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ABSTRACT

This study set out to evaluate influenza- and respiratory-related illnesses recorded during primary care
physician consultations in England following the HIN1 pandemic in 2009 and to enable the development
of a dynamic disease model. Data were obtained from the Clinical Practice Research Datalink of primary
care records over four influenza seasons (2010-2014). The primary outcome of the study was incidence of
influenza- and respiratory-related diagnoses, calculated per practice and by season and age group. Upper
respiratory tract infection diagnoses were most frequently recorded (mean seasonal practice level
incidence; 3,762 consultations per 100,000 [SD = 1,989]), and influenza-related diagnoses were least
frequently recorded across all seasons, except one. Incidence rates for the under 18 population were
higher than those for the general population, in particular for upper respiratory tract infection (range of
8,024-9,950 versus 3,228-4,120, respectively) and otitis media diagnoses (2,668-3,652 versus 782-1,057,
respectively). For influenza-related diagnoses, the 65+ age group, the 0 to <2 and 2 to <4 groups had a
higher risk (risk ratio = 1.33, 1.12 and 1.16, respectively) than other age groups. This study provides
valuable insight into the incidence of influenza- and respiratory-related diagnoses in the primary care
setting in England, and suggests a higher burden of disease in young children and the elderly. The study
also indicates that some influenza illness is likely to be reported under respiratory-related diagnoses, given
the low incidence of influenza-related diagnoses in the study.

KEYWORDS

Influenza; Respiratory
disease; United Kingdom;
Vaccination; CPRD

Introduction

Seasonal influenza is associated with a significant clinical and
economic burden.' The World Health Organization estimates
that annual influenza epidemics result in around 3-5 million
cases of severe illness, and approximately 250,000-500,000
deaths globally.” In Europe, influenza is estimated to cause
40,000 deaths each year.’

Influenza also causes secondary infections and can exacerbate
pre-existing chronic conditions, further contributing to its clinical
and economic burden.*” In particular, adults aged 65 years and
over, pregnant women, those with certain chronic medical condi-
tions and young children are at high risk of developing influ-
enza-associated illnesses such as acute lower respiratory
infections (ALRI), including pneumonia and bronchitis.® A
large-scale study of the global burden of influenza and associated
illnesses estimated that 90 million new cases of influenza, 20 mil-
lion cases of influenza-associated ALRI, and 1 million cases of
influenza-associated severe ALRI occur globally in children
under 5 years old.” Globally, influenza is associated with 10% of
respiratory hospitalizations in children younger than 18 years

old® In an average influenza season in the United Kingdom
(UK), 2.4% of children under 5 years old visited primary care
providers (PCPs) for respiratory illness attributed to influenza.’
Influenza vaccination policies have traditionally targeted the
elderly and those in other clinical risk groups, including preg-
nant women.'® More recently, recommendations on vaccina-
tion policies have also been extended to otherwise healthy
children (those aged <18 years).'” Children are more likely to
be infected with influenza than adults, with attack rates reach-
ing up to 30%."" Additionally, young children have particularly
high rates of complications from influenza infection, with acute
otitis media developing in nearly 40% of children under
3 years.'” Children are also considered key transmitters of
influenza infection because they shed higher viral titers for lon-
ger periods of time than adults, are in close contact with one
another in schools and other settings, and may have limited
pre-existing immunity and poor hygiene.”>"'® In 2013, based
on such findings and a thorough evaluation of the different
influenza prevention strategies, the UK health authority imple-
mented a childhood influenza vaccination program with live
attenuated influenza vaccine on the recommendation of the
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Joint Committee on Vaccination and Immunisation.'”"'° In the
first year of the program during the 2013-2014 influenza sea-
son, all children aged 2 and 3 years were offered the vaccine.”
In addition, 7 local regions offered vaccinations to children
aged between 4 and 11" in school and community settings.
The program has been extended to older age groups in subse-
quent seasons with the aim to increase vaccine uptake rates.

