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Abstract

Background: Due to competing health priorities, low- and middle-income countries (LMIC)
may need to prioritize between different influenza vaccine risk groups. Risk group prioritization
may differ in LMIC based upon programmatic feasibility, country-specific prevalence of risk
conditions and influenza-associated morbidity and mortality.
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Methods: In South Africa, we collected local disease burden data (both published and
unpublished) and published vaccine efficacy data in risk groups and healthy adults. We used these
data to aid policy makers with risk group prioritization for influenza vaccination. We used the
following formula to assess potential vaccine averted disease in each risk group: rate of influenza-
associated hospitalization (or death) per 100,000 population * influenza vaccine efficacy (VE). We
further estimated the cost per hospital day averted and the cost per year of life saved by influenza
vaccination.

Results: Pregnant women, HIV-infected adults, and adults and children with tuberculosis disease
had among the highest estimates of hospitalizations averted per 100,000 vaccinated and adults
aged 65 years and older had the highest estimated deaths averted per 100,000 vaccinated.
However, when assessing both the cost per hospital day averted (range: USD148-1,344) and the
cost per year of life saved (range: USD112-1,230); adults and children with TB disease, HIV-
infected adults and pregnant women had the lowest cost per outcome averted.

Discussion: An assessment of the potential disease outcomes averted and associated costs may
aid policymakers in risk group prioritization for influenza vaccination.

Keywords

Influenza; Vaccine policy; Hospitalization; Mortality; South Africa

Introduction

In 2012, the World Health Organization (WHO) published a revised position paper on the
use of influenza vaccines [1]. Collection of country-specific data on risk groups, influenza
disease burden and vaccine cost-effectiveness was encouraged to aid in policy development,
especially in low- and middle-income countries (LMIC). Risk groups to be considered for
vaccination included pregnant women, children aged 6-59 months, adults aged 65 years and
older, individuals with specific chronic medical conditions, and healthcare workers. Given
available data, WHO’s Strategic Advisory Group of Experts on Immunization recommended
the prioritization of pregnant women for seasonal influenza vaccination to protect both
pregnant women and young infants against laboratory-confirmed influenza. As there were
limited data available about influenza in pregnancy in LMIC, this recommendation was
largely based on programmatic feasibility [2], the findings of a single randomized controlled
trial from Bangladesh [3,4], and observational data on vaccine safety and effectiveness from
high-income countries [5-7]. Influenza surveillance capacity in LMIC has expanded since
the 2009 influenza A(H1N1) pandemic [8-10]. There is a growing body of literature about
the burden of and risk groups for influenza-associated severe disease and death in LMIC
[11-14]. In South Africa, as in high-income countries, young children and adults aged =65
years share a disproportionate burden of influenza-associated hospitalizations and deaths
[15,16]; however, HIV-infection and tuberculosis (TB) disease are also important risk factors
for severe outcomes in this context [17-20]. Thus, risk group prioritization may differ in
LMIC based upon country-specific prevalence of risk conditions and influenza-associated
morbidity and mortality.

Vaccine. Author manuscript; available in PMC 2019 July 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McMorrow et al.

