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Abstract: Disseminated infection caused by Nocardia farcinica with primary nephrotic 
syndrome is exceedingly rare. A 66-year-old female visited the outpatient department due 
to fever and fatigue who had been diagnosed as membranous nephropathy and with a long- 
term prednisone and immunosuppressive therapy. After lung biopsy for many times, culture 
from space-occupying lesion of the right lung and species identification by mass spectro-
metry-based methods (MALDI-TOF) revealed Nocardia farcinica. By imaging examination, 
space-occupying lesions from the lungs, brain, abdominal cavity and kidney were found. 
After 2 weeks of meropenem intravenous and up to 6 months of trimethoprim- 
sulfamethoxazole (TMP-SMX) therapy, our patient has remained relapse-free at that time 
of writing. Disseminated infection caused by Nocardia farcinica is usually subacute with 
complex clinical manifestations. In addition, it can be easily confused with diseases such as 
tumor and mycobacterial infection, and lead to fatal consequences. Therefore, we hope that 
we can remind clinicians considering by discussing common features of disseminated 
Nocardia farcinica infection. 
Keywords: disseminated nocardiosis, fever, space-occupying lesions, brain abscess, renal 
insufficiency

Introduction
Nocardia spp. are opportunistic pathogen belonging to aerobic actinomycetes, 
which can be found in almost all over the world and have been isolated from 
diverse environments including soil, water, the rhizosphere, insects, fish, as well as 
from human patients and medical samples.1,2 Since Nocardia spp. had been first 
described in 1888 by Edmond Nocard, in the United States, it has been estimated 
that 500–1000 new cases of nocardiosis infection occur every year reported from 
the centers for disease control and prevention (CDC). With high virulent, Nocardia 
farcinica have been identified as the source of life-threatening infections especially 
in immunocompromised persons, who are more likely to develop a disseminated 
infection.3 According to past literatures, incidence of N. farcinica infection cases 
presence regional differences. According to an American study, the incidence of 
N. farcinica made up 14% of all nocardiosis cases.4 Meanwhile, the incidence of 
Australia study was 3%,5 Spain study was 11.4%,6 and China study was 24.5%.7

The traditional identification of Nocardia spp. is culture but with some limita-
tions. Nocardia spp. are difficult to isolate from clinical samples, and difficult to 
identification from different species. Over the past two decades, several molecular 
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techniques for identification of Nocardia spp. have been 
proposed, including 16S rRNA gene sequencing, metage-
nomic next-generation sequencing (mNGS), as well as 
mass spectrometry-based methods (MALDI-TOF).8 

Following advent of molecular methodologies, a huge 
number of new Nocardia species have been identified, at 
the same time, have improved the prognosis of Nocardia 
treatment.

Almost all Nocardia spp. infection do not result from 
human to human but typically by inhalation of the organ-
ism, presumably from aerosolized dust. Nocardia spp. 
infection can manifest as single-organ or multifocal dis-
eases. Pulmonary, central nervous system (CNS) and cuta-
neous or subcutaneous are the most commonly involved 
sites.9 It’s important to note that disseminated Nocardia 
spp. infection could mimic tumors, tuberculosis or deep 
fungal infection, which are difficult to distinguish from. Its 
high pathogenicity and high mortality have attracted atten-
tion from clinicians, especially combining with CNS infec-
tion, with a mortality rate as high as 85%.10

Treatment of nocardiosis is individualized. Although 
there have been a small number of disseminated 
N. farcinica cases in the past have been reported, but not 
had been well summarized for treatment before. Currently, 
trimethoprim-sulfamethoxazole (TMP-SMX) is still 
regarded as the first-line drug for N. farcinica infection. 
Other antibiotics such as linezolid,11 amikacin,12 and 
imipenem13 have also been reported to be effective in 
treatment combined with TMP-SMX. Conventional inten-
sive antibiotic treatment has improved survival rates, but 
the overall prognosis of patients with disseminated 
N. farcinica infection remains unsatisfactory.1