The UK’s childhood influenza vaccination program provides
an opportunity to investigate the impact of vaccinating children
against influenza on the burden of disease in the general popula-
tion. Our overall aim is to develop a dynamic disease model to
measure the impact of the childhood vaccination program on
respiratory disease burden in England. In preparation for this,
there was a need to describe the distribution and patterns of respi-
ratory disease burden in the general population and across age
groups. To achieve this, we undertook a descriptive analysis of the
seasonal rate and variability of influenza- and respiratory-related
PCP consultations in England for the years following the 2009
HIN1 pandemic. While studies have been published on the bur-
den of influenza-attributable respiratory illness prior to 2009,
there is limited information about the burden after the 2009
HIN1 pandemic. One study by Hardelid et al. measured the con-
sultation rate of influenza-like-illness PCP consultations™ after the
pandemic; however, no studies to date have reported the rate of
overall respiratory-related PCP consultations and patterns across
respiratory diagnoses. It is important to obtain contemporary esti-
mates of influenza- and respiratory-related PCP-consultations as
it is likely that physician diagnosing behaviors were altered follow-
ing the 2009 HIN1 pandemic. The results of this study will be
used to inform the design and development of a dynamic disease
model, which will be utilized to estimate the impact of the child-
hood influenza vaccination program in England.

Results

Table 1 provides a description of the included population for
the study in relation to gender and age for each season. The
study population was similar across seasons, with over 2 million
participants in each season.

Table 1. Description of practice-level population characteristics, by season.
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Table 2 details the practice-level incidence rates for each of
the diagnosis groups collected during the study across the gen-
eral population (children and adults). Upper respiratory tract
infections (URTIs) were the most frequently recorded diagno-
ses across all seasons, with mean seasonal practice-level inci-
dence of 3,762 consultations per 100,000 population (standard
deviation [SD] = 1,989). The next most frequent diagnoses
were lower respiratory tract infections (LRTIs) (2,214 per
100,000 population [SD = 1,362]) and other acute respiratory
tract infections (ARTIs) (1,457 per 100,000 population [SD =
736]). Influenza-related diagnoses were the least frequently
recorded diagnoses across all seasons, except for the 2010-2011
season. Inter-practice variability (measured in terms of coeffi-
cients of variation [CV]) was <1 for all diagnosis groups with
the exception of influenza-related diagnoses. Incidence rates
for diagnosis groups across seasons had limited variability with
the exception of influenza-related diagnoses.

Practice-level incidence rates for each diagnosis group for
the under 18 years population are provided in Table 3. Inci-
dence rates for the under 18 years population were higher
than those for the general population, in particular for
URTT and otitis media (incidence rate per 100,000 popula-
tion within the range of 8,024-9,950 vs 3,228-4,120 for
URTI and 2,668-3,652 vs 782-1,057 for otitis media diag-
noses in the under 18 years and general population, respec-
tively). This general trend was not observed for certain
diagnoses such as influenza-related illness and LRTI, for
which lower incidence rates were observed for patients
within the 11-18-year-old age group. Inter-practice variabil-
ity (measured by CV) was similar to the general population,
with some evidence that there were higher levels of variabil-
ity between practices for influenza-related and pneumonia
diagnoses (CV range 2.1-5.9 and 1.3-2.0, respectively). For
the majority of diagnosis outcomes, as well as for total out-
comes combined, similar incidence rates were observed
across the first three seasons, with a decrease in incidence
rates observed during the 2013-2014 season.

A mixed-effect model was used to estimate the effect of
age and gender (fixed effect) on the risk of each diagnosis

