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ABSTRACT

Nocardial infections have been rare after allogeneic hematopoietic stem cell 

transplantations (HSCT). We report 10 recent cases of late-onset nocardiosis (mean time 

of onset of 448 days after transplantation) primarily in patients on high doses of 

corticosteroids for graft-versus-host disease (GVHD). All 10 patients had pulmonary 

infection caused by Nocardia species susceptible to trimethoprim-sulfamethoxazole 

(TMP-SMX). At time of diagnosis, 8 of 10 patients were not receiving TMP-SMX for 

prophylaxis of Pneumocystis jiroveci pneumonia (PJP) (7 on atovaquone, 1 on 

intravenous pentamidine). After the initiation of atovaquone prophylaxis for PJP in place 

of TMP-SMX for many UCLA allogeneic HSCT patients in 2012, the incidence of 

nocardial infections increased more than tenfold from 0.17% (1 case in 575 patients from 

2000 to 2011) to 2.2% (9 cases in 411 patients from 2012 to 2017). While there were no 

deaths directly related to nocardial infection treated primarily with TMP-SMX, overall 

mortality was 40%. Based on this experience, the use of atovaquone for PJP prophylaxis 

in place of TMP-SMX may be associated with an increased risk for previously rare 

nocardial infections after allogeneic HSCT.
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INTRODUCTION

Nocardia spp. is an aerobic, gram-positive bacterium commonly found in the soil,

water, and air [1]. Infection occurs primarily by inhalation and thus usually causes 

respiratory symptoms with radiographic evidence of pneumonia. In severe cases, 

hematogenous dissemination to other organs can occur, causing cutaneous nodules, brain 

abscesses or other visceral disease. Nocardiosis has been an uncommon infection among 

allogeneic hematopoietic stem cell transplantation (HSCT) recipients. An incidence of 

0.3% to 1.7% has been reported in allogeneic HSCT patients [2-6]. The preferred agent 

for treatment of most nocardial infections is trimethoprim-sulfamethoxazole (TMP-SMX)

[1]. When used for prophylaxis of Pneumocystis jiroveci pneumonia (PJP) following 

HSCT, it is believed that TMP-SMX can also be efficacious as prevention of nocardial 

infections [4, 5, 7].

At the UCLA Medical Center, nocardiosis has been rare in HSCT patients. 

However, in recent years, we have seen a significant rise in the incidence of nocardiosis 

in patients following allogeneic HSCT. In this article, we report a possible association 

between the use of atovaquone in place of TMP-SMX for PJP prophylaxis and an 

increased incidence of nocardial infections following allogeneic HSCT. 

METHODS

A retrospective review of patient’s medical records and UCLA Clinical 

Microbiology Laboratory culture results was performed to identify allogeneic HSCT 

recipients with a diagnosis of nocardiosis between January 1, 2000 and August 30, 2017. 

Baseline patient characteristics, underlying disease, allograft type, conditioning regimen, 
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pre-transplant and donor CMV serology, immunosuppressive agents, and GVHD status 

were collected. The clinical features of Nocardia infection and PJP prophylaxis at the 

time of diagnosis were also included in this review. The diagnosis of nocardiosis was 

made based on at least one culture of respiratory secretions or blood positive for 

Nocardia from a patient with clinical features of Nocardia infection not explainable by 

other causes. 

All Nocardia isolates were identified in the UCLA Clinical Microbiology 

Laboratory. Prior to 2013, a 7H11 solid media was used to recover Nocardia from clinical

specimens [8]. From 2013 to the present, a buffered-charcoal yeast extract media was 

used to enhance recovery of Nocardia from cultures [9]. All cultures were held for 3 at 

least weeks and examined daily for growth. Before 2013, Nocardia  susceptibility testing 

was performed by an outside reference laboratory (Quest Diagnostics Infectious Disease, 

Inc., 33608 Ortega Highway, Bldg. B-West Wing, San Juan Capistrano, CA 92675-2042).

