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Abstract: Nocardiosis caused by Nocardia otitidiscaviarum is exceptionally rare and characterized by a high mortality rate. It
typically affects immunocompromised patients, resulting in severe pulmonary or disseminated infections, and is notorious for abscess
formation. Empyema resulting from nocardiosis is even less common. Early clinical signs and imaging findings lack specificity, culture
growth is sluggish, and the absence of an effective serological detection method can delay treatment. We report an 81-year-old patient
with chronic obstructive pulmonary disease treated by long-term inhalation of high-dose salmeterol fluticasone. The initial empirical
anti-infection treatment proved ineffective, resulting in rapid disease progression before the confirmation of nocardiosis with empyema
through cultures of pleural fluid and sputum. Despite active treatment measures, the patient succumbed to severe pulmonary infection,
sepsis, and multiple organ failure. A review of the literature, together with clinical experience, indicates that conventional empirical
treatment for Nocardia otitidiscaviarum infection may not always be effective due to the escalating rate of drug resistance. Therefore,
the primary step in the management of the infection is timely diagnosis using different methods. Furthermore, the identification of the
responsible strain followed by conducting drug sensitivity tests is paramount for the successful treatment of this disease.
Keywords: severe nocardia pneumonia, empyema, drug resistance rate, drug sensitivity test

Introduction
Nocardia species are Gram-positive bacteria belonging to the aerobic actinomycetes. It is positive on acid-fast staining
and is commonly found in dust, sand, soil, and stagnant water. Nocardiosis can occur either after the inhalation of
pathogen-containing aerosols into the respiratory tract or through traumatic infection. This condition usually affects the
lungs of immunocompromised patients, resulting in opportunistic or disseminated infections,' although cases have also
been reported in individuals with normal immune function.”® While pulmonary nocardiosis accounts for 70% of all
nocardiosis cases,® other organs, such as the abdominal organs and the central nervous system, can also be affected.’ The
brain is frequently involved, where infection results in conditions such as brain abscesses and cerebral aneurysm, usually
the consequence of hematogenous dissemination. A rarer manifestation is the subcutaneous disease known as actino-
mycetoma, caused by direct inoculation of the skin.®

It has been reported that the annual incidence of Nocardia infection in the USA ranges from about 500 to 1000 cases.’
A Canadian study reported a significant annual growth trend in the disease, which escalated from 0.33 cases per 100000
residents during 1997-1998 to 0.87 cases during 2007-2008 (P < 0.001).® This increase may be due to both increasing
numbers of immunocompromised individuals and improved detection and identification of Nocardia species by clinical
microbiology laboratories. Despite the annual surge in infections by Nocardia species, nocardiosis resulting from
infection with N. otitidiscaviarum is relatively uncommon.® This pathogen was first identified in the ears of infected
Sumatran guinea pigs by Snijders in 1924,” and the first human infection was reported in 1974.'%'"' Nocardia
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otitidiscaviarum is responsible for approximately 3—5% of all Nocardia infections.'""'? A study conducted in the USA
revealed that only 2.9% (10 out of 347) of Nocardia infections in guinea pigs were caused by N. otitidiscaviarum.’
Similarly, a multicenter study conducted in Taiwan between 1998 and 2009 found that 5.7% of the 138 clinical isolates of
Nocardia species were positive for N. otitidiscaviarum."* This low incidence is likely due to its reduced pathogenicity or

1]4

low prevalence in the soil'*. The mortality rate associated with N. otitidiscaviarum is approximately 50%.'

Case Description

The patient, an 81-year-old male Chinese farmer, had a 20-year history of chronic obstructive pulmonary disease
(COPD). In the past, he had smoked 1.5 packs of cigarettes for 37 years but had been a non-smoker for the previous
30 years. Over the previous three years, he had been hospitalized at our facility for acute exacerbations of COPD
(AECOPD), averaging 1-3 hospitalizations per year. The patient had been on a regimen of salmeterol fluticasone 50 pg/
500 pG, 1 inhalation twice daily, and tiotropium bromide inhalation once daily for an extended period, with his
symptoms remaining manageable.

The patient had experienced cough, expectoration, chest tightness, and shortness of breath for about four days before
admission but reported no chills, fever, chest pain, or hemoptysis. He had received anti-infection treatment at a local
clinic (specifics of the diagnosis and treatment are unknown), but after four days of medication, his symptoms showed
minimal improvement, leading to his admission to our hospital.