Season
2010-2011 2011-2012 2012-2013 2013-2014 All seasons combined
Population characteristics (n = 2,625,838)° (n=2,527,191)° (n = 2,495,908)° (n = 2,206,712)° (n = 9,855,649)
Male gender Practice mean % (SD) 442 (1.9) 442 (1.7) 44.2 (1.5) 442 (1.4) 4420 (1.64)
Practice median % (Q1-Q3) 44 0 (43.2-45.0) 44.1 (43.2-45.1) 44 1(43.2-44.9) 44.1 (43.4-449) 44.07 (43.21-44.99)
Age 0 to <2 Practice mean % (SD) .5(2.0) 3.8(1.4) 4(1.3) 2.6 (1.0) 3.36 (1.56)
Practice median % (Q1-Q3) 4 (2.7-4.1) 3 7 (2.9-4.7) .2 (2.5-4.0) 24 (1.9-3.2) 3.21 (2.42-4.05)
Age 2to <4 Practice mean % (SD) 9(1.1) 5(1.2) 4(1.4) 4.8(1.5) 3.84 (1.47)
Practice median % (Q1-Q3) .8 (2.2-3.6) 4 (2.7-4.2) .2 (3.4-5.1) 4.6 (3.8-5.6) 3.66 (2.80-4.72)
Age 4 to <5 Practice mean % (SD) .2 (0.5) 4 (0.56) .6 (0.6) 2.0 (0.6) 1.54 (0.63)
Practice median % (Q1-Q3) 2(09-1.4) 4(1.1-1.8) .6 (1.3-2.0) 1.9 (1.6-23) 1.46 (1.10-1.90)
Age 5to <11 Practice mean % (SD) .7 (1.8) 3(1.9) 2(2.2) 7.1(25) 5.77 (2.25)
Practice median % (Q1-Q3) .5 (3.5-5.5) .1 (4.1-6.3) .9 (4.7-7.3) 6.8 (5.7-8.4) 5.41 (4.24-6.89)
Age 11to <18 Practice mean % (SD) 1(13) 2(1.2) 4(1.3) 4.6(1.3) 4.30(1.28)
Practice median % (Q1-Q3) 0 (3.3-4.8) 1(3.4-4.9) 2 (3.6-5.1) 44 (3.7-5.3) 4.15 (3.49-5.06)
Age 18 to <65 Practice mean % (SD) 43 3 (6.8) 41 6 (5.6) 40 1(5.5) 389 (5.5 41.07 (6.09)
Practice median % (Q1-Q3) 43.6 (39.7-47.1) 41.50 (38.0-45.1) 39.9 (36.6-43.4) 38.5(35.1-42.1) 41.05 (37.27-44.67)
Age 65+ Practice mean % (SD) 40.4 (9.9) 40.1 (9.3) 40.0 (9.4) 40.1 (9.3) 40.13 (9.48)
Practice median % (Q1-Q3) 40.6 (34.4-46.1) 40.6 (33.7-46.1) 40.5 (33.6-46.3) 40.2 (33.8-46.3) 40.46 (33.77-46.20)

SD, standard deviation.

“n = total number of registered patients meeting the study inclusion criteria at the beginning of the season.
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Table 2. Practice-level IR for general population (adults and children).