After 2013, Nocardia susceptibility testing was performed at the UCLA Clinical 

Microbiology Laboratory. Nocardia susceptibility testing was performed in the both 

settings, using broth microdilution trays. After inoculation of organisms, these trays are 

incubated for 72 hours and then read per standard antimicrobial susceptibility testing 

protocols to determine minimum inhibitory concentrations (MICs) [10]. CLSI M24-A2 

susceptibility breakpoints are used [11].

RESULTS

Patient Characteristics

A total of 10 cases of nocardiosis were identified in allogeneic HSCT recipients at
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the UCLA Medical Center in a 17-year period between 2000 and 2017 (Table 1). The 

majority of patients were men (7 of 10). The median age was 42 years (range 15 – 63 

years). Except for one patient with myelofibrosis, all patients had underlying leukemia (7 

patients) or lymphoma (2 patients). Eight patients had received matched-related donor 

allografts, and 2 patients had matched unrelated donor allografts. The source of stem cells

was peripheral blood in 6 patients and bone marrow in 4 patients. There were no cord-

blood transplant recipients with nocardial infection. The pre-transplant conditioning 

regimen was myeloablative in 7 patients and non-myeloablative in 3 patients.

Seven patients had a history of acute and/or chronic graft-versus-host disease 

(GVHD) after allogeneic HSCT (6 chronic GVHD, 2 acute GVHD). Four patients had 

active chronic GVHD at the time of diagnosis of nocardial infection. All 10 patients were 

on immunosuppressive drugs for prevention or treatment of GVHD when nocardial 

infection occurred. Six of 10 patients were receiving a combination of tacrolimus and 

prednisone, one received prednisone alone, one received tacrolimus alone, and one 

received tacrolimus plus prednisone and methotrexate. Among the 8 patients on 

prednisone, the median daily prednisone dose was 55 mg (range 25 - 100 mg), with seven

of 8 patients receiving ≥ 40 mg per day. The median daily tacrolimus dose was 2.25 mg 

(range 1.5 - 4 mg). 

All patients were receiving prophylactic agents for prevention of PJP at the time 

of the diagnosis of nocardial infection. Seven of 10 patients were taking daily atovaquone

(1500 mg), two were receiving TMP-SMX, and one had received monthly intravenous 

pentamidine (180 mg). Both patients on TMP-SMX prophylaxis received 800-160 mg 

three times daily on Saturday and Sunday only.
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Clinical Features of Nocardiosis

The mean time from day of allogeneic HSCT to diagnosis of nocardial infection 

was 449 days (range 116 - 806 days) (Table 2). Nine of 10 patients had only pulmonary 

nocardiosis, while one patient had both pulmonary infection and brain abscesses. Other 

bacterial, fungal and/or viral concomitant organisms were found in the respiratory 

cultures of 30% of the patients. Atypical mycobacteria were the most common other 

organisms, which were frequently of uncertain clinical significance.

The median absolute neutrophil count among patients was 4.1 x103/μL (range 2.6 

x103/μL – 11.8 x103/μL) and the median absolute lymphocyte count was 5.9 x103/μL 

(range 0.1 x103/μL - 18.8 x103/μL). Lymphopenia (less than 500 lymphocytes/1μL) was 

present in 2 patients. CMV infection (viremia) within the 2 weeks prior to diagnosis of 

Nocardia infection was present in 2 patients. Nocardia species causing infections 

included N. cyriacigeorica (3 cases), N. farcinica (2 cases), N. veterana (2 cases), and 

unspecified Nocardia (3 cases). All 10 Nocardia isolates were sensitive to TMP-SMX.

TMP-SMX was the drug used for treatment of nocardial infection in 8 patients. 

Other drugs (amoxicillin-clavulanate, minocycline and doxycycline) were used in two 

other patients with an allergy to TMP-SMX. Nocardial infection resolved in 6 patients. 

Nocardial infections in four other patients were stable when the patients expired from 

other causes. Overall mortality was 40% (4 of 10 patients) but no deaths were attributed 

to nocardial infection.

