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Abstract: Sputum induction (SI) is a non-invasive technique to obtain lower airway samples from
people who do not spontaneously produce sputum. Since its introduction in 1958, its use has
significantly increased for various respiratory conditions, especially with the establishment of
standardized techniques. It has been used in pediatric research since 2002, starting with asthma
studies. It is a safe and repeatable procedure for non-expectorating children. The ability to analyze
both cellular and fluid components of sputum provides valuable information about lung diseases.
This work reviews the utility of sputum induction in pediatric respiratory research and its potential
clinical applications. We also discuss the safety, tolerability, and side effects profile of the procedure,
emphasizing its significance in pediatric respiratory research. Despite the valuable insights gained
from SI studies, challenges remain for widespread clinical utilization, requiring further refinement
of the technique and increased accessibility in clinical settings.
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Introduction

Sputum induction (SI) is a technique used to obtain lower airway samples for clinical or research
purposes. SI was initially used for diagnosing lung cancer, Pneumocystis carinii pneumonia (PCP) in
HIV patients [1,2] and evolved into a prominent tool for studying airway inflammation in asthma [3].
Later, the ability to analyze both cellular and fluid components of sputum yielded deeper insights
into airway inflammatory profiles by identifying types of inflammatory cells and markers [4-6]. The
establishment of standardized techniques has further enhanced the quality and reproducibility of SI
samples [7-9]. Consequently, Sl has emerged as a valuable method for assessing airway inflammation
in various respiratory diseases, including infectious diseases, asthma, COPD, and interstitial lung
disease [10].

In the realm of pediatric studies, Sl is a non-invasive, repeatable, and safe technique for sampling
the airways, especially in non-expectorating children. In the past, collecting sputum for diagnosis of
respiratory infections was not commonly practiced in children. However, the true potential of SI has
emerged with its application in studying asthma in children following successful attempts to examine
the inflammatory response in asthma [7,11]. Its use has significantly increased with various
respiratory conditions since the alignment between SI and spontaneously expectorated samples in
characterizing airway infection and inflammation is well-established [12]. Moreover, SI samples have
been recognized as a practical substitute for bronchoalveolar lavage (BAL) for acquiring culture
samples from children with cystic fibrosis due to the enhanced yield and quality of sputum samples
[13]. SI samples were also used in comparison with bronchoalveolar lavage results for diagnosing

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202409.1771.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2024

pulmonary tuberculosis [14]Taken together, SI provides a distinctive opportunity as a method to
assess airway inflammation in the field of pediatric respiratory medicine, particularly in children
who do not spontaneously produce sputum.

We aimed to review the utility of SI samples in research and its potential clinical applications,
along with safety, tolerability, and side effects profile of the procedure and highlight its significance
in pediatric respiratory medicine. This article summarizes studies demonstrating strong evidence
for research value of sputum induction (SI) in evaluating various respiratory diseases in children.
Although many of these studies focused on asthma, cystic fibrosis, and pulmonary tuberculosis; there
is also evidence to support the use of SI in a diverse range of respiratory diseases in children. The
insights gained from these endeavors not only redefine our diagnostic capabilities but also
underscore the potential of personalized respiratory care in children, marking a new era by
evaluating diseases non-invasively.

Safety of Sputum Induction in Children

While safety concerns may arise when considering SI for airway sampling in children, it is
considered a safe procedure based on previous studies with children, especially when conducted by
trained professionals [15]. The administration of this procedure entails implementing measures to
minimize potential side effects. For instance, the procedure should be performed by healthcare
professionals who are experienced in the technique and managing any potential effects. Another such
measure includes pretreatment with beta2-agonist medications to further improve success and
tolerability for children [7]. This commitment to the safety of SI is reflected in large-scale studies.
Across 22 studies exploring SI for various conditions including asthma, tuberculosis, HIV,
pneumonia, and cystic fibrosis, no serious adverse events were reported in over 1,800 children [16].
This large-scale evidence highlights the procedural safety of SI. Furthermore, a study involving 250
children aged 6-24 months with pulmonary tuberculosis reported the safety of SI in this age group,
even during acute illness [17].

