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Abstract
Croup is a relatively mild and self-limiting childhood disease but may occasionally be associated with
severe morbidity. While parainfluenza is known to be the most common etiologic agent, other viruses
can also cause croup that may be more severe. We report two cases of severe croup due to influenza
A which required admission to a Paediatric Intensive Care Unit (PICU) in February 2015 during the
influenza H3 epidemic. Importantly, systemic corticosteroid is not contraindicated in severe influenza
infection with respiratory compromise, and antiviral treatment is available for influenza but not
parainfluenza. PICU support, antiviral and antibacterial treatment for secondary bacterial infection
may ensure optimal outcome of severe influenza infection in children.
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Introduction
Croup is a common disease that occurs in young
children between 7 and 36 months of age and accounts
for up to 15% of emergency department visits due to
respiratory condition in children in the United States.1,2
Although croup is a relatively mild and self-limiting
disease, significant airway obstruction, respiratory
distress and very rarely, death can occur. While
parainfluenza is known to be the most common etiologic
agent, other viruses such as respiratory syncytial virus
(RSV), influenza, adenovirus and rhinovirus can also
cause croup.3-6 It has been reported that croup caused
by the influenzas are usually more severe than the
parainfluenzas.7 We report two cases of severe croup
due to influenza A which required admission to a
Paediatric Intensive Care Unit (PICU) in February 2015
during the influenza H3 epidemic. The ICU respiratory
equations were important in determining the prognosis
and pathophysiology of various respiratory diseases and
their usage in these patients are described.

Case 1
A 17-month-old boy with good past health was admitted
for fever and stridor. He had a three-day history of fever
up to 39.9 degree Celsius, cough and runny nose. He
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started to have barking cough, hoarseness of voice and
noisy breathing on the second day of illness. Symptoms
were worsening and he was taken to attend an
emergency department the next morning severe
shortness of breath. On admission, he was lethargic
and cyanotic with undetectable saturation, one dose of
nebulised adrenaline was given and his saturation had
improved with pulse oximetry oxygen saturation (SpO2)
97% on 6 L/min oxygen. He became cyanotic again with
desaturation down to SpO 2 60%. Another dose of
nebulised adrenaline was given and oxygen saturation
was maintained with a non-rebreathing mask on 100%
oxygen. Chest radiograph showed hilar patchiness and
air bronchogram at the left lower zone (Figure 1a). The
ENT surgeons and anesthetists were summoned for
direct laryngoscopy and rigid bronchoscopy with
intubation in the operating theater. The epiglottis and
vocal cords appeared normal and no obvious mass was
seen. The trachea showed mucosal swelling and
vomitus was present in the airway.
Patient was transferred to PICU after intubation
with airway secured. Blood investigations showed
elevated C-reactive protein (CRP) at 120 (normal range
<9.9 mg/dL). Chest radiograph showed right side
infiltration (Figure 1b). Intravenous dexamethasone was
given for croup while cefotaxime, metronidazole and
cloxacilllin were commenced for possible secondary
bacterial infection and aspiration pneumonia. The
tracheal aspirate was purulent and yielded influenza A
serotype H3 and heavy growth of methicillin sensitive
Staphylococcus aureus . Hence a 5-day course of
oseltamivir was given.
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The child was extubated three days later. However, on
the next day after extubation, he presented with
respiratory distress again with hoarseness and stridor.
Repeated chest radiograph showed increased in
bilateral lung infiltrates. Patient was re-intubated and
three more doses of dexamethasone were prescribed.
Antibiotics were stepped up to vancomycin and
meropenum for a broader coverage of respiratory tract

pathogens. Four days later, patient was successfully
extubated. He remained afebrile and had no stridor. CRP
was normalised. He was discharged from PICU after
13 days.

Case 2
A 9-month-old previously healthy boy presented to the
emergency department with fever, cough, shortness of
breath and noisy breathing for two days. His SpO2 was
85% in room air and he was diagnosed with severe
croup. Oxygen was administered and intramuscular
dexamethasone given. He was transferred to the PICU
of a university hospital for further management. On
admission, the child was lethargic, heart rate was 185
beats per min and respiratory rate 56 per minute with
suprasternal and subcostal insucking, inspiratory stridor
and expiratory wheeze. He was diagnosed as having
moderate-to-severe croup with viral bronchiolitis.
Nebulised adrenaline and salbutamol were given.

