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Background During the early containment phase in England
from April to June 2009, the national strategy for HIN1 pandemic
influenza involved case investigation and treatment, and tracing
and prophylaxis of contacts.

Objective To describe the relationship between early
transmission of HIN1 pandemic influenza in London and age and
socio-economic status.

Methods Epidemiological data on cases of pandemic flu in
London reported to the London Flu Response Centre were
analysed to determine patterns of transmission.

Results There were 3487 reported cases (2202 confirmed, 1272
presumed and 14 probable) from 20 April to 28 June 2009,

during the ‘containment’ period. The highest report rate of 206
per 100 000 (95% CI 195-218) was seen in primary school-age
children (5-11 years) followed by 129 (95% CI 119-139) in
secondary school-age children (12-18 years). Reports of cases
were initially concentrated in affluent areas but overall

showed a clear trend with deprivation and risk ratio of 2-32
(95% CI 1-94-2:78) between the most deprived and the least
deprived.

Conclusion Early transmissions were highest amongst school-
aged children but linked with socio-economic deprivation across
all age groups.

Keywords influenza, pandemic, socio-economic deprivation.

Please cite this paper as: Balasegaram et al. (2012) Patterns of early transmission of pandemic influenza in London — link with deprivation. Influenza and

Other Respiratory Viruses 6(3), e35—e41.

Introduction

In the UK, the national containment strategy for HINI
pandemic influenza involved case investigation and treat-
ment, and tracing and prophylaxis of contacts, from 25
April to 2 July 2009."7

In London, information on detailed epidemiology was col-
lected on cases from the initial case on 27 April to the onset
of widespread community transmission (week of June 29).4°

Modelling of early transmission patterns from the UK
suggests school-based transmission accounting for 37% of
cases, based on 60% of cases with epidemiologically deter-
mined likely source of infection.™® In using data from a sin-
gle city, the pattern of early transmission of influenza leading
up to established community spread can be described.

Methods

Cases were referred by attending clinicians from both
hospital and community clinics and investigated by the

London Flu Response Centre (FRC) based on symptoms,
history of travel to an affected area and/or contact with a
confirmed or probable case."” Exact definitions used for
investigation were those in the national algorithms that
were published online and frequently updated with
changes. In addition, individuals who were tested by other
routes (primary care physicians, influenza surveillance
schemes) and whose results were positive were referred to
the FRC by the reporting laboratories.

Data on cases and contacts were obtained from the FRC
database developed for the pandemic (Fluzone, Infact UK
Ltd., Yorkshire, UK). Cases were assigned to calendar weeks
according to the date of onset of their symptoms, so for
the purpose of this paper, the containment period includes
only cases with symptom onset within the period Monday
20 April-Sunday 28 June 2009 (calendar weeks 17-26).

Data on laboratory results were obtained from data sets
sent to the London FRC from four laboratories in London
that performed specific testing. Initially, local laboratories
tested for influenza A, with positive samples sent to the
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national reference laboratory for specific pandemic assays.
From 4 June 2009 (week 23), pandemic specific H1 and N1
assays became available in these four London laboratories.'
The laboratory data set included all results on pandemic
specific assays tested regardless of the source of the test.
Hence, by cross-referencing the laboratory data set with the
FRC database, individuals who were tested by other routes
(primary care physicians, influenza surveillance schemes)
and whose results were positive could be investigated and
added to the FRC database.

Case definitions are given in Box 1. To investigate trans-
mission patterns, cases were categorised on initial report by
the epidemiologically likely source of infection, using the
following national definitions, as typing was not available
at this time:

Imported: history of travel to an affected area (IMexico,
and initially specified areas of the United States, subse-
quently all of the United States) within 7 days of onset.
School related (secondary, tertiary or presumed): contact
within 7 days of onset with a symptomatic case in a
school.

Secondary or tertiary (non-school related): contact within
7 days of onset with a symptomatic travel associated or
secondary case in a non-school setting.

Presumed (non-school related): a presumed case with an
epidemiological link to a non-school-related case.
Community: no travel in the 7 days before onset and no
contact with a confirmed case or setting (or possible case
with symptoms) within 7 days of onset.

Unassigned: insufficient information available to categorise
into one of the above categories.

