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Nocardiosis is a localized or disseminated bacterial infection caused by aerobic
Actinomyces that commonly affects immunocompromised hosts. The aim of
this study was to retrospectively review clinical course and outcome of nocardi-
osis in solid organ recipients at our centre. Five cases of nocardiosis were iden-
tified in a series of more than 4000 consecutive solid organ transplants
performed at Innsbruck university hospital during a 25-year period. Of the five
patients with nocardiosis, two had undergone multivisceral, one liver, one kid-
ney and one lung transplantation. Three patients with Nocardia asteroides infec-
tion were treated successfully and recovered from their infectious disease,
however, one lost his renal graft following withdrawal of immunosuppression.
The lung recipient recovered from nocardiosis but died later on from Pseudo-
monas pneumonia. One multivisceral recipient died from Nocardia farcinica-
disseminated infection. Nocardiosis is a rare, difficult-to-diagnose-and-treat
complication following solid organ transplantation. Intestinal recipients might

be at increased risk to develop this infection.

Introduction

Solid organ transplantation has emerged as the treatment
of choice for end-stage organ failures, with the burden of
life-long immunosuppression for the organ recipient.
Thus, infection dominates the peri-operative as well as
the post-operative period, with considerable potential of
life-threatening bacterial sepsis and death reported in
most transplant series. Nocardia — a rare but dangerous
micro-organism that is associated with excessive mortality
rates — has been reported as a causative agent of infec-
tions in the immunocompromised host and infants. Solid
organ recipients, stem cell recipients, patients with malig-
nancies, the HIV population and other patient popula-
tions with immunodeficiency are at highest risk for this
disease [1]. Nocardia infections have been reported in
heart, liver, lung and kidney transplant recipients [2-5];
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however, presentation in multivisceral recipients has not
been reported yet. Usually nocardiosis presents with fever,
cough, chest pain and dyspnoea.

In our series we aimed to retrospectively review the
clinical course and outcome of all cases of Nocardiosis in
solid organ transplantation at our transplant centre.

Patients and methods

Between 1 January 1977 and 31 December 2004 more
than 4000 solid organ transplants were performed at the
Innsbruck University hospital. There were 2527 renal, 746
liver, 368 pancreas, 241 cardiac, 122 lung, 24 intestinal,
24 islet and two hand transplants. Within the entire
cohort a total of five patients became symptomatic with
nocardiosis including two multivisceral, one liver, one
renal and one lung recipient.

Transplant International 18 (2005) 1048-1053 © 2005 European Society for Organ Transplantation



Wiesmayr et al.

Surgical technique and perioperative management were
performed according to standard techniques. Standard
immunosuppression consisted of Calcineurin inhibitor-
based triple drug therapy using ATG or IL2 receptor
antagonist induction in a variety of cases. The two multivis-
ceral recipients received tacrolimus (trough levels
15-20 ng/ml), steroids (20 mg) and azathioprine (100 mg)
for immunosuppression, the lung recipient recipients
cyclosporin A (CsA), azathioprine and steroids with ATG
induction, the liver recipient CsA, azathioprine and ster-
oids, the adult renal recipient TAC, mycophenolate mofetil
(MMTF) and steroids.

Nocardia was identified from bronchoalveolar lavage
(BAL) in one case, pleural effusion in another case, per-
cutaneous lung biopsy in two cases and a removed ingu-
inal lymph node/liver abscess in the last case.

Results

Nocardia asteroides was most commonly isolated. Only
for intestinal recipients (2 of 20 patients in our series)

Table 1. Demographic data.

Nocardiosis following solid organ transplantation

there seems to be an increased risk for nocardiosis. Four
of the five patients also experienced other infectious com-
plications, including pneumonia, sepsis, UTI, invasive
Aspergillosis, Candida oesophagitis. Three developed cyto-
megalovirus (CMV) infection or disease prior to the out-
break of nocardiosis. Three patients with N. asteroides
infection were treated successfully and recovered from
their infectious disease, however, one lost his renal graft
following withdrawal of immunosuppression. The lung
recipient recovered from nocardiosis but died later on
from Pseudomonas pneumonia. One multivisceral recipi-
ent died from multiorgan failure due to disseminated
N. farcinica and pulmonary Pseudomonas aeruginosa and
Aspergillus fumigatus superinfection. Table 1 shows demo-
graphic and Table 2 clinical data of the five patients.