Page 3

Due to competing health priorities, LMIC may have limited resources to dedicate to the
purchase of influenza vaccines. In such cases, vaccine needs of high risk groups may exceed
the available resources for vaccine procurement. Prioritization among high risk groups may
therefore be necessary to optimize influenza vaccine distribution in order to achieve the
greatest impact on severe disease outcomes. In addition to assessing the burden of severe
disease among different risk groups, the efficacy and effectiveness of influenza vaccines in
the high risk group may also be relevant to risk group prioritization. There is evidence of
reduced vaccine efficacy in children aged 6-23 months [21,22], adults aged 65 years and
older [23] and individuals with specific chronic medical conditions (e.g. renal disease)[24];
however, influenza vaccine efficacy in pregnant women appears comparable to that of
healthy adults and also prevents influenza in the young infant [15,25]. There are no data on
the efficacy of influenza vaccines in persons with TB disease. Furthermore, risk groups with
existing platforms for immunization service delivery (e.g. infants through the Expanded
Programme on Immunisation (EPI) and pregnant women through antenatal care (ANC))
may be easier to access than groups that do not present for frequent, scheduled visits (e.g.
the elderly). HIV-infected adults and persons with TB disease not receiving care are
potentially at even higher risk of influenza-associated hospitalization or death than those in
care [26,27] due to immunosuppression, but there is no existing mechanism to provide
influenza vaccine to these high risk individuals. HIV and TB clinics may also be platforms
for immunization service delivery; however, immunization services may not currently exist
in these clinics. Likewise, persons aged 65 years and older are less likely to seek care [28].
There are limited existing data on influenza vaccine cost-effectiveness in LMIC [29]. Due to
the lower cost of hospitalization and outpatient consultation, influenza vaccines may not be
as cost effective in LMIC as in high-income countries. Likewise, high rates of
unemployment may reduce influenza-associated productivity losses.

Given the complexities associated with influenza vaccine prioritization, we sought to aid
policy makers to make evidence-based decisions on risk group prioritization in South Africa.

2. Methods

Using locally available disease burden data (both published and unpublished) and published
literature on vaccine efficacy in high risk groups and healthy adults, we developed an
evidence-based approach to aid policy makers in South Africa with risk group prioritization
for influenza vaccination. For each risk group (pregnant women, HIV-infected adults,
children aged 6-23 months?, adults aged 65 years and older, healthcare workers, adults and
children with tuberculosis disease (all ages), and adults and children aged 5-64 years with
non-HIV chronic illness) we sought to identify data on risk of hospitalization or death from
influenza infection, population size, influenza vaccine efficacy (VE) and existing platform(s)
for service delivery. VE estimates from randomized controlled trials were preferred over
observational VE estimates. When no data were available (e.g. current influenza vaccine
coverage) we used national estimates of influenza vaccine coverage from prior campaigns,
or estimates of vaccine coverage from other vaccines targeting similar risk groups (e.g.

Lin this analysis, we included children aged 6-23 months rather than children aged 6-59 months because few children aged 24-59
months are routinely seen in vaccination clinics in South Africa.
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tetanus vaccine coverage for pregnant women). We did not attempt to assess the potential
impact of vaccination on disease transmission or to weigh the potential benefit of maternal
influenza immunization on birth outcomes [30]. The data sources used in this study are
provided in Table 1.

2.1. Population estimates

Population estimates for all risk groups were publicly available except for persons with
chronic illnesses (excluding HIV) and pregnant women [31,32]. For pregnant women we
used the total live births from mid-year 2016 population estimates [31]. To estimate the
number of HIV-uninfected children and adults aged 5-64 years with chronic illness we
obtained data on self-reported chronic illness from the South Africa National Health and
Nutrition Survey (SA NHANES) [33]. The SA NHANES survey did not collect data on HIV
status. To adjust for the increased prevalence of chronic conditions among HIV-infected
children and adults we used the following formula [34]: the prevalence of underlying
conditions in HIV-uninfected children and adults by age group = SA NHANES survey age
group-specific prevalence of underlying conditions/[1 + 0.58 (age group-specific HIV-
prevalence)]. We applied this prevalence estimate by age group (5-14y, 15-24y, 25-44y, and
45-64y) to the total HIV-uninfected population in the age stratum to estimate the population
who would potentially seek care in non-HIV chronic illness clinics.

2.2. Rates of influenza-associated hospitalization

Rates of influenza-associated hospitalization were calculated using hospital-based
surveillance at sentinel sites adjusting for non-enrolment, health-seeking behavior, and the
attributable fraction of influenza-associated disease, stratified by age and HIV status [35,36];
see also Supplemental information). Rates were adjusted for specific risk factors (e.g.
pregnancy, chronic illness) based upon the increased odds of influenza-associated
hospitalization derived from hospital-based surveillance and data on the age-adjusted
prevalence of the risk factor in the general population, or from the literature [11,37,38].

