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Abstract

Objectives To investigate if morbidity in young children
admitted to a pediatric intensive care unit (PICU with a
laboratory proven diagnosis of influenza and parainfluenza
infection) had increased.

Methods Retrospective study from January 2003 through
December 2009 was carried out. Every child in the PICU
with a laboratory-confirmed influenza or parainfluenza
infection was included.

Results 18 influenza (influenza A=13 and influenza B=5)
and 17 parainfluenza admissions were identified over the
7-year period. Parainfluenza type 3 (n=9) was the com-
monest subtype of parainfluenza infection. The median age
of children admitted with influenza was higher than
parainfluenza (4.5 vs 1.7 years, p=0.044). Admissions
associated with proven influenza and parainfluenza infec-
tions accounted for 2% of PICU annual admissions. There
was only one death in 2003. 51% of these patients required
ventilatory support, 45% received systemic corticosteroids,
and 91% received initial broad spectrum antibiotic cover-
age. Bacterial co-infections were identified in 25% of these
patients. The incidence of influenza admissions had not
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increased significantly in 2009 (HIN1 pandemic) when
compared with 2003 (SARS epidemic) (p=0.3). There were
only two PICU cases of pandemic HINT in 2009 and both
survived. The annual incidence of severe PICU cases of
influenza and parainfluenza were 0.94 and 0.88 per 100,000
children per annum, respectively.

Conclusions Pandemic HIN1, influenza and parainfluenza
viruses may be associated with significant childhood
morbidity and PICU admissions.

Keywords Influenza - Parainfluenza - PICU - HINI -
Pediatric intensive care

Introduction

Respiratory viral infections cause significant morbidity
and misery, affecting millions of children annually
worldwide. Although most infections are self-limiting
and managed by the general practitioners, some children
are seriously affected and require hospitalization [1-4].
These viruses account for a large workload in many of the
pediatric departments in regional hospitals and are
responsible for upper respiratory infections, croup, bron-
chiolitis and pneumonia [1-12]. Among these hospital
admissions, a small percentage of children would require
pediatric intensive care unit (PICU) support [13—-17]. In
2003, there was extremely heightened awareness and
surveillance of respiratory viral infections due to the
epidemic of severe acute respiratory syndrome caused by
a novel corona virus (SARS-CoV) [4, 18-20]. Heightened
surveillance and stricter personal hygiene could result in a
lowered interpersonal spread of all respiratory viruses.
Nevertheless, there has been a global concern for an
influenza pandemic that might result in dramatic increase
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in mortality and morbidity in recent years. Such a real and
present concern is witnessed in 2009 with the pandemic
HINI. The purpose of this study was to investigate if
morbidity in young children admitted to a pediatric
intensive care unit (PICU) with a laboratory-proven
diagnosis of influenza or parainfluenza infection had
increased, and if the pandemic HIN1 in 2009 had resulted
in a higher morbidity.

Material and Methods

Hong Kong, with a population of over seven million
people, has a dual public and private system for both
primary and secondary health care. Although there are
ten government (Hospital Authority [HA]) and ten
private hospitals providing general pediatric inpatient
service, the HA system provides the majority of inpatient
trauma care. The Prince of Wales Hospital (PWH) is a
university teaching hospital situated in the Eastern part
of the New Territories in Hong Kong. PWH provides
tertiary pediatric intensive care unit (PICU) service for
children <12 years of age to this region with a catchment
population of over 1.1 million (approximately 25% were
children<12 years of age). The criteria for PICU
admissions include cardiopulmonary insufficiency/failure,
neurological deterioration, and concerns of emergency
care and/or general pediatric staff. Cases were identified
from the hospital’s computerized auditing system and
from the PICU database of every admission to the unit.
The PICU database was audited monthly. This retrospec-
tive study was carried out in the tertiary referral PICU.
Every child in PICU with a proven influenza and
parainfluenza virus infection from January 2003 through
December 2009 was recruited. The respiratory viruses were
identified using conventional diagnostic methods, including
direct immunofluorescence testing (DIFT) on respiratory
samples (e.g. nasopharyngeal aspirates—NPAs; broncho-
alveolar lavages—BALs, tracheal aspirates—TAs, and oral
swabs), with confirmation and typing by type-specific DIFT

and viral culture. In one case, a recent influenza A infection
was confirmed by demonstrating a greater than four-fold rise
in influenza A-specific antibodies using the complement
fixation test. The results of all other (non-viral) bacterial
cultures on respiratory specimens (including sputum) and
blood cultures were evaluated. Numerical data were compared
with student ¢ test and categorical data with x* test. All
comparisons were made two-tailed, and p-values less than
0.05 considered statistically significant.

