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Abstract: Background. Nocardia is a group of ubiquitous bacteria known to cause opportunistic
infections in immunocompromised hosts, including those affected by malignancies and solid-organ or
hematopoietic stem cell transplants. Pulmonary involvement, occurring in two-thirds of cases, is the
most frequent presentation. Diagnosis might be challenging both because of microbiological technical
issues, but also because of the variability of organ involvement and mimicry. Methods. We describe
four cases of disseminated nocardiosis caused by N. farcinica observed between September 2021 and
November 2021 in immune-compromised hosts presenting with nodular cutaneous lesions that had
raised a high degree of clinical suspect and led to microbiological identification through MALDI-TOF
MS. Results. Cutaneous involvement is typically reported in immunocompetent hosts with primary
cutaneous nocardiosis with multiple forms of manifestation; nonetheless, disseminated nocardiosis
rarely involves the skin and subcutaneous tissues, and this occurs as a result of metastatic spread.
Our cases were disseminated nocardiosis in which the metastatic cutaneous involvement, even if rare,
provided a clue for the diagnosis. Conclusions. The pathomorphosis of disseminated nocardiosis
may have changed in the current years with more rapid spread due to advanced immunosuppression.
For this reason, after clinical suspicion, the prompt start of an active targeted therapy based on rapid
microbiological identification might potentially open the way to hopeful results, even in the most

immune-compromised patients.
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1. Background

Nocardia is a group of ubiquitous bacteria known to cause opportunistic infections in
immunocompromised hosts [1]. That formerly known as the Nocardia steroids complex is
responsible of the majority of infections [2] and was separated into Nocardia abscessus, the No-
cardia brevicatena-paucivorans complex, the Nocardia nova complex (including Nocardia nova,
Nocardia veterana, Nocardia africana and Nocardia kruczakiae), the Nocardia transvalensis com-
plex, Nocardia farcinica, Nocardia asteroids, and Nocardia cyriacigeorgica [3,4].

Nocardia is able to grow on nonselective media under aerobic conditions [5] and
on selective media such as Thayer-Martin, charcoal buffered yeast extract, Sabouraud
glucose agar, and Lowenstein-Jensen media, minimizing the overgrowth of contaminating
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microorganisms. Microscopically they appear as variable Gram-positive, catalase-positive
thin, branching, filamentous rods [3,5]. Modified Ziehl-Neelsen stain in most cases is
negative, whereas on modified Kinyoun, stain Nocardia is variably acid-fast [5]. Colonies
are typically dry, chalky white with aerial hyphae (0.5-1.2 um in diameter), but they can
also appear as smooth, turning to orange with age, such as with N. farcinica, or yellowish,
tan, brown in relation to the production of soluble brown or yellow pigments. Since the
growth is usually clear from 2-7 days up to several weeks, it is essential, in cases of clinical
suspicion, to inform the laboratory so that correct media and incubation protocols can be
applied [5,6].

Nocardia infection typically occurs in cell-mediated immune-depressed patients, such
as those with malignancies, human immunodeficiency virus infection, solid-organ or
hematopoietic stem cell transplants and treated with long-term steroids or cell-mediated
immunomodulators [7,8]. In hematopoietic stem cell transplants, the timing of the possible
development of nocardiosis ranges from 2-3 months up to 2 years [9,10], whereas in
solid organ transplanted (SOT) patients, onset occurs in two-thirds of cases within one year from
transplant. In solid organ transplanted patients, the prevalence of nocardiosis is 0.7-3% [11-15], and
the highest frequency is reported for lung transplants, followed by that with heart, intestinal,
kidney and liver transplants. Among those, two-thirds of patients have isolated pulmonary
disease and 20% have disseminated disease, and the most common isolates are N. nova
in half of cases, followed by N. farcinica in 30% [6,15]. The diagnosis of nocardiosis might
be challenging not only due to microbiological technical issues, but also because of the
variability of organ involvement and the differentials with mimicries, such as tuberculosis,
aspergillosis, or actinomycosis.

