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We investigated the incidence, pathogens and risk factors of invasive pulmonary fungal infection (IPFI) in patients with
hematological malignancies who did not receive hematopoietic stem cell transplantation (HSCT). Of the 323 patients included,
106 had IPFI with conﬁrmed diagnosis or clinical diagnosis, 111 had pulmonary bacterial infections, and 106 did not have
pulmonary infections. The risk factors for IPFI were explored through logistic univariate and multivariate analysis. The incidence of IPFI in patients with hematological malignancies but without HSCT was 3.5%. The leading pathogen was Candida
albicans which accounted for 50.7% of the infections, and the second one was Aspergillus which accounted for 37.3% of the
infections. The main risk factors for these patients were days of hospitalization, history of IPFI, agranulocytosis, concomitant
hypoproteinemia, number of antibiotics being used, concomitant bacterial sepsis, and age. Furthermore, Nystatin mouthwash
was protective against IPFI. Among patients with hematological malignancies, IPFI causes the highest proportion of deaths.
We have identiﬁed two important pathogens and several risk factors as well as one factor protective against IPFI. Awareness
of risk factors and reduction of pathogens can decrease the incidence of IPFI.
Key words: fungemia, mycoses/prevention and control, epidemiology, Nystatin, hematologic neoplasms/complications

Invasive pulmonary fungal infections (IPFI) have high morbidity, high mortality, and a low detection rate in laboratories
and in clinical practice. Though patients with IPFI deteriorate rapidly, clinical manifestations are usually nonspeciﬁc
and frequently masked by underlying diseases. This leads to
misdiagnosis of IPFI and delayed treatment. Together, these
problems, along with the inﬂuence of underlying diseases,
signiﬁcantly increase mortality. When IPFI patients do not
receive timely treatment, their mortality is as high as 30% to
80% [1].
Risk factors for IPFI include long-term broad-spectrum
antibiotic use, long-term glucocorticoid use, agranulocytosis,
invasive procedures, long-term stay in intensive care unit, hematopoietic stem cell transplantation (HSCT), total parenteral
nutrition, concomitant hypoproteinemia, diabetes, chronic
obstructive pulmonary disease, cancer, and AIDS [1-7]. However, risk factors for IPFI are seldom investigated for patients
with hematological malignancies, and most investigations that
do occur were focused on patients receiving HSCT [8-10].
Some patients with hematological malignancies who have not

received HSCT still develop IPFI, even they were not identiﬁed
as having any of the risk factors. Therefore, it is imperative
to investigate the risk factors for IPFI in these patients. The
present study examines the overall incidence of IPFI and the
pathogens involved in patients with hematological malignancies who did not receive HSCT. Controls were patients from
the same group who developed pulmonary bacterial infection
and patients without pulmonary infection. We identify risk factors and a protective factor for IPFI. Our results may provide
evidence and direction to prevent and treat IPFI.
Patients and methods
Patients. Patients were selected from the Electronic Medical Record Management System and from written medical
records of the Aﬃliated Union Hospital of Fujian Medical
University. The institutional review board of the Aﬃliated
Union Hospital of Fujian Medical University approved this
retrospective review and study. The patients who were included
were (1) hospitalized in the Department of Hematology at our
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hospital between January 1, 2008 and December 31, 2009 and
(2) diagnosed with hematological malignancies that included
leukemia, lymphoma, multiple myeloma, and myelodysplastic
syndrome. Patients who received HSCT were excluded. The
medical records of the included patients were carefully reviewed to collect all required information for this study. The
causes of IPFI were detected by culture of blood, sputum, or
throat swab, or by a galactomannan test.
Diagnosis of IPFI according to Deng 2006
Deﬁnition. Our deﬁnition of IPFI does not include bronchial and pulmonary fungal infections attributed to fungal
parasitism and sensitivity. We classiﬁed IPFI as primary and
secondary IPFI. The common fungi causing IPFI include
Candida, Aspergillus, Cryptococcus, Zygomycetes (Mucor),
Pneumocystis, etc. The diagnosis of IPFI is based on the host
factors, clinical characteristics, ﬁndings in microbiological
examination, and histopathological examination. The host
factors need to be considered in the clinical diagnosis of IPFI
where as the pulmonary infection due to other pathogens and
non-infection disease should be excluded. The diagnoses of
IPFI can be classiﬁed as conﬁrmed diagnosis, clinical diagnosis, and suspected diagnosis.
Conﬁrmed diagnosis of IPFI. A diagnosis of IPFI is
considered conﬁrmed when the IPFI has at least one host
factor, one major characteristic or two minor characteristics
of pulmonary infection and one ﬁnding in microbiological or
histopathological examination.
1. Mold: Lung tissues were processed for histological or
cytochemical examination to detect the mycelium or spherical bodies (ﬁlamentous fungi) and corresponding lung lesion.
Lung tissues, chest ﬂuid, or blood was positive for mold in
fungal culture. When the blood was positive for Aspergillus
or Penicillium (except for Penicillium marneﬀei), consider the
clinical ﬁndings in order to exclude contamination.

