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Abstract. This study explored the diagnostic value of 
computed tomography (CT) in pulmonary fungal infec-
tion to provide a theoretical basis for the clinical diagnosis 
of pulmonary fungal infections. The clinical data of 
82 suspected invasive fungal infection (IFI) patients 
admitted to the Department of Critical Care Medicine of The 
Affiliated Hospital of Qingdao University from January 2016 
to May 2018 were retrospectively analyzed, and 64 of them 
were diagnosed with IFI by pathology and sputum culture. 
The CT results of the 82 patients were compared with the 
X-ray results in order to analyze the diagnostic value of CT 
imaging. Taking pathological diagnosis as the gold standard, 
the number of true-negative, true-positive, false-negative 
and false-positive results in X-ray diagnosis were 13, 43, 
21 and 5, respectively, while those in CT diagnosis were 11, 
59, 5 and 7, respectively. The sensitivity, specificity, accuracy, 
positive coincidence rate, negative coincidence rate, misdiag-
nosis rate and missed diagnosis rate of CT in IFI were 92.18, 
61.11, 85.37, 89.39, 68.75, 38.89 and 7.81%, respectively, while 
those of X‑ray in IFI were 67.19, 72.22, 68.29, 89.58, 38.24, 
27.78 and 32.81%, respectively. The sensitivity, accuracy 
and negative coincidence rate of CT in the diagnosis of IFI 
were significantly higher than those of X‑ray (P<0.05), with 
a sensitivity of 92.18%, which indicates that CT has a higher 
diagnostic value in IFI. The results of CT combined with 
the basic condition of the patients can be used to initially 
diagnose pulmonary fungal infections, which is of high diag-
nostic value and can improve clinical treatment.

Introduction

With the development of health care, the incidence of inva-
sive fungal infections (IFIs) in the high risk and impaired 
immune-function population has been increasing (1). At 
present, it is believed that the main risk factors for IFI include 
neutropenia, malignant hematopathy, bone marrow transplanta-
tion, solid organ transplantation, severe burn, glucocorticoids, 
long-term intensive care, chemotherapy, HIV infection, invasive 
medical procedures and new immunosuppression agents (2-4). 
The patients in ICU have the characteristics of long-term bed 
rest, complicated basic diseases and low immune system, 
which create the conditions for the breeding and implanta-
tion of fungi, leading to an increasing number of pulmonary 
fungal infections (5-7). The early diagnosis of IFI, especially 
pulmonary fungal infection, remains a challenge in medical 
research (8). Invasive pulmonary aspergillosis (IPA) is the most 
common type in fungal pneumonia (9,10). At present, the diag-
nosis of IFI relies on complex microbiological methods (11,12), 
including culture and molecular identification.

Multi-slice spiral computed tomography (CT), a widely 
used imaging method in recent years, is reported to have 
achieved good results in the differential diagnosis of compli-
cated pulmonary lesions by many scholars (13). Studies have 
also shown that CT is an important tool for the early diagnosis 
of pulmonary infection in immunocompromised hosts (14). 
The density and spatial resolution of multi-slice spiral CT have 
been greatly developed and unified. Its thin layer scan not only 
shows the details and changes of lung tissue more clearly, but 
also shows clearly all kinds of pathological changes, recon-
structs images of any plane, such as axial, sagittal and coronal 
plane, and provides arbitrary section images by adjusting to 
different directions, allowing us to better understand the 
details of the lesion and the space anatomical relationship (15).

The purpose of this study was to investigate the diagnostic 
value of 64‑slice spiral CT in invasive pulmonary fungal infec-
tion, and provide a reference for improving the treatment rate 
and prognosis of patients with pulmonary fungal infection.

Patients and methods

General information. The clinical data of 82 suspected IFI 
patients treated in the Department of Critical Care Medicine 
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in The Affiliated Hospital of Qingdao University (Qingdao, 
China) from January 2016 to May 2018 were retrospectively 
analyzed, including 51 males and 31 females, with an average 
age of 40.59±10.34 years. There were 21 patients with hema-
tologic tumors, 42 patients treated with immunosuppression 
agents, 7 patients treated with kidney transplantation and 
12 patients treated with solid tumor chemotherapy. The main 
clinical symptoms were cough and expectoration, and some 
patients presented with chest pain, hemoptysis, and fever. All 
patients underwent X-ray and spiral CT examinations during 
hospitalization. Finally, 64 patients were diagnosed with IFI 
by pathology and sputum culture. Inclusion criteria: suspected 
patients with clinical symptoms consistent with IFI. Exclusion 
criteria: patients with other severe infections; patients with aller-
gies to CT contrast agents; patients with short-term expected 
death; patients previously using antifungal drugs. The patients 
and their families agreed to participate in tis study and signed 
an informed consent. The study was approved by the Ethics 
Committee of The Affiliated Hospital of Qingdao University. 
The general information of the patients is shown in Table I.

