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Nocardiosis is an uncommon life-threatening infection 
caused by Nocardia spp. This study aimed to review 
the distribution of risk factors, clinical characteristics, 
microbiological findings, treatment and outcome of 
patients diagnosed with nocardiosis. This study was a 
retrospective case record review of all nocardiosis cases 
that were diagnosed at our tertiary care hospital from 
January 2008 to December 2019. A total of 48 patients 
with a mean age of 52.2±16.28 years were included. 
Out of which forty one (85%) were diagnosed as pul-
monary nocardiosis and seven (14.6%) as disseminated 
disease. Chronic lung disease 25 (52.1%), long term 
steroid use 22 (45.8%) followed by diabetes mellitus 11 
(22.9%) were common predisposing factors. The com-
mon symptoms were fever (87.5%), cough (79.2%) and 
breathlessness (52.1%). The most frequent radiologic 
finding included consolidation in 38 (79.1%), cavitation 
with thickened wall in 2 (4.1%), reticulonodular shad-
ows in 2 (4.1%), and unilateral pleural effusion in 5 

SUMMARY

(10.4%). Nocardia otitidiscaviarum (22.9%) was frequent-
ly isolated from cultures. Resistance to trimethoprim-
sulfamethoxazole (TMP-SMX) was observed in 21% 
cases. Mortality was noted in 6 (12.5%) patients and all 
were with pulmonary involvement. The percentage of 
death among those with and without pulmonary tu-
berculosis was 33.3% and 5% respectively. Patients af-
fected by pulmonary nocardiosis with previous history 
of pulmonary tuberculosis showed significant associa-
tion with poor outcome (p-value=0.05). In conclusion, 
nocardiosis mainly affects patients with structural lung 
disease or immunocompromised hosts with adverse 
outcome. Awareness of this infection is crucial for a cli-
nician, and any suspicion should lead to make an early 
diagnosis and choose an appropriate empirical treat-
ment to improve the outcome in this population.

Keywords: Nocardia spp., immunocompromised, pul-
monary nocardiosis.

Le Infezioni in Medicina, n. 4, 600-608, 2021
doi: 10.53854/liim-2904-14 

Corresponding author
Kiran Chawla
E-mail: kiran.chawla@manipal.edu

n INTRODUCTION

Nocardia is an aerobic Gram-positive filamen-
tous bacteria, ubiquitous in distribution. It is 

a saprophytic organism found in soil mainly rich 

in organic matters. The infection spreads by inha-
lation of bacteria when soil is disturbed by human 
activities [1, 2]. It is an opportunistic pathogen 
with low virulence but causes serious complica-
tions in delayed diagnosis and immunocompro-
mised patients [3]. Pulmonary, lymphocutaneous, 
cardiac, ocular, neurological forms are the com-
monly reported manifestations of nocardiosis [4]. 
In recent decade, the nocardiosis cases have in-
creased and mainly reported in patients with 
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renal failure, bone marrow transplantation, use 
of corticosteroids, AIDS, and patients under che-
motherapy [4]. Most common species of Nocar-
dia associated with infections includes Nocardia 
asteroids, Nocardia brasiliensis, Nocardia farcinica 
and Nocardia nova, whereas Nocardia otitidis-
caviarum and Nocardia pseudobrasiliensis are less 
commonly reported. All the etiological agents of 
nocardiosis are not well established and different 
species are reported more in different forms of 
infections [5]. Nocardia elegans has recently been 
reported in less than 1% of cases of disseminated 
nocardiosis [6]. The mechanism of host-parasitic 
relationship in nocardiosis is not completely un-
derstood and the clinical presentation varies in 
different cases [7]. Aspergillus spp. (12.5%), cyto-
megalovirus (CMV) (18.8%) or mycobacterium 
(25%) are the associated co-infections reported 
with nocardiosis [8, 9]. 
There has been a recent upsurge of nocardiosis 
among the Indian population. Immunosuppres-
sive etiology, such as cancer, solid organ trans-
plantation, autoimmune diseases, use of steroids, 
and immunosuppressive drugs, were shown to be 
risk factors in the majority of patients (11 out of 
13 diagnosed) in an Indian population [10]. The 
clinical presentation of patients with nocardiosis 
is not well studied and it mimics actinomycosis, 
tuberculosis, cryptococcosis and toxoplasmosis 
[10]. Due to non-specific clinical presentation and 
variety of differential diagnosis with same mani-
festations, it is often missed, delayed, or misdiag-
nosed leading to poor prognosis and inappropri-
ate empirical therapy complicating the manage-
ment of infection in patients. We aim to study 
demography, distribution of risk factors, clinical 
characteristics, laboratory findings, treatment and 
outcome of nocardial infection in our tertiary care 
hospital in Southern India.