Season
2010-2011 2011-2012 2012-2013 2013-2014 All seasons combined
Diagnosis (n = 2,625,838)° (n=2,527,191)° (n = 2,495,908)° (n=2,206,712)%" (n =9,855,649)
Influenza Practice mean IR (SD) 129.3 (207.4) 48.5(93.3) 74.6 (186.2) 41.3 (82.0) 75.4 (158.9)
Practice median IR (Q1-Q3)  75.2 (24.3-145.4) 22.8 (0.0-56.1) 28.7 (0.0-79.4) 18.4(0.0-42.1) 30.4 (0.0-81.6)
Co-efficient of variation 1.604 1.924 2.496 1.985 2.107
Upper respiratory Practice mean IR (SD) 4,119.7 (2,140.4) 3,710.0 (1,930.6) 3,896.5 (2,026.2) 3,228.1 (1,688.6) 3,761.9 (1,988.6)
tract infection Practice median IR (Q1-Q3) 3,832.2 3,517.0 3,691.8 2,992.4 3,545.2
(2,704.5-5,238.5) (2,386.4-4,747 .4) (2,570.4-5,044.4) (2,113.0-4,217.8) (2,389.7-4,926.8)
Co-efficient of variation 0.52 0.52 0.52 0.523 0.529
Lower respiratory Practice mean IR (SD) 2,407.2 (1,455.6) 2,256.6 (1,292.0) 2,248.0 (1,409.9) 1,884.5 (1,207.1) 2,213.5(1,361.9)
tract infection Practice median IR (Q1-Q3) 2,180.4 2,068.7 1,985.8 1,704.9 1,987.9
(1,348.3-3,233.8)  (1,309.7-3,030.4) (1,168.3-2,974.8) (1,022.3-2,572.0) (1,197.6-2,977.7)
Co-efficient of variation 0.605 0.573 0.627 0.641 0.615
Other acute respiratory  Practice mean IR (SD) 1,477.4 (741.3) 1,494.3 (746.4) 1,478.5 (764.4) 1,363.1 (679.3) 1,456.9 (736.2)
tract infection Practice median IR (Q1-Q3) 1,327.6 1,368.1 1,379.1 1,280.6 1,338.3
(976.6-1,848.3) (1,008.0-1,875.6) (980.7-1,873.5) (928.3-1,765.8) (969.8-1,838.5)
Co-efficient of variation 0.502 0.499 0.517 0.498 0.505
Pneumonia Practice mean IR (SD) 108.4 (84.1) 109.2 (88.7) 101.3(85.9) 83.2(81.6) 101.3 (85.7)
Practice median IR (Q1-Q3)  99.0 (50.0-146.3) 95.4 (44.4-162.9) 86.8 (38.6-146.0) 61.2 (28.3-123.1) 86.9 (38.9-145.1)
Co-efficient of variation 0.776 0.812 0.848 0.981 0.846
Otitis media Practice mean IR (SD) 1057.4 (557.1) 933.6 (511.0) 930.4 (498.2) 782.4 (428.0) 933.3(512.6)
Practice median IR (Q1-Q3) 977.9 885.6 912.7 756.7 885.6
(678.0-1,356.3) (604.4-1,242.7) (588.8-1,243.0) (492.4-1,033.5) (582.5-1,221.3)
Co-efficient of variation 0.527 0.547 0.535 0.547 0.549
Asthma exacerbation Practice mean IR (SD) 654.3 (499.1) 628.8 (499.8) 627.3 (493.2) 536.5 (408.4) 615.0 (480.6)
Practice median IR (Q1-Q3) 555.9 (356.8-778.9) 492.9 (306.2-751.0) 487.6 (310.2-818.4) 460.8 (276.4-671.0)  494.3 (314.8-751.4)
Co-efficient of variation 0.763 0.795 0.786 0.761 0.781
Total Practice mean IR (SD) 8,503.2 (3,080.7) 7,894.8 (2,835.0) 8,086.9 (3,004.0) 6,877.2 (2,579.5) 7,884.3 (2,948.2)
Practice median IR (Q1-Q3) 8,509.2 7,927.6 8,142.7 6,904.7 7,890.2
(6,539.0-1,0240) (6,375.1-9,818.6) (6,395.6-9,995.4) (5,439.2-8,483.5) (6,078.4-9,753.3)
Co-efficient of variation 0.362 0.359 0.371 0.375 0.374

IR, incidence rates; SD, standard deviation.

“n = total number of registered patients meeting the study inclusion criteria at the beginning of the season.

*Childhood influenza vaccination program introduced 2013-2014.

group, with season and practice as random effects, as illus-
trated in Fig. 1. The 18 to <65 age group and males were
used as the reference groups for age and gender, respec-
tively. The findings for the different diagnostic categories
are as follows:

e Influenza-related illness (Fig. 1a): There was a higher risk
associated with the 65+ age group (risk ratio [RR] =
1.33), with some evidence that there was also a higher
risk for the 0 to <2 and 2 to <4 age groups (RR = 1.12
and 1.16, respectively). The 5 to <11 and 11 to <18 age
groups both showed a decreased risk (RR = 0.63 and
0.59, respectively).

e Other ARTT (Fig. 1b): All age groups under 18 and the
65+ age group showed an increased risk of other ARTL

e IRTI (Fig. 1c) and pneumonia (Fig. 1d): Age groups
below 5 and the 65+ age group were at higher risk of
LRTI or pneumonia diagnosis, with the 5 to <11 and 11
to <18 age groups at lower risk.