Although there may be initial concerns, comprehensive evidence strongly supports its safety in
children. Conducted by trained professionals with proper precautions, it offers a valuable tool to get
information about lung diseases in children.

Tolerance of Sputum Induction in Children

Evaluating tolerance in children undergoing SI necessitates a variety of flexible methods due to
their age and developmental level. Therefore, subjective or objective assessments of the tolerability
of the procedure have been implemented in studies with children. In subjective assessments,
measures were assessed by both parents and healthcare professionals, utilizing tools like the Wong-
Baker Faces Pain Rating Scale, Likert scales, or the Alert, Voice, Pain, Unresponsive [AVPU] scale
[18-20]These scales allow for a nuanced understanding of the child's experience during the
procedure. Studies indicated high subjective tolerance, such as in a study over 90% of procedures
deemed "very easy" or "easy" by healthcare professionals [21].

Objective assessments, focusing on physiological parameters like respiratory rate, heart rate,
oxygen saturation, and FEV1, offer additional insights. A study by Ronchetti et al. involving children
with cystic fibrosis aged 6 months to 18 years demonstrated no significant changes in these
parameters during the procedure, supporting its good tolerance, objectively [19]. Further, high
tolerance for the procedure was also reported based on both parent and physiotherapist scores on the
Likert Scale in the same study [19].

Both subjective and objective assessments revealed high tolerability, only 5% of patients in
studies found the procedure overly uncomfortable and patients did not complete the procedure due
to discomfort, demonstrating its high tolerability in pediatric populations [16].


https://doi.org/10.20944/preprints202409.1771.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 September 2024

Side Effects of Sputum Induction in Children

While sputum induction is a valuable tool in research and clinical practice of respiratory diseases
in children, it is important to be aware of potential side effects. During SI, various temporary and
manageable side effects might occur including a salty taste in the mouth, unpleasant experiences
leading to discontinuation, vomiting, dizziness, anxiety, cough, dyspnea, wheezing, bronchospasm,
or decline in FEV1. The most frequently reported side effects are cough and wheezing [11,21-24]. In
addition, vomiting and epistaxis are commonly reported side effects in studies facilitating
nasopharyngeal/oropharyngeal suctioning (Table 1).

Table 1. Summary of studies using sputum induction in children with respiratory diseases.

First N of Age ) ) Succes )
, Diseases Analysis Side effects
Author subjects () s rate
De Boeck et 19 8.6 Cystic Microbiologica | N/A Salty taste
al.  (2000) (4.3- fibrosis 1 yield Fall in FEV1>6
[24] 15.2) Fall in FEV1>
Wheezing and
cough(5.2%)
Wilson et | Asthma:6 10.2 Asthma eosinophil 61% Dry cough
al.  (2000) 0 (8.4- counts and
[11] HC:27 11) ECP levels
Jones PD et 53 7-16 Asthma Safety and 92% Dry cough (3.7%)
al.  (2001) (10.8) success of SI Fall in FEV1 >20%
[25] (3.7 %)
Sagel et al. CF:20 6-12 Cystic Total cell 92% in | Fall in FEV1 >10%
(2001) [12] HC:11 fibrosis counts, ANC, CF (43%)
IL-8, NE 64% in | Fall in FEV1 >20%
activity HC (14%)
Covar R.A. 117 13 (11- | Asthma eosinophil 76.9% Bronchospasm
et al. (2004) 15) counts, SPEos, (7.7%)
[27] ECP levels GI dyscomfort,
nausea
Lex C et al. 38 6-16 Asthma Eosinophil, 73.6% Dyspnea and
(2005) [22] neutrophil wheezing (18.4%),
counts Fall in FEV1>20%
(7.8%)
Ciolkowski 154 8-21 Asthma Eosinophil, 78% Not reported
J et al neutrophil
(2009) [32] counts
Drews C.A 77 12-13 Asthma eosinophil 70.1% Not reported
et al. (2009) counts
[28]
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Ervine E et 21 8.7 (4- GER Pepsin 100% No side effects
al.  (2009) 16)
[86]
Hossny E | Asthma:1l | 9.8 (6- Asthma VEGEF levels 100% Not reported
et al. (2009) 8 16)
[35] HC:34
Lahti E et 101 3.4 CAP Microbiologica | 75.2% | unpleasant due to
al.  (2009) (1.7- 1 yield nasophayngeal
[66] 6.8) aspiration
Hamzaoui | Asthma: | 11 (5- Asthma Treg cells, 100% Not reported
et al. (2010) 40 16.5) cytokines
[38] HC:20
Moore et al. 270 3.2 Pulmonar | Microbiologica | 99% Mild epistaxis
(2011) [21] (0.2-13 y TB 1 yield (15%), mild wheeze
years (Diagnosis of (0.6%), increased
TB) cough (6%)
Fleming et 45 13 Severe Eosinophils, 85% Not reported
al. (10.2- asthma neutrophil
(2012) [33] 15.8) counts
Das CK et 105 745+ | Intensive | Microbiologica | 100% Vomiting (8.5%),
al. (2014) 43.7 care with 1 yield (PCR epistaxis (3.8%),
[71] month | pneumoni assay) transient
s a bronchospasm(1.9
%)
Joel et al 1294 3.8 Pulmonar | Microbiologica | 100% Vomiting (0.5%),
(2014) [23] (<18 y TB 1 yield Mild epistaxis
years) (Diagnosis of (0.4%), mild
TB) wheeze (0.08%),
increased cough
(0.17%)
Blau et al. 10 3-74 Cystic Microbiologica | 91% ‘Distressed’(n:2):
(2014) [50] years fibrosis 1 yield crying and resisting
somewhat.
“Very distressed’
(n:1): crying and
resisting a lot
Fireman E. 136 12.6 + Asthma Particulate 100% Not reported
et al. (2015) 2.9 matter level

