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INTRODUCTION

Nocardiosis is a rare infection caused by members of 
Nocardia spp. These are gram-positive, weakly acid-
ic-fast coco-bacilli belonging to the family of the No-
cardiaceae (Brown-Elliott et al., 2006). These bacteria 
have peculiar characteristics. They tend to grow in a 
filamentous and branched way and incorporate my-
colic acids, composed of 46-64 carbon atoms and up 
to four double bonds, in cellular envelopes (Albuquer-
que de Barros et al., 2003; M Tille 2016). Nocardia is 
widespread globally and is present as a saprophytic or-
ganism in terrestrial and aquatic environments; it can 
commonly be found in areas with decomposing or-
ganic substances (Yamamura et al., 2005; El-Gendy et 
al., 2008). The main routes of infection are inhalation 
and penetration into the tissues after trauma; there-
fore, the most affected organs are the lung, skin, and 
soft tissues. Nocardia can invade the bloodstream and 
spread to other organs, such as the brain and the liv-
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er, forming abscesses. The tendency to form abscesses 
is due to its ability to resist macrophage phagocyto-
sis. These microorganisms are optional intracellular 
parasites that can live within the macrophage since 
they inhibit lysosomal activity and consume acidic 
lysozyme phosphatase as a carbon source (Beaman 
and Beaman, 1994; Fatahi-Bafghi, 2018).
Other reported manifestations of nocardiosis are 
septicaemia, catheter-related infections, osteomy-
elitis, peritonitis, and endocarditis (Schwartz and 
Tio 1987; Cargill et al., 2010; Al Akhrass et al., 2011). 
Rare sites of Nocardia infections are the paranasal si-
nus and the eye, where it can cause keratitis, endoph-
thalmitis, conjunctivitis, and other diseases (Reddy 
et al., 2010; Welsh et al., 2012; Scott et al., 2013; Cas-
tle and Heath 2021). Nocardia infection can have se-
vere morbidity and mortality, particularly in patients 
with impaired immunity or comorbidity. The mor-
tality rate in patients with cerebral abscesses is 20% 
in immunocompetent subjects, but it can reach 55% 
in immunocompromised ones (Mamelak et al., 1994; 
Lynch et al., 2020).
Incidence appears to be growing globally due to the 
ageing population and increased presence of ideal 
hosts such as immunocompromised patients (Fala-
gas et al., 2011; Fatahi-Bafghi 2018). Epidemiology 
can vary constantly from one region to another, and 
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SUMMARY

In this paper, we have described cases of nocardiosis that occurred in our hospital and examined the 
literature on other nocardiosis cases recorded in Italy. We have collected the clinical details of our 
recent cases and described them in full. Regarding the older cases in our hospital and the Italian 
cases present in the literature, we noted the clinical data, the Nocardia species involved, and the anti-
microbial susceptibility reported. The survey was carried out on PubMed. The first of our cases is an 
elderly woman with compromised health who had a lung and bloodstream infection. A second case 
is a middle-aged man who developed an infection in the thigh. A third patient is a middle-aged man 
on immunosuppressive therapy who developed a cerebral abscess. Our review shows that patients 
are usually immunocompromised, with an average age of 60 years, and more frequently males. The 
most affected organs are the lungs and the brain, and the most reported species is Nocardia farcini-
ca. Antimicrobial susceptibility tests show good efficacy of linezolid, cotrimoxazole and amikacin. 
We conclude that, if a Nocardia infection is suspected, the most likely species to be considered in 
Italy is N. farcinica. In addition, if empirical therapy is needed, we suggest relying on linezolid, 
cotrimoxazole or amikacin.
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there is no clear understanding of the factors influ-
encing the distribution of different species. The most 
isolated species appear to be N. cyriacigeorgica, N. ab-
scessus, N. brasiliensis, and N. farcinica (Brown-Elli-
ott et al., 2006; Rodriguez-Nava et al., 2015; Huang 
et al., 2019; Ott et al., 2019; Ercibengoa et al., 2020).
Historically, the therapy suggested for Nocardiosis 
was sulphonamides; cotrimoxazole is currently the 
most-used drug formulation. Other antibiotics that 
have demonstrated activity against Nocardia spp. 
are ceftriaxone, imipenem, meropenem, amikacin, 
minocycline, moxifloxacin, levofloxacin, amoxicil-
lin-clavulanic acid, linezolid, and tigecycline. How-
ever, antibiotic susceptibility can vary constantly 
from one species to another (Cercenado et al., 2007; 
Ameen et al., 2010).
There are many species of Nocardia that have proved 
difficult to differentiate using standard systems based 
on metabolism analysis. Better results are achieved 
using molecular techniques and other newer diag-
nostic tools like MALDI-TOF (Verroken et al., 2010; 
Conville et al., 2018).
In this study, we present three clinical cases of No-
cardia infection that occurred in our hospital in 2021 
and 2022, along with a retrospective analysis of cases 
recorded in our databases from 2017 to 2022. We also 
have examined similar studies conducted in Italy in 
recent years to compare these different experiences.

