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Abstract

Pulmonary infections are among the most common complications after lung transplants and a major cause of morbidity
and mortality in these patients. Computed tomography is one of the main non-invasive diagnostic tools for detecting lung
infections but characterizing the correct etiology may be very challenging. Indeed, although several pathogens show typical
patterns at imaging, others, such as bacteria, may demonstrate quite unspecific features. Therefore, additional parameters,
like the timing of the infection, should be evaluated to support the radiologists in narrowing the differential diagnoses. In
fact, it has been demonstrated that several pathogens, like Candida albicans, usually occurring within the first month after
the transplant, frequently occur at specific time points. Thus, aim of this review is to make radiologists and clinicians familiar
with the computed tomography patterns of pulmonary infections occurring after lung transplant, considering the etiology
and the time of onset, according to the extensive experience gained in our tertiary center.
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Introduction

Pulmonary infections are a leading cause of morbidity and
mortality after lung transplant (LT) and may occur at any
time [1-4]. LTs carry an intrinsic high risk of infection
because of the direct communication of the transplanted
organ with the atmosphere [5]. Additional factors associ-
ated with the surgical procedures (e.g., impaired mucocili-
ary function due to allograft denervation, administration of
immunosuppressive drug therapy) [6], the donor (e.g., insuf-
ficient donor arterial oxygen tension, positive donor sputum)
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and the recipient (e.g., older than 40 years) [1, 6] may play
a significant role for the onset of infections in the early and
late postoperative phase.

Together with the clinical and laboratory evaluations,
radiological imaging, especially computed tomography
(CT), is crucial for the early detection and characterization
of pulmonary infections in LT [1-4]. Indeed, specific pat-
terns at CT such as nodules with a peripheral rim of ground-
glass due to Aspergillosis [1, 7] or diffuse bilateral ground-
glass areas with sub-pleural sparing due to Preumocystis
Jirovecii may suggest a confident diagnosis. Even if in some
cases, such as with bacterial infections, the imaging features
might be relatively unspecific, making the diagnostic process
more challenging [1-3], the temporal relationship between
the LT and the onset of the lesions may narrow down the
list of differential diagnoses. In fact, it is well known that
specific agents, such as the Pseudomonas aeruginosa, which
is more frequent during the early postoperative phase, tend
to occur at specific time points.

Thus, the aim of this review is to make radiologists and
clinicians familiar with the CT patterns pulmonary infec-
tions occurring after LT considering the etiology and the
time of onset of the disease.
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Pulmonary infections after lung transplant

Since different agents are associated with the occurrence of
pulmonary infections at different time points after LT, a sub-
division in early (up to 1 month), primary late (1-4 months),
and secondary late (after 4 months) infections, according
also to the different etiologies, has been applied (Fig. 1) [1,
2].

Early infections (up to 1 month)
Bacterial infections

Bacterial infections are the most common postoperative
infections in LT recipients, especially during the early phase
(i.e., 1 month). Nevertheless, it should be considered that
they may also occur later on during recipients’ life [8, 9].
Gram-negative bacilli, such as Klebsiella species and
Pseudomonas aeruginosa, followed by Gram-positive, like
Staphylococcus aureus, are the most frequent agents [6].
Pulmonary Actinomycosis, even if rare, should be consid-
ered among the differential diagnoses especially in case of

mediastinitis [10]. It has also to be highlighted that recipi-
ents with cystic fibrosis carry a higher risk of infections
due to Pseudomonas aeruginosa and Burkholderia cepacia
complex.

Unfortunately, the CT features of bacterial infections are
quite unspecific, since they may include atelectasis, bron-
chocentric opacities, airspace consolidations (i.e., sub-seg-
mental, segmental, or lobar), branching nodular and linear
opacities (i.e., tree-in-bud), interlobular septal thickening,
and pleural effusions [1] (Figs. 2 and 3). Pulmonary Actino-
mycosis may cause areas of consolidation surrounded by
ground-glass opacities (Fig. 4). Staphylococcal pneumonia
is frequently complicated by the development of pneuma-
toceles (Fig. 5).

