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Background: In an exploratory analysis of an inactivated quadrivalent
influenza vaccine (IIV4) trial in children 6-35 months without risk factors
for influenza, we evaluated clinical presentation of influenza illness and
vaccine impact on health outcomes.

Methods: This phase III trial was conducted in 13 geographically diverse
countries across 5 influenza seasons (2011-2014). Children were ran-
domized 1:1 to IIV4 or control. Active surveillance was performed for
influenza-like episodes (ILE); influenza was confirmed by reverse transcrip-
tion polymerase chain reaction (RT-PCR). The total vaccinated cohort was
evaluated (N = 12,018).

Results: 5702 children experienced =21 ILE; 356 (IIV4 group) and 693
(control group) children had RT-PCR-confirmed influenza. Prevalence
of ILE was similar in RT-PCR-positive and RT-PCR-negative cases
regardless of vaccination. Breakthrough influenza illness was attenu-
ated in children vaccinated with IIV4; moderate-to-severe illness was
41% less likely to be reported in the IIV4 group than the control group
[crude odds ratio: 0.59 (95% confidence intervals: 0.44—0.77)]. Further-
more, fever >39°C was 46% less frequent following vaccination with
1IV4 than with control [crude odds ratio: 0.54 (95% confidence inter-
vals: 0.39—0.75)] in children with breakthrough illness. Health outcome
analysis showed that, each year, [IV4 would prevent 54 influenza cases
per 1000 children and 19 children would need to be vaccinated to pre-
vent 1 new influenza case.

Conclusions: In addition to preventing influenza in 50% of participants,
1IV4 attenuated illness severity and disease burden in children who had a
breakthrough influenza episode despite vaccination.

Key Words: influenza, symptoms, quadrivalent influenza vaccine, health-
care utilization

(Pediatr Infect Dis J 2019;38:866—-872)

I n children, influenza attack rates are high,' and influenza illness
is associated with substantial hospitalization and other health-
care resource use.”> Vaccination of children against influenza is
now recommended in many countries. Although its main goal is
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Focus on Patient
What Is the Context?

Morbidity and mortality caused by influenza are impor-
tant global public health concerns. Children less than 5 years of
age are highly susceptible to influenza disease leading to hos-
pitalization and other healthcare resource use. Accurate clinical
diagnosis of influenza is particularly difficult in young children
because symptoms vary in severity and may overlap with symp-
toms caused by other respiratory pathogens. Timely diagnosis
of influenza utilizing available diagnostic tests is particularly
important for appropriate management of patients.

What Is New?

In this paper, clinical presentation and impact of influ-
enza vaccination on disease severity were evaluated in healthy
children 6-35 months of age. Regardless of vaccination status,
we confirmed that symptoms associated with influenza disease
were similar to those associated with the other respiratory path-
ogens. However, we observed that children vaccinated against
influenza were less susceptible to experience more severe dis-
ease. Most notably, prevalence of high fever was lower in vac-
cinated children.

What Is the Impact?

We aimed to characterize influenza disease and esti-
mate the impact of influenza vaccination in young children.
The severity of influenza illness is attenuated in children who
acquired infection despite vaccination, confirming the value of
vaccinating children against influenza.

prevention of influenza, there is some evidence that breakthrough
illness is attenuated in people who acquire influenza despite vac-
cination. Studies in both adults and children have shown that
vaccinated individuals with laboratory-confirmed influenza had
lower death rates, fewer admissions to an intensive care unit,
shorter hospital stay and less severe symptoms compared with
non-vaccinated individuals.*?

The lack of specificity in influenza symptoms means that a
differential diagnosis from other illnesses associated with respira-
tory viruses remains a significant challenge, particularly in young
children.'”!* The increasing availability of technologies to detect
and identify viruses has revealed that many cases of influenza-like
illness are in fact caused by viruses other than influenza.'* ¢

Between 2011 and 2014, we conducted a multinational, ran-
domized, controlled clinical trial in healthy children 6-35 months
of age to determine the efficacy of an inactivated quadrivalent
influenza vaccine (IIV4) against reverse transcription polymerase
chain reaction (RT-PCR)-confirmed influenza."” Vaccine efficacy
(VE) was 63% against moderate-to-severe influenza illness and
50% against all influenza illness."” In this article, we present an
exploratory analysis of the trial to evaluate the clinical presenta-
tion of influenza and influenza-like episodes (ILE) and to assess
the impact of vaccine on outcomes relevant to public health using
a vaccine probe approach (Video, Supplemental Digital Content 2,
http://links.lww.com/INF/D556).