[36]

years
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5
Jochmann 64 2.7(0.6 | Chronic | Microbiologica | 96% 4.6% (3/64) did not
et al. (2016) -6.3) airway 1 yield tolerate procedure,
[18] diseases none
Nagakuma | Asthma:1l | 12.5 (8- Severe Flow 100% Not reported
r et al 3 16) asthma cytometry
(2016) [37] LRTI: 6 years
D’Sylva et 57 3.3 Cystic Microbiologica | 95% Not reported
al. (2017) (0.9- fibrosis 1 yield
[51] 6.7)
years

Murdoch et 3772 0.7 CAP Microbiologica | 69.1% | Transient drop in
al. (2017) (0.1-5) 1 yield oxygen saturation
[63] (0.34%)
Eller et al. 40 12.8 (6- Severe Total cell 70% Not reported
(2018) [29] 18) asthma counts, IL-10,

GM-CSF, IFN-

gamma, and
TNF-alpha
Ronchetti 124 8.2 Cystic Microbiologica | 84% upset(9%), mild
et al., (4.9- fibrosis 1 yield wheeze(3%),
(2018) [19] 12.6) vomiting(2%)
transient
dizziness(<1%)

Ahmed M.I 42 11.4 (5- Cystic Microbiologica | 89% Not reported
et al. (2019) 17) fibrosis 1 yield- NTM
[54] detection
Felicio- 33 7-18 Asthma Differential 91% No side effects
Junior et al. cell count
(2020) [39]

The primary potential serious complication of SI is bronchospasm in patients with underlying
asthma or reactive airway disease. While a decline in lung function (FEV1) may occur, it typically
resolves quickly [12]. Previous studies have compared the side effects of SI with and without
pretreatment with p2-agonist. These studies reported that only a small proportion of children
experienced a fall in lung function of 10% or more from baseline without pretreatment [22,25]
However, the implementation of pretreatment with [2-agonists has significantly improved the
success rate and tolerability of the procedure in children. As a result, it has become an element of the
SI protocol [7].