MATERIALS AND METHODS

Collection of data from our hospital cases
In this study, we have analysed the cases of nocardiosis 
that occurred from 2017 to 2022 in our hospital, ‘Azien-
da Università Ospedale di Padova’ Padua, Italy. We 
have investigated our laboratory archives by selecting 
the cases in which the presence of Nocardia spp. was 
confirmed. We then retrieved the general clinical infor-
mation; we noted the gender, age, and basic medical 
conditions, as well as clinical data of nocardial infec-
tions and treatment. Three cases had occurred recent-
ly or were still being treated; for these cases, we were 

able to retrieve the complete clinical data and store the 
strain of bacteria for further analysis. 
Each of the recent-case strains was cultured and iso-
lated from the original sample using the standard 
culture procedures of the laboratory diagnostic ser-
vice. Clinical specimens were seeded on non-selec-
tive media, like BD Chocolate Agar and BD Columbia 
Agar with 5% sheep blood (Becton, Dickinson and 
Company, Franklin Lakes, New Jersey, USA). After 
48-72 hours, colonies were stained with Gram stain 
and observed with a direct light microscope (Figure 
1). We used VITEK MS (Biomérieux, Marcy-l’Étoile, 
France) to identify the Nocardia species. The analysis 
was done using the manufacturer’s standard prepa-
ration for bacterial identification. The database used 
to define the species is the VITEK MS V3 IVD-CE. 
This database includes the spectra of fourteen spe-
cies of Nocardia. In recent cases, Nocardia spp. was 
easily identified, while the species had been defined 
only in some of the past cases due to the lack of ad-
vanced identification methods at that time. 
The antibiotic sensitivity of the three most recently 
isolated strains was determined by the broth microdi-
lution technique following the procedure indicated 
by Clinical & Laboratory Standards Institute (CLSI) 
guidelines (Woods et al., 2018). We also used the 
ETEST strips method (Biomérieux, Marcy-l’Étoile, 
France). Antibiotics verified through the microdilu-
tion broth method were imipenem, clarithromycin, 
amoxicillin-clavulanic acid, cotrimoxazole, cefotax-
ime, ceftriaxone, amikacin, ciprofloxacin, linezolid, 
moxifloxacin, doxycycline, and cefepime. On the oth-
er hand, with ETEST strips we tested susceptibility 
to imipenem, clarithromycin, amoxicillin-clavulanic 
acid, trimethoprim-sulfamethoxazole, cefotaxime, 
ceftriaxone, amikacin, and ciprofloxacin. 
The same procedure for culture, identification, and 
antibiotic sensitivity testing was also performed on the 
ATCC strain Nocardia farcinica Trevisan (ATCC acces-
sion number #3308) to validate the whole procedure, 
especially the identification step. This ATCC strain 
does not have a defined antibiogram to compare our 

Figure 1 - Gram stain per-
formed on blood culture, show-
ing N. farcinica cells growing 
in a filamentous and branching 
way at 1000X magnification 
(A); N. farcinica colonies on 
sheep blood agar (B).
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results with. However, we have also determined its 
sensitivity, to be used for comparison in future works.

Collection of data from other Italian case reports
The review of other Italian cases of Nocardiosis was 
carried out using PubMed as a search engine and 
‘Nocardia Italia’, ‘Nocardia Italian’, ‘Nocardiosis Ita-
lia’ and ‘Nocardiosis Italian’ as research. Only stud-
ies published between 2000 and 2022 were selected. 
Data extracted from each study covered age, sex, im-
mune status of patients, site of infection, susceptibil-
ity to antibiotics, and isolated Nocardia spp.

