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Abstract: Fungal infections are common in pediatric intensive care units (PICU), but the
monitoring methods are limited. This study analyzed the differences in clinical features, diagnosis, and
treatment between PICU patients with and without fungal infection. Invasive fungal disease is among
the main causes of morbidity and mortality of hospitalized pediatric patients, especially premature
infants. Yeast and mold are the most common clinical fungal pathogens. According to a report by the
Centers for Disease Control and Prevention, fungal infection is the sixth largest cause of nosocomial
infections, and Candida spp. is the fourth-most common pathogen responsible for hospital-acquired
infections.
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Introduction

Atypical pathogens are intracellular bacteria causing community-acquired pneumonia (CAP) in a
significant minority of patients. Legionella spp., Chlamydia pneumoniae and psittaci, Mycoplasma
pneumoniae, and Coxiella burnetii are commonly included in this category. M. pneumoniae is present
in 5-8% of CAP, being the second most frequent pathogen after Streptococcus pneumoniae. Legionella
pneumophila is found in 3—5% of inpatients. Chlamydia spp. and Coxiella burnetii are present in less
than 1% of patients. Legionella longbeachae is relatively frequent in New Zealand and Australia and
might also be present in other parts of the world. Uncertainty remains on the prevalence of atypical
pathogens, due to limitations in diagnostic means and methodological issues in epidemiological
studies. Despite differences between CAP caused by typical and atypical pathogens, the clinical
presentation alone does not allow accurate discrimination. Hence, antibiotics active against atypical
pathogens (macrolides, tetracyclines and fluoroquinolones) should be included in the empiric antibiotic
treatment of all patients with severe CAP. For patients with milder disease, evidence is lacking and
recommendations differ between guidelines. Use of clinical prediction rules to identify patients most
likely to be infected with atypical pathogens, and strategies of narrowing the antibiotic spectrum
according to initial microbiologic investigations, should be the focus of future investigations.

Fungal infections are common in pediatric intensive care units (PICUs) and neonatal intensive care
units (NICUs). Invasive fungal disease is among the main causes of morbidity and mortality of
hospitalized pediatric patients, especially premature infants [1-4]. Yeast and mold are the most
common clinical fungal pathogens. According to a report by the Centers for Disease Control and
Prevention, fungal infection is the sixth largest cause of nosocomial infections, and Candida spp. is the
fourth-most common pathogen responsible for hospital-acquired infections [5]. In the NICU, fungal
infection is the third most common cause of mortality, with a rate as high as 20—40% [6]. In 2000,
nosocomial fungal infections increased significantly compared with 2001-2004 (24.4 vs. 13.9%) [7].
Candidemia ranked fourth in the United States and seventh in Europe among blood infections
responsible for the high mortality rate among children [8].

With improvements in diagnostic technologies and treatment methods, the incidence of fungal
infections has shown a downward trend in recent years, but its mortality remains high [1, 4].
Unfortunately, the methods available to monitor fungal infections are limited and definitive diagnosis
in many cases is still difficult. Despite their low sensitivity and long delays before providing results,
the fungal culture of blood, body fluids, and respiratory secretions is still considered the gold standard.
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Novel methods have shown promise, including serum marker tests such as the Gtest and
galactomannan (GM) test, polymerase chain reaction (PCR), matrix-assisted laser
desorption/ionization-time of flight, high-throughput pathogen sequencing, and other molecular
approaches [9—12]. Because the diagnostic accuracy of culture and imaging is low for patients with
fungal infections [12, 43], they are often misdiagnosed as tumors, tuberculosis, or inflammatory
lesions [14-36], resulting in delayed treatment. Bronchoscopic manifestations and testing of the
bronchoalveolar lavage fluid (BALF) in children with pulmonary fungal infections could have a high
diagnostic accuracy [17, 18].

Accurate identification and timely diagnosis of fungal infections are crucial to the early control of the
disease, as well as reducing medical costs and the economic burden on society and families. Therefore,
this paper summarizes the clinical diagnosis and treatment of patients in the PICU of the Child Health
Hospital from January 1, 2019 to January 1, 2023 and analyzes the general clinical manifestations,
chest computed tomography (CT), laboratory examination, fiberoptic bronchoscopy examination, and
BALF. The results could provide a reference for medical practitioners.

Materials and Methods

This retrospective study examined the data of 157 patients with proven or probable pulmonary fungal
infection admitted to the PICU of the Child Health Hospital, between January 1, 2019, to January 1,
2023. All data were prospectively collected in a database. The study was approved by Child Health
Hospital of Bukhara. Informed consent was waived due to the retrospective nature of the study.