Fungal infection

Candida species often colonize the airways of LT recipi-
ents. Very aggressive infections usually occur during the first
month after the LT, either as postoperative complications
due to a prolonged stay in the intensive care unit or because
of a colonized donor organ [11-13].

LT 1 mo 4 mo 6 mo 12 mo
L1 | ] L,
Bacteria® R T Y

Pseudomonas aeruginosa
Staphylococcus aureus

Fungi
Candida

Aspergillus

Mycobacterium Tuberculosis
Atypical Micobacteria

Viruses?

CMV

Notes: LT= lung transplant; mo= month/s; PCP=Pneumocystis Carinii; CMV= Citomegalovirus;*= period of occurrence of the infection of Pneumocystis Carinii prior to the trimethoprim/sulfamethoxazok prophylaxis
therapy; "bacteral infection may occur throughout the entire life of the recipientsas graphically represented by the lined rectangle;bviral infection may occur from two weeksafter the lung trasplnt up to two years afier

it, as graphycally represented by the dotted rectangle.

Fig. 1 Graphic representation of the temporal distribution of the main agents causing pulmonary infections after lung transplant [1, 2]

@ Springer



Clinical and Translational Imaging (2022) 10:311-319

313

Fig.2 Multidrug-resistant Klebsiella infection in a 56-year-old man
who underwent bilateral lung transplant for pulmonary emphysema
27 days before. The coronal reconstruction of the computed tomogra-
phy scan demonstrated typical bacterial findings represented by pul-
monary segmental and lobar consolidations respectively in the middle
(yellow arrow) and lower lobes (black asterisks)

CT patterns of fungal infections include patchy and con-
fluent pulmonary infiltrates, nodules (i.e., occasionally mil-
iary), mass-like foci or airspace consolidation, and intersti-
tial involvement. In case of single LTs, fungal pneumonia
mainly affects the transplanted lung (Fig. 6). Very aggres-
sive infections may also cause candidemia, mediastinitis, or
necrosis of the anastomosis [8].

Primary late infections (1-4 months)
Viral infections

Respiratory viral infections are a very important cause of
morbidity and mortality in LT recipients [14].

Cytomegalovirus (CMV) is the second-most common
cause of pneumonia and the most common opportunistic
infection in LT patients [1, 15], even if it has to be con-
sidered that the current prophylaxis with antiviral drugs
is reducing its occurrence [16]. Overall, CMV pulmonary
infections have a peak incidence at 1-4 months (i.e., range
1-12 months) rarely occurring in the first two weeks after
the LT [1]. Primary pulmonary infections due to CMV are
usually very severe and may occur in seronegative recipi-
ents receiving a graft from a seropositive donor. On the
contrary, secondary infections, commonly less severe, are
mainly diagnosed in seropositive recipients either infected
by a different CMV strain or undergoing a reactivation due
to immunosuppression [8].

In addition to CMV, community-acquired viruses, such
as respiratory syncytial, parainfluenza, influenza virus, and
adenovirus, may infect LT recipients especially between 2
weeks and 2 years after the LT, with a rate of occurrence
between 8 and 14% [1].

Other less common viral pathogens are herpes sim-
plex (i.e., the incidence is constantly decreasing because
of prophylaxis), varicella zoster (i.e., mainly causing
muco-cutaneous involvement), and Epstein—Barr virus
(i.e., especially important because it may then cause lym-
phoproliferative disorders) [8].

CT findings of viral infections include ground-glass,
air-space consolidations, tree-in-bud opacities, airway
dilatation, bronchial wall thickening, and pleural effusion
(Fig. 7) [1, 8, 17]. Severe infections may present with
a crazy paving pattern (i.e., ground-glass opacity with
superimposed interlobular septal thickening and intra-lob-
ular reticular thickening) (Fig. 8). The CMV pneumonia
is also associated with a high risk of superimposed bacte-
rial and fungal infections. Thus, it needs to be taken into
consideration that findings due to the additional infection