RESULTS

Presentation of case 1
The patient, an 87-year-old woman, suffered sever-
al episodes of loss of consciousness in the months 
before hospitalization, resulting in falls. Because of 
these disorders, she underwent a CT scan of the skull 
that revealed an expansive lesion in the right tem-
poroparietal region of the brain. She was admitted 
to the University Hospital of Padua, where the ne-
oformation was surgically removed. At the time of 
admission, she was alert and able to orient herself, 
in generally good condition with typical age-related 
problems. The surgeons performed a craniotomy 
and extracted the expansive lesion, which was then 
sent to the pathology service for examination. The 
brain injury was diagnosed as a meningioma. After 
surgery, the patient was in stable condition, but after 
24 hours she developed a fever and her mental state 
deteriorated rapidly. She was sleepy and reacted only 
to painful stimuli. Doctors requested blood cultures, 
urine cultures, and chest CTs. A broad-spectrum an-
tibiotic therapy was initiated, including meropenem, 
linezolid, and moxifloxacin. The first set of urine and 
blood cultures yielded negative results. The radiolog-
ical examination of the chest revealed a consolida-
tion area with cavitation in the upper left lung. The 
resulting bronchoscopy found a severe inflammatory 
state in the upper left lung. The biological samples 
recovered during bronchoscopy were sent to the mi-
crobiology laboratory. However, due to contamina-
tion with oral saliva, it was impossible to define a 
specific pathogen. The patient also tested negative 
for M. tuberculosis. Blood cultures were repeated 
periodically due to persistent fever, and a week af-
ter surgery a set of blood cultures tested positive for 
Gram-positive bacilli. The bacteria were identified 
with the MALDI-TOF technique as N. farcinica. The 
antibiotic therapy was then changed, replacing mox-
ifloxacin with cotrimoxazole. After the discovery of 
N. farcinica in the blood, spinal fluid cultures were 
also performed, but no evidence of infection was 
found. Subsequently, the meningioma removed from 
the brain was analysed using molecular means to de-
tect Nocardia’s DNA, but the result was negative. In 

this case, the most likely primary site of nocardial in-
fection was the lung. From there, the bacteria spread 
due to the state of immunodepression that follows 
major surgical events and were then isolated from 
the blood. The patient remained in the hospital for 
three weeks and was then discharged with a 6-month 
antibiotic therapy based on ciprofloxacin and cotri-
moxazole. She showed radiological and clinical im-
provements at the subsequent follow-up.

Presentation of case 2
The patient, a 59-year-old man, was suffering from 
membranous glomerulonephritis in an active phase, 
so he was on mild immunosuppressive therapy. He 
reported swelling and painful symptomatology in the 
adductor region of the left thigh that had developed 
gradually without any obvious trauma or a recent 
injury. He underwent an ultrasound and magnetic 
resonance imaging (MRI) that identified a neofor-
mation in the adductor region of the left thigh. He 
was admitted to the University Hospital of Padua to 
have a biopsy of the lesion performed; the material 
was sent to the Pathology and Microbiology services 
for further analysis. The patient was discharged with 
analgesic and antibiotic therapy (amoxicillin-clavu-
lanate). Pathological examination of the biopsy re-
vealed the presence of inflamed necrobiotic tissue. 
N. farcinica was isolated from the culture of the bi-
opsy. Based on the antibiogram, antibiotic therapy 
was switched to cotrimoxazole to be continued for 
the following weeks. The following controls showed 
a good response to the therapy with a reduction of 
tissue swelling and painful symptomatology.

Presentation of case 3 
The patient, a 54-year-old man, was suffering from 
type 2 diabetes. In the previous months, he had re-
ceived a heart transplant due to degenerative car-
diomyopathy. After the transplant, he had several 
episodes of organ rejection for which he was hospi-
talized and received high doses of immunosuppres-
sive drugs. After the resolution of the acute rejection 
phase, he was discharged and continued immunosup-
pressive therapy by taking cyclosporine and mofetil 
mycophenolate. Eight months after the surgery, he 
had an episode of unconsciousness followed by epi-
sodes of seizures. He was then hospitalized, intubat-
ed, and started anticonvulsant therapy. The CT scan 
of the skull showed regions of hypodensity in the 
frontal and core capsular regions. An embolic origin 
was suspected. However, angiography ruled out this 
hypothesis. Therefore, a thoracic CT scan revealed a 
hyperdense lesion in the basal lobe of the left lung. 
The patient was extubated and regained conscious-
ness without permanent neurological deficits. He 
remained on anticonvulsant medication for twenty 
days until another episode of convulsions occurred. 
The CT showed an increase in the hypodensity zones, 
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so an MRI was performed with a contrast agent. The 
MRI showed signs consistent with a cerebral abscess. 
Antibiotic therapy was initiated, and a few days later 
the patient underwent surgery to remove the lesion. 
The abscess material and spinal fluid samples were 
sent to our microbiology laboratory to isolate the 
pathogen. The cerebral spinal fluid was incubated at 
37°C in an automated incubation system and seeded 
on chocolate agar and Columbia sheep blood agar. 
The material from the abscess was also inoculated 
in a non-selective liquid medium. After two days, the 
culture of the liquor on sheep blood agar revealed 
the presence of tiny white colonies, identified as N. 
abscessus. It can be concluded that the cerebral ab-
scess was caused by Nocardia, and the primary site 
of infection was potentially the left lung where the 
hyperdense lesion was detected by CT scan. Initial 
antibiotic therapy was based on cotrimoxazole, mer-
openem, and linezolid. After identification of the 
pathogen, therapy was switched to cotrimoxazole, 
ceftriaxone, and moxifloxacin.

