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Efficacy and safety of itraconazole use in infants
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Background: Itraconazole has been used to treat
fungal infections, in particular invasive fungal infections
in infants or neonates in many countries.

Results: Of 45 articles on the use of itraconazole in
infancy, 13 are related to superficial fungal infections
including tinea capitis, sporotrichosis, mucosal fungal
infections and opportunistic infections. The other 32
articles are related to systemic fungal infections including
candidiasis, aspergillosis, histoplasmosis, zygomycosis,
trichosporonosis and opportunistic infections as caused
by Myceliophthora thermophila.
Conclusions: Itraconazole is safe and effective at a
dose of 5 mg/kg per day in a short duration of therapy for
superficial fungal infections and 10 mg/kg per day for systemic
fungal infections in infants. With a good compliance, it is
cost-effective in treating infantile fungal infections. The
profiles of adverse events induced by itraconazole in infants
are similar to those in adults and children.

F

ungal infections account for 9% episodes of
late onset sepsis in neonatal infections.[1] Four
classes of antifungal agents are commonly
used in the treatment of fungal infections in pediatric
patients: polyene macrolides, fluorinated pyrimidines,
triazoles, and echinocandins. Among them, liposomal
and lipid complex preparations of amphotericin B and
fluconazole are very effective for the treatment of fungal
infections; however, the optimal dosage and duration of
therapy is difficult to establish.[2] Itraconazole (ITR) has
a broader spectrum of activity than fluconazole,[3] which
has been approved by the United States Food and Drug
Administration for the treatment of fungal infections
in adults. ITR is well tolerated and effective in adults
with superficial and systemic fungal infections, but no
recommendation has been established for pediatric use.
There are limited data concerning the use of ITR to treat
fungal infections in infants, although fungal infections
are common in infants. This review focuses on the use
of ITR in the treatment of mycotic infections in infants.
Literature search was conducted through Ovid
EMBASE, PubMed, ISI Web of Science, CNKI and
Google scholarship in July 2013 using the following key
words: "pediatric" or "infant" or "neonate" and "fungal
infection" in combination with "itraconazole".
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Pharmacokinetics
ITR is a lipophilic compound which exerts its effects on
fungi by interfering with synthesis of the cytochrome
P450-dependent enzyme lanosterold 14-α-emethylase,
an ergosterol precursor that is an essential component
of fungal cell membranes.[1-3] The drug concentrations
of ITR in all the target organs are 2 to 20 times higher
than that in the serum, and are especially high in nails,
skin and adipose tissue. However, penetration into the
cerebrospinal fluid is poor.[4]
When the trough blood level of ITR ranges from
250 to 500 ng/mL, ITR may be effective in patients
with suspected fungal infection.[5] The rate or extent of
absorption from itraconazole oral solution (ITR-OS)
was found to be greater than that from capsules in 49
pediatric patients, and twice-daily dosing rather than
once-daily dosing improves the maintenance of trough
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Data sources: Literature search was conducted through
Ovid EMBASE, PubMed, ISI Web of Science, CNKI
and Google scholarship using the following key words:
"pediatric" or "infant" or "neonate" and "fungal infection"
in combination with "itraconazole". Based on the literature
and our clinical experience, we outline the administration of
itraconazole in infants in order to develop evidence-based
pharmacotherapy.
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concentrations above the recommended minimum of
500 ng/mL. [6] The bioavailability (60%) of ITR-OS
administered after fasting is higher than that of capsules
administered immediately after meals.[7] Approximately
30% of the patients who were given ITR capsules 5 mg/
kg per day had levels less than 250 ng/mL at which the
prophylaxis was considered to be ineffective.[8] In the
dosing range of 7.6-10 mg/kg per day, protective trough
concentrations were reached in most patients no matter
what oral formulation had been used.[9] Another study
indicated a trend toward higher concentrations of ITR
in plasma in older children.[10] However, the single-dose
pharmacokinetics of ITR and hydroxyitraconazole after
intravenous administration to children was evaluated, and
no relationship was found between age and maximum
plasma concentrations or total body clearance. [11]
Repeated-dose pharmacokinetics of ITR-OS at a dose of 5
mg/kg per day for 2 weeks in infants and children showed
that the potentially therapeutic plasma concentrations
were lower in infants aged 6 months to 2 years than those
in children aged 2 to 12 years on day 1, but comparable
on day 14. The study also indicated that severe infections
might need higher doses. Pharmacokinetic data in healthy
volunteers from infants are lacking.[12]

Superficial fungal infections
Tinea capitis
Although less frequent than in children, tinea capitis
has also been seen in infants and toddlers, even in
neonates.[13,14] Seven infants with tinea capitis caused by
Microsporum canis received ITR 5 mg/kg per day in a
continuous regimen, and they were cured clinically and
mycologically after 3 to 6 weeks.[15] It is worth noting
that ITR at a dose of 100 mg/d for 4 weeks was only
effective in less than half of children with Trichophyton
tonsurans caused tinea capitis.[16] A regimen of ITR for
infantile tinea capitis may be needed for additional
14-day courses after a 4-week continuous course.[17,18]
Oral ITR was also administrated either as a capsule
for older children (116 patients) or an oral suspension
for infants (47 patients). Afterward, 88% of the
children after 6 weeks of therapy and all the infants
after 12 weeks achieved a clinical cure. Mycological
examinations were negative although 55 of all patients
showed failure of treatment with terbinafine. [19] In
a large open, nonrandomized, clinical study, ITR
oral pulse regimen, each of 1-week duration with an
interval of 2 weeks, provided another ideal alternative to
griseofulvin. The number of pulses should be administered
according to the clinical response. [20] Infantile tinea
capitis, whatever they were caused by Mirosporum canis
or Trichophyton rubrum, was successfully treated with
only 2-3 pulses of oral ITR in both formulations.[21,22]
400

