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Abstract

Background: Estimating the burden of disease averted by vaccination can assist policymakers 

to implement, adjust, and communicate the value of vaccination programs. Demonstrating the use 
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of a newly available modeling tool, we estimated the burden of influenza illnesses averted by 

seasonal influenza vaccination in El Salvador, Panama, and Peru during 2011–2018 among two 

influenza vaccine target populations: children aged 6–23 months and pregnant women.

Methods: We derived model inputs, including incidence, vaccine coverage, vaccine effectiveness, 

and multipliers from publicly available country-level influenza surveillance data and cohort 

studies. We also estimated changes in illnesses averted when countries’ vaccine coverage was 

achieved using four different vaccine deployment strategies.

Results: Among children aged 6–23 months, influenza vaccination averted an estimated 

cumulative 2,161 hospitalizations, 81,907 medically-attended illnesses, and 126,987 overall 

illnesses during the study period, with a prevented fraction ranging from 0.3 % to 12.5 %. Among 

pregnant women, influenza vaccination averted an estimated cumulative 173 hospitalizations, 

6,122 medically attended illnesses, and 16,412 overall illnesses, with a prevented fraction ranging 

from 0.2 % to 10.9 %. Compared to an influenza vaccine campaign with equal vaccine distribution 

during March—June, scenarios in which total cumulative coverage was achieved in March and 

April consistently resulted in the greatest increase in averted illness (23 %−3,129 % increase 

among young children and 22 %−3,260 % increase among pregnant women).

Discussion: Influenza vaccination campaigns in El Salvador, Panama, and Peru conducted 

between 2011 and 2018 prevented hundreds to thousands of influenza-associated hospitalizations 

and illnesses in young children and pregnant women. Existing vaccination programs could prevent 

additional illnesses, using the same number of vaccines, by achieving the highest possible 

coverage within the first two months of an influenza vaccine campaign.
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1. Introduction

Influenza disease burden estimation is a strategic priority under the World Health 

Organization’s (WHO) Pandemic Influenza Preparedness Partnership Contribution High-

Level Implementation Plans [1–3], and is important for evidence-informed decision-making 

about prevention strategies, including vaccination. To support this global priority, in 2015, 

WHO published A Manual for Estimating Disease Burden Associated with Seasonal 
Influenza [4] that is designed for use with sentinel surveillance data or hospital discharge 

data. Since the manual’s publication, there has been considerable progress in influenza 

disease burden estimation, particularly in low- and middle-income countries [5]. However, 

rates and absolute counts of influenza-associated disease and mortality provide only partial 

information to support interventions. Expressing disease burden in terms of the burden 

averted or potentially averted through available interventions (e.g., vaccination) can provide 

more direct evidence to support decisions about vaccine introduction, expansion, and timing 

for greatest impact.

To that end, the WHO Burden of Disease manual is being updated to include a chapter 

about how to estimate the disease burden averted through influenza vaccination [4]. In 
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countries where influenza vaccination programs are already in place, estimates of the burden 

averted will demonstrate the value of existing vaccination programs and highlight ways 

that changes in timing and deployment of vaccines could lead to additional reductions 

in disease burden. It also provides valuable information to conduct economic evaluations. 

Where influenza vaccination programs are not in place, estimates of the burden that could 

have been averted through vaccination can inform decision-making about the potential value 

of vaccine introduction. Consequently, WHO, Pan American Health Organization (PAHO), 

and the United States Centers for Disease Control and Prevention (U.S. CDC) collaborated 

to develop a Microsoft Excel-based tool and R-Shiny App [6] to complement the chapter 

and support such vaccine impact analyses.

The objective of this evaluation was to pilot the chapter’s methods and accompanying 

tools by estimating the burden of influenza disease averted through existing influenza 

vaccination programs for pregnant women and children aged 6–23 months in El Salvador, 

Panama, and Peru, using available influenza surveillance data and data from cohort studies 

from multiple influenza seasons. Additionally, these countries have seasonal influenza 

vaccination campaigns that target young children (aged 6–23 months), pregnant women, 

individuals with chronic illness, healthcare workers, and older adults (aged ≥ 65 years) 

[7]. These estimates of influenza illnesses and hospitalizations averted from established 

influenza vaccine campaigns or with modified campaigns can help guide governments, 

non-governmental organizations, and policy makers to implement, adjust, and communicate 

the value of influenza vaccination programs in target populations.