Data from cases of Nocardiosis that occurred  
in our hospital
The analysis of our database showed that from 2017 
to 2022, 11 cases of Nocardia infection occurred in our 

hospital, including the three cases presented above. 
The data are summarized in Table 1. The average age 
of patients was 70 (the youngest was 60 and the oldest 
was 87); 60% of patients were males. They all had im-
portant health conditions that hinder the immune sys-
tem. As for the primary location of the infection, more 
than half of the patients had lung disease. N. farcinica 
was the most frequently isolated species.

Data from cases of Nocardiosis reported in Italy
We examined 17 studies carried out in Italy from 
2000 to 2022 (Viganò et al., 2005; Bocchino et al., 
2008; Cianfoni et al., 2010; Pea et al., 2012; Monti-
celli et al., 2015; Mengoli et al., 2017; Mazzaferri et 
al., 2018; Colaneri et al., 2021a) (Rinaldi et al., 2000; 
Malincarne et al., 2002; Farina et al., 2007; Cattaneo 
et al., 2013; De Nardo et al., 2013; Castellana et al., 
2016; Colaneri et al., 2021b; Garofalo et al., 2021; 
Deana et al., 2022). A total of 120 cases were report-
ed. The data are summarised in Table 2. It was im-
possible to recover the same categories of informa-
tion from all studies, so it was problematic to have 
a homogeneous pool of cases. Furthermore, not all 
studies reported the species or the method used to 
determine it. Considering the well-known difficulties 
in correctly determining the species of Nocardia, we 

Table 1 - Cases of nocardiosis occurred at the University Hospital of Padua.
Case Sex Age Clinical data Site of infection Nocardia spp. Outcome1

1 F 87 Cerebral neoplasia lungs N.farcinica Good
2 M 59 Immunosuppressant drugs  

for glomerulonephritis
skin N.farcinica Good

3 M 54 Diabetes, immunosuppressant drugs  
after hearth transplantation 

brain N. abscessus Good

4 M 79 n.d. n.d. Nocardia spp. n.d
5 M 70 Mycobacterial infection lungs Nocardia spp. n.d
6 M 69 n.d lungs N. abscessus n.d
7 M 80 Immunosuppressant drugs for myelofibrosis brain N.farcinica Good
8 F 60 Multiple myeloma lungs Nocardia spp. Good
9 F 68 Diabetes and general decay lungs Nocardia spp. n.d
10 F 80 Pulmonary fibrosis lungs and skin N.farcinica Deceased
11 M 50 Cerebral and cutaneous neoplasia lungs Nocardia spp. Good

Notes: 1outcome related to the clinical episode; n.d.: not determined.

Table 2 - Review of Nocardiosis case reports in Italy.
Total number of cases reported: 120
Median age (116 pz1): 60  y.o. Males % (112 pz1): 63 %
Immunocompromission (119 pz1): 71,5%
Site  (116 pz1) Lungs Brain Multiple Skin Eye Pe

67 % 11% 12 % 8 % 1% 1%
Nocardia spp. (71 pz1) fa ab cy br as no

40% 18 % 14% 11% 6 % 3 %
as pa wa tr be
3% 1,5% 1,5% 1,5% 1%

Notes: 1 number of patients for whom this data was available; pe: peritoneum; fa:farcinica; ab: abscessus; cy: cyriacigeorgica; br: brasiliensis; as: asteroids; 
no: nova; as: asiatica; pa: paucivorans; wa: wallaci; tr:tranvalensis; be: beijingensis.
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decided to exclude studies carried out before 2000 in 
order to have only microbiological diagnoses done 
with modern procedures (Conville et al., 2018).

DISCUSSION

Nocardiosis is a rare disease that can have serious 
consequences in fragile patients. For this reason, it 
is important to collect epidemiological and clinical 
data that will facilitate a prompt diagnosis. Because 
Nocardia has a slower growth rate than other bac-
teria, it may take a longer time for colonies to grow 
and even longer to have an antibiogram. Therefore, it 
is useful to have data regarding the common suscep-
tibility spectrum of the most widespread strains to 
set up an empirical treatment while waiting for the 
laboratory response.
Overall, the statistics of our hospital are consistent 
with previous studies conducted in Italy. These data 
can help define some common characteristics of this 
disease in our country, useful to guide clinical de-
cisions. Nocardiosis was found to be slightly more 
frequent in men, with a male/female ratio of 6/4. 
More than 70% of patients had an explicit condition 
that weakened immunity; therefore, a compromised 
immune state seems to be an important risk factor. 
Generally, immunosuppression is more related to 
clinical conditions and immunosuppressive drugs, 
whereas age does not seem to play an important role 
since the average age was relatively low (60), and in 
most cases in the 50-70 range. 
As for the location of the infection, the lungs are 
widely known to be the most affected area, followed 
by the brain. Our statistics are in line with this, show-
ing a prevalence of 67% of active lung infections and 
10% of brain infections. The review shows only a 
minority of cases of multiple localizations and wide-