Incidence of Nocardial Infection and Use of Atovaquone Prophylaxis after 
Allogeneic HSCT by Transplant Year

986 patients underwent allogeneic HSCT at UCLA Medical Center between 2000 
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and 2017. Ten patients were diagnosed with nocardiosis between 2000 and 2017. The use 

of atovaquone instead of TMP-SMX for PJP prophylaxis for a variety of reasons was 

started in 2012 and progressively increased over the next 4 years. Prior to 2012, there was

only 1 case of nocardial infection in 575 allogeneic HSCT patients (0.17%). From 2012 

to 2017, when the use of atovaquone prophylaxis became more frequent, the incidence of 

nocardial infection increased more than tenfold from 0.17% (1 case in 575 patients) to 

2.2% (9 cases in 411 patients). Atovaquone was primarily used in place of TMP-SMX to 

avoid myelosuppression and cytopenias.

DISCUSSION

In contrast to fungal, viral, and other bacterial infections, nocardiosis has been a 

relatively uncommon opportunistic infection in stem cell transplant recipients. Indeed, 

except for two small case series of nocardial infections published in the 1990’s and two 

case series published more recently in 2003 and 2016, most cases of nocardiosis in stem 

cell transplant recipients reported in the literature have been isolated case reports [2 – 5]. 

In 1997, Van Burik et al., reported only 22 nocardial infections among 879 patients 

receiving allogeneic stem cell transplants (an incidence of 0.3%) at three transplant 

centers over 25 years. Similarly, Choucino et al., in 1996 and Daly et al., in 2003 both 

reported a 1.7% incidence of nocardial infection among patients receiving allogeneic 

stem cell transplants at Vanderbilt University and Princess Margaret Hospital in Toronto, 

respectively. In 2016, Shannon et al., described 15 cases of nocardiosis following 

allogeneic stem cell transplantation between 2003 and 2013 at the Moffitt Cancer Center 

in Florida. While the reasons for this very low incidence of nocardiosis in stem cell 
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transplant recipients have been debated, it has been speculated that the use of TMP-SMX 

for prevention of PJP may also reduce the risk for nocardial infection [4, 5, 7]. Human 

immunodeficiency virus (HIV) – infected patients given prophylactic TMP-SMX on a 

daily basis also have a very low rate of nocardiosis [12]. Nonetheless, some transplant 

recipients develop nocardial infection despite receiving prophylactic TMP-SMX on a 

intermittent basis, suggesting that the dosage of prophylactic TMP-SMX as well as other 

factors may influence the risk for nocardial infections [6].

Similar to the previous case series, we found that nocardiosis after allogeneic 

HSCT is usually a late onset infection (mean time of onset of 449 days after 

transplantation) and is frequently associated with GVHD (7 of 10 patients) and ongoing 

immunosuppressive therapy with high doses of corticosteroids (8 of 10 patients). 

Pulmonary infection was the most common initial clinical presentation (9 of 10 patients), 

which is also consistent with previous reports in stem cell transplant recipients. 

Disseminated infection was relatively uncommon in our patients (one patient had both 

pneumonia and brain abscesses) but was reported more frequently in previous 

publications [2 – 5]. Central nervous system lesions (mostly brain abscesses) are the 

common manifestation of disseminated infection. Thirty percent of our highly 

immunosuppressed patients also had other organisms (most common atypical 

mycobacteria) isolated from their respiratory secretions during their clinical course, 

which were frequently of uncertain clinical significance and not always treated. Similar 

concomitant organisms have also been noted in other previous reports of nocardiosis in 

allogeneic HSCT [2 – 5].

When the UCLA stem cell transplant program was started in the 1970’s, a 
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protocol using high dose trimethoprim (240 mg) – sulfamethoxazole (1200 mg) every 8 

hours on two consecutive days of each week was developed for prevention of PJP [12]. 

