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ABSTRACT

Introduction: 18-Fluorodeoxyglucose positron
emission tomography/computed tomography
(FDG-PET/CT) is a well-established tool for
managing metastatic infections. Nocardiosis, a
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primarily pulmonary infection, disseminates at
high rates. Routine imaging includes chest CT
and brain imaging. We examined the use of
FDG-PET/CT in nocardiosis and assessed its
contribution to diagnosis and management.

Methods: A retrospective study in two tertiary
medical centers during 2011-2020. Individuals
with nocardiosis for whom FDG-PET/CT was
implemented for any reason were included and
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their medical records were reviewed. A board-
certified nuclear medicine physician indepen-
dently reviewed all scans. Additionally, a sys-
tematic review was conducted according to the
PRISMA guidelines, to extract data from publi-
cations reporting FDG-PET/CT wuse for the
management of nocardiosis.

Results: FDG-PET/CT contributed to the man-
agement of all seven patients who met inclusion
criteria. It assisted in ruling out an underlying
malignancy (29%, 2/7); establishing a wide
infection extent (57%, 4/7); and affecting deci-
sions regarding treatment (57%, 4/7), including
drug regimen, oral step-down, and duration of
therapy. We identified 20 published case reports
on this topic. In 80% (16/20), FDG-PET/CT con-
tributed to the management of nocardiosis similar
to our study. In addition, in most of the literature
cases, FDG-PET/CT guided the diagnostic biopsy.
Conclusion: FDG-PET/CT is valuable in the
diagnosis and management of individuals with
nocardiosis. The contribution of incorporating
FDG-PET/CT to the management of individuals
with nocardiosis and its role in monitoring treat-
ment response and shortening treatment dura-
tion should be evaluated in prospective studies.

Keywords: Imaging;  Nocardia

Opportunistic infections

infections;

Why carry out this study?

Nocardiosis is a rare infection that may be
life-threatening; however, the evidence
for its management is scarce and mostly
based on expert opinion.

Limited data are available to guide initial
evaluation of infection extent, as well as
duration of treatment.

In this study we evaluated the contribution
of PET/CT in the management of
individuals with nocardiosis, in two tertiary
healthcare centers. In addition, we
systematically reviewed the medical
literature and gathered the existing
evidence on this subject.

What was learned from the study?

Incorporating PET/CT can facilitate the
diagnosis of nocardiosis by revealing
unknown extrapulmonary dissemination,
excluding an underlying malignancy and
guiding biopsy.

Incorporating PET/CT can assist in
treatment-related decisions, e.g., promote
shortening of the total antimicrobial
therapy duration, rule out nocardiosis
relapse in the setting of breakthrough
fever, etc.

INTRODUCTION

Integrated  positron  emission  tomogra-
phy/computed tomography (PET/CT) with
18-fluorodeoxyglucose (FDG) is a useful
modality for managing some infections [1],
mostly disseminated infections [2, 3]. FDG-PET/
CT can predict extracardiac infective endo-
carditis (IE) complications [4], and contributes
to its treatment approach and decision-making
[5, 6]. FDG-PET/CT has therefore become an
established tool in the management of IE, and
was incorporated into its diagnostic criteria [7].

FDG-PET/CT is also useful in the manage-
ment of musculoskeletal infections [8], and may
be particularly effective in the work-up of
opportunistic infections. It has been used as an
adjunct diagnostic method for Pneumocystis jir-
ovecii [9], and for predicting therapy response in
individuals with tuberculosis [10]. Similarly, it
seems useful for assessment of both the initial
systemic spread and treatment response in cases
of invasive fungal infections [11].

Nocardiosis, a pulmonary opportunistic
infection which disseminates in up to 43% of
cases [12], usually occurs in organ transplant
recipients [12], individuals subjected to corti-
costeroid therapy for any reason [13], and
individuals with chronic obstructive pulmonary
disease [14] or cancer [15]. Accordingly, FDG-
PET/CT may be useful both in diagnosing
nocardiosis dissemination as well as revealing
an underlying malignancy. Revealing the extent
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of the infection may assist in management
decisions such as need for invasive percuta-
neous procedures or surgical interventions. In
addition, considering the prolonged antimicro-
bial course usually administered for nocardiosis
[16], FDG-PET/CT can have a role in guiding
treatment duration.

