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Purpose: Despite the increasing recognition of nocardiosis, there are still few reported cases of infections caused by Nocardia
otitidiscaviarum (N. otitidiscaviarum). This particular strain is categorized as an opportunistic pathogen that predominantly affects
individuals with compromised immune systems while seldom infecting immunocompetent individuals. The conventional diagnostic
techniques for nocardiosis present difficulties due to their restricted effectiveness.

Case Description: We report on a case study of a 67-year-old male patient who was admitted to the hospital with a respiratory
infection caused by N. otitidiscaviarum. Imaging and laboratory tests indicated lung infection, while conventional pathogenetic tests
yielded negative results. Furthermore, bronchoalveolar lavage fluid (BALF) was subjected to nanopore sequencing (NS), which
identified N. otitidiscaviarum infection after 4h of sequencing. Based on the combined findings from NS results and clinical symptoms,
a diagnosis of pulmonary nocardiosis was established. The patient’s symptoms and signs showed improvement following treatment
with imipenem cilastatin, linezolid and SMZ/TMP.

Conclusion: This case presents a pulmonary infection caused by N. ofitidiscaviarum in an immunocompetent patient, where the
pathogen was identified within 4 hours through NS. This rapid and accurate diagnostic approach offers significant advantages for the
timely diagnosis of pulmonary nocardiosis.
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Introduction

The genus Nocardia is a Gram-positive aerobic and slow-growing actinomycete universally detected in soil, decaying
vegetation, and water.'” Hao Wang et al conducted one of the most extensive studies to date on species diversity and drug
resistance of Nocardia species in China in 2020. The study showed that Nocardia farcinica was the most commonly isolated
species (39.9%, 176 of 441), followed by Nocardia cyriacigeorgica (28.6%, 126), Nocardia abscessus (6.6%, 29), and
Nocardia otitidiscaviarum (5.9%, 26).> Nocardia otitidiscaviarum (N. otitidiscaviarum), a species within the genus
Nocardia, exhibits a lower isolation frequency compared to other Nocardia species. Despite this, it remains capable of
causing a range of infections, such as pulmonary,”* cerebral,’ cutaneous,’ and disseminated infections.’” Notably, pulmonary
infection is the most frequently observed clinical manifestation. Mazin Barry et al researched the literature on infections
caused by N. ofitidiscaviarum between 1997 and 2018 and found that more than half of those cases were reported in
immunocompromised patients, and eight cases were reported in immunocompetent patients. Individuals with compromised
immune system, such as patients suffering from diabetes mellitus, chronic obstructive pulmonary disease, mixed
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connective tissue disorder, ulcerative colitis, cirrhosis, human immunodeficiency virus (HIV) infection, malignancies,
those receiving long-term or high doses of corticosteroid therapy, and recipients of stem cell or solid organ transplants are at
an increased risk for infections caused by N. ofitidiscaviarum.® Due to the slow growth rate of Nocardia, visible colonies
typically appear within 2—7 days, in certain cases, it may take up to 4—6 weeks for detection, potentially leading to instances
of missed identification.’ Therefore, the rapid diagnosis of nocardiosis plays a crucial role in its management. In this study,
we present a case of pulmonary infection caused by N. ofitidiscaviarum in an immunocompetent individual that was
promptly identified using nanopore sequencing (NS) within 4 hours. To our knowledge, this is the first reported instance
worldwide where lung infection caused by N. ofitidiscaviarum was rapidly detected utilizing nanopore sequencing
technology.

Case Presentation

A 67-year-old male who was after suffering from cold 4 days ago presented with cough and expectoration, fever with
chest pain, parochial cough, yellow and white sputum, the highest body temperature was 40°C, accompanied by chills,
complaining of pain in the left season rib, chest pain was obvious when coughing and deep breathing. Subsequently, he
was transferred to the local hospital for antibiotic treatment. Unfortunately, the patient’s condition did not show any signs
of improvement. Moreover, a computed tomography (CT) scan of the chest revealed a solid lesion with scattered
inflammation in the left lung. The patient has no history of diabetes, tumor, tuberculosis or immunodeficiency. In order to
seek further diagnosis and treatment, the patient was admitted to the outpatient clinic of the Xuzhou Central Hospital
with a diagnosis of community-acquired pneumonia on April 7.

