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Investigation of predictors 
for invasive pulmonary aspergillosis 
in patients with severe fever 
with thrombocytopenia syndrome
Li Song 1,3, Yingjie Zhao 2,3, Gang Wang 1, Wenlu Zou 1 & Lintao Sai 1*

Patients with severe fever with thrombocytopenia syndrome (SFTS) had been confirmed to have 
immune dysfunction and were prone to invasive pulmonary aspergillosis (IPA), which was directly 
related to the increased mortality. The aim of this study was to investigate the predictors for IPA in 
SFTS patients, and the results were expected to be helpful for early identification of IPA and initiation 
of anti-fungal therapy. The study was performed to review laboratory confirmed SFTS patients in 
two tertiary hospitals in Shandong province (Qilu Hospital of Shandong University and Shandong 
Public Health Clinical Center) from April 2021 to August 2022. The enrolled patients were further 
divided into IPA group and non-IPA group. Demographic characteristics, clinical manifestations 
and laboratory parameters between IPA group and non-IPA group patients were analyzed and 
compared to identify the independent predictors for IPA by univariate analysis and multivariable 
logistic regression analysis. Sensitivity and specificity of independent predictors were evaluated 
by receiver operating characteristic (ROC) curve analysis. In total, 67 SFTS patients were enrolled 
with an average age of 64.7 (± 8.4) years old. The incidence of IPA was 32.8% (22/67). Mortality of 
patients in IPA group was 27.3% (6/22), which was significantly higher than that in non-IPA group. 
Results of univariate analysis showed that uncontrolled diabetes, central nervous system symptoms, 
platelet < 40 ×  109/L,  CD4+ T cell < 300/μL and  CD8+ T cell < 400/μL were risk factors for development of 
IPA. These factors were further analyzed by multivariable logistic regression analysis and the results 
indicated that uncontrolled diabetes, platelet < 40 ×  109/L,  CD4+ T cell < 300/μL and  CD8+ T cell < 400/μL 
could be recognized as independent predictors for IPA in SFTS patients. In conclusion, IPA is a serious 
complication for SFTS patients and increases mortality. It is necessary to early identify predictors of 
IPA for improving survival of SFTS patients.

Abbreviations
SFTS  Severe fever with thrombocytopenia syndrome
SFTSV  Severe fever with thrombocytopenia syndrome virus
IPA  Invasive pulmonary aspergillosis
ROC  Receiver operating characteristic
RT-PCR  Real-time polymerase chain reaction
CNS  Central nervous system

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease, which was first reported 
in China in 2010 and confirmed to be caused by a novel bunyavirus (severe fever with thrombocytopenia syn-
drome virus, SFTSV)1. SFTS is characterized by fever, leukopenia and thrombocytopenia. The course of this 
infectious disease is generally divided into three stages: fever stage, critical stage and recovery  stage2. Severe 
complications usually occur in the critical stage, which may lead to multiple organs failure and increase mortality. 
In the early epidemics, the average annual mortality of SFTS was 8.2% from 2010 to  20133. Another surveillance 
showed that the average annual mortality of SFTS reduced to a stable level about 5.2% from 2010 to  20194. Given 
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the high mortality, SFTSV has been included in the list of priority target pathogens requiring urgent attention 
by the World Health Organization (WHO)5.

SFTS patients can have multiple systemic complications, in which invasive pulmonary aspergillosis (IPA) 
is one of the most serious complications. IPA as a common type of invasive aspergillosis usually occurs in 
immunocompromised patients with neutropenia, transplantation, hematological malignancy or long term use 
of  corticosteroids6. Severe SFTS patients had been confirmed to have immune dysfunction including leukopenia 
and reduction of immune  cells7. Some studies had reported that SFTS patients were prone to IPA, which was 
directly related to the increased  mortality8–10. Therefore, early identification of IPA in SFTS patients is necessary. 
In order to improve survival of SFTS patients, this study was performed to confirm the predictors for IPA in 
SFTS patients in their early stage of disease. The results are expected to be helpful for the early identification of 
IPA and initiation of anti-fungal therapy.