2.3. Rates of influenza-associated death

Influenza-associated deaths were estimated from published ecological models of seasonal
excess mortality from vital statistics data using laboratory-confirmed influenza as a covariate
[16,19,39,40]. Monte Carlo simulations using 5000 iterations based on a Poisson distribution
in SAS 9.3 (SAS Institute, Cary, NC) were used to develop means and 95% confidence
intervals for estimates of hospitalization or mortality rates requiring adjustment for risk
factors.

2.4. Vaccine efficacy estimates

Vaccine efficacy (VE) of inactivated influenza vaccine was obtained from meta-analyses of
the published literature for healthy adults and the elderly [23,41]. For pregnant women
[15,25], infants aged 0-5 months [3,15,25], and children aged 6—23 months [22,42] we
performed random effects meta-analyses of published randomized controlled trials (RCTS)
of influenza VE (see results in Supplemental Information). There were no estimates of
influenza VE in persons with tuberculosis disease and there are few RCTs that evaluate VE
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against laboratory-confirmed influenza infection in persons with chronic illnesses as most
have looked at a single disease and at alternative endpoints (exacerbations, etc.). For this
reason, we used the VE estimate for adults aged 65 years and older to score these two risk
groups (Table 2). We assumed VE against influenza-associated hospitalization or death was
equal to VE against laboratory-confirmed influenza-associated illness.

2.5. Vaccine coverage estimates

Each year the South African National Department of Health produces estimates of influenza
vaccine coverage by target group. Target groups with estimated vaccine coverage in 2015
were pregnant women, children age 6-59 months, adults aged =65 years and persons with
chronic illness (including HIV-infected adults) [43]. We did not find a local estimate of
influenza vaccine coverage among healthcare workers so we used an average estimate of
10% from low and middle-income countries from the literature [44].

2.6. Coverage-adjusted hospitalization and mortality scores by risk group

To define target vaccine coverage we modified estimates of vaccine coverage from other
vaccines targeting similar risk groups (e.g. tetanus vaccine coverage for pregnant women)
[45] assuming an annual campaign of approximately 3 months duration? would cover 50%
of the annual coverage or, for groups with no current immunization platform, 80% of
individuals presenting to a clinic in a 3-month period (20% for persons with HIV, TB and
other chronic illness, 10% for persons aged =65 years). We assumed that healthcare worker
vaccination coverage could be increased to 80% with improved access and education [44].

2.7. Estimated rate of hospitalizations/deaths averted by vaccination

We used the following formula to estimate the rate of hospitalizations (or deaths) averted by
vaccination in each risk group: rate of influenza-associated hospitalization (or death) per
100,000 population * influenza vaccine efficacy. Monte Carlo simulations using 5000
iterations based on a Poisson distribution in SAS 9.3 (SAS Institute, Cary, NC) were used to
develop means and 95% confidence intervals for estimates of the rate of influenza-associated
hospitalizations (or deaths) averted per 100,000 vaccinated and an overall population-
weighted estimate of the rate of influenza-associated hospitalizations (or deaths) averted per
100,000 vaccinated. The parameters used for the calculations are provided in Table 2.

2.8. Cost per hospital day averted/year of life saved

We also examine the potential years of life saved by vaccinating 100,000 individuals in each
target group and the cost per year of life saved. The cost of vaccinating 100,000 individuals
was estimated as the single dose vaccine price (~USD3) * 100,000 for all groups except
children aged 6—23 months for whom the price was doubled3 [46]. Mean duration of
hospitalization was estimated from local severe respiratory illness surveillance data. The
cost per hospital day averted was calculated by dividing the cost of vaccinating 100,000
individuals by the product of the mean hospitalization duration and the estimated

2Unpublished data from the South African Department of Health demonstrate that during 2015-2017 75-96% of influenza vaccines
administered were delivered within 3 months, typically April-June.
Cost was doubled for children aged 6-23 months because they require 2 doses of influenza vaccine.
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hospitalizations averted per 100,000 vaccinated. Estimated years of life saved was calculated
for each risk group based upon expectation of life in years by age [47] and HIV-status [48].
The cost per year of life saved was calculated by dividing the cost of vaccinating 100,000
individuals by the product of the mean years of life saved per death averted and the
estimated deaths averted per 100,000 vaccinated. The estimated hospitalizations and deaths
averted by the current program and the target influenza vaccination programs were
determined by multiplying the number of doses administered/100,000 by the rate of
hospitalizations and deaths averted per 100,000 vaccinated.