2. Yeast: Lung tissues were processed for histological or
cytochemical examination to detect yeasts or pseudohyphae.
Lung tissues, chest ﬂuid, or blood was positive for yeasts or
microscopy if it had Cryptococcus.
3. Pneumocystis: The cystica, trophozoite, or intracystic
bodies of pneumocystis were found in the lung tissues, Bronchoalveolar Lavage Fluid (BALF), and sputum.
Clinical diagnosis of IPFI. A clinical diagnosis of IPFI
required at least one host factor, one major characteristic or
two minor characteristics of pulmonary infection, and one
ﬁnding by microbiological or histopathological examination.
Suspected diagnosis of IPFI. A suspected diagnosis of IPFI
required at least one host factor and one major characteristic
or two minor characteristics of pulmonary infection.
The criteria for the each diagnosis of IPFI are presented
in Table 1.
Statistical analysis. The demographics, characteristics,
complications, and medications of the included patients were
summarized as n (%) and compared among groups with the
Pearson Chi-square test or, if cell numbers were less than
ﬁve, with the Fisher’s exact test. The IPFI prevalence rate was
calculated as the total IPFI frequency divided by total hospitalization. Pathogens that caused IPFI were summarized in
a frequency table. A step-wise logistic regression identiﬁed the
association of IPFI with multiple risk factors by comparisons of
the IPFI group with the pulmonary bacterial infection group
and with the non-pulmonary infection group. Variables from
simple logistic regression analysis were selected based on
a signiﬁcance level of 0.2 and were used in multiple logistic
regression analysis with a forward selection (Method: LR).
All statistical assessments were two-tailed and considered
signiﬁcant when P < 0.05. An adjusted signiﬁcance level
0.0167 (0.05/3) was used for post-hoc pair-wise comparisons.
Statistics were analyzed with SPSS 15.0 statistics software (SPSS
Inc, Chicago, IL, USA).