Methods
Study design. To confirm the predictors for IPA in SFTS patients, we analyzed demographic feature, clinical 
manifestations and laboratory parameters of 67 laboratory confirmed SFTS patients from two tertiary hospitals 
(Qilu Hospital of Shandong University and Shandong Public Health Clinical Center) in Shandong province 
between April 2021 and August 2022. This study was a purely retrospective study. The clinical course without 
any additional intervention was reviewed to analyze the risk relationship between related risk factors and the 
occurrence of IPA. This study was approved by Medical Ethical Committee in Qilu Hospital of Shandong Uni-
versity (2021–120) and written informed consent was acquired from every enrolled patients or their guardians. 
All methods were performed in accordance with the Declaration of Helsinki and the relevant guidelines and 
regulations.

Patients enrollment and grouping. SFTS patients were diagnosed and enrolled according to the follow-
ing criteria: (i) clinical presentation with acute fever and thrombocytopenia; (ii) serum positive for SFTSV RNA 
detected by real-time polymerase chain reaction (RT-PCR) assay.

The enrolled SFTS patients were further divided into IPA group (n = 22) and non-IPA group (n = 45). The 
formulation of diagnostic criteria for IPA was based on the 2019 European Organization for the Research and 
Treatment of Cancer/Mycosis Study Group (EORTC/MSG)  consensus11: (i) compatible signs and symptoms of 
IPA (such as cough, expectoration or wheezing); (ii) abnormal findings by CT scan of the lungs (such as patchy 
shadows, air crescent sign or cavity formation); (iii) mycological evidence: positive culture for Aspergillus from 
deep sputum or bronchoalveolar lavage. Patients who met all three or the last two criteria were diagnosed as IPA. 
The exclusion criteria included: (i) the patients had an uncured IPA before SFTSV infection; (ii) the related data 
of patients were incomplete because of death or other reasons. Patients who met any of the exclusion criteria 
were excluded. The flow chart of patients’ selection was shown in Fig. 1.

Data collection. Related data of enrolled SFTS patients including demographic feature, clinical manifesta-
tions and laboratory parameters were collected and sorted according to their electronic medical records. Among 
clinical manifestations, uncontrolled diabetes and central nervous system (CNS) symptoms were defined as 
follows. Uncontrolled diabetes is defined as the condition that the fasting blood glucose is still higher than 
7.0 mmol/L despite the treatment with oral medicine or subcutaneous injection of insulin. CNS symptoms are 
defined as the presence of restlessness, lethargy or coma. All authors had access to information that could iden-
tify individual participants during or after data collection.

Statistical analysis. Statistical analysis was conducted using SPSS software (version 26.0). Categorical vari-
ables were represented by rate. The measurement data of normal and abnormal distribution were compared by 
t-test and Wilcoxon rank sum test, respectively. Enumeration data were compared by chi-square test or Fisher 
exact probability test. Univariate analysis was performed to assess the relevance between demographic feature, 
clinical manifestations, laboratory parameters and occurrence of IPA. Factors with P < 0.05 in univariate analysis 
were further analyzed using multivariable logistic regression analysis to identify the independent risk factors for 
IPA. Receiver operating characteristic (ROC) curve analysis was used to evaluate the sensitivity and specificity 
of independent risk factors to predict IPA. For all analysis, a P-value less than 0.05 was considered statistically 
significant.

Ethics approval and consent to participate. This study was approved by Medical Ethical Committee in 
Qilu Hospital of Shandong University (2021–120). Written informed consent was acquired from every enrolled 
patients or their guardians.