(a)

Oxygen supplement was given to maintain saturation.
Significant stridor with distress was noted four hours
after the initial dose of adrenaline, a second dose of
nebulised adrenaline was administered. Chest
radiograph showed right sided pneumonia and
intravenous amoxicillin and clavulanate potassium
(Augmentin) commenced (Figure 2). The fever subsided
and respiratory symptoms gradually improved.
Salbutamol and oxygen supplement were weaned off
on the next day. NPA had tested positive for influenza A
H3 by immunofluorescence and by multiplex PCR
assay. The child improved and was discharged from
PICU 2 days later. Due to prompt improvement and
onset of illness more than 48 hours before

(b)
Figure 1. (a) Chest radiograph taken at the emergency
department showing patent trachea and bilateral hilar
patchiness. (b) Chest radiograph following tracheal intubation
showing partial right upper lobe collapse/consolidation.

Figure 2. Chest radiograph showing right middle lobe
consolidation.
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nasopharyngeal aspirate result was available,
oseltamivir was not prescribed in this case.

Discussion
Croup is a common respiratory tract infection
characterised by barking cough, stridor and hoarseness
of voice with various degree of respiratory distress. The
disease usually occurs between 7 and 36 months of
age.2,4 The peak incidence occurs in the second year of
life with 4.7 cases per 100 children.8 Boys are 1.43 times
more likely to develop croup than girls.8
Parainfluenza virus is the most common etiologic agent
in croup, which accounts for approximately one-half to
two-third of the cases.7-9 Croup occurs predominately
in late fall and early winter when parainfluenza virus
(especially type 1) activities are high.8,10 Other viruses
such as respiratory syncytial virus (RSV), influenza,
adenovirus and rhinovirus have also been reported to
be the causative pathogens. Measles although rare, is
one of the etiologic agents in population where
vaccination is inadequate.1 Denny et al demonstrated
that parainfluenza virus was the predominant cause for
croup comprising of 74.2% of all virus isolates, of which
approximately two-third of them was type 1. RSV and
Influenza A on the other hand, accounted for 10% and
3.6% of all croup cases respectively. 8 In Finland,
Rihkanen and colleagues found 80% of children with
croup had a common respiratory virus genome in their
nasopharynx as determined by PCR assays. While 41%
patients with croup were tested positive for
parainfluenza virus (type 1 30.6%, type 2 4.9%, type 3
6.3%); 14.6% and 9% of the cases were caused by RSV
and influenza A respectively.3
Although croup is a relatively mild disease in majority
of the cases; significant airway obstruction, respiratory
distress and rarely, death do occur. In our case report,
the two children with croup were in severe respiratory
distress and required PICU care while case 1 even
required intubation. Interestingly, both cases were
caused by influenza A serotype H3.
It has been reported that croup caused by influenza are
usually more severe compared to those caused by
parainfluenza. 7 In a previous study focusing on the
premorbid factors and outcome associated with
respiratory virus infections in the PICU, cases of
influenza croup were more common compared with
those caused by parainfluenza.11 In Finland, another
retrospective study was carried out to compare the
clinical courses of croup caused by influenza and
parainfluenza. The mean maximum temperature