Table 1. Criteria for the diagnosis of IPFI
Host factor

Clinical characteristics

Microbiological examination

Pathological examination

+*
+
+∆
+
Conﬁrmed diagnosis
Clinical diagnosis
+
+
+
preliminary diagnosis
+
+
Notes: *primary IPFI does not need to include host factor; ∆ indicates positive microbiological culture for lung tissue, chest ﬂuid, and blood (except for
Pneumocystis).
Host factors (1) neutropenia is present (neutrophil count is <0.5×109/L) for >10 d; (2) Body temperature was >38°C or <36°C with one of following
ﬁndings: (a) sustained neutropenia (>10 days) was found in past 60 days; (b) patients were treated with immunosuppressants in past 30 days or were
undergoing treatment with immunosuppressants; (c) patients had a history of IPFI; (d) patients had HIV infection; (e) patients had symptoms and signs
of graft versus host diseases; (f) patients were treated with steroids for more than 3 weeks; or (g) patients had underlying chronicle diseases, trauma,
surgery, long ICU stay after surgery, long term mechanical ventilation, indwelling catheter, total parenteral nutrition, or long-term treatment with broad
spectrum antibiotic, etc.
Clinical characteristics: Characteristics of invasive pulmonary Aspergillosis in chest X ray and chest CT included subpleural nodule-like markings found at
an early stage, and halo sign found several days later; 10 –15 days later, liquefaction and necrosis were found and cavity markings or crescent sign were present.
Characteristics of Pneumocystis pneumonia in chest CT included: ground-glass-like changes in pulmonary interstitium and the presence of hypoxemia. Minor
characteristics were: (a) symptoms and signs of pulmonary infection; (b) pulmonary infusion markings in imaging; and (c) sustained pyrexia for 96 hours that
was nonresponsive to aggressive antimicrobial therapy.
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Results
We identiﬁed 1858 patients with 6047 hospitalizations, and
among these patients, 323 cases of IPFI or pulmonary infection
were found (Table 1). The medical records of the identiﬁed
patients were retrospectively reviewed, and the patients were
divided into three groups:
(1)The IPFI group included those diagnosed with IPFI based
on the criteria for the Diagnosis and Treatment of IPFI in
Patients with Hematological Malignancies [11] as described
in patients and methods. These 212 patients included
one conﬁrmed diagnosis, 105 clinical diagnoses, and 106
preliminary diagnoses. Of these IPFI patients, the study
included the 106 patients with either a conﬁrmed or clinical
diagnosis, with a mean age of 47.4 ± 19.3 years (Table 2).
These patients had a higher incidence of hypoalbuminemia
and electrolyte disorder, but a lower incidence of gastroin-

testinal and oral fungal infections than the other groups of
patients (Table 3). These patients were treated at higher rates
than the other two groups of patients with vein nutrition
infusion, albumin infusion, central vein construction, more
than one type of immunosuppressant, more than one type
of antibiotic, antibiotic for more than one day, and Nystatin
for less than eight days. The IPFI prevalence rate was 3.82%
in 2008 and 3.23% in 2009 (Table 4).
(2)The pulmonary bacterial infection group, which was the
ﬁrst control group, included 111 patients diagnosed with
pulmonary bacterial infection with a mean age of 40.9 ±
18.1 years (Table 2).
(3)The non-pulmonary infection group, which was the second
control group, included 106 patients randomly selected of
those who did not develop a pulmonary infection during
their hospitalization with a mean age of 40.3 ± 16.2 years
(Table 2).

Table 2. Demographic information and characteristics of participants by group.
IPFI (n=106)

Pulmonary bacterial infection (n=111)

Non-pulmonary infection (n=106)

P-value

69 (65.1)
37 (34.9)

92 (82.9)
19 (17.1)

89 (84.0)
17 (16.0)