2. Methods

We describe four cases of disseminated nocardiosis caused by N. farcinica observed
between September 2021 and November 2021 in immune-compromised hosts in a 1200-bed
academic hospital with primary and secondary referral (City of Health and Sciences, Mo-
linette Hospital, Turin, Italy) presenting with nodular cutaneous lesions that had raised
a high degree of clinical suspect and led to microbiological identification (Table 1). In
our cases, clinical samples were microscopically screened via Gram-staining. Nocardia
isolation was performed on Columbia agar with 5% sheep blood with an incubation
protocol of 7-10 days at 37 °C in aerobic conditions. Suggestive colonies (macroscopic
features) were identified via Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight
Mass Spectrometry (MALDI-TOF MS) on a Bruker Microflex LT with the MBT 8468
MSP 2019 Library (Bruker Daltonics, Bremen, Germany). Antimicrobial susceptibility
to amoxicillin/clavulanate, imipenem, ciprofloxacin, linezolid, amikacin, tobramycin and
TMP/SMX was determined through an ETEST (BioMérieux, Paris, France) on Mueller-
Hinton Fastidious Agar after 48-72 h at 37 °C. Results were interpreted according to CLSI
criteria [16]. Written informed consent was obtained from patients for publication.

Table 1. Description of four immune-compromised patients with disseminated nocardiosis.

. Antimicrobial Predisposing Nocardiosis
Patients Sex Isolates Susceptibility Condition Localization Treatment Outcome
Empirical: TMP/SMX,
amox./clav. R amikacin and
imipenem R Cutaneous, ertapenem
Nocardia ciprofloxacin R Lung pulmonary, Targeted: linezolid, On treatment
21 years-old F farcinica linezolid S transplant for lymphonodal,  3mikacin and (two months
amikacin S cystic fibrosis hepatic and meropenem completed)
tobramycin R renal Rescue: linezolid,
TMP/SMXR amikacin, meropenem

and tygecicline
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Table 1. Cont.

. Antimicrobial Predisposing Nocardiosis
Patients Sex Isolates Susceptibility Condition Localization Treatment Outcome
amox./clav. R Empirical: TMP/SMX
imipenem S ST I
. ciprofloxacin R Targeted: amikacin and On treatment
54 M Nocardia linezolid S Heart Cutaneousand  TMPpP /SMX, then (two months
years-old farcinica amikacin S transplant pulmonary linezolid and completed)
tobramycin R TMP /SMX, followed
amox./clav. R
imipenem S .
Nocardi ciprofloxacin S Kidne Cutaneous, Empirical: none On treatment
74 years-old F fm(‘)ccg ; C;a linezolid S ¢ }17 t pulmonary Targeted: TMP/SMX, (one month
amikacin S ransplan and cerebral then linezolid completed)
tobramycin R
TMP/SMX S
gmox./ clav. R
1m1pefilem R Biliary duct Empirical: none
Nocardia clprotoxacmn R carcinoma Cutaneous and  Targeted: On treatment
66 years-old M farcinica linezolid S with palliative ulmonar imivenem /ci i (two months
amikacin S y p h P y imipenem/cilastatin completed)
tobramycin R chemotherapy and linezolid
TMP/SMX R
3. Results

Case 1. A 21-year-old female with cystic fibrosis and bilateral lung transplant 2 months
prior presented with fever, cough, desaturation and a left sub-mammary painless cuta-
neous and subcutaneous abscess with erythematosus infiltration of the previous surgical
scar (Figure 1). Tacrolimus, mycofenolate mofetil and low-dose steroids were the current
immunosuppressive regimen together with acyclovir and trimethoprim/sulfamethoxazole
(TMP/SMX) prophylaxis. A chest CT scan showed a consolidation in the right inferior
lobe with necrotic—colliquative areas and nodular lesions, colliquative mediastinic lym-
phadenopathies, an ipodense, polylobate with an iperdense wall subcutaneous right sub-
mammary lesion and hepatic and renal lesions. N. farcinica was isolated both from the
drainage of cutaneous abscesses and bronchoalveolar lavage. Antibiotic treatment with
intravenous TMP/SMX, amikacin and ertapenem was started, which was then switched to
linezolid, amikacin and meropenem due to an antimicrobial susceptibility test showing
resistance to TMP/SMX. Because of the rapid deterioration of the patient’s clinical condi-
tion with hemodynamic instability and persistent fever, a rescue therapy with tigecycline
adjunction was tried with a beneficial effect. A diagnosis of post-transplant lymphopro-
liferative disorder was made, and rituximab was started with the remission of fever. The
patient has now completed two out of nine months of antibiotic treatment for disseminated
nocardiosis (Table 1).