Sporotrichosis
Sporotrichosis is caused by the dimorphic fungus
sporothrix complex as a result of implantation
into the subcutaneous tissue by contaminated
organic material.[23] Sporotrichosis during infancy
is rare. Infant sporotrichosis usually presents as a
solitary lesion on the face.[24] Oral potassium iodide
has been the treatment of choice for childhood
sporotrichosis for many years, but it is easy to
induce gastrointestinal side effects.[25,26] ITR is the
most promising one among newer antimycotic
agents. The minimal inhibitory concentration of ITR,
ranging from 0.1 to 1.0 mg/L, for the yeast form of
S. schenckii is well within the therapeutic range. In a
previous study, 15 cases of sporotrichosis in Chinese
infants aged <10 months were diagnosed, and three
of them were treated with oral ITR at a dose of 3
mg/kg per day and was cured in 2.5-4 months (mean:
3.2 months) with neither recurrence nor adverse
effects in a follow-up period of 4 to 24 months.[27]
Another two infants with sporotrichosis were cured
with ITR at a dose of 3 mg/kg or 5 mg/kg per day
separately.[28,29]
Mucosal fungal infections
ITR is widely used in the treatment of mucosal fungal
infections in children, which are frequently caused by
Candida or Aspergillus species. An ITR-OS given at a
dose of 5 mg/kg per day showed potentially therapeutic
concentrations in plasma for infants with mucosal
fungal infections or at risk for the development of
invasive fungal disease. [12] Intravenous ITR given
at a dose of 2.5 mg/kg per day was well tolerated in
children including 6 infants and afforded the ability to
rapidly achieve the therapeutic concentrations of ITR
in plasma.[10]
Other cutaneous infections
Children with onychomycosis aged less than 3 years
are rarely reported. [30] Topical antifungal agents
with lacquers such as amorolfine and ciclopirox and
occlusive ointment bifonazole urea, are primarily used
for infantile onychomycosis.[26] However, ITR-OS,
which facilitates proper administration and dosing, has
been introduced.[31,32]
An 18-month-old boy with acute and severe
inflammation around his left eyelid caused by a
rare opportunistic pathogenic fungi Chaetomium
atrobrunneum and Clavispora lusitaniae was cured
with oral ITR capsules in half a month.[33]
Table 1 shows the detailed information on itaconazole
use for superficial fungal infections in infants.
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Systemic fungal infections

Aspergillosis
An immunocompetent infant was treated successfully
with amphotericin B (AMB) followed by prolonged
ITR therapy for cerebellar aspergillosis as an adjunct
to aggressive surgical debridement. [42] The same
results were obtained in a preterm neonate with
cutaneous disseminated aspergillosis and in another
infant with pulmonary aspergillosis. [43,44] However,
an infant diagnosed with allergic bronchopulmonary
aspergillosis and cystic fibrosis was unsuccessfully
treated with oral prednisone and ITR.[45] Despite the
dose of oral ITR increased up to 120 mg/kg per day,
no effective serum concentrations could be achieved
for invasive Aspergillus infection of a two-year-old
boy with mild diarrhea at the same time.[46] A large
cohort study showed a poor response rate for patients
receiving AMB, The patients who achieved complete
response accounted for 25% and those who died due to
aspergillosis accounted for 65%. By contrast, patients
who had received ITR alone or following AMB died of
Aspergillus accounted for 26% and 36%, respectively.[47]
Histoplasmosis
Histoplasmosis is endemic in Americans, especially in

Zygomycosis
Zygomycosis is a chronic infection caused by fungus
of the order entomophthorales. Robertson et al [53]
reported a case of fibrosing mediastinitis secondary to
zygomycosis in an immunocompetent 22-month-old
infant successfully treated with AMB and ITR for 20
weeks, who was well at follow-up 17 months later. Few
infants with gastrointestinal zygomycosis diagnosed
by histopathologic findings responded favorably to the
treatment including surgical resection of the infected
portion of the bowel and administration of ITR.[54,55] A
9-month-old baby, with a rapidly expanding malignant
presentation of basidiobolomycosis with non-healing
ulcers and spread to underlying muscles mimicking
lymphoma, responded poorly to ITR at a dose of 5
mg/kg per day but showed marked improvement after
combined therapy of ITR and potassium iodide.[56]
Trichosporonosis
Trichosporon spp. are emerging as opportunistic agents
that cause systemic diseases in immunocompromised
hosts.[57] T. asahii, which had high minimal inhibitory
concentration for ITR, was isolated from the throat,
feces and urine of a bone-marrow-transplanted
infant, who finally died after combined therapy of
liposomal AMB (LAMB), fluconazole and ITR. [58]
Since Trichosporon spp. are difficult to isolate, clinical
suspicion is essential for early antifungal therapy to
improve the outcome.
Fungal suppuration by Myceliophthora thermophila
A 21-month-old male infant developed a gas-containing
left parietal brain abscess caused by Clostridium
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Candidiasis
Fungal infections especially Candida may be responsible
for serious diseases in infants. The predominant role
of C. albicans as a cause of candidemia in hospitalized
children has changed in contrast to previous reports.[34,35]
Hospital candidemia due to non-albicans Candida, such
as C. parapsilosis, C. krusei, C. pelliculosa, C. tropicalis,
and C. glabrata are increasing, and C. parapsilosis as
a significant neonatal pathogen comprises a third of all
Candida infections and is associated with a mortality of
10%.[35] Bhandari et al[36,37] used oral ITR successfully
at a dose of 10 mg/kg per day for 3 to 4 weeks for the
treatment of systemic candidiasis in 3 very low birth
weight neonates. ITR was associated with good clinical
and mycological responses and no significant toxicities
were found in a neonate with hepatic candidiasis.[38] ITR
at a dose of 10 mg/kg per day for only 6-14 days was
effective in the treatment of infants with nosocomial
candidemia.[39] In another study, oral ITR was continued
1 week after the blood culture turned to negative, with a
minimum duration of 2 weeks, which was also effective
in treatment of candidemia in children.[40] A preliminary
randomized controlled study including 43 children, 76%
of whom had protein energy malnutrition, demonstrated
that ITR at a dose of 10 mg/kg per day was as effective as
fluconazole in the treatment of children with nosocomial
candidiasis receiving intensive care.[41]

children, the elderly, and immunosuppressed patients.[48]
ITR was used in children with disseminated histoplasmosis
preliminarily, and a patient had improvement after
1 month of treatment with ITR but died because his
guardian refused further treatment. [49] A 4-monthold human immunodeficiency virus (HIV)-negative
infant with disseminated histoplasmosis showed good
results after treatment with AMB followed by ITROS, which was given at a dose of 2.5 mg/kg twice a
day for 6 months.[50] Similar result was found in one of
dizygotic twins.[51] An 11-month-old infant with acute
disseminated histoplasmosis was also successfully
treated with ITR at a dose of 10 mg/kg per day for 6
months.[48] In a cohort study of 42 children, 24 who
were subjected to antifungal treatment with ITR,
AMB or in combination separately had significant
improvement. Exceptions included one child with AIDS
who relapsed and another child with chronic meningitis
who suffered from cerebral sequelae.[52]
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[15]