n PATIENTS AND METHODS

Patients and setting
This retrospective study was carried out in a ter-
tiary care teaching hospital in South India from 
January 2008 to December 2019. Patients aged 18 
years or older with a microbiologically confirmed 
diagnosis and appropriate clinical signs and 
symptoms were included in the study. Patients 
with clinically suspected nocardiosis, not con-
firmed by culture or staining were excluded from 

the study. The patients’ data was collected from 
the medical records. It included demographics, 
co-morbidity, clinical course, radiographic pre-
sentation, laboratory findings, treatment course 
and outcome. The study was approved by the 
Institutional Ethics Committee (IEC number: 
376/2019). Written informed consent was waived 
due to retrospective nature of the analysis.

Definitions
Pulmonary nocardiosis was defined as the pres-
ence of clinical symptoms and signs of respira-
tory infection with nocardia species isolated 
from respiratory samples, including sputum or 
bronchoalveolar lavage at least once. Dissemi-
nated nocardiosis was diagnosed if the infection 
was present in two non-contiguous sites with or 
without a pulmonary focus. Long-term steroid 
use was defined as patients taking at least 10 mg 
of prednisolone per day for more than one month 
before the development of nocardiosis [8].

Microbiological analysis
Various clinical samples of suspected nocardial 
infection were subjected to Gram staining that 
revealed many thin, Gram positive, branching 
filamentous bacteria and then confirmed with 
modified acid-fast staining (Kinyoun staining) 
with 1% sulphuric acid that showed partial acid 
fast filaments. These samples were cultured on 
5% sheep blood agar, Sabouraud dextrose agar 
(SDA) and nutrient agar and incubated aerobi-
cally at 37°C under 5% CO2 for 4 weeks. The dry 
chalky white colonies suspected of nocardia were 
confirmed with microscopy and were speciated 
by using a battery of biochemical tests like urease 
production, citrate utilisation, and hydrolysis of 
casein, tyrosine, xanthine and hypoxanthine and 
examined for growth at 45°C. Antibiotic sensitiv-
ity testing was done using disk diffusion method 
according to the Clinical Laboratory Standards 
Institute guidelines (CLSI) [11]. 

Statistical analysis
The distribution of risk factors, clinical character-
istics, laboratory findings and treatment details 
were expressed in terms of frequency and per-
centages or mean ± SD. The association of various 
risk factors with the patient outcome was anal-
ysed using Fisher exact test. All the data analysis 
was carried out using R software.
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n RESULTS

Figure 1 shows the annual percentage of hospi-
talized cases with nocardiosis diagnosed in a 
tertiary care teaching hospital between 2008 and 
2019. A total of 48 patient’s medical records were 
reviewed. The diagnosis of pulmonary nocardio-
sis was made in forty one (85%) cases and seven 
(14.6%) of them had disseminated disease. Within 
the disseminated disease group, one patient had 
pericardial effusion with pancreatic abscess, one 
had bacteremia, two had brain abscess with bac-
teremia, one patient had pancreatic abscess with 
paraspinal abscess and one had gross pericardial 
effusion with empyema. One patient presented 

with multiple skin ulcers and abscesses in the 
background of HIV infection and active pulmo-
nary tuberculosis. All patients with disseminated 
disease had lung involvement except one patient 
with multiple cutaneous abscesses.
The mean age of presentation was 52.2±16.28 
years. The majority of patients were male 33 
(68.8%). Chronic lung disease 25 (52.1%) and 
patients on long-term steroid use 22 (45.8%) fol-
lowed by diabetes mellitus 11 (22.9%) were the 
common predisposing factors. Amongst the pa-
tients with chronic lung disease, 9 (36%) had 
chronic obstructive pulmonary disease, 7 (28%) 
had bronchial asthma, 5 (20%) had old pulmo-
nary tuberculosis with fibrosis as a sequelae and 

Figure 1 - Yearly percentage 
(%) of nocardiosis cases diag-
nosed in the tertiary care hos-
pital between 2008 and 2019.

Table 1 - Demographic characteristics and risk factors for nocardiosis.