3. Results

3.1. Hospitalizations averted per 100,000 vaccinated

Pregnant women had the highest estimated rate of hospitalizations averted per 100,000
vaccinated at 228.5 (95% CI 130.8—-362.4) in addition to the benefit conferred to their infants
aged 0-5 months (Table 2). Adults with HIV-infection, adults and children with tuberculosis
disease, and adults aged 65 years or older also had high rates of hospitalization averted per
100,000 vaccinated at 190.9 (95% CI 24.5-390.6), 162.0 (95% CI 96.6-245.1), and 111.0
(95% CI 70.3-160.7), respectively. Young children aged 6-23 months had high rates of
hospitalization averted per 100,000 vaccinated with wide confidence intervals (111.6, 95%
Cl 1.1-238.3) due to variable vaccine efficacy. Healthcare workers and adults and children
aged 5-64 years with chronic illness had lower rates of hospitalization averted per 100,000
vaccinated at 36.1 (95% CI 26.5-46.3) and 29.4 (95% CI 15.5-44.7), respectively.

3.2. Deaths averted per 100,000 vaccinated

In South Africa, the majority of influenza-associated deaths occur in older adults and this
resulted in adults aged = 65 years having the highest estimated rate of deaths averted per
100,000 vaccinated, 96.6 (95% CI 26.2-180.9). Adults and children with TB disease also
had very high rates of deaths averted per 100,000 vaccinated, 95.0 (95% CI 64.0-127.3).
HIV-infected adults also had moderately high rates of deaths averted per 100,000 vaccinated,
18.2 (95% CI 6.1-102.3). Due to lower mortality rates, pregnant women, young children,
healthcare workers and those with non-HIV chronic illness had lower estimates of deaths
averted per 100,000 (Table 2).

3.3. Coverage-adjusted hospitalization and mortality scores by risk group

Many LMIC, including South Africa, provide immunization services to young children and
pregnhant women but few may offer immunization services to other risk groups. Therefore,
countries introducing influenza vaccination programs may have to assess the opportunity
costs associated with vaccinating persons outside these existing programs. We adjusted
hospitalization and mortality rates per 100,000 by current and proposed target vaccine
coverage to include an assessment of feasibility in our discussion of prioritization. Based
upon coverage-adjusted hospitalization and mortality scores pregnant women remain the
highest priority for averting hospitalizations (target score 102.5); adults and children with
TB disease and healthcare workers increase in relative prioritization based upon target
mortality scores (scores 19.0 and 10.0, respectively) (Table 3). HIV-infected adults remain
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an important risk group in both coverage-adjusted hospitalization and mortality scores, and
the elderly remain an important risk group based upon mortality scores.

3.4. Cost per hospital day averted and cost per year of life saved

The cost per hospital day averted ranged from USD148-1,344 with a population-weighted
mean of USD386 (95% CI 244-761) (Table 4). Cost per hospital day averted was lowest
among pregnant women and their infants (USD148), HIV-infected adults (USD196), and
adults and children with TB (USD206). The highest costs per hospital day averted were in
children aged 6—23 months (USD1,344) and adults and children aged 5-64 years with non-
HIV, non-TB chronic illnesses (USD1,276). The cost per year of life saved ranged from
USD112-1,230 with a population weighted mean of USD429 (95% CI 226-1,425) and was
lowest among adults and children with TB (USD112), HIV-infected adults (USD257), and
pregnant women (USD373) (Table 4).