<2

3

Aspergillosis

Candidiasis

1

1
1
1

3

1.6
1.5
2

0-86

Mohindra, 2006[42]

Thomson, 2006[45]
Zhao, 2005[44]
Roesler, 1990[46]

Patterson, 2000[47]

Capsule
Capsule

ITR
AMB

187

58

Capsule

10 mg/kg per d for 4 wk
Capsule
Unclear
Oral
AMB 3 mg/kg/d for 28 days followed by ITR 1 Oral
mg/kg/d for 30 d
AMB, followed by ITR 200 mg/d for 6 mon in Oral
adjunct to aggressive surgical debridement
Oral prednisone and ITR
Unclear
Unclear dose for 1 y
Oral
16-120 mg/kg/d
Capsule

1
1
1

0
0
0

Bhandari, 1992[37]
Sciacca, 1995[38]
Manzoni, 2012[43]

Hiranandani, 1995[39] 0-3
Bhandari, 1992[36] 0

64 (<12 y) 10 mg/kg/d for 21-42 d in 35 patients
21 (10, <2 y)10 mg/kg/d for 2 wk or until 1 wk more than
negative result
6 (4, <0.2 y)10 mg/kg/d for 21-28 d
2
10 mg/kg/d for 3-4 wk

0-12
0-12

Singhi, 2004[40]
Mondal, 2004[41]

Table 2. Itaconazole for systemic fungal infections in infants
Diagnosis
Study
Age (y) Sample size Treatment regimen

Solution

Drug
interactions
No
No

No
No
Reversibility of indigestion in 2
No
No
No
Headache in 1, vomiting in 3, diarrhea No
in 1, epistaxis in 1, seizures in 1
No
No
No
No
No
No
No
No

Diarrhea in 5, cutaneous eruption in 4, No
abdominal pain in 2
No
No

No
Mild to moderate diarrhea in 2 in
continuous regimen

Side effects

25% complete cure, 36%
dead with Aspergillus
26% complete cure, 65%
dead with Aspergillus

1/1 dead
1/1 improved
0/1 complete cure

1/1 complete cure

5/5 complete cure
1/2 complete cure, 1/2
improved
1/1 complete cure
1/1 complete cure
1/1 complete cure

No
No
Mild diarrhea became moderate
in 1
No

No

No
No
No

No
No

None had any major side effect
Nausea and vomiting in 1

Side effects

No

No
No
No

No

No
No
No

No
No

No
No

Drug interactions

6/6 achieved therapeutic
No
No
concentrations of ITR in plasma
3/3 complete cure
Gastrointestinal system and general No
disorders

3/3 complete cure
1/1 complete cure
1/1 complete cure
1/1 complete cure

Pharmaceutical efficacy of treatment
dosage forms
Capsule
30/35 complete cure
Capsule
17/21 complete cure

Continuous regimen: 50 mg/d for 7 d, then 50 mg
every other day for 8 d

Intravenous ITR

Single dose: 2.5 mg/kg/d

0.6-2

6

Continuous regimen: 3 mg/kg/d for 2-4 mon
Oral
Continuous regimen: 5 mg/kg/d for 60-90 d
Capsule
Continuous regimen: 3 mg/kg/d for 8 wk
50 mg/d for 7 days, then 50 mg every other d for 8 d Capsule

0.4,0.3,0.53
1.6
1
1.4
1
1.6
1

Age (y) Sample size Treatment regimen

ITR: itraconazole; AMB: amphotericin B; OS: oral solution.

Sporotrichosis Song, 2011[27]
Mahajan, 2005[29]
Kwon, 1998[28]
Cutaneous
Zhang, 2010[33]
infection
Mucosal fungal Abdel-Rahman, 2007[11]
infections
de Repentigny, 1998[12]

Study

Pharmaceutical Efficacy of treatment
dosage forms
Tinea capitis Binder, 2009
<1
7
Continuous regimen: 5 mg/kg/d for 3-6 wk
Capsule or ITR-OS7/7 complete cure
Koumantaki0.5-14 Unclear
Pulse regimen: 81 with 5 mg/kg/d 1-7 pulses, 1 pulse Capsule
60/60 complete cure, 21 lost
Mathioudaki, 2005[20]
every 4 wk
follow-up for long time
Unclear
Continuous regimen: 30 with 5 mg/kg/d for 12 wk ITR-OS
31/31 complete cure
Ginter-hanselmayer,
0.9-12.5 Unclear
Continuous regimen: 5 mg/kg/d for 10-77 d
Capsule or ITR- 163 complete cure
2004[19]
OS
Chang, 2002[21]
0.1
1
Pulse regimen: 25 mg/2.5 mL/d for 3 pulse, each
ITR-OS
1/1 complete cure
pulse lasting 1 wk, with 2 wk off drug between the
first and second pulses and 3 wk off between the
second and third pulses
[22]
Koumantaki, 2001
0.8
1
Pulse regimen: 50 mg/d for 2 pulse as the last study Capsule
1/1 complete cure
Möhrenschlager, 2000[17] 1-12
Unclear
Continuous regimen: 50-100 mg/d for 4 wk
Capsule
34/42 complete cure
Gupta, 1998[18]
1-12
10 (1-12 y) Continuous regimen: 3 mg/kg/d for 4-8 wk
Capsule
8/10 complete cure
Abdel-Rahman, 1998[16] 1.5-11 25 (1.5-11 y)Continuous regimen: 100 mg/d for 4-8 wk
Capsule
10/25 complete cure

Diagnosis
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Table 1. Itaconazole for superficial fungal infections in infants
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1

