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Asthma is a common childhood condition. Its prevalence in Saudi Arabia is high, increasing, and could
exceed 20% at the current trajectory. Asthma is a syndrome with different clinical presentations and
phenotypes. Many conditions are often misdiagnosed as asthma because they share the same symptoms,
particularly coughing and shortness of breath; physical findings, such as wheezing; radiological findings,
such as hyperinflation on chest X-ray; or even responses to asthma therapies, as in some patients with
bronchiolitis. When treating the younger age group (>5 years old), there should be a high degree of
suspicion of alternative causes when evaluating patients presenting with clinical features suggestive of
asthma or patients who do not respond well to asthma therapies. This study will highlight common
conditions that may mimic asthma and, as a result of incorrect treatment, unnecessarily expose patients
to steroids and other therapies for extended periods. Furthermore, we seek to alert healthcare providers
to common symptoms and signs that suggest a cause other than asthma and suggest when to refer the
patient to subspecialists.

© 2021 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Asthma is a common childhood condition. Its prevalence has
increased in the last 15 years from 8% to 23% [1,2]. In Saudi Arabia,
the highest prevalence is reported in Hafoof (33%) and the lowest in
Abha (7%) [3]. Furthermore, the majority of asthma cases are un-
controlled, as shown by the ACT study performed by Dr. Jahdali et al.
[4] .Another study by Dr. Aslan et al. showed that 50% of the asthma
cases were uncontrolled in a tertiary center in Riyadh [5]. Asthma is a
syndrome oftenwith heterogeneous clinical presentation, severity of
exacerbation, natural history, and response to asthma therapies [6].
Asthma phenotypes have been divided into two subtypes: intrinsic
asthma and extrinsic asthma. There are also clinical, physiological,
trigger-defined, and inflammatory phenotypes. Multiple studies of
individual asthma phenotypes have improved the understanding of
immunologic and pathologic characteristics and have advanced the
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diagnostic and therapeutic fields. Many conditions are often mis-
diagnosed as asthma because they share the same symptoms,
particularly coughing and shortness of breathing; physical findings
such as wheezing; radiological findings such as hyperinflation on
chest X-ray; and even response to asthma therapy in a few cases [6].
With regard to the younger age group (less than 5 years of age), there
must be a high degree of suspicion of an alternative cause when
evaluating patients presenting with clinical features suggestive of
asthma or patients presenting with an atypical profile, such as when
the patient has not responded well to standard asthma therapies.
2. Objectives of this paper

To highlight common diseases that are misdiagnosed as asthma,
to improve the degree of suspicion of alternative causes, and to
determine when to refer patients to sub-specialty clinics.
3. Asthma

3.1. Asthma in older age group (>5 years)

A clinical diagnosis of asthma is often made when a child pre-
sents with intermittent cough, shortness of breath, chest tightness,
pecialist Hospital & Research Centre (General Organization), Saudi Arabia. This is an
s/by-nc-nd/4.0/).
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and wheezing that respond readily to asthma therapy. Chest X-rays
should be limited to specific situations such as severe asthma ex-
acerbations that do not respond to the standard asthma therapies,
suspected bronchopneumonia, or the presence of an air leak. Dur-
ing exacerbations, the radiological findings are usually marked
hyperinflation with peribronchial wall thickening. Asthma in this
group can be confirmed by standard spirometry with a 12% or
greater increase in the forced expiratory volume in 1 s (FEV1) after
inhaled bronchodilator or a more than 30% increase in the forced
expiratory flow between 25% and 75% of vital capacity (FEF25-75)
allergy skin tests are usually positive in atopic children in this age
group if indicated [7,8]. A family history of atopic dermatitis, al-
lergies, or asthma is common.

3.2. Asthma in the younger age group (<5 years)

It is more challenging for clinicians to diagnose asthma in this
age group because the presentations are different due to different
asthma phenotypes. The symptoms are as follows:

- a residual cough after a viral respiratory illness;
- coughing late at night or early in the morning, which can be the
only presentation of asthma;

- recurrent or persistent wheezing;
- bronchopneumonia, which is rare; and
- a cough that is worse with emotional changes, during exercise,
and after exposure to triggers [9].