Case Presentation
A 66-year-old woman, a retired hotel caretaker, was admitted 
to the Respiratory Department of the First Hospital of the 
China Medical University with the chief complaint of ‘inter-
mittent fever and lung occupation for 2 months’. Six months 
prior, the patient was diagnosed with primary nephrotic 
syndrome (idiopathic membranous nephropathy stage I) 
and chronic renal insufficiency (G5 stage). After tacrolimus 
administration, the patient received corticosteroid therapy 
(oral prednisone 50 mg once a day, 5 mg reduced every 
half month) combined with cyclophosphamide (1.0 g per 
month), and her kidney function was found to have improved 
since then (Figure 1C and D).

Three months prior, her chest computed tomography 
(CT) scan showed multiple nodules in both lungs 

(Figure 2B), which were not observed in prior CT scans 
(Figure 2A). An enhanced chest CT also revealed irregular 
nodules around the right lung hilum with mild enhancement, 
right pleural effusion, and enlarged mediastinal and right 
hilar lymph nodes (Figure 2C). Initially, these lesions were 
suspected to be malignant, however, after administration of 
cephalosporin combined with levofloxacin intravenous for 3 
weeks, including three times for bronchoscopies and tissue 
biopsies and one time for mediastinal lymph nodes inspected 
by endoscopic ultrasound-guided fine-needle aspiration 
(EUS-FNA) were all failed to detect any malignant tissue, 
aside from benign pathologic changes such as chronic 
inflammation. To rule out the possibility of tuberculosis, 
relevant blood tests were performed, all of which had 
a negative result. Notably, the patient persistently presented 
with an intermittent fever during hospitalization, and her 
highest body temperature was reported to reach 39.8°C. As 
such, the patient was transferred to our department for further 
diagnosis and treatment, following a multidisciplinary team 
consultation.

The patient still presented with fever without chills, 
and the highest body temperature reached 38°C. On phy-
sical examination, rough breath sounds were heard in both 
lungs. Moreover, significantly increased levels of inflam-
mation-related indicators (WBC: 26.72×109 /L, NE: 
23.14×109/L, CRP: 57.4 mg/L, PCT: 0.206 ng/L) were 
seen on laboratory examinations (Figure 1A and B), 
along with increasing levels of coagulation indicators 
(Fg: 6.31 g/L, D-D: 4.4 ug/mL), and slightly higher levels 
of serum tumour markers (CA125: 63 U/mL, CA199: 38.4 
U/mL, Cyfra21-1: 3.38U/mL). After testing for penicillin 
allergy, intravenous piperacillin-tazobactam (2.5 g every 
12 hours) was initiated, and prednisone was still used for 
primary nephrotic syndrome concurrently. For further 
diagnosis, the patient underwent endobronchial ultra-
sound-guided transbronchial needle aspiration (EBUS- 
TBNA) biopsy again, and cultures from pulmonary lesions 
revealed Nocardia species which was a gram-positive, 
partial acid-fast positive, rod-shaped bacterium 
(Figure 3A–C). A further species identification was sub-
jected to MALDI-TOF MS (VITEK® MS, BioMérieux), 
which was identified as Nocardia farcinica (99.9% 
confidence).

Following pathological diagnosis, the patient under-
went brain contrast-enhanced MRI and abdominal 
enhanced CT scans to exclude other foci. The brain con-
trast-enhanced magnetic resonance imaging (MRI) images 
showed mixed solid cystic lesions (Figure 4A), additional 
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diffusion-weighted imaging (DWI) results are showed in 
Figure 5. Meanwhile, on whole-abdominal-enhanced CT, 
right abdominal encapsulated effusion and space- 
occupying lesions were reported (Figure 6B), which were 
not found in the previous inspection (Figure 6A). We 
administered to intravenous meropenem (1 g every 12 
hours) and oral TMP-SMX (3 pieces every 8 hours, each 
piece containing 80 mg of trimethoprim and 400mg of 
sulfamethoxazole). About half month later, another brain 
contrast-enhanced MRI was performed, revealing the ring- 
like enhancement lesion was smaller than the previous one 
(Figure 4B), and a chest-enhanced CT scan also showed 
lesion size reduction (Figure 2D). Furthermore, laboratory 

