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Abstract

Objectives The aims of this study were to compare the high-resolution computed tomography (HRCT) findings of pulmonary

infections in immunocompromised patients and to assess the usefulness of HRCT in the differential diagnosis of these infections.

Methods A total of 345 immunocompromised patients with pulmonary infections were included in this study. The diagnoses of

the patients consisted of bacterial pneumonia (123 cases), pneumocystis pneumonia (PCP) (105 cases), fungal pneumonia (80

cases), tuberculosis (15 cases), cytomegalovirus pneumonia (11 cases), and septic embolism (11 cases). Two chest radiologists

retrospectively evaluated the computed tomography (CT) images, which consisted of 22 findings including ground-glass atten-

uation, consolidation, nodules, and thickening of the bronchial wall and interlobular septum. Associations between the CT criteria

and infections were investigated using x? test; multiple logistic regression analyses were conducted to identify the significant

indicator for each infection. The area under the curve (AUC) of each model was calculated.

Results Bronchial wall thickening was a significant indicator for bacterial pneumonia (p = 0.002; odds ratio [OR], 2.341; 95%

confidence interval [CI], 1.378-3.978). The presence of a mosaic pattern and the absence of nodules were significant indicators

for PCP (p<0.001; OR, 9.808; 95% CI, 4.883-13.699, and p <0.001; OR, 6.834; 95% CI, 3.438-13.587, respectively). The

presence of nodules was a significant indicator for fungal infection (p =0.005; OR, 2.531; 95% CI, 1.326—4.828). The AUC for

PCP was the highest (0.904).

Conclusions HRCT findings are potentially useful for the differential diagnosis of some pulmonary infections in immunocom-

promised patients.

Key Points

* Differential diagnosis of pulmonary infections in immunocompromised patients could be established with the help of high-
resolution computed tomography.

* Bronchial wall thickening was a significant indicator for bacterial pneumonia.

* The presence of a mosaic pattern and the absence of nodules were significant indicators for pneumocystis pneumonia.

Keywords X-ray computed tomography - Pneumonia - Immunocompromised host - Multivariate analysis

P4 Yoshie Kunihiro 4 Division of Endocrinology, Metabolism, Hematological Science and

kyoshie@yamaguchi-u.ac.jp

Department of Radiology, National Hospital Organization
Yamaguchi - Ube Medical Center, 685 Higashikiwa,
Ube, Yamaguchi 755-0241, Japan

Department of Radiology, Yamaguchi University Graduate School of
Medicine, 1-1-1 Minamikogushi, Ube, Yamaguchi 755-8505, Japan

Center for Integrated Medical Research, Hiroshima University
Hospital, Kasumi 1-2-3 Minami-ku,
Hiroshima, Hiroshima 734-8551, Japan

Therapeutics, Yamaguchi University Graduate School of Medicine,
1-1-1 Minamikogushi, Ube, Yamaguchi 755-8505, Japan

Department of Medicine and Clinical Science, Yamaguchi University
Graduate School of Medicine, 1-1-1 Minamikogushi,
Ube, Yamaguchi 755-8505, Japan

Department of Surgery and Clinical Science, Yamaguchi University
Graduate School of Medicine, 1-1-1 Minamikogushi,
Ube, Yamaguchi 755-8505, Japan

Division of Pathology, Fujisawa City Hospital, 2-6-1 Fujisawa,
Fujisawa, Kanagawa 251-8550, Japan

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00330-019-06235-3&domain=pdf
mailto:kyoshie@yamaguchi-u.ac.jp

6090

Eur Radiol (2019) 29:6089-6099

Abbreviations

K Kappa value
X Chi-square
AIDS Acquired immunodeficiency syndrome

AUC Area under the curve

BAL Bronchoalveolar lavage

CI Confidence interval

CMV-P  Cytomegalovirus pneumonia

Cons Consolidation

CT Computed tomography

GGA Ground-glass attenuation

HRCT High-resolution computed tomography
HSCT Hematopoietic stem cell transplantation
ICC Intraclass correlation coefficient

ILS Interlobular septum

LN Lymph node

NPV Negative predictive value

OR Odds ratio

PACS Picture archiving and communication system
PCP Pneumocystis pneumonia

PPV Positive predictive value

S. aureus  Staphylococcus aureus

SLB Surgical lung biopsy

TB Tuberculosis

TBLB Transbronchial lung biopsy

TIB Tree-in-bud

Introduction

The number of immunocompromised patients has increased
due to the advances in chemotherapy for malignant diseases
and immunosuppressive therapy for autoimmune diseases and
an increase in hematopoietic stem cell transplantation and sol-
id organ transplantation. Pulmonary infection is a major cause
of morbidity and mortality in immunocompromised patients.