As many diseases might share the same symptoms, clinicians
should be alert to the possibility of other diagnoses, and limited
investigations might be indicated to provide guidance regarding
certain diagnoses. Table 1 summarizes different types of cough
and highlights other alternative diagnoses. Preschool pulmo-
nary function tests could be helpful if available, and chest X-rays
are helpful for determining lung pathologies or malformations.
In this category of patients, the application of the modified
asthma predictive index is strongly recommended. Currently,
the majority of asthma cases globally are still uncontrolled, even
in Saudi Arabia, according to a different report. Fortunately,
there has been some improvement according to recent publi-
cations [10e12]. The usual causes of uncontrolled asthma are as
follows.

a- Inadequate doses or lack of prescription of inhaled corti-
costeroids (ICS): Inhaled steroids can control asthma and reduce
hospital admission rates by 80%. Asthma is globally undertreated,
and one study in Saudi Arabia reported that only 5% of asthma cases
among patients seen at tertiary care hospitals were controlled.
Furthermore, 56.4% of asthma patients do not receive education
about asthma, and 60.3% have inadequately controlled asthma,
compared to 50% of patients with uncontrolled asthma in the USA
Table 1
Summary of the types of cough and related conditions.

Types of cough Suggested condition

Wet cough Suggests the compla
Persistent cough Cystic fibrosis, aspira
Paroxysmal cough Pertussis or tracheom
Barky cough Tracheomalacia or cr
Cough that occurs early in the evening Sinus infection
Cough that disappears when sleeping Somatic cough syndr
Cough related to eating Gastroesophageal refl
Cough that does not respond to bronchodilators Sinus infection, bron
Nasal discharge Clear nasal discharge

Purulent nasal disch
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[13]. Asthma is a common cause of emergency room visits and
hospital admissions [14].

b- Poor technique: The improper use of inhalation devices is a
common cause of uncontrolled asthma [15e18].

c- Poor compliance: Dr. Mohsen reported that an alarming 44%
of asthma patients who visited the emergency room did not use
inhaled corticosteroids, while 56% reported improper use of
medications.

d- Comorbidity or presence of risk factors: Nasal allergies and
gastroesophageal reflux disease (GERD) are frequent risk factors for
uncontrolled asthma, obesity, and vocal cord dysfunction. Vitamin
D deficiency is an important factor, especially in older patients.
Winter season, tobacco smoke exposure, pet exposure, rain, and
day care attendance are common risk factors [19,20].

e- Wrong diagnosis: Asthma can be over-diagnosed in adults,
according to a study published in JAMA in which the researcher
found that the diagnosis was incorrect in 30e35% of patients
diagnosed with asthma, and that these patients were able to stop
taking medication. In this study, the authors highlighted the
importance of education regarding the diagnosis and importance of
ordering spirometry in such cases [21]. Pediatric asthma has his-
torically been underdiagnosed, but clinicians have recently moved
in the opposite direction [22e24]. Table 2 summarizes clue for
alternative diagnoses.

4. Clinical scenarios when asthma is not the disease

4.1. Case 1

A 6-year-old girl presented to the clinic with intermittent cough
for a duration of three months. The cough did not respond to cough
syrups, montelukast, or nebulizer treatment. There was a strong
family history of atopy; however, the patient did not show a positive
response to bronchodilators. On examination, she appearedwell and
was in no distress. She coughed frequently in the clinic, her throat
exam was benign, and chest auscultation revealed normal vesicular
breath sounds with no additional sounds. Her father brought several
bronchodilators to the clinic and expressed his unhappiness about
the number of medications trialed without benefit. Her teacher
asked her father to keep the child away from school as she was
distracting the other children in the class by her continuous
coughing. Her father claimed that the child was able to sleep
comfortably without any coughing and that her cough started after
having influenza. The family was stable without any social concerns,
and the patient was a top student in her class without any previous
illnesses. This patient was diagnosed with somatic cough syndrome
and managed with psychosocial support and positive rewards; she
experienced a marked improvement and was discharged from the
clinic in good health. Unfortunately, pulmonary function test was not
performed despite it possibly being very helpful in such a case.
int is not asthma unless it occurs as a result of asthma exacerbation
tion, immune disorder, primary ciliary dyskinesia, protracted bacterial bronchitis
alacia
oup

ome/psychogenic cough
ux disease, swallowing incoordination
chopneumonia
suggests allergic rhinitis
arge is consistent with chronic sinusitis



Table 2
Clinical clues leading to diagnoses other than asthma.