In summary, the vast majority of children experience minimal or no side effects from sputum
induction. Although a small proportion of patients may not complete the procedure due to side
effects, pretreatment with bronchodilators significantly reduces respiratory concerns, such as a
decline in FEV1, in asthmatic children.
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Utilization of Sputum Induction in Children with Respiratory Diseases

SI samples can provide information about both cellular and molecular mechanisms, making it a
valuable tool particularly in respiratory disease research. It can also be utilized in clinical practice
such as microbiological yield. It is helpful to obtain airway sampling in children who do not provide
spontaneous sputum with a success rate differing based on the child's age group (Figure 1).

Success rate by age group
M Success rate
120%
100%
0
80%
60%
40%
20%
0%
<6 years 6-12 years >12 years

Figure 1. The success rate of sputum induction by age groups (0-18 years).

Sputum samples can be utilized for biomarkers of inflammation, infection, and airway
remodeling, providing insights into the disease activity, summarized in Table 1.

We summarized utility of sputum induction below in a variety of respiratory diseases in
children:
1. Asthma

Asthma is the most common chronic disease in children globally and one of the main causes of
hospitalization in children aged < 5 years. Notably, the prevalence of asthma has exhibited a
significant increase over the past two decades [26]. In the realm of pediatric asthma research, SI has
been utilized in children since the first description of the technique in adult asthma patients [3].
Thereafter, there has been an increasing interest in the utilization of SI and its implications in research
and clinical practice. Initial studies explored inflammatory markers in SI samples, like sputum cell
counts, including eosinophils and neutrophils, and eosinophil cationic protein (ECP) levels to
understand their correlation with asthma phenotypes and severity[11,22,27]. One such study by
Drews et al [28] reported that nonatopic children exhibited a predominantly neutrophilic cell pattern.
In contrast, eosinophilia emerged as a hallmark of airway inflammation in the majority of atopic
children not treated with inhaled steroids, aligning with confirmed asthma phenotypes based on the
ISAAC questionnaire[22]. Building on previous research, further studies evaluated an extended
panel of inflammation markers in induced sputum to further refine the identification of phenotypes
in asthmatic children [29].
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In pediatric asthma management, there is a substantial body of research literature exploring the
use of Sl to find an effective management strategy, since it offers a non-invasive, safe, and repeatable
method for measuring airway inflammation. Sputum cell counts facilitated to the prediction of
therapeutic responses, particularly eosinophil counts. SI samples have emerged as a valuable metric
for monitoring asthma exacerbations and determining the efficacy of asthma control therapy in
children with asthma [30] Sputum eosinophil counts were correlated with frequency of exacerbations,
as well as hospitalization rates in pediatric asthma [31]. In parallel, further studies have delved into
whether a management strategy could be established using SI samples to reduce asthma
exacerbations [32,33] In subgroup analyses, researchers compared asthma control strategies
including sputum eosinophil count versus clinical symptom control. Although statistical significance
was not achieved due to limited statistical power, they reported correlation with sputum eosinophil
counts and reduction in the number of participants experienced asthma exacerbations, decreased
number of exacerbations and hospitalization rates [33,34]. Further, a Cochrane Database systematic
review conducted by Petsky et al. highlighted the inadequacy of available data for tailoring asthma
medications based on sputum eosinophilia in children [34].

Further exploration has been made using SI samples which included expression of vascular
endothelial growth factor (VEGF), monitoring particulate matter accumulation in the lungs, flow
cytometric analysis and regulatory T cells and cytokines in asthmatic children [35-38]. Notably,
sputum VEGF expression significantly exceeded levels during quiescence, and both were higher than
the corresponding levels of the control group during asthma exacerbation [35]. Further, innate
lymphoid cells (ILC2) were significantly higher in the airways of children with severe asthma
suggesting they could be a potential therapeutic target [37].

In the pursuit of refining SI techniques, recent publications have compared different
methodologies, particularly in adolescents. A study evaluating physiotherapy techniques (oscillatory
positive expiratory pressure, forced expiration, and acceleration of expiratory flow) for sputum
induction in well-controlled asthmatic children and adolescents found no significant differences in
inflammation outcomes [39]. These efforts mark a continuous stride toward optimizing SI practices
in the field of pediatric asthma research. In addition, the cost-effectiveness of SI in asthma
management is supported by economic analyses, demonstrating healthcare-related savings that
outweigh the costs associated with sputum induction and processing [13,40].