Hospital-acquired bacterial pneumonia occurs commonly
due to Staphylococcus aureus (S. aureus), Pseudomonas
aeruginosa, and Klebsiella pneumoniae. Pulmonary
nocardiosis is one of the important infections in immunocom-
promised patients [1]. Pneumocystis pneumonia (PCP) is one
of the most frequent pulmonary infections in immunocompro-
mised patients including those with human immunodeficiency
virus infection [2]. The major risk factors for invasive asper-
gillosis include neutropenia and prolonged corticosteroid ther-
apy. Infections by Candida species and Cryptococcus
neoformans as well as mucormycosis may also occur as op-
portunistic infections. Cytomegalovirus pneumonia (CMV-P)
is one of the major complications in transplant recipients [3].
The risk of active tuberculosis (TB) in transplant recipients is
30-50 times higher than that in the general population [4].
Although septic embolism occurs most commonly in associ-
ation with right-sided endocarditis, infected indwelling
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catheters, intravenous drug use, and septic thrombophlebitis
[5—7] can predispose to septic embolism in immunocompro-
mised patients. The clinical presentation of pulmonary infec-
tions is nonspecific, which includes symptoms such as fever,
dyspnea, and cough. Since the therapeutic strategies are dif-
ferent for these infectious diseases, it is important to establish
an accurate diagnosis. However, the process of differential
diagnosis of these infectious diseases could be quite
challenging.

Imaging is essential for the diagnosis of pulmonary infec-
tions. Chest radiography is used as a screening diagnostic tool;
however, it has limited sensitivity and shows normal results in
up to 10% of patients with pulmonary diseases [8, 9].
Furthermore, the chest radiographic findings are often nonspe-
cific [10]. High-resolution computed tomography (HRCT) is
much more sensitive and specific than chest radiography [4].
Heussel et al reported that HRCT could detect pneumonia
about 5 days earlier than that by chest radiography, and during
the first 7 days, the number of pneumonias detected with
HRCT was six times greater than the number detected with
chest radiography [11]. In order to utilize computed tomogra-
phy (CT) more frequently than chest radiography for immu-
nocompromised patients, some institutions had explored the
use of low or ultralow dose CT imaging [12].

The frequent findings in the HRCT images of pulmonary
infections include nodules, tree-in-bud appearance, ground-
glass attenuation (GGA), consolidation, or a combination of
these findings [13—15]. The HRCT findings in pulmonary
infections could be overlapping and nonspecific. There have
been many HRCT imaging findings reported for pulmonary
infections; however, specific findings for each infection would
be necessary for establishing an early, accurate diagnosis, es-
pecially in immunocompromised patients.

The aims of this study were to compare the HRCT findings
of various pulmonary infections in immunocompromised pa-
tients and to assess the usefulness of HRCT in the differential
diagnosis of these infections.

Materials and methods

The institutional review board of our hospital approved this
study. The requirement for informed consent was waived for
this study owing to the retrospective study design.