Clinical clue Suggested diagnosis

Since birth, term prematurity Genetic conditions (CF, PCD, immunodeficiency), chronic lung disease, or bronchopulmonary dysplasia
Signs and symptoms
Wet cough PBB, CF
Recurrent vomiting GERD
Dysphagia Swallowing incoordination
Inspiratory stridor Malacia (larygomalacia, tracheomalacia)
Voice changes Laryngeal cause
Focal signs Foreign body inhalation or congenital anomalies
Symptoms disappear during sleep Somatic cough syndrome
Finger clubbing CF, PCD, immunodeficiency
Failure to thrive CF, immunodeficiency
Post-viral syndrome BO, rhinosinusitis

CF: cystic fibrosis, PBB: protracted bacterial bronchitis, GERD: gastroesophageal reflux disease, BO: bronchiolitis obliterans, PCD: Primary ciliary dyskinesia.

Fig. 2. Chest CT scan, coronal view: Subcarinal swelling that was 1x 1.2 cm in size and
rounded in shape was compressing the airway, especially the left side, and there was
attenuation of the blood vessels on the left side due to hyperinflation.

A. Al Shamrani, A. AlShammari, H. AlAlkami et al. International Journal of Pediatrics and Adolescent Medicine 8 (2021) 203e211
4.2. Case 2

A 4-month-old girl, whowas one of twins delivered by caesarian
section, had a birth weight of 2.3 kg and had no issues during the
neonatal period apart from mild jaundice requiring one day of
phototherapy. When she was 4 months old, tachypnea was
observed and worsened during the time required for referral to the
tertiary center. On examination, the child appeared well but had a
respiratory rate of 52 breaths/minute, a heart rate of 157 beats/
minute, and an oxygen saturation level (SaO2) of 97% on room air.
Her weight was 4.2 kg (in the 5th percentile but normal considering
her initial low birth weight). Chest auscultation revealed a promi-
nent wheeze and decreased breath sounds, both on the left side.
The remainder of the physical examination was within normal
limits. Her chest X-ray (Fig. 1) showed marked asymmetrical hy-
perinflationmainly on the left side. Her chest CT scan results (Fig. 2)
were consistent with a subcarinal swelling of 1� 1.2 cm in size and
rounded in shape. The swelling compressed the airway, especially
of the left main bronchus, leading to attenuation of the blood
vessels on the left side. Bronchoscopy confirmed the narrowing of
both bronchial orifices, especially the entrance of the left main
bronchus. The carina was dome-shaped rather than forming the
usual sharp angle, which is consistent with a subcarinal compres-
sion that was predominantly on the left side. The patient was
Fig. 1. Chest X-ray, AP view: Marked hyperinflation, diaphragm at the 11th rib poste-
riorly, with a slight shift of the mediastinum to right side at two levels (trachea and
heart) and marked attenuation of the blood vessels and compression of the hemi-
diaphragm on the left side.
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diagnosed with a bronchogenic cyst and treated surgically with the
complete resolution of symptoms.

4.3. Case 3

A 21-month-old girl had been diagnosed with congenital heart
disease (moderate-sized patent arterial duct) at an early age and
was also diagnosed with moderately severe asthma. Her PDA was
closed using an Amplatzer duct occluder at the age of 16 months.
Although she had a small aortopulmonary collateral vessel, she was
embolized using a coil. The procedure went smoothly without
complications, and chest radiography prior to discharge confirmed
the appropriate position of the implanted device. Three months
post catheterization, the patient presented with fever, cough,
shortness of breath, and wheezy chest which was diagnosed as
asthma exacerbation and chest infection. She was treated with the
usual asthma therapy including bronchodilators and systemic ste-
roids, and antibiotics were added to cover potential broncho-
pneumonia. There was minimal response to medical therapy. Due
to the persistence of her symptoms, a repeat chest X-ray was
requested and suggested themigration of the PAD device due to the
significant volume loss in the left lung. The patient was referred to a
pediatric cardiologist, and echocardiography confirmed the PDA
device to be in the appropriate position, with no residual ductal
shunt. Lung perfusion scintigraphy demonstrated minimal perfu-
sion of the left lung. A pediatric pulmonologist was consulted, and
the possibility of foreign body inhalation was suggested despite a
negative history of choking. This diagnosis was confirmed by
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flexible bronchoscopy, which revealed an aspirated watermelon
seed (Fig. 3) obstructing the left main bronchus. Under general
anesthesia, a 2.8-mm flexible bronchoscope (Olympus) was easily
passed through an endotracheal tube, confirming the position of
the watermelon seed in the left main stem bronchus with diffuse
erythematous airway lumen. Increased exudative secretion distal
to the seed was confirmed. Then, the seed was extracted by rigid
bronchoscopy with extracting forceps without complications. The
patient thereafter made a complete recovery. At follow-up several
weeks after discharge, the child remained well, the chest X-ray
showed a normal left-sided lung, and the Amplatzer devicewas in a
correct position [25].
5. Common asthma mimickers

