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ABSTRACT

Nocardiosis is a rare disease affecting both immunocompromised and immunocompetent hosts, pre-
sented in various clinical forms ranging from localized to disseminated infection. Aim of the present
study was to investigate the clinical and microbiological characteristics of nocardiosis, antimicrobial
resistance profiles, treatment, and outcomes of Nocardia infection over the last 5 years at our institution.
The medical records and microbiological data of patients affected by nocardiosis and treated at the
university hospital of Heraklion, Crete, Greece, between 2018 and 2022, were retrospectively analyzed.
The isolates were identified by matrix-assisted laser desorption ionization-time of flight mass spec-
trometry (MALDI-TOF MS) and through sequencing of 16S rRNA. Antimicrobial susceptibility for 17
agents was determined by E-test and results were interpreted according to CLSI guidelines. Among the
28 Nocardia isolates, eight species were identified, with Nocardia brasiliensis being the most prevalent
(32.1%), followed by Nocardia otitidiscaviarum (25%), and Nocardia farcinica (14.3%). Skin and soft
tissue infections were the most common presentations, noted in 13 (50%) patients, followed by
pulmonary infection presented in 10 (38.5%) patients. Fifteen patients (57.7%) had at least one un-
derlying disease, and 11 (42.3%) were on immunosuppressive or long-term corticosteroid treatment.
Susceptibility rates of linezolid, tigecycline, amikacin, trimethoprim-sulfamethoxazole, moxifloxacin,
and imipenem were 100, 100, 96.4, 92.9, 82.1, and 42.9%, respectively. The 26 patients in this study were
treated with various antibiotics. Mortality rate was 3.8%, and the patient who died had disseminated
infection. Since epidemiology and antimicrobial susceptibility are evolving, continuous surveillance is
mandatory in order to initiate appropriate treatment in a timely manner.
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INTRODUCTION

Nocardia species are Gram-positive, weakly acid-fast, filamentous, branching bacteria
belonging to the family Nocardiaceae. They are ubiquitous in the environment, present as
saprophytes in soil, dust, fresh and salt-water, decaying vegetation and organic matter [1, 2].
Nocardia species distribution varies geographically and changes over time with some species
being more prevalent in different areas, mainly affected by different climatic conditions and
soil characteristics. They are most commonly associated with opportunistic localized or
disseminated infections in immunocompromised hosts, particularly those with impaired
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cell-mediated immunity, such as transplant recipients,
patients with solid organ or hematological malignancies,
those with acquired immunodeficiency syndrome (AIDS)
and patients on long-term steroid or immunosuppressant
therapy [3, 4]. However, up to one-third of affected patients
are immunocompetent without underlying diseases [1, 2, 5].
Human acquisition of the microorganism is exogenous.
Nocardiosis arises either from inhalation leading to pul-
monary infections, or from direct inoculation via the skin
and soft tissues. The clinical spectrum is mainly represented
by pulmonary, skin and soft tissue and cerebral infections
[1, 2]. The infection may also disseminate haematogenously
from the initial foci of infection to the brain, kidney, spleen,
liver, heart, joints, bones, intestines, and eyes with fatal
consequences [6]. Furthermore, Nocardia species may
colonize the lower respiratory airways of patients with
chronic pulmonary diseases such as cystic fibrosis, chronic
obstructive pulmonary disease (COPD) and bronchiectasis
[7]. Although community-acquired nocardiosis is common,
some cases of hospital-acquired infection have been infre-
quently reported in patients undergoing surgeries or
following of insertion of central venous catheters or pros-
theses [8, 9]. A few reports from Europe, US and Asia have
also described outbreaks among immunosuppressed hospi-
talized individuals [10-12].

In Greece, a few cases of nocardiosis have been reported
during the last decade [13, 14]. The only epidemiological study
on nocardiosis in our region was published in 2009 [15]. Since
species distribution and antimicrobial resistance profiles are
changing over time, ongoing surveillance is essential.