Results
Demographic characteristics. During the period of this study from April 2021 to August 2022, a total of 
67 laboratory confirmed SFTS patients were enrolled. Average age of the patients was 64.7 (± 8.4) years old, and 
34 (50.7%) were male. Among the 67 patients, 22 (32.8%) were diagnosed with IPA, based on which they were 
assigned to the IPA group. The average time from onset of SFTS illness to IPA diagnosis was 9.2 (± 2.3) days. The 
average age of the patients was 66.1 (± 7.2) years old, including 11 (50.0%) male patients and 11 (50.0%) female 
patient. 45 (67.2%) patients with an average age of 64.0 (± 8.9) years old were in non-IPA group, including 23 
(51.1%) males and 22 (48.9%) females. The differences of age and gender between the two groups were not sta-
tistically significant (P = 0.341 and P = 0.932, respectively).
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Clinical manifestations. As shown in Table 1, mortality of SFTS patients in IPA group and non-IPA group 
was 27.3% (6/22) and 8.9% (4/45), respectively. The difference of mortality between the two groups was statisti-
cally significant (P = 0.047). Diabetes was the most relevant underlying disease to invasive aspergillosis. The 
incidences of diabetes among SFTS patients in IPA group and non-IPA group were 40.9% (9/22) and 31.1% 
(14/45), respectively. Rate of uncontrolled diabetes in IPA group was significantly higher than that in non-IPA 
group (31.8% vs 0.4%, P = 0.002). The average body temperature was 38.8 (± 0.6) °C in IPA group and 38.9 
(± 0.6) °C in non-IPA group (shown in Table 1). The different degree of body temperature was not statistically 
significant (P = 0.493). In this study, the incidence of CNS symptoms in IPA group and non-IPA group was 72.7% 
(16/22) and 20.0% (9/45), respectively. A statistically significant difference between the two groups was observed 
(P < 0.001).

Laboratory parameters. Some associated laboratory parameters including WBC, neutrophils, platelets, 
 CD4+ T cell and  CD8+ T cell were collected during the first seven days after onset of illness and the most severe 
values were selected to analyze. The results were shown in Table 1.

Figure 1.  Flow chart of patients’ selection in IPA group.
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The counts of WBC, neutrophils and platelets were reduced obviously. The average counts of WBC and 
neutrophils in IPA group were 3.4 (± 2.7) ×  109/L and 1.6 (± 1.3) ×  109/L, respectively. The average counts of 
WBC and neutrophils in non-IPA group were 2.9 (± 1.4) ×  109/L and 1.6 (± 1.0) ×  109/L, respectively. The dif-
ferences of counts of WBC and neutrophils between the two groups were not statistically significant (P = 0.463 
and P = 0.999). The average counts of platelets in IPA group was statistically lower than that in non-IPA group 
(33.9 (± 17.6) ×  109/L vs 76.4 (± 58.8) ×  109/L, P = 0.002).

The counts of  CD4+ and  CD8+ T cell in IPA group were 196 (± 107)/μL and 287 (± 263)/μL, while the counts 
of  CD4+ and  CD8+ T cell in non-IPA group were 423 (± 173)/μL and 585 (± 283)/μL. The differences of counts 
of  CD4+ and  CD8+ T cell between IPA group and non-IPA group were statistically significant (P < 0.001). The 
incidence of  CD4+ T cell < 300/μL and  CD8+ T cell < 400/μL in IPA group was 81.8% (18/22), while the incidences 
of  CD4+ T cell < 300/μL and  CD8+ T cell < 400/μL in non-IPA group were 26.7% (12/45) and 24.4% (11/45). The 
differences of incidences of  CD4+ T cell < 300/μL and  CD8+ T cell < 400/μL between IPA group and non-IPA 
group were statistically significant (P < 0.001).

Multivariable logistic regression analysis. Five variables were found to be statistically different 
(P < 0.05) based on the univariate risk assessment. To identify the independence of each variable for promotion 
of IPA, multivariable logistic regression analysis were performed. As shown in Table 2, the results of multivari-
able logistic regression analysis indicated uncontrolled diabetes, platelets < 40 ×  109/L,  CD4+ T cell < 300/μL, and 
 CD8+ T cell < 400/μL were associated with occurrence of IPA in SFTS patients.

Table 1.  Comparison of characteristics of SFTS patients between IPA group and Non-IPA group. a P value was 
obtained by comparing the data between IPA group and non-IPA group.

