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Chronic granulomatous disease (CGD) is a type of primary immunodeficiency disease, which increases 
susceptibility to recurrent bacterial and fungal infections.  Sputum and bronchoalveolar lavage fluid are 
often obtained using bronchoscopy from adult patients for pathogenic diagnosis, although this approach is 
much more invasive for infants.  We report the case of a 2-month-old boy with CGD, in which gastric 
aspirate culture was used to diagnose fungal pneumonia.  Rasamsonia piperina was isolated from the 
gastric aspirate, and the patient was successfully treated with micafungin based on the drug susceptibility 
test results for the fungal isolate.  The acid tolerance test revealed that R. piperina could grow at pH 2, 
indicating high acid resistance.  Although we can only report our experience with a single case, gastric 
aspirate culture may be a useful tool for detecting fungal respiratory pathogens in children with primary 
immunodeficiency.  Detecting these pathogens may help improve outcomes, as early diagnosis and 
appropriate treatment are extremely important for immunocompromised patients with respiratory infections.
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Introduction
Chronic granulomatous disease (CGD) is a type of 

primary immunodeficiency disease that is related to 
defective functioning of nicotinamide adenine dinucleotide 
phosphate oxidase.  Most CGD patients experience 
recurrent bacterial and fungal infections which can be 
associated with high rates of morbidity and mortality, 
although prophylaxis using antibiotics, antifungal agents 
and interferon-γ has reduced the frequency of infections 
(Marciano et al. 2015).  Fungi are especially important 
pathogenic microorganisms in immunocompromised 
patients with respiratory infections, and early diagnosis and 
appropriate treatment are extremely important for 
improving their prognosis.

Among symptomatic patients, sputum culture is useful 
for detecting both bacterial and fungal pathogens.  Among 
adult patients with mild respiratory symptoms who may not 
have readily available sputum samples, bronchial lavage 
can also be used to obtain the required fluid sample to 
identify the responsible pathogen.  However, it is much 

more invasive and technically difficult to perform 
bronchoscopy for children and especially infants.  Thus, 
gastric aspiration may be used to obtain material to 
diagnose tuberculosis and infection with a yeast-like fungus 
(Pneumocystis jirovecii) (Chan et al. 1977).  This approach 
is useful in children (Cruz and Strake 2013), although it is 
unclear whether the gastric aspirate can be used to detect 
respiratory fungal pathogens.  We report the identification 
of a respiratory fungal pathogen in gastric aspirate from a 
2-month-old patient with primary immunodeficiency.  The 
results of the gastric aspirate culture and drug testing were 
able to support early diagnosis and appropriate treatment of 
the patient’s fungal pneumonia.

Case Presentation
Informed consent for publishing this case report was 

obtained from the patient’s parents.  A 2-month-old boy was 
suspected of having congenital immune deficiency based on 
the presence of refractory cervical lymphadenitis.  This 
patient was diagnosed with CGD based on defective 
neutrophil functioning and a mutation in the CYBB 
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(gp91phox) gene.  The patient subsequently received 
prophylactic trimethoprim-sulfamethoxazole and 
itraconazole (ITCZ) treatment to prevent bacterial and 
fungal infections.  Although the patient only had mild 
respiratory signs, chest computed tomography (CT) was 
performed to screen for respiratory infections and revealed 
several nodules in the right lung (Fig. 1A).  This finding 
supported a suspicion of fungal infections, and the nodules 
increased in size over the following month (Fig. 1B).  The 
patient also had an increased serum concentration of C- 
reactive protein but was negative for various serum fungal 
markers (β-D-glucan and antigens from Aspergillus spp. 
and Candida spp.).

Because we could not obtain a sputum sample, gastric 
aspirate was collected and cultured to detect fungi and 
mycobacteria.  After several days, filamentous fungus had 
started to grow on Sabouraud dextrose agar plates.  
Sequences of the internal transcribed spacer regions of the 
ribosomal RNA gene were used to identify the fungus as 
Rasamsonia piperina, and an isolate was submitted to the 
Medical Mycology Research Center at Chiba University 
(strain no. IFM 65240).  Antifungal drug susceptibility 
testing revealed that the isolate had high minimum 
inhibitory concentrations (MICs) for voriconazole (VRCZ, 
> 8 mg/L) and amphotericin B (2 mg/L) but low MICs for 
ITCZ (0.5 mg/L), micafungin (MCFG, < 0.015 mg/L), and 
flucytosine (< 0.12 mg/L).  The patient was treated using 
intravenous MCFG for 8 weeks and then using oral 

flucytosine for 4 weeks.  The patient exhibited clinical 
improvement after the MCFG treatment, and chest CT 
revealed that the lung nodules had gradually regressed (Fig. 
1C, D).  However, we were worried that the nodules had 
grown during the prophylactic ITCZ treatment, despite the 
in vitro test results indicating that the isolate was 
susceptible to ITCZ.  We, therefore, measured the patient’s 
serum concentration of ITCZ, which revealed that the 
serum trough concentration of ITCZ (42.5 ng/mL) was 
much lower than the target concentration (> 500 ng/mL).

The R. piperina isolate’s acid resistance was tested by 
comparing its growth to that of Aspergillus fumigatus (IFM 
59355).  The conidia were inoculated into Czapek-Dox 
broth media, which were adjusted to pH readings of 6.0-1.0 
and then incubated at 37°C for 48 h.  The results revealed 
that the R. piperina isolate grew at a pH value of 2 and A. 
fumigatus grew at a pH value of 3, which indicated that 
both fungi had high acid resistance (Fig. 2).

Informed consent
Informed consent for publishing this case report was 

obtained from the patient’s parents.

