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The impact of prioritisation and of timing of vaccination strategies
on reducing transmission of pandemic influenza A(HIN1)
was evaluated in a community with the structure of the Greek
population using a stochastic simulation model. Prioritisation
scenarios were based on the recommendations of the United States
Centers’ for Disease Control and Prevention Advisory Committee on
Immunization Practices and vaccination was assumed to initiate
either before or during the ongoing epidemic. In the absence of
intervention, an illness attack rate (AR) of 34.5% is anticipated.
Vaccinating the priority groups before the epidemic (pregnant
women, people who live with or care for children <6 months of
age, healthcare/emergency services personnel, children 6 months—4
years old and high-risk children 5-18 years old) will have a
negligible impact on the overall AR. Vaccinating the recommended
groups before the epidemic (priority groups as well as all persons
6 months-24 years old and high-risk individuals 25-64 years
old) is anticipated to result in overall and age-specific ARs within
the range of seasonal influenza (5%-15%). Initiating vaccination
early during the epidemic (AR<1% of the population) is predicted
to result in overall ARs up to 15.2%-19.9% depending on daily
vaccination coverage rates. When vaccination is initiated at a later
stage (AR: 5%), only coverage of 80% of the whole population at
intensive daily vaccination rates would be able to reduce ARs to
approximately 15%.

Introduction

On 11 June 2009, the World Health Organization (WHO)
raised the pandemic alert level to phase 6 and declared A(H1IN1)
influenza the first global pandemic of the 21st century. Delays in
the development, production and licensure of a vaccine for the
current pandemic as well as restrictions in the global manufacturing
capacity dictate careful planning of strategies concerning
prioritisation and distribution policies. Another important issue
to be considered is the timing of vaccination during an ongoing
pandemic. Previous modelling studies investigating the impact of
various strategies for mitigating a potential pandemic have shown
that the benefit of vaccination depends closely on the time it is
initiated [1,21].

In the current study we employ a simulation model to investigate
the impact of vaccination strategies and of vaccination timing on
the overall illness attack rate (AR) of pandemic influenza A(HIN1)
in a small community.

Methods

The simulation model

We have used a discrete-time stochastic individual-based
simulation model employed previously to simulate A(H1IN1) spread
[3]. Model parameters were chosen such as to yield age-specific
attack rates, in the absence of intervention, similar to that observed
in the A(H1IN1) outbreak in the community of La Gloria in Mexico
[31. A structured model community of approximately 2,000 people
was generated to match the age-distribution, household size and
number and size of schools of the Greek population. The model
community of 2,000 people was divided into four neighbourhoods
of approximately equal size that share one kindergarten, one primary
school and one high school. Influenza was introduced at day O by
randomly assigning a number of initial infective individuals, and
person-to-person transmission probabilities were used to simulate
influenza spread over time. As the population was assumed to be
structured (households, schools, neighbourhoods and community),
different transmission probabilities applied to different mixing
groups. They were highest for contacts within households and
lower for contacts within schools, followed by neighbourhoods and,
finally, the entire community [3]. In the absence of intervention,
a proportion of symptomatic individuals (80%, 75% and 50% of
preschool children, school-age children and adults, respectively)
were assumed to stay at home and withdraw from the remaining
mixing groups (schools, neighbourhoods, community).

Vaccine efficacy

We have modelled key vaccine efficacy parameters defined
previously, i.e efficacy for infection-confirmed symptomatic iliness
(VEgp), efficacy for susceptibility (VEg) and, given infection, efficacy
for illness (VE,) and efficacy for infectiousness (VE,) [4]. Based
on estimates from previous trials on the efficacy of homologous
inactivated vaccines [5-14], we have assumed a VEg, of 80%
for individuals 2-64 years old and of 60% for children 6-24
months and adults > = 65 years old. Estimates for VEg and VE,
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for individuals 2-64 years old were obtained from Basta et al.
[15] (40% and 67 %, respectively) with a modification in the case
of children 0-24 months old and elderly to yield a lower VEg,
(VEg=20% and VE_,=50%).

Vaccination strategies

Four vaccination scenarios, based on the United States
Centers’ for Disease Control and Prevention Advisory Committee
on Immunization Practices (CDC’s ACIP) recommendations [16],
were evaluated (Table 1). In all scenarios, 80% vaccination
coverage was assumed (total coverage). High-risk groups included
individuals with chronic respiratory diseases (including asthma),
chronic cardiovascular diseases, chronic metabolic disorders
(including diabetes mellitus), chronic renal and hepatic diseases
and immunosuppression.

Timing of vaccination

All scenarios were evaluated under the assumption that
vaccination takes place early enough so that the vaccinated
persons have developed immunity before the introduction of
pandemic influenza A(HIN1) in the community. Selected scenarios
were further explored assuming that 2%, 6% and 10% of the

TABLE 1

2,000-persons community are vaccinated daily (daily coverage)
and the first vaccinated individuals develop an immune response
when the AR reaches 1%, 5%, 10% or 15% of the population.