Results

A total of 18 influenza (influenza A=13 and influenza
B=5) and 17 parainfluenza admissions were identified
over the 7-year period (Tables 1 and 2). Parainfluenza
type 3 (n=9) was the commonest subtype of parainfluenza
infection. The median age of children admitted with
influenza was higher than parainfluenza (4.5 vs >1.7 years,
p=0.044). There was no significant gender predilection in
the two categories. Admissions associated with proven
influenza and parainfluenza infections accounted for 2%
of PICU annual admissions. There was only one death
associated with influenza A in 2003. The duration of ICU
stay was generally brief (median 3 days). Influenza
affected older children than parainfluenza but there was
no difference between the two groups of viruses in terms
of morbidity. These respiratory viruses caused both upper
(croup) and lower respiratory tract diseases (bronchiolitis,
pneumonia). Extrapulmonary presentations such as
seizures and encephalitis were less prevalent. 51% of
these patients required ventilatory support, 45% received
systemic corticosteroids for airway obstruction such as
croup, and 91% received initial broad spectrum antibiotic
coverage pending cultures. Bacterial co-infections were
identified in 25% of these patients. The incidence of
influenza PICU admissions had not increased significantly
in 2009 (HIN1 pandemic) when compared with 2003
(SARS epidemic) (Table 2, Fig. 1; p=0.3). Using the
catchment population of over 1.1 million (approximately

Table 1 Clinical data of
patients with influenza and

parainfluenza virus infection

Case Influenza (n=18) Parainfluenza (n=17) P
Median age (yr) 4.5 1.7 0.044
Male (%) 10 8 0.44
Bacterial Co-infection 6 3 0.25
Ventilation 10 8 0.37
Systemic antibiotics 16 16 0.40
Systemic corticosteroids 7 9 0.19
Median (IQR) PICU stay (days) 3.0 3.0 0.35
Died in PICU 1 0 0.51
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Table 2 PICU admissions
associated with proven influenza PICU admissions Total Influenza A + B (%) Parainfluenza (%) Mortality
and parainfluenza infections as a
percentage of the annual PICU 2003 122 3+0(2:5) 0(0) 1
admissions 2004 155 3+1 (2.6) 3(1.9) 0

2005 111 2+1 (2.7) 54.5) 0

2006 127 240 (1.6) 3(2.4) 0

2007 144 0+2 (1.0) 2 (1.0) 0

2008 138 0+0 (0) 3(22) 0

2009 140 3+1(2.9) 1(0.7) 0

Total 937 18 (1.9) 17 (1.8) 1

25% were children <12 years of age), the annual incidence of
severe PICU cases of influenza and parainfluenza were 0.94
and 0.88 per 100,000 children per annum, respectively.

From April to December 2009, 2,519 patients under
12 years of age were tested for the pandemic HINI
influenza A, and 553 (56% males) were laboratory-
confirmed to be infected with the virus. Of these 553
patients, 58 were <1 year, 93 were between 1 and 2 years,
144 were between 3 and 5 years of age, and 258 were
between 6 and 12 years. Only two cases required PICU
admission and both survived. A 10-yr-old boy from a
special residential school was transferred from a regional
hospital to the PICU with septic shock, acute respiratory
distress syndrome (ARDS) and disseminated intravascular
coagulopathy. He was a mentally retarded abandoned child.
His roommate was also hospitalized with confirmed
pandemic HINT1 infection. The boy presented with fever,
chills and rigors but no apparent coughs or running nose.
His past history also included bilateral sensori-neural
hearing impairment, epilepsy (on valproate and clobazem),
urinary tract infections, left pelvi-ureteric junction obstruc-
tion, orchidopexy, left pyeloplasty, chronic hepatitis B
carrier state, iron deficiency anemia, and chronic renal
failure.
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Fig. 1 Influenza and parainfluenza PICU admissions

The child was intubated and ventilated (FiO2 up to 0.65
for 24 days). Hypotension was treated with saline boluses,
dopamine (up to 20 meg/kg/min) and norepinephrine (up to
0.1 mecg/kg/min) infusions. Tracheal aspirate yielded heavy
growth of burkholderia cepacia (sensitive to ceftazidime).
The child was treated with intravenous cefotaxime and
cloxacillin initially, and vancomycin and ceftazidime
subsequently. He gradually recovered from the septic
episode and inotropes and ventilation were weaned off
(total PICU stay 25 days).