3.5. Estimated current and target vaccine coverage and impact

The estimated number of South Africans that fall into one or more risk categories was over
23 million in 2016. Current vaccination coverage in the public sector is less than 5% in all
risk groups except pregnant women (14%). Despite relatively low coverage, our simple
model estimated 1054 (95% CI 405-1,849) hospitalizations and 247 (95% CI 99-431)
deaths might have been averted in 2016. At approximately USD3 per dose of influenza
vaccine, the cost per hospitalization averted was approximately USD2,386 (95% CI 1,360-
6,203) and the cost per death averted was USD10,200 (95% CI 5,836-25,426). If resources
allocated to influenza vaccine procurement were increased, the proposed target program
could potentially avert 5,538 (95% CI 1,722-10,126) hospitalizations and 1,478 (95% ClI
545-2,656) deaths (Table 5). At the same cost per dose, the cost per hospitalization averted
would be approximately USD2,781 (95% CI 1,521-8,943) and the cost per death averted
would be USD10,420 (95% CI 5,800-28,270).

4. Discussion

Hospitalization rates and mortality rates due to influenza-associated illness may differ in
LMIC, there are cultural differences in care-seeking for severe respiratory illness, and there
are few public sector programs that routinely provide immunization and preventive care
services. Considering all of these factors in prioritization of risk groups for influenza vaccine
introduction is essential to program acceptance and success in resource-limited settings.
Prior studies of influenza vaccine prioritization have focused on minimizing years of life lost
[49], on individuals at high-risk of complications [50] or on reducing transmission by
vaccinating children [51] during pandemics. This analysis is a first attempt at applying
similar concepts to routine annual influenza vaccination.

In South Africa, adults and children with TB, HIV-infected adults, and pregnant women had
among the lowest costs per hospital day averted and year of life saved. While the elderly
rank highest when considering potential deaths averted per 100,000 vaccinated, their lower
hospitalization rates and lower years of life lost per death increased the cost per hospital day
averted and per year of life saved. Lower vaccine efficacy and the need for 2 doses of
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influenza vaccine in children aged 6-23 months who have not been previously vaccinated
increase the cost per hospital day averted and per year of life saved for this risk group.

There are several limitations to this methodology. First, data on vaccine efficacy in some risk
groups were extremely limited. There were no data on influenza vaccine efficacy in persons
with tuberculosis disease. Vaccine efficacy data in children aged 6-23 months and HIV-
infected adults were also limited. Second, we assumed influenza vaccine efficacy would be
the same for influenza-associated hospitalization or death as it is against laboratory-
confirmed influenza-associated illness, where most data are collected among outpatients.
Third, our estimates of cost per hospital day averted or year of life saved do not include
adjustments for vaccine delivery or administration. It was challenging to separate
administration costs because there were no additional staff hired to administer
immunizations during annual influenza vaccination campaigns. Fortunately, administration
and transportation costs should be similar across risk groups and would therefore be less
likely to affect relative prioritization. Fourth, we only assessed the potential impact of
trivalent inactivated influenza vaccines. Newer vaccines that may differentially increase
vaccine efficacy in risk groups might impact the relative prioritization of risk groups.
Finally, the results are based on prevention of influenza-associated hospitalization or death
and do not assess potential impact of vaccination on disease transmission or productivity
loss. Including indirect effects of vaccination on influenza transmission might improve
overall estimates of cost effectiveness or result in different prioritization of risk groups.

Prior modelling of the impact of influenza vaccination on disease burden in pregnant women
and infants was able to inform estimates of the fraction of infant disease potentially averted
through maternal vaccination [52] (M Biggerstaff, personal communication). For other risk
groups we assumed that vaccine effectiveness was equivalent to published estimates of
efficacy. This assumption may be incorrect in that not all persons may have received
vaccination prior to the onset of the influenza season, vaccine effectiveness varies depending
on how well the vaccine strains match the circulating strains, and vaccine effectiveness may
wane during the season.

