
Arch Pediatr Infect Dis. 2017 July; 5(3):e41317.

Published online 2017 January 16.

doi: 10.5812/pedinfect.41317.

Research Article

Incidence of Fungal Infections in Pediatric Patients with Hematologic

Neoplasms

Parisa Badiee,1 Soheila Zareifar,2 Pedram Haddadi,1,* and Hadis Jafarian1

1Prof. Alborzi Clinical Microbiology Research Center, Shiraz University of Medical Sciences, Shiraz, IR Iran
2Hematology Research Center, Nemazee Hospital, Shiraz University of Medical Sciences, Shiraz, IR Iran

*Corresponding author: Pedram Haddadi, Prof. Alborzi Clinical Microbiology Research Center, Namazee Hospital Zand Ave., Shiraz, IR Iran. 7193711351. Tel: +98-7136474292, Fax:
+98-7136474303, E-mail: badieep@sums.ac.ir

Received 2016 August 09; Revised 2016 October 13; Accepted 2016 October 29.

Abstract

Background: Fungal infections are one of the most important causes of morbidity and mortality in patients with hematological
disorders. The frequency of these infections has increased during the past decades.
Objectives: The rate of fungal infections was investigated in pediatric patients with hematological disorders, using traditional and
real-time PCR methods, in order to establish proper management of these patients.
Methods: Over a 13-month period, 86 patients with hematological disorders were admitted and were kept under observation for
the development of fungal infections. Fungal colonization was determined and clinical samples were examined by direct micro-
scopic examination and culture. Blood specimens were cultured by bedside inoculation into a BACTEC medium. The results of the
pathology smear were collected from the patients’ records. Real-time PCR was performed on all patients’ sera to diagnose invasive
candidiasis and aspergillosis.
Results: Candida colonization was seen in 42 (48.8%) and oral candidiasis was diagnosed in 7 (8%) patients. The incidence of invasive
fungal infections was 16.3% (14/86) with a mortality rate of 50% in pediatric patients. The etiologic agents were Candida albicans in 5
cases, Aspergillus flavus in 3, and Aspergillus fumigatus, Fusarium, Alterneria and Mucor, each in 1 case. In 2 cases with liver abscess, only
Candida PCR was positive. Fungemia was observed in 4 patients.
Conclusions: The rate of invasive fungal infections in our study was high. Early and accurate detection of these infections could
result in a better outcome. In critical ill cases where only blood samples are available, molecular methods such as PCR could be more
effective than culture for the detection of etiologic agents.
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1. Background

Invasive fungal infections (IFIs) are one of the most im-
portant causes of morbidity and mortality in patients with
hematological malignancies. Factors such as neutropenia,
damaged mucosa, receiving high-dose chemotherapy, un-
dergoing invasive medical procedures, and using broad-
spectrum antibacterial drugs, constitute the risk factors
for IFIs (1, 2). The frequency of candidemia has increased
during the past few decades. The mortality rate in non-
immunocompromised children hospitalized in the pedi-
atric intensive care unit was reported to be 32% (2), whereas
children with a hematologic disease displayed a mortality
rate of approximately 60% (3). The mortality rate related
to invasive fungal infections in children with hematologic
disorders was found to be 30% in a study by Baytan et al. (4).
“In children, the mortality rate for invasive aspergillosis is
2.5 to 3.5 higher than that for invasive candidiasis (respec-
tively 70% vs. 20% and 30%)” (5).

Clinical symptoms and radiological patterns are not
specific and late diagnosis may lead to delayed therapy,

which is associated with a poor outcome (6). Examination
commonly includes a direct smear with potassium hydrox-
ide, culturing, and histopathological analysis, however,
in some cases, this can be challenging since sampling re-
quires invasive procedures, which are not possible in criti-
cally ill patients. Hence, the use of a non-invasive method,
such as real-time PCR, for the detection of fungal infections
in clinical samples could be a suitable approach in aiding
early diagnosis in high-risk infected patients (7).