Results

Effectiveness of vaccination strategies

In the absence of intervention, an AR of 34.5% is anticipated
[3]. Vaccinating the priority groups would reduce the AR to 28.0%
(Table 2). Under the scenario of vaccinating the recommended
groups, the estimated AR is anticipated to be reduced below 10%
(AR: 9.6%). When vaccination is extended to all individuals aged
between 25 and 64 years, the AR is estimated to be reduced to
2.7%. Offering vaccination additionally to individuals > =65 years
of age is not anticipated to further lower the AR (AR: 2.5%).

The age-specific attack rates under these vaccination strategies
are depicted in the Figure. Vaccinating the recommended groups
results in low attack rates in all age groups (9.4%, 10.2%, and 8.1%
for 0-24, 25-64 and 65+ years, respectively). When vaccination is
extended to include also all individuals aged between 25 and 64
years, low attack rates are predicted for all age groups (5.0%, 1.5%
and 2.7% for 0-24, 25-64 and 65+ years, respectively). Offering

Evaluated vaccination strategies proposed by the Centers’ for Disease Control and Prevention Advisory Committee on
Immunization Practices [16] in a community of 2,000 people representative of the Greek population

1. Priority groups

2. Recommended groups

3. Recommended groups + 4. Whole population

25-64 years
% of the o o Ly
of the whole
Target groups whole Target groups % o;' t:fag;]:le Target groups % o: t:fagggle Target groups . lati
population pop pop population

Pregnant women 1.0% Pregnant women 1.0% Pregnant women 1.0% Pregnant women 1.0%
gfou;eirigll"gncuntacts Household contacts Household contacts Household contacts

ounger than 6 1.7% of children younger 1.7% of children younger 1.7% of children younger 1.7%
young than 6 months of age than 6 months of age than 6 months of age

months of age

Health care Health care and Health care and Health care and

and emergency 0.9% emergency services 0.9% emergency services 0.9% emergency services 0.9%
services personnel personnel personnel personnel

Children 6 4.3% Persons 6 months-24 28.9% Persons 6 months-24 28.9% Persons 6 months-24 28.9%
months-4 years years years years

High-risk children High-risk individuals Individuals Individuals

5-18 years 0.9% 25-64 years 9% 25-64 years 53.8% >25 years 70.5%
Total® 6.6% Total® 28.5% Total® 66.7% Total® 80.3%

*Estimated in 200 simulations assuming vaccination coverage of 80% within each target group

TABLE 2

Simulated illness attack rates and effectiveness of different vaccination strategies based on the Centers’ for Disease Control
and Prevention Advisory Committee on Immunization Practices [16] in a community of 2,000 people representative of the
Greek population

Number of vaccinations /1,000
persons

Target population

Attack rate (AR) (% decrease)* Number of cases prevented/person vaccinated

Priority groups 28.0% (18.8%) 66 0.96
Recommended groups 9.6% (72.2%) 285 0.86
Recommended groups + 25-64 years old 2.7% (92.2%) 667 0.47
Whole population 2.5% (92.8%) 803 0.40

Note: The model assumes 80% vaccination coverage of the target populations and that vaccinated persons become immune before the start of the
epidemic
*Compared to an AR of 34.5% in the absence of intervention
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vaccination to individuals >65 years of age is not anticipated to
offer a notable additional benefit for this age group (Figure).

FIGURE

Age-specific clinical attack rates according to the implemented
vaccination strategy, pandemic influenza A(HIN1) 2009

60 -

50 4

o

30:

o]

- 1l
0+ T T

No intervention

I 0-24 years
[ 25-64 years
[ 65+ years

Clinical attack rate (%)

Recommended
groups + 25-64
years

Priority groups Recommended

groups

Whole population

Note: The model assumes 80% coverage of the target groups and that
vaccination takes place early enough so that the vaccinated persons have
developed immunity before the introduction of influenza A(HIN1) in the
community.

TABLE 3

Impact of timing and daily rate of vaccination

Under the scenario where vaccination of the recommended
groups starts early so that the first vaccinated persons develop
an immune response when the cumulative AR is 1%, the AR at
the end of the epidemic is predicted to be 15.2%-19.9% for 2%-
10% daily vaccination rates (Table 3). Initiating vaccination at a
later stage of the epidemic (cumulative AR of 5%) would lead to
moderate decreases in the total number of symptomatic cases that
is not expected to decrease below 21% of the population, even
with intensive daily vaccination rates (100 persons vaccinated
daily/1,000 population). When the first vaccinated persons develop
immunity near or at the peak of the epidemic (AR: 10% or 15%,
respectively), the effectiveness of the intervention in reducing the
number of symptomatic infections is estimated to be low (AR:
24.8%-28.5% and 27.8%-29.8%, respectively, for 2%-10% daily
vaccination rates). Under the scenario of staged vaccination of the
whole population, overall attack rates below 10% are anticipated
only in the case where vaccination is initiated early in the epidemic
(AR 1%) with intensive daily vaccination coverage (6%-10% of the
population vaccinated/day) (Table 3).