There was no evidence of fever during his hospitalization. Lung auscultation revealed scattered wet rales, and there
was mild edema in both lower extremities. Laboratory results (detailed in Table 1) included a blood gas analysis
indicating an oxygenation index of 372 mmHg. Blood tests showed elevated white blood cell (WBC) and neutrophil
counts (11.6%1079/L), with an absolute lymphocyte value of 0.3*10"9/L and a C-reactive protein (CRP) level of
123.11 mg/L. Blood biochemistry highlighted hypoproteinemia (25.9 g/L), IgE at 209.4 IU/mL, and reduced cortisol
levels. Chest computed tomography (CT) scan shows a small amount of pleural effusion on both sides (Figure 1),
multiple nodules in the upper lobe of the left lung (Figure 1A and B), and the middle lobe of the right lung (Figure 1C).

The patient received successive piperacillin tazobactam, fluconazole, and methylprednisolone injections but his cough
and expectoration persisted. His condition improved after switching to oral itraconazole capsules for fungal treatment,
leading to his discharge. However, three days after discharge, he presented with bloody sputum, worsened chest
tightness, shortness of breath, and left chest and rib pain, necessitating readmission.

Table | Results of Laboratory Examinations

Upon Admission | Second Hospitalization | When The Disease Progresses
Blood gas analysis pH 7.44 7.48 7.32
Pa0, 108 mmHg 72 mmHg 83 mmHg
PaCO0, 47 mmHg 45 mmHg 49 mmHg
Oxygen concentration 29 29 50
Oxygenation index 372 mmHg 248 mmHg 166 mmHg
Routine blood test | WBC 12.0x1079/L 21.4x1079/L 21.8x1079/L
Absolute neutrophil count I 1.6%1079/L 20.9%10A9/L 21.6%10A9/L
Neutrophil ratio 96.80% 97.8% 99%
Absolute lymphocyte count 0.3*%1079/L 0.2*10M9/L 0.1*1079/L
PLT 263*1079/L 146*1079/L 102*%1079/L
CRP 123.11 mg/L 198.3 mg/L 290.9 mg/L
PCT - 1.74 ng/mL 11.22 ng/mL
Blood biochemistry | albumin 259 g/l 223 g/l 20.5 g/l
K 2.9 mmol/L 4.38 mmol/l 5.32 mmol/l
Cr 61 umol/l 63 umol/l 191 umol/l
Nt-proBNP 579 pg/mL 958 pg/mL 2884 pg/mL
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Figure | (A): Nodule in the upper lobe of the left lung (black arrow), showing blurred boundaries with slight pleural effusion on the left side. (B): Left upper lung subpleural
nodule (black arrow), diameter 2.2 cm, with visible lobulation and limited pleural effusion on both sides. (C): Nodule in the middle lobe of the right lung (black arrow), with
small amount of pleural effusion on both sides and bronchiectasis in both lower lungs.

His body temperature was normal on admission, with scattered dry and wet rales audible in both lungs. Laboratory
tests revealed a reduced oxygenation index (248 mmHg), elevated WBC and neutrophil counts (20.9*1079/L), a reduced
lymphocyte count (0.2*10"9/1), a CRP level of 198.3 mg/L, a procalcitonin (PCT) level of 1.74 ng/mL, and hypopro-
teinemia (22.3 g/1). He was then treated with cefoperazone sulbactam and voriconazole injections.

Four weeks later, enhanced chest CT scans indicated worsening of the lung lesions and a significant increase in the
pleural effusion in the left lung (Figure 2), together with multiple patchy high-density shadows in both lungs (Figure 2)
and partial cavity formation (Figure 2A—C). A thoracic drain was placed in the patient, yielding a purulent reddish-brown

fluid (Figure 3), later confirmed as empyema. Sputum cultures isolated Pseudomonas aeruginosa.

Figure 2 (A): CT image of the lung window shows patchy high-density shadows in both upper lobes, the formation of a thick-walled cavity in the upper right lobe (white
arrow), and pleural effusion on the left side. (B): CT image of the lung window shows an increase in the mass shadow adjacent to the left pulmonary hilum relative to the
previous scan, accompanied by an increase in the left pleural effusion, relative to the previous scan. (C): CT image of the lung window shows multiple patchy high-density
shadows in both lungs, with some cavity formation (white arrows) and uneven thickening of the walls. (D): CT image of the lung window shows consolidation in the left
lingual lobe and lower left lobe, together with an increase in pleural effusion on the left side relative to the previous scan.
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Figure 3 Appearance of the pleural effusion, showing purulence and a reddish-brown color.

