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Background/Aims: Acute eosinophilic pneumonia (AEP) is common among military smokers; however, bronchoscopy is
required for the diagnosis. We aimed to derive and validate a scoring system to diagnose AEP without bronchoscopy.
Methods: We conducted a retrospective study including patients diagnosed with AEP or any other pneumonia among mili-
tary smokers hospitalized in the Armed Forces Capital Hospital from 15 November 2016 through 25 December 2019. The pa-
tients were divided into derivation and validation groups according to their admission day. Patient symptoms, laboratory find-
ings, and computed tomography findings were candidate variables. Least absolute shrinkage and selection operator (LASSO)
regression was used to calculate the scores for each variable.

Results: Among 414 patients, AEP was confirmed in 54 of 279 patients (19.4%) in the derivation group and in 18 of 135
patients (13.3%) in the validation group. Ten variables were selected using LASSO regression: new-onset or a recently in-
creased smoking (< 4 weeks) (8 points), interlobular septal thickening (5 points), absence of sputum (3 points), ground glass
opacity (3 points), acute onset (< 3 days) (2 points), dyspnea (2 points), chest pain (2 points), leukocytosis (2 points), broncho-
vascular bundle thickening (2 points), and bilateral involvement (2 points). The area under the receiver-operating characteris-
tic curve of the score to diagnose AEP was 0.997 (95% confidence interval, 0.992 to 1.000) in the derivation group and 0.985
(95% confidence interval, 0.965 to 1.000) in the validation group.

Conclusions: We introduce a scoring system that can distinguish AEP from other types of pneumonia in military smokers

without the need for bronchoscopy.
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INTRODUCTION

Acute eosinophilic pneumonia (AEP) is a relatively rare re-
spiratory disease, characterized by acute-onset dyspnea,
fever, bilateral lung involvement, and lung eosinophilia [1].
The underlying pathophysiology of this disease is not fully
known; it can be caused by various agents including smok-
ing and medication [2]. AEP can progress rapidly and result
in acute respiratory failure, which is life-threatening [3]. For-
tunately, it responds well to systemic steroids [4,5].

Although certain computed tomography (CT) findings are
recognised as key characteristics of AEP [6], it is difficult to
fully distinguish AEP from other types of pneumonia in its
early phase [4]. For an accurate diagnosis, bronchoscopic
evaluation with bronchoalveolar lavage fluid is necessary
to fulfil the diagnostic criteria [7]. Although systemic ste-
roids may be considered for treatment in urgent settings
without bronchoscopy, they must be used with caution in
patients without an accurate diagnosis. In the recently pub-
lished community-acquired pneumonia (CAP) guidelines [8],
the use of systemic steroids is not recommended in patients
with CAP.

Compared to the general setting, AEP was more com-
monly reported among military personnel [9-11]. Most
of these patients were smokers [9,11,12]. However, early
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bronchoscopy may not be feasible in certain situations, such
as in cases involving a shortage of medical equipment, un-
available medical staff, or acute deterioration of the patient
[13]. Furthermore, bronchoscopy has become a high-risk
procedure during the coronavirus disease pandemic as it
provokes droplet formation [14]. Therefore, we aimed to
derive and validate a scoring system that can distinguish
AEP from other types of pneumonia without bronchoscopy
in military smokers.

METHODS

Study subjects and definition of AEP

Patients hospitalized in the Armed Forces Capital Hospital
from 15 November 2016 through 25 December 2019 were
screened. The Armed Forces Capital Hospital is the high-
est-level referral center among 17 military hospitals in South
Korea, and is the only center capable of performing bron-
choscopy. Therefore, all patients suspected to have AEP are
transferred to our center [10,12,15]. For this study, patients
diagnosed with either AEP or pneumonia were selected. Be-
cause the aim of our study was to aid the diagnosis of AEP
among military smokers, those who did not smoke at the
time of admission were excluded. We also excluded patients
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without CT results, because chest CT findings are one of the
key characteristics of AEP [6,16].

The diagnosis of AEP was confirmed according to the
modified Philit criteria [7]: (1) acute respiratory illness (<
1 month); (2) pulmonary infiltrates on chest imaging; (3)
pulmonary eosinophilia (> 25% eosinophils in the bron-
choalveolar lavage fluid); and (4) absence of other specific
pulmonary eosinophilic diseases. Some patients could not
undergo bronchoscopy due to their urgent medical condi-
tion, unavailability of emergent bronchoscopy, or a tempo-
rary shortage of medical staff. Therefore, they were clini-
cally suspected to have AEP and were treated accordingly.
These patients were excluded because the fulfilment of the
modified Philit criteria could not be assessed, nor could they
be classified as having other pneumonias. Thus, we exclud-
ed patients whose diagnosis was inconclusive, who were
transferred to other hospitals, and who died before the final
diagnosis. The patients who were hospitalized from 15 No-
vember 2016 through 31 December 2018 were assigned
to the derivation group, and those hospitalized after this
period were assigned to the validation group.

