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Abstract

BACKGROUND

Pulmonary nocardiosis is difficult to diagnose by culture and other conventional
testing, and is often associated with lethal disseminated infections. This difficulty poses
a great challenge to the timeliness and accuracy of clinical detection, especially in
susceptible immunosuppressed individuals. Metagenomic next-generation sequencing
(mNGS) has transformed the conventional diagnosis pattern by providing a rapid and

precise method to assess all microorganisms in a sample.

CASE SUMMARY

A 45-year-old male was hospitalized for cough, chest tightness and fatigue for 3
consecutive days. He had received a kidney transplant 42 d prior to admission. No
pathogens were detected at admission. Chest computed tomography showed nodules,
streak shadows and fiber lesions in both lung lobes as well as right pleural effusion.
Pulmonary tuberculosis with pleural effusion was highly suspected based on the
symptoms, imaging and residence in a high tuberculosis-burden area. However, anti-
tuberculosis treatment was ineffective, showing no improvement in computed
tomography imaging. Pleural effusion and blood samples were subsequently sent for
mNGS. The results indicated Nocardia farcinica as the major pathogen. After switching to
sulphamethoxazole combined with minocycline for anti-nocardiosis treatment, the

patient gradually improved and was finally discharged.

CONCLUSION

A case of pulmonary nocardiosis with an accompanying bloodstream infection was
diagnosed and promptly treated before the dissemination of the infection. This report
emphasizes the value of mNGS in the diagnosis of nocardiosis. mNGS may be an
effective method for facilitating early diagnosis and prompt treatment in infectious

diseases, which overcomes the shortcomings of conventional testing.
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Core Tip: Nocardiosis is challenging to diagnosis due to its infrequency in clinical
practice, non-specificity in clinical presentation and imaging, and the limitations of
detection methods. This report highlighted the value of metagenomic next-generation
sequencing in the rapid and precise diagnosis of nocardiosis and underscores the
limitations of conventional testing. Metagenomic next-generation sequencing may be an

effective method for early diagnosis and prompt treatment of infectious diseases.

INTRODUCTION

Nocardia is an opportunistic pathogen that most commonly causes infections in
immunocompromised hosts. The largest group of patients with nocardiosis is solid
organ transplant recipients, with the highest morbidity in heart and lung recipients and
patients with a particularly high level of immunosuppression!’®. Pulmonary
nocardiosis is the most common type of Nocardia infections, which tends to develop into
a disseminated infectionltl. However, nocardiosis is rare in clinical practice, and the
current methods of conventional testing for diagnosis have many limitations. Nocardia
culture requires at least 2 wk to form colonies, making it difficult to achieve early
identification and prompt treatment for nocardiosis!'l. Here, we applied metagenomic
next-generation sequencing (mNGS) to identify Nocardia farcinica (N. farcinica) infection
involving the pleura and blood in an allogeneic kidney transplant recipient. The patient
was prevented from a possible disseminated infection by timely and appropriate

treatment.




CASE PRESENTATION

Chief complaints
A 45-year-old male patient presented with cough, chest tightness and fatigue that had

persisted for 3 consecutive days.

History of present illness

The patient received an allogeneic kidney transplant in the Department of Urology
Surgery (Transplantation ward) at the Ruikang Hospital Affiliated to Guangxi
University of Chinese Medicine 42 d prior to admission. After surgery, he was treated
with oral tacrolimus (alternating 2 mg and 1.5 mg bid), mycophenolate mofetil (1 g qd)

and methylprednisolone (8 mg qd) for immunosuppression.

History of past illness
The patient had a J-year history of uremia and was on regular hemodialysis 3 times a
week. Meanwhile, he also had a 5-year history of hypertension, which was treated with

valsartan and terazosin irregularly.

Personal and family history

The patient denied other specific diseases and family history.

Physical examination a
7

The patient’s vital signs were normal, including body temperature of 36.5 °C, pulse of

90 beats/min, respiratory rate of 20 breaths/min, and blood pressure of 113/84 mmHg.

Breathing sound was slightly decreased in the right lung, and neurological examination

was normal.