This 5-year retrospective study aimed to analyze the
epidemiology, the clinical and microbiological characteris-
tics, the antimicrobial resistance profiles, treatment and
outcome of patients with confirmed nocardiosis, in a Greek
tertiary care hospital.

MATERIALS AND METHODS

Study design, patients and setting

This retrospective cohort study included data from all adult
patients aged >18 years diagnosed with nocardiosis and
cared for at the University Hospital of Heraklion, Crete,
Greece, between the years 2018 and 2022. This hospital is a
760-bed, tertiary care academic institution, serving a popu-
lation of approximately 750,000 inhabitants.

The study has been approved by the hospital’s Ethical
Review Board and met the guidelines of the Helsinki
Declaration.

The demographic characteristics, including age, gender,
as well as infection localization, type of clinical sample from
which the isolate was identified, underlying diseases,
immunocompromising conditions including hematological
malignancy, solid tumor, autoimmune diseases, AIDS, use of
corticosteroids and immunosuppressives, therapeutic
regimen and outcome of included patients, were retrospec-
tively reviewed from the medical records.

Definitions

Nocardiosis was defined on the basis of a positive culture
for Nocardia species in the presence of compatible clinical
and/or radiological features of the infection.

Disseminated Nocardia infection was defined as having 2
or more non-contiguous organs involved that yielded a
Nocardia species.

Nocardia relapse was defined as culture growth of the
same Nocardia species accompanied by clinical symptoms
and/or abnormal imaging after completion of primary
therapy

Immunosuppressed were considered patients who had
HIV infection with CD4 count <200 cells mL™", solid
organ or hematopoietic cell transplant (HCT) receiving
medication to prevent rejection of transplanted organs,
those treated with chemotherapy for solid tumor or he-
matologic malignancy, autoimmune disorders treated
with immunosuppressive agents, or high-dose cortico-
steroid therapy (equivalent of >0.3 mg/kg/day of predni-
sone) given for at least 3 weeks before the diagnosis of
Nocardia infection.

Microbiology

Isolates and identification. Clinical specimens, including
blood, pus, respiratory specimens (sputum, bronchoalveolar
lavage fluid [BALF], and pleural effusion) were cultured on
the Columbia blood agar and chocolate agar plates and
incubated at 37 °C for 3-7 days. Initial presumptive iden-
tification was based on colony morphology, on positive
Gram stain (Gram-positive branching, beaded, and fila-
mentous bacilli) and positive modified acid-fast staining.
Nocardia species were further identified to species level by
matrix-assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF MS) (BioMérieux, Marcy
L’Etoile, France) and through sequencing of 16S ribosomal
RNA [13].

Antimicrobial susceptibility testing. Antibiotic susceptibility
testing was performed by E-test (BioMérieux), as described
previously [16]. Seventeen antimicrobial agents, ampicillin,
amoxicillin-clavulanic acid, cefotaxime, ceftriaxone, cefepime,
imipenem, clarithromycin, gentamicin, tobramycin, amikacin,
minocycline, doxycycline, ciprofloxacin, trimethoprim-sulfa-
methoxazole, linezolid, moxifloxacin and tigecycline, were
tested. Minimum inhibitory concentration (MIC) values were
interpreted as susceptible (S), intermediate (I), or resistant (R)
according to Clinical and Laboratory Standards Institute
(CLSI) interpretative standards for Nocardia [17].

RESULTS

Demographic and clinical characteristics

Table 1 summarizes the demographic and clinical charac-
teristics of the 26 patients with nocardiosis. Of them
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Table 1. Demographic characteristics and clinical features of
patients with nocardiosis