An 8-yr-old previously healthy girl was admitted via
the emergency department to the PICU with generalized
purpura and thrombocytopenia (lowest platelet count of 3 x
10°/L) despite repeated platelet transfusions (Fig. 2). The
presumptive diagnosis was meningococcemia and intrave-
nous cefotaxime was given. Shortly after admission,
however, nasopharyngeal aspirate came back positive for
pandemic HIN1 virus. The child was transferred to an
isolation ward for further monitoring and management. She
remained well. A 5-day course of oseltamivir was given.
The thrombocytopenia was also treated with a dose of
intravenous immunoglobulin. Blood culture was positive
for Streptococcus pyogenes sensitive to penicillin. Hence,
this is a case of co-infection with HIN1 and Streptococcus

pyogenes.

Discussion

Infections by the “flu viruses” are exceedingly common
among children [4]. In recent years, there have been
global concerns that the next influenza pandemic might
result in increased mortality and morbidity. Flu infections
can readily spread among children in daycare centers,
schools and within families, resulting in school absence
and parental loss of workdays to care for their sick
children at home. Severe forms of respiratory viral
infections are rare in children but may lead to life-
threatening conditions, necessitating PICU admission and
resulting in death [4, 17]. Despite massive global and
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Fig. 2 A child with alarming thrombocytopenic purpura, co-infection
with pandemic HINI and streptococcus pyogenes

media concerns in their locality, the authors have not
witnessed a significant increase in mortality or severe
PICU morbidity in recent years. Even with the 2009 HIN1
pandemic, only two children with the HIN1 were admitted
and there was no mortality. Similar phenomenon was
observed in other PICUs in Hong Kong. There was no
redirection of known HINI cases to other units and
underestimation of the incidence was unlikely.

One of the clinical problems facing pediatric intensiv-
ists is the differentiation between viral and bacterial
infections when an acutely ill child, with or without
respiratory manifestations, is admitted [4, 17]. As
previously described, these respiratory viruses caused
both upper (croup) and lower respiratory tract diseases
(bronchiolitis, pneumonia). Extrapulmonary presentations
were less prevalent. Empirical course of antibiotics was
often used in the initial management in order to avoid
missing any treatable bacterial co-infections [17]. Cortico-
steroids were often used empirically for airway obstruc-
tion such as croup. A low threshold for negative-pressure
reverse isolation should be considered whenever possible
so that other critically ill patients would not be put at risk.
These principals are well illustrated in the two HINT1 cases

in 2009. The first case demonstrated that institutionalized
children with chronic illnesses are at high risk whereas the
second case demonstrated previously well children are not
spared. The clinical course was complicated by heavy
growth of burkholderia cepacia in the tracheal aspirate.
The second case was initially treated as presumed
meningococcemia but was promptly confirmed to be a
case of HINI1. The antibiotic was rightly continued as
subsequent blood culture confirmed septicemia with S.
pyogenes co-infection. As it is often difficult to delineate
viral from bacterial infection in the acute setting, broad-
spectrum antibiotics were used in nearly 90% of the study
patients to cover for pneumonia and sepsis. The present
findings were in agreement with those reported by other
investigators  [21, 22].

The use of influenza vaccine could prevent hospital-
izations and cases of influenza-related diseases [12, 15].
Universal influenza vaccination of children older than
6 months of age has become available in Hong Kong since
2008. Starting in December 2009, vaccination for the
pandemic HIN1 has also become available. It remains the
doctors’ responsibility to explain to the parents that adverse
and side effect profiles of these vaccines are generally
acceptable.

This study also illustrates the important fact that the
parainfluenza viruses cause an equal magnitude of PICU
morbidity. In contrast to the influenza viruses, the para-
influenza viruses affect younger children. Worse still, there
is no vaccine available and the antiviral agents for influenza
are generally not efficacious for the parainfluenza viruses.
Respiratory synctival virus (RSV) infection is also an
important cause of PICU admissions that we previously
described [17]. Clinical presentation and management in
the PICU is similar except that the virus affects infants and
younger children.

Since the 2003 Severe Acute Respiratory Syndrome
(SARS) epidemic, definitions, terminologies and abbrevia-
tions proliferate in Hong Kong to describe infections
associated with respiratory viruses, such as ILI for
influenza-like illness, “ARDS” for acute respiratory diseases,
URTI for upper respiratory tract illness, HSI for human
swine influenza, and nHIN1 for novel HINI1. In essence,
all these viral infections are characterized by a contact
history + fever + respiratory symptoms. The clinical
definitions are very similar to that for SARS [20]. These
definitions serve no good purposes and possibly confuse
the public. They should not be confused with the influenza
and the parainfluenza infections.

In conclusion, pandemic HINI, influenza and para-
influenza viruses may be associated with significant
childhood morbidity and PICU admissions. Further inves-
tigations are required to explore if vaccination may help
prevent influenza infection and ICU admissions.
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