e URTI (Fig. le) and otitis media (Fig. 1f): All age groups
under 18 years were at higher risk of URTI and otitis
media, with a lower risk associated with the 65+ age
group.

e Asthma exacerbation (Fig. 1g): The 0 to <2 age group had
a lower risk for asthma exacerbations, with higher risk
associated with all other age groups under 18 years.

e Across all outcomes (Fig. 1h), female subjects were associ-
ated with a higher risk of an influenza or respiratory
diagnosis.

Figure 2 shows the seasonal and practice effects associated
with each of the diagnosis groups. Seasonal effects were similar
in direction across all diagnosis groups, with the 2010-2011
season associated with an increased risk and the 2013-2014
season associated with a decreased risk of influenza- or respira-
tory-related diagnoses. The magnitude of the seasonal effect
was visibly larger for influenza-related illness, with all other
diagnosis groups exhibiting smaller variations across season.
Practice effects (increased variability in observed incidence
rate) were also much higher for influenza-related illness, as is
illustrated within the lower graph of Figure 2a. Practice effects
were also comparatively higher for pneumonia in comparison
with all other diagnosis groups.

Discussion

This analysis provides valuable insight into the population-level
incidence of influenza- and respiratory-related disease in
England during the winter months across four consecutive
influenza seasons after the 2009 HIN1 pandemic, and the diag-
nostic labeling of the conditions in UK primary care. While
previous studies have reported on the incidence of respiratory
disease ascertained through PCP consultations and hospitaliza-
tions,”?* no studies have reported incidence rates for distinct
groups of respiratory conditions. Furthermore, no studies at
the time of publication have reported on PCP diagnosis rates
for seasons following the 2009 HIN1 pandemic, after which