In summary, SI has emerged as a valuable tool in pediatric asthma research. It allows direct
assessment of airway inflammation non-invasively, aiding in phenotype identification, monitoring
disease activity, and optimizing treatment plans, particularly in patients with severe or difficult-to-
treat asthma. Its clinical application is limited due to standardization in techniques, logistical and
technical considerations. But it still has the potential to pave the way for personalized treatment
approaches and potentially reduce healthcare costs. Well-designed randomized controlled trials
(RCTs) are needed to definitively establish the use of Sl in guiding treatment decisions across diverse
asthma severities and endotypes. Additionally, rapid advancements in sample analysis hold promise
for even more personalized and effective asthma management in children.

2. Cystic Fibrosis

Cystic fibrosis (CF) is a life-shortening, multisystem disease, that prominently affects the lungs
leading to progressive obstructive lung disease characterized by chronic infections and inflammation,
impaired host defense, and tissue damage [41] [42,43]. Effective sampling of the lower airways is
essential to characterize infection and inflammation in the management of respiratory health in CF.
Sputum samples provide accurate information about infection and inflammation, but young children
with CF, particularly < 6 years do not expectorate sputum spontaneously. In the era of CFTR
modulator therapy, this has also presented a challenge in older children. Therefore, effective
sampling of the lower airway can still be problematic in pediatric patients with CF.

Oropharyngeal cough swab or throat swab is a simple, and well-tolerated technique for bacterial
surveillance of the CF lung in non-expectorating children. However, a study reported a sensitivity of
44% for concurrent bronchoalveolar lavage (BAL) cultures, suggesting their limited representation of
the lower airways [44]. Therefore, there has been an increasing interest in sputum induction, as a safe
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and cost-effective technique for sampling the lower airway in children who are unable to expectorate
spontaneously [45]. The three largest studies comparing cough swabs with induced sputum in
children identified additional organisms on induced sputum in 31-42% of cases [46-49]

Although fiberoptic bronchoscopy with BAL is considered as the gold standard for lower airway
sampling, it is a costly and invasive technique that requires anesthesia. BAL-based microbiology
surveillance programs are of interest internationally, but little evidence strongly supports their
routine use in CF care [16]. As an alternative, SI sampling holds promise for obtaining lower airway
samples in non-productive children with CF. However, studies comparing paired BAL samples
reported inconclusive results from providing similar microbiologic yield to BAL to being not highly
sensitive or specific as routine surveillance for detection of lower airway pathogens in young children
with cystic fibrosis [50,51]. Further, lower airway microbiota has been studied with a conclusion of
SI capturing a microbiota signature representative of the lower airway in 80% of cases when
compared to paired BAL samples [52], polymicrobial infection and gram negative organisms were
detected more frequently in SI samples when compared to paired oropharyngeal swabs [53].
Furthermore, the CF-Sputum Induction Trial (CF-SpIT) study compared approaches to lower airway
sampling in children with CF, aged 6 months to 18 years using concurrent samples from cough swabs,
sputum-induction, and single-lobe, two-lobe, and six-lobe bronchoalveolar lavage [19]. The
proportion of pathogens isolated by sputum induction and two-lobe bronchoalveolar lavage was
reported as largely equivalent. In addition, a 5-year prospective observational cohort study involving
children with CF aged 5-17 years concluded that induced sputum is useful for early detection of Non-
tuberculous mycobacteria (NTM) previously never isolated, particularly in non-expectorating
children [54].

In CF, SI samples were also used to assess airway inflammation, as well as to monitor disease
activity by analyzing inflammation markers and measurement of cytokine concentrations in sputum
[12,55-57]. Further, an adult study utilized SI samples to define the sputum immune profile of CF
patients using single-cell RNA sequencing (scRNAseq) and significant differences in the sputum
immune cell repertoire were demonstrated between patients with CF and healthy adults [58].
Subsequently, a successful implementation of this innovative approach was reported in the pediatric
CF population to investigate the host defense and uncover the drivers behind hyperinflammatory
state in CF lungs[59]. In addition, SI samples were employed for determining airway drug
concentrations[60] and as non-invasive outcome measures to evaluate treatment response, such as
following intravenous antibiotic therapy [61].