Data collection

Data were collected retrospectively from the patients’ med-
ical records; these included data on patient demographics,
smoking history, comorbidities, and symptoms. Smoking
history included conventional cigarettes only. We evalu-
ated the duration (weeks), quantity (packs per day), and

1,178 Patients hospitalized due to AEP or pneumonia in armed forces capital

Hospital November 15, 2016—December 25, 2019

KJIM™

any change in habits of smoking. Patients who restarted
smoking in the preceding 4 weeks after quitting for longer
than 4 weeks were considered new-onset smokers, and pa-
tients who doubled their quantity of daily smoking within
the preceding 4 weeks were considered to have increased
their quantity of smoking. The comorbidities inspected were
hypertension, diabetes mellitus, chronic lung disease (asth-
ma, chronic obstructive pulmonary disease, bronchiectasis,
or tuberculosis-destroyed lung), chronic liver disease, histo-
ry of tuberculosis, history of AEP, and any type of allergy.
Symptoms consisted of dyspnea, fever, chills, night sweats,
cough, sputum, chest pain, rhinorrhea, myalgia, fatigue,
palpitation, and sore throat, along with the onset of the
chief complaint. Laboratory findings that could be common-
ly evaluated were extracted: white blood cell count, neu-
trophil count, lymphocyte count, eosinophil count, platelet
count, and C-reactive protein levels.

The included chest CT findings were ground glass opac-
ity, interlobular septal thickening, bronchovascular bundle
thickening, pleural effusion, bilateral involvement, consoli-
dation, and centrilobular nodules [6,17,18]. The CT findings
were independently inspected by two blinded researchers
(S.P. and D.H.) and any discrepancy was resolved by another
researcher (H.J.K.).

Our study was conducted in accordance with the amend-
ed Declaration of Helsinki and was approved by the Institu-
tional Review Board of the Armed Forces Capital Hospital
(protocol number: AFCH-20-IRB-025). The requirement for

Excluded
513 Not a current smoker
158 Clinically AEP, but does not correspond to the modified
Philit criteria

'

414 Patients included in analysis

l

:

279 Derivation group
November 15, 2016—December 31, 2018

72 Diagnosed with AEP

:

46 Inconclusive diagnosis
34 No CT performed
13 Transferred to other hospitals or died before diagnosis

135 Validation group
January 1, 2019—December 25, 2019

n=117

342 Not diagnosed with AEP

Figure 1. Flowchart of the patient selection process. AEP, acute eosinophilic pneumonia; CT, computed tomography.
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informed consent was waived because of the retrospective
design of the study, but the records were anonymized prior
to the analyses. There were no relevant missing data found
during the data collection process.

Construction of the scoring system

The scoring system was constructed according to the re-
cent recommendation for the development and report-
ing of prediction models in respiratory medicine [19]. The
candidate variables included the majority of the inspected
characteristics. Since this scoring system was designed for
bedside use, continuous variables were transformed into
generally acceptable forms. The white blood cell count was
transformed to leukocytosis (> 10,000/uL) or not, platelet
count to thrombocytopenia (< 150,000/uL) or not, eosino-
phil count to eosinophilia (> 500/uL) or not, and neutrophil
and lymphocyte counts to the neutrophil-to-lymphocyte
ratio. The smoking history was simplified to ‘new-onset or
a recent increase in the quantity of smoking (< 4 weeks)’
[20,21]. The onset of the chief complaint was simplified as
acute onset (< 3 days) or otherwise. Consequently, a total of
36 candidate variables were included to construct the scor-
ing system (Supplementary Table 1).

For variable selection and score derivation, the least ab-
solute shrinkage and selection operator (LASSO) regression
was used [22]. With LASSO regression, a simplified list of
variables was derived with 10-fold cross-validation, and the
penalized coefficients were calculated. To simplify the coef-
ficients for use in the scoring system, they were multiplied
by 5 and rounded to the nearest integer.

Validation of the score

Each patient’s total score was calculated using the derived
scoring system. The total score was used to evaluate its per-
formance by calculating the area under the receiver-oper-
ating characteristics curve (AUC) to predict the diagnosis of
AEP for the derivation and validation groups. To evaluate
the goodness-of-fit of our model, a calibration plot was ob-
tained and the Hosmer-Lemeshow test was performed for
both groups.

Our study was performed in accordance with the Trans-
parent Reporting of a multivariable prediction model for In-
dividual Prognosis or Diagnosis (TRIPOD) statement [23]. The
TRIPOD checklist is available in Appendix 1.
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RESULTS

Patient selection and characteristics

During the study period, 1,178 patients were screened. Af-
ter excluding the non-eligible patients, 414 patients were
included in our study and were divided into the derivation
(n = 279) and validation groups (n = 135); 54 of 279 pa-
tients (19.4%) and 18 of 135 patients (13.3%) were diag-
nosed with AEP in the two groups, respectively (Fig. 1).