Characteristics Frequency (n=48) Percentage (%)

Age, years (mean ± SD) 52.2±16.28

Gender distribution
Male
Female

33 
15

68.8
31.3

Underlying conditions
Renal transplantation
Long term corticosteroid use
HIV
Chemotherapy
Diabetes mellitus
Chronic kidney disease
Chronic obstructive pulmonary disease
Bronchial asthma
Pulmonary tuberculosis 
Bronchiectasis

5 
22 
7 
3 
11 
3 
9 
7 
12 
4 

10.4
45.8
14.6
6.3
22.9
6.3
18.8
14.6
25
8.3

 

Figure 1 - Yearly percentage (%) of nocardiosis cases diagnosed in the tertiary care hospital 
between 2008 and 2019. 
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4 (16%) cases had bronchiectasis. In five patients 
with pulmonary nocardiosis, and in two with dis-
seminated disease, the diagnosis of active pul-
monary tuberculosis was made based on sputum 

smear microscopy and culture or GeneXpert and 
was started on anti-tubercular therapy in addition 
to nocardiosis therapy. The demographic and un-
derlying predisposing factors are summarized in 
Table 1.
Fever was the most consistent complaint 42 
(87.5%) followed by cough 38 (79.2%) and breath-
lessness 25 (52.1%). Increase in white blood cell 
count (>11,000 cells/mm3) was noted in 33 (68.7%) 
cases. The most common radiologic finding was 
consolidation, which occurred in 38 (79.1%) pa-
tients. Cavitation with thickened wall and re-
ticulonodular shadows was detected in 2 (4.1%) 
patients each in the chest computed tomography 
(CT). Unilateral pleural effusion was noted in 5 
(10.4%) patients. Empyema was noted in one pa-
tient with consolidation. Two patients had under-
gone brain magnetic resonance imaging (MRI) 
in view of altered sensorium and were found to 
have a ring-enhancing lesion with surrounding 
edema. The clinical, laboratory and radiological 
details are described in Table 2. The typical radio-
graphic findings in our patients with pulmonary 
nocardiosis are shown in Figure 2.
The diagnosis of nocardiosis was made in 28 pa-
tients from the sputum culture while bronchos-
copy was needed to establish the diagnosis in 
12 patients. Nocardia spp. was isolated from the 
endotracheal tube aspirate culture from three pa-
tients who were on ventilator support (Figure 3). 
In the remaining patients, Nocardia spp. was iso-
lated from other samples such as pleural fluid in 

Table 2 - Clinico-laboratory and radiological profile of 
the patients with nocardiosis.

Characteristics
Frequency 

(n=48) 
Percentage 

(%)

Fever 42 87.5

Cough 38 79.2

Haemoptysis 6 12.2

Breathlessness 25 52.1

Pleuritic pain 11 22.9

Anorexia 12 25

Weight loss 13 27.1

Skin ulcer/abscess 1 2 

Crepitation 23 47.9

Rhonchi 10 20.8

Laboratory findings 

Leukocytosis 33 68.7

Neutrophilia 28 59

Radiographic findings

Consolidation 38 79.1

Pleural effusion 5 10.4

Empyema 1 2

Reticulonodular shadows 2 4.1

Cavitation 2 4.1

Ring enhancing lesions 2 4.1

Figure 2 - A. Chest radiograph of a patient on immunosuppressive therapy after renal transplantation infected 
with Nocardia spp. showing patchy consolidation in the right upper, middle and lower zones and in the left 
middle zone. B. Computed tomography of a patient with bronchial asthma on chronic steroid therapy revealing 
consolidation with areas of breakdown and air bronchograms in apicoposterior segment of left upper lobe with 
adjacent areas of ground glass opacification and nodules.
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one patient, brain biopsy in one patient, cutane-
ous abscess puncture in two patients and blood 
in 1 patient. Nocardia otitidiscaviarum (22.9%) was 
frequently isolated from cultures and in 62.5% of 
individuals, Nocardia spp. was unidentified from 
clinical specimens (Table 3).