2. Objectives

Since the role of PCR in diagnosing fungal infections is
not yet well established (8), the aim of this study was to in-
vestigate the rate of IFIs in pediatric patients with hemato-
logical disorders, using traditional (direct smear and cul-
ture) and real-time PCR methods.
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3. Methods

During a 13-month period (January 2014 to February
2015), 86 pediatric patients with hematological disorders
were admitted to Amir Hospital, Shiraz University of Med-
ical Sciences, in Iran and were kept under observation for
the development of IFIs. Patients with hematological dis-
orders and clinical signs including fever, ascites, epistaxis,
febrile neutropenia, chest pain, dyspnea, and dry cough
as well as patients with a suspicious fungal rash were in-
cluded in this study. Pediatric patients admitted due to ma-
lignancies, with the exception of hematological malignan-
cies, were excluded from the study. In order to determine
fungal colonization, clinical samples such as urine, nasal,
mouth, and rectal swabs were obtained at time of admis-
sion. The samples were cultured on saboaroud dextrose
agar (Merck, Germany) and incubated at 24°C for 10 days.
Colonization was defined as the presence of Candida spp.
in any of the body sites without any local or systemic symp-
toms or signs of infection. During the hospital stay, sam-
ples (e.g., plural and abdominal tap, cerebrospinal fluid,
blood, urine, oropharyngeal, biopsy, and broncho-alveolar
lavage samples) from patients with clinical signs of infec-
tion were examined by culturing on sabouraud dextrose
agar with chloramphenicol, and direct microscopic exam-
ination. In patients suspicious to fungal infections ac-
cording to clinical signs and symptoms, blood specimens
were collected for PCR and cultured by bedside inocula-
tion into BACTEC medium (Becton- Dickinson, Sparks, Md.,
USA), twice weekly. The clinician and an expert radiolo-
gist analyzed the imaging modalities in order to detect
IFIs. The isolated molds were diagnosed by colony morpho-
logic and microscopic characterization of species with the
use of lactophenol cotton blue, whereas yeasts were iden-
tified using the API 20 C AUX system (bioMerieux, France),
according to the manufacturer’s instructions. The demo-
graphic characteristics of the patients were extracted from
their medical files. The results of the pathology smear were
collected from the patient’s records.

Fungal DNA was extracted from the patients’ sera by
using the QIAmp DNA minikit (Qiagen,Hilden, Germany),
according to the manufacturer’s recommendations. To
perform PCR, the suggestions of Shin et al. and Kami et
al. (9, 10) were taken into consideration. The primers and
a TaqMan probe (Metabion Martinsried, Germany) were
used, and thermal cycling conditions for the Aspergillus
and Candida real-time PCR assay were performed, as de-
scribed previously (9, 10). Thermal cycling conditions (11)
were carried out using the ABI 7500 FAST instrument (Ap-
plied Biosystem, Foster City, CA, USA).

Invasive fungal infections were defined according to
the European Organization on research and treatment

in cancer and the mycoses study group (8). To be de-
fined as a proven infection, fungal elements in tissue (by
histopathology) or isolates from etiologic agents were re-
quired to be found in cultures of samples from a nor-
mally sterile site, such as blood, CSF, and tissue in im-
munocompromised patients. Combination of a suscepti-
ble host, clinical signs compatible with fungal infection
and mycological evidence or indirect (non-culture/non-
histopathologic evidence) from non-sterile clinical sam-
ples like sputum and bronchoalveolar lavage were defined
as probable IFIs.

The ethics committee of Shiraz University of Medi-
cal Sciences reviewed and approved the study, which was
carried out in accordance with the 1975 declaration of
Helsinki, as revised in 1983. Written consents of the pa-
tients were obtained before participating in the study.

Data were analyzed by descriptive statistical methods
using the SPSS statistical package (SPSS, Chicago, IL, USA).

4. Results

The female-to-male ratio was 38:48, and the mean
age of the patients was 6 years (standard deviation: 3.9).
The most common hematological disorders in these pa-
tients were acute lymphoblastic leukemia (ALL) in 50
patients (58%), acute myeloid leukemia (AML) in 21 pa-
tients (24%), followed by Hodgkin’s lymphoma, Burkit lym-
phoma, megaloblastic anemia, and aplastic anemia. The
mean white blood cell count was 3522 (standard deviation:
3300).