All the patients were male, with a median age of 20
years (interquartile range, 20 to 21). The median duration
of smoking was 37.5 months (interquartile range, 12.0 to
62.5), which was shorter for those diagnosed with AEP than
for those diagnosed with other types of pneumonia (me-
dian 0.8 months vs. 48.0 months, p < 0.001). Fifty-seven
of 72 patients (79.2%) diagnosed with AEP were classified
as new-onset smokers, as compared to 13 of 342 patients
(3.8%) diagnosed with other types of pneumonia (p <
0.001). The distribution of comorbidities did not differ be-
tween patients diagnosed with AEP and those without. The
patients diagnosed with AEP had a higher white blood cell
count (median 14,015/uL vs. 7,260/uL, p < 0.001), neutro-
phil count (median 10,940/uL vs. 5,175/uL, p < 0.001), lym-
phocyte count (median 1,375/uL vs. 1,230/uL, p = 0.042),
platelet count (median 241 x 103/uL vs. 189 x 103/uL, p <
0.001), and higher levels of C-reactive protein (median 7.9
mg/dL vs. 5.4 mg/dL, p = 0.006). Radiographic findings dif-
fered significantly according to the diagnosis of AEP. Among
the patients with AEP, ground glass opacity (100.0% vs.
77.5%, p < 0.001), interlobular septal thickening (94.4%
vs. 6.1%, p < 0.001), pleural effusion (36.1% vs. 7.6%,
p < 0.001), bronchovascular bundle thickening (33.3%
vs. 1.5%, p < 0.001), and bilateral involvement (98.6%
vs. 37.1%, p < 0.001) were more commonly found than
in patients diagnosed with other types of pneumonia. The
prevalence of consolidation (40.3% vs. 87.1%, p < 0.001)
was lower in patients with AEP. Results from microbiological
evaluation were less likely to be positive in patients with AEP
compared to those without AEP in both bacterial (56.9% vs.
75.0%, p = 0.002) and viral origin (19.3% vs. 73.4%, p <
0.001) from respiratory specimens (Table 1). Details of the
microbiological evaluation are presented in Supplementary
Table 2.

Patients in the derivation and validation groups revealed
similar characteristics, although there were several differ-
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Table 1. Comparison of patients according to the diagnosis of acute eosinophilic pneumonia

Variable Total (n = 414) AEP (n =72) Not AEP (n = 342) p value
Male sex 414 (100.0) 72 (100.0) 342 (100.0) NA
Age, yr 20 (20-21) 20 (20-21) 20 (20-21) 0.139
Body mass index, kg/m2 23.4(21.6-25.9) 23.9(21.7-25.8) 23.3(21.6-25.9) 0.865
Smoking history
New-onset smoking (< 4 weeks) 70 (16.9) 57 (79.2) 13 (3.8) <0.001
Increase in quantity of smoking (< 4 weeks) 3(0.7) 34.2) 0 0.005
Duration of smoking, months 7.5 (12.0-62.5) 0.8 (0.5-1.0) 48.0 (24.0-72.0) < 0.001
Packs of cigarettes smoked per day 0.5(0.4-0.8) 0.4 (0.3-0.5) 0.5 (0.4-0.8) < 0.001
Comorbidities
Allergy 33(8.0) 6 (8.3) 27 (7.9) 0.901
Chronic lung disease® 8(1.9) 0 8(2.3) 0.361
History of tuberculosis 3(0.7) 0 3(0.9) >0.999
Hypertension 2 (0.5) 0 2(0.6) >0.999
Symptoms
Onset, day 3(2-4) 2(1-3) 3 (2-5) < 0.001
Fever 376 (90.8) 64 (88.9) 312 (91.2) 0.532
Cough 376 (90.8) 69 (95.8) 307 (89.8) 0.120
Sputum 318(76.8) 40 (55.6) 278 (81.3) < 0.001
Chills 220 (53.1) 35(48.6) 185 (54.1) 0.397
Sore throat 171 (41.3) 7(9.7) 164 (48.0) < 0.001
Rhinorrhea 119 (28.7) 70.7) 112 (32.8) <0.001
Dyspnea 95 (23.0) 54 (75.0) 41 (12.0) < 0.001
Chest pain 93 (22.5) 28 (38.9) 65 (19.0) < 0.001
Myalgia 60 (14.5) 12 (16.7) 48 (14.0) 0.564
Fatigue 9(2.2) 2(2.8) 7(2.) 0.659
Night sweats 6 (1.5) 0 6 (1.8) 0.596
Palpitation 2 (0.5) 0 2(0.6) >0.999
Laboratory findings
White blood cell count, /uL 7,915 14,015 7,260 < 0.001
(5,510-11,430) (11,480-16,875) (5,220-9,570)
Neutrophil count, /uL 5,695 10,940 5,175 < 0.001
(3,730-8,880) (8,810-14,335) (3,370-7,230)
Lymphocyte count, /uL 1,240 1,375 1,230 0.042
(920-1,610) (995-1,755) (890-1,590)
Eosinophil count, /uL 40 (10-160) 250 (155-425) 20 (0-80) < 0.001
Platelet count, x 103/pL 198 (158-244) 241 (210-284) 189 (151-231) < 0.001
C-reactive protein, mg/dL 5.6 (3.2-9.6) 79 (4.4-11.1) 5.4 (3.1-9.0) 0.006
Chest CT findings
Ground glass opacity 337 (81.4) 72 (100.0) 265 (77.5) < 0.001
Consolidation 327 (79.0) 29 (40.3) 298 (87.1) <0.001
Centrilobular nodules 89 (21.5) 4(19.4) 75 (21.9) 0.641
Interlobular septal thickening 89 (21.5) 8 (94.4) 21 (6.1) < 0.001
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Variable Total (n = 414) AEP (n =72) Not AEP (n = 342) p value
Pleural effusion 52 (12.6) 26 (36.1) 26 (7.6) < 0.001
Bronchovascular bundle thickening 29 (7.0 24 (33.3) 5(1.5) < 0.001
Bilateral involvement 198 (47.8 71 (98.6) 127 (37.1) < 0.001