MATERIALS AND METHODS
Detailed methods of this randomized, controlled, observer-
blind phase IIT trial have been presented previously.!” The study
was funded by GlaxoSmithKline Biologicals SA and registered
with ClinicalTrials.gov (NCT01439360) and received appropriate

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

ethics approval (see Supplemental Digital Content 3, http:/links.
Iww.com/INF/D557).

Study Design and Participants

The study was conducted in 13 northern hemisphere and
subtropical countries (see Supplemental Digital Content 3, http://
links.lww.com/INF/D557). Healthy children (6—35 months of age)
without risk factors for complications of influenza illness were
recruited in 5 independent cohorts, and each study cohort was
conducted during a different influenza season (see Supplemental
Digital Content 3, http://links.lww.com/INF/D557). Children were
randomized 1:1 to IIV4 or non-influenza control vaccines (see Sup-
plemental Digital Content 3, http:/links.Iww.com/INF/D557).

Surveillance for lliness and Recording of
Symptoms

Influenza surveillance began for each individual child
from 14 days after final vaccination and lasted until the end of the
influenza season. The surveillance period covered the peak of the
influenza season in each country.'”"” Nasal swabs were collected
according to the study protocol within 7 days (preferably within
24 hours) of the onset of an ILE that included influenza-like illness
(ILI, which was defined as temperature 238°C in combination with
one or more of the following: cough, runny nose, nasal conges-
tion or breathing difficulty), physician-diagnosed acute otitis media
(AOM) or lower respiratory infection (LRI).

Influenza A or B was confirmed by RT-PCR. Further anti-
genic characterization was performed for influenza A subtype or
B lineage as described previously.!” Parents recorded temperature,
symptoms (specified separately for ILI/LRI and AOM), and any
medication used daily using an internet-based system or paper
booklet (see Supplemental Digital Content 3, http://links.lww.com/
INF/D557). Symptoms were recorded until they resolved or a max-
imum of 13 days after onset. Study staff made a follow-up contact
at the end of the episode at which they recorded its outcome; final
physician diagnosis; medications; healthcare utilization and absen-
teeism (see Supplemental Digital Content 3, http:/links.lww.com/
INF/D557).

Study Obijectives

The primary and secondary objectives of the study [primary
objectives: efficacy of [1V4 against the first occurrence of RT-PCR-
confirmed influenza of any severity (all influenza) and moderate-
to-severe influenza] have been previously reported.!” Moderate-to-
severe influenza was defined as any of the following: fever >39°C;
physician-diagnosed AOM; physician-diagnosed LRI; physician-
diagnosed serious extra-pulmonary complication (eg, myositis,
encephalitis, seizure, myocarditis/pericarditis or other serious med-
ical condition); hospitalization in the intensive care unit or supple-
mental oxygen for >8 hours. The latter three criteria defined severe
influenza illness.

The objectives of the present analyses were (1) to describe
the clinical characteristics of ILE in influenza-positive compared
with influenza-negative (confirmed by RT-PCR) children, regard-
less of influenza vaccination status; (2) to compare the symptoms
and symptom severity of RT-PCR-confirmed influenza in children
in the IIV4 group who experienced breakthrough illness versus
children in the control group and (3) to evaluate the public health
impact of the IIV4 using a vaccine probe approach (Figure, Supple-
mental Digital Content 4, http://links.lww.com/INF/D558).

Statistical Methods
All analyses conducted for this article were exploratory
and were conducted in the total vaccinated cohort (TVC), which
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included all vaccinated children with available data. VE was
defined as the hazard ratio of cases of influenza A and/or B disease
in children receiving I1V4 in contrast with children receiving non-
influenza vaccine control, subtracted from 1. The Cox proportional
hazard regression model included treatment group as the explana-
tory variable, age category as a covariate and cohort as a stratifica-
tion variable in the analysis. Full details on the regression modeling
have been previously described.!’