Patients

We retrospectively reviewed the CT database at our institution
for acute chest complications in immunocompromised pa-
tients from January 1990 to December 2015. The patients
included in the study were those who (1) had undergone
HRCT scans, (2) had HRCT findings showing parenchymal
abnormalities, and (3) were diagnosed with only a single
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infectious disease. At first, we identified a total of 1073 cases.
Among these, 476 cases were excluded because either their
lung disease could not be specified or they had pulmonary or
bronchial abnormalities, such as interstitial pneumonia, radia-
tion pneumonitis, lung cancer, severe emphysema, bronchial
asthma, and graft versus host disease, which might have con-
founded evaluation of their HRCT findings. Among the pa-
tients suspected of fungal pulmonary infections, two were
excluded due to Aspergillus otomycosis and Candida esoph-
agitis. Among the remaining, 381 cases with pulmonary in-
fections were identified. Specific pulmonary infections were
diagnosed by detailed evaluations of the medical records and
the results of one more of the most appropriate laboratory tests
for each individual, including sputum culture, serologic tests
for likely pathogens, bronchoalveolar lavage (BAL),
transbronchial lung biopsy (TBLB), surgical lung biopsy
(SLB), blood culture, urinary antigen test, and autopsy.
Among the infectious disease cases, 25 cases were excluded
because of the existence of co-infections. In addition, 11 cases
which occurred within 4 weeks of the infection were excluded
from this study because the HRCT findings of the current
disease could have been influenced by the previous episode.
Thus, 345 cases (199 males and 146 females; mean =+ standard
deviation, 56.2 + 17.4 years; age range, 3-90 years) were in-
cluded in this study. Some patients had multiple episodes; five
patients had three episodes and 17 patients had two episodes.
The final diagnoses in the 345 cases included were as follows:
bacterial pneumonia (n=123), PCP (n=105), fungal infec-
tions (n =80), TB (n=15), CMV-P (n = 11), and septic embo-
lism (n=11). Diagnoses for these cases were established by
detailed verification of the results of the sputum culture (n =
105), serum marker tests (n =97 including [3-D-glucan
>31 pg/mL [16], n=56; Aspergillus antigen, n = 30; crypto-
coccal antigen, n =9; Candida antigen, n =2), BAL or TBLB
(n=76), blood culture (n=52), SLB (n=3), urinary antigen
test (n =2), and autopsy (n = 10). For PCP, elevation of the f3-
D-glucan level to more than 31 pg/mL is a good proven pre-
dictor [16]. All patients had underlying diseases (Table 1). To
evaluate pulmonary complications, all patients underwent CT
examinations within a few days of the onset of chest symp-
toms, including dyspnea and fever.

Computed tomography examination

The CT scans were acquired using the following systems:
TCT-900S (Canon Medical Systems Corporation) (31 cases)
and the Siemens Healthineers systems Somatom Plus 4 (70),
Volume Zoom (71), Somatom Definition (70), and Somatom
Sensation 64 (103). The CT scans were obtained at suspended
end-inspiratory effort in the supine position without using any
intravenous contrast material. After obtaining the 10-mm col-
limation scans at contiguous 10 mm intervals through the
entire chest using the TCT-900S scanner, all patients

underwent an HRCT through the region showing abnormal
parenchymal findings at 2 mm collimation. After contiguous
10, 7, or 5 mm section imaging was performed through the
chest using the other multislice CT scanners, additional HRCT
images consisting of 1 or 2 mm collimated images were ob-
tained at 1, 2, 5, or 10 mm intervals through the abnormal lung
parenchyma. In all patients, the scanning parameters were
120 or 140 kVp and 160-250 effective mAs.

The image data were viewed on hard copy films during the
scanning by the TCT-900S and were interfaced directly to our
picture archiving and communication system (PACS)
(ShadeQuest, Yokogawa Medical Solutions Corp.). The PACS
displayed the image data on monitors (three monitors, 1280 x
1080 matrix, 8-bit viewable gray-scale) during the scanning by
the other multislice CT scanners. The monitors were used to
view both the lung (window width, 1500 or 1750 HU; window
level, — 600 or — 700 HU) and mediastinal (window width, 250—
400 HU; window level, 40-50 HU) window images.

Interpretation of the computed tomography images

The CT images were assessed independently in random order
by two board-certified chest radiologists (15 and 28 years of
experience, respectively) without any knowledge of the pa-
tients’ clinical information except the immunocompromised
state. Cases of discordant results between the two radiologists
were resolved by consensus among them.

Each of the following HRCT findings were separately cod-
ed as “present” or “absent”: (a) airspace consolidation; (b)
GGA,; (c) crazy-paving pattern; (d) mosaic pattern (mosaic
perfusion); (¢) nodules; (f) CT-halo sign; (g) tree-in-bud pat-
tern; (h) bronchial wall thickening; (i) interlobular septal (ILS)
thickening; (j) hilar or mediastinal lymph node (LN) enlarge-
ment; (k) pleural effusion. For HRCT findings (a), (b), (e), and
the overall lesion, the extent of the lesions within the entire
lung field was graded subjectively on a five-point scale (0=
0%,1=1-25%,2=26-50%, 3 = 51-75%, and 4 = 76-100%).