Positive results from microbiological evaluation
Gram stain and culture of respiratory specimens 226/314 (72.0) 37/65 (56.9) 189/249 (75.9) 0.002
Respiratory virus PCR 251/384 (65.4) 11/57 (19.3) 240/327 (73.4) < 0.001
Streptococcus pneumoniae urinary antigen 4/343 (1.2) 0/51 (0.0) 4/292 (1.4) >0.999

Values are presented as number (%) or median (interquartile range). p values were calculated according to the chi-square test, Fish-

er's exact test, or the Wilcoxon rank sum test.

AEP, acute eosinophilic pneumonia; NA, not applicable; CT, computed tomography; PCR, polymerase chain reaction.
4Chronic lung disease refers to asthma, chronic obstructive pulmonary disease, bronchiectasis, and tuberculosis-destroyed lung.

Table 2. Calculated penalized coefficients of variables se-
lected by least absolute shrinkage and selection operator

Table 3. ADIMS to diagnose acute eosinophilic pneumonia
without bronchoscopy

Variable Penalliz.ed Score
coefficient

New-onset or a recent increase in 1.512 8
quantity of smoking (< 4 weeks)

Interlobular septal thickening 0.902 5
Ground glass opacity 0.550 3
Sputum —-0.531 -3
Bronchovascular bundle thickening 0.452 2
Dyspnea 0.410 2
Chest pain 0.400 2
Leukocytosis (> 10,000/uL) 0.383 2
Bilateral involvement 0.366 2
Acute onset (< 3 days) 0.330 2
Fever 0.089 0
Fatigue -0.087 0
Pleural effusion 0.024 0
Neutrophil-to-lymphocyte ratio 0.017 0

ences. Patients in the derivation group had a higher inci-
dence of interlobular septal thickening (24.4% vs. 15.6%,
p = 0.041) and bilateral involvement (51.3% vs. 40.7%, p
= 0.045). Patient symptoms and laboratory findings did not
differ between the two groups (Supplementary Table 3).

Derivation of the score
After LASSO regression, 14 variables were selected from
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ADIMS scoring system
8 Points

New-onset or a recent increase in the quantity of smoking
(< 4 weeks)

5 Points

Interlobular septal thickening
3 Points

Absence of sputum

Ground glass opacity
2 Points
Acute onset (< 3 days)
Dyspnea
Chest pain
Leukocytosis (> 10,000/uL)
Bronchovascular bundle thickening

Bilateral involvement

ADIMS, Acute Eosinophilic Pneumonia Diagnostic Index in
Military Smokers.

the 36 candidate variables. The selected variables were
new-onset or a recent increase in the quantity of smoking
(< 4 weeks), interlobular septal thickening, ground glass
opacity, the presence of sputum, bronchovascular bundle
thickening, dyspnea, chest pain, leukocytosis (> 10,000/uL),
bilateral involvement, acute onset (< 3 days), fever, fatigue,
pleural effusion, and a higher neutrophil-to-lymphocyte ra-
tio. The penalized coefficients were calculated, multiplied
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Figure 2. Receiver-operating characteristics curve of the acute
eosinophilic pneumonia (AEP) Diagnostic Index for Military Smok-
ers (ADIMS) (A) in the derivation group and the (B) validation
group. AUC, area under the receiver-operating characteristics
curve; Cl, confidence interval.

by 5, and subsequently rounded off to the nearest integer.
After this process, the coefficients of four variables (fever,
fatigue, pleural effusion, and the neutrophil-to-lymphocyte
ratio) became zero and were excluded from the final score
(Table 2).