spread infections are a minority. The three cases that 
we have reported provide a representative overview 
of the variety of presentation and infection sites of a 
Nocardia infection. The site of invasion is mainly the 
lung, as can be observed from the first and third cas-
es described. From the original infection site, bac-
teria can cause infections of blood flow (Case 1) or 
seeds in distant organs and cause abscesses (Case 3). 
In the second case, the primary site of the infection 
is not clear. It is impossible to determine if the thigh 
was infected directly, because the patient did not re-
port significant trauma to let the bacteria in, nor if it 
is a secondary dissemination site because there was 
no evidence of infection in any other organ, nor signs 
of systemic disease. Such observations may lead one 
to think that Nocardia behaves like the closely-relat-
ed Mycobacteria. It may be able to enter the body 
and remain in a dormant state until the host’s im-
munity declines. Then bacteria spread, causing an 
infection long after the first exposure.
As for the Nocardia species isolated, our review shows 
that N. farcinica is the most frequently encountered 
subspecies in Italy, followed by N. abscessus. This in-
formation can turn out to be useful to define an em-
pirical therapy while waiting for bacteria isolation 
and characterization, considering that the various 
Nocardia spp. showed different antibiotic sensitivity 
(Lebeaux et al., 2019).
The susceptibility test results of the three cases de-
scribed and the ATCC strain showed a relatively uni-
form sensitivity spectrum. Related data are provided 
in Table 3. Both the microdilution method and ETEST 
strips were used to determine MIC values. According 
to the CLSI guidelines, susceptibility of Nocardia spp. 
should be determined with the microdilution test, so 
we considered the results obtained with this method 
to be more reliable. All strains of N. farcinica showed 

Table 3 - Antimicrobial susceptibility tested with microdilution (MDT) and E-TEST strips.
Case 1 

( N. farcinica )
Case 2

 ( N. farcinica)
Case 3 

( N. abscessus)
ATCC 3308 

( N. farcinica Trevisan)
MDT E-Test MDT E-Test MDT E-Test MDT E-Test

IP 16 (R) 0,75 (S) 4 (S) 1 (S) 16 (R) 2 (S) 4 (S) 0,094 (S)
CH – 24 (R) – 16 (R) – 4 (I) – 24 (R)
XL > 8 (R) 4 (S) > 8 (R) 6 (S) ≤ 2 (S) 0,75 (S) > 8 (R) 2 (S)
TS 1 (S) 0,094 (S) ≤ 0,5 (S) 0,064 (S) 1 (S) 0,094 (S) ≤ 0,12 (S) 2 (S)
CT > 4 (N) > 32 (N) > 4 (N) > 32 (N) 2 (S) 1,5 (S) > 4 (N) 2 (S)
TX > 4 (N) > 32 (N) > 4 (N) > 32 (N) 1 (S) 0,38 (S) > 4 (N) 2 (S)
AK ≤ 4 (S) 0,5 (S) ≤ 4 (S) 0,5 (S) ≤ 4 (S) 0,25 (S) ≤ 4 (S) 1,5 (S)
CI 1 (S) 0,094 (S) 2 (I) 1 (S) > 2 (N) 1 (S) > 2 (N) 2 (I)
LZ 1(S) – 2 (S) – 0,5 (S) – ≤ 2 (S) –
MX ≤ 0,06 (S) – > 1 (N) – 0,5 (S) – 1 (S) –
PM > 32 (R) – > 32 (R) – 4 (S) – > 32 (R) –
DC > 2 (N) – 1 (S) – ≤ 0,12 (S) – > 2 (N) –