0.7-11.5 <39

0.3-13 21 (12, <5 y)3-5 mg/kg/d
2.6-18.2 155
Unclear
<18
30
5-10 mg/kg/d

0.2-11 13 (12, <6 y;Unclear
6, <3 y)

Simon, 2007[9]

Cale, 2000[66]
Beauté, 2011[67]
Mouy, 1994[8]

Soler-Palacín,
2007[65]

Median dose of 8 (3.5-16.0) mg/kg/d
for 6-246 d

0.4-18.3 53 (<18 y) 10 mg/kg/d first 2 d followed by 5 mg/kg/d
for 98 d

Grigull, 2007[63]

6 mg/kg/d
Lehrnbecher, 2007[61]0.1-17 <9
de Repentigny,
<2
5
5 mg/kg/d for 14 d
[12]
1998
0-14
103 (0-14 y)5 mg/kg/d for 1-265 d
Foot, 1999[64]

22 (10, <5 y)5 mg (0.5 mL) /kg/d for 19-183 d

7/8 without fungal infections
5/5 complete cure

18/18 without fungal infections, 4 No
lost to follow-up

Non-alcoholic steato-hepatitis in
2 vincristine sulfate, syndrome
of inappropriate anti-diuretic
hormone secretion and liver
dysfunction in 1 irinotecanhydrochloride Noseperately

No

No
No

No
No

No
No
No

No
No

No

Drug interactions

No
No
Gastrointestinal system and
No
general disorders
Solution
No proven systemic fungal
Vomiting in 12, abnormal liver
4 withdrawn in
infections occurred during the
function in 5, rash in 1,
vincristine
study except for 3 suspected oral abdominal pain in 3,
candidiasis
convulsions in 3
Intravenous 2 new IFI, 11/53 discontinued for Abnormal results of laboratory
No
followed by unknown fever
investigations in 21 of 53 (40%)
solution
of the children, Predominantly
including elevated transaminases
in 10 and veno-occlusive disease in 5
Capsule or
No fungal infections were found Nausea, vomiting, constipation,
No
solution
abdominal pain, fever, diarrhea
and abnormal liver function
Oral
Unclear
No
No
Unclear
127/155 complete cure
No
No
Capsule
27/30 complete cure
Elevated serum liver enzyme
No
levels in 4, mild hypokalemia in 3
Unclear
9/13 complete cure, 1/13 was
No
No
dead for fungal infections

Oral
solution

Solution

No

No
No

1.8

Kobayashi, 2010[62] 0-14

Tekkök, 1996[59]

1/1 complete cure
Death without Trichosporon
asahii isolation
1/1 complete cure

1.5
1.9

AMB for 1 wk followed by ITR for 9 mon Oral
LAMB (4 mg/kg)+ITR (100 mg)+fluconazole Oral
(400 mg) each day for 11 mon
8 mg/kg/d for 4 mon
Unclear

1
1

1.8
2.5, 2
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ITR: itraconazole; AMB: amphotericin B; LAMB: liposomal amphotericin B; HIV: human immunodeficiency virus; IFI: invasive fungal infections.

Fungal
suppuration
Prophylaxis
for IFI

Robertson, 2002[53]
Geramizadeh,
2007[54]
Fahimzad, 2006[55]
Trichosporonosis Ağirbasli, 2008[58]

Zygomycosis

0.9
1-14

0-83

0.3
Troillet, 1996[50]
Quilter, 2012[51]
0.5
Mendiratta, 2012[56] 0.8

Kristien, 2002[48]
Tobón, 1996[49]

Histoplasmosis Mata-Essayag,
2008[52]

Pharmaceutical Efficacy of treatment
Side effects
dosage forms
12/24 (5%) received only ITR 7 mg/kg/d
Oral
All in 3 groups improved exceptions No
158
(42, <18 y;
for 2 patients, 1 with HIV replased
and the other with meningitis
15, <2 y) 9/24 (37.5%) with AMB followed by ITR
Oral
had sequelae
3/24 (12.5%) were treated with AMB
1
10 mg/kg for 6 mon
Oral
1/1 complete cure
No
7 (4, <3 y) 6-16 mg/kg/d for 1-12 mon
Capsule
3/4 complete cure
Elevated serum bilirubin, alkaline
phosphatase and aminotransferase in 1
1
5 mg/kg/d for 6 mon
Capsule
1/1 complete cure
No
1
AMB for 3 wk followed by ITR for 4 mon
Unclear
1/1 complete cure
No
1
ITR 5 mg/kg/d for 4 wk
Oral
No resolution with ITR alone
No
Followed by saturated solution of potassium Oral
1/1 complete cure with
iodide, up to a maximum of dose 40 mg⁄kg/d
combination therapy
for 3 mon
1
Combined with AMB for 20 wk
Unclear
1/1 complete cure
No
2
5-10 mg/kg/d
Unclear
2/2 complete cure
No

Table 2. Itaconazole for systemic fungal infections in infants (continued)
Diagnosis
Study
Age (y) Sample size Treatment regimen

Itraconazole in infants

World Journal of Pediatrics
perfringens with unique simultaneous fungal suppuration
by Myceliophthora thermophila after sustaining a
penetrating head injury in a barnyard. He presented
with high fever, galeal swelling, and seizure. Antifungal
treatment consisted of the administration of LAMB for
6 weeks and ITR at a dose of 8 mg/kg per day for 4
months. Six months after the excision of the abscess, the
infant was well and neurologically intact.[59]
Table 2 shows the detailed information on
itaconazole use for systemic fungal infections in infants.
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The efficacy of prophylaxis with ITR
The incidence of invasive fungal infection (IFI) in
children with hematological malignancies was reported to
be 6.9% and the mortality rate of IFI children was as high
as 48.2%.[60] In children with hematological malignancies
and solid tumor who received chemotherapy, the
prophylactic effects of either intravenous or oral ITR
were confirmed.[61-63] One hundred and three neutropenic
children were given ITR-OS as antifungal prophylaxis
either at the start of conditioning 9 days before
transplantation or longer, they had no systemic fungal
infections during the study.[64] Prophylactic treatment
with ITR also proved to be effective in preventing
serious infections in pediatric patients with chronic
granulomatous disease.[12,65,66] ITR at a median dose
of 8 mg/kg per day, in capsules or oral solution, is
feasible and inexpensive for antifungal prophylaxis in
children with malignant diseases.[9] In 30 patients who
received ITR prophylaxis, 3 developed fungal lung
infection, giving an incidence 10% in the ITR group
infected with Aspergillus versus 34.4% in an untreated
group (P=0.013).[8] Similar results were obtained in a
multicenter study from France, which also indicated
that ketoconazole prophylaxis reduced IFI.[67]