The scores were organized as follows: 8 points for
new-onset or a recent increase in the quantity of smoking
(< 4 weeks); 5 points for interlobular septal thickening; 3
points for both the absence of sputum and ground glass
opacity; and 2 points each for acute onset (< 3 days), dys-
pnea, chest pain, leukocytosis (> 10,000/uL), bronchovas-
cular bundle thickening, and bilateral involvement (Table
3). The score distribution ranged from 0 to 31 points. We
named this scoring system 'AEP Diagnostic Index for Military
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Smokers,” which was abbreviated as ADIMS. The ADIMS
score was calculated for each patient and showed a simi-
lar distribution among the derivation and validation groups
(Supplementary Fig. 1).

Validation of the score

The AUC of the ADIMS to distinguish AEP from other types
of pneumonia was 0.997 (95% confidence interval [Cl],
0.992 to 1.000) in the derivation group, and 0.985 (95% Cl,
0.965 to 1.000) in the validation group, which refers to an
excellent performance (Fig. 2). We evaluated the calibration
plots and Hosmer-Lemeshow tests, which revealed that the
ADIMS fit well (Supplementary Fig. 2).

Sensitivities and specificities

Various cut-off values were used to calculate the sensitivities
and specificities to correctly diagnose AEP. With cut-off val-
ues of > 18, 96.30% of patients could be correctly classified.
The cut-off of > 18 points showed a sensitivity of 94.44%
and a specificity of 96.58% (Supplementary Table 4).

DISCUSSION

This is the first study to introduce a scoring system, the AD-
IMS, which can distinguish AEP from other types of pneu-
monia without bronchoscopy. The ADIMS showed excellent
discrimination performance in both the derivation and val-
idation groups. The cut-off of > 18 points showed a high
sensitivity and specificity in distinguishing AEP from other
types of pneumonia in young male military smokers.

The presenting manifestations of the patients with AEP in
our study were similar to those reported previously among
other study populations [2,9,10,20,24]. Symptoms of dys-
pnea, cough, chest pain, fever, and fatigue, along with bi-
lateral parenchymal infiltrates were commonly observed in
studies from the United States [2,9]. A study from Japan
reported that the symptoms of fever, dyspnea, and cough
were common, while sputum was not [20]. Previous reports
from our center at a different time period also confirmed
similar characteristics, including cough, dyspnea, fever, dif-
fuse ground glass opacity, interlobular septal thickening,
pleural effusion, and leukocytosis [10,24].

The excellent discrimination performance of the ADIMS
can be explained by the distinct features of AEP compared
to those of other types of pneumonia. Primarily, AEP is well
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known to be associated with a recent change in smoking
habits [25,26]. New-onset smoking, along with restarting or
increasing the amount of smoking, was commonly observed
among patients with AEP [20]. In a previous study, patients
who smoked a cigarette every hour for a duration of 4 hours
suffered from cough and dyspnea within 12 hours of expo-
sure, along with a decline in the partial pressure of oxygen
and vital capacity [20]. On the other hand, the association
between a recent change in smoking habits and CAP has
not been established, despite the higher risk of CAP among
smokers and ex-smokers [27].

The recognizable radiographic features of AEP also play
an important role in enhancing the performance of the AD-
IMS. As previously reported [17], among 29 patients with
AEP, ground glass opacities and interlobular septal thicken-
ing were present in more than 90%, with more than 70%
presenting with bilateral involvement. Such diffuse bilater-
al lung involvement along with pleural effusion was also
emphasized in an earlier study [18]. This differs from other
commonly encountered pneumonia types such as CAP. Fo-
cal airspace consolidation is the most common radiographic
abnormality found in CAP [28], especially in cases of bacte-
rial origin [29].

Dyspnea, chest pain, and the absence of sputum were se-
lected as key symptoms in the ADIMS. Since our study popu-
lation included young military patients (median age 20) with
minimum underlying comorbidities, the risk of deterioration
due to CAP was very low [28]. Therefore, dyspnea, which
implies extensive involvement of the lungs, was relatively
rare in patients with other types of pneumonia compared
to that in patients with AEP. This was also true for chest
pain, which implies chest tightness or discomfort resulting
from acute respiratory difficulty. The presence of pleural ef-
fusion may induce pleuritic chest pain, which is common in
AEP but only observed in approximately 20% of hospital-
ized patients with CAP [30]. This is in accordance with the
incidence of chest pain related to other types of pneumonia
found in our study (19.0%). The absence of sputum was
another important aspect. Although sputum can be present
in any type of respiratory disease, the purulence and color
may imply an infectious origin [31,32].

Leukocytosis was the only laboratory parameter selected
in the ADIMS. Peripheral neutrophilic leukocytosis in the
early course of disease is a well-known characteristic of
AEP [5,7,33-35]. The exact cause for this phenomenon is
not fully understood; however, the increased production of
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interleukin-8 by bronchial epithelial cells following cigarette
exposure may be associated with such peripheral neutro-
philic leukocytosis [35].