Treatment and outcome
Most of the patients in the present study received 
combination therapy except for 6 (12.5%) pa-
tients who received monotherapy as a first-line 
treatment with trimethoprim-sulfamethoxazole 
(TMP-SMX) at a dose of 10 to 15 mg/kg IV of the 
trimethoprim component per day in two to three 
divided doses depending on the severity of in-
fection. Nocardia-specific combination antibiotic 
regimens included TMP-SMX-ceftriaxone in 12 

(25%), TMP-SMX-carbapenem in 12 (25%), TMP-
SMX-linezolid in 4 (8.3%), TMP-SMX-amikacin 
in 5 (10.4%) and TMP-SMX-amikacin-quinolones 
in 9 (18.8%) patients. None of the patients devel-
oped any adverse events during treatment. As the 
patients’ clinical status improved after the first 2 
to 4 weeks of therapy, their regimen was changed 
to oral medication, which was continued for 6 
to 12 months. Antibiotic susceptibility report re-
vealed that all nocardia isolates were sensitive to 
amikacin and linezolid but resistant to ampicillin 
(87.5%) and amoxicillin/clavulanic acid (82.6%). 
Resistance to TMP-SMX was observed in 21% cas-
es. Figure 4 shows the antibiotic resistance pattern 
of all nocardia isolates obtained in this study.
The overall in-hospital mortality rate was 12.5% 
(n=6). Patients with pulmonary nocardiosis had a 

Figure 3 - A. Kinyoun staining showing partial acid-fast filaments; B. Gram staining showing thin, Gram positive, 
branching filaments suggestive of nocardia.

Table 3 - Different species of Nocardia isolated from various clinical specimen.

Clinical 
Specimen

Number of 
samples 

Nocardia 
asteroides

Nocardia nova
Nocardia 

otitidiscaviarum
Nocardia 
farcinica

Nocardia spp. 
unidentified 

Sputum 28 2 0 6 2 18

ET Aspirate 3 0 0 0 0 3

BAL 12 1 1 5 0 5

Pleural fluid 1 1 0 0 0 0

Brain abscess 1 0 0 0 0 1

Cutaneous 
abscess 

2 0 0 0 0 2

Blood culture 1 0 0 0 0 1

Total n (%) 48 4 (8.3) 1 (2.1) 11 (22.9) 2 (4.2) 30 (62.5)

ET aspirate = Endotracheal aspirate; BAL = Bronchoalveolar lavage.
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Figure 4 - Antibiotic resistance 
patterns.

Table 4 - Factors associated with outcome of nocardia infection.

Risk Factors Improved Not improved p-value

Renal transplantation Present 5 0
0.569

Absent 33 10

Corticosteroids Present 19 3
0.307

Absent 19 7

HIV Present 6 1
1.0

Absent 32 9

Chemotherapy Present 3 0
1.0

Absent 35 10

Diabetes mellitus Present 7 4
0.206

Absent 31 6

CKD Present 3 0
1.0

Absent 35 10

COPD Present 6 3
0.370

Absent 32 7

Bronchial asthma Present 6 1
1.0

Absent 32 9

Active pulmonary TB Present  6  1
1.000

Absent 32 9

Old pulmonary TB Present 2 3
0.05*

Absent 36 7

Bronchiectasis Present 4 0
0.566

Absent 34 10

HIV = Human immunodeficiency virus; CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease.
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higher mortality rate, and all deaths were related 
to either secondary bacterial infection in blood 
[Enterococcus spp. (n=1)] or ventilator associated 
pneumonia due to Acinetobacter baumannii (n=3), 
Klebsiella spp. (n=1) and Pseudomonas aeruginosa (n 
= 1). Four (8.3%) patients with pulmonary nocar-
diosis showed worsening during the hospital stay 
and were discharged at request due to financial 
constraints. The percentage of death was 33.3% 
and 5% respectively, among individuals with and 
without pulmonary tuberculosis. When the dif-
ferent variables were analysed with respect to 
clinical outcome, we observed that the patients 
with old pulmonary tuberculosis and later devel-
oping pulmonary nocardiosis showed significant 
association with poor outcome (p-value=0.05) as 
described in Table 4.

