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Abstract: Disseminated nocardiosis is a rare, life-threatening disease that usually found in immunocompromised patients, and
Nocardia farcinica is one of the most common causative pathogens. The difficulty in identifying the bacterium and the delay in
initiating appropriate therapy often influence the prognosis of patients with disseminated nocardiosis. Here, we present a rare case of
disseminated nocardiosis in a 61-year-old female with pulmonary fungus and secondary epilepsy. She received targeted antibiotic
therapy and showed a great recovery in clinical symptoms and radiological signs. Disseminated nocardiosis can be easily overlooked
due to the absence of characteristic symptoms and limitations of clinical examinations. Given the variability in antibiotic susceptibility
patterns, the management of disseminated nocardiosis must be individualized. Therefore, early diagnosis and targeted antibiotic
treatment are critical for the prognosis of disseminated nocardiosis.
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Introduction

Nocardia farcinica is an opportunistic pathogen with weak acid resistance, primarily infecting immunocompromised
patients such as those with AIDS, organ transplantation, long-term hormone administration, malignant tumors, or
diabetes.'* So far, nearly 80 species of Nocardia have been identified, with approximately 33% of them capable of
infecting humans.*>* Nocardia farcinica accounts for 24.5% of nocardiosis.” It primarily invades the body through the
respiratory tract and results in disseminated nocardiosis.> Disseminated nocardiosis is an uncommon, life-threatening
infection with high mortality rate owing to difficulties in early diagnosis and prompt treatment.®® Herein, we report
a case of disseminated nocardiosis caused by Nocardia farcinica in a 61-year-old female patient with a history of long-
term hormone administration and symptoms of chills, high fever, cough, white mucous sputum, and epileptic seizure.
With the fast and highly sensitive diagnosis approach, the patient received prompt treatment and eventually recovered.

Case Report
A 61-year-old female with chills and fever was admitted to the emergency department of the first affiliated hospital of
Zhejiang university school of medicine on December 27, 2021. She developed a sudden fever of 39.4°C with no apparent
cause, accompanied by chills, malaise, cough, and a small amount of white mucous sputum. She had a history of
rheumatoid arthritis for more than 15 years and had taken methylprednisolone (2 mg, twice a day) since then. She was
diagnosed with allergic vasculitis about one year ago and the dosage of methylprednisolone was adjusted to 16 mg, twice
a day. She had skin ulcers on her lower extremities one month before admission, and after regular treatment, the skin
ulcers seemed healed upon admission to our emergency department.

Laboratory findings upon admission to the emergency department were shown as follows: white blood cell,
21.52X109/L; neutrophils, 91.1%; lymphocytes, 5.5%; red blood cell, 4.33X1012/L; hemoglobin, 118 g/L; platelet,
172x10°/L; C-reactive protein, 129.97 mg/L; and procalcitonin, 2.45 ug/L. Other laboratory results were within the
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Figure | Chest CT images of the patient. (A) Chest CT on December 27, 2021. (B) Chest CT imaging on December 29, 2021.

normal range. The chest computed tomography (CT) demonstrated multiple nodular foci with partial cavitations in the
lower lobes of both lungs (Figure 1A).

Given the possibility that the above findings were caused by infection, the patient was then transferred to our
respiratory ward for further treatment. Her vital signs were shown as follows: temperature, 36.2°C; blood pressure, 112/
60 mmHg; pulse rate, 84 beats/min; and respiration rate, 20 breaths/min. She was conscious with no systemic symptoms.
The chest CT demonstrated small nodules and pulmonary bullae in the right lower lung (Figure 1B). The abdominal
enhanced CT showed a low-density focus in the right abdominal wall, small stones in the left kidney, a small amount of
pelvic fluid, and low-density nodules next to the upper pole of the right kidney. The result of blood next-generation
sequencing (NGS) from the emergency room revealed Nocardia farcinica (Table 1). Staphylococcus aureus and
Nocardia farcinica were found in sputum culture. Antibiotic susceptibility testing revealed that the cultured bacterium
was sensitive to trimethoprim-sulfamethoxazole (TMP-SMX), amikacin, linezolid, and imipenem (Table 2).
Cryptococcus neofermans capsule antigen, fungal D-glucan, T-cell and gene Xpert for tuberculosis, autoantibodies,
and rheumatoid factor tests were all negative. To counteract the infection, the patient was treated with TMP-SMX,
linezolid, and imipenem based on the antibiotic susceptibility test. Given the patient’s occult blood in the stool, the
hormone was suspended on the advice of gastroenterology, rheumatology, and immunology consultants. On
December 31, 2021, the patient experienced a sudden generalized seizure with loss of consciousness for approximately
one minute. Her airway was immediately opened, and midazolam was used for anti-epilepsy. The brain-enhanced
magnetic resonance imaging (MRI) revealed nodular and patchy abnormal signal lesions with clear boundaries were
found in the left frontal lobe and right basal ganglia, and that the lesions appeared gyri-form, ring-like, and