South Africa has published rates of influenza-associated illness and death in most of the
vaccine target groups. Likewise, population estimates from census data, disease modelling,
or other sources were available for most risk groups. However, there were few published
estimates of the prevalence of common co-morbid conditions in South Africa and none that
assessed the prevalence of any co-morbid condition (i.e. one or more conditions). By using
the SA NHANES survey data we estimated the prevalence of any common chronic illness;
however, the SA NHANES did not document all underlying illnesses nor the HIV status of
participants. We attempted to adjust for the increased prevalence of comorbid conditions
among HIV-infected children and adults in estimating the prevalence of other chronic
illnesses in HIV-uninfected children and adults but there were no data available on such
adjustments in a LMIC setting.

Finally, we did not include formal cost-effectiveness analyses for each risk group. We have
recently collected costing data for respiratory illnesses in South Africa and hope to produce
estimates of influenza vaccine cost effectiveness in the future.
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5. Conclusions

In 2016, the National Advisory Group on Immunization in South Africa recommended that
pregnant women and HIV-infected persons be prioritized for publicly funded influenza
vaccination given available evidence on influenza-associated disease burden and a
preliminary version of this analysis (S. Walaza, personal communication). These two risk
groups had the highest rates of potential hospitalizations averted and were among the lowest
cost per hospital day averted and year of life saved. Only adults and children with TB
disease had lower cost per hospital day averted and year of life saved but this group was not
prioritized given the lack of available data on influenza vaccine efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

The authors would like to gratefully acknowledge the contributions of the following persons: Professor Demetre
Labadarios and team at the Human Sciences Research Council for access to SA NHANES data, the Communicable
Disease Cluster of the National Department of Health in South Africa for access to influenza vaccine coverage data,
and the surveillance officers, laboratorians, and participants that support the national pneumonia surveillance
program in South Africa.

Funding source

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.

References

[1]. Meeting of the Strategic Advisory Group of Experts on Immunization, November 2011 -
conclusions and recommendations. Weekly epidemiological record/Health Section of the
Secretariat of the League of Nations. 2012:1-16.

[2]. Meeting of the Strategic Advisory Group of Experts on immunization, April 2015: conclusions
and recommendations. Weekly epidemiological record /Health Section of the Secretariat of the
League of Nations. 2015;90(22):261-78.

[3]. Zaman K, Roy E, Arifeen SE, Rahman M, Ragib R, Wilson E, et al. Effectiveness of maternal
influenza immunization in mothers and infants. N Engl J Med 2008;359(15):1555-64. [PubMed:
18799552]

[4]. Steinhoff MC, Omer SB, Roy E, El Arifeen S, Ragib R, Dodd C, et al. Neonatal outcomes after
influenza immunization during pregnancy: a randomized controlled trial. CMAJ 2012;184(6):
645-53. [PubMed: 22353593]

[5]. Black SB, Shinefield HR, France EK, Fireman BH, Platt ST, Shay D, et al. Effectiveness of
influenza vaccine during pregnancy in preventing hospitalizations and outpatient visits for
respiratory illness in pregnant women and their infants. Am J Perinatol 2004;21(6):333-9.
[PubMed: 15311370]

[6]. Moro PL, Broder K, Zheteyeva Y, Walton K, Rohan P, Sutherland A, et al. Adverse events in
pregnant women following administration of trivalent inactivated influenza vaccine and live
attenuated influenza vaccine in the Vaccine Adverse Event Reporting System, 1990-2009. Am J
Obstetrics Gynecol 2011;204(2). 146el—e7.

[7]. Tamma PD, Ault KA, del Rio C, Steinhoff MC, Halsey NA, Omer SB. Safety of influenza
vaccination during pregnancy. Am J Obstet Gynecol 2009;201 (6):547-52. [PubMed: 19850275]

[8]. Radin JM, Katz MA, Tempia S, Nzussouo NT, Davis R, Duque J, et al. Influenza surveillance in
15 countries in Africa, 2006—2010. J Infect Dis 2012;206(Suppl 1):S14-21. [PubMed: 23169960]

Vaccine. Author manuscript; available in PMC 2019 July 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McMorrow et al.