Table 3. Practice-level IR for <18 years population.
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Season
2010-2011 2011-2012 2012-2013 2013-2014 All seasons combined
Diagnosis (n=12,6258387 (n=2527,191)* (n=2,495908)® (n=2,206,712)"" (n =9,855,649)
Influenza Practice mean IR (SD) 105.2 (225.7) 30.2 (100.2) 52.7 (286.0) 35.4(209.2) 57.4(217.5)
Practice median IR (Q1-Q3)  32.9 (0.0-124.2) 0.0 (0.0-0.0) 0.0 (0.0-39.5) 0.0 (0.0-0.0) 0.0 (0.0-53.4)
Co-efficient of variation 2.145 3318 5.427 591 3.789
Upper respiratory tract infection Practice mean IR (SD) 9,949.6 (4,627.6) 9,128.8 (4,187.6) 9,728.9 (4,483.6) 8,023.8(3,791.2) 9,258.5 (4,360.7)
Practice median IR (Q1-Q3) 9,850.9 9,113.6 9,528.1 7,818.1 9,113.6
(6,978.4-12559) (6,174.5-11,820) (6,882.4-12,839) (5,363.2-10,461) (6221.9-11,891)
Co-efficient of variation 0.465 0.459 0.461 0.472 0471
Lower respiratory tract infection Practice mean IR (SD) 1,959.3 (1,486.0)  1,928.0(1,435.6) 1,904.0 (1,457.2) 1,579.3(1,301.5) 1,853.8 (1,432.7)
Practice median IR (Q1-Q3) 1,653.8 1,662.9 1,521.3 1,274.6 1,521.8
(911.9-2,570.1)  (872.1-2,454.9)  (908.4-2,516.6)  (657.3-2,064.2) (841.8-2,439.6)
Co-efficient of variation 0.758 0.745 0.765 0.824 0.773
Other acute respiratory Practice mean IR (SD) 2,521.9 2,714.1 2,728.7 2,761.5 2,675.8
tract infections (1,515.6) (1,530.6) (1,560.7) (1,510.5) (1,530.8)
Practice median IR (Q1-Q3) 2,271.5 2,539.7 2,554.7 2,588.9 2,501.5
(1,445.8-3,297.5) (1,654.5-3,434.9) (1,760.6-3,479.7) (1,756.1-3,596.3) (1,643.6-3,450.7)
Co-efficient of variation 0.601 0.564 0.572 0.547 0.572
Pneumonia Practice mean IR (SD) 59.7 (75.1) 46.1 (77.9) 33.4 (66.4) 25.9 (45.4) 42.2 (69.3)
Practice median IR (Q1-Q3) 39.2 (0.0-99.7) 0.0 (0.0-68.8) 0.0 (0.0-51.5) 0.0 (0.0-42.7) 0.0 (0.0-67.3)
Co-efficient of variation 1.258 1.69 1.988 1.753 1.642
Otitis media Practice mean IR (SD) 3,651.6 (1,865.2) 3,214.4(1,764.9) 3,253.3(1,750.1) 2,667.8 (1,438.8) 3,222.8 (1,755.6)
Practice median IR (Q1-Q3) 3,583.8 3,066.5 3,164.6 2,589.9 3,084.8
(2,393.6-4,763.5) (1,932.8-4,311.9) (2,072.8-4,321.9) (1,704.5-3,515.8) (2,020.9-4,301.1)
Co-efficient of variation 0.511 0.549 0.538 0.539 0.545
Asthma exacerbation Practice mean IR (SD) 855.2 (605.7) 820.8 (592.1) 745.5 (526.4) 690.7 (533.1) 782.8 (570.4)
Practice median IR (Q1-Q3) 758.0 646.2 630.8 570.4 652.1
(479.6-1,057.6) (423.8-1,106.3) (385.1-1,023.9) (336.7-909.1) (405.0-,1018.4)
Co-efficient of variation 0.708 0.721 0.706 0.772 0.729
Total Practice mean IR (SD) 15,373 (5,415.3) 14,533 (5,106.1) 15,123 (5,483.0) 12,934 (4,776.6) 14,556 (5,292.4)
Practice median IR (Q1-Q3) 15,488 14,871 15,068 13,099 14,708
(11,819-18,520) (11,614-17,682) (11,782-18,756)  (10,241-16,071) (11,339-17,832)
Co-efficient of variation 0.352 0.351 0.363 0.369 0.364

IR, incidence rates; SD, standard deviation.
“n = total number of registered patients meeting the study inclusion criteria at the beginning of the season.

*Childhood influenza vaccination program introduced 2013-2014.

PCP diagnosing behavior may have changed and new surveil-
lance processes were initiated.

This study provides specific insights into how respiratory ill-
nesses are classified by PCPs (e.g. ARTI, LRTI, URTI, etc.), and
allows us to decide which of these measures would be most
appropriate for use in a dynamic disease model, which will
enable us to estimate the impact of vaccinating children of dif-
ferent ages on the overall burden of influenza in England. It is
recognized that PCPs may not always employ precise criteria
when diagnosing patients with respiratory-related conditions,
and this descriptive analysis allowed for the characterization of
diagnosing behavior using diagnosis categories defined by an
expert in influenza and experienced PCP. As the study was con-
ducted over four influenza seasons after the 2009 HIN1 pan-
demic, the analysis also captures any variability in diagnosing
behavior that might have occurred as a result of the pandemic.
The most frequent diagnoses during respiratory-related consul-
tations were found to be URTI, followed by LRTI and other
ARTI. Comparatively, the frequency of influenza-related illness
was low. As influenza is one of the most predominant circulat-
ing pathogens during the winter period, our findings suggest
that a substantial proportion of primary care consultations pre-
senting with respiratory symptoms and with an underlying
influenza infection are being diagnosed as URTI, LRTT, or other
ARTI, similar to what has been seen in other studies of

influenza illness in primary care practice in the UK.>** Further
evidence of this is provided when the rates of influenza-related
diagnoses from this study are compared with the rates reported
by Public Health England (PHE) within the routine influenza
surveillance reports,”® which mimic the same pattern as this
study, though with significantly lower rates. This is also illus-
trated by the high level of inter-practice variability associated
with the influenza-related illness outcome in comparison with
the other outcomes collected in the present study. The findings
from this novel categorization of respiratory diagnosis codes
after the 2009 pandemic indicate that care should be taken
when selecting diagnoses for observational studies of influenza
and measuring the impact of influenza vaccination programs,
as influenza diagnoses may be recorded under respiratory
diagnoses.