Characteristics All patients (N = 67) IPA group (N = 22) Non-IPA group (N = 45) Pa value

Age (mean ± SD, years) 64.7 ± 8.4 66.1 ± 7.2 64.0 ± 8.9 0.341

Gender

 Male 34 (50.7%) 11 (50.0%) 23 (51.1%)
0.932

 Female 33 (49.3%) 11 (50.0%) 22 (48.9%)

Mortality 10 (14.9%) 6 (27.3%) 4 (8.9%) 0.047

Underlying diseases

 Diabetes 23 (34.3%) 9 (40.9%) 14 (31.1%)

 Uncontrolled diabetes 9 (13.4%) 7 (31.8%) 2 (0.4%) 0.002

Clinical symptom

 Fever (°C) 38.9 ± 0.6 38.8 ± 0.6 38.9 ± 0.6 0.493

 CNS symptoms 25 (37.3%) 16 (72.7%) 9 (20%) < 0.001

Laboratory parameters

 WBC counts (×  109/L) 3.1 ± 1.9 3.4 ± 2.7 2.9 ± 1.4 0.463

 WBC < 2.0 ×  109/L 22 (32.8%) 9 (40.9%) 13 (28.9%) 0.325

 Neutrophils counts (×  109/L) 1.6 ± 1.1 1.6 ± 1.3 1.6 ± 1.0 0.999

 Neutrophils < 1.5 ×  109/L 41 (61.2%) 14 (63.6%) 27 (45.0%) 0.774

 Platelets counts (×  109/L) 62.4 ± 53.0 33.9 ± 17.6 76.4 ± 58.8 0.002

 Platelets < 40 ×  109/L 24 (35.8%) 15 (68.2%) 9 (20%) < 0.001

  CD4+ T cell counts/μL 348 ± 187 196 ± 107 423 ± 173 < 0.001

  CD4+ T cell < 300/μL 30 (44.8%) 18 (81.8%) 12 (26.7%) < 0.001

  CD8+ T cell counts/μL 487 ± 308 287 ± 263 585 ± 283 < 0.001

  CD8+ T cell < 400/μL 29 (43.3%) 18 (81.8%) 11 (24.4%) < 0.001

Table 2.  Multivariable logistic regression analysis on statistically significant variables. a Regression coefficient; 
bStandard error; cChi-square value.

Variables Ba SEb Waldc P value OR 95% CI

Uncontrolled diabetes 1.387 0.656 4.464 0.035 4.003 1.106–14.491

CNS symptoms 0.318 0.924 0.118 0.731 1.374 0.224–8.409

Platelets < 40 ×  109/L 2.344 0.899 6.796 0.009 10.424 1.789–60.733

CD4+ T cell < 300/μL 1.753 0.846 4.290 0.038 5.772 1.099–30.319

CD8+ T cell < 400/μL 2.399 0.995 5.812 0.016 11.013 1.566–77.439
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Receiver operating characteristic curve analysis. As showed in Table 3 and Fig. 2, ROC curve analysis 
was used to evaluate the sensitivity and specificity of independent factors to predict IPA in SFTS patients. Cut-off 
value of platelets to predict IPA incidence in SFTS patients was 45 ×  109/L, with sensitivity of 81.8% and specific-
ity of 73.3%. Cut-off value of  CD4+ T cell counts to predict IPA was 319 cells/μL, with sensitivity of 90.9% and 
specificity of 73.3%. Cut-off value of  CD8+ T cell counts to predict IPA was 395 cells/μL, with sensitivity of 81.8% 
and specificity of 75.6%.

Discussion
Our previous study on the risk factors associated with fatal outcome showed that pulmonary infection was sig-
nificantly associated with risk of death among SFTS  patients12. In this study, mortality of SFTS patients in IPA 
group was significantly higher than that in non-IPA group. The result indicated that IPA could be considered 
a risk factor of fatal outcome and early identification of IPA among SFTS patients was necessary. In this study, 
the incidence of IPA in SFTS patients was 32.8%, which was similar to the studies from Bae et al. and Xu et al. 
with incidence of 20% and 31.9%,  respectively8,10. These results indicated SFTS patients would be more prone to 
aspergillus infection. Some factors might contribute to increased risks of susceptibility to IPA, including median 
age ˃ 60 years, uncontrolled underlying disease, leukocytopenia and neutropenia, severe complications, impaired 
immune functions and excessive inflammatory response. The aim of this study was to confirm predictors for 
IPA in their early course of the disease by analyzing demographic feature, clinical manifestations and laboratory 
parameters of SFTS patients.

