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Abstract

Background: In nonneutropenic patients with underlying respiratory diseases (URD), invasive pulmonary aspergillo-
sis (IPA) is a life-threatening disease. Yet establishing early diagnosis in those patients remains quite a challenge.

Methods: A retrospective series of nonneutropenic patients with probable or proven IPA were reviewed from Janu-
ary 2014 to May 2018 in Department of Respiratory Medicine of two Chinese hospitals. Those patients were suspected
of IPA and underwent lung computed tomography (CT) scans twice within 5-21 days. The items required for IPA diag-
nosis were assessed by their host factors, mycological findings and CT scans according to the European Organization
for Research and Treatment of Cancer (EORTC) and the National Institute of Allergy and Infectious Diseases Mycoses
Study Group (MSG) criteria (EORTC/MSG criteria).

Results: Together with the risk factors, mycological findings and nonspecific radiological signs on first CT, ten
patients were suspected of IPA. With the appearance of cavities on second CT scan in the following days, all patients
met the criteria of probable or possible IPA. Except one patient who refused antifungal treatment, nine patients
received timely antifungal treatment and recovered well. One of the nine treated IPA cases was further confirmed by
pathology, one was confirmed by biopsy.

Conclusions: Dynamic monitor of CT scan provided specific image evidences for IPA diagnosis. This novel finding
might provide a noninvasive and efficient strategy in IPA diagnosis with URD.

Keywords: CT dynamic monitoring, Aggressive pulmonary aspergillosis, Nonneutropenic, Chronic respiratory
diseases

Introduction

Invasive pulmonary aspergillosis (IPA) is a fungal infec-
tion which is the most common form of invasive asper-
gillosis and a cause of mortality. IPA usually a ects
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associated with significant morbidity and carries a crude
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mortality rate of up to 30—40% in some risk groups [1, 2].
Aside from those high-risk groups, the incidence of IPA
in nonneutropenic patients with underlying respiratory
diseases (URD) such as chronic obstructive pulmonary
disease (COPD), asthma, lung cancer or autoimmune
diseases with pulmonary involvement is increasing [3—5].
Patients with COPD were reported to be most vulnerable
for IPA development [4, 6]. e mortality of IPA in URD
patients has been found to be between 32% and 100%
[6—8]. Patients with URD have similar symptoms, signs
and radiology, which is likely to cause missed or misdiag-
nosed IPA in clinical diagnosis [2—4].

Due to the lack of specificity of the clinical manifesta-
tions of IPA, early diagnosis is di cult and the treatment
e ect is poor, so the mortality rate is extremely high. To
establish diagnosis of IPA in URD patients without the
classic risk factors is usually di cult, although several
diagnostic criteria such as EORTC/ MSG Criteria [9] and
Bulpa Criteria had been applied in daily practice [10].
IPA patients with URD usually present severe clinical
conditions and poor lung function which make it di cult
to obtain sterile lower respiratory tract (LRT) samples
by bronchoscopy. So sterile samples are rarely collected
in daily practice, despite they are important for IPA
diagnosis. Non-specific symptoms and signs and insuf-
ficient accuracy of diagnostic tests delay early identifica-
tion and timely antifungal treatment, which leading to an
increased physical and psychological burden.

Novel tests for diagnosis of IPA in patients with URD
are under development. Next-generation sequencing
(NGS), aspergillus-specific lateral-flow device tests, bio-
luminescence and small molecule imaging were reported
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to be helpful in diagnosis of IPA [7, 11, 12]. However,
these novel tests need to be verified in large population
and the cost of the tests is very high. A simple, noninva-
sive and e ective diagnosis method is urgently needed,
especially in developing countries.

Here by adopting a strategy of repeated CT scans
within a short interval, we identified 10 cases of IPA in
nonneutropenic patients. Our data showed that IPA had
common imaging signs such as consolidation and tree-
in-bud pattern in the early stage, then showed typical
IPA signs such as cavitated nodules and halo signs in the
following days. Dynamic CT review within a short inter-
val provided more available evidence for EORTC/ MSG
criteria. s strategy might be useful in diagnosis of IPA
for non-hematologic immunocompromised patients.