Discussion

In the present study, mathematical modelling was used to
evaluate the impact of vaccination strategies recommended
by CDC’s ACIP for pandemic influenza A(HIN1) as well as the
impact of the timing of vaccination in a community typical of the
European setting [3]. Vaccinating only the priority groups will have a
negligible impact on the overall clinical attack rate. Vaccinating the
groups recommended by CDC (i.e. priority groups and all children
and young adults up to 24 years old) is predicted to be successful

Impact of vaccination according to the timing of vaccination and to daily coverage during an ongoing epidemic (assuming up
to 80% vaccination coverage of the target populations): A. Vaccination of recommended groups; B. Vaccination of the whole

population.

A. Vaccination of recommended groups

Attack
rate (AR)

(% decrease)*

B. Staged vaccination of the whole
population (first recommended groups, then
individuals 25-64 years, then >65 years)

Number of cases
prevented/ person
vaccinated

Number of cases
prevented/ person
vaccinated

Attack

rate (AR) (% decrease)

svif;unriht:zpeﬁ;:j':adrsimc'lztgvrzatcs?nated individuals already immune 9.6% (72.2%) 0.86 2.5% (92.8%) 040

During the epidemic

The first vaccinated persons develop | Proportion of population

an immune response when the AR is: vaccinated/day (%)
2% 19.9% (42.3%) 0.57 17.0% (50.7%) 0.26

1% 6% 15.7% (54.5%) 0.70 8.8% (74.5%) 0.34
10% 15.2% (55.9%) 0.72 7.3% (78.8%) 0.36
2% 26.2% (24.1%) 0.38 25.5% (26.1%) 0.16

5% 6% 22.8% (33.9%) 0.47 16.9% (51.0%) 0.25
10% 21.7% (37.1%) 0.50 15.3% (55.7%) 0.26
2% 28.5% (17.4%) 0.31 28.2% (18.3%) 0.12

10% 6% 26.2% (24.1%) 0.36 23.2% (32.8%) 0.17
10% 24.8% (28.1%) 0.42 20.6% (40.3%) 0.20
2% 29.8% (13.6%) 0.27 29.2% (15.4%) 0.11

15% 6% 28.3% (18.0%) 0.30 26.2% (24.1%) 0.14
10% 27.8% (19.4%) 0.32 24.6% (28.7%) 0.15

*Compared to an AR of 34.5% in the absence of intervention
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in mitigating the pandemic as it results in clinical attack rates
below 10%, i.e. within the range of regular seasonal influenza
(5%-15%). An additional advantage of this strategy is that it has
significant indirect effects in the age groups that are not included in
the target populations (i.e. individuals aged 25-64 and >65 years).
Extending vaccination to include also individuals 25-64 years old
is anticipated to result in very low attack rates of approximately
3%. However, once the demand for vaccine for these prioritised
groups as well as for individuals 25-64 years old is met, offering
vaccination to people over the age of 65 will not offer a notable
additional benefit for this age group.

The above findings refer to the best-case scenario where vaccines
are available before the onset of the epidemic in the population,
such as e.g. in the case of countries of the northern hemisphere with
still a small number of influenza A(H1N1) cases. When vaccination
is implemented during the epidemic, its impact on the attack rate
is predicted to be lower. Under intensive daily coverage, clinical
attack rates of approximately 15% may be achieved by initiating
vaccination either of the recommended groups early in the epidemic
(AR 1%) or of the whole population somewhat later (AR 5%).

In the current analysis, we assumed that the pandemic evolves
in a single wave whereas 2-3 waves have been observed in the
majority of past pandemics [17,18]. As a result, although the
model predicts modest to negligible reductions in the overall attack
rate when vaccination is not introduced early during the ongoing
epidemic, it might be used to abort the second and third waves
[17]. Vaccination strategies were evaluated in a community with
the structure of the Greek population (age and sex distribution,
number and size of households etc). As a result, the quantitative
results reported here are valid for Greece alone. However, due to the
similarity in the age structure and household size of the Greek and
the European population, results may apply qualitatively to other
communities in the European region. A further point that requires
caution is that the model was set up such as to simulate the age-
specific attack rates of the pandemic influenza A(H1N1) outbreak
in the community of La Gloria in Mexico. This particular outbreak
provided very useful information as it evolved in the absence of
intervention. However, the age-specific attack rates observed in
the community of La Gloria might be considered as a worst-case
assumption and the proportion of symptomatic infections that will
be observed in European countries is likely to be smaller. A final
point is that we did not deal explicitly with the time lag between
vaccination and effectiveness and the partial efficacy between
doses, in case multiple doses are required, but rather combined
this delay time with that of production and distribution and refer
only to the date at which vaccination becomes effective. Similarly,
we have not estimated the number of doses needed to implement
the various strategies but rather the number of vaccinated persons.

In conclusion, vaccinating the groups recommended by
CDC’s ACIP in countries with still a small number of pandemic
influenza A(H1IN1) cases is anticipated to reduce illness attack
rates within the range of seasonal influenza (approximately 10%)
with significant indirect effects among individuals older than 24
years who are not included in the target groups. For countries
experiencing an ongoing epidemic, initiating vaccination of the
recommended groups early might result in attack rates near the
upper limit estimates of seasonal influenza.
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