Given that progressive lung disease begins at younger ages, lower airway sampling plays a
crucial role in managing CF lung disease. Sputum induction (SI) emerges as a promising tool to obtain
lower airway samples in non-expectorating children with CF for research or clinical purposes. In the
era of CFTR modulator therapy, despite recent advancements in clinical care, a knowledge gap still
exists in understanding the driving mechanisms of the hyperinflammatory state and innate immune
defects in CF. In addition, the mechanisms of action that underlie the impact of CFTR modulators on
the immune response have not been elucidated yet. A better understanding of the inflammatory
response and the initial host-defense defects in the airways of patients with CF could identify new
therapeutic targets supported by advances in laboratory techniques and cutting-edge technologies,
including finding effective therapies for patients with CF who are not eligible for CFTR modulators.
SI still holds promise for gaining deeper insight into the pathogenesis of CF lung disease by utilizing
samples from the site of inflammation.

3. Pneumonia

Pneumonia is a major health concern, causing significant morbidity and mortality in children,
particularly in resource-limited countries [62] Accurate diagnosis of the causative agent is crucial for
proper treatment and preventing further complications. Despite advancements in rapid diagnostic
tests for viruses and atypical bacteria, detecting bacterial causes in children with pneumonia remains
challenging. Sputum microscopy and culture, commonly used in adults, are rarely used in children
due to difficulties in obtaining specimens [63,64]. Also, they are only recommended in hospitalized
children due to their low diagnostic yield. While isolating pathogens from blood, pleural effusion, or
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bronchial lavage fluid can be used to determine causative pathogens, these methods have limitations.
Blood cultures rarely yield bacteria (less than 10%) and obtaining pleural effusion or bronchial lavage
fluid requires invasive procedures, making them impractical for routine use [64,65].

The utility of SI as a tool for identifying the cause of childhood community-acquired pneumonia
(CAP) is controversial. While some studies have shown promise, other studies have presented
conflicting findings[20,63,66-69]. Several factors can explain these discrepancies: the risk of
contamination from the upper respiratory tract, lower diagnostic utility in parenchymal diseases
compared to airway diseases, the possibility of polymicrobial infection, incidental carriage of
potentially pathogenic microorganisms due to physiological differences in the airways of young
children, and the lack of a fully developed immune system in young patients.

A study with 101 children with CAP reported a high microbiological yield of (90%) SI samples,
suggesting its potential as a diagnostic method [66]. Another study found SI to be safe and feasible
in young children, with a good yield (70.3%) of bacteria from high-quality sputum samples [67].
Similarly, a recent study by Ogawa et al [68] suggests that bacteria isolated from good-quality sputum
are more likely to be the true cause of CAP in children. Overall, previous research shows an average
success rate of 62% to 79% in isolating pathogens, 15-25% being bacterial etiology from sputum
specimens using SI [65,67]. However, some studies present contrasting results. The Pneumonia
Etiology Research for Child Health (PERCH) study, a large-scale investigation across seven countries,
highlighted safety, utility, and quality assessment of SI in resource-limited settings for children aged
1-59 months[20,63,69]. The study found significant variations in obtaining good quality sputum
samples. Analyzing PERCH data, Murdoch et al [63] concluded that routine SI cultures are unreliable
for diagnosing pneumonia in young children. Additionally, their comparison of paired SI and
nasopharyngeal/oropharyngeal (NP/OP) swab samples from hospitalized children with severe
pneumonia showed minimal additional diagnostic value from SI using PCR, compared to just NP/OP
swabs [69]. Another study suggested that SI cultures rarely match cultures from sterile body sites,
indicating isolated pathogens might reflect throat/mouth bacteria rather than the true cause of
pneumonia [64]. In addition, despite showing high rates of bacteria isolation in sputum specimens,
SI results may not always reflect the cause of pneumonia. Studies reported a lack of consistent
correlation between positive SI cultures and chest X-rays, other diagnostic tests, disease progression,
or treatment decisions [67]. Additionally, the presence of both viruses and bacteria in 66% of sputum
samples highlights the challenges [70]. This could be due to co-infections, bacteria from the
throat/mouth contaminating the sample, or colonization of the upper respiratory tract.