Materials and methods

We retrospectively assessed patients with invasive pul-
monary aspergillosis admitted in Department of Res-
piratory Medicine of First People’s Hospital of Yuhang
District and Second A liated Hospital of Zhejiang Uni-
versity School of Medicine respectively, between Jan
2014 and May 2018, and recruited the patients who had
chest CT more than or equal to twice during the onset
and whole hospitalization.

e EORTC/ MSG criteria [9] was taken as IPA diag-
nostic criteria (Table 1). We added URD history as host
factor according to the previous study [13]. Patients were
classified into proven, probable or possible IPA based
on host factors, clinical data, mycological criteria, histo-
pathological or cytopathological examination. Details as
follows:

Table 1 IPA classification according to revised 2008 EORTC/MSG criteria

EORTC/MSG criteria Host factors Clinical criteria

Mycological criteria Histopathological
or
cytopathological

examination

Recent history of neutropenia

Receipt of an allogeneic stem
cell transplant

Prolonged use of corticoster-
oids halo sign

Treatment with other recog-

nized T cell immunosuppres- A cavity
sants
Inherited severe immunode-
ficiency
URD*
Possible IPA Vv 4
Probable IPA Vv V4

Proven IPA

The presence of 1 of the follow-
ing 3 signson CT:

Dense, well-circumscribed
lesion(s) with or without a

An air-crescent sign

Positive culture and/or microscopy Histopathologic or

result for sputum, BALF, bronchial direct micro-
brush scopic demon-
Positive serum or BALF GM tests stration
\/
v

URD underlying respiratory diseases, LRTs lower respiratory tracts, BALF bronchoalveolar lavage uid, GM galactomannan tests

*URD was added as host factors in our study according to previous report
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(a) Possible cases required host factors and clinical

data but without Aspergillus isolation or serology.

Written informed consent was obtained from each

patient.

Probable cases require host factors, clinical data

(meet one of the followings in CT: dense and well-

circumscribed lesion with or without a halo sign,

an air-crescent sign or a cavity), and microbiologi-
cal factors (isolation of Aspergillus in LRT samples,
or positive serum or bronchoalveolar lavage fluid

(BALF) Galactomannan test (GM tests).

(c) Proven IPA identification requires histopathologi-
cal or cytopathological examination of lung tissue
showing Aspergillus hyphae from needle aspiration
or biopsy specimen with evidence of associated tis-
sue damage, or positive culture for Aspergillus from
a sample obtained by sterile procedure from the
lung.

G

is study was approved by institutional review board
of both hospitals. All procedures performed in studies
involving human participants were in accordance with
the Helsinki Declaration. Written informed consent was
obtained from the patient.

Results
Ten patients were diagnosed as uncertain IPA at first
when they showed poor response to broad antibiotic
and/or systemic corticosteroids (Table 2).

Table 2 is the basic information of the patients. Gender:
8 males and 2 females; Reasons for admission: 1 patient
with acute exacerbation of COPD, 2 patients with acute
exacerbation of asthma, 7 patients with pneumonia; pre-
vious medical history: 1 patient with a history of esopha-
geal cancer, 1 patient with a history of prostate cancer,
1 patient with herpes zoster infection (relapse 2 months
before admission); comorbidities: 1 patient with coronary
heart disease, 5 patients with hypertension, and diabetes
mellitus (DM) 4 cases, 2 patients with COPD.  ere were
6 patients with smoking history. e rest had no his-
tory of malignant tumors, hematological malignancy or
long-term use of immunosuppressive agents. None of the
patients had rheumatoid arthritis treated with corticos-
teroids or immunosuppressive agents, nor had prostate
cancer and esophageal cancer after chemotherapy.

e physical examination results showed: all patients
had cough and sputum, eight patients had wheezing
symptoms, some of them had thick wet rales, 4 patients
had dyspnea, and 5 patients had body temperature
between 37.5 and 39.1 °C. All patients had poor response
to broad-spectrum antibiotic and/or systemic corticos-
teroids. Two of them were admitted to the intensive care
unit (ICU).
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Sputum culture was ordered for once at least and six
times at most before initiation of antifungal therapy.
Sputum culture results showed:  ree patients’ spu-
tum cultures revealed Aspergillus once or twice. One
patient’s sputum sample reported filamentous fungi in
all six sputum samples. Six patients’ cultures did not
reveal Aspergillus at all. In addition, four patients had a
positive galactomannan (GM) test in blood.