Fig.3 Two patients (31 and 24 years old man and woman, respec-
tively in a and b) affected by bacterial pneumonia after bilateral lung
transplant for cystic fibrosis (i.e., one month before). The patient was
affected by Pseudomonas aeruginosa and showed pulmonary consoli-

dations with air bronchogram (yellow arrows in a). The patient in b
had a pulmonary round consolidation (yellow arrowhead in b) due
to Burkholderia cepacia. Both patients showed also pleural effusion
(black asterisks in a and b)
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Fig.4 48-year-old man affected by Actinomyces pneumonia one
month after bilateral lung transplant. This rare agent caused multi-
focal areas of consolidation and ground-glass (yellow asterisks in a
and b) as well as bronchiectasis (yellow arrowhead in a), and thick-
ening of the major left fissure (yellow arrow in b) easily detected at

Fig.5 55-year-old man affected by Staphylococcus aureus pneumo-
nia, which occurred three months after the bilateral LT for idiopathic
pulmonary fibrosis. The chest CT revealed a pneumatocele (yellow
arrow in a) which is a typical complication of pulmonary infections
due to this bacterium. The transbronchial biopsy showed a massive

could overlap with the above-mentioned viral features at
imaging (Fig. 9).

Fungal infection

Aspergillosis is the most common fungal infection in LT
recipients [7, 18] and it usually occurs 1-6 months after the
LT (i.e., peak incidence within the first 3 months after the
LT) [1].

Ulcerative tracheobronchitis is the earliest and most com-
mon expression of the disease, and it may cause anastomotic
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computed tomography. The transbronchial biopsy showed interstitial
fibrosis with several Masson body. The final histological diagnosis
was organizing pneumonia, the histological pattern may recognize
different etiology, including infections (hematoxylin and eosin, origi-
nal magnification x 100)

interstitial and endoalveolar neutrophilic infiltration (hematoxylin and
eosin, original magnification X 200 in b). GRAM stain showed aggre-
gate of positive bacteria (arrows in ¢) (inset: GRAM stain, original
magnification X 600)

dehiscence. Its diagnosis is easily reached at CT with the
detection of focal bronchial wall defects and perianastomotic
air collections (Fig. 10) [19].

Aspergilloma, necrotizing pneumonia, invasive pulmo-
nary disease, disseminated infection, or empyema may also
be due to Aspergillus infection. Invasive pulmonary infec-
tions tend to occur in the later phase after LT and are mainly
associated with the dissemination to other organs. Typical
features at CT imaging of Aspergillus infection include
focal nodular and mass-like consolidations, cavitation,
nodules (i.e., solitary or multiple) surrounded by a rim of
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Fig.6 Candida albicans infection in a 67-year-old man, who under-
went a single, left LT for idiopathic pulmonary fibrosis 20 days
before. Axial high-resolution computed tomography image show-
ing micro-nodules, ground-glass and airspace opacities affecting the
transplanted lung (yellow arrow); fibrotic changes due to interstitial
pneumonia are easily detected in the right lung

ground-glass opacity (i.e., halo sign), and pleural thickening
(Figs. 11 and 12) [1, 7].

Secondary late infections (>4 months)
Bacteria

Among the bacterial infections occurring in the secondary
late period after LT, those due to Mycobacterium tubercu-
losis are quite frequent (i.e., estimated prevalence between
2 and 3.8%) [1, 8], and are usually caused by the reactiva-
tion of a focus in the native lung or by transmission via the
allograft.

The colonization by atypical mycobacteria occurs also
fairly frequently (0.46-8%) [19-21] with Mycobacterium
abscessus complex being one of the main agents [15].

CT findings of typical and atypical species include clus-
ters of multiple small nodules, ground-glass opacities or

Fig.7 Cytomegalovirus (CMV) infection in 39-year-old man that
occurred 3 months after bilateral lung transplant for cystic fibrosis.
The axial CT images demonstrate usual CMV findings, such as con-

solidation (yellow asterisk in a), bronchiectasis (yellow arrows in a
and b) and tree-in-bud opacities (yellow arrowhead in b) in the upper
lobes