5.1. Rhinosinusitis

Allergic rhinitis and sinusitis are common causes of nocturnal
coughing and are often misdiagnosed as asthma. The same disease
entities can also trigger rhinitis and asthma. Specific triggers
include allergens, irritants, infections (viral and bacterial), aspirin
and, more rarely, other cyclooxygenase 1 (COX-1)-inhibiting non-
steroidal anti-inflammatory drugs (NSAIDs).

Types of allergic rhinitis: Type 1 (sneezers and runners): type 1
is the predominant type, wherein the child presents with nasal
discharge, nasal itch, and sneezing. Type 2 (blockers): type 2 is the
less common type, wherein the child presents with a blocked nose
and signs of nasal obstruction. Allergic rhinitis is a clinical diagnosis
and should be suspected when there is a history of wet cough in the
absence of wheezing and a history of cough that is more common
early in the night when the child lays down in the supine position,
or in the morning after the child wakes up. It should also be sus-
pected if it is associated with other clinical features of allergic
rhinitis such as sneezing, nasal blockage, allergic salute, or allergic
shiners or if the response to asthmamedications is poor. Commonly
used medications include intranasal corticosteroids and oral anti-
histamines [26]. Intranasal antihistamines may occasionally be
necessary to improve the treatment of non-allergic rhinitis with
eosinophilia (NARES) or vasomotor rhinitis [27,28]. Longitudinal
studies have confirmed that both allergic rhinitis and positive
allergic skin tests are risk factors for asthma [29,30].

Sinusitis in children is usually characterized by the following
cardinal symptoms: purulent nasal discharge, wet cough, nasal
Fig. 3. Bronchoscopic picture of the foreign body (watermelon seed) impacted in the
left main bronchus.

206
congestion, and halitosis. Several other symptoms are reported by
patients, including sleep disturbance (snoring, witnessed apnea,
mouth breathing), fatigue, malaise, ear pain or pressure, dizziness,
dental pain, dysphonia, and nasal or throat irritation [31]. Rhinitis is
an important risk factor for the development of asthma and is a
known trigger of asthma exacerbations [32]. Chronic rhinosinusitis
with and without nasal polyps may aggravate some symptoms,
particularly coughing, which may be attributed to severe asthma
[33].

5.2. Bronchiolitis

Bronchiolitis is the most common disease and the leading cause
of hospital admission in children younger than two years of age
[34,35]. It is a seasonal disease, and the peak of admissions for
bronchiolitis occurs in the winter season [36]. Acute bronchiolitis is
a clinical diagnosis defined by the American Academy of Pediatrics
as a constellation of clinical symptoms and signs including a viral
respiratory prodrome followed by increased lower respiratory
effort, variable hypoxemia, and wheezing in infants <2 years of age
[37]. Globally, respiratory syncytial virus is the predominant cause
of bronchiolitis, accounting for approximately 70% of cases, while in
Saudi Arabia, it accounts for 25e88% of cases [38]. Bronchiolitis
may also be caused by other organisms, such as rhinovirus, para-
influenza, human metapneumovirus, adenovirus, and even Myco-
plasma pneumonia [39]. The Saudi initiative of bronchiolitis
diagnosis, management, and prevention (SIBRO) stresses the
importance of bronchiolitis in vulnerable infants with comorbid-
ities, which includes infants younger than 3 months, premature
infants, children with immunodeficiencies, children with congen-
ital heart disease, and children with underlying cardiopulmonary
or neuromuscular disease [40]. This high-risk group includes in-
fants prone to apnea and severe respiratory distress and children.
Treatment is usually supportive, and the goal of therapy is to
maintain adequate oxygenation and hydration [41]. The use of
hypertonic saline of 3e5% and high-flow oxygen supplementation
by nasal cannula is becoming common for children with severe
bronchiolitis [42]. Bronchiolitis often presents as wheezing, which
could be easily confused with an asthma exacerbation. Conversely,
there is a relationship between bronchiolitis in early childhood and
the later development of asthma. Infants hospitalized with bron-
chiolitis caused by respiratory syncytial virus and rhinovirus have
an up to 30% increased risk of recurrent wheezing during the first
10 years of life. Some studies have also noted an increased risk of
asthma following an episode of bronchiolitis [43e45].