n DISCUSSION

The incidence of nocardiosis seems to rise every 
year due to an increase in the number of immu-
nocompromised patients, particularly those with 
altered cellular immunity, and also due to in-
creased awareness [12]. However as previously 
mentioned, this infection can also occur in immu-
nocompetent individuals [13]. We found a grow-
ing trend in cases of nocardiosis similar to other 
studies, possibly due to increased knowledge of 
the disease [12]. In our study, we also observed 
a sharp rise in cases in 2017 (16.7%) and 2019 
(14.6%), when few parts of hospital were under 
construction. Considering the saprophytic distri-
bution of Nocardia spp. in the soil, construction 
and other recreational activities in the hospital 
setting favours the spread of nocardial infection 
[14]. Males were affected more frequently than 
females in this study, similar to most of the pub-
lished reports [15, 16]. The reason for this distribu-
tion could be related to hormonal effects on the 
virulence or growth of nocardia [17]. 
The most common underlying disease in the 
current study was chronic lung disease (52.1%). 
Among these patients, COPD (18.8%) was most 
commonly followed by bronchial asthma (14.6%). 
It has been reported that pulmonary co-morbidi-
ty, particularly COPD may be the only risk factor 
for nocardiosis [18]. Another important predis-
posing factor for the development of nocardiosis 
in our study was prolonged corticosteroid thera-
py (45.8%). In patients with chronic lung disease, 

especially COPD, impaired ciliary motility and 
epithelial damage lead to impaired local immune 
defence, and prolonged corticosteroid treatment 
may promote growth of Nocardia [19]. Further-
more, diabetes mellitus (22.9%), HIV infection 
(14.6%) and renal transplantation (10.4%) were 
found to be risk factors in our study. These obser-
vations were consistent with the results of other 
published studies [19, 20]. 
Clinically, diagnosing nocardial infection is dif-
ficult due to non-specific clinical manifestations 
that often resemble pulmonary tuberculosis. The 
most common symptoms in the study group were 
fever (87.5%), cough (79.2%) and breathlessness 
(52.1%) which was similar to the findings of previ-
ous studies [16, 19, 20]. The most frequent presen-
tation was pulmonary disease (85.4%) in our se-
ries which is in unison with other studies [20, 21]. 
Some studies have observed that the radiological 
changes in pulmonary nocardiosis are varying, 
and may mimic a myriad of pulmonary diseases 

[22, 23]. In particular, consolidation (79.1%) was 
a common radiological finding in most of our 
patients and cavitation (4.1%) was found in very 
few. In a study by Chen et al., it was observed 
that most patients had single or multiple nod-
ules (82.35%) and cavitation (76.47%) on thoracic 
computed tomography (CT) [22]. This discrep-
ancy in the results may be because not all of our 
patients underwent CT thorax owing to financial 
constraints. Diagnosing pulmonary nocardiosis 
using radiological findings may be difficult since 
this approach is often associated with low speci-
ficity. However, clinical history in combination 
with radiological findings may provide important 
diagnostic clues. In this study, 14.6% of all evalu-
ated patients had a disseminated disease. It is 
important to actively search for disseminated dis-
ease because it is directly related to the outcome 
and selection of definitive antibiotic therapy [13]. 
A definitive diagnosis of nocardiosis requires the 
isolation and identification of the organism from 
a clinical specimen. Even with non-invasive sam-
ples such as sputum, the yield is quite satisfactory, 
however invasive methods such as bronchoscopy 
may be required to obtain a quick diagnosis when 
patients do not produce sputum. In our study, 
25% of the patients required bronchoscopy since 
they were unable to produce sputum. Nocardia 
usually takes three weeks for growth in routine 
aerobic cultures [24]. It is therefore important to 
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ask the microbiologist to incubate cultures for a 
longer period of time when a nocardia infection 
is suspected. Although N. otitidiscaviarum is rarely 
reported in pulmonary infections, accounting for 
only about 5% of all nocardia infections, it was 
frequently isolated from cultures in our study 
(22.9%) [25].
Trimethoprim-sulfamethoxazole (TMP-SMX), car-
bapenem, ceftriaxone, and amikacin, which are 
all generally recommended as initial treatment for 
nocardiosis, were the most frequently used anti-
biotics in our study [26, 27]. TMP-SMX is consid-
ered the standard first-line therapy for nocardiosis 
because most studies have shown that Nocardia is 
highly susceptible to this drug [16, 20]. Our study 
observed that 20.80% of Nocardia isolates were re-
sistant to TMP-SMX which is quite high compared 
to previous study conducted by Lai et al. that re-
vealed that 10% of isolates were resistant to TMP-
SMX [28]. Uhde et al., in 2010 revealed high rate of 
resistance (42%) to TMP-SMX among 765 isolates 
of Nocardia [29]. In addition, we have found a high 
resistance rate to the most frequently used drug, 
ceftriaxone (52.10%), which is very high compared 
to some of the previous studies showing that all 
nocardia isolates were susceptible to ceftriaxone 