No. (%) of patients

(n = 26)
Age/years (mean + SD) 62.4 + 16.6
Age range 25-86
<65 years 12 (46.2)
>65 years 14 (53.8)
Gender No. (%)
Male 17 (65.4)
Female 9 (34.6)
Infection site No. (%)
Skin and soft tissue infection 13 (50)
Pulmonary infection 10 (38.5)
Bloodstream infection 2(7.7)
Disseminated infection 1(3.8)
Clinical specimen No. (%)
Abscess 15 (53.6)
BALF 6 (21.5)
Sputum 2 (7.1)
Pleural effusion 2 (7.1)
Blood 3 (10.7)
Underlying disease/condition No. (%)
Without underlying disease 11 (42.3)
Solid organ cancer 5(19.2)
Hematologic cancer 1(3.8)
Diabetes mellitus 2(7.7)
Chronic lung disease 3 (11.6)
Chronic kidney disease 2(7.7)
Autoimmune disease 2(7.7)
AIDS 1(3.8)
Immunosuppressant use 7 (26.9)
Steroid use 4 (15.4)

Abbreviations: SD = standard deviation; BALF = bronchoalveolar
lavage fluid; AIDS = acquired immunodeficiency syndrome

17 (65.4%) were male and 9 (34.6%) were female. The mean
patient age was 62.4 + 16.6 years (range, 25-86 years, with
14 (53.8%) being >65 years years and only 3 (11.5%) less
than 40 years.

The most common infection site was skin and soft tissue
(13/26, 50%). Ten patients (38.5%) were diagnosed with
pulmonary nocardiosis, 2 (7.7%) with bloodstream infection
and 1 (3.8%) with disseminated infection that included soft
tissue infection and subhepatic abscess.

Fifteen patients (57.7%) had at least one underlying
disease, including solid organ cancer (5/26, 19.2%),
chronic lung disease (3/26, 11.6%), diabetes mellitus
(2/26, 7.7%), autoimmune disease (2/26, 7.7%), chronic
kidney disease (2/26, 7.7%), and acquired immunodefi-
ciency syndrome (1/26, 3.8%). Additionally, 7 patients
(26.9%) had received immunosuppressants and 4/26
(15.4%) corticosteroids.

Distribution of Nocardia species

During the study period, 28 Nocardia isolates were identi-
fied. Thirteen of them (46.4%) were cultured from skin and
soft tissue, 11 (39.3%) from respiratory tract specimens, 3
(10.7%) from blood and 1 (3.6%) from subhepatic abscess.
The 28 Nocardia isolates belonged to eight species. Nocardia
brasiliensis was the most common species (9/28, 32.1%),
followed by Nocardia otitidiscaviarum (7/28, 25%), Nocardia
farcinica (4/28, 14.3%), Nocardia cyriacigeorgica (3/28,
10.7%), Nocardia abscessus (2/28, 7.1%), and Nocardia ele-
gans, Nocardia carnea and Nocardia transvalensis (1/28,
3.6%). Only the isolate of N. elegans had been misidentified
by MALDI-TOF MS as Nocardia veterana. The species
distribution by infection site are depicted in Table 2.
N. brasiliensis was the most frequently isolated species from
skin and soft tissue (9/12, 75%), while from respiratory tract
N. cyriacigeorgica and N. otitidiscaviarum were isolated in
equal percentages (10.7%).

Antimicrobial susceptibility testing

Overall, the MIC ranges, MIC5, and MICy, values, and the
percentages of susceptible, intermediate and resistant iso-
lates for each antimicrobial tested are presented in Table 3.
All isolates were susceptible to linezolid and tigecycline,
96.4% to amikacin, 92.9% to trimethoprim-sulfamethoxa-
zole (TMP-SMX) (one resistant strain belonged to
N. transvalensis, and another one to N. otitidiscaviarum),
and 82.1% to minocycline and moxifloxacin. Fifty percent of
the isolates were susceptible to ceftriaxone and 42.9% to
imipenem. Clarithromycin exhibited the lowest activity with
25% of isolates classified as susceptible, followed by cipro-
floxacin and ampicillin (32.1% susceptible isolates).