On admission, the patient was presented with compromised mental health, moderate nutrition status, and exhibited
mild periorbital edema upon arrival to the ward. The results of the routine blood tests are presented in detail in Table 1.
The nucleic acid test of influenza A and influenza B viruses were negative. Both mycoplasma pneumoniae and chlamydia
pneumoniae tests yielded negative results. All five lung cancer tests were normal, no pathogenic bacteria were cultured in
multiple sputum smears, sputum cultures, and fungal cultures were in the blood samples tested negative for (1,3)-B-
D-glucan assay (G test) and Aspergillus galactomannan (GM test), while the T-cell test for tuberculosis infection (T-spot)
yielded a negative result.

After admission, the relevant examinations were enhanced, and a combination therapy of piperacillin tazobactam and
moxifloxacin was initiated on April 7th to effectively manage the infection. On April 10th, the patient’s treatment
regimen was modified to include a combination of disapenem and moxifloxacin due to elevated body temperature and
persistent symptoms. On April 13th, the patient’s treatment regimen was adjusted to a combination of biapenem and
vancomycin. The chest enhancement CT revealed the multiple nodules and mass shadow, with uneven enhancement

Table | The Results of the Routine Blood Tests

Routine Blood Test Results
White blood cell 12.99 x 1079/L
Neutrophil 11.87 x 10"9/L
Lymphocyte 4.2%
Hemoglobin 142 g/L
Platelet 335 x 107M9/L

Ultrasensitive C-reactive protein | 82.36 mg/L

Procalcitonin 0.584 ng/mL

Interleukin-6 19.2 pg/mL
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examination observed in both lungs. The trachea and bronchial tubes exhibited the presence of cavities, while the
mediastinal septum showed no signs of displacement. Enlarged lymph nodes were observed within the mediastinal
septum, accompanied by a small quantity of pleural effusion in the right side of the pleural cavity. The pathology report
on April 14th revealed the presence of acute and chronic inflammation accompanied by fibrinous exudation, mechan-
ization, and fibrous hyperplasia. On April 13th, the bronchoalveolar lavage fluid (BALF) was concurrently subjected to
cultivation and GM test, both of which yielded negative outcomes.

To identify the causative pathogen, the BALF was subjected to NS on April 14th, and the sample was tested by NS on
April 15th. The nucleic acids were extracted using Quick-DNA/RNA Viral Kit-zymo kit. The libraries were prepared using
VAHTS Universal End preparation Module for Illumina and VAHTS Universal Adapter Ligation Module for illumina.
Library pools were then loaded onto a Gridionx5 (Oxford Nanopore Technologies) sequencer for 4 hours. Clean reads were
obtained by removing short reads (length less than 500 bp) and low-quality reads (mean g-score less than 8). Subsequently,
reads for the host DNA were removed by aligning to the human reference genome (GRCh38) using minimap2 (Version 2.14-
r883). The remaining reads were mapped using the Centrifuge software (version 1.0.4) for taxonomic classification. The
remaining sequences were aligned to the microbial genome database (NCBI; https://www.ncbi.nlm.nih.gov/genome) to

identify potential pathogens.'® Human alphaherpesvirus 1 and human gammaherpesvirus 4 were detected in the targeted-
sequencing results, and N. oftitidiscaviarum (14,582 reads), Neisseria subflava (378 reads), Streptococcus mitis (54 reads) and
Human gammaherpesvirus 4 (2 reads) were identified as the potential pathogen (Table 2). Neisseria subflava and
Streptococcus mitis were considered a part of the normal flora in the respiratory tract, while Human gammaherpesvirus 4
virus is a prevalent human carrier virus, neither of them takes into account the role of pathogenic bacteria. The accuracy of
N. otitidiscaviarum was further validated by performing a specific polymerase chain reaction (PCR) analysis on the remaining
samples. The PCR products were assessed for their specificity in targeting the region of interest in N. ofitidiscaviarum Primers
(CTGACCGTACCCAGTCGTG and CGCAGTGACGGAACATATATTTCG) were designed specifically for this target
region. The validation process yielded a positive outcome (Figure 1). In conjunction with the results obtained from NS
analysis, PCR result and other clinical tests, the presence of N. ofitidiscaviarum infection was confirmed.