2. Methods

2.1. Data inputs

The evaluation period spanned the 2011–2018 influenza seasons. In El Salvador and 

Panama, the evaluation period was 2015–2017 for children 6–23 months of age and pregnant 

women. In Peru, the evaluation period was 2011–2015 for children 6–23 months of age and 

2017–2018 for pregnant women.

Data inputs for each country, target population, and year are described in Table 1. Vaccine 

effectiveness estimates and vaccine coverage were derived from published cohort studies in 

target populations and countries, when available, and from other target population-specific 

literature when unavailable [9–12]. The monthly number of hospitalizations and multipliers 

to estimate the number of individuals hospitalized with influenza from the number of 

people not hospitalized were estimated using data available in FluNet [16] and influenza 

incidence rates from published cohorts [11,12,14], using methods described in the WHO 

Burden of Disease manual [4] (Supplemental Fig. 1). Briefly, to estimate the timing of 

influenza incidence (Fig. 1), we calculated the monthly proportion of annual influenza cases 

by dividing the number of cases reported in FluNet in a given month by the total number of 

cases in the year. We then estimated the number of hospitalized influenza illnesses by month 

by multiplying the monthly proportion of annual cases by respective countries’ influenza-

associated hospitalization incidence rate, and susceptible target population size, estimated as 

those who have not been previously infected or effectively vaccinated. A similar approach 

was used to estimate the number of outpatient influenza illnesses by month, using respective 

Chard et al. Page 3

Vaccine. Author manuscript; available in PMC 2024 October 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



countries’ influenza incidence rates. Monthly hospitalized illnesses and outpatient illnesses 

were summed to estimate monthly medically-attended illnesses. We used a multiplier to 

estimate the number of influenza-associated illnesses that were not medically attended [14]. 

The number of outpatient illnesses and non-medically attended illnesses were summed 

to estimate the number of non-hospitalized illnesses (i.e., symptomatic cases without 

hospitalization). The country- and population-specific burden of disease estimates were used 

to generate ratios of non-hospitalized influenza illnesses to hospitalized illnesses for each 

season under investigation.

2.2. Base model

The mathematical model of influenza vaccine impact is based on a static compartmental 

model derived from Tokars et al [17] and requires estimates of influenza-associated disease 

burden, multipliers for non-hospitalized illnesses and medically-attended illnesses, national 

vaccination coverage, demographic data, and vaccine effectiveness. Methods are described 

in detail in the WHO Burden of Disease Manual [4] and were operationalized using 

the accompanying MS Excel Tool and R Shiny App. Briefly, to estimate the impact of 

countries’ influenza vaccination campaigns, the model compares the estimate of the burden 

of disease averted through an observed/actual vaccination scenario with a hypothetical 

modeled scenario of the burden of disease that would have occurred in the absence of 

a vaccination campaign. To estimate the number of influenza-associated events (i.e., non-

hospitalized illnesses, hospitalized illnesses, and medically attended illnesses) in a given 

month, the model multiplies the influenza incidence rate by the target population susceptible 

to influenza virus infection, again estimated as those who have not been previously 

infected or effectively vaccinated. In the hypothetical absence of vaccination, the number 

of susceptible individuals is defined as those in a given month who have not previously been 

infected.

Additionally, the model estimates the number of individuals needed to vaccinate (NNV) 

to prevent an influenza-associated event, calculated as the reciprocal of the risk reduction 

between the unvaccinated population and the vaccinated population. It also estimates the 

prevented fraction, estimated as the number of events avoided among the vaccinated 

population divided by the estimated number of events that would have occurred in the 

absence of a vaccination program.

To estimate the 95 % confidence intervals (CIs) for averted illnesses (hospitalized, 

non-hospitalized, and medically attended), prevented fraction, and NNV, we used an R 

script to perform Montecarlo simulations with 5000 iterations [18]. The total number of 

hospitalizations, non-hospitalizations and medically attended illnesses were each simulated 

using a Poisson distribution to estimate simulated multipliers. The monthly distribution of 

the burden of disease was maintained. Vaccine coverage was simulated using a binomial 

distribution, maintaining the monthly distribution. Vaccine effectiveness was simulated using 

a beta distribution, restricting the lower bound used for generating the shape parameters to 

values above zero [19].