The antimicrobial resistance profiles varied within different
Nocardia species. All Nocardia brasilensis, N. farcinica,

Table 2. Distribution of Nocardia species by infection site

No. of isolates (%)

Species Blood Respiratory tract Skin and soft tissue Subhepatic abscess Total
N. brasiliensis 0 0 9 (32.2) 0 9 (32.1)
N. otitidiscaviarum 0 3 (10.7) 3 (10.7) 1(3.6) 7 (25)
N. farcinica 2(7.1) 2(7.1) 0 0 4 (14.3)
N. cyriacigeorgica 0 3 (10.7) 0 0 3 (10.7)
N. abscessus 1(3.6) 1(3.6) 0 0 2 (7.1)
N. elegans 0 0 1(3.6) 0 1(3.6)
N. carnea 0 1 (3.6) 0 0 1(3.6)
N. transvalensis 0 1(3.6) 0 0 1(3.6)
Total 3 (10.7) 11 (39.3) 13 (46.4) 1 (3.6) 28 (100)
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Table 3. In vitro activity of 17 antimicrobial agents against the 28 Nocardia isolates

MIC (ug mL™")

% of isolates

Antibiotics MIC range MICs, MICy, S I R
Ampicillin 0.5 - >256 16 >256 32.1 17.9 50
Amoxicillin-clavulanic acid 0.125 - >256 2 >256 75 3.6 21.4
Cefotaxime 0.094 - >32 3 >32 50 - 50
Ceftriaxone 0.25 - >32 8 >32 50 - 50
Cefepime 0.094 - >32 8 >32 50 - 50
Imipenem 0.047 - >256 >32 >32 42.9 - 57.1
Clarithromycin 0.38 - >256 12 >256 25 17.9 57.1
Gentamicin 0.125 - >256 0.75 >256 78.6 3.6 17.8
Tobramycin 0.064 - >256 1.5 >256 71.4 3.6 25
Amikacin 0.094 - 48 1 4 96.4 - 3.6
Minocycline 0.094 - 4 1 2 82.1 17.9 -
Doxycycline 0.19 -6 1 4 64.3 28.6 7.1
Ciprofloxacin 0.5 - >32 2 >32 32.1 17.9 50
TMP-SMX 0.012 - >32 0.094 1 92.9 - 7.1
Linezolid 025-15 0.75 0.75 100 - -
Moxifloxacin 0.094 - >32 0.5 >32 82.1 14.3 3.6
Tigecycline 0.047 - 2 0.125 0.75 100 - -

Abbreviations: S = susceptible; I = intermediate; R = resistant; TMP-SMX = trimethoprim-sulfamethoxazole

N. cyriacigeorgica and N. abscessus isolates were uniformely
susceptible to amoxicillin-clavulanic acid, while in contrast all
of the N. otitidiscaviarum and N. farcinica isolates were resis-
tant. Cefotaxime, ceftriaxone and cefepime showed high sus-
ceptibility rates against N. cyriacigeorgica and N. abscessus
(100%), whereas N. brasiliensis and N. farcinica were more
frequently nonsusceptible (33.3% and 100%, respectively). In
addition, 100% of N. farcinica, and N. cyriacigeorgica, 50% of
N. abscessus and 11.1% of N. brasiliensis isolates were suscep-
tible to imipenem. Except for N. farcinica, gentamicin and
tobramicin exhibited excellent in vitro activity against N. bra-
siliensis, N. otitidiscaviarum, N. cyriacigeorgica, and N. absces-
sus. Non susceptibility to tetracyclines, minocycline and
doxycycline, was more frequent among Nocardia cyriaci-
georgica. For fluoroquinolone antibiotics, ciprofloxacin had
poor in vitro activity against all species except for N. farcinica,
while moxifloxacin demonstrated good in vitro susceptibility
against N. brasiliensis (100%), N. farcinica (100%), N. abscessus
(100%) and N. otitidiscaviarum (85.7%).

Treatment and outcome

The 26 patients were treated with various antibiotics and
in 5 (19.2%) of them medical treatment was combined
with surgical debridement or drainage. TMP-SMX
was the antibiotic most commonly used (92.3%) either
alone (9/24, 37.5%) or in combination (15/24, 62.5%).
Details of the antibiotic treatment regimens that were
administered are shown in Table 4. The median duration
of treatment was 18 weeks (range, 1-52 weeks). Favorable
outcome was detected in 24 (92.3%) patients. One patient
relapsed after treatment. Death was considered related to
nocardiosis in one patient (3.8%) suffering from dissem-
inated infection.