The aim of the current study was to describe
the uses of FDG-PET/CT in the management of
individuals with nocardiosis, and suggest future
directions. The core question of this study was
whether FDG-PET/CT influenced the manage-
ment of individuals with nocardiosis.

METHODS

We describe a case series and systematic review.

For the case series, we reviewed the medical
charts of all individuals with Nocardia infection
who had undergone a FDG-PET/CT examina-
tion in two large volume tertiary medical cen-
ters between January 2011 and December 2020.

Patients with a positive culture for Nocardia
spp- from any source were identified using the
microbiology laboratory computerized database
in each hospital. We included consecutive adult
patients from whom the isolated Nocardia was
considered to represent an infection (nocardio-
sis) rather than asymptomatic colonization [17],
and were treated accordingly. The medical
records of these individuals were further
reviewed to identify patients for whom FDG-
PET/CT was implemented as part of their diag-
nostic work-up and/or follow-up. FDG-PET/CT
scans conducted for other purposes were
allowed if they occurred within the pre-diag-
nosis symptomatic period (up to 1 month) or
during the 6 months following the diagnosis of
nocardiosis. Patients’ demographics, comor-
bidities, and clinical details regarding their No-
cardia infection, including C-reactive protein
level (CRP), imaging and microbiological data,
were collected. In order to define the contribu-
tion of FDG-PET/CT to the management of our
patients, we considered for each case whether
the conduction of FDG-PET/CT prompted the
diagnosis, ruled out alternative diagnoses and
underlying diseases, or guided treatment and
management decision-making.

PET/CT Implementation Protocol

After fasting for at least 4 h, all patients under-
went a FDG-PET/CT scan, executed by a GE
Discovery STE Whole Body PET/CT scanner (GE
Medical Systems, Milwaukee, WI, USA) or sim-
ilar. CT images were acquired at 120kV and
80 mA, pitch 1.75, 0.8 s per tube rotation, and
slice thickness of 3.75 mm. During the CT
examination, 80-120 mL of a contrast agent
(Ultravist 300, Schering AG, Berlin, Germany)
was intravenously administered to ensure fully
diagnostic CT data (if there was no contraindi-
cation). The PET scan was performed 60-75 min
after an '®F-FDG intravenous injection of
7-10mCi (depending on the individual’s
weight). The contrast-enhanced CT was used
also for attenuation correction of the PET data.
The PET scan was performed from the base of
the skull to the mid-thigh, 1.5-2 min per bed
position, resulting in a total scan time of
approximately 15-20 min.

For the purpose of the current study, a board-
certified nuclear medicine physician (HB) with
15 years of experience independently reviewed
all FDG-PET/CT scans from both centers, con-
firmed the results, and measured the lesion’s
size, volume, and standard uptake volume
(SUV).

Statistical Analysis

The statistical methods used in this study were
mainly descriptive. The correlation between
CRP and maximum SUV was implemented
using Spearman’s rank correlation coefficient.

Ethical Approval

The ethics committees of Rabin Medical Center
and Rambam Health Care Campus approved
the study protocol. An exemption from
informed consent was given by the ethics
committees because of the retrospective design
of the study. All methods were performed in
accordance with the Helsinki Declaration of
1964 and its later amendments.
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Systematic Review

We reviewed the medical literature for publica-
tions reporting the use of FDG-PET/CT for the
management of individual with nocardiosis.
Two reviewers (IM and DY) independently
searched the literature and retrieved all English
written study types reporting in detail the use of
FDG-PET/CT as part of the diagnosis or man-
agement of individuals with nocardiosis. The
search was conducted in the MEDLINE data-
base, Cochrane library, and ECCMID library,
combining the following search terms: Nocardia
or Nocardiosis and PET or Positron emission or
FDG or Fluorodeoxyglucose or Nuclear medi-
cine or Mimicking malignancy. The contribu-
tion of FDG-PET/CT to case management was
assessed as above.

RESULTS

Nocardia was isolated from 131 individuals in
both centers between January 2011 and
December 2020. Of these, 7 (5.3%) met inclu-
sion criteria.