Case 1

The first case affected a 51-year-old male bilateral lung
recipient. Antimicrobial prophylaxis included Cefamandol
(2g q 8h) and Fosfomycin (4 g q 8h). The early

Initial Perioperative CMV match
Gender Age Date of transplant  Graft Underlying disease immunosuppression prophylaxis  (donor/recipient) Risk factors
1 Male 51 1 April 1996 Lung Epitheloid CsA, AZA, steroids  Cefemandol/ Negative/ Long-term
hemangioendothelioma Fosfomycin  negative ventilation
2 Male 63 27 November 1997 Intestine Carcinoid TAG, AZA, steroids Piperacillin/  Positive/positive  Poor medical
Tazobactam condition
3 Male 57 1 October 1999 Liver HCV CsA, AZA, steroids  Piperacillin/  Positive/positive  Rejection
Tazobactam
4 Female 38 3 July 2000 Intestine  Gardner syndrome TAG, AZA, steroids Piperacillin/  Positive/positive  retransplant,
Tazobactam rejection
5 Male 64 15 August 2004 Kidney  Diabetic nephropathy TAG, MMF, steroids Ceftriaxon ~ Negative/ Advanced age,
negative coronary artery

disease, rejection

Tx, transplant; HCV, hepatitis C virus; CsA, cyclosporin A; TAG, tacrolimus; AZA, azathioprine; MMF, mycophenolate mofetil.

Table 2. Clinical data.

Onset of (@YY, Survival
nocardiosis Isolation of Nocardia infection  Antimicrobial post-Tx
post-Tx (weeks) Nocardia species Other infections disease  treatment Cure Cause of death (months)
11 Pleural effusion No subtyping Bacterial pneumonia,  Yes IMPS Yes  Pneumonia 3
chronic diarrhoea
2 12 Lung biopsy N. asteroides Sepsis, HSV infection, No TMPS + Doxicycline Yes  Tumour 21
Candida oesophagitis progression
3 5 Lung biopsy N. asteroides No No IMPS Yes  Alive 65
Liver abscess N. farcinica Urinary tract infection, Yes TMPS; Ciprofloxacin No Nocardiosis 1
MRSA sepsis Amoxicillin/Clavulanic
acid, Imipenem/
Cilastatin
5 8 Bronchoalveolar N. asteroides Aspergillosis Yes TMPS, Linezolid Yes  Alive, renal 7
lavage graft loss
Tx, transplant; CMV, cytomegalovirus; EBV, Epstein—Barr virus; IMPS, trimthoprim-sulfamethoxazole.
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post-transplant course was complicated by pulmonary
arterial stenosis which required surgical revision, diarrhoea
and bilateral pneumonia which required reintubation on
the fifth postoperative day. From BAL Enterococcus faecium
was isolated and Vancomycin (1 g q 12 h) in combination
with Imipenem/Cilastatin (1 g q 8 h) was started. Nocardia
was isolated from pleural effusion and treatment changed
to trimethoprim/sulfamethoxazol (TMPS). The patient
required tracheostomy and long-term ventilator support.
Candida albicans pneumonia was treated with liposomal
amphotericin B (3 mg/kg/day) and P. aeruginosa pulmo-
nary infection with ceftazidime (1 g q 6 h). Ganciclovir
was given for CMV infection. The patient was transferred
on day 35 post-transplant to his home hospital in stable
condition where he died 1 month later from intractable
pulmonary infection.

Case 2

Case 2 relates to a 63-year-old man who underwent
multivisceral transplantation. He developed multiple
infectious episodes including deep wound infection and
an intestinal fistula requiring surgical revision, entero-
coccal and Corynebacterium jeikeum sepsis, MRSA
port-a-cath infection, Candida oesophagitis, herpes sto-
matitis and genital herpes. He was discharged 6 weeks
post-transplant with a well functioning graft. Three months
post-transplant the patient was readmitted with fever as
high as 39.5 °C and an elevated CRP of 24.5 mg/dl. Blood
cultures grew MRSA and enterococci. Despite treatment
with Vancomycin (1 g q 12 h) the patient did not
improve. CT scan revealed a small pulmonary infiltrate
within the left lung and CT-guided percutaneous biopsy
was carried out (Fig. 1). Histological examination
revealed a granulomatous lesion and N. asteroides resist-

Figure 1 CT scan: Nocardiosis of the lung.
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ant to Imipenem—Cilastatin was grown. Oral TMPS
(800 mg/160 mg once daily) and Doxycycline (200 mg q
12 h) were administered. Tacrolimus was withdrawn and
immunosuppression tapered and changed to prednisone
(10 mg once daily) and mycophenolic acid (2 g q 12 h).
The patient fully recovered from Nocardiosis and was dis-
charged after 4 weeks of antibiotic therapy with a well
functioning graft. Subsequently he developed HCV-recur-
rence and several bacteraemic episodes. The patient died
from tumour progression 2 years post-transplant.