In this study, only one patient underwent bronchos-
copy, six patients were considered intolerant to bron-
choscopy by their attending doctors, and two refused
bronchoscopy. Another patient received CT-guided
lung biopsy first, which confirmed the diagnosis of IPA.
As a result, bronchoscopy was unnecessary for him.

CT scan results showed: all ten patients under-
went chest CT scan twice. A radiologist was invited to
review the CT signs in a single-blind way (Tables 3, 4).
At the first CT scan, patients showed common signs
of inflammation, like scattered peri-bronchial con-
solidations, thickening of bilateral lung texture, small
nodular lesions along the bronchial tree, and the ‘tree-
in bud’ pattern. Second lung CT scan was ordered at
short intervals of 5-22 days (averaging 9.7 days). All
patients had deterioration of lesions with several nod-
ules and cavities. e changes of lung CT in 3 patients
are shown in Fig. 1. e intervals of CT scan were 5, 8
and 10 days in three cases respectively.

Diagnosis results: visualized by images, majority
of walls of cavities were thin. One patient had pleural
wedge shape, and one developed pneumothorax. With
the typical CT signs of IPA such as cavitied nodular and
halo signs appearing on second CT scan, eight patients
met the criteria of probable IPA, and two patients met
the criteria of the possible IPA (Table 5). Only one
patient had large peripheral nodules which allowed a
biopsy through CT guidance. e lung tissue revealed
Aspergillus (Fig. 2).

Treatment process and results (Table 5): eight of the
nine patients were treated with voriconazole for 15 days
to 6 months. One patient was treated with voriconazole
at first, but had no response. So eight days later the
patient was treated with posazonazole instead and had
a good response. Among the nine patients who received
treatment, eight of them recovered well through evalu-
ation of symptoms and CT scan signs and survived, the
survival rate was 88.89%. One patient recovered after
2 weeks of voriconazole therapy, but voriconazole was
discontinued because of economic cost of voricona-
zole. e patient died after discharge. Only one patient
refused antifungal therapy and was lost during the fol-
lowing visit.
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Table 3 The signs appearing in the initial CT scans

Case no. Peri-bronchial Thickening of The ‘tree-in Big nodular Tiny-small nodular Halo sign Cavities

consolidations bilateral lung bud’ pattern in Itrates in Itrates (<3 cm)
texture (>3cm)

1 v v v x v V* x

2 v v i X v X X

3 v v v X X X X

4 v v v X X X X

5 Vv Vv Vv X X X X

6 v v v x i x x

7 v v N4 X X X X

8 v v v x v vi x

9 X \/ X v \/ X X

10 \/ \/ \/ X \/ X X

Total number 9 10 9 1 6 2 0

A radiologist was invited to review the patients’ CT scans in a single-blind way. “v/ the sign was found on CT.“x”, didn’t found on CT

*There was a small nodule (1.1 mm x 0.9 mm) with halo sign in upper right lung on CT scan

Table 4 The signs appearing in the second CT scans

Case no. Peri-bronchial ~ Thickening of The‘tree-in  Big nodular Tiny-small Halosign Cavities The intervals

consolidations bilateral lung bud’pattern in Itrates nodular between initial
texture (=3cm) in Itrates (<3 cm) and second CT
scan (days)

1 v v v x v v v 6

2 v v v x v x v 8

3 \/ \/ \/ X X X \/ 10

4 Vv Vv Vv X X X Vv 7

5 \/ \/ \/ X X X \/ 20

6 Vv v v x v x v 5

7 Vv v Vv X X X Vv 5

8 v v v x v v v 7

9 x v x v v x i 22

10 Vv Vv V4 X v X v 7

Total number 9 10 9 1 6 2 10 9.7%

A radiologist was invited to review the patients’ CT scans in a single-blind way. “v/ the sign was found on CT.“x”, didn’t found on CT