IP: imipenem; CH: clarithromycin; XL: amoxicillin/clavulanate; TF: cotrimoxazole; CT: cefotaxime; TX: ceftriaxone; 
AK: amikacin; CI: ciprofloxacin; LZ: linezolid; MX: moxifloxacin; PM: cefepime; DC: doxycycline; S: sensible; 
I: intermediate sensibility; R: resistant. N: no interpretation. According to CLSI (Woods et al., 2018).
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a general resistance to beta-lactams, reporting high 
MIC values for ceftriaxone, amoxicillin/clavulanate, 
and cefepime. The N. abscessus strain is more sus-
ceptible to these beta-lactams. Variable susceptibility 
to imipenem was observed: one strain of N. farcinica 
out of three, and the N. abscessus strain tested resist-
ant. Ciprofloxacin too seems to be ineffective because 
all four strains tested from intermediate to resistant. 
The antibiotics that had low MIC in all strains were 
linezolid, cotrimoxazole, and amikacin. 
Our results are closely in line with those of two Ital-
ian studies that have comprehensively reported the 
antibiogram of the cases of nocardiosis analysed 
(Mazzaferri et al., 2018; Colaneri et al., 2021a). By 
combining the data from our study with the data 
from these two studies we can obtain the sensitiv-
ity spectrum of 11 strains of N. farcinica and 20 of 
N. abscessus. The results align with the general sen-
sitivity of N. farcinica and N. abscessus to linezolid 
and cotrimoxazole, with only one case of each spe-
cies reported as resistant. The analysis confirmed the 
efficacy of amikacin, with only one in eleven cases 
of N. farcinica and two in twenty cases of N. absces-
sus reported as resistant. There is a consensus on the 
low efficacy of beta-lactams in N. farcinica (two out 
of eleven susceptible strains), and on a slightly bet-
ter efficacy towards N. abscessus (sixteen sensitive 
strains out of twenty). The modest efficacy of imipe-
nem has been confirmed, with about half of the cases 
tested resistant.
Microdilution is the method recommended by CLSI 
to determine the susceptibility of Nocardia strains. 
We tested both this method and ETEST strips. Com-
paring the results obtained with the two techniques, 
we determined that ETEST, used with Nocardia 
strains, underestimates the MIC values of antibiot-
ics, as reported in other studies (Brown-Elliott et 
al., 2016). This applies especially to imipenem and 
amoxicillin/clavulanate, which were found to be in-
correctly sensitive to ETEST, while showing high 
MIC values at the microdilution method. Therefore, 
the ETEST method should be avoided when testing 
the susceptibility of Nocardia strains.
In conclusion, Nocardia infections should always 
be considered in the differential diagnosis of immu-
nocompromised patients with symptoms related to 
the brain or lungs. The data we collected showed 
that N. farcinica is the most likely involved spe-
cies in Italy. Therefore, empirical therapy should 
be based on cotrimoxazole, linezolid, or amikacin, 
while beta-lactams should be avoided because of 
their varying effectiveness against different species 
of Nocardia.

Funding
This work has not received any specific grants from 
funding agencies in the public, commercial, or 
non-profit sectors.

Conflicts of interest
The authors declare that they have no known com-
peting financial interests or personal relationships 
that could appear to have influenced the work report-
ed in this paper.

References
Al Akhrass F., Hachem R., Mohamed J.A., Tarrand J., Kontoyiannis 

D.P., et al. (2011). Central venous catheter-associated Nocardia 
bacteremia in cancer patients. Emerg Infect Dis. 17, 1651-1658.

Albuquerque de Barros E.V.S., Manfio G.P., Ribeiro Maitan V., 
Mendes Bataus L.A., Kim S.B., et al. (2003). Nocardia cerra-
doensis sp. nov., a novel isolate from Cerrado soil in Brazil. Int 
J Syst Evol Microbiol. 53, 29-33.

Ameen M., Arenas R., Vásquez del Mercado E., Fernández R., Tor-
res E., et al. (2010). Efficacy of imipenem therapy for Nocardia 
actinomycetomas refractory to sulfonamides. J Am Acad Der-
matol. 62, 239-246.

Beaman B.L., Beaman L. (1994). Nocardia species: host-parasite 
relationships. Clin Microbiol Rev. 7, 213-264.

Bocchino M., Paglia M.G., Marruchella A., Contini S., Festa A., et al. 
(2008). Molecular diagnosis of fatal Nocardia farcinica pneumo-
nia in an HIV-negative patient. Respiration. 75, 461-465.

Brown-Elliott B.A., Brown J.M., Conville P.S., Wallace R.J, Jr. 
(2006). Clinical and laboratory features of the Nocardia spp. 
based on current molecular taxonomy. Clin Microbiol Rev. 19, 
259-282.

Brown-Elliott B.A., Killingley J., Vasireddy S., Bridge L., Wallace 
R.J., Jr. (2016). In Vitro Comparison of Ertapenem, Merope-
nem, and Imipenem against Isolates of Rapidly Growing My-
cobacteria and Nocardia by Use of Broth Microdilution and 
Etest. J Clin Microbiol. 54, 1586-1592.