To investigate the link with deprivation, cases were
assigned to Lower Layer Super Output Areas (LSOAs) by
postcode of residence, which were in turn mapped to Index
of Multiple Deprivation (IMD) 2007 quintiles. LSOAs are
geographical areas, which are used to report small area sta-
tistics in England and Wales. They are built from clusters
of adjacent unit postcodes and have a mean population of
1500.” The IMD is a national index that combines a num-
ber of indicators, chosen to cover a range of economic,
social and housing issues, into a single deprivation score
for each small area in England. The IMD is produced at

LSOA level, with each LSOA allocated to a quintile, based
on its national relative level of deprivation, with quintile 1
being the most deprived and quintile 5 the least deprived.®
The number of confirmed and presumed cases reported
to the FRC per 100 000 population was calculated using
mid-year 2008 age-specific population figures for the
London Government Office region, and report by level of
deprivation was calculated using mid-year 2008 LSOA pop-
ulation estimates (2009 estimates were not available), to
give the report of cases per 100 000 population in each
deprivation quintile.” Reports on the most deprived (IMD
quintile 1) LSOAs were compared with reports on the two
least deprived LSOAs (IMD quintile 4 and 5) by calculating
risk ratios (RR), including 95% confidence intervals (CI)
and P-values, using Stata 10-1. IMD (Stata Corp LP.,
College Station, TX, USA) quintiles 4 and 5 were combined
to give comparable population sizes (total population of
IMD1 LSOAs was 2 234 992, compared with 1 709 262 for
IMD 4 and five LSOAs combined). Maps showing location
of cases were produced using Map Info. Cases with missing
or invalid postcodes (668, 19% of the total cases) were
excluded from the deprivation analysis and the maps.

Results

Demographics

A total of 3487 cases were reported between 20 April and
28 June 2009, of which 2202 (63%) were confirmed cases,
1272 (36%) were presumed cases, and 13 (0-4%) were
probable cases. Of the 3202 cases where sex was reported,
1666 (52%) were male.

The overall London report risk was 46 per 100 000 pop-
ulation (95% CI 44-47). The highest report of 206 per
100 000 (95% CI 195-218) was seen amongst the primary
school age group of 5- to 1ll-year-olds, followed by 129
(95% CI 119-139) in the secondary school age group of
12- to 17-year-olds; 45 (95% CI 40-51) in preschool chil-
dren aged four or younger and 22 (95% CI 21-23) in
adults aged 18 or older. When presumed and possible cases
were removed from the data analysis, the same overall pat-
tern was seen, with the highest reporting of confirmed
cases seen in children aged 5-11 (131), followed by

Box 1. Case definitions for HIN1 pandemic influenza, England (April 2009)*

affected area, or contact with a confirmed or probable case

reaction (RT-PCR) confirmed by sequence analysis

Possible case: a person with a fever or self-reported history of fever (38°C) and symptoms of an acute respiratory illness and recent travel to an

Probable case: a person who was a possible case and tested positive for influenza A that was non-subtypable
Confirmed case: a person who tested positive for pandemic HIN1 2009 influenza virus by specific real-time reverse transcriptase polymerase chain

Presumed case: a person with a clinical diagnosis (acute respiratory symptoms) without laboratory confirmation but with an epidemiological link
to a previously confirmed case. This case definition was introduced at the end of May 2009
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children aged 12-17 (91) and 0-4 (22) and adults aged 18
and over (14 per 100 000).

Information about hospitalisation was recorded for 3478
cases (99:7%). Forty cases were hospitalised (1%), with
eight of these reported as having an underlying medical
condition. Eight cases were documented as being pregnant,
five of whom (63%) were hospitalised. Four deaths were
recorded (0-1%), in which two individuals (aged 8 and 39)
had an underlying medical condition, another was pregnant
(aged 39), and the fourth death was in an elderly person
(aged 80).

The number of individuals tested and new cases (positiv-
ity) per week initially increased slowly up to week 24, when
there was a marked rise at the start of week 25 (Figure 1,
Table 1). These data are an underestimate of the true num-
ber of individuals tested as peripheral laboratories would
not have reported those individuals testing negative for
influenza A. From week 22, the proportion of tests that are
positive for pandemic H1 rises up to week 26.

Reports amongst primary- and secondary-school-aged
children remained consistently higher than in other age
groups (Figure 1). This pattern may partly reflect the
emphasis on surveillance in schools during the early weeks
of the pandemic.