The patient’s condition deteriorated over the next few days, with increased chest tightness, shortness of breath, and
fatigue. Despite the addition of methylprednisolone and meropenem, together with noninvasive ventilator support, his
condition continued to decline. The laboratory results indicated further deterioration, with a reduced oxygenation index
(166 mmHg), worsening blood counts, and signs of multi-organ dysfunction. Gram staining of sputum smears showed
positive bacilli (Figure 4A) and acid-fast-bacterial staining showed weak positivity (Figure 4B), Finally, after culture on
Columbia blood agar medium, the VITEK test ® and mass spectrometry identified the Nocardia otitidiscaviarum
(Figure 4C). The pleural fluid also tested positive for N. otitidiscaviarum. The patient was thus diagnosed with severe
N. otitidiscaviarum infection and sepsis, and was treated with linezolid, ciprofloxacin, Sulfamethoxazole, and nutritional
support. Despite these measures, his condition deteriorated rapidly.

Three days later, the patient’s dyspnea had worsened, and a bedside chest X-ray revealed a left hydropneumothorax,
compressing approximately 30% of the left lung. He was transferred to the ICU suffering from multiple organ failure,
including respiratory, cardiac, hepatic, and renal failure, together with disseminated intravascular coagulation, septic
shock, and secondary thrombocytopenia. Despite aggressive treatments including mechanical ventilation, continuous
renal replacement therapy (CRRT), fluid resuscitation, and multiple drug therapies, the patient, unfortunately, succumbed
to the illness two weeks after diagnosis.

Discussion

Nocardia is an opportunistic pathogen that typically infects individuals with compromised immune systems. These
include patients with malignant tumors and hematological malignancies, HIV infections, those undergoing long-term
corticosteroid therapy, organ transplant recipients, and hematopoietic stem cell transplant recipients.”'® A study from
Pakistan reported the diagnosis of 55 cases of pneumonia caused by Nocardia species infection at a tertiary hospital over
the past decade, 23.6% of whom (13 out of 55) suffered from COPD.'” The primary risk factor identified was prolonged
steroid therapy.

The patient in the current report had a history of COPD, together with prolonged use of inhaled hormones and a 37-
year history of smoking. These factors may have reduced his immune defenses, rendering him vulnerable to
N. otitidiscaviarum infection. As a farmer with frequent contact with the soil, his risk of infection may have been
further elevated. Furthermore, Nocardia can colonize the lungs, particularly in individuals with alterations in the lung
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Figure 4 (A): Smear cultures of sputum specimens, showing their appearance as clusters of filamentous Gram-positive bacteria (indicated by arrows) with bead-like
bacterial cells under oil microscopy (10 *100x). (B): Weak acid-fast-bacteria positivity of the sputum specimen with filamentous bacteria (indicated by the arrow) under oil
microscopy (10 * 100x). (C): Identification of the pathogen as Nocardia otitidiscaviarum by mass spectrometry using a VITEK ® system.

structure due to COPD and bronchiectasis.'®'® Such colonization is frequently reported in the literature. Structural
alterations in the lungs, together with reduced bronchial defense ability,® and genetic susceptibility, contribute to
Nocardia infections even in immunocompetent individuals. Studies by Casanova et al indicated an association between
disease susceptibility and the genetic background of the host, shown by consistent infection rates between identical and
fraternal twins. These findings underscore the complex interplay between human and environmental factors in determin-
ing immunity to infection.?'-*?

A search of the PubMed database identified only six cases of Nocardia otitidiscaviarum empyema/empyema thoracis
published between January 2004 and January 2024 (Table 2), thus confirming the rarity of N. oftitidiscaviarum infection
with pleural effusion. Including the present case, the ages of the patients ranged from 38 to 86 years, with an average age
of 66 + 18.43 years. Two patients were female and five were male. Among the patients, two had a history of COPD
complicated by hypertension (one of these patients also had coronary heart disease), one suffered from rheumatoid

vasculitis and steroid-induced diabetes, two had chronic liver disease (one with inflammatory arthritis and one with
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Table 2 Details of Six Cases

of Empyema Caused by Infection with Nocardia Otitidiscaviarum Reported in the Literature from January 2004 to January 2024