tests revealed that infection-related indicators were all 
significantly lower than them before (Figure 1A and B). 
Since treatment was well tolerated with no adverse events, 
we advised the patient to continue oral TMP-SMX 3 
pieces three times a day for 6 months, and to undergo 
regular follow-ups with blood tests and related imaging 
examinations. The relevant examination results are pre-
sented in Figures 1, 2E–G, 4C, 6C–E and 7. The clinical 
course is summarized in Figure 8.

Discussion and Literature Review
Nocardiosis is a rare infection caused by Nocardia spp., 
which are environmentally weak, gram-positive, aerobic, 

Figure 1 Dynamic changes of laboratory examination. (A) WBC, NE underwent significant reduction after taking meropenem and TMP-SMX. (B) CRP, PCT underwent 
significant reduction after taking meropenem and TMP-SMX. (C) Renal glomerular function improved with lower urinary protein/24h urinary protein quantification. (D) 
Renal function retaining almost steady on the creatinine, eGFR, urea.
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non-dynamic, urease-positive, catalase-positive, and par-
tial acid-fast positive filamentous bacteria. Currently, 
a large number of new Nocardia species have been identi-
fied with the development of molecular biology, especially 
gene sequencing technology,14 in which 119 species of 
Nocardia have been documented (http://www.bacterio. 
net/nocardia.html), with more than 40 of them being con-
sidered clinically relevant (https://www.cdc.gov/nocardio 
sis/health-care-workers/index.html).10 Moreover, some 
cases have reported a hematogenous spread from the pri-
mitive site, leading to disseminated nocardiosis when at 

least two non-contiguous organs are affected.15 Notably, 
phagocytosis resistance is the main pathogenicity of an 
Nocardia spp. infection, wherein the filamentous stage 
has been reported to be more toxic among mouse macro-
phages by approximately 1000 times.16 Furthermore, 
N. farcinica is often considered to be the more toxic 
among the common Nocardia spp. and has inherent resis-
tance to various antibiotics. Thus, infections caused by this 
specific organism are more prone to disseminated infection 
involving multiple organs, especially the brain abscess 
formation, leading to a high fatality rate. As such, we 

Figure 3 Routine bacterial culture result, identification of bronchoscopy specimens: Nocardia (Magnifications: 100×). (A) yellowish bacterial colony growing after 
bronchoscopy specimen inoculated on the culture medium. (B and C) Gram-positive, partial acid-fast positive, rod-shaped bacterium.

Figure 2 Chest CT examination, dynamic changes of the space-occupying lesions in lung. (A) regular chest CT: no space-occupying lesion in the right hilum. (B) regular chest 
CT: new-found multiple nodules in both lungs and space-occupying lesion in the right hilum. (C) enhanced chest CT: irregular nodules around the right lung hilum with mild 
enhancement, as well as right pleural effusion, enlarged mediastinal, and right hilar lymph nodes. (D) enhanced chest CT: smaller hilar lesion and hilar lymph nodes. (E) 
enhanced chest CT: a significant reduction in the size of lesions. (F–G) chest CT at follow-ups: no relapse of the lesions.
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Figure 4 Brain contrast-enhanced MRI. (A) mixed solid-cystic lesions in the left frontal lobe, suggesting brain abscess/malignancy. (B) left frontal ring-like enhancement 
lesions, considering brain abscess, smaller than the previous one. (C) smaller left frontal ring-like enhancement lesions, enlarged scope of edema.