5.3. Bronchiolitis obliterans

Bronchiolitis obliterans (BO) is a chronic inflammatory condi-
tion with persistent and irreversible obstructive airflow limitation
secondary to an insult to the terminal airway and its surroundings
[46]. The respiratory symptoms include dyspnea and progressive
respiratory failure [40]. Uncomplicated bronchiolitis is a self-
limited condition in healthy infants with fever, dry cough, dys-
pnea, and wheezing. In BO, dry cough is present in 60e100% and
dyspnea in 50e70% of cases. Chronic symptoms develop in 20% of
cases, while 20% of patients with BO are asymptomatic at the time
of diagnosis despite abnormal pulmonary function test results.
Wheezing may be detected in as many as 88% of patients [47e49].
Wheezing due to BO is persistent rather than paroxysmal, although
it can worsen with viral infections [50]. In children, the most
common presentation of BO is the post infectious variant, which
typically occurs after a severe viral infection in the first three years
of life. A variety of organisms that can trigger asthma can also cause
severe lung injury, including those that cause respiratory infections
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(e.g., adenovirus, influenza, respiratory syncytial virus (RSV),
cytomegalovirus, measles, and varicella). Other important causes
are inhalation of toxic substances, use of certain drugs, and specific
diseases or treatments (organ transplant, rheumatic diseases); a
substantial number of cases are of unknown origin and are labeled
idiopathic BO [51]. Furthermore, the increase of lung and bone
marrow transplant recipients has been followed by an increase in
post-transplant BO. Post-transplant BO is progressive, while post-
infectious BO does not seem to be, but both forms share some
common pathways that result in a characteristic histopathology of
bronchiolar obstruction. BO should be suspected when the
following characteristics are observed: chronic dispense with or
without over wheezing without response to bronchodilator or
steroid therapy in the context of hyperinflation on chest x-ray and
mosaic attenuation on chest CT [46]. The treatment includes sup-
portive therapies with oxygen supplementation, airway hydration,
intermittent antibiotics, and pulse therapy with intravenous ste-
roids, especially in the younger age group, with a short interval
after initial presentation. Severe cases can eventually require lung
transplantation [51e53]. Features of BO are summarized in Table 3.
5.4. Bronchogenic cyst

Bronchogenic cysts are rare anomalies of the ventral foregut
endoderm and are the most common cystic lesion of the medias-
tinum [54]. They often exist as single cysts. They generally contain
clear fluid or, less commonly, hemorrhagic secretions or air [55].
Tachypnea and cough are the usual initial manifestations in more
than 50% of the cases, and wheezing is the predominant finding on
auscultation, as in our case, which can easily lead to a misdiagnosis
of asthma. A diagnosis can be easily made by chest x-ray in 80% of
the patients, but it can be mislabeled as round pneumonia. A CT
scan of the chest can be used to confirm the diagnosis. Most
bronchogenic cysts originate in the mediastinum. These cysts may
lead to life-threatening events such as compression of a major
airway, commonly in the subcarinal area, as in our case, leading to
persistent tachypnea and wheezing in younger patients, with a lack
of improvement after treatment with bronchodilators. Further-
more, in the absence of atopy, all symptoms suggest a diagnosis
other than asthma. Complications are more common in patients
with symptomatic airway compression and recurrent chest infec-
tion, and an increased risk of aspiration and fistula are the usual
complications. Furthermore, wheezing with central airway ob-
structions is more typically low-pitched and monophonic while
wheezing in asthma is polyphonic and higher pitched. Other con-
ditions that should be considered in the differential diagnosis are
congenital pulmonary airway malformation type 1 and esophageal
duplication cysts. Treatment is usually surgery, with an excellent
prognosis [56].
Table 3
Features of bronchiolitis obliterans (46).