Table 4. Antibiotic treatment of the 26 patients with nocardiosis

Antibiotic regimen No. (%) of patients

TMP-SMX 9 (34.6)
TMP-SMX + meropenem 4 (15.4)
TMP-SMX + amoxicillin/clavulanic acid 3 (11.5)
TMP-SMX + linezolid 2(7.7)
TMP-SMX + amikacin 1(3.8)
TMP-SMX -+ moxifloxacin 1(3.8)
TMP-SMX + ceftriaxone 1(3.8)
TMP-SMX + minocycline 1(3.8)
TMP-SMX + meropenem + amikacin 1(3.8)
TMP-SMX + ceftriaxone + amikacin 1(3.8)
Meropenem + amikacin 1(3.8)
Linezolid + minocycline 1(3.8)

Abbreviation: TMP-SMX = trimethoprim-sulfamethoxazole

DISCUSSION

This retrospective review at a Greek tertiary care hospital
identified 26 patients with microbiologically proven Nocardia
infection over 5 years. Compared to our previous study from
the same center, nocardiosis appear to have increased in the
last years, likely due to the expanding immunocompromised
population living in rural areas exposed to environmental
sources of the pathogen [15]. Several reports have described
increasing incidence over time, while others have reported
stable incidence [18-20]. The number of cases in males
almost doubles that of females, similar to previously pub-
lished reports [15, 20]. This may be due to the different
exposure caused by the different profession and lifestyle of
men vs. women. The mean age of the patients was 62.4 + 16.6
years with 53.8% being over 65 years. According to several
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reports, the age distribution varies widely and may be asso-
ciated with risk factors and the exposure to the pathogen.

As widely reported, the administration of immuno-
suppressive therapy, high doses of corticosteroids, solid
tumors and haematological malignancies, solid organ and
haematopoietic stem cell transplantation (HSCT) and HIV
are the most common predisposing factors for nocardiosis
[3, 4, 21, 22]. The major risk factor in our study group was
immunosuppressive treatment and chronic corticosteroid
administration, present in 42.3% of our patients. Only one
patient with nocardiosis had HIV infection, reflecting the
increasing use of retroviral therapy. Furthermore, comor-
bidities causing local impairment of the lung defences
predisposes to pulmonary nocardiosis. COPD was the most
common respiratory disease among patients with
pulmonary nocardiosis (27.3%). In patients with COPD,
bronchiectasis or cystic fibrosis, bacteria colonizing the
lower airways alter ciliary motility and cause epithelial
damage, leading to colonization and infection by Nocardia
[23]. Additionally, diabetes mellitus, chronic kidney disease
and autoimmune disease (7.7% each one), were also found
to be risk factors in our study. Notably, among the 26
included cases, 11 (42.3%) cases showed no evidence of
underlying diseases. Previous studies have shown that
approximately one-third of infected patients were immu-
nocompetent [24, 25].

More than 100 Nocardia species have been characterized by
molecular methods, with almost half of them affecting humans.
Species epidemiology varies with geographical area. In the pre-
sent study, N. brasiliensis was the most frequently isolated species,
followed by N. otitidiscaviarum, N. farcinica and
N. cyriacigeorgica. Likewise, in Taiwan N. brasiliensis is the species
more frequently identified [26]. Some evidence suggests that N.
brasiliensis prevails in countries with tropical and subtropical
climates. But our country has a temperate climate, so the different
distribution of species seems not to be affected by the climatic
conditions. In Italy, France and Belgium N. farcinica is the
commonest species, in Spain N. cyriacigeorgica, N. farcinica and
N. otitidiscaviarum are the three dominant isolated species, whilst
Nocardia nova is the predominant species encountered in the
USA and Australia [27-32].

As previously reported, some Nocardia species have closely
correlated with clinical presentation [1, 33]. The majority of
skin and soft tissue infections cases (69.2%) were caused by
N. brasiliensis, most commonly acquired through direct inoc-
ulation after trauma-related injuries such as road accidents,
skin abrasion, insect bites and through nosocomial exposure.
N. farcinica was most commonly isolated in blood cultures,
which is in agreement with many previous studies [33, 34].