Table | Pathogenic Microorganism ldentified in a Blood Sample

Type Genus Species
Name Relative Abundance | Sequence Number Name Identify Confidence | Sequence Number
G+ Nocardia 8.6% 210 Nocardia farcinica 99% 187
Table 2 Nocardia Susceptibility Results by the Kirby-Bauer Test
Antibiotic K-B (mm) Breakpoint (mm) Interpratation
Amikacin 23 17-14 S
Imipenem 35 23-19 S
Linezolid 33 23-20 S
TMP-SMX 28 16-10 S
Abbreviations: S, susceptible; K-B, Kirby-Bauer test; TMP-SMX, trimethoprim-sulfamethoxazole.
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Figure 2 Brain MRl images of the patient. (A) Brain MRl on December 30, 2021.

inhomogeneous after enhancement. The largest lesion was approximately 4.7x3.5 cm with a low signal on T1WI, a high
signal on T2WI, and an inhomogeneous high signal on FLAIR (Figure 2A).

The patient was diagnosed with disseminated nocardiosis and then transferred to the intensive care unit (ICU). In the
ICU, she was performed with ventilator-assisted ventilation (BIPAP mode: FiO,, 25%; peak airway pressure, 20 cmH,
O; PEEP, 5 cmH,0). The cerebrospinal fluid (CSF) test showed: pressure, 250 mmH,O; colorless and clear; Pan’s test
negative; erythrocytes, 40/L; nucleated cells, 2/L; chlorine, 122 mM; glucose, 3.2 mM; and protein, 0.36 g/L. The
Cryptococcus neoformans capsular antigen and tubercle Bacillus tests in both CSF and blood were negative. Nocardia
farcinica was also found positive in bronchoalveolar lavage fluid (BALF). Mycobacterium tuberculosis was negative in
the sputum and the BALF. The patient was continuously given TMP-SMX, imipenem, and amikacin. Simultaneously,
she was administered levetiracetam and topiramate for counteracting epilepsy, and mannitol for reducing intracranial
pressure. During her 10-day stay in the ICU (from December 31, 2021 to January 10, 2022), the patient had no seizures
but had a persistent fever (the highest body temperature was 39.4°C) and a large amount of yellow purulent sputum.
Auscultation of both lungs revealed sporadic moist rales. The chest CT on January 10, 2022 revealed multiple nodules
with partial cavities and lung vasculitis in both lungs (Figure 3A). In multi-repeated sputum cultures, Nocardia
farcinica, Aspergillus flavus, and Burkholderia neocepacia were discovered (Table 3). Considering the progression of
vasculitis and exudative lesions in lungs, a tracheotomy was performed and the ventilator parameters were adjusted
(BIPAP mode: FiO,, 45%; peak airway pressure, 26 cmH,0; PEEP, 8 cmH,0). Amikacin was then suspended, and
voriconazole was added for antifungal therapy. Since the patient had a history of allergic vasculitis, she was given
methylprednisolone (40 mg, intravenously every 12 h) and mannitol (20 g, intravenously every 12h). Until January 17,
2022, the patient had no fever or seizures, and showed a great improvement in pulmonary ventilation function. The
brain and chest CT on January 17, 2022 revealed a low-density lesion in the left frontal lobe of the brain and multiple
infectious lesions accompanied by local cavities in both lungs (Figure 3B). Compared with the chest CT images on
January 10, 2022 (Figure 1A), those on January 17, 2022 indicated a great alleviation of pulmonary infection in this

Figure 3 Chest CT images of the patient. (A) Chest CT on January 10, 2022. (B) Chest CT on January 17, 2022. (C) Chest CT on February 6, 2022. (D) Chest CT on
April 16, 2022.
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Table 3 Pathogenic Microorganism Identified in BALF

Type Genus Species
Name Relative Abundance | Sequence Number Name Identify Confidence | Sequence Number
G+ Nocardia 32.8% 378 Nocardia farcinica 99% 324

patient (Figure 3B). The antibiotic regimen was then adjusted to TMP-SMX, linezolid, voriconazole, and methylpred-
nisolone without mannitol. The patient was performed with high flow-assisted ventilation (oxygen concentration, 30%;
flow rate, 50 L/min) after a spontaneous breathing trial, and the tracheostomy cannula was removed on January 21,
2022.