Patients with diabetes are prone to aspergillus infection because high level of blood glucose is conducive to 
the growth of aspergillus, inhibits leukocyte chemotaxis, reduces phagocytosis of phagocytes, and decreases 
complement  production13. Diabetes may be considered a risk factor for the development of aspergillus infection 
and should be added to the list of well-known risk factors for invasive  aspergillosis14. In our study, diabetes was 
a common underlying disease in SFTS patients with a rate of 34.3%. Although the proportion of patients with 
diabetes in IPA group was similar to that in non-IPA group, uncontrolled diabetes were more common in IPA 
group with a rate of 31.8%. The difference of incidence of uncontrolled diabetes between the two groups was 
statistically significant, which suggested that uncontrolled diabetes might be a risk factor for the development of 
IPA. The result of multivariable logistic regression analysis further confirmed that uncontrolled diabetes was an 
independent predictor for IPA. The conclusion was not consistent to the study by Xu et al.15, in which diabetes 
was recognized as a risk factor for IPA with univariate analysis and not an independent risk factor by multivari-
able logistic regression analysis. The reason might be that the previous study regarded diabetes as a risk factor 
to analyze, but did not analyze the control condition of diabetes.

CNS symptoms are one of the most common severe complications among SFTS patients and has been con-
firmed to be associated with fatal  outcome2,12. In our study, the incidence of CNS symptoms was 37.3%. Sixteen 

Table 3.  Receiver operating characteristic curve analysis of independent predictors for IPA in SFTS patients.

Parameters Cutoff value Area under curve (95% CI) Sensitivity (%) Specificity (%) P value

Platelets  (109/L) 45 0.841 (0.743–0.940) 81.8 73.3 < 0.001

CD4+ T cell (cells/μL) 319 0.868 (0.784–0.952) 90.9 73.3 < 0.001

CD8+ T cell (cells/μL) 395 0.837 (0.729–0.946) 81.8 75.6 < 0.001

Figure 2.  Receiver operating characteristic (ROC) curve analysis of predictors for IPA in patients with SFTS. 
(a) ROC curve of platelets (cutoff value: 45; area under curve: 0.841; 95% CI 0.743–0.940; sensitivity: 81.8%; 
specificity: 73.3%; P < 0.001).; (b) ROC curve of  CD4+ T cell (cutoff value: 319; area under curve: 0.868; 95% CI 
0.784–0.952; sensitivity: 90.9%; specificity: 73.3%; P < 0.001); (c) ROC curve of  CD8+ T cell (cutoff value: 395; 
area under curve: 0.837; 95% CI 0.729–0.946; sensitivity: 81.8%; specificity: 75.6%; P < 0.001).
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patients in IPA group had CNS symptoms, which was significantly higher than that in non-IPA group. Patients 
with CNS symptoms might have intestinal flora disturbance and bucking, which would increase the risk for pul-
monary  infection16. The significant difference of incidence of CNS symptoms between the two groups indicated 
that combined with CNS symptoms could be considered a risk factor for IPA. However, multivariable logistic 
regression analysis did not support it as an independent predictor for IPA.

Leukopenia, mainly neutropenia, is a well-known risk factor for IPA. For invasive aspergillus infection, neu-
trophils are the major immune cells in non-specific immunity and exert anti-infection effects through chemot-
axis, opsonization and phagocytosis. Therefore, persistent neutropenia is a high risk for deep aspergillus infection. 
Platelets play anti-fungal effect by adhering to the cell wall of the hyphae to block aspergillus germination and 
hyphal  elongation17. When activated platelets was removed from blood, thrombocytopenia may result in invasive 
aspergillus  infection18. SFTS patients are characterized by leukopenia and thrombocytopenia, which may be high 
risk factors for IPA. In the present study, the counts of WBC and neutrophils were reduced obviously in both 
IPA group and non-IPA group, and there was no significant difference between the two groups. Therefore, the 
results did not suggest that reduced WBC and neutrophils were risk factors for IPA among SFTS patients. The 
reason might be that leukopenia and neutropenia were transient which were not like patients with hematologic 
 tumor19. Although thrombocytopenia could be seen in both groups, thrombocytopenia was more pronounced 
in IPA group than that in non-IPA group and the difference was significant. Furthermore, the proportion of 
patients with platelets < 40 ×  109/L in IPA group was higher than that in non-IPA group. These results indicated 
that thrombocytopenia might be a predictor for IPA, which was confirmed by multivariable logistic regression 
analysis. Especially, when the cutoff value of platelets was 45 ×  109/L, the sensitivity and specificity for predicting 
IPA were 81.8% and 73.3%.