This intermittent scheduled of high-dose TMP-SMX prophylaxis was designed to 

potentially reduce the risk of cytopenia associated with daily TMP-SMX prophylaxis in 

patients receiving methotrexate for prevention of GVHD, while still providing effective 

prophylaxis against PJP. Subsequent experience with this intermittent schedule of TMP-

SMX at UCLA, at other transplant centers, and in HIV-infected patients has confirmed 

the efficacy and safety of intermittent TMP-SMX for prevention PJP [13]. Nevertheless, 

when studies demonstrated the efficacy of atovaquone (1500 mg daily) for prevention of 

PJP in both HIV-infected patients and in transplant recipients intolerant of TMP-SMX [13

– 15], there was an increased use of atovaquone prophylaxis in UCLA allogeneic HSCT 

starting in 2012 (Table 3). During this period of increasing atovaquone prophylaxis to 

avoid cytopenia associated with TMP-SMX, we observed a 10-fold increase in the 

incidence of nocardial infections. Indeed, 8 of out 10 patients (80%) with nocardial 

infection were on either atovaquone (7 patients) or intravenous pentamidine (one patient) 

when they developed infection. Two patients on intermittent TMP-SMX prophylaxis still 

developed nocardiosis, although they may not have been compliant with their 

medications. Sixty to 80% of the patients in previous studies of nocardiosis after 

allogeneic HSCT were also not taking TMP-SMX prophylaxis [2 – 5]. Thus, while the 

role of TMP-SMX in prevention of nocardiosis after transplantation may not be entirely 

clear, these combined data suggest that TMP-SMX does have some protective effect.

The total absence of any cases of nocardial infection in UCLA allogeneic stem 

cell transplant from 2000 to 2011 followed by a significant increase with the use of 
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atovaquone prophylaxis caused us to look for other contributing factors. Except for a 

greater number of cord-blood stem cell transplants in recent years, the types of stem cell 

transplants and immunosuppressive regimens did not change significantly. Furthermore, 

none of our nocardial infections occurred in a cord-blood stem cell transplant recipient. 

All UCLA stem cell transplant patients have been closely followed by the same 

experienced transplant infectious disease specialist (DJW) for the past 42 years for 

infectious complications. Thus, it is unlikely that any significant number of nocardial 

infections would have been overlooked. In 2013, the UCLA Clinical Microbiology 

Laboratory began using buffered-charcoal yeast extract media to enhance recovery of 

Nocardia in culture [9]. While this change in culture technique may have contributed to 

easier recovery of Nocardia from cultures of clinical specimens, we began seeing more 

cases of nocardiosis even before this change in culture method.

Before 1990, most Nocardia strains causing infection were reported as Nocardia 

asteroides. Subsequently, by using new molecular tools, it was found that many species 

were inaccurately identified [1]. It has now become apparent that nocardial infections are 

caused by multiple species, each with its own antimicrobial susceptibility pattern [1, 6, 

16]. Thus, identification of Nocardia species and antimicrobial susceptibility testing are 

recommended to guide therapy. All of our Nocardia isolates causing infection were 

sensitive to TMP-SMX and 9 of 10 isolates were also sensitive to imipenem. All 8 

nocardial infections treated with trimethoprim-sulfamethoxazole and 2 other infections 

treated with other antimicrobial agents either resolved or were stable on therapy. The 

therapy was well tolerated. Nonetheless, 4 of 10 patients (40%) expired from causes 

unrelated to nocardial infection. The overall mortality rates in the previous published case
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series of nocardiosis after allogeneic HSCT ranged from 53% to 70%, although nocardial 

attributable mortality was much less.

In conclusion, nocardial infection after allogeneic HSCT is a late-onset 

complication frequently associated with GVHD and increased immunosuppressive 

therapy with corticosteroids. The infection most commonly involves the lung, but may 

also disseminate to the central nervous system and cause brain abscesses. Treatment with 

TMP-SMX is usually effective. Although nocardiosis has been very uncommon after 

allogeneic HSCT, we observed an increased incidence of nocardiosis during an era of 

increased atovaquone prophylaxis for prevention of PJP. Consequently, we have re-

emphasized the use of TMP-SMX for PJP prophylaxis in our allogeneic HSCT patients 

by returning to our older protocol of high-dose TMP-SMX (240 mg of trimethoprim – 