Fig.8 Severe Cytomegalovirus pneumonia in a 35-year-old man who
underwent bilateral lung transplant for idiopathic pulmonary fibrosis
2 months before showing a crazy paving pattern (i.e., diffuse ground-
glass opacifications with interolobular septal thickening) (a). The
transbronchial biopsy showed a mild lymphocytic interstitial infiltrate

and “atypical” intranuclear inclusion (arrow in b) of pneumocytes (b
hematoxylin and eosin, original magnificationx400). Immunohisto-
chemistry confirmed the presence of CMV highlighting many other
infected pneumocytes (¢ original magnification X 400)
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Fig.9 Cytomegalovirus and Pseudomonas aeruginosa simultaneous
infections in a 34-year-old man who underwent bilateral lung trans-
plant for Langerhans cell histiocytosis 3 months before. The axial
computed tomography images show the typical findings of the viral

Fig. 10 Aspergillus pulmonary infection in a 40-year-old man
40 days after bilateral lung transplant for idiopathic pulmonary fibro-
sis. The axial computed tomography image (a) and the virtual bron-
chial endoscopy 3D-reconstruction (b) demonstrate well a bronchial
fistula of the right main bronchus (yellow arrow in a and b) due to

infection in the middle lobe (i.e., ground glass and interstitial thick-
ening; yellow arrow in a), and of the bacterial infection in the right
lower lobe (i.e., consolidation; black asterisk in b)

necrotizing tracheobronchial aspergillosis (i.e., finding confirmed at
autopsy). The autopsy specimen showed necrotizing pneumonia with
several hyphae, morphologically compatible with Aspergillus spp. (¢
hematoxylin and eosin, original magnificationx 12.5; inset: Grocott’s
methenamine silver stain, original magnification X 400)

Fig. 11 Angioinvasive aspergil-
losis in a 41-year-old man
who underwent bilateral lung
transplant for cystic fibro-

sis 4 months before. Axial
computed tomography image
demonstrating a solitary mass
in the middle lobe, which one
year later evolved into a cavi-
tary lesion (arrow in a and b,
respectively)
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Fig. 12 Angioinvasive aspergillosis in 32-year-old woman who
underwent bilateral lung transplant for lymphangioleiomyomatosis
2 months before. The axial computed tomography demonstrated an
excavated nodule (yellow arrow) surrounded by a ground-glass halo
(yellow asterisk) in the apicoposterior segment of the left upper lobe

A

Fig. 13 Mycobacterium tuberculosis infection in a 57-year-old man
six months after bilateral lung transplant for idiopathic pulmonary
fibrosis showing miliary nodules (yellow arrow), and pleural effusion
(black asterisk)

infiltrates, consolidations, cavitations, interlobular septal
and/or pleural thickenings, unilateral or bilateral pleural
effusions, and mediastinal enlarged lymph nodes (Figs. 13
and 14) [1].

Fungal infection

Prior to the trimethoprim/sulfamethoxazole prophylaxis,
Preumocystis jirovecii pneumonia (PJP) was diagnosed in
around 90% of the LT recipients and the first 6 months after
the LT were at very high risk (i.e., highest peak between the
second and sixth month). Nowadays, PJP is very uncommon
during the first year after LT and it mainly occurs later on
[16].

Typical PJP findings at CT are represented by bilat-
eral ground-glass opacities with sub-pleural sparing and
predilection for the upper lobes. Less frequently, focal
areas of consolidation and thickening of the interlobu-
lar septa or diffuse micro-nodules are evident at imaging
(Fig. 15). A cystic form of PJP may also occur and these
patients carry a high risk of pneumothorax or pneumo-
mediastinum [16].

Conclusion

Pulmonary infections are very common after LT and CT
imaging plays a crucial role. Therefore, a deep knowledge of
the typical CT findings caused by the most common different
pathogens and their usual timing of colonization are essen-
tial to support the clinicians in the diagnostic and therapeutic
process.
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Fig. 14 Atypical Mycobacterial infection in a 20-year-old woman
five months after bilateral lung transplant for cystic fibrosis. The
axial computed tomography image demonstrates a ground-glass area
in the right lower lobe (yellow arrow in a) and a small excavated

lesion (yellow asterisk in a). The lung specimen showed a necrotizing
granuloma with multinucleated giant cells (b hematoxylin and eosin,

Fig. 15 Atypical computed tomography findings of Pneumocystis
Jirovecii in an 18-year-old woman receiving trimethoprim/sulfameth-
oxazole prophylaxis, who underwent bilateral lung transplant for
cystic fibrosis one-and-a-half year before: patchy area of consolida-
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