Case 3

Case 3 relates to a 57-year-old male liver recipient. Acute
rejection on the 10th postoperative day was successfully
treated by bolused steroids. He was discharged in stable
condition with good graft function on day 24 post-trans-
plant. On day 32 the patient presented with fever as high
as 40 °C, non-productive cough and dyspnoea. Laborat-
ory evaluation showed leucocytosis, elevated CRP and
Neopterin levels and elevated liver function parameters.
Empiric antimicrobial treatment consisted of Ceftazidime
(2g q 8h) with no clinical improvement. CT scan
showed multiple pulmonary infiltrations. From percuta-
neous biopsies N. asteroides were grown. Nocardiosis was
successfully treated with TMPS (800 mg/160 mg once
daily) and tapering of immunosuppression. The patient is
still alive with a well functioning liver allograft more than
3 years following his transplant.

Case 4

The fourth case affected a 38-year-old woman who
underwent multivisceral transplantation. Postoperative
course was complicated by multiple episodes of acute
graft rejection and several bacterial and fungal infections.
Despite oral ganciclovir prophylaxis the patient developed
CMV infection. Due to progressive dysfunction of the
intestinal part of the graft the patient was retransplanted.
Two weeks following retransplantation another rejection
episode was treated with bolused steroids. During the
fourth week post retransplant the patient developed ingu-
inal lymphadenopathy as well as abscesses in liver seg-
ments 2 and 3 (Fig. 2). The abscess was percutaneously
drained and N. farcinica was cultured. Therapy with
TMPS (800 mg/160 mg once daily) was initiated. As the
patient developed severe thrombopenia, treatment was
switched to Ciprofloxacin (200 mg q 12 h) in combina-
tion with Amoxicillin/Clavulanic acid (2.2 g q 8 h). Intra-
hepatic abscesses did not improve and finally it was
decided to perform explorative laparotomy. Multiple
liver abscesses were drained and again N. farcinica was
isolated. CT scan demonstrated diffuse bilobar pulmonary
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Figure 2 CT scan: Nocardiosis of the liver.

infiltrates and from BAL again Nocardia farcinica was
cultured. Additional P. aeruginosa was isolated from the
abscesses and treated with Ceftazidim. Due to progres-
sion of nocardiosis Imipenem/Cilastatin was started and
simultaneously tacrolimus was tapered to trough levels of
4-6 ng/ml. The patient became progressively worse, liver
abscesses did not improve and following another septic
episode the patient died from multi-organ failure.

Case 5

The last patient was a 65-year-old renal recipient. Acute
rejection was successfully treated with bolused steroids.
He was discharged from our hospital but readmitted to a
peripheral hospital for CMV disease. GCV caused leu-
copenia and subsequently the patient developed pulmon-
ary infiltrates. From BAL N. asteroides was cultured and
treated with TMPS. The patient slowly recovered, how-
ever, renal function further deteriorated following with-
drawal of immunosuppression. The graft finally was
removed due to rejection. The patient developed bron-
chial aspergillosis which was successfully treated with
Voriconazole. Pulmonary infiltrates gradually improved
and the patient was discharged in satisfactory condition
after 3 months hospitalization.

Discussion

This series analyses our experience with nocardiosis in
solid organ recipients. All patients in this series presented
with Nocardiosis within the first 12 weeks after transplan-
tation. Whereas N. asteroides seems to be well treatable
with TMPS, no agent with satisfactory activity was found
to treat N. farcinica. Intestinal recipients might be at
increased risk to develop this infection.

In general, nocardiosis is a rare infectious disease, with
a reported prevalence of 0.7-4%, with a significantly

Nocardiosis following solid organ transplantation

higher incidence amongst transplant recipients [6—8]. Still
it should be considered as a causative agent in the differ-
ential diagnosis of pulmonary diseases in the immuno-
compromised host. According to the literature the most
frequent predisposition for Nocardial infection is organ
transplantation [9]. Nocardiosis is often associated and
complicated by fungal superinfections manifesting with
analogous clinical features [10-12]. Nocardia is a slow
growing, variably acid-fast, Gram-positive, filamentous,
aerobic actinomycete found in the soil and decaying
organic matter [1,9,13]. Apart from the most common
species N. asteroides (types 1 and 4), other species
including N. farcinica, N. transvalensis, N. brasiliensis,
N. pseudobrasiliensis, N. brevicatena, N. nova and N. otiti
discaviarum are described subforms [14].