1200 mg of sulfamethoxazole three times daily on two consecutive days of each week) in

all patients not allergic to sulfa drugs [12]. If a patient develops significant neutropenia or

thrombocytopenia on TMP-SMX, the drug is temporarily stopped and then restarted at 

the same dose after recovery of the cytopenia with or without the administration of 

growth factors. Unless a patient is totally intolerant of TMP-SMX, prophylaxis with 

atovaquone or pentamidine is avoided. A similar strategy for prevention of PJP has been 

suggested in published guidelines [7].
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TABLES

Table 1. Characteristics of Patients with Nocardial Infection

Characteristic Patient

1 2 3 4 5 6 7 8 9 10

Age (years) 54 15 52 52 30 36 38 30 63 45
Gender M F F M F M M M M M
Underlying 
Malignancy AML ALL AML LYM LYM ALL MF AML CML AML

Allograft 
Type

MRD
PBSC

MRD
PBSC

MRD
PBSC

MUD
PBSC

MRD
PBSC

MRD
BM

MUD
BM

MRD
PBSC

MRD
BM

MRD
BM

Conditionin
g Regimen MAC MAC MAC RIC MAC MAC MAC RIC RIC MAC

Pre-
Transplant
CMV 
Serology

Positive
Negativ

e
Negativ

e
Negativ

e
Positiv

e
Positiv

e
Negativ

e
Positiv

e
Positive Negative

Donor
CMV 
Serology

UNK UNK
Negativ

e
Negativ

e
Positiv

e
Positiv

e
Negativ

e
Positiv

e
Negativ

e
Negative

GVHD
Prophylaxis

PDN
TAC

PDN
PDN
TAC

PDN
TAC

TAC TAC
PDN
TAC

PDN
TAC

PDN
TAC

PDN
TAC
MTX

PJP
Prophylaxis

ATQ PI ATQ
TMP-
SMX

ATQ
TMP-
SMX

ATQ ATQ ATQ ATQ

PJP 
Prophylaxis
Dose

1,500
mg

daily

180 mg
monthly

1,500
mg

daily

800-160
mg TID
Sat/Sun

1,500
mg

daily

800-
160 mg

TID
Sat/Sun

1,500
mg

daily

1,500
mg

daily

1,500
mg

daily

1,500 
mg daily

aGVHD Max
Grade

- - - -
Grade

3
- -

Grade
3

- -

aGVHD 
Treatment

- - - - TAC - -
PDN
TAC
BUD

- -

cGVHD 
Severity

Mild - Mild Mild Mild - - - Mild
Moderat

e

cGVHD 
Treatment

TAC
AZM

-
TAC
PDN
MMF

TAC
BUD
MEP

TAC
PDN
AZM

- - -
DEX
RTX
ECP

TAC
PDN
MMF

Abbreviations: aGVHD, acute graft-versus-host disease; ALL, acute lymphoblastic leukemia;
AML, acute myeloid leukemia; ATQ, atovaquone; AZM, azithromycin; BM, bone marrow; 
BUD, budesonide; CML, chronic myeloid leukemia; cGVHD, chronic graft-versus-host 
disease; DEX, dexamethasone; ECP, extracorporeal photopheresis; F, female; LYM, 
lymphoma; MAC, myeloablative conditioning; M, male; MEP, methylprednisolone; MF, 
myelofibrosis; MMF, mycophenolate; MRD, matched-related donor; MTX, methotrexate; 
MUD, matched-unrelated donor; PBSC, peripheral blood stem cell; PDN, prednisone; PI, 
pentamidine; PJP, Pneumocystis jirovecii pneumonia; RIC, reduced intensity conditioning; 
RTX, rituximab; TAC, tacrolimus; TMP-SMX, trimethoprim-sulfamethoxazole; UNK, 
unknown
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Table 2. Clinical Features of Nocardia Diagnosis 

Characteristic Patient

1 2 3 4 5 6 7 8 9 10

Siteof
Infection

PUL PUL PUL PUL PUL PUL PUL PUL PUL Brain 

DaysFrom
Transplant

806 162 618 604 525 457 493 116 194 523 

PJP
Prophylaxis

ATQ PI ATQ 
TMP-
SMX 

ATQ 
TMP-
SMX 

ATQ ATQ ATQ ATQ 

ANC
(x103/μL)