Feature Bronchiolitis obliterans

Onset After first year
Clinical feature Insidious cough, wheeze, and sho
Chest x-ray Hyperinflation
Pulmonary function test Fixed airflow limitation and redu
CAT scan Air trapping, mosaic pattern, retic
Lavage Neutrophil predominant
Biopsy Inflammation and scaring sparing
Treatment Supportive therapies with oxygen
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5.5. Protracted bacterial bronchitis (PBB)

PBB is a common asthma mimicker, leading to the overuse of
bronchodilators and corticosteroids that do not help the condition
[57]. It usually presents in preschool-aged children as a wet cough
with or without wheezing [58,59]. PBB may be a precursor to
bronchiectasis in children [60]. The pediatrician may suspect PBB in
a child with asthma if he/she has a chronic wet cough and does not
respond well to salbutamol and inhaled steroids. PBB is a clinical
diagnosis, meaning it is based on a detailed history and appropriate
physical examination with careful questioning to rule out other
potential asthma mimickers. PBB can be diagnosed when all three
of the following criteria are fulfilled: 1) the presence of a wet cough
for more than 4 weeks; 2) the absence of indications of an alter-
native diagnosis; and 3) a cough that resolves following a 2e4-
week course of an appropriate oral antibiotic. A chest X-ray may
be performed to exclude lung malformation, foreign body inhala-
tion, or pneumonia or other unusual causes, but often there is no
specific visible sign for PBB. If the child is old enough (more than 6
years), he/she should undergo a pulmonary function test, where a
pattern of obstructive airflow limitation may be noted. Induced
sputum culture is recommended to recover a bacterial sample,
which might help in the selection of the appropriate antibiotics.
Bronchoscopy and lavage can demonstrate lower airway infection
as evidenced by a concentration of respiratory bacterial pathogens
>104 colony forming units/ml. Positive culture from lavage might
be added as a criterion for PBB. A course of antibiotics for PBB is
suggested when the criteria are fully met, and the course should
usually be 2e6 weeks in duration [61e63]. Hemophilus influenzae,
streptococcus pneumoniae, and Moraxella catarrhalis are the most
common organisms that respond to amoxicillin-clavulanic acid,
and second-generation cephalosporins or macrolides are
commonly used. Adenovirus is the most common respiratory virus,
and bronchiectasis has been reported as a potential complication
[64,65].
5.6. Gastroesophageal reflux disease

Asthma and GERD are common conditions in pediatric patients
and may exist

together [66]. “Silent” reflux is more common in asthmatic pa-
tients than in the normal population. Nocturnal cough in the
absence of other features of asthma may suggest reflux, especially
during infancy. GERD can cause recurrent cough and wheezing,
which are often misdiagnosed as asthma, but reflux can be a co-
morbid condition in asthmatic patients. Guidelines often recom-
mend anti-reflux therapy when asthma is uncontrolled [67]. GERD
should be suspected in any infant with recurrent cough and
wheezing that worsens after eating, lacks diurnal variation, occurs
when the infant eats in a supine position, is not accompanied by
rtness of breath

ced diffusion capacity
ular infiltrate, bronchiectasis with bronchial wall thickening

the alveoli and alveolar duct
supplementation, airway hydration, antibiotics (macrolide) and steroid therapy
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atopy, and fails to respond to asthma therapies. To confirm GERD,
gastroenterologists often have to perform pH studies, impedance,
or endoscopy, and the usual therapy includes proton pump in-
hibitors and domperidone with lifestyle changes to reduce reflux
[68]. Occasionally, in recalcitrant cases, Nissen fundoplication may
be needed [69].
5.7. Foreign body aspiration