Transmission patterns

Information on likely method of transmission was available
for 1554 (98%) of the 1581 presumed and confirmed cases
in weeks 17-25. Transmission patterns changed over weeks
17-24, until week 25 when most cases were acquired
through school transmission (Figure 2). By week 26, infec-
tion was so widespread in the community that there was
no longer value in categorising cases by likely source of
infection.

In week 17, there were five imported cases and one sec-
ondary case, all in affluent parts of London. Week 18 was
marked by the onset of school-related outbreaks in south
London, accounting for 24 of 26 cases in this week.
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Figure 1. Age specific risk for school age groups.
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Table 1. Positivity risk by week

Flu A H1

Tests Positivity Tests Positivity
Week  carried out (%) carried out (%)
17 5 20 3 33
18 169 6 7 29
19 290 10 23 0
20 219 11 12 0
21 144 6 14 21
22 101 13 88 15
23 242 17 223 17
24 349 17 318 19
25 1422 31 1458 32
26 1592 44 3330 45
Total 4533 29 5476 38

The testing was first available only in the national reference
laboratory until it was rolled out subsequently into the local London
laboratories in week 23. In the early weeks, only samples that first
tested positive for A were then sent to the national laboratory for
pH1N1 testing. Once the local laboratories had set up the pH1N1
test, they could then run both assays simultaneously.

School-related transmission accounted for 58% of cases
(72 of 124) from weeks 17-22, with 31 (22%) of cases
imported, 11 (9%) thought to be due to community trans-
mission and 7 (6%) acquired through non-school-related
secondary transmission (usually household related, Fig-
ure 3). After school closure for half-term in week 23, there
were 103 new school-related cases (45%) in week 24, but
the proportion of community cases (22%) remained similar
to the previous week. In week 25, school outbreaks contrib-
uted to a total of 330 (28%) school-related cases, by then
spread across London.

In total, 110 cases reported a history of travel outside
the UK in the 7 days prior to onset of illness, of which 92
(6% of total cases) were considered to have imported infec-
tion. School-related transmission accounted for 506 cases
(32%), with other transmission (household or other close
contact) accounting for 458 (29%).

Community transmission accounted for 498 (25%) of all
cases with the majority (426 cases) in week 25.

Relationship with deprivation
Eighty-one per cent of cases (2819) had valid postcodes,
with the proportion of valid postcodes being over 94% up
to and including week 24, falling to 85% and 75% in weeks
25 and 26, respectively.

Analysis of all cases from week 17-26 showed a consis-
tent trend of a higher risk in the more deprived popula-
tions (Figure 3). For all ages, the risk was 48 per 100 000
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Figure 2. Geographical spread of cases in London by time and transmission route.

(95% CI 45-51), 38 (95% CI 36-42), 31 (95% CI 28-34),
30 (95% CI 36—42) and 21 (95% CI 17-24), for IMD 1
(most deprived), IMD 2, IMD 3, IMD 4 and IMD 5 (least
deprived), respectively. The risk ratio from IMD 1 to IMD
5 was 2-32 (95% CI 1-94-2-78, P = 0-001).

The results were consistent across age and gender and
when only confirmed cases were analysed. The effect was
marked in children (under 16 years); the risk in IMD 1
was 137 (95% CI 127-147) and fell to 51 (95% CI 40-65)
in IMD 5; the risk ratio IMD 1/IMD 5 was 267 (95% CI
2:06-3-49, P < 0-001). In adults, the corresponding risks
were 22 (95% CI 20-24) to 14 (95% CI 11-17) with a risk
ratio IMD 1/IMD 5 of 163 (95% CI 1:27-2-12, P = 0-001).

As there were only a few cases and no significant differ-
ences in risk in the initial weeks, cases from weeks 17-23
were grouped together and averaged to give a mean weekly
risk (Figure 4). The mean weekly risk ratio up to the end
of week 23 between the most deprived (IMD quintile 1)
and the least deprived (quintiles 4 and 5 combined) was

067 (95% CI 043- 1:04 2 sided P = 0-07). However, the
risk ratio widened to 1-7 (95% CI 1-12-2-44, P = 0-011) in
week 24, 19 (95% CI 1-56-2-27, P < 0-001) in week 25 and
2:1 (95% CI 1-80 -2:47, P < 0-001) in week 26.