Laboratory examinations
Results of laboratory examinations included increased white blood cell count (13.61 x

10°/L; normal range: 3.5-9.5 x 109/L) with elevated neutrophil percentage (92.6%;




normal range: 40%-75%), increased C-reactive protein level (97.0 mg/L; normal range:
0.5-3.0 mg/L), normal procalcitonin level (0.11 ng/mL), and normal serum creatinine
concentration (120.00 pmol/L). Serum fungal -(1,3)-D-glucan and galactomannan were
within the normal ranges. Peripheral blood was drawn for microbial culture, T cells
spot test of tuberculosis infection and antibody detection of Mycobacterium tuberculosis,

which were all negative.

Imaging examinations
The chest computed tomography (CT) showed right pleural effusion, nodules and
streak shadows in the right cardiophrenic angle region. Nodules surrounded by fibrosis

and calcification were observed in the left upper lobe (Figure 1A).

FURTHER DIAGNOSTIC WORK-UP

On day 3 after admission, the patient experienced recurrent fevers, and an upward
trend was seen in his body temperature (Figure 2). Although Mycobacterium tuberculosis
was not detected, the patient was presumptively diagnosed with pulmonary
tuberculosis due to recurring low fevers, tuberculosis-like imaging findings and a high
prevalence of tuberculosis in the patient’s residential area. Anti-tuberculosis treatment
with isoniazid, rifampicin and pyrazinamide was started empirically. On day 9, the
patient’s body temperature increased again, reaching a maximum of 40.3 °C. Re-
examination CT showed a significant increase in pleural effusion and no reduction in
the lung lesions (Figure 1B).

Subsequently, ultrasound-guided thoracentesis drainage was performed to
investigate the etiology of the pulmonary inflammation. The results of bacterial and
fungal culture of the pleural effusion were negative. Antibody detection and PCR for
Mycobacterium tuberculosis were also negative. The biochemical examination revealed
that the protein level was elevated (41 g/L; normal range: < 25 g/L). Lactate
dehydrogenase was also elevated (1445 U/L; normal range: < 200 U/L), while




adenosine deaminase was normal (24 U/L; normal range for non-tuberculous pleuritis:
<40 U/L).

Meanwhile, the pleural effusion and a blood sample were collected for mNGS. The
methods of mNGS were described in Supplementary Material. The mNGS results on
day 10 indicated that N. farcinica was present in both the pleural effusion and blood.
There were 464 reads detected for N. farcinica in the pleural effusion with genome
coverage of 1.81% and species relative abundance of 96.58%, making up 77.33% of the
total DNA reads (Figure 3A and B). Simultaneously, 18 reads for N. farcinica were
reported in the blood with genome coverage of 0.07% and species relative abundance of

10.39%, making up 7.44% of the total DNA reads (Figure 3C and D).

FINAL DIAGNOSIS

Pulmonary nocardiosis with bloodstream infection.

TREATMENT

Antibacterial treatment with cefoperazone-tazobactam (1 g q8h) and moxifloxacin (0.4 g
qd) was started empirically when the patient was admitted. Subsequently, anti-
tuberculosis treatment (isoniazid 0.3 g, rifampicin 0.45 g and pyrazinamide 1.25 g qd)
was started on day 3 when the patient was presumptively diagnosed with pulmonary
tuberculosis. After the patient was diagnosed with N. farcinica infection, he received
trimethoprim-sulfamethoxazole (TMP-SMZ; 160/800 mg ql2h) in combination with
minocycline (100 mg q12h).

OUTCOME AND FOLLOW-UP

After ongoing treatment of nocardiosis, the patient’s general condition and laboratory
examinations improved significantly (Figure 2). The chest CT on days 16, 23 and 30
revealed that the pulmonary infection gradually improved, and the pleural effusion,
nodules and streak shadows were reduced (Figure 1C, D and E). Finally, the patient

was discharged on day 31 and continued oral TMP-SMZ and minocycline treatment.




The patient returned to the hospital for follow-up 28 d after discharge. He recovered
well without any clinical symptoms and complications. The laboratory examination
revealed normalized white blood cell count (8.96 x 10%/L) with a normalized neutrophil
percentage (58.4%) and a nearly normal C-reactive protein level (< 5.00 mg/L). CT

showed significant absorption of the right pleural effusion (Figure 1F).