According to the European Organization for Research and Treatment of Cancer/Mycoses Study Group,
fungal diagnostic criteria include clinically diagnosed and suspected patients [12, 19]. Therefore, the
inclusion criteria were (1) patients younger than 18 years and (2) patients who met the diagnostic
criteria of severe pneumonia in community-acquired pneumonia [20]. Patients with incomplete data, a
hospital stay of < 3 days and serum and BALF were not simultaneously tested for 1,3-beta-D-glucan
(BDG), and GM were excluded.

Data Collection and Grouping

Demographic data and clinical characteristics such as clinical manifestation and acute physiology and
chronic health evaluation (APACHE) score were obtained from medical records. Routine blood
biochemical tests, chest CT, and serum 1,3-beta-D-glucan (BDG) and GM tests were performed on
days 1 and 2 of PICU admission. For suspected patients and those with unfavorable outcomes after
routine anti-infection treatment, fiberoptic bronchoscopy and alveolar lavage were performed from
days 3 to 7; BALF was tested using BDG and GM tests. Chest CT was performed for all patients after
10-14 days of antifungal infection treatment . All test results and clinical data were recorded and
retrospectively analyzed. Patients were divided into fungal (F) and non-fungal (NF) groups, depending
on the presence or absence of fungal infection. The diagnostic criteria for fungal infection were the
child had a history of cough, wheezing, and fever, pulmonary rales and sounds, no obvious
improvement with antibiotic treatment, pulmonary CT showed signs of fungal infection, fungi were
cultivated in blood or BALF, the G and GM tests were positive in blood or BALF, and the condition
was significantly improved with antifungal treatment [21-23].

The GM test was performed to detect GM levels in serum and BALF samples using the one-step
enzyme immunoassay sandwich method (Aspergillus antigen detection kit). The BDG test was mainly
performed to detect BDG in serum and BALF samples using the dynamic turbidimetric method (fungal
dextran detection kit). All tests were conducted following the manufacturer’s instructions.

Serum GM > 0.5, BALF GM > 0.7, serum BDG > 100 pg/mL, and BALF BDG > 200 pg/mL were
defined as positive values for fungal infection [9, 20].

Results

Of the total 157 patients in the PICU, 69 were in the F group, and 88 were in the NF group. The
incidence of fever (56.2 vs. 42.6%, P = 0.01), moist rales (46.2 vs. 33.0%, P < 0.01), coarse rales (71.6
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vs. 55.9%, P < 0.01), shortness of breath (79.3 vs. 63.9%, P < 0.01), and sepsis (60.9 vs. 44.7%, P <
0.01) were higher in the F group than in the NF group, while wheezing rale (50.9 vs. 67.6%, P < 0.01)
was lower. Furthermore, the days in the hospital and PICU were significantly increased (days in PICU:
12.80 £ 9.20 vs. 9.91 + 6.84 days, P < 0.01; duration of hospital stay: 19.55 £ 9.29 vs. 15.93 + 9.23
days, P <0.01;).

Results of the BDG and GM Tests

The BDG and GM values of serum and BALF in the F group were significantly higher than those in
the NF group. More patients in the F group had positive serum BDG and GM than in the NF group
(BDG: 20.7 vs. 5.9%; GM: 11.8 vs. 4.3%; both P < 0.01). Similarly, more patients in the F group had
positive BALF BDG and GM than in the NF group (BDG: 50.9 vs. 18.6%; GM: 39.1 vs. 17.0%;
both P < 0.01). Fewer patients in the F group had negative serum BDG and GM than the NF group
(67.5 vs. 87.8%, P < 0.01). In addition, fewer patients in the F group had negative serum and BALF
BDG and GM than the NF group (20.1 vs. 62.8%, P <0.01.

Chest CT Imaging and Fibroscopy of Both Groups

Chest CT imagining revealed that the F group showed a significant increase in wedge-shaped, patchy,
streaky shadow and subpleural reticulation (all P < 0.05); however, halo sign, cavity, and consolidation
did not significantly increase in the F group.

Pulmonary fibroscopy findings were compared between both groups . Changes in the bronchoscopy
results observed in the F group could contain bronchial congestion, edema, paleness, necrosis, and
bleeding. The lavage fluid could contain pus and blood and have a sticky, jelly, or foamy consistency.
Tracheobronchial stenosis was more common in the F group than in the NF group (55.0 vs. 44.1%, P =
0.04). There was no significant difference in the properties of lavage fluid and tracheomalacia between
the two groups.

Conclusion

The factors associated with fungal infections should be considered when evaluating pediatric patients.
PICU pneumonia patients with fungal infection have specific clinical and laboratory features compared
with those without fungal infection, including higher rates of BALF, serum BDG, GM positivity and
tracheobronchial stenosis. Using antifungal therapies combined with tests like serum and BALF BDG
and GM could enable a timely diagnosis of pulmonary fungal infections, possibly improving
prognosis. Future prospective studies should examine the diagnosis and prognosis of PICU pneumonia
patients with fungal infection.
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