In the period of week 17-23, the cumulative risk ratio
between the most deprived and the least deprived was 0-52
(95% CI 0-33-0-80, P = 0-003). In contrast, the cumulative
risk ratio up to the end of week 26 was 1:82 (95% CI 1-63—
2:03 P < 0000).

Discussion

This study describes the initial spread of pandemic influ-
enza in a major city to the point when community trans-
mission was widespread. In the first seven weeks, there was
little change in risk. The average relative risk of 0-67 (CI
0-43-1-04) between the most deprived and least deprived
populations from week 17-23 suggests that there is a non-
significant possibility of higher transmission in the affluent
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Risk by deprivation quintile, weeks 17-26
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Figure 3. Cumulative risk by deprivation quintile.

groups or at least no increased risk in the deprived group.
Subsequently, once infection starts to spread in week
24-26, initial spread was related to school transmissions
and was consistently higher in the deprived population.

Our data comprised individuals who tested positive for
pandemic HIN1 influenza in London at the time and is
thus a reflection of those seeking health care. The key bias
was the criteria for investigation set out in the national
algorithms. Although there were frequent changes in the
algorithms up to 3 June 2009, the criteria were reasonably
consistent in their emphasis on fever of 38°C, travel to
affected areas or contact with a known case.

The cases that would not be picked up were those that
did not fit these criteria — those with mild infection with-
out fever were not recognised or treated during the early
weeks."! Some of these cases were identified in London
from week 19 by other routine testing systems such as the
routine influenza syndromic testing or by investigations
initiated by primary and secondary care services.'®

To correct this discrepancy, from 3 June 2009 (week 23),
the algorithms were widened to pick up individuals who
did not meet the original criteria. This change in policy
predates the sudden increase in cases and tests by almost
two weeks; hence, it is unlikely that the prevailing investi-
gating criteria masked any major increase in severe cases.
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Epidemiological data on transmission patterns are sub-
ject to misclassification. For example, the number of cases
classified as ‘community’ transmissions in school-aged chil-
dren, where insufficient information was available to define
school transmission, may have resulted in an underestima-
tion of the number of school-related cases. This is likely to
be a bigger effect than the number of children classified as
school related who may have acquired infection by another
route. Hence, it is likely that misclassification would under-
estimate the effect of spread in schools. In addition, cases
in children may be overestimated in relation to other age
groups as parents may be more likely to seek health care
for their children than for other age groups.

With these limitations, deprivation and school-based
transmission play a key role in the early transmission of
pandemic influenza. The link with material deprivation has
been observed with data on hospitalisations and infectious
respiratory illness, and outpatient and emergency depart-
ment visits for seasonal flu.'"'* Our study reflects individu-
als seeking health care; thus, any biases in health-seeking
behaviours with primary or acute care would be reflected.
Data on access to antiviral prescribing centres during the
pandemic in another area in the UK suggest that more
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deprived communities have a reduced use of antiviral cen-
tres.'” Thus, any similar biases in health-seeking behaviour
in London would tend to underestimate the effect of depri-
vation in our study; yet, the higher risk with deprivation
persists. This effect is consistent with syndromic surveil-
lance data, showing that the peak in London was in week
29, with earlier peaks in one of the most deprived bor-
oughs in week 27.'° The pattern of higher risk with depri-
vation was similar to the West Midlands and may reflect
overcrowding (a factor in the IMD deprivation score),
more mixing and larger household size.'*'® However, as
our study only describes the early phase of transmission,
we cannot infer end rates of acquisition in different
socio-economic groups.

Our data are also consistent with the high attack rates in
school-aged children that have been reported in previous
pandemics and in the HINI pandemic both in London
and elsewhere and in population serological studies in the
UK conducted in August and September 2009, showing the
highest seroconversion rates to be in children in London
and the West Midlands." !

Community transmission in London took eight weeks to
become widespread, which may have been moderated by
the natural closure of schools for half-term and/or the
public health interventions of widespread prophylaxis,
exclusion of symptomatic cases and proactive school clo-
sure; however, any intervention effect is likely to have been
minor.?

In conclusion, the initial transmission pattern of HIN1
pandemic influenza in London shows the earlier spread to
the wider community to be associated with transmission
amongst school-aged children and marked an association
with deprivation.
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