The crude odds ratio (OR) was calculated along with 95%
confidence intervals (CI) to measure the association between children
with RT-PCR-confirmed influenza experiencing moderate-to-severe
versus mild illness for IIV4 versus control: (no. moderate-to-severe
cases 1IV4/no. moderate-to-severe cases control)/(no. mild cases
1IV4/no. mild cases control). The crude OR for the proportion of chil-
dren with RT-PCR-confirmed influenza with ILI or LRI as the pri-
mary event experiencing fever >39°C was calculated in the same way.

In an analysis attempting to further assess disease severity
(in addition to categorization of influenza as mild and moderate-to-
severe), a severity score for clinical symptoms was calculated based
on the symptom diary for children in whom ILI or LRI was the pri-
mary event triggering the nasal swab (see Supplemental Digital Con-
tent 3, http://links.lww.com/INF/D557). A symptom score for AOM
was not calculated because few children with RT-PCR-confirmed
influenza experienced AOM as the event triggering the nasal swab.

Using established methods as described in Supplemental
Digital Content 3, http:/links.lww.com/INF/D557,%° we estimated

the etiologic fraction (AF) of ILE caused by a pathogen, the vac-
cine-preventable disease incidence (VPDI) and the number of vac-
cinees needed to prevent 1 new case of disease [number needed to
vaccinate (NNV)].

RESULTS

A total of 12,018 children were included in the TVC; median
age was 22 months, with approximately equal numbers of boys and
girls. Most children were of South East Asian, White European, Cen-
tral/South Asian or Hispanic ancestry. A total of 2747 children in the
1IV4 group experienced 4153 ILE episodes and 2955 children in the
control group experienced 4411 ILE episodes (Figure 1). In the TVC,
most (77.4%) events presented as ILI, 16.3% presented as LRI and
6.3% presented as AOM.

Prevalence of Symptoms Defining ILI: Influenza-
Positive Versus Influenza-Negative Episodes
Regardless of Vaccination Status

In total, 6625 ILI episodes were identified; 987 were RT-
PCR-positive, 5464 were RT-PCR-negative and 174 had a miss-
ing RT-PCR result (Figure 1). The frequency of episodes of any
nonspecific (before RT-PCR confirmation of influenza) ILI, LRI
and AOM in the 1IV4 group was similar to the control group. The
prevalence of symptoms defining ILI was similar in RT-PCR-
positive and RT-PCR-negative episodes (Figure, Supplemental

Randomized
n=12018
v4 Control
n=6006 n=6012
A4 A
ILE ILE
n=2747 n=2955
(4153 episodes) (4411 episodes)
l A4 l l A4 l
ILI LRI AOM ILI LRI AOM
n=2295 n=584 n=229 n=2490 n=593 n=239
(3178 episodes) (707 episodes) (268 episodes) (3447 episodes) (691 episodes) (273 episodes)
| RT-PCR confirmation |
RT-PCR confirmed
infl
nva e Control
ILE ILE
n=356 < > n=693
(365 episodes) (712 episodes)

v v v

ILI LRI AOM
n=331 n=23 n=5
(337 episodes) (23 episodes) (5 episodes)

v v v

ILI LRI AOM
n=637 n=45 n=17
(650 episodes) (45 episodes) (17 episodes)

FIGURE 1. Disposition of ILE. Three children in the 1IV4 group and six children in the control group had two RT-PCR-
confirmed infections that fell into different diagnostic categories (ILI, LRI and AOM) and are therefore counted twice in
Figure 1. In the 1IV4 group, all three children had one episode categorized as ILI and one episode categorized as LRI. In the
control group, four children had one episode categorized as ILI and one episode categorized as LRI, and two children had
one episode categorized as ILI and one episode categorized as AOM. RT-PCR result missing (number of cases): ILI, n=94 and
80 for 1IV4 and control, respectively; LRI, n=30 and 36 for 1IV4 and control, respectively; AOM, n=27 and 24 for 1IV4 and

control, respectively.
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Digital Content 5, http://links.lww.com/INF/D559). All ILI cases
were associated with fever, as this was part of the definition of ILI.
Symptoms of at least fever, cough and runny nose were present in
73.4% and 74.9% of RT-PCR-positive and RT-PCR-negative cases,
respectively (Figure, Supplemental Digital Content 5, http://links.
Iww.com/INF/D559).