7.5 3.1 4.1 11.8 2.6 3.7 8.7 5.4 4.0 2.9 

Lymphocyte
Count
(x103/μL)

16.2 7.4 4.4 4.0 13.8 18.8 3.6 0.4 13.9 0.1 

CMVLoad
(copies/mL) 37,080 NEG NEG NEG 137 NEG NEG 301 137 NEG 

Nocardia
Species

N. cyria-
cigeorica 

N. 
farcinica 

N. 
veterana 

N. 
veterana UND UND 

N. cyria-
cigeorica UND 

N. cyria-
cigeorica 

N. 
farcinica 

SpeciesMIC
(μg/mL)

          

AMK 1 (S) <0.5 (S) <0.5 (S) <0.5 (S) - <0.5 (S) 1 (S) - <0.5 (S) <0.5 (S) 
IMP 1 (S) 1 (S) <0.2 (S) <0.2 (S) 1 (S) <0.2 (S) 1 (S) 0.5 (S) 2 (S) - 
LZD - 4 (S) <0.5 (S) 1 (S) - 1 (S) 2 (S) 2 (S) 2 (S) - 

TMP-SMX <1/20 (S) <1/20 (S) <1/20 (S) <1/20 (S) <1/20 (S) <1/20 (S) <1/20 (S) <1/20 (S) <1/20 (S) <1/20 (S) 

Concomitant
Organisms - - - - A. indulans 

R. aquatilis, 
P. agglo-
merans, 
M. chelonae, 
Rhinovirus 

- - MAC - 

Nocardia
Treatment

TMP-
SMX 

MIN, 
AMC 

TMP-
SMX 

TMP-
SMX 

DOX, 
AMC 

TMP-
SMX 

TMP-
SMX 

TMP-
SMX 

TMP-
SMX 

TMP-
SMX 

Treatment
Duration
(days)

1 367 154 397 513 136 183 105 121 24 

Outcome
Death, 

infection 
stable 

Infection 
resolved 

Infection 
resolved 

Infection 
resolved 

Infection 
resolved 

Death, 
infection 

stable 

Infection 
resolved 

Death, 
infection 

stable 

Infection 
resolved 

Death, 
infection 

stable 

Causeof
Death

ARF, 
Aspiration 

PNA 
- - - - 

ARF, 
PNA - 

Intra-
cranial 
bleed 

- 
ARF, 
Sepsis 

Abbreviations: AMC, amoxicillin-clavulanate; AMK, amikacin; ANC, absolute neutrophil count; ARF, 
acute respiratory failure; ATQ, atovaquone; DOX, doxycycline; IMP, imipenem; LZD, linezolid; MAC, 
mycobacterium avium complex; MIC, minimal inhibitory concentration, MIN, minocycline; NEG, 
negative; PI, pentamidine; PNA, pneumonia; PJP, Pneumocystis jirovecii pneumonia; PUL, pulmonary; 
S, susceptible; TMP-SMX, trimethoprim-sulfamethoxazole; UND, undetermined 

19



Table 3. Time of Nocardial Infection and Use of Atovaquone Prophylaxis after Allogeneic 
HSCT by Transplant Year

Transplant Year No. of Allogeneic 
HSCT Patients

No. of
Nocardia Infections

No. of Patients on
Atovaquone for PJP Prophylaxis

2000 40 0 0
2001 41 0 0
2002 35 0 0
2003 42 0 0
2004 51 0 0
2005 48 0 0
2006 40 0 0
2007 57 0 0
2008 54 0 0
2009 51 0 0
2010 66 0 0
2011 50 1 0
2012 52 1 8
2013 71 0 9
2014 80 0 19
2015 81 6 34
2016 73 1 37
2017 54 1 12

Total 986 10 119

2000 - 2011 575 1 0

2012 - 2017 411 9 119

Abbreviations: HSCT, hematopoietic stem cell transplantation; PJP, Pneumocystis jirovecii 
pneumonia
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