Detection methods. Sixty-four-slice spiral CT was performed 
using a CT scanner obtained from GE Healthcare (Chicago, 
IL, USA). Patients were placed in supine position and scanned 
with conventional plain scan from lung apex to lung bottom 
(voltage, 120 kV; current, 200-250 mA; thick section, 5 mm; 
section interval, 5 mm). If necessary, thinning and reconstruc-
tion were performed as needed, and enhanced examination 
was performed. The lesion location was scanned at a thickness 
of 2 mm and the section interval was 2 mm. Mediastinal and 

pulmonary windows were used to observe the size, number, 
location, shape, density, boundary, surrounding structure and 
other imaging findings of lesions. The bedside chest radiography 
(X-ray) was performed by 12A radiographic device (Toshiba 
Medical Systems Corp., Tokyo, Japan), and chest radiography by 
GE Revolution XQ/i (GE Healthcare). All patients were exam-
ined in prone position and scans were carried out 2-3 times.

Outcome measures. Taking the results of pathology and 
sputum culture as the gold standard, the imaging features of 
CT in confirmed patients were analyzed and the sensitivity, 
specificity, accuracy, positive coincidence rate, negative coin-
cidence rate, misdiagnosis rate and missed diagnosis rate of 
X-ray and CT in IFI were calculated.

Statistical analysis. SPSS 17.0 statistical software (Shanghai 
Cabit Information Technology Co., Ltd., Shanghai, China) 
was used for analysis. t-test was used for the measurement 
data. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Spiral CT findings in 64 patients. Among 64 confirmed patients, 
there were 14 cases of pulmonary mucormycosis, 15 cases of 

Table I. General information [n (%)].

Clinical data Cases (n=82)

Sex
  Male 51 (62.20)
  Female 31 (37.80)
Age (years)
  ≥40 39 (47.56)
  <40 43 (52.44)
BMI (kg/m2)
  ≥21 37 (45.12)
  <21 45 (54.88)
Smoking
  Yes 59 (71.95)
  No 23 (28.05)
Hormone administration
  Yes 48 (58.54)
  No 34 (41.46)
Severe disease classification
  Hematologic tumor 21 (25.61)
  Immunosuppression therapy 42 (51.22)
  Kidney transplantation 7 (8.54)
  Solid tumor chemotherapy 12 (14.63)

Figure 1. CT image of lung with pulmonary mucormycosis. The bilateral 
lungs show a symmetrical distribution of glass-like shadows with blurry 
boundaries and patchy solid shadows. CT, computed tomography.

Figure 2. CT image of lung with pulmonary Candida infection. There are 
many nodules with different sizes and clear boundaries, accompanied by 
consolidation or tree-in-bud sign or ground-glass nodules, and there are halo 
signs around some nodules. CT, computed tomography.
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pulmonary Candida infection, 20 cases of pulmonary Asper
gillus infection, 13 cases of pulmonary Cryptococcus infection 
and 2 cases of pulmonary histoplasmosis. Representative CT 
scans are shown in Figs. 1-5.

X‑ray and CT diagnosis. Taking pathological diagnosis as 
the gold standard, the number of true-negative, true-positive, 
false-negative and false-positive results in X-ray diagnosis 
were 13, 43, 21 and 5, respectively, while those in CT diagnosis 
were 11, 59, 5 and 7, respectively (Tables Ⅱ and Ⅲ).

Comparison of diagnostic value of X‑ray and CT. The sensi-
tivity, specificity, accuracy, positive coincidence rate, negative 
coincidence rate, misdiagnosis rate and missed diagnosis 
rate of X‑ray in IFI were 67.19, 72.22, 68.29, 89.58, 38.24, 
27.78 and 32.81%, respectively, while those of CT in IFI were 
92.18, 61.11, 85.37, 89.39, 68.75, 38.89 and 7.81%, respectively. 
The sensitivity, accuracy and negative coincidence rate of CT 
in the diagnosis of IFI were significantly higher than those of 
X‑ray (P<0.05), with a sensitivity of 92.18%, which indicates 
that CT had a high diagnostic value in IFI (Table Ⅳ).

Figure 5. CT image of lung with pulmonary histoplasmosis. There is miliary 
pulmonary infiltration, cavitation formation and hilar lymphadenectasis, and 
significant hilar lymph nodes. In part of the lung apex appears a cavity with 
no obvious specific manifestations. CT, computed tomography.

Figure 3. CT image of lung with pulmonary Aspergillus infection. The inside 
cavity is characterized by the inhomogeneous density of the sphere, rough 
edge, and the meniscus sign in meniscus radiolucent area of the cavity wall. 
CT, computed tomography.

Figure 4. CT image of lung with pulmonary Cryptococcus infection. There 
are single or multiple nodules or masses with multiple distribution and clear 
boundaries in most of them, and the lesions are distributed as lobes or seg-
ments. CT, computed tomography.