We would like to make some recommendations in or-
der to utilize the ADIMS wisely. First, the ADIMS should be
considered in young military smokers with suspected lower
respiratory tract disease. Second, it should be an alternative
diagnostic method when bronchoscopic evaluation is not
possible. When bronchoscopy is feasible, the modified Phi-
lit criteria should be the gold standard for diagnosing AEP.
Third, an ADIMS score of > 18 seems to be an appropri-
ate cut-off value considering the high sensitivity (94.44%)
and specificity (96.58%) at that point. When the cut-off is
achieved, the administration of systemic steroids should be
considered in these patients.

Several limitations should be recognised. First, a detailed
history regarding heat-not-burn and electronic cigarettes
was not included in our study. Although both smoking
products can be possible causes for AEP [36], they were ex-
cluded because it was not possible to assess the relative im-
portance of each agent. In addition, the standardized quan-
tification of electronic cigarettes is impossible, considering
the diverse ingredients in the devices [37]. Second, our study
was confined to young male military smokers and could not
evaluate exposure to certain drugs or toxins. This was in-
evitable due to the single center retrospective design in a
military hospital. Although AEP is common in young military
smokers, future studies are required to validate the ADIMS
in other populations.

In conclusion, we developed and validated the ADIMS,
a simple scoring system that can efficiently distinguish AEP
from other types of pneumonia without bronchoscopy in
military smokers. The model was well-fit and revealed excel-
lent performance. The ADIMS can be used as a reasonable
alternative to diagnose AEP when bronchoscopic evaluation
is not feasible.

KEY MESSAGE

1. Among 414 patients with suspected acute eosin-
ophilic pneumonia or other types of pneumonia,
acute eosinophilic pneumonia was confirmed in 62
(15.0%) patients.

2. Recent change in smoking habits, chest comput-
ed tomographic findings, patient symptoms, and
some laboratory findings could distinguish acute

https://doi.org/10.3904/kjim.2021.069
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eosinophilic pneumonia from other types of pneu-
monia in military smokers.

3. The scoring system can be a useful alternative to
diagnose acute eosinophilic pneumonia among
military smokers, when bronchoscopic evaluation is
not feasible.
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Supplementary Table 1. Included variables for the least absolute shrinkage and selection operator analysis

Demographic Symptoms

Comorbidities

Laboratory findings

CT findings

Age Acute onset (< 3 days)
Body mass index, kg/m?  Dyspnea

New-onset or a recent Fever
increase in the quantity
of smoking (< 4 weeks)

Smoking amount, Chills
packs/day

Night sweats
Cough
Sputum
Rhinorrhoea
Chest pain
Myalgia
Fatigue
Palpitation
Sore throat

Hypertension
History of tuberculosis

Chronic lung disease

Any type of allergy

Chronic liver disease
History of AEP
Allergy

Leukocytosis (> 10,000/uL)

Thrombocytopenia
(< 150,000/uL)

Eosinophilia (> 500/uL)

Neutrophil-to-lymphocyte
ratio

C-reactive protein (mg/dL)

Ground glass opacity
Consolidation

Interlobular septal
thickening

Bronchovascular bundle
thickening

Centrilobular nodules
Pleural effusion

Bilateral involvement

CT, computed tomography; AEP, acute eosinophilic pneumonia.
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Supplementary Table 2. Microbiological results from respiratory specimens of patients according to the diagnosis of acute
eosinophilic pneumonia

Variable Total AEP Not AEP p value

Gram stain and culture
Any bacteria 226/314 (72.0) 37/65 (56.9) 189/249 (75.9) 0.002
a-Hemolytic Streptococcus 181/314 (57.6) 32/65 (49.2) 149/249 (59.8) 0.123
Gram negative rod 9/314 (2.9) 1/65 (1.5) 8/249 (3.2) 0.691
MSSA 8/314 (2.6) 1/65 (1.5) 7/249 (2.8) >0.999
Haemophilus influenzae 7/314 (2.2) 1/65 (1.5) 6/249 (2.4) >0.999
Klebsiella pneumoniae 2/314(0.6) 0/65 (0.0) 2/249 (0.8) >0.999
Pseudomonas aeruginosa 2/314.(0.6) 0/65 (0.0) 2/249 (0.8) >0.999
Gram negative diplococci 2/314(0.6) 0/65 (0.0) 2/249 (0.8) >0.999
Branhamella catarrhalis 1/314 (0.3) 0/65 (0.0) 1/249 (0.4) >0.999
Streptococcus pneumoniae 1/314(0.3) 0/65 (0.0) 1/249 (0.4) >0.999
MRSA 1/314(0.3) 0/65 (0.0) 1/249 (0.4) > 0.999
Other unusual bacteria® 15/314 (4.8) 2/65 (3.1) 13/249 (5.2) 0.744

Respiratory virus polymerase chain reaction
Any virus 251/384 (65.4) 11/57 (19.3) 240/327 (73.4) <0.001
Adenovirus 208/384 (54.2) 5/57 (8.8) 203/327 (62.1) <0.001
Rhinovirus 33/384 (8.6) 4/57 (7.0) 29/327 (8.9) 0.801
Coronavirus 7/384 (1.8) 0/57 (0.0) 7/327 (2.1) 0.600
Influenza virus A 6/384 (1.6) 0/57 (0.0) 6/327 (1.8) 0.598
Influenza virus B 6/384 (1.6) 1/57 (1.8) 5/327 (1.5) >0.999
Respiratory syncytial virus 6/384 (1.6) 1/57 (1.8) 5/327 (1.5) > 0.999
Metapneumovirus 5/384 (1.3) 0/57 (0.0) 5/327 (1.5) >0.999
Parainfluenza virus 3/384(0.8) 0/57 (0.0) 3/327 (0.9) >0.999

Values are presented as number (%).