The patient was then transferred to the general ward on January 21, 2022 as her condition became stable On
January 27, 2022, the administration of linezolid was suspended. TMP-SMX, voriconazole, and methylprednisolone
were orally administered to the patient for anti-infection and anti-allergic vasculitis. On January 29, 2022, Nocardia
farcinica and fungi were not discovered in her BALF. However, the cytomegalovirus antigen (PP65) was detected
positive in blood. We then supplemented the treatment regimen with ganciclovir (500mg, orally tid) for anti-virus. She
had no fever within one week (February 1-7, 2022), and her chest CT imaging signs were greatly recovered on
February 6, 2022 (Figure 3C).

The patient was discharged on February 6, 2022. She continued taking TMP-SMX, ganciclovir, methylprednisolone,
and voriconazole and had no obvious clinical symptoms including fever, cough, and seizure within the 2-month follow-
up. The chest CT on April 16, 2022 showed several bronchial cavities in the lungs (Figure 3D). Her head MRI was
gradually improving (Figure 4A and B). The treatment regimen was then changed to a combination of TMP-SMX and

triamcinolone.

Figure 4 Brain MRI images of the patient. (A) Brain MRI on January 25, 2022. (B) Brain MRI on April 16, 2022.
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Discussion

Disseminated nocardiosis is a rare, life-threatening disease that usually affects immunocompromised patients, and
Nocardia farcinica is one of the most common causative pathogens.”* ' Its early diagnosis appears difficult and its
overall prognosis remains unsatisfactory, partly owing to the variability of clinical manifestations and limitations of
laboratory tests.' *'* Meanwhile, co-infection with Nocardia farcinica and Aspergillus flavus in the lung is rare, severe
and even fatal.”>"'> Furthermore, physicians have relatively insufficient experience in its treatment.'® Thus, early
diagnosis and appropriate antibiotic therapy are necessary for a favorable prognosis.

This elderly female patient has rheumatoid arthritis and allergic vasculitis, and has been on corticosteroids for over 15
years. A weakened immune system increases the risk of nocardiosis. This patient had an acute onset of high fever and
cough with yellow purulent sputum when admitted to our hospital, which appears inconsistent with the typical
nocardiosis course. However, one month prior to admission, the patient had skin ulcers on both lower limbs, and the
skin ulcers seemed healed after regular treatment in the dermatology department. Since the dermatological treatment of
skin ulcers could reduce the detection rate of bacteria, we could not rule out the possibility of Nocardia farcinica
invading the lungs and central nervous system (CNS) through the ulcerated skin despite the negative results of repeated
bacterial cultures. The diagnosis of nocardiosis is primarily based on etiological diagnosis, which means that Nocardia
farcinica can be isolated and identified from clinical specimens including sputum, BALF and tissues, among which,
sputum specimen can be used to detect more than 70% of the cases. Clinical high-throughput sequencing is one of the
most reliable and accurate methods for identifying microorganisms. It can facilitate clinical treatment and reduce fatality
rates of severe infections.”"'® In this case, high-throughput sequencing of blood quickly identified Nocardia farcinica the
next day after admission to our hospital. Subsequent high-throughput sequencing of BALF further supported Nocardia
farcinica as the pathogen. The application of high-throughput sequencing could save our time for precise diagnosis and
subsequent treatment, reduce the rate of misdiagnosis, and improve the survival rate of patients with nocardiosis.
Consistent with the results from high-throughput sequencing, repeated sputum cultures in January, 2022 detected
a small amount of Nocardia farcinica, further suggesting the diagnosis of pulmonary nocardiosis.