Table Ⅱ. X‑ray diagnosis.

 Pathological diagnosis
 ----------------------------------------------
X-ray diagnosis Negative Positive Total

Negative  13 21 34
Positive   5 43 48
Total 18 64 82

Table Ⅲ. CT diagnosis.

 Pathological diagnosis
 -----------------------------------------------
CT diagnosis Negative Positive Total

Negative  11   5 16
Positive   7 59 66
Total 18 64 82

CT, computed tomography.

Table Ⅳ. Comparison of the diagnostic value of X‑ray and CT.

 X-ray CT
 (n=82) (n=82)
Diagnosis (%) (%) t P‑value

Sensitivity 67.19 92.18 12.36 <0.001
Specificity 72.22 61.11 0.500 0.480
Accuracy 68.29 85.37 6.713 <0.050
Positive coincidence rate 89.58 89.39 0.001 0.974
Negative coincidence rate 38.24 68.75 18.68 <0.001
Misdiagnosis rate  27.78 38.89 0.500 0.480
Missed diagnosis rate 32.81 7.81 12.36 <0.001

CT, computed tomography.
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Discussion

In recent years, with the widespread use of antibiotics, 
hormones and immunosuppression agents, the number of IFIs 
has increased (16). However, because of the lack of clinical 
specificity of IFI, the condition is easily covered up by the 
primary disease, resulting in delay of the treatment. This is 
the reason why the highest mortality rate can reach 80% (17). 
IFI has become one of the leading causes of death in patients 
with solid organ transplantation and hematological malig-
nancy (18,19). Therefore, the way to make accurate and in time 
diagnosis of IFI is an urgent issue to be addressed. At present, 
the gold standard for the diagnosis of IFI is pathological 
biopsy, but it is not accepted by patients and doctors because 
of the trauma caused. The sensitivity and specificity of tradi-
tional methods, such as respiratory sputum culture are only 
~50% (20). Studies have shown that CT plays an important 
role in the diagnosis of fungal infections (21). CT has also 
been reported to have higher spatial and density resolution 
than X-ray, and to make good imaging observation of the basic 
pathological changes in IFI (22). In the diagnosis of pulmo-
nary fungal infection, CT is expressed as scattered nodules, 
masses or patchy focis, and other signs, such as halo. Meniscus 
signs may also appear, and the occurrence of one or both signs 
at the same time is common (23). It has also been reported that 
subpleural wedge-shaped consolidation may occur in invasive 
pulmonary Aspergillus infection imaging (24).

In the present study, with pathological diagnosis as the 
gold standard, the diagnostic value of X-ray and CT in IFI 
was compared and the imaging features of CT diagnosis were 
analyzed. The results showed that the sensitivity, accuracy and 
negative coincidence rate of CT in the diagnosis of IFI were 
significantly higher than those of X‑ray (P<0.05), with a sensi-
tivity of 92.18%, which indicates that CT has a high diagnostic 
value in IFI. By analyzing the causes of misdiagnosis and missed 
diagnosis, it has been found that 6 out of 7 cases misdiagnosed 
with CT are caused by host factors. Although some studies 
have shown that the diagnosis of fungal infection has a greater 
dependence on host factors (11), we believe that misdiagnosis 
can also be caused by excessive interpretation of host factors 
in the misdiagnosis case analysis. When the causes of misdiag-
nosis and missed diagnosis of X-ray were analyzed, it was found 
that most of them were difficult to diagnose because of unclear 
imaging features. Therefore, we believe that when imaging 
cannot be judged, sputum culture or serum marker examina-
tion should be performed in time to further determine the 
diagnostic results. For example, when a patient has pulmonary 
artery embolism and incurable long-term pulmonary abscess, 
it can be considered as pulmonary mucormycosis infection. In 
the analysis of the imaging features of CT in this study, it was 
found that the multiple nodules and meniscus signs appeared 
more frequently in the collected cases, which coincided with the 
CT imaging features of IFI described in related literature (22). 
Some studies have suggested that the CT manifestations of 
pneumonia caused by different strains have their own charac-
teristics (25). For example, meniscus sign is the characteristic of 
Aspergillus infection, and multiple nodule and small patch are 
the characteristics of Cryptococcus infection. In the diagnostic 
criteria developed by the European Organization for Cancer 
Therapy and Fungal Research Group, the meniscus sign and 

the cavity appearing in the consolidation are all characteristic 
manifestations of pulmonary fungal infection (26).

In conclusion, the diagnostic value of CT in IFI is higher 
than that of traditional X-ray, and CT has a better enhancement 
effect in many fungal areas infected with IFI. However, some 
lesions are difficult to distinguish, so it is necessary to make 
a comprehensive judgment and diagnosis by combining the 
clinical data and the medical history of the patients.
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