Comparison of RT-PCR-confirmed Influenza
Symptoms in Vaccinated and Unvaccinated
Children

A total of 356 (IIV4) and 693 children (control) had RT-
PCR-confirmed influenza (Figure 1).

Clinical Symptoms in RT-PCR-confirmed Influenza

Among children with RT-PCR-confirmed influenza who
received I11V4, the event triggering the nasal swab was ILI in 92.3%,
LRI in 6.3% and AOM in 1.4% (Figure 1). Corresponding values in
the control group were 91.3%, 6.3% and 2.4%.

In children with ILI or LRI associated with RT-PCR-con-
firmed influenza, the frequency of symptoms and symptom dura-
tion were similar in both study groups (Table 1). Normal activities
(parental absence from paid work or child absence from day-care)
were disrupted in 78%—79% of children with influenza-positive ILI
or LRI in both study groups (Table 1). However, a lower prevalence
of fever >39°C was observed in children in the IIV4 group than in
the control group [17.7% (95% CI: 13.8-22.1) vs. 28.30% (25.0—
31.9); crude OR: 0.54 (95% CI: 0.39-0.75); Figure 2]. Among chil-
dren with AOM, the frequency of all symptoms was similar in both
groups (data not shown).

Symptom Severity and Hospitalization in RT-PCR-con-
firmed Influenza

Of children in the I1V4 group with RT-PCR-confirmed influ-
enza, 25.8% experienced moderate-to-severe illness and 74.2%
experienced mild illness; corresponding values in the control group
were 37.2% and 62.8%. The crude OR [0.59 (95% CI: 0.44-0.77)]
demonstrated that breakthrough influenza illness was attenuated
in children vaccinated with 1IV4, with moderate-to-severe illness
being 41% less likely to be reported in the 1IV4 group versus the
control group. However, the calculated severity scores for ILI and
LRI showed little difference between the study groups (Table, Sup-
plemental Digital Content 6, http://links.lww.com/INF/D560).

Three children of 356 (0.8%) with RT-PCR-confirmed influ-
enza in the IIV4 group were hospitalized compared with 9 of 693
(1.3%) in the control group (Table, Supplemental Digital Content
7, http://links.lww.com/INF/D561). Children remained in hospital
for between 1 and 7 days, except for 1 child in the [IV4 group who
was hospitalized for 19 days associated with pneumonia and sepsis.
Two cases meeting the definition of severe influenza were reported
in the IIV4 group (associated with sepsis and febrile convulsion)
and 3 in the control group (2 associated with febrile convulsion and
1 with febrile convulsion and typhoid fever).

At the time of hospitalization, children had concurrent
symptoms of ILE, but it was unknown at admission whether they
were RT-PCR-positive or -negative for influenza. The recorded
diagnoses were based on clinical data, and the clinical presen-
tation of each case was consistent with an episode of influenza.
Further evaluation of each case identified a variety of medical
conditions, including other infectious etiologies (RSV, roseola,

TABLE 1. Clinical Presentation of RT-PCR-Confirmed Influenza Associated With ILI or LRI (Day 0 to Day 13 of
Episode)
IIV4 (N = 351) Control (N = 678)
Median duration Median duration
Symptom* n % (95% CI) (range), days n % (95% CI) (range), days
Fever >38°C 325 92.6 (89.3-95.1) 2.0 (1-14) 614 90.6 (88.1-92.7) 2.0 (1-8)
Cough 303 86.3 (82.3-89.7) 6.0 (1-14) 608 89.7 (87.1-91.9) 6.0 (1-14)
Runny nose or nasal congestion 340 96.9 (94.5-98.4) 7.0 (1-14) 641 94.5 (92.6-96.1) 7.0 (1-14)
Vomiting 71 20.2 (16.1-24.8) 2.0 (1-8) 125 18.4 (15.6-21.6) 2.0 (1-13)
Feeling unwell 322 91.7 (88.3-94.4) 4.0 (1-14) 621 91.6 (89.2-93.6) 4.0 (1-14)
Normal activities disruptedf 278 79.2 (74.6-83.3) 3.0 (1-14) 531 78.3 (75.0-81.4) 3.0 (1-14)

* Specified symptoms recorded by parents daily using an internet-based system or paper booklet.
T The end of the period of disruption to normal activities was the last day (inclusive) on which a “no” response was recorded for the question “Return to normal activity.”