This patient experienced seizures after admitted to our hospital, and the brain MRI showed nodular and patchy ring-
enhanced lesions in the left frontal lobe and right basal ganglia. However, the results from general bacterial culture and
high-throughput sequencing of CSF were negative, which is likely due to the relatively insufficient time of bacterial
culture in this case. The longest culture time for positive detection of Nocardia previously reported was 22 days,'” while
the culture time in this case was 7 days, which may explain the negative result of our bacterial culture. Moreover, a report
on Nocardia species in China showed that the detection rate of Nocardia in the CSF of patients with CNS nocardiosis
was only 3.8%.'® In this case, the patient refused a repeat CSF collection. Since the CSF sample was collected only once,
the positive detection rate was further reduced.” Although the bacterial culture and high-throughput sequencing of CSF
were negative in this case, the clinical signs and imaging findings support the diagnosis of CNS nocardiosis and
secondary epilepsy.

Imaging features varies in pulmonary nocardiosis, including exudation, consolidation, nodular shadow, cavity, pleural
effusion, interstitial lesions, and other nonspecific pulmonary features. Multiple imaging features can co-occur when the
pulmonary nocardiosis progresses rapidly, making it easy to be missed or misdiagnosed as tuberculosis, fungal, or tumor
infection.”” In this case, tuberculosis and tumor screening were both negative during the hospitalization. As the disease
progressed, repeated sputum cultures revealed multiple pulmonary infections by bacteria, fungi, and viruses. The
pulmonary infections gradually dissipate and transform into an image dominated by cavities and ground-glass opacity
following antibiotic therapy. The general fatality rate of nocardiosis is 20%-55%, but if Nocardia spreads into the brain,
the fatality rate dramatically increases.”'® TMP-SMX remains the first-line drug for treating nocardiosis.'” TMP-SMX
combined with amikacin and imipenem can be used to treat severe nocardiosis. However, antibiotic sensitivity varies
among Nocardia species. Imipenem, linezolid, and TMP-SMX were found to be effective against Nocardia farcinica
based on the antibiotic susceptibility report of this case. Except for imipenem, the other two antibiotics can easily
penetrate the blood-brain barrier and have high blood concentrations after systemic administration.>*'**° A combination
use of drugs is recommended for patients with CNS nocardiosis, and drugs that can penetrate the blood-brain barrier
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should be intravenously administered for six weeks. In this case, the patient was treated with intravenous antibiotics for
six weeks, and then replaced with oral antibiotics until her clinical symptoms and imaging signs were recovered.® Due to
recurrence of nocardiosis, antibiotic therapy in immunocompromised patients should be extended to 6 to 12 months.”'”
In this case, the duration of antibiotic therapy lasted for over 5 months. The initial treatment regimen consisted of TMP-
SMX (0.96g), linezolid, and imipenem, and as the disease progressed, the treatment regimen was changed to TMP-SMX
(1.44g), amikacin, imipenem, and linezolid. Due to pulmonary aspergillosis and increased alveolar hemorrhage and
exudation, we adjusted treatment regimen to TMP-SMX (1.44g), voriconazole, imipenem, linezolid, methylprednisolone.
The clinical symptoms and the imaging results had greatly improved after treatment. Fungi, Mycobacterium tuberculosis,
and Nocardia farcinica were no longer found in sputum culture or BALF macro gene screening. Only respiratory
syncytial virus and cytomegalovirus were detected, and ganciclovir was then used for anti-virus therapy. TMP-SMX,
ganciclovir, methylprednisolone, and voriconazole were continued after discharge.

It is worth noting that patients with disseminated nocardiosis may have a history of hormone administration, and it is
unclear whether abrupt hormone withdrawal will aggravate the condition. In this case, the patient had orally administered
hormones for a long term. Considering the positive occult blood in the stool, the hormone administration was suspended,
but unexpectedly, the condition of the patient rapidly deteriorated after that. The symptoms gradually improved after re-
using the hormones. The abrupt reduction or withdrawal of corticosteroids may aggravate allergic vasculitis or
rheumatoid arthritis and then affect disseminated nocardiosis. Hence, appropriate corticosteroids remain clinically
essential for controlling the progress of disseminated nocardiosis in patients with a history of long-term hormone
administration.

Conclusion

Disseminated Nocardia has a poor prognosis, especially those involving the central nervous system, drug-resistant
bacterial infection and delayed diagnosis, with a high mortality rate. Elder, immunocompromised, organ transplantation,
and long-term administration of hormones are at increased risk for disseminated nocardiosis. Early diagnosis and
appropriate antibiotic therapy could help reduce the morbidity of immunocompromised patients suffering from dissemi-
nated nocardiosis. The application of high-throughput detection and mass spectrometry has greatly improved Nocardia
detection rates.
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