Author, Year Age Gender | Underlying Disease Other Clinical Imaging Drug Sensitivity Treatment Treatment Steroid Clinical
(Years) Site Classification® | Feature Results Time Use® Outcome
Involved
Yoshida et al”® 2004 69 M Rheumatoid vasculitis, SDM None Acute Pleural R: AMP, PIP, CZ, IPM/CS, MINO, TMP- 6M Long Survived
effusion CTM, CMZ, SMX—LVFX, GM, TMP- term
Flomoxef, IPM, SMX
MINO, VA
I: EM, TMP-SMX
S: GM, LVFX
Pelaez et al** 2009 85 F COPD, hypertension, coronary | Brain Acute Multiple R: PG, AM, VA, EM | TMP/SMZ, IPM—LND IM Long Died
disease pulmonary S: IPM, LND, TMP/ | +TMP/SMZ term
nodules, SMX, GM, AMK,
pleural CIp
effusion
Chen et al*® 2013 6l M CLD, DM None Acute NA NA NA NA NA Died
Chung-Hao Huang'® 42 M CLD inflammatory arthritis of None Subacute Infiltration ND PTZ, >5M Long Survived
2015 bilateral knees changes, VA—CIP—Meropenem, term
pleural TMP-SMZ, AMK—TMP-
effusion sMz
Rahul Ranjan26 2024 38 M HLH/ITP, HIV Sepsis Acute Cavity, S: AMK, LND, PTZ, CD, fluconazole 40D Long Died
consolidation, LVFXR: AMP, CRO, | —»TMP-SMZ, LVFX, AMK term
pleural IPM, TMP-SMZ,
effusion EM, TC
I'S Pérez Ramos®’ 86 F Arterial hypertension and None Acute Cavity, solid S: TMP/SMZ, AMK, | TMP/SMZ, ¢ NO Survived
2024 chronic thromboembolism mass, pleural LND LND— Tedizolid
secondary to severe pulmonary effusion R: IPM, AMC, CRO
hypertension
Present case 8l M COPD, hypertension Sepsis Subacute Cavity, solid ND PTZ, fluconazole 1.5M NO Died

mass, pleural

effusion

—ltraconazole—CFP/SU,
Voriconazole—MP, LND,
CIP, TMP-SMZ

Notes: > Acute (less than 2 weeks), subacute (2 weeks to 3 months), chronic (exceeding 3 months).”?%, ®Long term:

steroid use for at least 2 weeks.
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diabetes), one had HIV coinfected with hemophagocytic lymphohistiocytosis (HLH)/thrombotic thrombocytopenic
purpura (TTP), and one had arterial hypertension with chronic thromboembolism resulting from severe pulmonary
hypertension. Notably, all four patients who received glucocorticoid treatment had compromised immune function. One
patient, despite being healthy, had a history of long-term inhaled hormone therapy. Another case exhibited disseminated
infection with brain abscess, while two cases involved mixed bacterial infections. The outcomes varied, with three
patients surviving and four succumbing, a mortality rate of 57%, consistent with previous reports. In terms of onset, five
cases were acute and two were subacute. The prognosis for patients with acute or subacute disease is typically poor.
Acute infections caused by Nocardia species usually affect individuals with severe immune dysfunction and are often
associated with an unfavorable prognosis.

The clinical symptoms of nocardiosis caused by N. ofitidiscaviarum tend to be non-specific, mirroring those of a wide
range of pulmonary infectious diseases, and including fever, cough, yellow sputum, shortness of breath, dyspnea, and
chest pain. The lung imaging manifestations are diverse, and include solid mass-like lesions resembling tumors and
infiltrative shadows similar to those caused by tuberculosis. In immunosuppressed patients, cavitary lesions may form.**’
Pleural lesions can manifest as pleural effusion, pleural thickening, and erosion of the chest wall. The incidence of
pleural effusion ranges from 10-36%,°7%?' although this incidence is lower for empyema resulting from
N. otitidiscaviarum infection.

As shown in Table 2, all six published cases presented with pleural effusion, with one case showing effusion, another
exhibiting multiple nodules in both lungs, and three featuring consolidation accompanied by cavities and masses. The
imaging features may change over the course of the disease in the same patient, necessitating differentiation from
bacterial pneumonia, invasive pulmonary fungal disease, pulmonary tuberculosis, non-tuberculous mycobacterial infec-
tion, actinomycosis, vascular inflammatory lesions, tumors, and other conditions.