Characteristics, clinical scenario and imag-
ing findings of the seven patients included in
the study are presented in Table 1. Of these,
71% (5/7) were male, the average age was 63.7
(range 43-86; standard deviation [SD] 14.2)
years, and 71% (5/7) were subjected to immune
suppressive conditions (29% [2/7] solid organ
transplant recipients; 43% [3/7] hematological
malignancies). The Nocardia isolated from 86%
(6/7) underwent species identification using
polymerase chain reaction (PCR). Of these, 83%
(5/6) were identified as Nocardia cyriacigeorgica
and 17% (1/6) were identified as Nocardia farci-
nica. The Nocardia isolated from the remaining
patient was diagnosed using mass spectrometry,
and species level was not appropriately
determined.

The contributions of FDG-PET/CT performed
around the diagnosis included proof of clini-
cally significant infection in all included cases,
demonstration of previously unknown extra-
pulmonary dissemination (57%, 4/7), exclusion
of an underlying malignancy (29%, 2/7) or

disease progression (29%, 2/7), and assistance in
treatment-related decisions (57%, 4/7) (Table 1).

FDG-PET/CT revealed patchy colonic uptake
(Figs. 1 and 2) that was presumed to reflect
nocardiosis  involvement, although this
remained questionable in the absence of
microbiological evidence. In one of these
patients (patient 3), detecting the colonic
involvement (colonic malignancy is unlikely
since the patient was cured following appro-
priate antimicrobial therapy) redefined the dis-
ease as disseminated infection, rather than local
pulmonary infection (Fig.1). In another
patient (patient 6), lower limb lymphocuta-
neous involvement, which was not detected on
physical examination, was revealed by FDG-
PET/CT. In an additional patient (patient 7),
FDG-PET/CT revealed a cardiac abscess repre-
senting prosthetic aortic valve endocarditis,
which was not detected by transthoracic
echocardiography, and helped to rule out pro-
gression of the underlying hematologic malig-
nancy (Fig. 3).

In one immunocompromised patient (pa-
tient 1), resolution of the pulmonary infectious
process was demonstrated on FDG-PET/CT per-
formed approximately 6 weeks following the
initiation of antimicrobial therapy. This sup-
ported antibiotic monotherapy for a period of
6 months, the shortest treatment duration
acceptable for stable pulmonary disease in
immunocompromised individuals, at that time
[18]. This patient was considered cured from
nocardiosis as was evident during follow-up
visits up to 1lyear following treatment
completion.

In another patient (patient2) with break-
through fever during treatment for nocardiosis,
FDG-PET/CT demonstrated progression of the
underlying malignancy. Accordingly, nocar-
diosis relapse was ruled out and the anti-Nocar-
dia regimen remained wunchanged. In an
additional patient (patient6), FDG-PET/CT
demonstrated active pulmonary nodules and
cutaneous involvement and proved that the
positive blood culture reflected nocardiosis and
not contamination, as initially assumed. Con-
sequently, systemic therapy was started. In an
additional patient (patient 7), the detection of
cardiac abscess which was not revealed by
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Fig. 1 Patient 3. Axial view CT, FDG-PET/CT fusion
and maximum intensity projection images: a Increased
pathological FDG uptake in a mass lesion in the transverse

transthoracic echocardiography could poten-
tially guide cardiac surgery; however, the
patient was frail and was therefore treated
conservatively.

For the six patients for whom the FDG-PET/
CT revealed an increased pathological FDG
uptake compatible with infection, the CRP level
was obtained at an average time interval of
1.2 days (SD 2.2 days; range 0-6) from the per-
formance of FDG-PET/CT. The maximum SUV
of the leading infectious lesion positively cor-
related with the CRP level (p = 0.77); however,
this finding was not statistically significant
(p = 0.072), likely because of the small sample
size (Fig. 4).

Systematic Literature Review

As of October 15, 2020, the literature search
yielded 105 references. These were evaluated,
and a total of 19 relevant publications were
identified, reporting 19 individuals with nocar-
diosis for whom FDG-PET/CT was used for
diagnostic work-up or follow-up. An additional
reference was identified through the references
list of another paper. All publications were case

colon, SUVmax 5.6. b Increased pathological FDG uptake
in an LLL infiltrate adhesive to the pleura, SUVmax 8.1

reports of individual patients. Nine were pub-
lished between 2004 and 2014 [19-27], five were
published in 2015 [28-32] and six were pub-
lished between 2016 and 2020 [33-38]. These 20
case reports are summarized in Table 2.