0.001*†‡

Age
< 60 yrs
≧60 yrs
Sex
Males
65 (61.3)
61 (55.0)
65 (61.3)
0.543
Females
41 (38.7)
50 (45.0)
41 (38.7)
Previous IPFI history
21 (19.8)
5 (4.5)
8 (7.5)
0.001*†‡
Hospital days
34.9 ± 21.1
23.5 ± 14.7
11.2 ± 11.6
<0.001*†‡
< 8 days
5 (4.7)
19 (17.1)
60 (56.6)
<0.001*†‡
9 to 30 days
47 (44.3)
67 (60.4)
42 (39.6)
>30 days
54 (50.9)
25 (22.5)
4 (3.8)
Disease diagnosis
0.031*
AL
78 (73.6)
86 (77.5)
69 (65.1)
4 (3.8)
3 (2.7)
4 (3.8)
CL
NHL
15 (14.2)
15 (13.5)
31 (29.2)
MM
6 (5.7)
6 (5.4)
1 (0.9)
MDS
3 (2.8)
1 (0.9)
1 (0.9)
Disease status
<0.001*‡
Complete remission
21 (19.8)
23 (20.7)
56 (52.8)
Initial diagnosis
58 (54.7)
65 (58.6)
31 (29.2)
Recurrence
27 (25.5)
23 (20.7)
19 (17.9)
Medical history
Diabetes mellitus
16 (15.1)
7 (6.3)
5 (4.7)
0.014*‡
Hypertension
13 (12.3)
4 (3.6)
5 (4.7)
0.037*
Coronary artery disease
6 (5.7)
3 (2.7)
1 (0.9)
0.147
2 (1.9)
1 (0.9)
15 (14.2)
<0.001*‡
Hyperlipidemia
COPD
0 (0)
1 (0.9)
2 (1.9)
NA
Liver disease
7 (6.6)
3 (2.7)
4 (3.8)
0.383
Abbreviations: IPFI, invasive pulmonary fungal infections; AL, acute leukemia; CL, chronic leukemia; NA, not assessed because the cell number was zero;
NHL, non-Hodgkin lymphoma; MM, multiple myeloma; MDS, myelodysplastic syndrome; COPD, chronic obstructive pulmonary disease.
Data are summarized as n (%) and compared among groups by the Pearson Chi-square test or, if cell numbers were < 5, by the Fisher’s exact test.
*
Indicates a signiﬁcant diﬀerence among the three groups with P < 0.05.
† Indicates a signiﬁcant diﬀerence between IPFI and Pulmonary bacterial infection with P < 0.0167 (0.05/3).
‡ Indicates a signiﬁcant diﬀerence between IPFI and non-Pulmonary bacterial infection with P < 0.0167 (0.05/3).

R. HU, X. Y. JIANG, Y. WU

672
Table 3. Complications and medication therapies by group.
IPFI
(n=106)

Pulmonary bacterial infection
(n=111)

Non-pulmonary infection
(n=106)

Complications
47 (44.3)
37 (33.3)
8 (7.5)
Agranulocytosis ≧10 days
Hypoalbuminemia
75 (70.8)
46 (41.4)
23 (21.7)
Electrolyte disorder
81 (76.4)
57 (51.4)
28 (26.4)
Gastrointestinal fungal infection
5 (4.7)
13 (11.7)
3 (2.8)
Oral fungal infection
10 (9.4)
2 (1.8)
1 (0.9)
Urinary tract fungal infection
2 (1.9)
1 (0.9)
0 (0)
Epidermal fungal infection
7 (6.6)
9 (8.1)
2 (1.9)
Systemic fungal infection
1 (0.9)
0 (0)
0 (0)
Sepsis
13 (12.3)
6 (5.4)
0 (0)
Drug induced hepatic damage
15 (14.2)
10 (9.0)
5 (4.7)
Hyperuricemia
8 (7.5)
8 (7.2)
15 (14.2)
Medication therapy
Venous Nutrition
41 (38.7)
22 (19.8)
8 (7.5)
Albumin infusion
33 (31.1)
12 (10.8)
3 (2.8)
Constructing central vein
36 (34.0)
28 (25.2)
17 (16.0)
Use of glucocorticoid, days
0 day
49 (46.2)
65 (58.6)
52 (49.1)
1 to 5 days
27 (25.5)
18 (16.2)
33 (31.1)
≧6 days
30 (28.3)
28 (25.2)
21 (19.8)
Number of diﬀerent immunosuppressants
0
15 (14.2)
6 (5.4)
7 (6.6)
1 to 3
76 (71.7)
101 (91.0)
91 (85.8)
≧4
15 (14.2)
4 (3.6)
8 (7.5)
Number of antibiotics
0
5 (4.7)
1 (0.9)
80 (75.5)
1 to 3
65 (61.3)
75 (67.6)
22 (20.8)
≧4
36 (34.0)
35 (31.5)
4 (3.8)
Days in antibiotics
0 days
5 (4.7)
2 (1.8)
80 (75.5)
1 to 3 days
10 (9.4)
4 (3.6)
2 (1.9)
31 (29.2)
25 (22.5)
7 (6.6)
4 to 7 days
≧8 days
60 (56.6)
80 (72.1)
17 (16.0)
Days of Nystatin mouth rinse
0 to 8 days
93 (87.7)
55 (49.5)
84 (79.2)
≧8 days
13 (12.3)
56 (50.5)
22 (20.8)
Data were summarized as n (%) and compared among groups using Pearson Chi-square test or Fisher’s exact test if cell numbers < 5.
IPFI, invasive pulmonary fungal infections; NA, not assessed due to cell number of zero.
* P < 0.05, indicated signiﬁcantly diﬀerent among groups.
† Indicates a signiﬁcant diﬀerence between IPFI and Pulmonary bacterial infection with P < 0.0167 (0.05/3).
‡ Indicates a signiﬁcant diﬀerence between IPFI and non-Pulmonary bacterial infection with P < 0.0167 (0.05/3).