Page 10

[9]. Savy V, Ciapponi A, Bardach A, Glujovsky D, Aruj P, Mazzoni A, et al. Burden of influenza in
Latin America and the Caribbean: a systematic review and meta-analysis. Influenza Other Respir
Viruses 2013;7(6):1017-32. [PubMed: 23210504]

[10]. Fischer WA 2nd, Gosng M, Bhagwanjee S, Sevransky J. Global burden of influenza as a cause of
cardiopulmonary morbidity and mortality. Glob Heart 2014;9(3):325-36. [PubMed: 25667184]

[11]. Van Kerkhove MD, Vandemaele KA, Shinde V, Jaramillo-Gutierrez G, Koukounari A, Donnelly
CA, et al. Risk factors for severe outcomes following 2009 influenza A (H1N1) infection: a
global pooled analysis. PLoS Med. 2011;8 (7):e1001053. [PubMed: 21750667]

[12]. Lafond KE, Nair H, Rasooly MH, Valente F, Booy R, Rahman M, et al. Global role and burden of
influenza in pediatric respiratory hospitalizations, 1982-2012: A systematic analysis. PLoS Med
2016;13(3):€1001977. [PubMed: 27011229]

[13]. Nair H, Brooks WA, Katz M, Roca A, Berkley JA, Madhi SA, et al. Global burden of respiratory
infections due to seasonal influenza in young children: a systematic review and meta-analysis.
Lancet 2011;378(9807):1917-30. [PubMed: 22078723]

[14]. Pretorius MA, Madhi SA, Cohen C, Naidoo D, Groome M, Moyes J, et al. Respiratory viral
coinfections identified by a 10-plex real-time reverse-transcription polymerase chain reaction
assay in patients hospitalized with severe acute respiratory illness—South Africa, 2009-2010. J
Infect Dis 2012;206 (Suppl 1):S159-65. [PubMed: 23169964]

[15]. Tempia S, Walaza S, Viboud C, Cohen AL, Madhi SA, Venter M, et al. Mortality associated with
seasonal and pandemic influenza and respiratory syncytial virus among children <5 years of age
in a high HIV prevalence setting—South Africa, 1998-2009. Clin Infect Dis 2014;58(9):1241-9.
[PubMed: 24567249]

[16]. Tempia S, Walaza S, Viboud C, Cohen AL, Madhi SA, Venter M, et al. Deaths associated with
respiratory syncytial and influenza viruses among persons >/=5 years of age in HIV-prevalent
area, South Africa, 1998-2009(1). Emerg Infect Dis 2015;21(4):600-8. [PubMed: 25811455]

[17]. Cohen C, Moyes J, Tempia S, Groom M, Walaza S, Pretorius M, et al. Severe influenza-
associated respiratory infection in high HIV prevalence setting, South Africa, 2009-2011. Emerg
Infect Dis 2013;19(11):1766—74. [PubMed: 24209781]

[18]. Cohen C, Moyes J, Tempia S, Groome M, Walaza S, Pretorius M, et al. Mortality amongst
patients with influenza-associated severe acute respiratory illness, South Africa, 2009-2013.
PLoS ONE 2015;10(3):20118884. [PubMed: 25786103]

[19]. Walaza S, Cohen C, Nanoo A, Cohen AL, McAnerney J, von Mollendorf C, et al. Excess
mortality associated with influenza among tuberculosis deaths in South Africa, 1999-2009. PLoS
ONE 2015;10(6):20129173. [PubMed: 26076197]

[20]. Tempia S, Wolter N, Cohen C, Walaza S, von Mollendorf C, Cohen AL, et al. Assessing the
impact of pneumococcal conjugate vaccines on invasive pneumococcal disease using polymerase
chain reaction-based surveillance: an experience from South Africa. BMC Infect Dis
2015;15:450. [PubMed: 26496761]

[21]. Jefferson T, Rivetti A, Di Pietrantonj C, Demicheli V, Ferroni E. Vaccines for preventing
influenza in healthy children. Cochrane Database Syst Rev 2012;8: CD004879.