The indication for performing FDG-PET/CT
was mentioned in 19/20 of the cases. The most
common indication was suspected malignancy
(74%, 14/19), most frequently pulmonary
malignancy (79% 11/14). For the remaining five
cases, the indication for performing FDG-PET/
CT was either assessment of the infection’s
extent (16%, 3/19) or work-up for an unresolved
pleural effusion, i.e., searching for an underly-
ing inflammatory or malignant disease (11%,
2/19).

In most of these cases the performance of
FDG-PET/CT contributed to the management of
nocardiosis (80%, 16/20). In the majority of
cases (55%, 11/20), the use of FDG-PET/CT
guided biopsy or aspiration. FDG-PET/CT also
contributed in revealing disease involvement in
additional body sites, which was sometimes
asymptomatic (20%, 4/20), and in ruling out an
underlying malignancy (15%, 3/20). Contribu-
tion to treatment-related issues beyond
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Fig. 2 Patient4. a Anterior view maximum intensity
projection showing increased pathological FDG uptake in
the right lung left neck, anterior neck, and colon.
b Coronal view CT, FDG-PET/CT fusion, and maximum
intensity projection images of increased pathological FDG

diagnosing a disseminated disease was not
documented; however, in all reported cases
FDG-PET/CT was conducted for initial work-up,
usually before the diagnosis was made. In 20%
(4/20) of the cases, no contribution could be
attributed to the FDG-PET/CT.

DISCUSSION

By summarizing our experience and reviewing
the medical literature, we demonstrated that
FDG-PET/CT may play an important role in the
diagnosis and management of individuals with
nocardiosis. Yet, despite its potential contribu-
tion, FDG-PET/CT is only seldom used for this
purpose.

In the majority of literature cases we
reviewed, FDG-PET/CT guided the location for
biopsy of a suspected lesion, leading to the

uptake in an RLL infiltrate invading to the pleura,
SUVmax 19.2. ¢ Axial view CT, FDG-PET/CT fusion,
and maximum intensity projection images of increased
pathological FDG uptake in left neck lymph nodes,
SUVmax 10.4

diagnosis of nocardiosis. In addition, FDG-PET/
CT was used as a diagnostic tool to rule out an
undiagnosed underlying malignancy, a com-
mon underlying disease in nocardiosis [39].

Diagnosis of nocardiosis relies on microbio-
logical evidence of the pathogen. Although the
lungs are the most frequently affected organ
[40], sputum cultures may be negative despite
the existence of pulmonary infection [41]. This
is particularly relevant for peripheral pul-
monary or pleural infections [42]. In such cases,
FDG-PET/CT can possibly guide biopsy, reveal-
ing the lesion that will most likely yield the
diagnosis.

FDG-PET/CT was also frequently used for
assessing extrapulmonary involvement of
nocardiosis and often detected unexpected dis-
ease dissemination. We found that FDG-PET/CT
identified soft tissue involvement, for which it
has been reported as a more sensitive modality
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Fig. 3 Patient7. a Anterior view maximum intensity
projection showing increased pathological FDG uptake in
the mediastinum, lungs, and in cutaneous and subcuta-
neous tissue in the right ankle and distal shin, SUVmax
4.1. In addition, increased FDG uptake of low intensity
was observed in multiple splenic infarctions, SUVmax 3.3.
b Coronal view CT, FDG-PET/CT fusion, and maximum

intensity projection images showing increased pathological

compared to CT [43]; cardiac prosthetic mate-
rial involvement that was not detected by
echocardiography as reported previously [44];
and presumed abdominal involvement, not
identified in the routine chest CT performed.
Since most clinicians will prefer combination
antibiotic therapy with longer duration for dis-
seminated disease [18], by detecting extrapul-
monary involvement, FDG-PET/CT can
indirectly influence the therapeutic regimen.
Nonetheless, non-specific FDG uptake does not
necessarily reflect dissemination and should be
interpreted with caution. This is particularly
relevant for sites such as the gastrointestinal
tract, an infrequent site for nocardiosis, in
which incidental foci of FDG uptake were
described [45]. Additionally, it should be noted
that central nervous system involvement is
common in nocardiosis and reported in