Foreign body aspiration (FBA) is a common condition and needs
to be carefully considered when there is an abrupt onset of
wheezing. Children are prone to aspirating foreign bodies when
they start crawling and start to discover their surroundings. Chil-
dren tend to put anything they can reach in their mouth, and in
children younger than 4 years old in whom the molars have not yet
developed, this may end in premature swallowing and choking. It is
easy to diagnose FBA if it is witnessed, but that is the case only 50%
of the time [70]. The most common manifestations of FBA are
coughing and wheezing with or without respiratory distress; the
cough is often dry and paroxysmal, and the wheezing is usually
unilateral [71]. FBA can be lethal and may cause complete
obstruction and cardiac arrest, especially in the subglottic region.
Such severe obstruction is rare but lethal [72]. If the foreign body
passes the subglottis, it usually becomes lodged in either the right
main bronchus or left main bronchus in approximately 85% of the
cases. Impaction in the right side is predominant. Peanuts are the
most common foreign body aspirated, followed by watermelon
seeds. Chest X-ray might be helpful for diagnosing FBA, but a
normal chest X-ray does not rule out aspiration. The foreign body
may work as a check valve, with hyperinflation at the affected site,
but it may also act as a stop valve, leading to distal atelectasis, and a
normal X-ray cannot role aspiration [73,74]. FBA should be sus-
pected when the following characteristics are observed.

1. a clear history of choking;
2. abrupt onset of coughing and wheezing;
3. unilateral wheezing;
4. unilateral hyperinflated or collapsed lung; and
5. a lack of response to asthma therapy.

When FBA is suspected, bronchoscopy is indicated. Flexible
bronchoscopy can be used to diagnose FBA, while rigid bronchos-
copy is usually needed for removal of the foreign body.
5.8. Cystic fibrosis

Unlike asthma, which is characterized by a dry cough, cystic
fibrosis (CF) patients have a productive cough. The symptoms occur
early in life and may be associated with recurrent wheezing and
chest infections that progress to bronchiectasis and chronic lung
disease [75]. A detailed history may reveal a history of antenatal
polyhydramnios, delayed passage of meconium, or prolonged
jaundice in the neonatal period. Meconium ileus can be the first
presentation of CF. Later, during infancy, many patients present
with recurrent wheezing that does not respond to either salbuta-
mol or steroid therapy. As many as 90% of CF patients will show
symptoms and signs of malabsorption (persistent, offensive odor
and oily stool), associated with failure to gain weight, unlike asth-
matic patients, who have normal growth [76]. The practitioner
should suspect CF if there is clinical evidence of malnutrition or
failure to thrive with a persistent wet cough, recurrent chest in-
fections, clubbing, and sinusitis [77,78]. Recurrent vomiting is a
common feature of CF in the Kingdom of Saudi Arabia [79]. Clinical
features suggesting CF:
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1. delayed passage of meconium, meconium ileus, or neonatal
jaundice;

2. recurrent wheezy chest or chest infection;
3. chronic diarrhea;
4. failure to thrive;
5. recurrent vomiting with pseudo-Bartter features;
6. chronic sinusitis;
7. infertility in adult males.

The first choice for tests is the sweat chloride test, followed by
genetic analysis [80]. Low elastase levels in the stool, which in-
dicates pancreatic insufficiency, is a predominant finding, and in
the Kingdom of Saudi Arabia, 75% of CF patientsmay show evidence
of pseudo-Bartter syndrome (metabolic alkalosis and hypokalemia,
hypernatremia, and hypochloremia). Treatment regimens are
complex and tailored to each patient. These patients should be
referred to a tertiary center prepared to treat such cases; treatment
includes active respiratory therapy to improve mucociliary clear-
ance, the judicious use of antibiotics, and nutritional support [81].

5.9. Primary ciliary dyskinesia

Primary ciliary dyskinesia (PCD) is a common asthma mimic in
children. A detailed history may reveal tachypnea in the neonatal
period that resolved in a few days. Children with PCD usually
presentwith recurrent otitis media and speech delay due to chronic
middle ear effusions [82]. Recurrent sinusitis with purulent
discharge with or without nasal obstruction is predominant in
preschool-aged childrenwith PCD. Cough is commonly chronic and
wet, is exacerbated by viral infections, and may be associated with
wheezing, leading to the misdiagnosis of asthma. Recurrent chest
infections are a characteristic feature in school-aged children with
PCD, and theymay lead to bronchiectasis. PCD is a clinical diagnosis
and can be suspected under the following conditions [83,84].