Data for the first episode of infection are shown in the Table.

N, number of children with RT-PCR-confirmed influenza and a diagnosis of ILI or LRI; n, number of children with specified symptom.

35 1
30 A
S 25
X
@ 2
=
8 15 A
3
10
FIGURE 2. Fever >39°C and >40°C associated
with ILI/LRI in children with RT-PCR- 0 -
confirmed influenza. m
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typhoid fever and rotavirus), pneumonia (unknown etiology),
febrile convulsion and other respiratory conditions (Table, Sup-
plemental Digital Content 7, http://links.lww.com/INF/D561).
Among those hospitalized with pneumonia (2 in the IIV4 group
and 4 in the control group), the events seemed consistent with
secondary infections. Four cases of febrile convulsion prompting
hospitalization were recorded in children with confirmed influ-
enza, 1 in the IIV4 group child and 3 in the control group. The
case in the vaccinated child occurred after the child developed an
upper respiratory tract infection. The cases in the control group
occurred in conjunction with typhoid fever, pneumonia and upper
respiratory tract infection. Thus, although these 12 hospitalized
children presented with influenza-like symptoms and had influ-
enza virus detected by RT-PCR, clinical tests performed during
the hospital stay indicated that the hospitalization was associated
with a medical condition in addition to influenza.

Public Health Impact of the 1IV4 (Vaccine Probe
Analysis)

For RT-PCR-confirmed influenza of any severity, AF was
14.0%, VPDI was 5.4 per 100 children per year (ie, IIV4 would
prevent 54 influenza cases per 1000 children each year) and NNV
was 19.0 (ie, 19 children would need to be vaccinated to prevent 1
new influenza case each year). Other values are shown in Table 2.

DISCUSSION

Our study recruited healthy young children without medical
conditions that could place them at higher risk for influenza disease
or complications, and excluded children with such conditions. These
population characteristics should be borne in mind when interpret-
ing the study results. We found that clinical symptoms did not dis-
tinguish between confirmed influenza cases (RT-PCR positive) and
cases unlikely to be influenza related (RT-PCR negative), providing
further evidence of the difficulty of accurate clinical diagnosis of
influenza in young children without the aid of diagnostic tests.!%!3

This likely results in underdiagnosis of influenza in children in real
world settings, which in turn might lead to an underestimation of
the impact of childhood influenza and the importance of vaccina-
tion.?!?2 The analysis of symptoms indicative of influenza was lim-
ited by the fact that only pre-specified symptoms were collected
and therefore the whole clinical picture was not necessarily cap-
tured. A further limitation is that nasal swabs could be collected up
to 7 days after symptom onset, which could decrease the positivity
rate. However, parents were asked to report ILE symptoms as soon
as they occurred, and every effort was made to collect swabs within
1 day of symptom onset. In fact, ~70% were collected within 0—1
days and ~90% within 3 days of symptoms onset. Nevertheless, the
symptoms observed in our study were consistent with those seen
in other studies.”*?* In a trial of live attenuated influenza vaccine
among children 24—59 months of age, fever, cough or runny nose
were reported in ~70% of children with confirmed influenza; fever
was reported more frequently in children with confirmed influenza
than those who were influenza negative.”® A longitudinal active
surveillance study in preschool children found that children with
febrile or respiratory illnesses testing positive for influenza were
more likely to experience fever, headache, myalgia, runny nose and
loss of appetite than children testing negative for influenza.**

The control group of our study provides a global picture of
influenza illness experienced in diverse locations over 5 influenza
seasons in healthy young children. A study in Germany of unvacci-
nated children <5 years of age with laboratory-confirmed influenza
reported a duration of 4 days for fever and 10—11 days for cough
and runny nose.” This was longer than the median 2 days for fever,
6 days for cough and 7 days for runny nose observed in our study’s
control group. This difference might be due to differences in meth-
odology. For example, our study excluded children at risk of influ-
enza complications and included active follow-up for ILE, while the
German study included all children presenting at outpatient pediat-
ric practices with febrile acute respiratory infection.? Furthermore,