AEP, acute eosinophilic pneumonia; MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococ-
cus aureus.

4Includes Eikenella corrodens, Klebsiella aerogenes, Enterobacter cloacae, Rothia muilaginosa, Staphylococcus haemolyticus, Gram
positive rod, and Neisseria species.
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Supplementary Table 3. Comparison of patient characteristics between the derivation and validation groups

Variable Derivation group (n = 279) Validation group (n = 135) p value
Male sex 279 (100.0) 135 (100.0) NA
Age, yr 20 (20-21) 20 (19-21) <0.001
Body mass index, kg/m2 23.5(21.8-25.7) 23.3(21.4-26.2) 0.797
Duration of smoking, mo 37.5(12.0-62.5) 36.0 (6.0-62.5) 0.373
Packs of cigarettes smoked, /day 5(0.4-0.8) .5(0.3-0.6) 0.258
Comorbidities
Allergy 17 (6.1) 16 (11.9) 0.043
Chronic lung disease 3(1.1) 5(30.7) 0.120
History of tuberculosis 2(0.7) 1(0.7) >0.999
Hypertension 2 (0.7) 0 >0.999
Symptom
Onset 3(2-4) 3(2-4) 0.289
Fever 257 (92.1) 119 (88.2) 0.190
Cough 254 (91.0) 122 (90.4) 0.825
Sputum 209 (74.9) 109 (80.7) 0.188
Chills 149 (53.4) 71 (52.6) 0.877
Sore throat 118 (42.3) 53(39.3) 0.557
Rhinorrhoea 77 (27.6) 42 (31.1) 0.459
Dyspnea 68 (24.4) 27 (20.0) 0.321
Chest pain 66 (24.7) 27 (20.0) 0.403
Myalgia 39 (14.0) 21 (15.6) 0.669
Fatigue 8(2.9) 1(0.7) 0.282
Night sweats 3(1.0) 3(2.2) 0.397
Palpitation 1(0.4) 1(0.7) 0.546
Laboratory findings
White blood cell count, /uL 7,870 (5,450-11,510) 8,160 (5,770-11,340) 0.611
Neutrophil count, /uL 5,570 (3,650-9,090) 6,000 (3,840-8,520) 0.700
Lymphocyte count, /uL 1,270 (920-1,630) 1,230 (890-1,540) 0.266
Eosinophil count, /uL 0 (10-150) 50 (10-170) 0.763
Platelet count, x 103/pL 196 (157—244) 202 (165-244) 0.313
C-reactive protein, mg/dL 9(3.4-10.1) 50.2 (20.9-90.6) 0.398
Chest CT findings
Ground glass opacity 232 (83.2) 105 (77.8) 0.188
Consolidation 221(79.2) 106 (78.5) 0.871
Centrilobular nodules 64 (22.9) 25 (18.5) 0.305
Interlobular septal thickening 68 (24.4) 21 (15.6) 0.041
Pleural effusion 36 (12.9) 16 (11.9) 0.762
Bronchovascular bundle thickening 21(7.5) 8(5.9) 0.550

Bilateral involvement 143 (51.3) 55 (40.7) 0.045

Values are presented as number (%) or median (interquartile range). p values were calculated according to the chi-square test, Fish-
er's exact test, or Wilcoxon rank sum test.
NA, not applicable; CT, computed tomography.
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Supplementary Table 4. Sensitivities and specificities according to various cut-off values of ADIMS in the validation group

Cut-off Sensitivity, % Specificity, % Correctly classified, %
>7 100.00 58.97 64.44
>8 100.00 75.21 78.52
>9 100.00 79.49 82.22
>10 94.44 87.18 88.15
> 12 94.44 92.31 92.59
> 14 94.44 95.73 95.56
>18 94.44 96.58 96.30
>21 83.33 98.29 96.30
>22 72.22 98.29 94.81
>23 66.67 98.29 94.07
>24 66.67 100.00 95.56
>25 50.00 100.00 93.33