During the study period, we found that skin and soft
tissue was the most common site of infection, followed by
pulmonary involvement and disseminated infection. This
finding is inconsistent with many studies reporting pulmo-
nary infection as the most common manifestation of
nocardiosis [19, 20, 30, 32, 33, 35]. Pleural effusion was
developed in 2/11 (18.2%) patients suffering pulmonary
nocardiosis. Unlike pulmonary nocardiosis that involved
mostly immunocompromised patients (83.3%), skin and soft

tissue infection developed most often (81.8%) in immuno-
competent hosts.

Accurate identification of Nocardia isolates by use of
phenotypic and genotypic methods is important to define
the spectrum of diseases caused by each species, to deter-
mine the epidemiology, and to predict antimicrobial
susceptibility, that is essential to guide treatment. Matrix-
assisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF MS) has been recognized as a
reliable method for rapid, cost-effective and accurate iden-
tification of Nocardia species [36]. MALDI-TOF MS cannot
be used alone for identification of Nocardia species, because
the databases of instruments contain a limited number of
species. This was the case of our isolate that was mis-
identified as N. veterana. The database of Vitek MS version
3.2.0 we are using contains only 16 Nocardia species. It has
been shown that if a species is not included in the
manufacturer’s database, it can be misidentified as a similar
species rather than not identified [36]. Hodille et al.
comparing the results of Nocardia species identification by
Vitek MS to 16S rRNA and hsp65 sequencing-based iden-
tification found few discrepancies related to phylogenetically
close species [37]. Misidentifications could potentially
impact therapeutic management, therefore molecular
methods such as DNA sequencing, currently considered the
gold standard, should be also employed for definitive iden-
tification of Nocardia species [38].

TMP-SMX is considered the drug of choice for the treat-
ment of nocardiosis, since more than 90% of strains have been
reported to be susceptible in most studies [16, 21, 26]. TMP-
SMX can be administered either as monotherapy in
immunocompetent patients with primary skin infections or
combined with other antimicrobials for disseminated and CNS
nocardiosis. Alternative antimicrobial agents used in case of
allergy, include linezolid, amikacin, minocycline, moxifloxacin,
and amoxicillin-clavulanic acid. Linezolid has been demon-
strated to have excellent in vitro activity against all Nocardia
species, is available in both an intravenous and oral form and
has the ability to penetrate the CNS. Despite these advantages,
prolonged linezolid usage may be associated by serious adverse
drug reactions, namely hematological toxicity and neuropathy
[39]. The duration of therapy depends on the severity and the
localization of the infection and the immune status of the
patient. Because the disease has a tendency to recur, prolonged
treatment is recommended in immunocompromised patients,
those with disseminated or CNS nocardiosis. The median
duration of treatment in the current cohort was 18 weeks. The
mortality rates associated with nocardiosis range from 26% to
90%, depending on the form of the infection and the immune
status of the patient [21, 40]. Mortality is high among immu-
nocompromised patients and those with bacteremia, dissemi-
nated and CNS nocardiosis [40]. In the present study, the
mortality rate was low (3.8%).

The main limitation of this study is the small number of
patients with nocardiosis originating from a single
geographical area. This implies that the present findings
regarding the epidemiology of nocardiosis could not be
applicable to the whole country.
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CONCLUSION

Nocardiosis is a rare opportunistic infection difficult to
diagnose, requiring long-term antimicrobial treatment.
In recent years, its incidence has increased in our region due
to the increasing number of immunocompromised in-
dividuals living in rural areas exposed to environmental
sources. Nocardiosis should be considered in patients with
underlying risk factors, especially those on immunosup-
pressant or long-term corticosteroid therapy, and microbi-
ologists should be notified for prolonged incubation of
cultures and proper culture evaluation. Early diagnosis and
prompt initiation of appropriate treatment are essential for
good prognosis.
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