TABLE 2. Public Health Impact of the IIV4: Vaccine Probe Analysis

AR, TIV4, % AR, control, % VE, % AF, %* VPDI, % (95% CI)t NNV
Impact on manifestations of RT-PCR-confirmed influenza
All influenza 5.88 11.24 49.5 14.0 5.4(4.4-6.4) 19
Moderate-to-severe influenza 1.52 4.14 63.9 10.9 2.6 (2.0-3.2) 38
Mild influenza 4.45 7.25 39.9 174 2.8 (2.0-3.6) 36
Severe influenza 0.03 0.05 34.0 20.4 0.02 (-0.06 to 0.09) 6024
Influenza associated with AOM§ 0.20 0.47 56.7 12.3 0.27 (0.06-0.47) 376
Influenza associated with LRI§ 0.47 1.03 54.9 12.7 0.57 (0.26-0.87) 177
Fever >39°C 1.03 3.19 - - 2.2 (1.6-2.7) 46
Impact on healthcare resource associated with
RT-PCR-confirmed influenza (any severity)
Any medical care 5.2 10.0 - - 4.8 (3.8-5.7) 21
Visit to GP or pediatrician 5.2 9.7 - - 4.5 (3.6-5.5) 22
Visit to medical specialist 0.1 0.2 - - 0.15 (0.02-0.28) 668
ER visit 0.1 0.5 - - 0.43 (0.23-0.64) 231
Hospitalization 0.0 0.1 - - 0.07 (-0.04 t0 0.17) 1504
Antibiotic use 2.9 5.7 - - 2.8 (2.1-3.5) 36
Antipyretic use 5.6 10.4 - - 4.8 (3.8-5.8) 21
Days of paid work missed by parents 0.4 0.9 - - 0.5 (0.2-0.7) 215
Days of day-care or school missed by child 0.8 1.8 - - 1.0 (0.6-1.4) 102

*AF: VE against ILE divided by VE against RT-PCR-confirmed influenza. Calculation of VE against ILE: 1 minus the relative risk of ILE in vaccinated group versus unvac-
cinated group [1 minus (2747/6006)/(2955/6012)]. AR against first ILE in 1IV4 group: 2747/6006 = 45.7%. AR against first ILE in control group: 2955/6012 = 49.8%. VE against ILE:

1-(45.7/49.1) = 6.95% (95% CI: 3.4-10.4).

1 VPDI: incidence of RT-PCR-confirmed influenza in control group minus incidence of RT-PCR-confirmed influenza in ITV4 population (mathematically equivalent to the product

of VE and incidence in the control population).
£ NNV: 1 divided by VPDI.

§ Based on the clinical diagnosis of AOM or LRI rather than the documented reason for the initial swab taken on report of an ILE.