Candida colonization was seen in 42 patients (48.8%)
and the most frequent sites of colonization were oral cavity
53.3%, rectum 33.3%, nose 6.7% and urine 6.7%. The etiologic
agents were found to be C. albicans in 73.3% of the cases, fol-
lowed by C. krusei, C. tropicalis, C. dubliniensis and C. famata.
Oral candidiasis was diagnosed in 7 (8%) patients (C. albi-
cans was grown in 5 cases, C. tropicalis in 1 and C. krusei in 1
case).

A total of 225 clinical specimens consisting of blood,
urine, cerebrospinal fluid, pleural and abdominal tap,
bronchoalveolar lavage, abscess secretion, and sputum
were examined for fungal infection. Candidemia was de-
tected in 4 patients. According to clinical, radiological and
mycological data, proven and probable IFIs were detected
in 14 of the 86 patients (16.3%), using pathological, conven-
tional and molecular diagnostic methods. Demographic
and clinical characteristics of the pediatric patients are
presented in Table 1. The etiologic agents based on the cul-
ture results from clinical specimens consisted of C. albicans
in 5 cases, A. flavus in 3, and A. fumigatus, fusarium, Alterneria
and Mucor, each in 1 case. In 2 cases with liver abscess, only
the Candida PCR was positive. Blood culture results in these
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2 cases were negative and sampling from the abscess was
not done. Lungs and sinuses were the most infected sites
(Table 1). The detection limit of real-time PCR was 10 copy
numbers per ml. Real-time PCR was positive in 10 patients
(5 of 8 proven, 5 of 6 probable). Despite appropriate an-
tifungal therapy, 50% (7/14) of the patients unfortunately
passed away.

5. Discussion

Acute leukemia (myeloid, lymphoid) was the most fre-
quent underlying disease among the patients, as was sim-
ilarly seen in other studies (12). Candida colonization in
this study was reported in 48.8% of all patients and 100%
of patients with invasive candidiasis. There was a signifi-
cant correlation between invasive candidiasis and Candida
colonization (PV < 0.05) in patients with hematologic ma-
lignancy. The rate of Candida colonization was reported to
be 55.5% in two other studies, with 107 patients out of 197 in
the first study and 35 patients out of 63 in the second study
(13, 14). Candida albicans was the most prevalent etiologic
agent in both this study and other earlier studies (13, 14).
Candida colonization may be a pre-requisite for systemic
candidiasis in patients with hematologic malignancy.

In the present study, the rates of IFIs among pediatric
patients with hematological disorders were found to be
16.3%. The rate of proven IFIs in an autopsy study over a
15-year period (Chamilos et al.) revealed to be 31% in pa-
tients with with hematologic malignancies (15) and the
incidence rate of invasive aspergillosis and systemic can-
didiasis in the pediatric patients was shown to be 27.4%
and 12.9%, respectively (13, 16). Since many studies do not
have the possibility to perform autopsies or molecular as-
says, lower incidence rates were found, including 13% (17),
6.9% (18), and 4.6% (19). Unfortunately, despite starting the
antifungal agents, 50% (7/14) of the patients died. These
patients were infected with Mucor, Fusarium, Alternaria, A.
flavus, and C. albicans. The mortality rate of IFIs was re-
ported to be 48.2% (18). In a review study on 29 episodes
of IFIs, Candida spp. was the leading pathogen followed by
the Aspergillus species (19). In a large epidemiological sur-
vey of fungal infections in patients with hematologic ma-
lignancies conducted by Ramirez et al. over half of the fun-
gal infections were caused by molds, especially Aspergillus
spp. followed by yeast infections including candidemia
(20). The highest IFI-attributable mortality rates were asso-
ciated with zygomycosis followed by fusariosis, aspergillo-
sis, and candidemia (21).

The most common infected region presented in our
proven and probable patients was the respiratory tract sys-
tem, specifically 3 sinuses and 5 lungs (57.1%), followed by
fungemia 4/14 (28.6%) and the liver 2/14 (14.3%). In a study by

Kobayashi et al., the most common infected region in 334
patients with hematologic and malignant diseases were
“lung in 14 patients, liver in 5, brain in 3, fungemia in 2, kid-
ney in 1, and endophthalmitis in 1 patient” (18).