The crazy-paving pattern was recorded as “present” if there
was any superimposition of the interlobular or intralobular
interstitial thickening within the GGA. The mosaic pattern
was defined as sharply demarcated lung areas of inhomoge-
neous attenuation in which areas of the normal lung were seen
intervening between the GGAs. When a mosaic pattern was
present and it was difficult to differentiate infiltrative from
airway diseases, we performed additional expiratory scanning
(39 cases). The CT-halo sign was defined as a focal nodular
opacity surrounded by the GGA. The tree-in-bud pattern was
defined as a pattern in which small centrilobular nodules ap-
peared connected to multiple branching, linear structures of a
similar caliber and originating from the same stalk.

When a GGA or a consolidation was present, the predomi-
nance of the airspace consolidation or GGA (GGA/Cons pre-
dominance) was classified as GGA predominance, consolidation
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Table 1 The characteristics and underlying diseases of patients with pulmonary infections
Bacterial PCP Fungal TB (n=15) CMV-P Septic p-value
pneumonia (n=105) infection (n=11) emboli
(n=123) (n=80) (n=11)
Age, mean (SD) 55.8 (18.4) 58.2 (15.8) 54.8 (17.7)  61.7 (17.0) 51.7 (19.5) 50.0 (16.3) 0.333
Males, n (%) 78 (63.4) 49 (46.7)** 48 (60.0) 10 (66.7) 7 (63.6) 7 (63.6) 0.164
Underlying disease or condition, n (%) <0.001
Hematologic malignancy without HSCT 37 (30.1) 29 (27.6) 20 (25.0) 2(13.3) 3(27.3) 6 (54.5)*
Hematologic malignancy with HSCT 14 (11.4) 11 (10.5) 17 (21.3)* 1(6.7) 4 (36.4)* 19.1)
Steroid or other immunosupressant 40 (32.5)** 56 (53.3)* 34 (42.5) 5(33.3) 4(36.4) 3(27.3)
Solid cancer with chemotherapy 25 (20.3)* 5 (4.8)** 8 (10.0) 3(20.0) 0(0) 1(9.09)
AIDS 0 (0) 4 (3.8)* 0 (0) 0 (0) 0 (0) 0 (0)
Others 7.7 0 (0)** 1(1.3) 4 (26.7)* 0 (0) 0(0)

PCP pneumocystis pneumonia, CMV-P cytomegalovirus pneumonia, 7B tuberculosis, HSCT hematopoietic stem cell transplantation, AIDS acquired

immunodeficiency syndrome

Others: chronic renal failure (n=4), chronic granulomatous diseases (n=1), and liver cirrhosis (n=1), chronic hepatitis (n=1), hypoalbuminemia (n=1)
hypogammaglobulinemia (n=1), myocarditis (n=1), severe burns (n=1) and diabetes (n=1)

*Significantly higher (adjusted standard residuals >1.96) in groups
**Significantly lower (adjusted standard residuals <—1.96) in groups

predominance, or their equality. The distribution of GGA or
airspace consolidation (GGA/Cons distribution) was classified
as segmental, nonsegmental, or lobular. The nodules were clas-
sified according to their size as micro (<3 mm), small (3—
10 mm), or large (> 10 mm) and according to their distribution
as centrilobular, perilymphatic, or random. Centrilobular distri-
bution was defined as that in which the nodules were separated
from the pleural surfaces, fissures, and interlobular septa by a
distance of several millimeters. Perilymphatic distribution was
defined as that in which the nodules were identified around the
peribronchovascular interstitium, interlobular septa, and
subpleural regions. Random distribution was defined as that in
which the nodules did not show centrilobular or peritymphatic
distribution and any specific distribution within the secondary
pulmonary lobules.

Furthermore, the overall lesional distribution was classified
axially (overall axial distribution) as central, peripheral, dif-
fuse, or indeterminate and craniocaudally (overall craniocaudal
distribution) as upper, lower, diffuse, or indeterminate.

Finally, one predominant CT pattern was recorded in each
patient as follows: micro or small nodular pattern, large nod-
ular pattern, diffuse GGA pattern, segmental GGA/Cons pat-
tern, nonsegmental GGA/Cons pattern, and bronchial wall or
ILS thickening pattern.