All modelled countries use the Southern Hemisphere influenza vaccine formulation [20], 

which is typically available as early as March, two months prior to the start of the typical 
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influenza season in May [21,22]. Therefore, for methodological consistency across countries 

and years, and as to not account for vaccination in months the vaccine is not yet available, 

the 12 months of the base model spanned from March until February of the following year 

(e.g., March 2015–February 2016).

2.3. Additional vaccine deployment scenarios

In addition to the base model, we evaluated changes in the burden of disease averted using 

countries’ actual annual coverage but administered using four different vaccine deployment 

strategies. In each scenario, vaccine campaigns began in March. Briefly, scenario one 

reflected equal distribution of the annual cumulative coverage over the first four months 

of the influenza vaccine campaign (e.g., March, April, May, June), whereas scenarios 

two through four had increasingly greater coverage in earlier months. The four different 

scenarios are described in Table 2.

These scenarios were applied to each country, target population, and influenza season 

under investigation. Estimates of the prevented fraction, hospitalizations averted, and overall 

illnesses (defined as the sum of all hospitalized and non-hospitalized illnesses) averted were 

calculated for each scenario with an estimate of the percent change from the respective base 

scenario result (calculated as [Scenario-Base]/Base).

All calculations were performed in Microsoft Office Excel and R version 4.3.0, per manual 

and tool instructions.

2.4. Ethics considerations

This project was reviewed by the U.S. Centers for Disease Control and Prevention, 

WHO, and PAHO and determined to not constitute research with human subjects. Data 

from the Peru Community Cohort and the PRIME cohort came from protocols approved 

by the NAMRU-SOUTH Institutional Review Board (Protocols NMRCD.2009.0005 and 

NAMRU6.2016.0015, respectively).

3. Results

3.1. Children: base model

During the 2015–2017 influenza seasons in El Salvador, among a median annual population 

of 211,886 children aged 6–23 months, full vaccination (two doses of influenza vaccine 

at least four weeks apart if previously unvaccinated, or one single dose if previously 

vaccinated) with annual coverage of 3.7 % averted a total of 4 hospitalized illnesses, 220 

medically attended illnesses, and 340 overall illnesses (Table 3). The greatest prevented 

fraction was observed in 2015 (1.1 %; 95 % CI = 0.6–1.4 %) and the lowest was observed in 

2016 (0.3 %; 95 % CI = 0.2–0.5 %).

Additionally, during the 2015–2017 influenza seasons in Panama, among a median annual 

population of 146,544 children aged 6–23 months, vaccination with annual coverage ranging 

from 19.2 to 21.2 % averted a total of 26 hospitalized illnesses, 1,798 medically attended 

illnesses, and 2,787 overall illnesses. The greatest prevented fraction was observed in 2017 
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(9.4 %; 95 % CI = 5.1–12.3 %) and the lowest was observed in 2016 (0.7 %; 95 % CI = 

0.4–1.0 %).

During the 2011–2015 influenza seasons in Peru, among a median annual population of 

1,135,911 children aged 6–23 months, vaccination with annual coverage ranging from 9.8 to 

48.1 % averted a total of 2,130 hospitalized illnesses, 79,889 medically attended illnesses, 

and 123,859 overall illnesses. The greatest prevented fraction was observed in 2011 (14.8 %; 

95 % CI = 8.7–20.4 %) and the lowest was observed in 2015 (2.1 %; 95 % CI = 1.2–2.9 %).

3.2. Children: additional vaccine deployment scenarios

All modelled scenarios showed an increase in the prevented fraction and number of averted 

illnesses compared with the base scenario. In El Salvador, scenario four (March-April 

vaccination period with greater coverage distribution in March) generated the greatest 

improvement from the base scenario across all years (138–865 % increase). For Panama, 

scenarios three (March-April vaccination period with equal coverage distribution) and four 

generated the greatest improvement from the base scenario, with scenario four (23–3,129 

% annual increase from base) performing slightly better than scenario three (22–3,112 % 

increase) (Table 4). Finally, in Peru, scenarios three (42–246 % increase) and four (42–256 

% increase) again generated the greatest improvement from the base scenario, with scenario 

four performing slightly better than scenario three.