The antimicrobial regimen was modified to include imipenem cilastatin in combination with SMZ/TMP on
April 16th. On April 20th, the patient remained febrile, and linezolid was administered in addition to the original
antimicrobial drugs. Subsequent CT scans revealed partial absorption improvement. The patient’s body temperature
showed improvement, and there was an enhancement in the CT lung absorption on April 30th. The patient was
discharged from the hospital on May 19th and continued to receive linezolid and SMZ/TMP treatment. There was no
presence of fever or abnormal blood glucose levels. The administration of hypoglycemic drugs was discontinued, and CT
absorption showed improvement (Figure 2). Intermittent administration of linezolid was implemented on June 14th. The

entire treatment process is summarized in Figure 3.

Table 2 The Pathogens and Reads
Detected by NS in BALF Sample

Species NS Results
Nocardia otitidiscaviarum 14,582
Neisseria subflava 378
Streptococcus mitis 54

Human gammaherpesvirus 4 | 2

Abbreviations: BALF, bronchoalveolar lavage fluid;
NS, nanopore sequencing.
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Figure | QPCR verification results of N.otitidiscaviarum. blue line: negative control; green line: positive control; red line: the pus sample of the patient.

Figure 2 Computed tomography (CT) scan of the lung on May 19th.
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Figure 3 The treatment timeline of the patient.

Discussion

N. otitidiscaviarum is found in soil, decomposing vegetation, and other organic matter, as well as in fresh and saltwater."!
In 1924, N. otitidiscaviarum was first recognized by Snijders from a Sumatran cavy or guinea pig with ear disease.'”
Infections caused by N. otitidiscaviarum are rare compared to other Nocardia genera, and human infections were reported
until the middle 1960s."® Chen et al reported a case of pulmonary infection caused by N. otitidiscaviarum that the patient
was a cotton farmer who had close contact with the soil.'* Moreover, Steven et al suggested that N. otitidiscaviarum can
cause skin infections which were traced back to a possible Iatrogenic infection caused by a PICC catheter.® The patient’s
previous engagement in farming prior to the onset of the disease prompted us to investigate the potential source of
infection, leading us to consider the possibility of respiratory infection with N. otitidiscaviarum originating from soil.

The diagnosis of pulmonary nocardiosis caused by N. ofitidiscaviarum poses challenges due to the non-specificity of
clinical indications, imaging findings, and laboratory tests. Additionally, Venkataramana Kandi et al reported the clinical
diagnosis of pulmonary nocardiosis poses challenges due to its presentation resembling other respiratory pathogens, including
members of Actinomycetes and Mycobacterium tuberculosis.” The cytomorphologic manifestations of pulmonary nocardiosis
have been described by Ridhi Sood et al as acute and chronic inflammatory infiltrates accompanied by necrosis, but without
definite granulomas.'> Despite the considerable diversity in CT manifestations of pulmonary Nocardiosis, nodules, patchy
solid lesions and cavities are consistently observed, particularly when accompanied by extrapulmonary infections such as
those affecting the brain and subcutaneous tissue.'® Meanwhile, laboratory tests for pulmonary nocardiosis lack specificity.
Specifically, the patient exhibited elevated levels of white blood cells (WBC), neutrophils, procalcitonin (PCT), and C-reactive
protein (CRP). Additionally, the CT imaging revealed the presence of cavities and nodules indicative of lung infection.