A total of 126 isolates were identiﬁed in 106 conﬁrmed or
clinical diagnosis cases of IPFI, divided between Candidas
species (59.5%) and mildew (40.5%) (Table 5). The leading
pathogen was Candida albicans, with Aspergillus species being
the second most common fungus.
Step-wise multiple logistic regression analyses found that
the risk factors associated with IPFI were previous history of
IPFI, days of hospitalization, agranulocytosis lasting 10 or
more days, hypoalbuminemia, and sepsis, while the number of

P-value
<0.001*†‡
<0.001*†‡
<0.001*†‡
0.026*
0.006*‡
NA
0.097
NA
NA
0.060
0.155
<0.001*†‡
<0.001*†‡
0.011*‡
0.075

0.005*†

<0.001*‡

<0.001*‡

<0.001*†

days using Nystatin mouth rinse was a protective factor (Tables
6 and 7). The number of days of hospitalization was a strong
risk factor in both analyses. The majority (95.28%) of the IPFI
patients were hospitalized more than 9 days, which was signiﬁcantly longer than patients in either control group. The number
of days of hospitalization was the leading risk factor for IPFI
(OR: 37.752, 95% CI: 8.737, 163.125) for patients with over
a month of hospitalization when compared with patients without a pulmonary infection hospitalized less than 8 days. In the
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Table 4. IPFI prevalence rate in the years 2008 and 2009.
IPFI frequency
Total hospitalization
frequency

Conﬁrmed IPFI

6047
1
Total† (n=1,858)
Year 2008 (n=986)
2828
1
Year 2009 (n=1,103)
3219
0
* IPFI prevalence = Total IPFI frequency / Total hospitalization frequency × 100%
†
Some subjects had IPFI both in the year 2008 and in 2009.

comparison to patients with a bacterial pulmonary infection,
the number of hospital days was the second most signiﬁcant
risk factor, after the risk from a previous case of IPFI.
Table 5. Summary of pathogens causing IPFI.
Pathogens
Total
Candidas species
Candidas albican
Candidas glabrata
Candidas tropicalis
Candidas krusei
Candidas guilliermondii
Mildew species
Aspergillus species
Mucor species
Penicillium species

Frequency (%)
126 (100%)
75 (59.5%)
64 (50.7%)
3 (2.4%)
6 (4.8%)
1 (0.8%)
1 (0.8%)
51 (40.5%)
47 (37.3%)
1 (0.8%)
3 (2.4%)