Statistical analysis

The mean age of the patients was calculated for each infection.
The sex, underlying disease or condition of the patients, each
CT finding, and CT pattern were compared among the infec-
tious diseases using a chi-square (y>) test for independence.
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Age and the extent of the CT findings were compared using
the Kruskal-Wallis test. Interobserver agreement between the
two radiologists was calculated as the kappa value (x) for the
aforementioned HRCT findings from (a) to (k) and as
intraclass correlation coefficient (ICC) for the extent of
HRCT findings (a), (b), (¢), and the overall lesion, and rated
as follows: slight (0.00-0.20), fair (0.21-0.40), moderate
(0.41-0.60), substantial (0.61-0.80), or almost perfect (0.81—
1.00) [17]. We further defined the kappa value or ICC as high
(more than 0.60, i.e., substantial to almost perfect) or low (less
than 0.40, slight to fair). The extent of lesions was finalized as
the average of grades allocated by two radiologists.

A p value less than 0.05 was considered as indicative of
a significant difference. When the x* test detected a signif-
icant difference among the groups, adjusted standardized
residuals were calculated to identify the groups for which
the CT findings contributed to the significant difference.
An adjusted standardized residual of > 1.96 or <— 1.96 was
considered indicative of a group with a significantly higher
or lower frequency, respectively. In the next step, multiple
logistic regression analyses were conducted in order to
identify the significant indicator for the differentiation of
each infectious disease from other infectious diseases, for
example, between bacterial pneumonia and other infec-
tions (a combination of PCP, fungal infection, TB, CMV-
P, and septic emboli). Forward selection (likelihood ratio)
method was used for the multiple logistic regression anal-
ysis, and all variables including the parametric factors were
included. The area under the curve (AUC) of each model
was calculated. All statistical analyses were performed
using SPSS software (version 22.0, IBM).
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Results

The patients’ characteristics are shown in Table 1. There
were no significant differences in age and sex (p >0.05);
however, there was a significant difference in the underly-
ing diseases or condition (p <0.001). Table 2 shows the
comparison of HRCT findings between pulmonary infec-
tions. Interobserver agreement was fair to substantial (x =
0.280-0.645 and ICC =0.569-0.685). There were signifi-
cant differences in almost all criteria (p < 0.05) except for
LN enlargement (p = 0.070). Several HRCT findings were
identified as the differentiating characteristics for each dis-
ease, after excluding the lower kappa values (< 0.40). For
bacterial pneumonia, the predominance of consolidation
(45.5%) was significantly frequent and the extent of con-
solidation was the largest (1.1). For PCP, the predominance
of GGA (99.0%) and mosaic pattern (65.7%) were signif-
icantly frequent. The extent of GGA and overall lesion
were the largest in PCP (3.1 and 3.3, respectively). For
TB, the predominance of consolidation (53.3%) was sig-
nificantly frequent and the extent of nodule was the largest
(2.3). With respect to the predominant CT pattern in each
infection, segmental GGA/Cons in bacterial pneumonia
(61.0%), diffuse GGA in PCP (81.0%), nodules of small
size (22.5%) and large size (31.3%) in fungal infections,
nodules of small size (53.3%) in TB, diffuse GGA in
CMV-P (63.6%), and nodules of small size (45.5%) and
large size (45.5%) in septic embolism were significantly
frequent.

Multiple logistic regression analyses identified 15 signifi-
cant indicators, although positive predictive value (PPV) of
some of those were relatively low (Tables 3 and 4).

For bacterial pneumonia (Fig. 1), the presence of bronchial
wall thickening was an indicator (p = 0.002; odds ratio [OR],
2.341; 95% confidence interval [CI], 1.378-3.978) and sensi-
tivity, specificity, PPV, and negative predictive value (NPV)
were 65.0%, 70.3%, 54.8%, and 78.4%, respectively (Tables 3
and 4).

For PCP (Fig. 2), the presence of the mosaic pattern was
an indicator (» < 0.001; OR, 9.808; 95% CI, 4.883-19.699)
and sensitivity, specificity, PPV, and NPV were 65.7, 88.3,
71.1, and 85.5%, respectively. The absence of nodules was
also a significant indicator (p <0.001; OR, 6.834; 95% (I,
3.438-13.587) and sensitivity, specificity, PPV, and NPV
were 79.0, 70.8, 54.2, and 88.5%, respectively (Tables 3
and 4).

For fungal infections (Fig. 3), the presence of nodules was
an indicator (p = 0.005; OR, 2.531; 95% CI, 1.326-4.828) and
sensitivity, specificity, PPV, and NPV were 80.0, 51.7, 33.3,
and 89.5%, respectively (Tables 3 and 4).