Cargill J.S., Boyd G.J., Weightman N.C. (2010). Nocardia cyri-
acigeorgica: a case of endocarditis with disseminated soft-tis-
sue infection. J Med Microbiol. 59, 224-230.

Castellana G., Grimaldi A., Castellana M., Farina C., Castellana G. 
(2016). Pulmonary nocardiosis in Chronic Obstructive Pulmonary 
Disease: A new clinical challenge. Respir Med Case Rep. 18, 14-21.

Castle G., Heath G. (2021). Endogenous ocular nocardiosis. GMS 
Ophthalmol Cases. 11, Doc 10.

Cattaneo C., Antoniazzi F., Caira M., Castagnola C., Delia M., et al. 
(2013). Nocardia spp infections among hematological patients: 
results of a retrospective multicenter study. Int J Infect Dis. 17, 
e610-614.

Cercenado E., Marín M., Sánchez-Martínez M., Cuevas O., Martín-
ez-Alarcón J., et al. (2007). In vitro activities of tigecycline and 
eight other antimicrobials against different Nocardia species 
identified by molecular methods. Antimicrob Agents Chemoth-
er. 51, 1102-1104.

Cianfoni A., Calandrelli R., De Bonis P., Pompucci A., Lauriola L., 
et al. (2010). Nocardia brain abscess mimicking high-grade ne-
crotic tumor on perfusion MRI. J Clin Neurosci. 17, 1080-1082.

Colaneri M., Lombardi A., Morea A., Monzillo V., Mariani B., et 
al. (2021a). An eight-year experience of Nocardia infection in 
Italy: does immunosuppression matter? New Microbiol. 44, 
111-116.

Colaneri M., Lupi M., Sachs M., Ludovisi S., Di Matteo A., et al. 
(2021b). A challenging case of SARS-CoV-2- AIDS and Nocar-
diosis coinfection from the SMatteo COvid19 REgistry (SMA-
CORE). New Microbiol. 44, 129-134.

Conville P.S., Brown-Elliott B.A., Smith T., Zelazny A.M. (2018). 
The Complexities of Nocardia Taxonomy and Identification. J 
Clin Microbiol 56.

De Nardo P., Giancola M.L., Noto S., Gentilotti E., Ghirga P., et 
al. (2013). Left thigh phlegmon caused by Nocardia farcinica 
identified by 16S rRNA sequencing in a patient with leprosy: a 
case report. BMC Infect Dis. 13, 162.

Deana C., Bagatto D., Battezzi A., Pecori D., Lorenzut S., et al. 
(2022). Disseminated nocardiosis after cladribine treatment 
for relapsing remitting multiple sclerosis: a case report. J Neu-
rol. 269, 4557-4559.

El-Gendy M.M., Hawas U.W., Jaspars M. (2008). Novel bioactive 
metabolites from a marine derived bacterium Nocardia sp. 
ALAA 2000. J Antibiot (Tokyo). 61, 379-386.



G. Cordioli, G. Di Pietra, S. Asa’ad, et al.74

Ercibengoa M., Càmara J., Tubau F., García-Somoza D., Galar A., 
et al. (2020). A multicentre analysis of Nocardia pneumonia in 
Spain: 2010-2016. Int J Infect Dis. 90, 161-166.

Falagas M.E., Thomaidis P.C., Kotsantis I.K., Sgouros K., Samonis 
G., et al. (2011). Airborne hydrogen peroxide for disinfection 
of the hospital environment and infection control: a systematic 
review. Journal of Hospital Infection. 78, 171-177.

Farina C., Andrini L., Bruno G., Sarti M., Tripodi M.F., et al. (2007). 
Nocardia brasiliensis in Italy: a nine-year experience. Scand J 
Infect Dis. 39, 969-974.

Fatahi-Bafghi M. (2018). Nocardiosis from 1888 to 2017. Microb 
Pathog. 114, 369-384.

Garofalo C., De Stefano F., Gjeloshi K., De Gregorio I., Masini F., et 
al. (2021). Very large abscesses of lower limbs by Nocardia far-
cinica requiring surgical management in patient with minimal 
change disease under chronic steroid treatment. Nephrology 
(Carlton). 26, 843-844.

Huang L., Chen X., Xu H., Sun L., Li C., et al. (2019). Clinical fea-
tures, identification, antimicrobial resistance patterns of No-
cardia species in China: 2009-2017. Diagn Microbiol Infect Dis. 
94, 165-172.

Lebeaux D., Bergeron E., Berthet J., Djadi-Prat J., Mouniée D., et 
al. (2019). Antibiotic susceptibility testing and species identi-
fication of Nocardia isolates: a retrospective analysis of data 
from a French expert laboratory, 2010-2015. Clin Microbiol In-
fect. 25, 489-495.