Table 6. Multivariate logistic regression analysis of risk factors* associated
with IPFI relative to the pulmonary bacterial infection control group
(N = 217).
Variables
OR (95% CI.)
P-value
6.402 (1.678, 24.427)
0.007
Previous history of IPFI
Age, years
< 60 years
Reference
≧60 years
2.725 (1.112, 6.677)
0.028
Days of hospitalization
< 8 days
Reference
9 to 30 days
5.649 (1.601, 19.933)
0.007
>30 days
37.752 (8.737, 163.125)
<0.001
Complications
Agranulocytosis ≧10days
3.524 (1.475, 8.419)
0.005
hypoalbuminemia
4.374 (1.976, 9.683)
<0.001
Sepsis
4.745 (1.058, 21.288)
0.042
Days of Nystatin mouth rinse
0 to 8 days
Reference
≧8 days
0.039 (0.014, 0.109)
<0.001
* Risk factors were chosen through step-wise multiple logistic regression
analysis.
Results are shown as odds ratios (OR) with 95% conﬁdence intervals (95% CI).

Clinical diagnosis
IPFI

Preliminary diagnosis
IPFI

IPFI prevalence*

105
60
45

106
47
59

3.51%
3.82%
3.23%

Agranulocytosis lasting more than 10 days increased the
risk of IPFI, and it occurred in 44.3% of IPFI patients but
only in 33.3% of patients with pulmonary bacterial infections
and in only 7.5% of patients without pulmonary infections.
Hypoalbuminemia developed in 70.8% of the patients in the
IPFI group, and it increased the risk for IPFI by over fourfold. The accumulated number of antibiotics used to treat
patients was also a risk factor. A total of 34% of patients with
IPFI were treated with more than four antibiotics, while 75%
of patients without pulmonary infections were treated with
no antibiotics. Also, sepsis increased the risk of IPFI 4.5-fold
for patients with hematological malignancies who developed
a pulmonary bacterial infection and subsequent sepsis. The
risk of IPFI decreased with the use of Nystatin mouthwash.
Underlying diseases did not aﬀect the risk of IPFI.

Table 7. Multivariate logistic regression analysis of risk factors associated with IPFI relative to the non-pulmonary infection control group
(N = 212)
Variables
Previous history of IPFI
Age
< 60 years
≥ 60 years
Hospital days
< 8 days
9 to 30 days
>30 days

OR (95% CI.)
14.139 (1.879 , 106.414)

P-value
0.010

Reference
2.325 (0.616, 8.778)

0.213

Reference
24.687 (4.534 , 134.418)
546.497 (36.069, 8280.198)