#The averaging intervals between initial and second CT scan (days)

Discussion diagnosis and timely antifungal therapy. e diagnosis

Data from a German study showed, during the period
from 1979 to 1992, the incidence of invasive mycosis
increased by about 8 times, and IPA, as the most harmful
type and the most fatal type of pulmonary aspergillosis
infection, has gradually been paid attention by clinical
researchers [13]. Clinically, IPA is generally divided into
neutropenia and non-neutropenia. is study mainly
discusses the diagnostic methods of IPA patients with
non-neutropenia. We found that IPA in nonneutropenic
patients showed a specific progressive deterioration in
the CT scan in a short interval, which promoted early

of IPA was validated finally by therapeutic response and/
or biopsy. erefore, our findings provide a noninvasive,
feasible and e ective strategy for early diagnosis of IPA
with URD. To the best of our knowledge, the current
report is the first to emphasize the diagnostic value of
dynamic monitor of CT scans in IPA with URD.

Research data shows that IPA is commonly diagnosed
in neutropenic patients, but also could be diagnosed in
nonneutropenic patients with URD [4, 14]. In our data,
all patients had no neutropenia but less severe forms of
immunocompromise in lungs. Most of the reasons for
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and cavity

ZHE JIANG CANCER HOSPITAL

Fig. 1 Dynamic monitoring of CT scans at short intervals of 5,8 and 10 days in three cases respectively. The first CT scan of patients showed
nonspecific signs. The second CT scan had deterioration with multiple nodules and cavities. The black arrows showed the specific signs of nodular

their admission were COPD, asthma and pneumonia,
complicated with prostate cancer, hospital acquired
pneumonia (HAP), and most of them had underlying

diseases such as coronary heart disease, hypertension,
and diabetes. Some patients had a history of malig-
nant tumors. So we suggest to keep IPA in mind when
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Table 5 Final diagnosis and outcomes of patients
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Caseno. Hostfactors Mycological ndings Initial CT Initial IPA Second CT Biopsy Modi edIPA  Outcomings
— scan diagnosis scan diagnose after
Serum G/GM  Positive antifungal
(pg/ml, AU/ culture for treatment
ml) Aspergillus
1 MP (253 mg)  117/048 Aspergillus Nonspecific ~ Uncertain Cavities NA Probable IPA° Recovery
2 MP (1048 mg) NA/positive*  Negative Nonspecific Uncertain Cavities NA Probable IPA Improve but
died due to
discontinue
of treat-
ment
3 MP (1040 mg) NA/0.08 Negative Nonspecific ~ Uncertain Cavities NA Possible IPA Recovery
Asthma
Prostatic
cancer
4 MP (1032 mg) 3820/ positive  Negative Nonspecific Uncertain Cavities NA Probable IPA° Recovery
COPD
5 MP(2360 mg) NA/0.31 Negative Nonspecific Uncertain Cavities NA Possible IPA Recovery
Asthma
6 Postoperative  NA/NA Filamentous Nonspecific Uncertain Cavities NA Probable IPA° Unknown
esophagus fungi
cancer
7 MP (1200 mg) NA/0.07 Aspergillus Nonspecific ~ Uncertain Cavities NA Probable IPA° Recovery
8 None 26940/ posi-  Aspergillus Nonspecific ~ Uncertain Cavities NA Probable IPA Recovery
tive
9 None NA/negative  NA Nonspecific Uncertain Cavities Aspergillus  Proven IPA Recovery
10 MP(1200 mg)  27.55/positive NA Nonspecific Uncertain Cavities NA Probable IPA° Recovery
Asthma

MP: Methylprednisolone. G test: (1,3)-B-D-glucan test, GM test: Galactomannan test,*Before G/GM detection, piperacillin tazobactam was used in this case. NA: not

applicable.