3.3. Pregnant women: base model

During the 2015–2017 influenza seasons in El Salvador, among a median annual population 

of 92,170 pregnant women, vaccination with annual coverage ranging from 9.6 to 77.1 

% averted a total of 20 hospitalized illnesses, 570 medically attended illnesses, and 1,528 

overall illnesses (Table 5). The greatest prevented fraction was observed in 2015 (9.5 %; 95 

% CI = 2.2–31.5 %), the same year as for children, and the lowest was observed in 2016 (0.2 

%; 95 % CI = 0.1–0.7 %).

Additionally, during the 2015–2017 influenza seasons in Panama, among a median annual 

population of 75,901 pregnant women, vaccination with annual coverage ranging from 19.0 

to 66.5 % averted a total of 22 hospitalized illnesses, 477 medically attended illnesses, and 

1,278 overall illnesses. The greatest prevented fraction was observed in 2015 (10.9 %; 95 % 

CI = 2.5–32.1 %) and the lowest was again observed in 2016 (0.4 %; 95 % CI = 0.1–1.3 %).

During the 2017 and 2018 influenza seasons in Peru, among a median annual population of 

606,049 pregnant women, vaccination with annual coverage ranging from 44.4 to 45.4 % 

averted a total of 132 hospitalized illnesses, 5,075 medically attended illnesses, and 13,606 

overall illnesses. Prevented fractions were 8.2 % (95 % CI = 1.9–24.7 %) in 2017 and 3.3 % 

(95 % CI = 0.8–11.0 %) in 2018.

3.4. Pregnant women: additional vaccine deployment scenarios

As with the scenarios for children, all modelled scenarios that try to optimize the timing of 

vaccination showed an increase in the prevented fraction and number of averted illnesses 

compared with the base scenario. In all three countries, scenario four generated the greatest 
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improvement from the base scenario across all years, with an 89–1,657 % annual increase 

from base in El Salvador, a 22–3260 % annual increase from base in Panama, and a 42–389 

% annual increase from base in Peru (Table 6). However, in El Salvador, scenario three 

performed similarly in 2017 (89 % increase for both scenarios three and four); in Panama, 

all scenarios performed equally in 2015 (41 % increase for all scenarios); and in Peru, 

scenario three performed similarly in 2017 (42 % increase for both scenarios three and four).

4. Discussion

With a newly available tool, public health decision makers can estimate what is often 

a challenge in public health — quantifying the number of illnesses and hospitalizations 

prevented by a public health intervention. Using this tool, we estimated that influenza 

vaccination campaigns in El Salvador, Panama, and Peru conducted between 2011 and 

2018 made a large difference in key target populations, preventing hundreds to thousands 

of hospitalizations and tens of thousands of influenza illnesses in young children and 

pregnant women. Moreover, expressing vaccine impact in terms of the number and 

proportion of illnesses prevented by vaccination (i.e., averted illnesses and prevented 

fraction, respectively) might be more understandable messages to the general public than 

disease risk reduction from vaccination (i.e., estimates of vaccine effectiveness).

The tool also demonstrates how optimizing the timing and deployment of vaccine programs 

could prevent further illnesses and hospitalizations. While we could have modelled how 

increasing coverage would have increased the seasonal impact, as has been shown in prior 

analyses [23], we instead focused on demonstrating how changes using the same amount 

of vaccine doses in a different deployment strategy would impact the number of illnesses 

and hospitalizations prevented. These scenarios model a common reality to public health 

decision makers: with a fixed budget and constrained resources, when should countries 

start a vaccine campaign and how many people should be targeted each month to have 

the greatest impact in the target populations? In our scenarios for both young children and 

pregnant women, the largest improvements in the proportion of influenza cases prevented 

were estimated when vaccine campaigns achieved the highest possible coverage within the 

first two months after the Southern Hemisphere formulation typically becomes available 

(i.e., March and April), and approximately one to two months before the May start of a 

typical influenza season [21]. Similar scenario models have also demonstrated that focusing 

influenza vaccination during the early months of typical influenza virus circulation also 

prevented additional hospitalizations compared with models when vaccination occurred 

later, after influenza virus circulation had begun [22,24–26]. These types of modelled 

scenarios can help countries better utilize finite vaccine supplies and optimally plan and 

time procurement of influenza vaccines prior to seasonal campaigns.

