improved, and he was not bothered by cold, fever,
chest pain and other discomfort, inflammatory indicators and CD series basically returned to normal, D-dimer decreased
compared with the previous level. Imipenem and ganciclovir were stopped, and the patient was discharged from the
hospital to continue oral treatment with compound sulfamethoxazole and voriconazole. One month later, the patient was

followed up by telephone, CT examination of the lungs in another hospital showed that the two lungs were scattered in

Table | Patient’s Laboratory Indicators

Program Result Program Result

WBC count | I8.11*109/L | Quantification of cytomegalovirus DNA | 4.63*1041U/mL

%NEUT 93.7% 1,3-B-d-glucan 39.947 pg/mL
%LYMPH 6.4% Blood culture Negative
CRP 234.74pg/L | Sputum culture Negative
E-PCT 0.53ng/mL CD4+ lymphocyte count 352 PCS /uL
ESR 107mm/h Albumin 21.2g/L

Note: *Indicates the multiplication sign.
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Figure | CT images of the patient’s lung and mediastinum at three stages: day | (A and B), day 16 (C and D), and day 47 (E and F).

the ground glass shadow and the cord-like shadow, no obvious swelling of lymph nodes in the mediastinum, no obvious
effusion in the chest (Figure 1), no cough, sputum and chest pain symptoms, and the clinical recovery was basically
complete.

Discussion
As far as we know, this is the first case report of simultaneous detection of Nocardia farcinica, Aspergillus fumigatus,
Pneumocystis jirovecii, cytomegalovirus and human coronavirus OC43 in bronchoalveolar lavage fluid of patients with severe
community-acquired pneumonia with immunocompromised, which has important learning significance. First, the patient
receiving long-term (>3 months) treatment with steroids because of nephrotic syndrome, belonging to the immunocompromised
population;” Secondly, the patient had an out-of-hospital onset, which was consistent with the diagnosis of severe community-
acquired pneumonia combined with the patient’s clinical manifestations, laboratory examination and lung CT results.®
Immunocompromised patients with SCAP are more likely to be infected with Nocardia farcinica, Aspergillus fumigatus,
Pneumocystis jirovecii, cytomegalovirus and viruses other than influenza, and have a higher incidence of co-infection with
multiple pathogens.* It is a great challenge for clinicians to identify the pathogens, conventional etiological detection
methods such as sputum culture and blood culture were all negative for the above pathogens, with a low positive rate and
samples easily contaminated, mNGS was used to detect the above pathogens. In recent years, mNGS has been gradually
known and increasingly used for clinical assistance in diagnosis and treatment. It can better identify rare, novel, difficult-to-

101" and for pneumonia patients, nNGS in BALF is more sensitive to the detection of bacteria

detect and coinfected pathogens,
and fungi than mNGS in blood.'? In the case of multiple non-respiratory core pathogens co-infection, mNGS once again
shows its unique advantages.

mNGS as a culture-independent detection method the average typical turnaround times for most mNGS platforms
from specimen receipt to the final results is 48 h,'? the duration of microbiological diagnosis is significantly shortened
and accelerates clinical decision-making process. Miao et al investigated a cohort of 561 patients with acute or chronic
infections demonstrated that mNGS has 50.7% sensitivity and 85.7% specificity for diagnosing infectious diseases.
Moreover, the analytical performance of mNGS outperformed that of the culture, especially for fastidious organisms,

such as Mycobacterium tuberculosis, viruses, anaerobes, and fungi'® In a meta-analysis about the diagnostic performance

Table 2 mNGS Results in This Patient

Pathogen Sequence
Nocardia farcinica 10011
Aspergillus fumigatus 7

Pneumocystis jirovecii |
Cytomegalovirus 1878
Human coronavirus OC43 | 24
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of metagenomic next-generation sequencing for the detection of pathogens in BALF results are shown as follows: the
pooled sensitivity was 78% and the pooled specificity was 77% for mNGS. The positive detection rate of mNGS for
pathogens in BALF of severely or immunocompromised pulmonary-infected patients was 92%.'> mNGS enables a broad
range of pathogens to be identified from culture or directly from clinical samples on the basis of uniquely identifiable
DNA and/or RNA sequences, ' the clinical utility of NGS in diagnosis may be in the most difficult-to-diagnose cases or
for immunocompromised patients, in whom the spectrum of potential pathogens is greater.

Early antibiotic treatment is very beneficial to improve the survival rate of severe CAP patients, because the
pathogenic pathogen cannot be identified when patients are first admitted to the hospital, it is necessary to ensure that
the most popular pathogens are covered in the initial empirical antibiotic treatment.'” However, for patients with severe
CAP with immunocompromised, there is no clear and unified standard for initial empirical treatment. The preliminary

strategic consensus statement reached by Ramirez et al'®

points out that in the absence of any other risk factors for drug-
resistant bacteria, initial empirical treatment is only targeted at core respiratory pathogens. If there are risk factors for
infection by resistant bacteria or opportunistic pathogens, empirical therapy should be extended beyond core respiratory
pathogens; Combined treatment with cefoperazone sodium, sulbactam sodium, ganciclovir, sulfamethoxazole and
voriconazole was initially used as an experience. Although the peak temperature of the patient decreased, the fever
was still repeated, and the patient’s condition was completely controlled after the combination treatment with imipenem
was replaced with antibiotics after the mNGS results were returned. Therefore, mNGS improves the detection conditions
for fastidious organisms and promotes rational antibiotic therapy.

Nocardia farcinica infection can cause suppurative lesions such as pituitary abscess, brain abscess and empyema.'® !
In this case, enhanced chest CT showed enlargement and necrosis of mediastinum lymph nodes, and a significant increase
in neutrophil percentage was found in a laboratory examination, so it is considered a suppurative infection. However,
lymph node puncture could not be performed to determine the nature of the lesions due to the patient’s serious condition

at that time. All in all, this case can provide some reference value for related clinical cases in diagnosis and treatment.
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