Discussion
Detection of pathogenic fungi is extremely important 

for the appropriate treatment of respiratory infections.  
Serological testing for β-D-glucan and some fungal antigens 
may be useful (De Pauw et al. 2008), although not all cases 

Fig. 1.  Chest computed tomography results.
 Chest computed tomography revealed growth of nodules in the right lung before treatment, with gradual regression after 

antifungal treatment.  Results are shown from (A) at the diagnosis of chronic granulomatous disease, (B) before 
treatment, (C) 1 month after starting treatment, and (D) 3 months after starting treatment.
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have elevated β-D-glucan concentrations and the available 
antigens are limited for Aspergillus spp., Candida spp., and 
Cryptococcus spp.  Thus, culture is the gold standard for 
the diagnosis of fungal infections, with sputum typically 
being suitable for detecting respiratory fungal pathogens, 
especially filamentous fungi.  However, sputum samples are 
difficult to obtain from asymptomatic children, and 
bronchoscopy to obtain bronchoalveolar lavage fluid is 
much more invasive for pediatric patients than for adult 
patients.  Therefore, other methods are needed to detect 
respiratory fungal pathogens in children.

Gastric aspirate has been used to detect several 
respiratory pathogens in children, as the children swallow 
bronchial secretions while sleeping and acid-resistant 
microorganisms can be detected in their gastric aspirate 
(Rigouts 2009).  For example, gastric aspirate can be used 
to diagnose tuberculosis in children, and other reports have 
described using gastric aspirate to detect fungi, including 
Pneumocystis jirovecii and Blastomyces dermatitidis, in 
children (Chan et al. 1977; Fanella et al. 2010).  Thus, 
gastric aspirate may be useful for detecting respiratory 
fungal pathogens.  Our patient suffered from CGD, which 
elevates the risk of fungal infection, and the CT results 
supported a suspicion of a fungal infection, despite the 
patient only having mild respiratory signs.  Accordingly, to 
avoid more invasive testing methods, we attempted to 
detect the pathogen using the patient’s gastric aspirate.

The present case involved an isolate of R. piperina, 
which was originally known as Geosmithia argillacea 
before being transferred to the Rasamsonia genus 
(Houbraken et al. 2012).  An initial report indicated that 
Geosmithia argillacea caused invasive mycosis in an adult 
patient with CGD (De Ravin et al. 2011), and Ishiwada et 

al. (2016) have reported a patient with CGD and osteomy-
elitis caused by R. piperina, which was successfully treated 
with MCFG.  Similar to our findings, these previous reports 
have indicated that R. piperina is often resistant to VRCZ 
and posaconazole but is susceptible to MCFG.

The acid tolerance test revealed that R. piperina isolate 
and A. fumigatus could both grow at pH 3.  Importantly, 
younger children have weaker gastric acid secretion than 
older children (Lucas et al. 1982; Boyle 2003).  
Furthermore, it has been reported that bacterial growth is 
enhanced under gastric secretion inhibitor treatment 
(Ruddell et al. 1980), and some fungi may also grow in 
acidic environments (Yamazaki et al. 2010).  Moreover, this 
technique may be useful in patients receiving proton pump 
inhibitors, which decrease gastric acid secretion.  Thus, 
future research should examine whether this technique is 
useful for detecting other fungi.

Our patient’s fungal pneumonia had worsened during 
the prophylactic ITCZ treatment, which may have been 
influenced by the patient’s immune status, the prophylactic 
antifungal treatment, and environmental issues.  In this 
context, CGD is the most common type of primary 
immunodeficiency, which is associated with increased 
susceptibility to fungal infection, and children with CGD 
typically receive prophylactic antifungal treatment.  
Prophylaxis using ITCZ reduces the risk of fungal infection 
(Gallin et al. 2003), especially with Aspergillus spp. and 
Candida spp., although the pharmacokinetics of ITCZ in 
infants remain unclear.  In the present case, the R. piperina 
isolate had a low MIC for ITCZ, although the serum 
concentration of ITCZ was also low and likely explains the 
progression of the R. piperina infection.  Moreover, there is 
inter-patient variability in the absorption of ITCZ, which 

Fig. 2.  Acid tolerance test results.
 The acid tolerance test revealed that the R. piperina isolate grew at pH 2 and A. fumigatus grew at pH 3.
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highlights the importance of monitoring and maintaining 
optimal serum concentrations (Mofenson et al. 2009).  It is 
also necessary to consider the appropriate dosage of ITCZ 
for children based on environmental factors.  In this case, 
the patient had been living in a house with large amounts of 
mold, and he may have inhaled a relatively large amount of 
fungus, although we were unable to perform a direct 
environmental investigation.  Controlling exposure to 
fungus (e.g., by cleaning or moving) may help limit the 
inhaled amount of fungus.

It is important to identify the causative fungal 
pathogen to guide appropriate antifungal treatment, 
especially for species that are resistant to ITCZ (Salvator et 
al. 2015).  Although many of these fungi are susceptibility 
to VRCZ and posaconazole (Segal et al. 2005; Alsultan et 
al. 2006), some species may be resistant to all of these 
antifungal agents.  In the present case, the in vitro test 
allowed us to select MCFG treatment over VRCZ treatment, 
based on the MICs, which led to improvement of the fungal 
pneumonia.  Thus, the present case further highlights the 
importance of testing to identify the causal pathogen and to 
determine its anti-fungal drug sensitivity.

In conclusion, gastric aspiration may be a useful tool 
for detecting respiratory fungal pathogens in children, 
especially infants, with primary immunodeficiency.  
However, this report only describes our experience with a 
single case, and additional research is needed to validate 
this technique.
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