Safety

In infants ITR has demonstrated an excellent safety
profile as in children. ITR was once used in 16001
patients, of whom 1106 ranged in age from 0 to 19
years. The incidence of serious, adverse liver events
was approximately 3.2/100 000 prescriptions of ITR,
which proved that ITR rarely induces serious effect on
the liver, kidneys, skin, or blood.[68,69]
In 45 reports we reviewed, 23 were case reports
on 42 infants, and the remaining were cohort or
control studies of infants (the number was not
clear). No adverse events were described in the
case reports except mild diarrhea became moderate
in one infant. [12,15,21,22,27-29,33,36-38,42-46,48,50,51,53,54,56,58,59]
There were mild to moderate gastrointestinal diseases
404

(nausea, vomiting, diarrhea, and constipation), elevated
transaminases, headache, abdominal pain, fever, rash,
and epistaxis. [8,9,12,41,46,49,63,64] Convulsions as serious
adverse events were observed in 7 patients, but none of
them was definitely or probably related to ITR except
for 3 cases.[64] The side-effects may be not related to
drug administration since there was no control group
in most studies. In addition, the administration of ITR
was discontinued in 8 patients with unknown reason in
four, syndrome of inappropriate anti-diuretic hormone
secretion in one, non-alcoholic steatohepatitis in
two, and liver dysfunction in one, who had received
vincristine sulfate (VCR) or irinotecan hydrochloride
with ITR.[62,64]
In the 45 reports, 13 mentioned superficial fungal
infections including tinea capitis, sporotrichosis,
mucosal fungal infections and opportunistic
infections.[12,15-22,27-29,33] The remaining 32 had systemic
fungal infections including candidiasis, aspergillosis,
histoplasmosis, zygomycosis, trichosporonosis, and
opportunistic infections caused by Myceliophthora
thermophila.[8,9,12,36-56,58,59,61-67] The mortality rates of the
infections were high in untreated immunocompromised
infants who had risk factors for systemic fungal infections,
such as low birth weight, HIV infection, broad-spectrum
antibiotic therapy, prolonged indwelling catheters,
malnutrition, and disruption of gastrointestinal mucosa.
Thus, recognizing fungal infections is important in
infants, especially those caused by uncommon pathogens
including Basidiobolus ranarum, the zygomycetes class
of fungi, Trichosporon asahii, Clavispora lusitaniae,
and Chaetomium atrobrunneum.[33,53-56,58,59]

Conclusions

Superficial fungal infections
Tinea capitis is a common superficial fungal infection
in children. Traditional treatment for tinea capitis is
griseofulvin, but its usefulness may be restricted for its
long-term dose, side effects, increased resistance and
limited spectrum of activity, which does not include
Candida species.[70-72] ITR is effective in treating tinea
capitis when used as continuous or pulse therapy, which
is better tolerated than griseofulvin.[18,31,73] It is necessary
to individualize the duration of therapy administered
according to the clinical response. The advantages of
pulse therapy are better compliance than continuous
therapy. Tinea capitis caused by Microsporum species
or Trichophyton tonsurans may be cured with a
longer duration of ITR.[15,16] Although no ITR dosage
is available for infants, 5 mg/kg per day is used for
infantile superficial fungal infections within 3 to 6
weeks.[12,15,19,20,39] ITR pulse therapy seems to be an ideal
regimen for infantile superficial fungal infections as it
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has a good safety profile, high efficacy and low cost.[20-22]

Funding: This study was supported by grants from the National
Natural Science Foundation of China (No. 81472539).
Ethical approval: Not needed.
Competing interest: None.
Contributors: Chen S and Sun KY contributed equally to
concept, design and drafting of the paper. Feng XW and Xin R
contributed to acquisition of data. Lama J made a critical revision
for English. Ran YP put forward the original ideas and the fi nal
review of the paper.

References
1 Almirante B, Rodríguez D. Antifungal agents in neonates: issues
and recommendations. Paediatr Drugs 2007;9:311-321.

World J Pediatr, Vol 12 No 4 . November 15, 2016 . www.wjpch.com

405

Review article

Systemic fungal infections
Aspergillosis and candidiasis are the most common
systematic fungal infections in infants and children.
AMB, followed by prolonged ITR therapy is a "gold
standard" modality for severe systematic fungal
infections.[42,51,52,55,58] The IFI incidence was significantly
lower after prophylaxis using ITR, and few serious
side effects were noted, even if it continued for several
months up to 1 year.[16,18,42,44,48,51,53,55] Systematic fungal
infections were treated with ITR at a dose of 5-10
mg/kg per day for 2 to 6 months according to the
clinical response.[9,34-67] In 252 neonates with invasive
candidiasis in Tunisian Hospital, there was a low
resistance rate (5.6%) of ITR for Candida albicans
in vitro.[74] However, resistant strains of C. krusei, C.
glabrata, C. albicans, C. haemulonii and C. tropicalis
to ITR were observed in neonates who had not received
antifungal therapy.[75-78] Triazoles, namely, voriconazole,
posaconazole, and ravuconazole, had a notable in vitro
activity against all Candida species.[77,79]
ITR is safe and effective in the treatment of fungal
infections in infants who have normal liver function and
are not given ITR concomitantly with agents that will result
in side effects, such as vincristine sulfate and irinotecan
hydrochloride.[69] Therefore, it is important to monitor liver
function for infants before and during the treatment
with ITR as in adults. Weight-based doses of ITR can be
used in spite of age of infants, children and adolescents.
ITR at the dose of 5 mg/kg per day is suggested for the
treatment of superficial fungal infections in infants, and
the dose can increase to 10 mg/kg per day for systemic
fungal infections. ITR is available in different dosage
forms including capsules, oral solution and parenteral
solution. ITR-OS facilitates proper administration
and dosing for infants. Compliance with treatment
instructions of ITR in infants has been judged good.