The findings from evaluating consultation rates by age in
this study are in agreement with previous studies that have
highlighted the high burden of influenza and risk of complica-
tions in young children and the elderly."® The results observed
in this study may be due to the true higher disease burden in
the young and elderly, but could be confounded by the fact that
young and elderly patients are more likely to visit a PCP for
consultation. Only children under the age of 5 were found to be
at a higher risk of the more severe diagnoses (pneumonia,
LRTI). One potential explanation of this finding is the
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Figure 1. (a) Influenza-related illness. (b) Other acute respiratory tract infection. (c) Lower respiratory tract infection. (d) Pneumonia. (e) Upper respiratory tract infection.

(f) Otitis media. (g) Asthma exacerbation. (h) All outcomes combined.
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Figure 2. (a) Influenza-related illness. (b) Upper respiratory tract infection. (c) Lower respiratory tract infection. (d) Other acute respiratory tract infection. (€) Pneumonia.

(f) Otitis media. (g) Asthma exacerbation. (h) All outcomes combined.

immaturity of the immune system in children, in particular, the
mechanisms that usually recognize influenza viruses and acti-
vate immune responses to reduce viral replication.*

The use of the CPRD means that the findings here should be
broadly representative of the UK population.”” However, the
CPRD does not capture those with influenza who did not seek
medical attention, or those who received medical care outside
of PCPs. In addition, it is possible that some influenza- and
respiratory-related diagnoses could have been attributed to
other respiratory viruses, such as respiratory syntactical virus

(RSV). One of the major limitations of this study is the lack of
virology data, which has been used to perform regression
modeling by others to validate the disease burden.”**** How-
ever, even when virology data has been used in other studies, it
has been limited to influenza A, B and RSV in the past. Hence,
presenting the complete information as is, without modeling
for virology, lends itself to a more conservative interpretation
of the data. Finally, the high levels of inter-practice variability
associated with the influenza-related illness outcome in com-
parison with the other outcomes collected in the present study
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Figure 2. (Continued).

may represent a weakness in our data; however, future studies
will help establish whether this finding persists.

The variability in observed incidence rates across seasons
may be attributed to differences in the virulence of the seasonal
strains, differences in the level of vaccine match, or differences
in the diagnosing practices of PCPs, or of the general popula-
tion in relation to propensity to consult a PCP. It is possible,
for example, that the diagnosing behavior of PCPs may change
following a particularly severe influenza season. However, what
can be seen is that the overall inter-seasonal trends observed
with CPRD data are similar to those observed within PHE
virology data.

It is noted that there is a small year-on-year decrease in
the total practice-level population across the seasons
included within our study (see Table 1). This is likely due
to a corresponding decrease in the number of practices reg-
istered with CPRD. The number of practices included in
the study varied over time depending on how long practices
contributed to the CPRD, and was not documented for the
purposes of this analysis. However, as population character-
istics in terms of age and gender were similar across the
seasons considered (as shown in Table 1), it is likely that
the underlying population is comparable across seasons,
and the decrease in the total population does not bias the



results of the analysis. A potential limitation of the study is
that multiple diagnoses can be recorded for each PCP respi-
ratory consultation, meaning that a single consultation can
be counted in different diagnosis groups. As there is no
way of discerning between primary and secondary diagnoses
for a consultation, it is not possible to account for this limi-
tation. However, this does not impact the primary objective
of this study, which is to evaluate the distribution of prac-
tice-level incidence rates of respiratory diagnoses.

The findings of this descriptive study will be used to inform
future observational studies and modeling work evaluating the
burden of influenza and the impact of vaccination against
influenza.