Culture of clinical specimens is the gold standard
test for detection and identification of IFIs, however, the
method is time consuming and sample collection through
biopsy in some hematological patients requires invasive
procedures. Blood cultures are rarely positive in infected
patients with mold fungi. In this study, no positive blood
culture for mold fungi was observed and 4 patients had
a positive result for candidemia. If other samples such as
tissue, bronchoalveolar fluid, sputum, needle aspiration
and peritoneal fluid could be obtained from the patients,
then, culture and direct smear (pathology smear) would
serve as the best method for diagnosis of infections. Since
such specimens are not available in some cases, it would
be better to use non-invasive methods like PCR in sera. In
this study, we selected real-time PCR as a facilitating and
rapid screening test for medically important fungi in sera,
and a feasible approach that enables culture-independent
screening of fungal infections and helps identify infected
patients at an early stage. The real-time PCR assay provides
a high sensitivity and specificity for the detection of fun-
gal DNA and rapidly identifies most of clinically relevant
Aspergillus species (20). Many studies have reported the
correlation between the presence of proven, probable, and
possible criteria of IFIs according to the EORTC-MSG crite-
ria and PCR results of the respective patients’ sera (17, 21,
22). The results of the present study show 5/8 patients with
proven and 5/6 patients with probable criteria. In proven
patients, when the specific primers (Aspergillus and Can-
dida) were used, PCR proved suitable for diagnosis. In prob-
able patients, where clinical sampling is difficult or im-
possible (in patients with liver abscess), this method could
help the clinicians with diagnosing the infection. As re-
vealed in this study, aspergillosis was confirmed by PCR in
patients with negative blood culture results, in accordance
with the results by Schabereiter-Gurtner al. (23). The limi-
tation of this study was the lack of using real-time PCR for
the detection of fungal pathogens like Fusarium, Alternaria,
and Mucor spp.

The rate of invasive fungal infections in our study was
high and Aspergillus and Candida were the most frequently
encountered fungi. Some new non-culture based methods
such as PCR would be useful for early and accurate detec-
tion of IFIs resulting in a better outcome for the infected
pediatric patients.
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Table 1. Characteristics of Pediatric Patients with Proven and Probable Invasive Fungal Infections

No Background Criteria Culture
Result

Serum PCR
result

WB Ccount Treatment Site of
Infection
(Sample)

Outcome

1 ALL Proven C. albicans
A: negative

22000 Amphotericin Blood Survival
C: positive

2 ALL Proven C. albicans
A: negative

1800 Amphotericin Blood Survival
C: positive

3 ALL Proven Fusarium
A: negative

228 Amphotericin Lung (tissue) Death
C: negative

4 ALL Proven C. albicans
A:negative

900 Amphotericin Blood Survival
C: positive

5 ALL Proven Alterneria
A: negative

400 Amphotericin Sinus (Tissue) Death
C: negative

6 ALL Proven C. albicans
A: negative

1400 Amphotericin Sinus (Tissue) Death
C: positive

7 ALL Proven C. albicans
A:negative

22000 Amphotericin Blood Survival
C: positive

8 ALL Proven
Aspergillus

flavus

A:negative
900 Voriconazole Sinus (Tissue) Death

C:negative

9 ALL Probable Mucor
A:negative

6900 Posaconazole
Lung

(sputum)
Death

C:negative

10 AML Probable
Aspergillus

flavus

A: positive
1700 Voriconazole

Lung
(sputum)

Death
C:negative

11 AML Probable
Aspergillus

flavus

A: positive
18800 Voriconazole

Lung
(sputum)

Survival
C:negative

12 ALL Probable No sample
A:negative

500 Amphotericin Liver Abscess Survival
C: positive

13 ALL Probable
Aspergillus
fumigatus

A: positive
13600

Amphotericin
Voriconazole

Lung
(sputum)

Survival
C:negative

14 ALL Probable No sample
A: negative

1200 Amphotericin Liver Abscess Death
C: positive

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; A, Aspergillus PCR in serum; C, Candida PCR in serum; EORTIC/MSG, European organi-
zation on research and treatment in cancer and the mycoses study group.
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