Case 2. A 54-year-old male with a heart transplant 1.5 months prior presented with
fever and a follow-up chest CT scan showing four small nodular lesions. During physical
examination, right axillar, left thoracic and left medial lower limb nodular, thick and slightly
painful cutaneous and subcutaneous lesions with a surrounding erythematosus halo were
observed (Figures 2 and 3). Because of the clinical suspicion of disseminated nocardiosis
or aspergillosis, bronchoalveolar lavage and a cutaneous biopsy were performed, and
an empiric treatment with liposomal B amphotericin and intravenous TMP/SMX was
started. N. farcinica was isolated from bronchoalveolar lavage, whereas the galactomannan
antigen tested negative. Liposomal B amphotericin was stopped, and according to the
antibiogram susceptibility test, a combination of target therapy with amikacin and intra-
venous TMP/SMX was administered for two weeks during hospitalization. At discharge,
following an oral combination therapy with linezolid and TMP/SMX that continued for
two weeks, the simplification to oral TMP/SMX was prescribed. The patient has now
completed two out of nine months of antibiotic treatment for disseminated nocardiosis
(Table 1).
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Figure 1. Left sub-mammary painless cutaneous and subcutaneous abscess with erythematosus
infiltration of the surgical scar in a patient with cystic fibrosis and bilateral lung transplant.

LEAFS

Figure 2. Right axillar nodular, thick and slightly painful cutaneous and subcutaneous lesion with a
surrounding erythematosus halo in a heart-transplanted patient with disseminated nocardiosis.
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Figure 3. Left thoracic, thick and slightly painful cutaneous and subcutaneous lesion with a sur-
rounding erythematosus halo in a heart-transplanted patient with disseminated nocardiosis.

Case 3. A 74-year-old female with a kidney transplant 7 months prior presented
with fever and cough. Since community-associated pneumonia was suspected, antibiotic
treatment with ceftriaxone and azithromycin was started. Because of the poor clinical
response, after two days, the treatment was switched to ceftobiprole and azithromycin
for 6 days. A bronchoalveolar lavage culture tested positive for N. farcinica. A chest CT
scan was performed and showed consolidation in the left inferior lobe with a 28 mm
colliquative solid lesion and numerous small bilateral nodulations. Antibiotic treatment
with intravenous TMP/SMX was started, but because of deteriorating renal function after
one week and a cerebral CT scan showing an incidental 3 mm parietal nodular lesion, a
switch to linezolid was proposed. The patient has now completed one out of nine months
of antibiotic treatment for disseminated nocardiosis (Table 1).

Case 4. A 66-year-old male with an inoperable biliary duct carcinoma treated with
palliative chemotherapy with gemcitabine and cisplatin presented with fever, cough and de-
saturation and a nodular cutaneous ecchymosis on the left knee. A bronchoalveolar lavage
culture tested positive for N. farcinica, after other bacterial and fungal causes were excluded.
An antimicrobial susceptibility test showed resistance to TMP/SMX and amikacin, and
antibiotic treatment with imipenem/cilastatin and linezolid was started. The patient has
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now completed two out of nine months of antibiotic treatment for disseminated nocardiosis
(Table 1).