DISCUSSION

N. farcinica is an aerobic, partially acid-fast, Gram-positive bacillus that commonly exists
in soil, decaying vegetation and wventilation equipment/’l. The genus Nocardia is
recognized as an opportunistic pathogen, of which N. farcinica is a relatively infrequent
species of clinical significancel8l. N. farcinica can invade through the respiratory tract or
skin and primarily infects the immunocompromised. Pneumonia is the most common
disease caused by N. farcinical®l. A review reported that 59.7% of patients with N.
farcinica had pulmonary or pleural involvement!'?l. Moreover, N. farcinica is prone to
disseminated infections causing brain abscesses(!!], skin infectionsl'?, keratitis'?, efc.
Disseminated infections were reportedly found in more than half of patients with
pulmonary nocardiosis!*l. The mortality rate of N. farcinica infections can be as high as
14%-40% without early diagnosis and prompt treatment and can reach 100% in cases of
disseminated infections!'%],

At present, the clinical diagnosis of nocardiosis depends on microbial culture.
However, it takes about 2 wk for the colony formation due to the slow growth of
Nocardia. Then, the formation of colonies with characteristic morphology requires at
least 4 wkl17l. In addition, the clinical manifestations of pulmonary nocardiosis lack
specificity. Common symptoms include fever, cough, expectoration, fatigue and general
malaise, and imaging examination is characterized by invasive lesions, consolidation,
nodules, and cavitiesl'®l. Hence, Nocardia infection is usually missed, diagnosis is
delayed, or it is misdiagnosed as tuberculosis, Aspergillus infection or lung cancer.

mNGS is ab emerging and culture-independent high-throughput sequencing

technology that can quickly and objectively detect all pathogenic microorganisms




including viruses, bacteria, fungi, and parasites in clinical samples without specific
amplification[719. An advantage of mNGS in diagnosing infectious disease is the
detection of pathogens that are difficult to detect by conventional testing. In addition,
mNGS can also rule out infections when testing results are negative if the sequencing
coverage is high enough to ensure the existence of pathogenic microorganisms in
samples(20l. Results from mNGS are available between 6 h to 7 d, with an average of 48
h. Completing data analysis depends on sequencing technologies and bioinformatics
analysis methods availablel?/22. Thus, mNGS has attracted clinical attention and has
recently been applied to the etiological diagnosis of acute, complicated and rare
infections.

In this case, the results of routine blood work, inflammatory markers and imaging
examination all indicated the presence of a pulmonary infection. However, no
pathogens were detected. The patient’s clinical presentation and imaging
manifestations were also non-specific. Meanwhile, empirical anti-bacterial and anti-
tuberculosis treatment were ineffective. mNGS provided another approach to detect
pathogens, and N. farcinica was detected in the patient’s pleural effusion and blood
samples. Isolation of Nocardia from the respiratory tract or blood indicates colonization,
contamination or infection. Detection of Nocardia in immunosuppressive patients (such
as our patient) with obvious infectious symptoms is generally considered an infection
because such patients are at high riskl®l. Thus, the detection by mNGS and the high
relative abundance of N. farcinica indicated that our patient should be diagnosed with
nocardiosis.

SMZ has traditionally been the preferred choice for nocardiosis treatment. SMZ-
based combination treatment elicits a favorable responsel*®l. As such, we treated the
patient with TMP-SMZ and minocycline. This treatment regimen had high efficacy in
our patient, which supported the diagnosis of pulmonary nocardiosis. The patient
improved significantly and was discharged from the hospital. We hypothesize that the
timely diagnosis and treatment of N. farcinica invading the bloodstream prevented the

patient from a disseminated infection, avoiding a worse outcome.




There are several limitations in this case report. First, due to the poor physical
condition of the patient, no bronchoalveolar lavage fluid was collected for mNGS
assessment. Second, the absence of the pathogen was not confirmed after treatment due
to financial reasons. Finally, no other methods, such as PCR or Sanger sequencing, were

used to verify the presence of N. farcinica.

CONCLUSION

This case highlights the challenges of diagnosing pulmonary nocardiosis, which can
cause disseminated infections particularly in immunosuppressed patients. When the
pathogen is unknown and all cultures are negative, then mNGS can provide a faster
and more accurate diagnosis of acute, complicated, and rare infections. Timely
treatment with TMP-SMZ and minocycline prevented a disseminated infection in this

immunosuppressed patient.
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