Figure 5 DWI: Patchy diffusion restricted lesions with high signal in the left frontal lobe, the corresponding ADC diagram shows uneven low signal changes.
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used the Web of Science and PubMed databases to retrieve 
reports on disseminated infections caused by Nocardia 
farcinica written in English from 2011 to 2021, and 

a total of 33 complete cases were included. The 33 cases 
were summarized and reviewed below, and all cases were 
shown in the Appendix.

Figure 7 Brain CT (13rd Oct 2020): the lesion almost disappeared in the left frontal lobe.

Figure 6 Whole-abdominal CT contrast: dynamic changes of space occupying lesion in the right kidney and right abdominal encapsulated effusion. (A) enhanced abdominal 
CT: no abnormal presentation. (B) enhanced abdominal CT: new-found right abdominal encapsulated effusion and space-occupying lesion in the right kidney. (C) enhanced 
abdominal CT: a significant reduction in the size of lesions. (D and E) abdominal CT at follow-ups: no relapse of the lesions.
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General Demographics and Medical 
History Associated with Disseminated 
N. farcinica Infection
As summarized, disseminated N. farcinica infection was 
more prevalent in men than in women, with most of them 
occurring in immunocompromised patients (28 cases, 
84.85%), and the mean age of the included patients was 
58.52 ± 11.72 years. In terms of underlying diseases, SLE 
was the most frequent (5 cases), and other underlying dis-
eases included but not limited to kidney transplant (3 cases), 
renal disease (3 cases), inflammatory bowel disease (2 cases), 
alcohol abuse (2 cases) and hematologic malignancy (2 
cases) among others. In immunocompromised patients, ster-
oid combined with immunosuppressive treatment was the 

highest risk factor for disseminated N. farcinica infection. 
In addition, chemotherapy, the use of biologics, and targeted 
therapy were also found to be high-risk factors for dissemi-
nated N. farcinica infection (Table 1).

Identification of N. farcinica
In all 33 cases, specimens obtained through biopsy of the 
lesion was most valuable for positive results (11 cases). 
Other effective sample included purulent fluid (9 cases), 
blood (8 cases), pleural fluid (3 cases), bronchoalveolar lavage 
fluid (2 cases), sputum (1 case), and cerebrospinal fluid 
(1 case). Of these, 18 cases (54.55%) were confirmed as 
Nocardia farcinica infection based on molecular methodolo-
gies and 15 cases (45.45%) by traditional culture methods. The 

Table 1 Summary of General Demographics and Medical History of Disseminated N. farcinica Infection

Variable Category Cases, n (%)

Sex Male 23 (69.7%)
Female 9 (27.27%)

NA 1 (3.03%)

Mean age, years (range) 58.52±11.72 (24–78)

Immune status Immune compromised 28 (75.76%)
Non-immune compromised 5 (24.24%)

Medical history Immunosuppressive therapy+ steroids 12 (42.86%)

Single steroids 6 (21.43%)
Chemotherapy + steroids 2 (7.14%)

Biological agent therapy + steroids 1(3.57%)

Single immunosuppressive therapy 1(3.57%)
Targeting therapy + steroids 1(3.57%)