Identifying the cause of childhood pneumonia is challenging. Notably, most studies
investigating SI involved severe cases or hospitalized children. The lack of a gold standard for
diagnosing pneumonia etiology in children further complicates the issue. While PCR testing is more
sensitive to viruses than cultures, it cannot definitively rule out a bacterial infection, especially in
severe cases. The possibility of concomitant bacterial-viral infection further complicates and adds
more challenges. SI shows some promise, but limitations exist. While new potent techniques such as
clinical metagenome next-generation sequencing (mNGS) are on the horizon, future research is
needed to validate and develop new and reliable diagnostic tests for accurate pathogen identification
in children with pneumonia.

4. Opportunistic Infections in Inmunocompromised Children

Induced sputum samples were also utilized in immunocompromised children with pneumonia.
Studies show Sl effectively detects Pneumocystis jirovecii (PCP) in such reaching high sensitivity
with PCR testing [71,72]. A study involving HIV-positive children with pneumonia showed SI to be
as effective as gastric lavage (GA) for diagnosing Mycobacterium tuberculosis and superior to
nasopharyngeal aspirate (NPA) for identifying PCP [73].

5. Pulmonary tuberculosis

Pulmonary tuberculosis (TB) remains a major global health issue and still carries diagnostic
challenges, particularly in children [74] While the World Health Organization (WHO) recommends
sputum smear analysis for acid-fast bacilli (AFB) and culture in pulmonary TB diagnosis, this method
often fails in children due to difficulty in producing sputum samples and lower bacterial presence
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(paucibacillary disease). This results in inadequate diagnosis and hinders effective treatment. For
young children, gastric aspirate (GA) is the primary method for obtaining samples for culture.
However, it is invasive and unpleasant, requires hospitalization and other methods like
bronchoscopy are even more so, with limited accessibility in TB-endemic areas and concern of
transmission.

Several studies were conducted to compare methods for the diagnosis of TB In children who are
unable to expectorate sputum including SI, GA, nasopharyngeal aspiration (NPA), BAL or
pleural/lymph node biopsy (PLNB). Sputum induction has been identified as an effective technique
for isolating Mycobacterium tuberculosis in infants and children, and repeated SI may be just as
useful as multiple gastric lavage samples [17,21,75,76]. Studies also suggest that a single SI sample
can yield similar results to three gastric lavages [77]. Combining sputum induction with gastric
aspiration might further improve Mycobacterium tuberculosis detection in hospitalized young
children with acute severe pneumonia [78]. Further, a comprehensive review reported SI detects
more TB cases than GA or NPA when the likelihood of TB (presumptive TB score) is low to moderate
[79]. However, a meta-analysis revealed considerable inconsistency among studies comparing these
techniques indicating difficulty in arriving at a definitive conclusion regarding the effectiveness of SI
for diagnosing TB in children. Although the average TB detection rate appears to be 79%, this value
may not be reliable due to the significant variation between studies [80].

While BAL sampling can be a preferred method for adults who do not produce sputum or have
negative sputum smear analysis, its yield in diagnosing pulmonary TB in children is only 10%-22%
[81]. On the other hand, sputum collected from children through nasopharyngeal aspiration or
sputum induction has been reported to have a diagnostic yield of 20%-30% [77]. Adult studies
comparing sputum induction (SI) and BAL samples in pulmonary TB diagnosis have shown that SI
has an equal or greater diagnostic yield than BAL, with fewer risks and lower costs [81]. Moreover,
one pediatric study, albeit with a small sample size, reported that SI samples were superior in
detecting TB compared to bronchial brushing based on AFB smear, mycobacterial culture, and real-
time PCR analyses [82]. A recent meta-analysis also reported that SI has similar accuracy to
bronchoscopy-obtained samples in diagnosing sputum smear-negative pulmonary TB [83].