2 De Beule K, Van Gestel J. Pharmacology of itraconazole. Drugs
2001;61:27-37.
3 Van de Velde VJ, Van Peer AP, Heykants JJ, Woestenborghs
RJ, Van Rooy P, De Beule KL, et al. Effect of food on the
pharmacokinetics of a new hydroxypropyl β-cyclodextrin
formulation of itraconazole. Pharmacotherapy 1996;16:424-428.
4 Marwaha RK, Maheshwari A. Systemic antifungal therapy in
pediatric practice. Indian Pediatr 1999;36:1011-1021.
5 Rex JH, Pfaller MA, Galgiani JN, Bartlett MS, EspinelIngroff A, Ghannoum MA, et al. Development of interpretive
breakpoints for antifungal susceptibility testing: Conceptual
frame-work and analysis of in vitro–in vivo correlation data for
fluconazole, itraconazole and Candida infections. Subcommittee
on Antifungal Susceptibility Testing of the National Committee
for Clinical Laboratory Standards. Clin Infect Dis 1997;24:235247.
6 Hennig S, Wainwright CE, Bell SC, Miller H, Friberg LE,
Charles BG. Population pharmacokinetics of itraconazole and
its active metabolite hydroxy-itraconazole in paediatric cystic
fibrosis and bone marrow transplant patients. Clin Pharmacokinet
2006;45:1099-1114.
7 Kobayashi R, Suzuki D, Yasuda K, Kobayashi K. Itraconazole
for invasive fungal infection with pediatric malignancies. Pediatr
Int 2010;52:707-710.
8 Mouy R, Veber F, Blanche S, Donadieu J, Brauner R, Levron
JC, et al. Long-term itraconazole prophylaxis against Aspergillus
infections in thirty-two patients with chronic granulomatous
disease. J Pediatr 1994;125:998-1003.
9 Simon A, Besuden M, Vezmar S, Hasan C, Lampe D, Kreutzberg
S, et al. Itraconazole prophylaxis in pediatric cancer patients
receiving conventional chemotherapy or autologous stem cell
transplants. Support Care Cancer 2007;15:213-220.
10 Schmitt C, Perel Y, Harousseau JL, Lemerle S, Chwetzoff E, le
Moing JP, et al. Pharmacokinetics of itraconazole oral solution in
neutropenic children during long-term prophylaxis. Antimicrob
Agents Chemother 2001;45:1561-1564.
11 Abdel-Rahman SM, Jacobs RF, Massarella J, Kauffman RE,
Bradley JS, Kimko HC, et al. Single-dose pharmacokinetics of
intravenous itraconazole and hydroxypropyl-beta-cyclodextrin in
infants, children, and adolescents. Antimicrob Agents Chemother
2007;51:2668-2673.
12 de Repentigny L, Ratelle J, Leclerc JM, Cornu G, Sokal EM,
Jacqmin P, et al. Repeated-dose pharmacokinetics of an oral
solution of itraconazole in infants and children. Antimicrob
Agents Chemother 1998;42:404-408.
13 Snider R, Landers S, Levy M. The ringworm riddle: an outbreak
of Microsporum canis in the nursery. Pediatr Infect Dis J
1993;12:145-148.
14 Weston WL, Morelli JG. Neonatal tinea capitis. Pediatr Infect
Dis J 1998;17:257-258.
15 Binder B, Richtig E, Weger W, Ginter-Hanselmayer G. Tinea
capitis in early infancy treated with itraconazole: a pilot study. J
Eur Acad Dermatol Venereol 2009;23:1161-1163.
16 Abdel-Rahman SM, Powell DA, Nahata MC. Efficacy of
itraconazole in children with Trichophyton tonsurans tinea
capitis. J Am Acad Dermatol 1998;38:443-446.
17 Möhrenschlager M, Schnopp C, Fesq H, Strom K, Beham
A, Mempel M, et al. Optimizing the therapeutic approach in
tinea capitis of childhood with itraconazole. Br J Dermatol
2000;143:1011-1015.
18 Gupta AK, Nolting S, de Prost Y, Delescluse J, Degreef H,
Theissen U, et al. The use of itraconazole to treat cutaneous