Figure 8 The clinical course of this case.
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traditional diagnosis of Nocardiosis is culture but with some 
limitations. Nocardia spp. culturing usually takes 2–7 days to 
become positive, sometimes extending to at least two weeks 
for slow-growing species. Additionally, they are difficult to 
isolate from clinical samples, especially those including nor-
mal flora, such as lung samples (sputum and bronchoalveolar 
lavage fluid) and difficult to identification from different 
Nocardia spp. Given these difficulties in culture methods, 
molecular techniques, such as 16S rRNA gene sequencing, 
MALDI-TOF, and mNGS have become the most accurate 
methods for identifying Nocardia to the species level. In our 
statistics, 16S rRNA gene sequencing was the most commonly 
used (10 cases), followed by MALDI-TOF (4 cases) and 
mNGS (2 cases). By far, most of the information available in 
public databases was for the 16S rRNA gene sequencing. 
Although it considered to have higher sensitivity and accuracy, 
a major difficulty with using of 16S rRNA gene sequencing is 
the high level of sequence similarity among species, only 
a few base differences separate closely related species. In the 
past ten years, MALDI-TOF for the identification of Nocardia 
was widely used because of rapid and cost-efficient. MALDI- 
TOF MS, as the first commercially available system, has 
successful identification with common species, including 
N. farcinica, N. brasiliensis, N. cyriacigeorgica, N. nova/ 
N. nova complex, and N. otitidiscaviarum in an accurate and 
rapid way.17 With characteristics of high sensitivity, rapid 
detection and less affected by prior antibiotics usage, mNGS 
is a new approach to identification for difficult and atypical 
infectious diseases. But the expensive cost may be a burden to 
some patients.18 In terms of our statistical data, there were still 
almost half of the cases using traditional culture methods to 
identification N. farcinica may be because of the expense and 
complexity for the above molecular methodologies.

Clinical Manifestations of Disseminated 
N. farcinica Infection
Clinical manifestations of nocardiosis are complex and 
varying. Disseminated N. farcinica infection usually has 
a subacute onset, and manifested as fever, cutaneous or 
subcutaneous abscess, productive or non-productive 
cough, dyspnea, chest pain, progressive fatigue, and 
weight loss. At the same time, metastatic abscesses caused 
by N. farcinica can also lead to systemic diseases such as 
septicemia, catheter-related infection, peritonitis, and 
endocarditis. The clinical features were summarized in 
Table 2. Among these cases, disseminated N. farcinica 
was found to invade and usually attack the lungs (28 

cases, 84.85%), brain (21 cases, 63.63%), and cutaneous 
or subcutaneous layers (15 cases, 42.4%) (Table 3). Due to 
the high toxicity of the organism, we found that 13 cases 
(45.45%) were critical cases (5 cases were transferred to 
the intensive care unit, and 8 cases died due to ineffective 
treatments). Of the 13 critically ill patients, 8 (61.5%) had 
both the lungs and brain involvement. Therefore, the 
simultaneous involvement of the lungs and brain should 
be alarming for clinicians.

Treatment of Patients with Disseminated 
N. farcinica Infection
As previously established, N. farcinica is often the more 
toxic one among the common Nocardia spp., with inherent 
resistance to various antibiotics. To avoid the risk of 
recurrence, the duration of antimicrobial treatment usually 

Table 2 Summary of Clinical Manifestations About Cases with 
Disseminated N. farcinica Infection

Variable Category Cases, 
n

Systemic 

symptoms

Fever n=17
Weight loss n=5

General malaise n=3

Nocturnal hyperhidrosis n=3
Appetite loss n=2

Fatigue n=2

Depressed mood n=1

Respiratory 

symptoms

Cough n=15
Dyspnea n=10

Sputum n=9

Chest pain n=5
Nasal congestion n=1

Sore throat n=1

Central nervous 

symptoms

Headache n=4
Unconsciousness n=2

Sensorium n=2
Seizures n=1

Facial numbness n=1

Mental status deterioration n=1
Dizziness n=1

Digestive 
symptoms

Diarrhea n=3
Abdominal pain n=2

Vomiting n=2
Nausea n=1

Other 
symptoms

Cutaneous or subcutaneous abscess 
with pain and swelling

n=15

Vision loss n=3
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needs to be extended in these cases. For patients with 
normal immune function, 6 months of antibacterial treat-
ment was usually recommended, whereas, for those with 
a weakened immune system or with CNS disseminated 
lesions, at least 6 to 12 months were required. In all 
cured cases of this study, the average treatment time for 
disseminated infections was 11.25 ± 2.78 months.