Most SFTS patients are elderly with the median age of 63 years and immune function decreases with the 
increase of age, which is associated with the severity and mortality of the  disease20. In addition, SFTSV infec-
tion can also damage the immune function of SFTS patients through changing the distribution of lymphocytic 
sub-populations7. These reasons put patients at high risk for aspergillus infection. In this study, age was not an 
independent predictor for IPA, but the damage of immune function due to SFTSV infection could be consid-
ered an independent predictor. Generally, cell mediated immunity plays powerful roles in protection against 
invasive fungal infection.  CD4+ T cell, as antigen presenting cell and  CD8+ T cell, as a cytotoxic cell constitute 
an important immune defense barrier against fungal infection. In this study,  CD4+ and  CD8+ T cells decreased 
obviously in IPA group with an average level of 196(± 107)/μL and 287 (± 263)/μL, respectively. The decreased T 
lymphocytes resulted in the number of active T cells were insufficient to participate in cellular immune response 
and caused lower cellular immune function among SFTS patients, which increased the risk of IPA. The result of 
multivariable logistic regression analysis suggested that  CD4+ T cell < 300/μL and counts of  CD8+ T cell < 400/
μL could be considered as independent predictors for development of IPA. The results were consistent to the 
previous  study21, in which decreased lymphocyte was also considered a predictive factor for IPA among SFTS 
patients. Base on the ROC curve analysis, the sensitivity and specificity for predicting IPA were higher when the 
counts of  CD4+ T cell < 319/μL and counts of  CD8+ T cell < 395/μL.

However, the present study had some limitations. First, based on EORTC/MSG criteria, the diagnosis of IPA 
in this study was categorized into probable diagnosis for lack of histopathologic evidence. False positive might be 
present among patients diagnosed with IPA. In the previous  study22, a clinical algorithm for diagnosing IPA by 
discriminating Aspergillus colonization from invasive disease in ICU patients with Aspergillus positive cultures 
was established, and the algorithm demonstrated 61% specificity and 92% sensitivity. Similar to the previous 
 study22, better diagnosis methods are necessary to discriminate colonization from FSTS patients who were posi-
tive for Aspergillus culture, and to increase the rigor of the research. Second, corticosteroids had been clinically 
applied to treat SFTS patients because of the ability to suppress systemic inflammation response and alleviate 
cytokine storm. However, inappropriate application of corticosteroids for treatment in SFTS patients may cause 
secondary  infection23, which contributes to the development of IPA. Use of corticosteroids was not included in 
analysis due to the low rate, low dosage and short duration (< 3 days) of use among the enrolled SFTS patients. 
Third, rapid replication of virus may result in imbalance of immune regulation, which makes SFTS patients 
susceptible to IPA. Comparison of viral load between IPA group and non-IPA group was not analyzed because 
the examination of viral load in most patients was missing. Further investigations are needed on the limitations 
to confirm whether these factors are risk predictors for development of IPA among patients with SFTS.

Conclusion
Patients with SFTS need to be alert to the possibility of secondary IPA. Our study confirmed that uncontrolled 
diabetes, platelets < 45 ×  109/L,  CD4+ T cell < 319/μL and  CD8+ T cell < 395/μL could be considered independ-
ent predictors for development of IPA. Identification of these predictors may prompt physicians to initiate early 
diagnostic examinations for aspergillus infection and to initiate initial treatment, which contribute to improve 
outcomes of SFTS patients.

Data availability
The databases used and analyzed during the current study are available from the corresponding author on 
reasonable request.
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