The micro-organism uses the respiratory tract as pri-
mary entry and has a devastating potential to invade pul-
monary blood vessels and subsequently metastasize to
skin, central nerve system, thyroid gland, kidney or eyes
[15-17]. In immunocompetent patients Nocardia mani-
fests with cutaneous, subcutaneous and lymphocutaneous
lesions, whereas in immunocompromised individuals it is
associated with pneumonia in up to 88%; at least six
basic forms of clinical manifestation may be noted: pul-
monary nocardiosis, systemic nocardiosis (involving at
least two body sites), CNS nocardiosis, extrapulmonary
nocardiosis, cutaneous, subcutaneous and lymphocutane-
ous nocardiosis and actinomycetoma [9]. Approximately
two-thirds of cases present as localized diseases and one-
third as disseminated Nocardiosis [3]. Nocardia can be
the leading cause of central nervous system abscesses,
with a prevalence as high as 10-20% [2]. The clinical
features of our case series are similar to those described
in other series; however, we have not observed brain
abscesses or skin lesions in our patients. CMV might
play a role in the development of Nocardiosis through
its immunomodulating effect [18]. In this series three
patients developed CMV infection/disease prior to the
outbreak of Nocardiosis. Additionally four of the five
patients presented with severe bacterial and fungal infec-
tions (pneumonia, sepsis, UTI, invasive Aspergillosis,
Candida oesophagitis).

Isolation of Nocardia in pure culture remains the gold
standard for detection, though it can take several days
until colony-forming units can be seen, and, if culture is
mixed, diagnosis might be delayed even further [13,19].
Methods for confirmation and specification include
hydrolysis characteristics, biochemistry and antimicrobial
susceptibility tests. These assays can take up to 8 weeks
and are not performed routinely at all microbiology
laboratories. Innovative molecular detecting techniques,
such as RFLP for specification can last 1-2 days, but do
still require culturable organisms.
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In general, Nocardia is susceptible to TMPS which
functions as the first-line therapy. Although in vitro sensi-
tivity tests might have assessed resistance to sulfa drugs,
there exists in fact a great deal of discrepancy between
in vitro testing and the clinical response [3,9]. Develop-
ment of antibiotic resistance is indeed a concern. The
prophylactic application of TMPS for PCP prophylaxis
should also cover Nocardia spp. However, systemic nocar-
diosis has been reported even in patients receiving TMPS
prophylaxis [20]. In our series sulfa resistance was not
observed. Only in the female with Gardner syndrome
TMPS had to be withdrawn due to development of a
thrombocytopenia, a side effect not mentioned in other
case reports so far. TMPS is still considered the first-line
therapy; however, it exerts only a bacteriostatic effect and
is associated with numerous severe side effects. Thus,
combined treatment with carbapenems and amikacin or
quinolones with bactericidal activity and less toxicity
might offer alternative options, with agents such as mino-
cycline, quinolones or linezolid used for sequential long-
term oral treatment [21-23]. Additionally, surgery and
reduction or even temporary withdrawal of immunosup-
pressive agents might be of relevance to cure Nocardiosis.

Two of our five patients were multivisceral transplant
recipients and the N. farcinica case represents the first
reported case in this setting. One case of N. asteroides
prostatitis in a small bowel recipient was reported with
good outcome [6]. The high level of immunosuppression
required in intestinal recipients is assumed to be the most
important risk factor. Coinfection and superinfection with
other pathogens and recurrent CMV infection might be
additional indicators of over-immunosuppression [24].
Whereas the localized N. asteroides infection could be con-
trolled, N. farcinica-disseminated disease was lethal. Dis-
seminated nocardiosis, in particular with cerebral abscess,
carries the poorest prognosis with a related mortality as
high as 90% [4]. Recent improvements in detection and
treatment resulted in decreased mortality rates [25].

In conclusion, we recommend a high grade of suspi-
cion and awareness of Nocardiosis in solid organ recipi-
ents who require intensified immunosuppression and
present with a pulmonary infiltrate. BAL and percutane-
ous lung biopsy should be performed in order to obtain
accurate diagnosis. Microbiology laboratories should
attempt to identify Nocardia to species level and in vitro
susceptibility tests should be performed in order to opti-
mize antimicrobial treatment.
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