Lynch J.P., 3rd, Reid G., Clark N.M. (2020). Nocardia spp.: A Rare Cause 
of Pneumonia Globally. Semin Respir Crit Care Med. 41, 538-554.

Malincarne L., Marroni M., Farina C., Camanni G., Valente M., et 
al. (2002). Primary brain abscess with Nocardia farcinica in an 
immunocompetent patient. Clinical Neurology and Neurosur-
gery. 104, 132-135.

Mamelak A.N., Obana W.G., Flaherty J.F., Rosenblum M.L. (1994). 
Nocardial brain abscess: treatment strategies and factors influ-
encing outcome. Neurosurgery. 35, 622-631.

Mazzaferri F., Cordioli M., Segato E., Adami I., Maccacaro L., et 
al. (2018). Nocardia infection over 5 years (2011-2015) in an 
Italian tertiary care hospital. New Microbiol. 41, 136-140.

Mengoli M.C., Lazzaretti C., Rossi G., Lococo F. (2017). Dissem-
inated nocardiosis complicated by multiple brain abscesses 
and pleural empyema in a young diabetic man: a case report. 
Pathologica. 109, 140-142.

Monticelli J., Luzzati R., Maurel C., Rosin C., Valentinotti R., et al. 
(2015). Brain Abscesses Caused by Nocardia paucivorans in a 
Multiple Myeloma Patient Treated with Lenalidomide and Dex-
amethasone: a Case Report and Review of Literature. Mediterr 
J Hematol Infect Dis. 7, e2015011.

Ott S.R., Meier N., Kolditz M., Bauer T.T., Rohde G., et al. (2019). 
Pulmonary nocardiosis in Western Europe-Clinical evaluation 
of 43 patients and population-based estimates of hospitaliza-
tion rates. Int J Infect Dis. 81, 140-148.

Pea F., Cojutti P., Pagotto A., Cristini F., Furlanut M., et al. (2012). 
Successful long-term treatment of cerebral nocardiosis with 
unexpectedly low doses of linezolid in an immunocompro-
mised patient receiving complex polytherapy. Antimicrob 
Agents Chemother. 56, 3438-3440.

Reddy A.K., Garg P., Kaur I. (2010). Speciation and susceptibility of 
Nocardia isolated from ocular infections. Clin Microbiol Infect. 
16, 1168-1171.

Rinaldi S., D’Argenio P., Fiscarelli E., Farina C., Rizzoni G. (2000). 
Fatal disseminated Nocardia farcinica infection in a renal 
transplant recipient. Pediatr Nephrol. 14, 111-113.

Rodriguez-Nava V., Durupt S., Chyderiotis S., Freydière A.M., 
Karsenty J., et al. (2015). A French multicentric study and re-
view of pulmonary Nocardia spp. in cystic fibrosis patients. 
Med Microbiol Immunol. 204, 493-504.

Schwartz J.G., Tio FO (1987). Nocardial osteomyelitis: a case re-
port and review of the literature.’ Diagn Microbiol Infect Dis. 
8, 37-46.

Scott M., Mehta S., Rahman H.T., Grossniklaus H.E., Yeh S. (2013). 
Nocardia veterana endogenous endophthalmitis in a cardiac 
transplant patient. J Ophthalmic Inflamm Infect. 3, 44.

Tille M. (2016). Bailey & Scott’s Diagnostic Microbiology 14th edi-
tion: 1136-1136.

Verroken A., Janssens M., Berhin C., Bogaerts P., Huang T.D., et 
al. (2010). Evaluation of matrix-assisted laser desorption ion-
ization-time of flight mass spectrometry for identification of 
nocardia species. J Clin Microbiol. 48, 4015-4021.

Viganò S.M., Edefonti A., Ferraresso M., Ranzi M.L., Grossi P., et 
al. (2005). Successful medical treatment of multiple brain ab-
scesses due to Nocardia farcinica in a paediatric renal trans-
plant recipient. Pediatr Nephrol. 20, 1186-1188.

Welsh O., Vera-Cabrera L., Welsh E., Salinas M.C. (2012). Actin-
omycetoma and advances in its treatment. Clin Dermatol. 30, 
372-381.

Woods G.L., Wengenack N.L, Grace Lin D., Barbara Brown-Elli-
ott M.A., Daniela Maria Cirillo M., et al. (2018). Susceptibility 
Testing of Mycobacteria, Nocardia spp., and Other Aerobic Ac-
tinomycetes.

Yamamura, H, Hayakawa M, Nakagawa Y, Tamura T, Kohno T, et 
al. (2005). Nocardia takedensis sp. nov., isolated from moat 
sediment and scumming activated sludge. Int J Syst Evol Mi-
crobiol. 55, 433-436.