5

Case

Repor t

measured in children with influenza and parainfluenza
croup were 39.2°C and 38.6°C respectively (p=0.002).
Pneumonia occurred more frequently in children with
influenza croup (p=0.03). The median hospitalisation
duration was longer in children with influenza croup
(4 days) than in those caused by parainfluenza (2 days;
p=0.001) and the readmission rate was four-fold higher
in influenza group (21% vs 5%; p=0.02).7 Comparing
the treatment during hospitalisation, inhaled epinephrine
(48% vs 11%; p<0.001) and supplemental oxygen (24%
vs 3%; p=0.002) were more commonly used in children
with influenza croup compared to those suffering from
parainfluenza croup. Steroid treatment was also more
frequently used (62% vs 32%; p=0.008) and for a longer
period in influenza children than the parainfluenza
group.7
In our cases, both of the children required oxygen
supplement and repeated doses of inhaled adrenaline.
In case 2, one dose of intramuscular dexamethasone
was administrated while in case 1, multiple doses of
intravenous dexamethasone were given. Treatment of
croup with steroid has been extensively studied and its
effectiveness has been well established. Nowadays,
steroid should be considered even in mild cases as
children receiving steroid treatment were shown to have
earlier recovery and significantly lower return rate to
medical care compared to placebo group.12 While for
severe cases that required intubation, as in case 1,
steroid has been demonstrated to shorten the duration
of intubation.13 Oral route is preferred in majority of the
cases. Parenteral route should be considered if patient
is not suitable for oral intake, especially in severe cases.1
To our knowledge, no literature has directly compared
the outcomes of single-dose and multiple-doses of
steroid usage.2,14
Influenza can simultaneously infect the lung
parenchyma, the upper and the lower airway. In severe
cases, secondary bacterial infections may coexist.11 The
outcome is dependent on the levels of infections (airway
versus parenchyma) and if secondary bacterial
infections are present. The PICU equations are useful
in prognostication (Table 1).15,16 Both GCS and Paediatric
Risk of Mortality 2 (PIM2) scores are low in the two
patients indicating that the risk of mortality is low despite
their severe respiratory presentations. However,
respiratory equations generally indicate that the first
child has a more severe respiratory disease with high
alveolar-arterial gradient and low PaO2/FiO2 ratio in the
range of moderate acute respiratory distress syndrome
(ARDS). Airway disease is generally treated with
corticosteroid, adrenaline or bronchodilators whereas
parenchymal disease often needs positive airway
pressures in the PICU.
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Table 1. Mortality and respiratory indices
Parameters

Patient 1

Patient 2

15

15

Brain injury severe if ≤8 (intubation indicated to support
ventilation), moderate if 9-12, mild if ≥13 (http://en.wikipedia.
org/wiki/Glasgow_Coma_Scale)17

Paediatric index of mortality 2

2.1%

1.52%

Predicted mortality (http://www.sfar.org/scores2/pim22.html)

Ventilation index

17.1

N/A

Prognostic marker of lung injury (http://www-users.med.cornell.
edu/~spon/picu/calc/ventindx.htm)

Alveolar-arterial oxygen gradient

407.7

59.9

Impaired diffusion or shunting (http://www-users.med.cornell.
edu/~spon/picu/calc/aagrad.htm)

8.7

3.5

Denotes risk of treatment (http://www-users.med.cornell.edu/
~spon/picu/calc/oxyindex.htm)

114.4

282.1

Severity of lung injury: mild ARDS <300, moderate ARDS <200
(http://easycalculation.com/medical/ALI.php)

12

0

Intrapulmonary shunt and V/Q mismatch, normally <5%(http://
www.medfixation.com/classic-shunt-equation-qsqt-calculation/)

Glasgow coma scale

Oxygenation index
PaO2/FiO2 ratio
Qs/Qt

Remarks

Qs/Qt = (CcO2 - CaO2)/(CcO2 - CvO2). The oxygen content of mixed arterial blood (CaO2) is determined by the content of oxygen in the blood that reached
ventilated alveoli (CcO2), the content of oxygen in blood that bypassed ventilated alveoli (CvO2), and the proportion of the two. CcO2 is the content of oxygen
in pulmonary capillary blood and is estimated by assuming 100% alveolar capillary saturation.

Conclusion
Croup is a common and mostly mild childhood
respiratory disease which can occasionally lead to
severe airway obstruction and respiratory insufficiency/
failure.4 Croup caused by influenza may be more severe
than those caused by parainfluenza in hospitalised
patients.7,11 Importantly, systemic corticosteroid is not
contraindicated in severe influenza infection with airway
compromise, and antiviral treatment is available for
influenza but not parainfluenza. PICU support, antiviral
and antibacterial treatment for secondary bacterial
infection may ensure optimal outcome of severe
influenza infection in children.
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