[26, 28]. Variation in resistance to different antimi-
crobials may be explained by differences in antibi-
otic usage practices in different healthcare settings. 
Therefore, taking into account the different antimi-
crobial resistance profile of different Nocardia spp., 
combination therapy with 2 or more active agents, 
including TMP-SMX, cephalosporin, amikacin, 
carbapenem and linezolid is recommended for pa-
tients with severe or disseminated disease [27].
In our study, we found that patients with old pul-
monary tuberculosis showed a peculiar increase 
in mortality (p-value=0.05) compared to other 
commonly reported risk factors. This can be ex-
plained in terms of histopathological changes in 
the lungs caused by the progression of pulmo-
nary tuberculosis. The fibrotic changes in lungs 
induced during the course of tuberculosis, ad-
vances co-infection or late infection of pulmonary 
nocardiosis, and increase exacerbation [30]. In the 
current series, no deaths were observed among 
patients with disseminated nocardiosis. This may 
be due to timely and appropriate management of 
infection with the existing knowledge of medical 
procedures and antibiotic combinations. On the 
contrary, mortality rate was higher among pa-

tients with pulmonary nocardiosis, with all deaths 
due to a subsequent secondary bacterial infection 
in the blood or ventilator associated pneumonia. 
In summary, this study highlights that chronic 
lung disease, long-term steroid use and diabetes 
mellitus are the most common predisposing fac-
tors for nocardial infection. When there is lung in-
volvement, clinicians usually suspect tuberculo-
sis, particularly in immunocompromised individ-
uals. Other aetiologies such as nocardiosis may 
need to be considered in patients with underly-
ing structural lung disease or in those on chronic 
immunosuppressive therapy not responding to 
usual relevant therapy. Despite initial combina-
tion therapy mortality remains high, especially 
in those with secondary bacterial infection and 
requiring mechanical ventilation as seen in the 
present study. Therefore, early recognition and 
timely initiation of treatment of the disease are of 
particular importance for a better prognosis.

Conflict of interest
The authors declare no conflict of interest.

Funding
This study did not receive any financial support.

n REFERENCES

[1] Kandi V. Human Nocardia Infections: A Review of 
Pulmonary Nocardiosis. Cureus. 2015; 7 (8), e304.
[2] Lerner PI. Nocardiosis. Clin Infect Dis. 1996; 22 (6), 
891-903. 
[3] Mehta HH, Shamoo Y. Pathogenic Nocardia: A di-
verse genus of emerging pathogens or just poorly rec-
ognized. PLoS Pathog. 2020; 16 (3), e1008280.
[4] Wilson JW. Nocardiosis: updates and clinical over-
view. Mayo Clin Proc. 2012; 87 (4), 403-7.
[5] Chedid MB, Chedid MF, Porto NS, Severo CB, Seve-
ro LC. Nocardial infections: report of 22 cases. Rev Inst 
Med Trop Sao Paulo. 2007; 49 (4), 239-46. 
[6] You Y, Chen W, Zhong B, Song Z, Yang X. Dissemi-
nated nocardiosis caused by Nocardia elegans: a case 
report and review of the literature. Infection. 2018; 46 
(5), 705-10.
[7] Beaman BL, Beaman L. Nocardia species: host-para-
site relationships. Clin Microbiol Rev. 1994; 7 (2), 213-64. 
[8] Ott SR, Meier N, Kolditz M, et al. OPINION Stu-
dy Group. Pulmonary nocardiosis in Western Europe-
Clinical evaluation of 43 patients and population-based 
estimates of hospitalization rates. Int J Infect Dis. 2019; 
81, 140-48. 
[9] Daly AS, McGeer A, Lipton JH. Systemic nocardio-