Due to the nonspecific signs and symptoms of Nocardia infection, diagnosing Nocardiosis remains a challenge. While
Gram staining is a relatively rapid method in traditional methods, bacterial culture serves as the gold standard. However, it is
important to note that Nocardia exhibits a relatively slow growth rate. At 37°C, aerobic cultures typically require 2 to 7 days to
produce visible colonies." Consequently, relying solely on phenotypic tests, such as morphological observations, for the
accurate classification and identification of Nocardia is inadequate. Therefore, it is imperative to employ a combination of
phenotypic tests and molecular biology technologies for the identification of Nocardia.'” Laurent et al described a PCR
method by using Nocardia-specific primers to differentiate Nocardia isolates in 1999.'® Additionally, Shaozeng Li et al
employed 16s RNA sequencing to diagnose three cases of bone infections caused by Nocardia.'” Masahiro Toyokawa et al
demonstrated that MALDI-TOF MS is a quick, easy and reliable method for the species/complex identification of Nocardia
species.?’ In this case, multiple sputum cultures yielded negative results, and other etiological tests also showed no evidence of
infection. N. ofitidiscaviarum was detected in BALF within 4 hours using nanopore sequencing, and the diagnosis was
subsequently confirmed through PCR validation. Consequently, nanopore sequencing has demonstrated the capability to
discern individual nucleotides through the measurement of alterations in electrical conductivity as DNA molecules traverse
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the pore. In contrast to prevailing major technologies, nanopore sequencing operates independently of sequencing by
syn‘[hesis.21 The device boasts a low capital cost, unparalleled portability, and real-time data production capabilities.*> With
long read lengths (10,000-50,000 bases), direct sequence reading without amplification or modification ease to operation in
various environments, and its potential as a clinical platform, NS is an attractive option.”> However, it is rather difficult to
confirm the actual pathogens responsible for infection based on NS results which are the only adjunctive methods for the
screening of causative organisms. Clinical diagnosis needs more clinical experience and other laboratory tests such as culture
and PCR validation for comprehensive judgment.

Regarding the treatment of nocardiosis, Hao Wang et al demonstrated that linezolid exhibited susceptibility against all
Nocardia strains, followed by amikacin (99.3%; 3 of 7 Nocardia wallacei were amikacin-resistant) and TMP-SMX
(99.1%; all 4 resistant strains belong to Nocardia farcinica). The antibiotic resistance profiles of other Nocardia species
exhibited significant variations, highlighting the necessity for accurate species identification and/or antibiotic suscept-
ibility testing prior to the administration of these antibiotics.” In the absence of a drug susceptibility profile, clinicians
should adopt a strategic approach to antibiotic selection, with treatment options being refined based on species
identification and subsequent determination of susceptibilities.>* In this case, the patient had empirically administered
antibiotics to manage the infection prior to receiving a definitive diagnosis. Treatment was adjusted to imipenem
cilastatin combined with SMZ/TMP, and linezolid was added due to persistent fever, and partial improvement in lung
absorption compared to the previous results. The temperature was stabilized on April 30th, and he was discharged from
the hospital on May 19th. Subsequently, hypoglycemic medication was discontinued, and intermittent administration of
linezolid commenced on June 14th. Follow-up assessments revealed normal results.

In summary, the lack of specificity in clinical features, laboratory tests, and imaging tests challenges for early diagnosis of
pulmonary nocardiosis infection. Moreover, definitive diagnosis of pulmonary nocardiosis relies on pathogenetic tests;
therefore, the utilization of molecular diagnostic methods is recommended to facilitate diagnosis when traditional pathoge-
netic tests provide insufficient clues. The first detection of N. ofitidiscaviarum was achieved through three-generation
nanopore sequencing in this study. This breakthrough technology holds immense potential for various domains including
disease diagnosis, drug target discovery, pathological research, species protection and SARS-CoV-2 detection. Nanopore
technology possesses the advantages of compact size and convenient portability, obviating the need for biochemical reagents,
and direct reading through physical means. Although NS technology offers the advantages of rapidity and precision, its
clinical application value requires validation in larger cohorts to be fully established. This study demonstrates that the
implementation of NS technology has the potential to offer clinicians more expeditious and timely outcomes compared to
conventional microbial detection methods, thereby reducing diagnostic time and significantly enhancing patient treatment.
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