The AUC of the model for PCP was the highest at 0.904.
The AUC values for other infections were 0.697-0.763
(Table 3).

Agreement
analysis
0.645
0.633

p-value
0.070
0.009

Septic emboli
(n=11)
0 (0)**
109.1)
0 (0)
5 (45.5)*
8 (72.7)*

CMV-P
(n=11)

2(18.2)
19.1)

0 (0)
19.1)
5 (45.5)

4(26.7)
0 (0)
0 (0)
3 (20.0)
5(33.3)

Fungal infection TB (n=15)
21 (26.3)
12 (15.0)
1(1.3)
10 (12.5)**
26 (32.5)

(n=80)

3 (2.9)*
13 (12.4)
0 (0)

22 (21.0)
23 (21.9)%*

8 (6.5)
1(0.5)
32 (26.0)
45 (36.6)

Bacterial pneumonia PCP (n=105)

(n=123)
75 (61.0)*

Non-segmental GGA/Cons
Bronchial wall/ILS thickening

Segmental GGA/Cons

PCP pneumocystis pneumonia, 7B tuberculosis, CMV-P cytomegalovirus pneumonia, GGA ground-glass attenuation, Cons consolidation, 7IB tree-in-bud, /LS interlobular septum, LN lymph node

*Significantly higher (adjusted standard residuals >1.96) in groups
**Significantly lower (adjusted standard residuals <—1.96) in groups

Table 2 (continued)
LN swelling, n (%)

Effusion, n (%)
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Table 4  Sensitivity, specificity, accuracy, PPV, and NPV of each HRCT finding for detecting each infection

Sensitivity Specificity Accuracy PPV NPV

Bacterial pneumonia

Presence of consolidation 84.6% 50.5% 62.6% 48.6% 85.5%

Presence of bronchial wall thickening 65.0% 70.3% 68.4% 54.8% 78.4%

Absence of mosaic pattern 88.6% 37.4% 55.7% 44.0% 85.6%
PCP

Presence of mosaic pattern 65.7% 88.3% 81.4% 71.1% 85.5%

Absence of nodules 79.0% 70.8% 73.3% 54.2% 88.5%

Absence of bronchial wall thickening 87.6% 55.4% 65.2% 46.2% 91.1%

Absence of consolidation 61.9% 72.5% 69.3% 49.6% 81.3%

Absence of pleural effusion 78.1% 34.9% 49.6% 352% 79.5%
Fungal infection

Presence of nodules 80.0% 51.7% 58.3% 33.3% 89.5%

Absence of GGA 21.3% 96.6% 79.1% 65.4% 80.3%

Absence of mosaic pattern 91.3% 34.0% 47.2% 29.4% 92.8%
B

Presence of nodules 93.3% 46.1% 48.1% 7.3% 99.3%
CMV-P

Presence of crazy-paving 63.6% 66.5% 66.4% 5.9% 98.2%

Presence of nodules with halo 45.5% 81.4% 80.3% 7.5% 97.8%
Septic embolism

Presence of pleural effusion 72.7% 68.9% 69.0% 7.1% 98.7%

PPV positive predictive value, NPV negative predictive value, PCP pneumocystis pneumonia, 7B tuberculosis, CMV-P cytomegalovirus pneumonia,
GGA ground-glass attenuation, Cons consolidation, 77B tree-in-bud, /LS interlobular septum, LN lymph node

Discussion

Our study showed that segmental GGA/Cons in bacterial
pneumonia, diffuse GGA in PCP and CMV-P, and nodules
in fungal infections, TB, and septic embolism were the
significantly frequent CT patterns in immunocompromised
patients.

It is difficult to accurately evaluate the HRCT findings of
pulmonary infections in immunocompromised patients be-
cause of the nonspecific or atypical imaging patterns.
However, our study suggested that the differentiation between
the various pulmonary infections in immunocompromised pa-
tients might be partially possible by evaluating several HRCT
findings.

Furthermore, the present study identified three significant
indicators, using the multiple logistic regression analyses,
which may be useful for differentiating various pulmonary
infections.