608 C. Udyavara Kudru, A. Kumar, K. Chawla, et al.

sis following allogeneic bone marrow transplantation. 
Transpl Infect Dis. 2003; 5 (1), 16-20.
[10] Wadhwa T, Baveja U, Kumar N, Govil D, Sengupta 
S. Clinical manifestations of nocardiosis: Study of risk 
factors and outcomes in a tertiary care hospital. J Lab 
Physicians. 2017; 9 (4), 288-95.
[11] Woods GL, Brown-Elliott BA, Conville PS, et al. 
Susceptibility testing of Mycobacteria, Nocardiae, and 
Other Aerobic Actinomycetes [Internet]. 2nd ed. Wayne 
(PA): Clinical and Laboratory Standards Institute; 2011 
Mar. 
[12] Fatahi-Bafghi M. Nocardiosis from 1888 to 2017. 
Microb Pathog. 2018; 114, 369-84.
[13] Ambrosioni J, Lew D, Garbino J. Nocardiosis: 
updated clinical review and experience at a tertiary 
center. Infection. 2010; 38 (2), 89-97.
[14] Blümel J, Blümel E, Yassin AF, Schmidt-Rotte H, 
Schaal KP. Typing of Nocardia farcinica by pulsed-field 
gel electrophoresis reveals an endemic strain as source 
of hospital infections. J Clin Microbiol. 1998; 36 (1), 118-
22.
[15] Wilson JW. Nocardiosis: updates and clinical over-
view. Mayo Clin Proc. 2012; 87 (4), 403-7.
[16] Hardak E, Yigla M, Berger G, Sprecher H, Oren I. 
Clinical spectrum and outcome of Nocardia infection: 
experience of 15-year period from a single tertiary me-
dical center. Am J Med Sci. 2012; 343 (4), 286-90.
[17] Matulionyte R, Rohner P, Uçkay I, Lew D, Garbino 
J. Secular trends of nocardia infection over 15 years in a 
tertiary care hospital. J Clin Pathol. 2004; 57 (8), 807-12. 
[18] Rivière F, Billhot M, Soler C, Vaylet F, Margery J. 
Pulmonary nocardiosis in immunocompetent patients: 
can COPD be the only risk factor? Eur Respir Rev. 2011; 
20 (121), 210-2. 
[19] Martínez Tomás R, Menéndez Villanueva R, Reyes 
Calzada S, et al. Pulmonary nocardiosis: risk factors 
and outcomes. Respirology. 2007; 12 (3), 394-400.

[20] Rosman Y, Grossman E, Keller N, et al. Nocardio-
sis: a 15-year experience in a tertiary medical center in 
Israel. Eur J Intern Med. 2013; 24 (6), 552-7.
[21] Castro JG, Espinoza L. Nocardia species infections 
in a large county hospital in Miami: 6 years experience. 
J Infect. 2007; 54 (4), 358-61. 
[22] Chen J, Zhou H, Xu P, Zhang P, Ma S, Zhou J. Cli-
nical and radiographic characteristics of pulmonary 
nocardiosis: clues to earlier diagnosis. PLoS One. 2014; 
9 (3), e90724.
[23] Kurahara Y, Tachibana K, Tsuyuguchi K, Akira M, 
Suzuki K, Hayashi S. Pulmonary nocardiosis: a clinical 
analysis of 59 cases. Respir Investig. 2014; 52 (3), 160-6.
[24] Lederman ER, Crum NF. A case series and focu-
sed review of nocardiosis: clinical and microbiologic 
aspects. Medicine (Baltimore). 2004; 83 (5), 300-13. 
[25] Ramamoorthi K, Pruthvi BC, Rao NR, Belle J, 
Chawla K. Pulmonary nocardiosis due to Nocardia oti-
tidiscaviarum in an immunocompetent host- a rare case 
report. Asian Pac J Trop Med. 2011; 4 (5), 414-6.
[26] Brown-Elliott BA, Brown JM, Conville PS, Wallace 
RJ Jr. Clinical and laboratory features of the Nocardia 
spp. based on current molecular taxonomy. Clin Micro-
biol Rev. 2006; 19 (2), 259-82.
[27] Wilson JW. Nocardiosis: updates and clinical over-
view. Mayo Clin Proc. 2012; 87 (4), 403-7.
[28] Lai CC, Liu WL, Ko WC, et al. Multicenter study 
in Taiwan of the in vitro activities of nemonoxacin, ti-
gecycline, doripenem, and other antimicrobial agents 
against clinical isolates of various Nocardia species. 
Antimicrob Agents Chemother. 2011; 55 (5), 2084-91.
[29] Uhde KB, Pathak S, McCullum I Jr, et al. Antimi-
crobial-resistant nocardia isolates, United States, 1995-
2004. Clin Infect Dis. 2010; 51 (12), 1445-8.
[30] Ravimohan S, Kornfeld H, Weissman D, Bisson GP. 
Tuberculosis and lung damage: from epidemiology to 
pathophysiology. Eur Respir Rev. 2018; 27 (147), 170077. 