The present case showed multiple clumps in the middle lobe of the right lung, the upper lobe of the left lung, and the
left hilar region during the early stage of the disease. The initial empirical anti-infection treatment proved ineffective. The
clumps increased in volume as the disease progressed, presenting as solid masses with exudation at the lesion edges,
some cavities, and pleural effusion. These imaging findings align with those of the published reports. Hence, when
nocardiosis is suspected, culture of the pleural effusion is of utmost importance.

Apart from the nonspecific and relatively rare clinical and imaging manifestations associated with N. oftitidiscaviarum
infection, culture of the pathogen is slow, taking anywhere from two days to several weeks, and requiring up to
2-3 weeks of culture in Petri dishes.*” This poses a significant challenge to early diagnosis and can lead to delayed or
missed diagnoses. In the present case, during the first hospitalization, the symptoms and imaging manifestations were
atypical, leading to a missed diagnosis. Misdiagnosis, delayed diagnosis, or inappropriate treatment of nocardiosis can
have potentially fatal outcomes.*

As shown in the retrospective analysis in Table 2, among the seven patients, four underwent drug sensitivity tests. The
results indicated that two cases were sensitive to sulfamethoxazole (SMZ), while one case showed intermediate
sensitivity and one case was resistant. Three cases were resistant to imipenem while one was sensitive, four cases
were resistant to penicillin but sensitive to aminoglycosides, and three cases were sensitive to linezolid while resistant to
cephalosporins. Previous reports have suggested that N. ofitidiscaviarum has low sensitivity to p-lactam antibiotics,**
which aligns with the findings shown in the table This may explain the initial failure of the empirical anti-infection
treatment in the present case. However, given Nocardia’s slow growth rate, waiting for the results of drug sensitivity tests
may not be feasible for severely ill patients. The key to effective drug selection lies in the identification of the Nocardia
species and strain. According to the literature report,> Nocardia otitidiscaviarum is sensitive to SMZ up to 87% and
linezolid up to 100%.In this case of an elderly patient infected with N. ofitidiscaviarium, it was believed, based on
experience, that the strain would be sensitive to SMZ, linezolid, and ciprofloxacin. However, the patient was already at
the stage of severe sepsis at the time of treatment and unfortunately could not be saved, which is indeed regrettable
Factors such as the patient’s age, disease severity, comorbidities, and delays in initiating effective antimicrobial therapy
can all contribute to adverse outcomes. According to the available literature, resistance to trimethoprim-sulfamethoxazole
has been observed,’*?” with notably high resistance to trimethoprim (TMP)-SMZ in the USA (42%).** Despite
confirmation of N. ofitidiscaviarum infection in the present case, the disease progressed rapidly even with conventional
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antibiotic treatment. This underscores the importance of analyzing strain-specific drug sensitivity, in addition to
confirmation of the diagnosis. In the absence of drug sensitivity data, clinicians should consider the severity of the
disease, the epidemiological likelihood of a specific species as the responsible pathogen, and potential drug resistance
when selecting antibiotics. Once the species and susceptibilities are known, the treatment approach can be more targeted.
The unfortunate aspect of the present case was the failure to conduct timely drug sensitivity testing to guide clinical
decision-making.

Conclusions

The case presented here underscores the rapid progression of Nocardia otitidiscaviarum infection in patients with COPD
and compromised lung function. Early identification of this disease is paramount; otherwise, treatment options may
become unviable. The CT imaging findings of multiple plaques, masses, consolidations, and cavity shadows, especially
together with pleural effusion and blood biochemistry suggestive of hypoalbuminemia, indicate the possibility of
infection by Nocardia species. To facilitate diagnosis and significantly expedite the treatment process, the prompt
acquisition of sufficient culture samples, including sputum, pleural fluid, cerebrospinal fluid, lung puncture samples,
and bronchoalveolar lung fluid, etc, is imperative. Additionally, metagenomic next-generation sequencing (mNGS) of the
body fluids of critically ill patients can assist significantly in the diagnosis of these diseases. Given the slow growth rate
of Nocardia, often leading to its being overlooked in standard cultures, laboratories should maintain Petri dishes for
extended cultivation. Furthermore, bacterial identification and drug sensitivity testing are essential to guide the selection
of suitable antibiotics and ensure effective patient treatment.
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