World Journal of Pediatrics

Review article

fungal infections in children. Dermatology 1999;199:248-252.
19 Ginter-Hanselmayer G, Smolle J, Gupta A. Itraconazole in
the treatment of tinea capitis caused by Microsporum canis:
experience in a large cohort. Pediatr Dermatol 2004;21:499-502.
20 Koumantaki-Mathioudaki E, Devliotou-Panagiotidou D, Rallis
E, Athanassopoulou V, Koussidou-Eremondi T, Katsambas A, et
al. Is itraconazole the treatment of choice in Microsporum canis
tinea capitis? Drugs Exp Clin Res 2005;31:S11-15.
21 Chang SE, Kang SK, Choi JH, Summerbell RC. Tinea capitis
due to Trichophyton rubrum. Pediatr Dermatol 2002;19:356-358.
22 Koumantaki E, Georgala S, Rallis E, Papadavid E. Microsporum
canis tinea capitis in an 8-month-old infant successfully treated
with 2 weekly pulses of oral itraconazole. Pediatr Dermatol
2001;18:60-62.
23 Dah BA, Silberfarb PM, Sarosi GA, Weeks RJ, Tosh FE.
Sporotrichosis in children: report of an epidemic. JAMA
1971;215:1980-1982.
24 Kusuhara M, Hachisuka Rafal ES, Rasmussen JE. An unusual
presentation of fixed cutaneous sporotrichosis: a case report and
review of the literature. J Am Acad Dermatol 1991;25:928-932.
25 Carpenter CL, Jolly HW. Sporotrichosis in childhood. Pediatrics
1968;42:689-691.
26 Bonifaz A, Saúl A, Paredes-Solis V, Fierro L, Rosales A, Palacios
C, et al. Sporotrichosis in childhood: clinical and therapeutic
experience in 25 patients. Pediatr Dermatol 2007;24:369-372.
27 Song Y, Yao L, Zhong SX, Tian YP, Liu YY, Li SS. Infant
sporotrichosis in northeast China: a report of 15 cases. Int J
Dermatol 2011;50:522-529.
28 Kwon KS, Yim CS, Jang HS, Chung TA, Oh CK. Verrucous
sporotrichosis in an infant treated with itraconazole. J Am Acad
Dermatol 1998;38:112-114.
29 Mahajan VK, Sharma NL, Sharma RC, Gupta ML, Garg G,
Kanga AK. Cutaneous sporotrichosis in Himachal Pradesh,
India. Mycoses 2005;48:25-31.
30 Gupta AK, Sibbald RG, Lynde CW, Hull PR, Prussick R, Shear
NH, et al. Onychomycosis in children: prevalence and treatment
strategies. J Am Acad Dermatol 1997;36:395-402.
31 Gupta AK, Chang P, Del Rosso JQ, Adam P, Hofstader SL.
Oychomycosis in children: prevalence and management. Pediatr
Dermatol 1998;15:464-471.
32 Gupta AK, Skinner AR. Onychomycosis in children: a
brief overview with treatment strategies. Pediatr Dermatol
2004;21:74-79.
33 Zhang H, Ran Y, Li D, Liu Y, Xiang Y, Zhang R, Dai Y.
Clavispora lusitaniae and Chaetomium atrobrunneum as rare
agents of cutaneous infection. Mycopathologia 2010;169:373380.
34 Stamos JK, Rowley AH. Candidemia in a pediatric population.
Clin Infect Dis 1995;20:571-575.
35 Pammi M, Holland L, Butler G, Gacser A, Bliss JM.
Candida parapsilosis is a significant neonatal pathogen: a
systematic review and meta-analysis. Pediatr Infect Dis J
2013;32:e206-e216.
36 Bhandari V, Narang A. Oral itraconazole therapy for
disseminated candidiasis in low birth weight infants. J Pediatr
1992;120:330.
37 Bhandari V, Narang A, Kumar B, Nair PMC, Bhakoo ON.
Itraconazole therapy for disseminated candidiasis in a very low
birth weight neonate. J Pediatr Child Health 1992;28:323-324.
38 Sciacca A, Betta P, Saporito A, Tina LG. Oral administration of
itraconazole in a case of neonatal hepatic candidiasis. Pediatr
Med Chir 1995;17:173-175.
406

39 Hiranandani M, Singhi SC, Kaur I, Chakrabarti A. Disseminated
nosocomial candidiasis in a pediatric intensive care unit. Indian
Pediatr 1995;32:1159-1166.
40 Singhi SC, Reddy TC, Chakrabarti A. Oral itraconazole in
treatment of candidemia in a pediatric intensive care unit. Indian
J Pediatr 2004;71:973-977.
41 Mondal RK, Singhi SC, Chakrabarti A, M J. Randomized
comparison between fluconazole and itraconazole for the
treatment of candidemia in a pediatric intensive care unit: a
preliminary study. Pediatr Crit Care Med 2004;5:561-565.
42 Mohindra S, Gupta R, Mohindra S, Gupta SK, Vaiphei K.
Cerebellar aspergillosis in an infant: case report. Neurosurgery
2006;58:E587.
43 Manzoni P, Rizzollo S, Monetti C, Carbonara C, Priolo C,
Mastretta E, et al. Neonatal cutaneous disseminated aspergillosis
in a preterm extremely-low-birth-weight infant with favourable
outcome at 3-year follow-up: a case report. Early Hum Dev
2012;88 Suppl 2:S65-S68.
44 Zhao SY, Jiang ZF, Xu SY. Diagnosis and treatment of
chronic pulmonary aspergillosis in 4 children. Chin J Pediatr
2005;43:113-117.
45 Thomson JM, Wesley A, Byrnes CA, Nixon GM. Pulse
Intravenous methylprednisolone for resistant allergic
bronchopulmonary aspergillosis in cystic fibrosis. Pediatr
Pulmonol 2006;41:164-170.
46 Roesler J. Treatment of invasive Aspergillus infection with
itraconazole. J Pediatr 1990;117:673.
47 Patterson TF, Kirkpatrick WR, White M, Hiemenz JW, Wingard
JR, Dupont B, et al. Invasive aspergillosis. Disease spectrum,
treatment practices, and outcomes. I3 Aspergillus Study Group.
Medicine (Baltimore) 2000;79:250-260.
48 Verhaert K, Rodriguez M, Mendoza G, Delgadillo JL, Casaer
P. Polyarthritis and humeral epiphysial separation in an infant
with acute disseminated histoplasmosis. Pediatr Infect Dis J
2002;21:352-353.
49 Tobón AM, Franco L, Espinal D, Gómez I, Arango M, Trujillo
H, et al. Disseminated histoplasmosis in children: the role of
itraconazole therapy. Pediatr Infect Dis J 1996;15:1002-1008.
50 Troillet N, Llor J, Kuchler H, Delèze G, Praz G. Disseminated
histoplasmosis in an adopted infant from El Salvador. Eur J
Pediatr 1996;155:474-476.
51 Quilter LA, Kleiman MB, Kirsch E, Wheat LJ. Disseminated
histoplasmosis of infancy in one of the twins. Pediatr Infect Dis J
2012;31:990-991.
52 Mata-Essayag S, Colella MT, Roselló A, de Capriles CH,
Landaeta ME, de Salazar CP, et al. Histoplasmosis: a study
of 158 cases in Venezuela, 2000-2005. Medicine (Baltimore)
2008;87:193-202.
53 Robertson BD, Bautista MA, Russell TS, Naclerio AL, Porisch
ME, Sorrells DL, et al. Fibrosing mediastinitis secondary to
zygomycosis in a twenty-two-month-old child. Pediatr Infect Dis
J 2002;21:441-442.
54 Geramizadeh B, Modjalal M, Nabai S, Banani A, Forootan HR,
Hooshdaran F, et al. Gastrointestinal zygomycosis: a report of
three cases. Mycopathologia 2007;164:35-38.
55 F a h i m z a d A , K a r i m i A , Ta b a t a b a e i S R , Z a d e h M G .
Gastrointestinal Basidiobolomycosis as a rare etiology of bowel
obstruction. Turk J Med Sci 2006;36:239-241.
56 Mendiratta V, Karmakar S, Jain A, Jabeen M. Severe cutaneous
zygomycosis due to Basidiobolus ranarum in a young infant.
Pediatr Dermatol 2012;29:121-123.
57 Sugita T, Nakase T. Trichosporon japonicum sp. nov. isolated