Our multiple logistic regression analyses suggested that
bronchial wall thickening may serve as a potential indica-
tor for bacterial pneumonia, and the same is true for the
presence of consolidation despite the relatively low PPV of
this indicator (48.6%). Several studies on immunocompe-
tent patients reported that GGA (79.4-90.8%), bronchial
wall thickening (60.3-85.8%), centrilobular nodules

@ Springer

(47.1-72.5%), and consolidation (48.6—58.6%) are com-
mon characteristics of bacterial pneumonia [18-20].
Pseudomonas aeruginosa and S. aureus infections tend to
show a bronchopneumonia pattern, while Streptococcus
pneumoniae and Klebsiella pneumoniae infections show
a lobar pneumonia pattern [15, 21]. A review of HRCT
findings for 114 patients (58 immunocompetent and 59
immunocompromised) showed that consolidation was not
detected in viral pneumonia, and was more frequently ob-
served in bacterial pneumonia (85%) than in PCP (9%)
[22]. Segmental consolidation is frequent in community-
acquired bacterial pneumonia [23]. Though immunocom-
promised patients may show atypical findings, our study
revealed HRCT findings for bacterial pneumonia in immu-
nocompromised patients similar to those reported for im-
munocompetent patients.

Patients with PCP frequently exhibit the mosaic pattern,
and nodules with or without cavitation are infrequent
[24-26]. Nodules and cystic lesions are relatively common
in acquired immunodeficiency syndrome (AIDS) patients
[24]. The HRCT findings of PCP and CMV-P are often sim-
ilar, but the differential diagnosis of these is typified by a
mosaic pattern and an apical distribution in PCP and an ill-
defined demarcation of GGA, consolidation, and nodules with
or without a halo sign in CMV-P [27, 28]. These findings of
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Fig. 1 Bacterial pneumonia in a 64-year-old man with multiple myeloma.
High-resolution computed tomography shows thickening of the bronchial
wall (arrows)

these reports support our results, which identified the presence
of a mosaic pattern and the absence of nodules as potential
indicators for PCP. We identified the presence of nodules with
a halo sign as an indicator for CMV-P, albeit with very low
PPV (7.5%).

Our study showed that the presence of nodules could be an
indicator for fungal infection. In invasive aspergillosis in im-
munocompromised patients, nodules with the halo sign in the
early phase, and cavitary lesions in the late phase, are common
[29, 30]. Nodules and cavitation are common findings in cryp-
tococcosis [31], and nodules with centrilobular or random
distribution are common in candidiasis [15, 32].

Fig. 2 Pneumocystis pneumonia in a 70-year-old woman with
pericarditis under steroid therapy. High-resolution computed tomography
shows bilateral ground-glass attenuation with a mosaic pattern (arrows)
and reticulation

S

Fig. 3 Invasive aspergillosis in a 27-year-old man with chronic myeloid
leukemia. High-resolution computed tomography shows a large nodule
with a halo sign

Nodules, tree-in-bud appearance, consolidation, and cavi-
ties in the upper lobe are the most common findings observed
in TB, but immunocompromised patients show more atypical
findings, such as multiple cavities and lower or nonsegmental
distribution [33, 34]. Our study identified the presence of nod-
ule as highly suggestive of TB, albeit with very low PPV
(7.3%). We found nodules to be the predominant patterns for
septic embolism, with pleural effusion identified as an indica-
tor with very low PPV (7.1%).

In our study, the AUC of the model for PCP was the highest
(0.904), but the AUC values for other infections were lower
(0.697-0.763) than that for PCP.

Our study had several limitations. First, this study was
retrospective in nature; therefore, the CT protocols and di-
agnostic procedures for the included subjects were diverse.
Second, the systematic and generalized evaluation of CM V-
P, TB, and septic embolism was limited to a relatively small
number of patients compared to that of bacterial pneumonia,
fungal infections, and PCP. Third, the reliability of the di-
agnosis may be controversial in patients without a patholog-
ic confirmation of the disease. However, patients with in-
fections due to other organisms or other lung diseases,
which might have confounded evaluation of their HRCT
findings, were excluded from our study, and diagnoses
within our study population were strongly supported by
serum markers or urinary antigen tests. Fourth, we report
high overall interobserver variability in the determination of
GGA/Cons distribution and of axial and craniocaudal lesion
distribution. These criteria were not simple binary variables.
Therefore, interindividual variations may be noted in the
reading of such multiple categorical findings by board-
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certified chest radiologist, which should be taken into ac-
count during differential diagnosis.

In conclusion, HRCT could be used for the differential
diagnosis of pulmonary infections in immunocompromised
patients.
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