managing the patients in department of respiratory
medicine. e URD of those patients could further
increase the complexity of Aspergillus diagnosis. First,
pulmonary diseases commonly share same symptoms
and signs with IPA, such as fever, dyspnea, chest tight-
ness, wheezing and sputum production. And those
non-specific symptoms and signs could mask Aspergil-
lus infections. Second, corticosteroids and broad-spec-
trum antibiotics are used commonly even overused in
these population, which could further increase risk for
IPA [3, 4]. ird, biomarkers and specific CT signs of
IPA are not sensitive in nonneutropenic patients. e
specific CT signs like cavity or air crescent are less
common in nonneutropenic patients than in neutro-
penic patients [7]. In agreement with another report
[15], the most common CT finding was consolidation.
Such CT sign is non-specific and might correspond to a
wide range of morbidities such as bacterial pulmonary
infection, cardiac failure, aspiration pneumonia and so
on. At last, patients’ poor clinical conditions like weak-
ness, dyspnea, hypoxic respiratory failure and cardiac
failure made invasive procedures such as lung tissue
biopsy and bronchoscopy risky. As in our report, only
one patient received biopsy. Yet tissue biopsy and lower

respiratory tract samples for culture or GM tests in
BALF are very specific for IPA [9, 16].

e GM is a universal polysaccharide component in the
cell wall of aspergillus, which is a polyantigen. e GM
appears in circulation about 1 week earlier than clini-
cal symptoms and imaging abnormalities. Continuous
monitoring of patients’ serum GM levels is helpful for
early diagnosis of IPA and timely medication. And the
detection of the GM antigen in BALF and serum serves
as a reliable assay for the diagnosis of IPA [15]. Positive
GM test has been taken as an important criterion for the
diagnosis of IPA both by the EORTC/MSG and Bulpa
criteria. In our report, only four out of nine patients
reported positive GM test. So our results showed that
GM assay has relatively low sensitivity in nonneutro-
penic patients, as reported previously [17, 18]. Mean-
while, there were other factors a ecting result of GM
test. One of the GM positive patients had been admin-
istered piperacillin-tazobactam prior to the test, which
was reported to be one of the reasons for false posi-
tives in the serum-GM assay [19, 20]. Some studies have
reported that the BALF-GM assay is more sensitive than
the serum-GM assay and fungal cultures [17, 19, 21]. s
is a shortcoming that bronchoalveolar lavage (BAL) was
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100x

Fig. 2 Detection of Aspergillus in lung biopsy sample of one patient
in 100x and 400x magnitude respectively

not conducted through bronchoscope as common in our
study. A number of reasons prevented doctors to suc-
cessfully obtain BALF. First, the bad general condition
of patients, extreme discomfort and side e ects of bron-
choscope reduced patients’ compliance. Second proper
standardization techniques of BAL are still lacking.  ere
were variations in the BALF volumes and GM cut-o val-
ues reported in di erent studies. Moreover, the yield of
BALF-GM is associated with the lavage site.  erefore,
how to accurately locate the lesion is critical yet very
di cult.

Previous studies reported that some special signs in
CT are highly suggestive of IPA, like cavity, vessel occlu-
sion signs [22], patchiness [23], airway-invasive features
in nonneutropenic cases [24]. But several papers have
reported that CT signs in nonneutropenic IPA is non-
specific. So the imaging findings of nonneutropenic IPA
need further study.

First, it is reported that IPA in nonneutropenic patients
have di erent tissue injury pathogenesis compared with
neutropenic patients. Berenguer et al reported that non-
neutropenic immunocompromised animals revealed
a pattern of inflammatory necrosis but no significant
angioinvasion, hemorrhage or infarction histologically
demonstrated in persistently neutropenic animals with
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IPA [25]. e same tissue injury pattern was found in
IPA patients [26]. It means the nonneutropenic patients
should have the corresponding CT scans of tissue necro-
sis like cavities or halo signs.