AR, attack rate; ER, emergency room; GP, general practitioner.
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the children enrolled in our study were younger than those enrolled
in the German study (mean age of 22 months vs. 43 months).
Higher VE against moderate-to-severe influenza versus
influenza of any severity has been previously reported for this
study.'” Our analysis suggests that disease attenuation may occur
in breakthrough cases. In children with RT-PCR-confirmed influ-
enza, those vaccinated with 1IV4 were 41% less likely to develop
moderate-to-severe illness and 46% less likely to develop fever
>39°C compared with unvaccinated children. Furthermore, there
were fewer influenza-associated medically attended and emergency
room visits among children who received 11V4. Several other stud-
ies have reported attenuation of influenza severity following vac-
cination.®®2%?7 Another study of IIV4 in children 3-8 years of age
reported higher VE against moderate-to-severe influenza (74%)
than against influenza of any severity (59%).2° A case-cohort study
of children with confirmed influenza who died reported that 74% of
deaths occurred among unvaccinated children.® Similarly, a trial of
live attenuated influenza vaccine reported that vaccinated children
missed substantially less day-care than unvaccinated children.?’
The latter has also been previously reported for the present study.!”
The above findings emphasize the importance of selecting
appropriate endpoints for the evaluation of influenza VE in clinical
trials. The moderate-to-severe endpoint reflects clinical outcomes of
LRI, ear infection, other serious non-pulmonary complications and
high fever that are most likely to result in medical consultations.?®
Failure to distinguish moderate-to-severe influenza from mild influ-
enza might mask the ability of the vaccine to attenuate illness, and
therefore, its true benefit to individuals may be undervalued. The
value of the moderate-to-severe endpoint has been confirmed using
real-life data from community-based studies.?>*** Perceived sever-
ity of disease influences the decision to vaccinate,’ and thus raising
awareness of the overall impact of influenza may help to improve
vaccination rates. Furthermore, in low-resource settings with com-
peting health priorities, an awareness of the impact of moderate-
to-severe influenza and the benefits of vaccination may be required
for prioritization of influenza among other vaccine-preventable dis-
eases in young healthy children. We attempted to explore disease
attenuation in the vaccine group by calculating a symptom severity
score, but found that the score was not able to differentiate between
vaccinated and unvaccinated children. This might suggest that the
symptoms collected in this study are unable to quantify or ade-
quately describe the degree of illness severity experienced. Alterna-
tively, the lack of difference in the score between study groups may
be explained by methodology issues, such as incomplete diaries,
masking of the severity of influenza symptoms by coinfections, or
recruitment of a population without preexisting conditions putting
them at risk for influenza. We concluded that the score as developed
was not fit for the purpose of scoring influenza symptom severity.
Data from vaccine clinical trials can be used to assess the
public health impact of vaccination by characterizing the disease
burden and quantifying the reduction in disease outcomes through
vaccination.”? However, such analyses are limited to assessment
of the direct impact of vaccination and are unable to evaluate any
indirect effects. Thus, the true impact of vaccination is likely to be
underestimated. We found that confirmed influenza contributed to
14% of all ILE episodes, indicating that 86% of episodes might
result from other respiratory pathogens in this population of young
children. Thus, this study suggests that [IV4 decreases the burden
of RT-PCR confirmed influenza in young children, but has a lim-
ited net impact against nonspecific ILE. However, evaluation of
net impact was not the focus of the study, and the results should
be interpreted with caution. The proportion of ILE associated with
confirmed influenza depends upon the virulence of the circulat-
ing influenza strains, period of data collection since influenza is a

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

seasonal disease, vaccine uptake, and importantly, the susceptibil-
ity of the population against circulating influenza viruses.

The study showed that vaccination with I[IV4 of 1000 chil-
dren averted annually 54 influenza cases of any severity and 22
incidents of fever >39°C associated with influenza. The study find-
ings are within the range of VPDI estimates by other studies and
reflect the role of influenza vaccination in reducing the burden of
influenza in children and preventing circulation of the virus in the
community. In a review of studies in children, the VPDI ranged
from 0 to 380 per 1000, with a mean value of 128 per 1000 children
based on 17 studies or sub-studies.®

With regard to healthcare utilization, we estimated that, from
our study population, 21 children would need to be vaccinated to
prevent 1 new medically attended visit and 36 to prevent 1 new event
of antibiotic use (the NNV). A previous study has estimated that,
assuming 50% VE based on data from previously published stud-
ies in a variety of settings and populations, 12—42 children 6—59
months of age would need to be vaccinated to prevent 1 outpatient
visit, depending on the severity of the influenza season.* The NNV
results from our study need to be taken in context because the esti-
mates depend on several study-related factors such as location (mul-
tiple study centers in 13 countries in northern hemisphere and sub-
tropical countries), disease prevalence over 5 seasons with 3 mostly
mismatched seasons, demographic and clinical characteristics of the
study population and healthcare systems (westernized vs. non-west-
ernized countries). In addition, it is important to note that influenza
disease in young children was indistinguishable from other respira-
tory infectious diseases and cannot be conclusively identified with-
out the use of specific diagnostic tests. Without such tests, which
are not readily available in most settings, the burden of influenza-
associated healthcare utilization cannot be reliably estimated.

In conclusion, our analysis showed that influenza is com-
mon and drives substantial use of healthcare resource even in
healthy children without risk factors for influenza and influenza-
related complications. The incidence of breakthrough illness was
reduced, and disease was attenuated in breakthrough cases in vac-
cinated children. The public health impact assessment using a vac-
cine probe approach demonstrated that the IIV4 can help to reduce
the burden of influenza in children and confirmed, at the individual
level, the value of vaccinating children against influenza.
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