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Predictors of complicated influenza infection in children presenting

in a tertiary hospital in a tropical country: A case-control study
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Dear Editor,

Influenza causes significant healthcare burden
globally” with highest risks in children and the
elderly. In children, multiple studies have identified
risk factors for severe influenza such as young age
(<5 years), presence of comorbidities, abnormal
vital signs (e.g. hypoxia, shock) and bacterial
coinfections.?* We found similar findings in our
centre which included children during the influenza
A (HIN1) 2009 pandemic with age <2 years
and comorbidity as risk factors for complicated
influenza.®

We conducted a retrospective case-control
study of hospitalised paediatric patients (<17
years old) with laboratory-confirmed (respiratory
immunofluorescence antigen testing or multiplex
polymerase chain reaction [PCR] testing) influenza
infection admitted to our hospital over 7 years
between January 2011 and October 2017. Cases
were defined as severe influenza requiring
intensive care unit (ICU) or high-dependency (HD)
care anytime during their hospitalisation. Three
unmatched controls were selected per case;
controls were admitted into the general ward with
laboratory-confirmed influenza infection within
3 days of the admission of their corresponding
cases.

Our primary outcome was to compare the
risk factors that predispose children to severe
complicated course requiring ICU/HD care. Our
secondary outcome was to study the risk factors
associated with mortality.

This study was approved by the SingHealth
Centralised Institutional Review Board (CIRB
number: 2015/2453) for a waiver of consent.

A total of 209 patients (55 cases, 154 controls)
were included in this study, with a median age
of 2.9 years (interquartile range [IQR] 0.9-5.8

years); there were 17 deaths reported (8.1%).
Only 33 of the patients (15.8%) had 1 underlying
comorbidity, and 9 patients (4.3%) had =2
comorbidities. Influenza A (n=161, 77.0%) was
more common than Influenza B. There was no
difference between Influenza A and Influenza
B when comparing for HD/ICU admission or
mortality risks. Concurrent viral infections occurred
in 6.2 % (n=13) of patients, most commonly
adenovirus (n=5, 38.5%) infection. Proven bacterial
infections—either from positive mycoplasma PCR,
respiratory cultures from endotracheal tube if
intubated or from positive blood cultures—were
found only in a minority of patients (n=20, 23.0%).
There was no statistical difference for bacterial
coinfection rates between cases or controls.

Mortality occurred in 8.1% (n=17) of patients.
Among them, all required inotropic support;
52.9% (n=9) required intubation; 29.4% (n=5)
required extra-corporeal membrane oxygenation,
or ECMO support; and 11.8% (n=2) needed
dialysis. A high proportion (n=7, 41.2%) had
underlying comorbidities with neurological
conditions being the most prevalent (n=4, 23.5%).

By univariate analysis (Table 1), risk factors for
HD/ICU admission or mortality were drowsiness
(odds ratio [OR] 5.81, P<0.001; OR 10.49,
P<0.001, respectively), any comorbidities (OR 4.46,
P<0.001; OR 3.14, P=0.02, respectively) and viral
coinfections (OR 7.34, P=0.001; OR 6.26, P=0.002,
respectively). Additional risk factors for HD/
ICU admission were age >5 years old (OR 2.17,
P=0.02), presence of seizure (OR 3.00, P=0.01) or
tachypnoea (OR 6.86, P<0.001). By multivariate
logistic regression analysis, risk factors for HD/
ICU admission were tachypnoea (multivariate
OR 9.27, P<0.001), viral coinfections (multivariate
OR 10.42, P=0.002), seizure (multivariate
OR 7.42, P<0.001), comorbidity (multivariate
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OR 3.86, P=0.002) and age >5 years (multivariate
OR 3.34, P=0.005). Multivariate logistic regression
analysis for mortality showed drowsiness
(multivariate OR 7.97, P<0.001) and abnormal chest
radiograph (multivariate OR 6.88, P=0.001) as risk
factors.

Our study showed that children >5 years had
a higher risk of severe influenza complications
(OR 3.34) resulting in ICU/HD admissions. This is
unlike previous studies®’ which showed that the
highest rate of complications was more common in
children <5 years of age. A previous study conducted
by our hospital’s emergency department (ED)
could explain this phenomenon.? The study showed
that the patient’s age was inversely proportional
to the reattendance rate in ED. Interestingly, older
paediatric patients were more likely to be admitted
on their reattendance compared to younger
patients. Extrapolating from this paper, we could
infer that older patients are admitted when they
have significant clinical progression or deteriora-
tion; and thus, the risk factors of severe influenza
and its complications are more likely to be seen
in hospitalised children who are older. In younger
children, most are admitted earlier during the
infection as parents tend to be more anxious
regarding their symptoms, and this is reflected in
our study with younger age groups having lower
risk for severe influenza infection.

There may be residual confounders in our current
study such as influenza vaccination status, which
we would need to explore in future studies.
Important risk factors for HD/ICU admission and
influenza mortality were symptoms suggestive
of neurological involvement, such as seizures
and drowsiness. The presence of drowsiness was
a significant risk factor for mortality (OR 7.97,
P<0.001) with acute encephalitis as the commonest
complication (n=9, 52.9%) among mortality cases
in our study. This is consistent with previous
studies showing higher mortality once the patient
develops neurological complications.?4?

Interestingly, viral coinfections were seen in a
small minority (6.2 %) of patients, but was
the greatest risk factor for HD/ICU admission
(OR 10.42, P=0.002) similar to previous studies.?™
Surprisingly, our study did not demonstrate a
bacterial coinfection as a risk factor for complica-
tions or mortality. This is likely attributed to the
small proportion with proven bacterial infection
(n=20, 9.6%) and the empiric use of antibiotics
in a large proportion of patients (n=92, 44.0%).
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Similar to previous studies,"? this study showed
an increased risk (HD/ICU admission OR 12.00,
P=0.006, mortality OR 8.40, P=0.01) in patients
with cardiac conditions; immunodeficiency (HD/
ICU admissions OR 8.83, P=0.03, mortality OR
12.67, P=0.002); and neurological conditions (HD/
ICU admission OR 5.48, P=0.001, mortality OR
4.62, P=0.01). This highlights the need for the
attending physician to be hypervigilant and preempt
any possible deterioration in the clinical status of
patients who have influenza infection especially
when they have significant comorbidities.

Our study has several limitations including
knowledge of patients’ influenza vaccination status.
Such additional data could help us to ascertain
if prior vaccination reduces the risks of complicated
influenza or mortality especially in high-risk
patients. We also acknowledge that testing
strategy has changed during the period of this
study from respiratory immunofluorescence (IF)
to multiplex PCR. The detection of concomitant
viral infections is higher when using multiplex
PCR preferentially. Since the attending physician
determined the method of testing; we may have
under-estimated the presence of viral coinfections
in patients whose testing was performed using IF.
Another limitation was the inability to study obesity
as a risk factor as height measurements were
not recorded consistently. Future studies should
include obesity as recent papers have highlighted
obesity as an emerging risk factor for severe
influenza.*?

In conclusion, influenza infection can result in
severe complications that may lead to mortality
especially in patients with neurological presentation
of seizures and drowsiness. For clinical applicability,
if there are suggestions of any neurological
involvement, the attending physician should
escalate care and be vigilant for the progression of
symptoms and preempt the possible deterioration
of the patient.

Keywords: drowsiness, influenza, morbidity,
mortality, paediatric, seizure
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