World J Pediatr, Vol 12 No 4 . November 15, 2016 . www.wjpch.com

Itraconazole in infants

68 Bradbury BD, Jick SS. Itraconazole and fluconazole and certain
rare, serious adverse events. Pharmacotherapy 2002;22:697700.
69 Gupta AK, Cooper EA, Ginter G. Efficacy and safety of
itraconazole use in children. Dermatol Clin 2003;21:521-535.
70 Koch S, Hohne FM, Tietz HJ. Incidence of systemic mycoses in
autopsy material. Mycoses 2004;47:40-46.
71 Romano C. Tinea capitis in Siena, Italy. An 18-year survey.
Mycoses 1999;42:559-562.
72 Kieren AM, Rachel AC, Fulvio C, Anna W, Lawrence C.
Epidemiology and outcome of mould infections in hematopoietic
stem cell transplant recipients. Clin Infect Dis 2002;34:909-917.
73 López-Gómez S, Del Palacio A, Van Cutsem J, Soledad Cuétara
M, Iglesias L, Rodriguez-Noriega A. Itraconazole versus
griseofulvin in the treatment of tinea capitis: a double blind
randomized study in children. Int J Dermatol 1994;33:743-747.
74 Ben Abdeljelil J, Saghrouni F, Nouri S, Geith S, Khammari I,
Fathallah A, et al. Neonatal invasive candidiasis in Tunisian
hospital: incidence, risk factors, distribution of species and
antifungal susceptibility. Mycoses 2012;55:493-500.
75 Giusiano G, Mangiaterra M, Rojas F, Gómez V. Azole resistance
in neonatal intensive care units in Argentina. J Chemother
2005;17:347-350.
76 Giusiano G, Mangiaterra M, Garcia Saito V, Rojas F, Gómez
V, Díaz MC. Fluconazole and itraconazole resistance of yeasts
isolated from the bloodstream and catheters of hospitalized
pediatric patients. Chemotherapy 2006;52:254-259.
77 González GM, Elizondo M, Ayala J. Trends in species
distribution and susceptibility of bloodstream isolates of Candida
collected in Monterry, Mexico, to seven antifungal agents: results
of a 3-year (2004 to 2007) surveillance study. J Clin Microbiol
2008;46:2902-2905.
78 Khan ZU, Al-Sweih NA, Ahmad S, Al-Kazemi N, Khan S,
Joseph L, et al. Outbreak of fungemia among neonates caused by
Candida haemulonii resistant to amphotericin B, itraconazole,
and fluconazole. J Clin Microbiol 2007;45:2025-2027.
79 Cornely OA, Maertens J, Winston DJ, Perfect J, Ullmann AJ,
Walsh TJ, et al. Posaconazole vs. fluconazole or itraconazole
prophylaxis in patients with neutropenia. N Engl J Med
2007;356:348-359.

World J Pediatr, Vol 12 No 4 . November 15, 2016 . www.wjpch.com

Received November 11, 2014
Accepted after revision March 18, 2015

407

Review article

from the air. Int J Syst Bacteriol 1998;48 Pt 4:1425-1429.
58 Ağirbasli H, Bilgen H, Ozcan SK, Otlu B, Sinik G, Cerikçioğlu
N, et al. Two possible cases of Trichosporon infections in bonemarrow-transplanted children: the first case of T. japonicum
isolated from clinical specimens. Jpn J Infect Dis 2008;61:130132.
59 Tekkök IH, Higgins MJ, Ventureyra EC. Post traumatic gascontaining brain abscess caused by Clostridium perfringens with
unique simultaneous fungal suppuration by Myceliophthora
thermophila: case report. Neurosurgery 1996;39:1247-1251.
60 Kobayashi R, Kaneda M, Sato T, Ichikawa M, Suzuki D, Ariga
T. The clinical feature of invasive fungal infection in pediatric
patients with hematologic and malignant diseases: A 10-year
analysis at a single institution at Japan. J Pediatr Hematol Oncol
2008;30:886-890.
61 Lehrnbecher T, Kaiser J, Varwig D, Ritter J, Groll AH, Creutzig
U, et al. Antifungal usage in children undergoing intensive
treatment for acute myeloid leukemia: analysis of the multicenter
clinical trial AML-BFM 93. Eur J Clin Microbiol Infect Dis
2007;26:735-738.
62 Kobayashi R, Suzuki D, Yasuda K, Kobayashi K. Itraconazole
for invasive fungal infection with pediatric malignancies. Pediatr
Int 2010;52:707-710.
63 Grigull L, Kuehlke O, Beilken A, Sander A, Linderkamp C,
Schmid H, et al. Intravenous and oral sequential itraconazole
antifungal prophylaxis in paediatric stem cell transplantation
recipients: a pilot study for evaluation of safety and efficacy.
Pediatr Transplant 2007;11:261-266.
64 Foot AB, Veys PA, Gibson BE. Itraconazole oral solution
as antifungal prophylaxis in children undergoing stem cell
transplantation or intensive chemotherapy for haematological
disorders. Bone Marrow Transplant 1999;24:1089-1093.
65 Soler-Palacín P, Margareto C, Llobet P, Asensio O, Hernández
M, Caragol I, et al. Chronic granulomatous disease in pediatric
patients: 25 years of experience. Allergol Immunopathol (Madr)
2007;35:83-89.
66 Cale CM, Jones AM, Goldblatt D. Follow up of patients with
chronic granulomatous disease diagnosed since 1990. Clin Exp
Immunol 2000;120:351-355.
67 Beauté J, Obenga G, Le Mignot L, Mahlaoui N, Bougnoux
ME, Mouy R, et al. Epidemiology and outcome of invasive
fungal diseases in patients with chronic granulomatous disease a
multicenter study in France. Pediatr Infect Dis J 2011;30:57-62.