4. Conclusions

We describe four cases of disseminated nocardiosis with initial nodular cutaneous
lesions in immune-compromised hosts together with pulmonary involvement. Cutaneous
involvement is typically reported in immunocompetent hosts with primary cutaneous no-
cardiosis with multiple forms of manifestation, such as a superficial cellulitis occurring via
direct inoculation, abscess, lymphocutaneous satellite infection similar to sporotrichosis or
mycetoma with the formation of a sinus tract and a more destructive disease. Nonetheless,
disseminated nocardiosis rarely involves the skin and subcutaneous tissues, and this occurs
as a result of a metastatic spread [17-19]. Our cases were disseminated nocardiosis in which
the metastatic cutaneous involvement, even if rare, provided a clue for the diagnosis. In
fact, pulmonary involvement was the most frequent representation in a recent work by
Galar et al. [20] over 24 years of retrospective observation, and in particular, the incidence
of disseminate nocardiosis is described as stable with a decrease in HIV and SOT patients
and an increase in elderly patients with chronic respiratory conditions and corticosteroid
treatment. Similarly, in our experience, even though the clinical suggestion came from the
dermatological findings, at the same time, pulmonary involvement was present in all cases.
Other studies have reported an increasing incidence of nocardiosis even though these stud-
ies lack information about the last ten years and in particular about the incidence after the
introduction of new technologies [21-23], such as the implementation of MALDI-TOF MS,
which might have improved the diagnostic yield with an increasing number of identified
nocardiosis cases and in particular a more rapid time of response from the laboratory to
the clinicians, helping to attribute the etiology of unusual clinical findings or mimicries
of different diseases to Nocardia isolates. In fact, traditionally, Nocardia species identifi-
cation was based on biochemical tests; the long response time, the lack of commercially
available kits and the difficulties in their application in Clinical Microbiology Laboratories
contributed to their progressive disuse in favor of new technologies [24,25]. MALDI-TOF
has revolutionized the routine identification of microorganisms, including Nocardia [21,23].
Recently, this tool has been shown to provide reliable Nocardia species identification within
a few minutes rather than several days, starting from isolated colonies [26-29].

In our cases, prompt identification was obtained in 48 h, with the start of a targeted
therapy following antimicrobial susceptibility tests for nocardiosis within 72 h, solving
the well-known issue of long incubation times and interference by fast-growing microor-
ganisms [27]. This is the reason why the diagnosis of nocardiosis depends on a close
collaboration among physicians and clinical microbiologists. Moreover, Nocardia microbi-
ological identification at the species-level is mandatory to interpret clinically significant
isolates and to administer correct antimicrobial therapy since Nocardia drug resistance
patterns are largely species-related [28-31]. For this purpose, because of the shortcomings
of the commercial MALDI-TOF MS database for the identification of Nocardia species,
further identification based on the complete sequence of the gold standard 16S rRNA is
recommended to confirm species assignment [32]. In fact, N. farcinica together with the
N. transvalensis complex, N. otitidiscaviarum and the N. nova complex N. farcinica is one of
the multidrug-resistant (MDR) species reported in the literature [29-31]. Not all studies,
however, agree on resistance percentages. Drug susceptibility differences reported in the
literature could be ascribed to technical difficulties, such as standard inoculum preparation,
laboratory testing methodology, result reading and interpretation criteria [33]. Local epi-
demiological variation is another important factor to keep in mind for data comparisons; for
this reason, even if identification provides important information to switch from empirical
to a targeted antimicrobial therapy, antimicrobial susceptibility testing should always be
performed [34].

The N. farcinica drug pattern is usually characterized by resistance to ceftriaxone, to-
bramycin and clarithromycin and by susceptibility to TMP/SMX, amoxicillin/clavulanate,
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ciprofloxacin, linezolid and amikacin [27]. In our casuistry, N. farcinica antimicrobial sus-
ceptibility testing was similar to the expected one. Linezolid was the only effective drug for
all bacterial isolates, followed by amoxicillin/clavulanate, imipenem and amikacin, which
were active in 3/4 cases. The only two TMP/SMX-resistant strains were MDR, according
to the criteria of Magiorakos et al. [34]. In recent work by Goodlet et al. [35], previous
TMP /SMX prophylaxis in lung transplant patients has been found to be an independent
protective factor for nocardiosis; nonetheless, one of our patients who received TMP/SMX
prophylaxis developed an infection sustained by a resistant strain.

Even though available follow-up information is limited in our cases and long-term
outcomes are not known, we assisted in the rapid improvement in patients’ conditions
after the start of the targeted treatment. These data can be explained by the relatively
short length of disease since all patients presented with the acute onset of clinical signs;
nonetheless, in all of our solid organ-transplanted patients, disseminated nocardiosis
occurred in the first year post-transplantation in the period of maximal immune depression
as previously shown [17,36-38]. Even though disseminated nocardiosis is a well-known
infective complication in immune-depressed and transplant patients, the pathomorphosis
of disseminated nocardiosis may have changed in the current years with more rapid spread
due to advanced immunosuppression. In our opinion, it is important to keep high clinical
suspicion in cases of typical cutaneous lesions because the prompt start of an active targeted
therapy based on rapid microbiological identification might potentially open the way to
hopeful results even for the most immune-compromised patients.
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