In the fight against pediatric TB, early diagnosis is the most effective control strategy. However,
limitations in existing diagnostic tests call for new, accessible diagnostic tools, especially for children
in diverse populations globally. This urgency is further amplified by the rising threat of drug-
resistant TB in low- and middle-income countries, which requires accurate microbiological
confirmation for tailoring appropriate treatment. This need has prompted the WHO to prioritize the
development of a rapid, non-sputum-based diagnostic solution for childhood TB. As a result,
promising new techniques are emerging, such as the Mycobacterium tuberculosis Host Response
prototype cartridge (Cepheid MTB-HR), a finger-stick blood analysis based on mRNA transcriptomic
signatures [84]. However, its reported sensitivity of 29.6% requires further studies. While it is
recommended that clinical expertise, provider skills, patient age and developmental level should
guide the choice of diagnostic method, SI can still be considered, particularly in resource-limited
settings as a cost-effective, faster tool [81]. Despite the promise of recent advancements that can also
improve the diagnostic yield of SI samples, further investigations are necessary to optimize cost,
accessibility, and delivery location, particularly in tuberculosis-endemic countries. The fight against
childhood TB requires ongoing efforts to improve diagnostic tools.

6. Other respiratory diseases

Several other studies have been performed on the potential of sputum analysis in understanding
various respiratory conditions in children.

A study focused on children with obstructive sleep apnea (OSA) revealed a significant increase
in the percentage of sputum neutrophils in these children and a significant positive correlation with
the degree of neutrophilic airway inflammation and the severity of OSA [85]. This underscores the
potential of SI samples in elucidating the inflammatory processes associated with OSA in children,
indicating a promising avenue for future investigations.
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Another study included preschool children with chronic airway diseases highlighted the
advantages of sputum induction over cough swabs [18]. It demonstrated that SI is safe, feasible, and
non-invasive, with successful sample collection in 95% of cases to assess both bacterial and viral
infection.

However, not all studies have found SI to be equally informative. For instance, a study by Ervine
et al in 2009, which focused on children with gastroesophageal reflux (GER), concluded that SI may
induce physiological GER in healthy children. Consequently, the analysis of pepsin in sputum
obtained through induction was deemed not useful in investigating reflux-related respiratory disease
[86].

In the context of bronchiolitis obliterans (BO), Rosewich and colleagues conducted the first study
evaluating sputum samples in affected children. Their research revealed a neutrophilic inflammation
with elevated levels of proinflammatory cytokines compared to healthy controls. Additionally,
significant correlations were observed between sputum biomarker levels and the presence of small
airway disease in children with BO [87].

Lastly, amidst the COVID-19 pandemic, a review article highlighted using SI for the evaluation
of selected patients. Due to the generation of aerosols and cough maneuvers involved in the process,
a multidisciplinary consensus on sputum induction biosafety was issued to ensure the safety of
healthcare workers and patients alike [88].

Conclusion & Future Directions

Sputum induction (SI) offers a safe and non-invasive way to examine the lower airways in
children with lung diseases. This technique can yield valuable insights into airway inflammation and
infectious processes in research settings. Additionally, SI samples can be utilized with a variety of
conventional and new techniques including but not limited to DNA extraction on the microbiome,
enzyme-linked immunosorbent assay (ELISA), flow cytometry, mass cytometry, fluorescence in situ
hybridization (FISH), and single-cell sequencing to investigate underlying mechanisms of different
respiratory diseases, which ultimately could lead to the development of novel treatment strategies
and improved disease management. Future avenues for utilizing SI in pulmonary medicine may
focus on diseases such as Children's Interstitial and Diffuse Lung Disease (cHILD) and the pulmonary
involvement of systemic conditions, such as connective tissue diseases and inflammatory bowel
syndromes. In addition, SI can be a powerful tool for characterizing the lower airway microbiota in
conjunction with state-of-the-art sequencing techniques.

However, challenges remain for widespread clinical utilization of sputum induction. Although
it stands out for its cost-effectiveness, accessibility, and repeatability as a research tool, the procedure
demands well-trained personnel and can be time-consuming. Further effort is needed to refine the
technique for its accessibility in clinical settings, bridging the gap between research and everyday
patient care.
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