Secondly, given IPA was an infectious disease, it might
evolve over several phases which might begin with colo-
nization, progress to infection and, finally lead to mani-
festation of disease symptoms in patients [27].  is phase
evolving was reported in a female case of invasive tra-
cheobronchial Aspergillosis, in which the CT scan was
ordered on day 1, day 4, day 7, day 21, day 63 and day
139. It was found that invasive tracheobronchial Asper-
gillosis could progress to IPA with extended parenchymal
lesions within a short period [28]. In summary, the CT
signs in nonneutropenic IPA might change over time,
and specific signs could appear in one certain time point.
As showed in our report, IPA underwent a progress
beginning with nonspecific CT signs, then developing to
cavities within a short period of about 9 days, which was
reported as appearing 2 weeks in neutropenic IPA [29].
Until now, this is the first report about the progress dete-
rioration of CT scans in nonneutropenic IPA, the exact
dynamic changes of CT scans in nonneutropenic IPA are
far from clear, so specific study designed to observe CT
signs at di erent stages of IPA is warranted.

Right now there are several guidelines of diagnosis and
treatment for IPA released by several committees, namely
EORTC/ MSG criteria [9], Bulpa criteria [30] and ICU
criteria [30]. e scope for each guideline are di erent.
EORTC/ MSG criteria is limited for cancer patients but
also widely used in other patients. e Bulpa criteria is
proposed to diagnose IPA specifically in COPD patients.

e ICU criteria is proposed to diagnose IPA in the ICU
setting. Items required for proven IPA are the same in
the three sets of criteria, yet the items required for prob-
able IPA are di erent. Here we used EORTC/ MSG cri-
teria to diagnose IPA. When patients had a history of
severe COPD, Bulpa criteria were also used. As we found,
EORTC/ MSG criteria has strict requirements regarding
the typical CT findings. So according to EORTC/ MSG
criteria, probable/putative IPA should meet one of three
CT signs in clinical data as follows, (a) Dense, well-cir-
cumscribed lesion(s) with or without a halo sign. (b) An
air-crescent sign. (c) A cavity. Yet those typical CT signs
for IPA (e.g. halo or air-crescent sign) are particularly rare
in early stages in nonneutropenic patients. As showed in
our study, the first CT scan only had some nonspecific
CT signs as reported before [2, 8, 31], which were not
helpful for early diagnosis and timely treatment.

Meanwhile, we found there was no requirement for
dynamic changes of clinical exacerbation, neither the
CT scan nor mycological findings in the EORTC/ MSG
criteria. We speculated that it was because of EORTC/



Chen et al. BMC Pulm Med (2021) 21:142

MSG criteria mainly serving for cancer or hematopoietic
malignancies, which might deteriorate in hours and days.
Yet in IPA in nonneutropenic patients with local airway
impaired immunity, the clinical process is not usually so
urgent. Nousheen and colleagues reported the average
length of hospital stay were 10.6149.08 days [32], and
ours were 45.3 days. We found there was a very signifi-
cant CT sign deterioration among those patients after
average intervals of 9 days, at least 5 days. Our results
suggested that EORTC/ MSG criteria were not sensitive
enough for nonneutropenic IPA without reexamination
of CT scans. us, the procedure of applying dynamic
monitor of clinical or dynamic CT scans is a way to opti-
mize the EORTC/ MSG criteria.

However, our study had several limitations. e diag-
nosis of invasive pulmonary aspergillosis should be con-
firmed by pathology, but in this study only one patient
had pathology to confirm the diagnosis. And we only
included 10 patients in the study, so the sample size was
small. Further in-depth studies with large samples were
needed to verify the validity of CT scan within short
interval for IPA diagnosis.

Conclusions

IPA in nonneutropenic patients with URD has become
a challenge in clinical practice. By dynamically moni-
toring disease progression via CT, it might improve the
accuracy of diagnosis, especially in seriously-ill patients
who could not stand bronchoscopy and lacking positive
mycological findings. We suggest the interval of CT scans
could be around a week, or at least 5 days in emergency
situation based on our data. Our novel finding might pro-
vide a valuable noninvasive and e cacious strategy in
nonneutropenic IPA.
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