ADIMS, Acute Eosinophilic Pneumonia Diagnostic Index in Military Smokers.
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Supplementary Figure 1. Distribution of Acute Eosinophilic
Pneumonia Diagnostic Index in Military Smokers (ADIMS) in the
derivation and validation groups. The distribution of ADIMS is
largely similar in the derivation and validation groups.
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Supplementary Figure 2. Calibration plots of Acute Eosinophilic Pneumonia Diagnostic Index in Military Smokers (ADIMS) according
to the (A) derivation and (B) validation groups. The calibration plots show that the model fitted well in both the derivation and validation
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Appendix 1. TRIPOD checklist: prediction model development and validation

Section/Topic ‘ ltem ‘ ‘ Checklist item ‘ Page
Title and abstract
Title 1 D,V [ldentify the study as developing and/or validating a multivariable prediction model, 1
the target population, and the outcome to be predicted.
Abstract 2 D,V |Provide a summary of objectives, study design, setting, participants, sample size, 2
predictors, outcome, statistical analysis, results, and conclusions.
Introduction
Background and |3a D;V  |Explain the medical context (including whether diagnostic or prognostic) and rationale 4
objectives for developing or validating the multivariable prediction model, including references to
existing models.
3b D,V |Specify the objectives, including whether the study describes the development or 4
validation of the model or both.
Methods
Source of data  |4a D,V Describe the study design or source of data (e.g., randomized trial, cohort, or registry 5
data), separately for the development and validation data sets, if applicable.
4b D;V  |Specify the key study dates, including start of accrual; end of accrual; and, if applicable, 5
end of follow-up.
Participants 5a D,V |Specify key elements of the study setting (e.g., primary care, secondary care, general pop- 5
ulation) including number and location of centres.
5b D,V |Describe eligibility criteria for participants. 5
5¢ D,V  |Give details of treatments received, if relevant. NA
Outcome 6a D,V |Clearly define the outcome that is predicted by the prediction model, including how and 5
when assessed.
6b D;V  |Report any actions to blind assessment of the outcome to be predicted. 6
Predictors 7a D;V  |Clearly define all predictors used in developing the multivariable prediction model, 6-7
including how and when they were measured.
7b D,V |Report any actions to blind assessment of predictors for the outcome and other 6
predictors.

Sample size 8 D;V  |Explain how the study size was arrived at. NA
Missing data 9 D;V  |Describe how missing data were handled (e.g., complete-case analysis, single imputation, 6
multiple imputation) with details of any imputation method.

Statistical 10a |D Describe how predictors were handled in the analyses. 7
analysis methods|10p  |D Specify type of model, all model-building procedures (including any predictor selection), 7-8
and method for internal validation.
10c |V For validation, describe how the predictions were calculated. 7-8
10d  |D;V  |Specify all measures used to assess model performance and, if relevant, to compare 7-8
multiple models.
10e |V Describe any model updating (e.g., recalibration) arising from the validation, if done. NA
Risk groups " D,V |Provide details on how risk groups were created, if done. NA
Development vs. |12 \Y For validation, identify any differences from the development data in setting, eligibility 5
validation criteria, outcome, and predictors.
Results
Participants 132 |D,V  |Describe the flow of participants through the study, including the number of participants 8
with and without the outcome and, if applicable, a summary of the follow-up time. A
diagram may be helpful.
13b  |D)V Describe the characteristics of the participants (basic demographics, clinical features, avail-|  8-9
able predictors), including the number of participants with missing data for
predictors and outcome.
13¢ |V For validation, show a comparison with the development data of the distribution of 9
important variables (demographics, predictors and outcome).
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Appendix 1. Continued

Section/Topic ltem Checklist item Page
Model 14a |D Specify the number of participants and outcome events in each analysis. 8
development  |14p D If done, report the unadjusted association between each candidate predictor and out- NA

come.
Model 15a |D Present the full prediction model to allow predictions for individuals (i.e., all regression 9-10
specification coefficients, and model intercept or baseline survival at a given time point).

150 |D Explain how to use the prediction model. 10

Model 16 D;V  |Report performance measures (with Cls) for the prediction model. 10
performance
Model-updating |17 \Y If done, report the results from any model updating (i.e., model specification, model per- NA

formance).

Discussion
Limitations 18 D,V |Discuss any limitations of the study (such as nonrepresentative sample, few events per pre-| 13

dictor, missing data).
Interpretation 19a |V For validation, discuss the results with reference to performance in the development data, | 11-13
and any other validation data.
19b |D,V  |Give an overall interpretation of the results, considering objectives, limitations, results from| 11-13
similar studies, and other relevant evidence.
Implications 20 D,V |Discuss the potential clinical use of the model and implications for future research. 13

Others
Supplementary |21 D,V |Provide information about the availability of supplementary resources, such as study pro- NA
information tocol, Web calculator, and data sets.

Funding 22 D;V  |Give the source of funding and the role of the funders for the present study. 14

ltems relevant only to the development of a prediction model are denoted by D, items relating solely to a validation of a prediction model
are denoted by V, and items relating to both are denoted D;V. We recommend using the TRIPOD Checklist in conjunction with the TRI-
POD Explanation and Elaboration document.

NA, not applicable; Cl, confidence interval.
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