Methods

The study was undertaken as a retrospective observational anal-
ysis. Data were obtained from the Clinical Practice Research
Datalink (CPRD), which were eligible for linkage to the Hospi-
tal Episode Statistics and Office of National Statistics databases.
CPRD is a research database made up of a network of PCP
practices across the UK and holds anonymized longitudinal
primary care records from more than 11 million patients, and
is considered broadly representative of the UK population.””
Laboratory data were not used in the analysis as the objective
of this study was to investigate overall rates and patterns of
respiratory diagnoses and not to attribute burden to influenza
or other circulating pathogens.

Data were collected for four consecutive influenza seasons:
2010-2011, 2011-2012, 2012-2013 (before the introduction of
the UK’s childhood influenza vaccination program), and 2013-
2014, the first year of the childhood influenza vaccination pro-
gram. The start date for each season was 1 September (index
date) and the season end date was defined as 13 April (the end
of the notable period of community transmission of influ-
enza®®). Previous research has used the CPRD to estimate the
burden of influenza-attributable illnesses.”

Subjects were included in the analysis for each influenza
season if they were registered with an eligible PCP practice
within the CPRD network on the start date of that season
and had at least 12 months of registered history within the
database. Subjects aged <1 year on the start date were
included for each season if they were registered with an eli-
gible practice on the index date (1 September) of the
respective season.

Subjects were analyzed by age using the following age
groups: 0 to <2 years, 2 years to <4 years, 4 years to <5 years,
5 years to <11 years, 11 years to <18 years, 18 years to
<65 years, and 65 years and above. The age groups were split
in this way to facilitate analysis of the impact of the childhood
influenza program, which is being rolled out in a gradual man-
ner across the aforementioned age bands.

Study outcomes

The primary outcome of the study was the incidence of influ-
enza- or respiratory-related PCP diagnoses, chosen based on
expert opinion and previous modeling work on age-specific
influenza-related hospitalization and mortality in the UK.>*'
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Diagnoses were categorized according to the following seven
groups based on medical read codes recorded at the time of the
PCP consultation.”

¢ Influenza-related illnesses
URTI
LRTI
Other ARTI
Pneumonia
Otitis media
Asthma exacerbations.

Categories were defined based on input from an influenza
clinical expert. To avoid double counting the same underlying
infection, only the first PCP consultation during which a rele-
vant code was recorded was counted for each diagnosis group.
Any subsequent consultations within the same season in which
a code for the same diagnosis group was recorded would not be
counted as a separate consultation for that particular diagnosis

group.

Statistical analysis

The patient population for each season was described in terms
of gender and age group. The distribution of practice-level inci-
dence rates of influenza- and respiratory-related PCP diagnosis
outcomes and all outcomes combined were reported by season
for the general population (adults and children) and childhood
population (<18 years old). Both measures of central values
(e.g., means, medians) and dispersion/variations (e.g., inter-
quartile ranges, SD, CV; calculated as a ratio of empirical SD
and mean) across practices were calculated. A mixed-effect
model was applied to the four seasons to simultaneously cap-
ture and disentangle the various sources of variability; namely
season and practice. Specifically, a Poisson model was used to
describe age and gender effects as a fixed effect, as well as sea-
sonal and practice variability as a random effect for each of the
seven influenza- and respiratory-related PCP diagnoses out-
comes and all outcomes combined.”*® No patient-level covar-
iate adjustment was performed. Missing data was not imputed
due to the descriptive nature of the study.

This study was approved by the Independent Scientific
Advisory Committee for Medicines and Healthcare products
Regulatory Agency (Protocol Number 14_169R). No patient
consent was required given the retrospective, non-interven-
tional design of the study.

Abbreviations

ALRI  acute lower respiratory infections
ARTI  acute respiratory tract infections
CPRD Clinical Practice Research Datalink
(% coefficients of variation

IR Incidence rate

LRTI  lower respiratory tract infections
PCP  primary care provider

PHE  Public Health England

RSV respiratory syntactical virus

SD standard deviation

UK United Kingdom

URTI  upper respiratory tract infection
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