<0.001
<0.001

Complications
Agranulocytosis ≧10 days
5.363 (1.072 , 26.825)
0.041
Hypoalbuminemia
3.955 (1.049 , 14.907)
0.042
The types of antibiotics
0
Reference
1 to 3
46.146 (8.824 , 241.32)
<0.001
≧4
54.182 (6.183 , 474.78)
<0.001
Days of Nystatin mouth rinse
0 to 8 days
Reference
≧ 8 days
0.006 (0.001 , 0.049)
<0.001
* Risk factors were chosen through step-wise multiple logistic regression
analysis.
Results are shown as odds ratios (OR) with 95% conﬁdence intervals (95% CI.).
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Discussion
The overall incidence of IPFI in our study was 3.5%, in
reasonable agreement with a recent report citing a rate from
3.7% to 8.8% [12] and slightly higher than a previous report
of 2.9% [13]. The incidence of invasive fungal infections is
increasing in recent years in patients with hematological
malignancies [8,14-17]. An investigation of 1017 deceased
patients with hematological malignancies found that 31% of
them had IPFI, and 75% of those cases were not diagnosed as
IPFI before death [15]. The incidence of IPFI among patients
with hematological malignancies has been reported to be 4.6%
to 18.1% [14,16,17]. Among patients with hematological malignancies, IPFI causes the highest proportion of deaths and
is a leading cause of their deaths [18].
Our study found that IPFI was caused by Candida albicans
in 50.7% of the cases, and by Aspergillus species in 37.3%, in
reasonable agreement with previous reports [19]. The incidence of pulmonary Aspergilosis has been increasing since
the 1990s [13-15,17,18].
The strong risk for IPFI was associated with prolonged hospitalization, in agreement with previous reports [20], indicates
that the hospital is a unique ecological environment where
patients frequently encounter pathogens. Longer hospital stays
increase the chances of exposure to pathogens. Hematological
malignancies and the techniques to diagnose and treat them,
combined with increased pathogen exposure, compromise the
defenses of patients and make them susceptible to infections
in the hospital. This means that, as conditions permit, hospital
stays should be as short as possible to reduce the incidence
of hospital fungal infections. Also, when hospital stays are
anticipated to be more than 9 days, measures should be taken
to prevent IPFI.
Previous IPFI was a strong risk factor for IPFI in our study.
In agreement, a comparison of IPFI patients and patients
with pulmonary bacterial infections also found that previous
IPFI was an independent risk factor for IPFI [21]. Patients
with hematological malignancies have compromised immune function, so it is diﬃcult to eradicate fungal infections
with patient’s own immune function. Immune function can
be further compromised by chemotherapy, which can lead
to a recurrence or dissemination of a fungal infection. This
indicates that patients with a history of IPFI should be closely
monitored clinically and that prevention of IPFI in these patients should be emphasized.
Agranulocytosis lasting 10 days or more increased the risk
for IPFI in our study. An index of agranulocytosis, which
monitors changes in the number of neutrophils over time, has
been proposed to predict the risk of invasive mold infections
[22]. Normal neutrophils are critical for non-speciﬁc immune
responses and defend against fungal infections.
Concomitant hypoalbuminemia increased the risk for IPFI
by over four-fold. A serum albumin level below 35 g/L indicates protein-energy malnutrition. Malnutrition, particularly
when severe, aﬀects cellular immunity and humoral immunity,

attenuates the ability of alveolar macrophages and neutrophils
to kill pathogens, reduces the production of airway mucus,
aﬀects tissue repair, and increases the adhesion of pathogens
to airway epithelial cells, which greatly increases susceptibility
to fungal infections [23]. These concerns indicate the importance of nutritional support of patients with hematological
malignancies and the importance of promptly rectifying
hypoalbuminemia to prevent IPFI.
The accumulated number of antibiotics used to treat
a patient is a risk factor for IPFI. Antibiotic treatments that
are frequently altered may have a shorter eﬀective concentration time or may not reach an eﬀective concentration, which
can lead to compromised clinical eﬃcacy and possible ﬂora
imbalance that increases fungal infection susceptibility. These
concerns make it necessary to emphasize the indications for
treatment with antibiotics, avoid frequent altering of the antibiotics, detect the pathogens causing the infection, and detect
the resistance state of the pathogens. These measures will help
to prevent secondary fungal infection.
Our ﬁnding that bacterial sepsis increased the incidence
of IPFI agrees with previous reports [24,25]. Sepsis indicates
compromised immune function, and prophylactic anti-fungal
treatment should be adopted while treating sepsis.
Though underlying diseases did not aﬀect the risk of IPFI,
their lack of eﬀect may be due to the low proportion of patients
with these diseases and to the major risks for IPFI coming from
the causes mentioned above. The absence of glucocorticoid use
as a risk factor may be because all the included patients had
short-term glucocorticoid treatments.
This study is a retrospective single center research and the
results gathered in this research may not apply to other institutes. The eﬀect of Nystatin on preventing fungal infection
needs to be examined in a case-controlled study in a larger
group of patients.
In conclusion, we ﬁnd the risk of IPFI in patients with hematological malignancies without HSCT include the days of
hospitalization, history of IPFI, agranulocytosis lasting 10 or more
days, hypoalbuminemia, the accumulated number of antibiotics,
and sepsis. Awareness of these risk factors and taking actions to
mitigate them can help to decrease the incidence of IPFI.
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