FDG uptake in the cardiac interventricular space, adjacent
and below the transaortic inserted prosthetic valve,
SUVmax 9.2. ¢ Axial view CT, FDG-PET/CT fusion,
and maximum intensity projection images showing
increased pathological FDG uptake in bilateral multiple
pulmonary nodules, the largest within the LLL, SUVmax
5.7; others in the LUL, SUVmax 4.8, and in the RML,
SUVmax 4.7

approximately 20% of cases, usually represent-
ing disseminated disease [46]. Hence, other
imaging modalities, such as magnetic reso-
nance, are needed in addition to FDG-PET/CT.
Nevertheless, our findings imply that using
FDG-PET/CT routinely in cases of nocardiosis
may redefine dissemination patterns of the
disease and reveal a higher prevalence of dis-
semination than has been so far known.
Traditionally, individuals with nocardiosis
are treated for long periods, usually for at least
6-12 months. Recent data suggest that much
shorter durations may achieve similar cure rates
[47]. Since antibiotic therapy accelerates the
emergence of resistant pathogens [48] and is
associated with high rates of adverse effects [49],
it is imperative to shorten treatment duration
whenever possible. Although none of the cases
reported in the literature used FDG-PET/CT for
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Fig. 4 A scatter plot (each dot represents an individual
with nocardiosis) with fit regression line showing a possible
correlation between C-reactive protein and maximum

standard uptake volume of the leading lesion (p = 0.77,
p =0072)

therapy decision-making, it is possible that if
used as an auxiliary follow-up tool it can facili-
tate decisions on treatment duration [50]. Sim-
ilarly, FDG-PET/CT conducted shortly after the
diagnosis of Staphylococcus aureus bacteremia
guided treatment duration and improved sur-
vival [3]. Furthermore, FDG-PET/CT facilitated
monitoring of the initial response to antibiotic
therapy in infectious spondylodiscitis [51] and
in predicting relapse of pulmonary tuberculosis
when conducted at the time of treatment
completion [52]. It is therefore possible that
incorporating FDG-PET/CT at an accepted
interval (e.g., 3 months from diagnosis) into the
follow-up of individuals with nocardiosis may
guide ongoing duration-related treatment deci-
sions (i.e., if no pathologic FDG uptake is
observed, the infection could be deemed con-
trolled and the patient can benefit from a
shorter therapeutic course).

Furthermore, our experience suggests that
FDG-PET/CT can assist clinicians in other ther-
apeutic dilemmas. We demonstrated that in the
context of breakthrough fever in an individual
with malignancy and nocardiosis, in which
FDG-PET/CT assisted in distinguishing between
antibiotic treatment failure and malignancy
progression. However, although the

morphology and patterns seen in CT can sug-
gest that the FDG uptake is compatible with
either malignancy or infection, the ability to
differentiate between these conditions without
tissue sampling is limited.

Our finding of a possible trend between CRP
levels and maximum SUV is supported by a
previous study on aortic graft infections, where
the repertoire of pathogens does not typically
include Nocardia [53]. However it seems that
CRP alone cannot ultimately substitute the role
of FDG-PET/CT, as treatment-related decisions
are often being made according to FDG-PET/CT
findings even when CRP levels are normal [53].

The current study is limited by its observa-
tional design. Accordingly, the contribution of
FDG-PET/CT to the management was retro-
spectively appraised and is therefore subject to
bias.

As for the systematic review, a publication
bias is possible, i.e., cases in which FDG-PET/CT
had no contribution to the management of
nocardiosis were not published. Additionally,
when performed, FDG-PET/CT was conducted
as part of the initial management, and almost
none of the included FDG-PET/CT tests were
performed during follow-up. We therefore had
to hypothesize about what could be the benefit
of an additional FDG-PET/CT at an accepted
interval.

It can be concluded that FDG-PET/CT is a
potentially useful tool in the management of
individuals with nocardiosis. We argue that the
integration of FDG-PET/CT at baseline could
add information regarding disease extent and
underlying malignancies, which cannot be
gained by CT alone. In addition, it may assist in
treatment-related decisions at time of therapy
initiation and during follow-up, including
choice of initial and subsequent treatment reg-
imens and duration of treatment. Further
cohort study with historical control group is
warranted in order to appraise the outcomes of
FDG-PET/CT-guided therapy duration for indi-
viduals with nocardiosis and for determining
the optimal timeframe for conducting a follow-
up FDG-PET/CT.
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