These modelling efforts for two vaccine target populations in El Salvador, Panama, and 

Peru highlighted the benefit to modelling the impact of influenza vaccination, but also 

demonstrated gaps in routinely available data that are needed as inputs. The critical data 

inputs for the model include the influenza incidence rates, vaccine coverage, and vaccine 

effectiveness. As these inputs can vary widely from season to season, it is important 

for countries to try to model contemporary inputs to best understand the impact of their 
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influenza vaccination campaigns. These three countries were chosen, in part, because 

influenza incidence data and vaccine coverage estimates were available from community 

cohort studies conducted for several years, and vaccine effectiveness estimates were 

available for overlapping years. Such specialized cohort studies are expensive and require 

substantial resources, and many countries may not have this level of data routinely available. 

Instead, most countries may need to leverage routine surveillance data or make assumptions 

that inputs for their country are represented by available data from other similar countries, 

as we did when assuming that the incidence of influenza-associated hospitalizations in 

pregnant women in El Salvador and Panama were similar to estimates observed in Peru 

or that Southern Hemisphere vaccine effectiveness estimates in young children in these 

countries was similar to the vaccine effectiveness estimated for Northern Hemisphere 

vaccines in the United States. Alternatively, countries could strive to fill selected data gaps 

by setting up local systems or participating in regional networks such as REVELAC-i [27] to 

capture information to estimate influenza disease burden, vaccine effectiveness, or vaccine 

coverage, if such data would motivate vaccine policy makers.

The models to estimate the impact of influenza vaccination and our implementation of the 

model in this pilot have limitations. First, the model is sensitive to its inputs, and we did 

not have all the necessary inputs for each specific year, country, and target population. When 

an input was not available for a specific stratum, we assumed that available inputs from 

elsewhere (e.g., other countries, other target groups, or other years) were similar. Relatedly, 

we used estimates of influenza disease burden and vaccine coverage from subnational 

cohorts, but these cohorts might not be representative of the target population at large [28]. 

Second, the model does not account for waning vaccine-induced immunity, which may be 

important to consider when modelling the impact of year-round vaccination versus seasonal 

vaccine campaigns or when modelling campaigns to vaccinate prior to seasonal influenza 

activity. Additionally, the model does not consider differential VE for severe versus non-

severe influenza illness. Third, estimates of burden of influenza prevented by vaccinating 

pregnant women does not include protection conferred to infants younger than six months 

and therefore are an underestimation of the full impact of influenza vaccination [29]. 

Similarly, these models do not consider the possibility that influenza vaccines indirectly 

protect against infection among the unvaccinated through herd immunity [30]. Fourth, the 

confidence interval estimation restricted the distribution used for simulation to positive 

values, therefore estimations do not account for scenarios where VE or its variance may be 

negative.

In conclusion, we have demonstrated the use of a new tool developed by WHO, PAHO, 

and U.S. CDC to estimate the number of influenza-associated illnesses and hospitalizations 

prevented by seasonal influenza vaccination. Future work could build upon this model, 

adding costs associated with averted illnesses to further the relevance for policymaking 

and investment [31] and expanding the model to estimate averted deaths as well as the 

burden of disease averted in countries with year-round influenza circulation. However, in its 

current form, this model of prevented influenza burden, and the accompanying tools, can be 

useful for countries that are evaluating existing influenza vaccine programs or considering 

influenza vaccination strategies.
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Fig. 1. 
Influenza illness and vaccine coverage among children 6–23 months and pregnant women, 

El Salvador, Panama, Peru, 2011–2018 Vaccine coverage is the range of cumulative vaccine 

coverage (number of target population vaccinated) during analytical period; lines indicate 

the overall number of influenza illnesses in the target population during specified year.
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