1 transient tachypnea or pneumonia in the neonatal period;
2 recalcitrant chronic otitis media;
3 chronic sinusitis;
4 chronic wet cough with recurrent chest infections
5 clubbed fingers;
6 dextrocardia or situs inversus in 50% of the cases (Kartagener

syndrome); and
7 a history of infertility in the family.

Nasal nitric oxide (nNO) concentrations are low in patients with
PCD, and nNO concentrations can serve as a noninvasive screening
test. Diagnostic techniques include high-speed video microscopy to
assess the function and transmission electron microscopy to assess
the ciliary ultrastructure. Genetic analysis is currently the gold
standard diagnostic tool [85].

5.10. Psychogenic cough/somatic cough syndrome

Somatic cough syndrome, a term introduced by the American
College of Chest and Physician 2015, is a common asthma mim-
icker; it often describes a cough with no obvious etiology that is
usually refractory to medical therapies [86]. It may follow an upper
respiratory tract infection, and the predominant age at onset is
school age [87]. The usual manifestation of somatic cough syn-
drome is a honking, brassy cough that is usually absent during sleep
or distraction and may remain for several weeks to months.
Another key point is that clinicians may observe an increase in the
intensity of cough when the child enters the clinic with parents
during the interview and that the physical examination is other-
wise normal. Such patients are often treated for asthma without
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responding. Somatic cough syndrome may be associated with
background asthma or psychiatric illness, and the diagnosis often
needs a high degree of suspicion. No investigation is required. The
syndrome’s management consists of reassurance and simple
behavioral approaches such as a positive reward system, stopping
asthma therapies, and enlisting a psychologist’s support [88].

5.11. Tracheobronchomalacia

Tracheomalacia is a condition characterized by a weakness and/
or malformation of the cartilage supporting the trachea, leading to
a collapsed tracheal lumen during respiration. The condition is
often observed in infants and children of preschool age [89].

5.12. Types

Primary (rare): This type is characterized by the congenital
absence or abnormal compliance of the tracheal-supporting
cartilage.

Secondary (common): This type is due to tracheoesophageal
fistula, cardiac or mediastinal compression, or prolonged intuba-
tion [90]. In mild cases, children might be asymptomatic or have a
mild barky cough, while in moderately severe cases, children will
present with persistent wheezing and a barky cough that does not
respond to asthma therapy. In addition, the cough may worsen
after the use of a bronchodilator or a viral respiratory illness. Severe
cases manifest episodic paroxysmal cough, cyanotic episodes
leading to the loss of consciousness, apnea, and even cardiac arrest.
The initial assessment depends on the severity and the potential
underlying cause [91,92]. Bronchomalacia is very rare and can also
present with wheezing that can be easily heard when the child is
active or playing [93]. The diagnosis is often difficult, although it
can be confirmed by flexible bronchoscopy with minimal sedation,
and treatment depends on the severity. The majority of mild cases
resolve spontaneously with time [86,90]. The others require sup-
portive therapy, such as chest physiotherapy, a lower threshold for
the administration of antibiotics, potential CPAP therapy during
exacerbation, and, in severe cases, aortopexy [94,95].

6. Referral

A referral to a subspecialist is recommended under the
following conditions:

1. uncertain diagnosis;
2. persistent wet cough;
3. persistent vomiting;
4. failure to thrive;
5. presence of finger clubbing;
6. unusual findings, such as stridor, dysphagia, or hypoxia; culture

of unusual organisms, such as Pseudomonas aeruginosa; and
anxious parents.
7. Conclusion

Asthma mimickers are common. Clinicians must strongly sus-
pect diseases that mimic asthma, particularly in children younger
than 5 years of age and in those who do not respond well to
standard asthma therapy. A detailed history and meticulous ex-
amination are warranted. Referrals should be made to experts, and
the asthma index can be utilized when asthma is suspected. In-
vestigations should be limited to certain diagnoses or to rule out
congenital malformations.
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Abbreviations

PBB Protracted bacterial bronchitis
CF Cystic fibrosis
PCD Primary ciliary dyskinesia
BPD Bronchopulmonary dysplasia
CLD Chronic lung disease
GERD Gastroesophageal reflux disease
CROUP Acute laryngotracheobronchitis
PDA Patent ductus arteriosus
FEV1 Forced expiratory volume in the first second
MEF Mid-expiratory air flow
ACT Asthma control test
CT scan computerized tomography scan
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