For the treatment of N. farcinica, TMP-SMX was first- 
line therapy. As mentioned above, combined with the 
lungs and brain infection cases were more likely to 
develop into critical cases and have a higher mortality 
rate, thus, a greater importance is attached to the selection 
of treatment options for these patients. In this study, there 
were 12 cases with good therapeutic effects in both the 
lungs and brain involvement. Among the aforementioned 
cases, 10 cases (83.3%) were treated with TMP-SMX,10 
cases (83.3%) were treated with carbapenem, and 8 cases 
(66.7%) were treated with a combination of TMP-SMX 
and carbapenem. Therefore, we suggest that the use of 
TMP-SMX and carbapenem should be considered as 
a priority in the absence of drug susceptibility tests for 
the accumulation when infected both lungs and brain. The 
use of antibiotics in all patients is displayed in Table 4.

Notably, the increasing recognition of antibiotic resis-
tance highlights the importance of Nocardia identification 
and sensitivity testing. In all 33 cases, 14 were tested for 
drug sensitivity, which was summarized for the purpose of 
experiential treatment and medication guidance for institu-
tions without conditions for sensitivity testing (Table 5).

Conclusion
As described above, the application of glucocorticoid combined 
with immunosuppressive treatment for membranous nephropa-
thy was the most important risk factor for N. farcinica infection. 
We speculated that, due to the immuno-compromised condition 
of this patient, inhalational N. farcinica could successfully 
spread to the brain, the abdominal cavity and kidneys from 
the lungs through blood, thus causing a relatively rare 
N. farcinica disseminated infection. Due to the difficulty in 
diagnosis and high virulent, disseminated N. farcinica infection 
has extremely high mortality especially combining with brain 
abscesses. In terms of treatment, it could usually be persistent or 
recurrent due to insensitive antibiotics used and inadequate 
therapeutic course. This case provided insights for diagnostic 
methods and treatment strategies of disseminated N. farcinica 
infection. Meanwhile, we have gained an in-depth understand-
ing of disseminated N. farcinica infection by literature 

Table 3 Summary of Involved Organs and Outcomes

Variable Category Cases, 
n (%)

Involved 

organs

Lung+ Brain 10 (30.3%)

Lung+ Cutaneous 9 (27.27%)

Lung+ Brain+ Cutaneous 3 (9.09%)

Brain+ Eye 2 (6.06%)

Brain+ Cutaneous 2 (6.06%)

Lung+ Brain+ Thyroid lobe+ Eye 1 (3.03%)

Left apex abscess+ Peritonitis+ Cutaneous abscesses 1 (3.03%)

Lung+ Pericardial 1 (3.03%)

Lung+ Eye 1 (3.03%)

Lung+ Adrenal + Brain 1 (3.03%)

Lung+ Brain+ Abdominal 1 (3.03%)

Lung+ Kidney+ Brain 1 (3.03%)

Outcome Improved 15 (45.45%)

Cured 10 (30.3%)

Died 8 (24.24%)

Table 4 Summary of Top 8 Effective Disseminated N. farcinica 
Therapies

Variable Category Cases, 
n

Effective 

antibiotic agents

TMP-SMX (including co-TMP and co-SMX) n=22

Imipenem n=10

Linezolid n=7

Amikacin n=6

Meropenem n=5

Moxifloxacin n=5

Ceftriaxone n=4

Minocycline n=2

Table 5 Summary of Disseminated N. farcinica Antimicrobial 
Susceptibility Patterns

Variable Category Cases, 
n

Susceptibility of antibiotic 

agents

TMP-SMX n=11

Imipenem n=9
Amikacin n=9

Linezolid n=5

Ciprofloxacin n=5
Ceftriaxone n=2

Moxifloxacin n=2
Minocycline n=2

Amoxicillin/clavulanic acid n=2

Meropenem n=1
Penicillin n=1

Cefotaxime n=1
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reviewing and summing up relevant clinical cases, which can 
enable more patients to receive early diagnosis, correct treat-
ment, and obtain a good prognosis.
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DWI, diffusion-weighted imaging; NA, not available; 
AIDS, acquired immunodeficiency syndrome; SLE, sys-
temic lupus erythematosus.
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