[22]. Vesikari T, Knuf M, Wutzler P, Karvonen A, Kieninger-Baum D, Schmitt HJ, et al. Oil-in-water
emulsion adjuvant with influenza vaccine in young children. N Engl J Med 2011;365(15):1406—
16. [PubMed: 21995388]

[23]. Darvishian M, Bijlsma MJ, Hak E, van den Heuvel ER. Effectiveness of seasonal influenza
vaccine in community-dwelling elderly people: a meta-analysis of test-negative design case-
control studies. Lancet Infect Dis 2014;14 (12):1228-39. [PubMed: 25455990]

[24]. McGrath LJ, Kshirsagar AV, Cole SR, Wang L, Weber DJ, Sturmer T, et al. Influenza vaccine
effectiveness in patients on hemodialysis: an analysis of a natural experiment. Arch Intern Med
2012;172(7):548-54. [PubMed: 22493462]

[25]. Tapia MD, Sow SO, Tamboura B, Teguete I, Pasetti MF, Kodio M, et al. Maternal immunisation
with trivalent inactivated influenza vaccine for prevention of influenza in infants in Mali: a
prospective, active-controlled, observer-blind, randomised phase 4 trial. Lancet Infect Dis 2016.

Vaccine. Author manuscript; available in PMC 2019 July 03.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McMorrow et al.

[26].

[27].

[28].

[29].

[30].

[31].
[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

Page 11

Cohen C, Simonsen L, Sample J, Kang JW, Miller M, Madhi SA, et al. Influenza-related
mortality among adults aged 25-54 years with AIDS in South Africa and the United States of
America. Clin Infect Dis 2012;55(7):996-1003. [PubMed: 22715173]

Tempia S, Walaza S, Moyes J, Cohen AL, von Mollendorf C, Treurnicht FK, et al. Risk factors
for influenza-associated severe acute respiratory illness hospitalization in South Africa, 2012—
2015. Open Forum. Infect Dis 2017;4 (1):0fw262. [PubMed: 28480255]

Case AMA, and Ardington C. Health Seeking Behavior in Northern KwaZulu-Natal: Princeton
University; 2005.

Ott JJ, Klein Breteler J, Tam JS, Hutubessy RC, Jit M, de Boer MR. Influenza vaccines in low
and middle income countries: a systematic review of economic evaluations. Hum Vaccin
Immunother 2013;9(7):1500-11. [PubMed: 23732900]

Fell DB, Savitz DA, Kramer MS, Gessner BD, Katz MA, Knight M, et al. Maternal influenza and
birth outcomes: systematic review of comparative studies. BJOG 2017;124(1):48-59. [PubMed:
27264387]

Statistical release P0302: Mid-year population estimates, 2016. Pretoria, South Africa 2016.

Johnson LF, Chiu C, Myer L, Davies MA, Dorrington RE, Bekker LG, et al. Prospects for HIV
control in South Africa: a model-based analysis. Glob Health Action 2016;9:30314. [PubMed:
27282146]

Shisana OLD, Rehle T, & the SANHANES-1 Team. South African National Health and Nutrition
Examination Survey (SANHANES-1): 2014 Edition. Cape Town: HSRC Press; 2014.

Schouten J, Wit FW, Stolte IG, Kootstra NA, van der Valk M, Geerlings SE, et al. Cross-sectional
comparison of the prevalence of age-associated comorbidities and their risk factors between HIV-
infected and uninfected individuals: the AGEhIV cohort study. Clin Infect Dis 2014;59(12):
1787-97. [PubMed: 25182245]

Tempia S, Walaza S, Moyes J, Cohen AL, von Mollendorf C, McMorrow ML, et al. The effects
of the attributable fraction and the duration of symptoms on burden estimates of influenza-
associated respiratory illnesses in a high HIV-prevalence setting, South Africa, 2013-2015.
Influenza Other Respir Viruses 2017.

McMorrow ML, Tempia S, Walaza S, Treurnicht FK, Moyes J, Cohen AL, et al. The role of HIV
in influenza- and respiratory syncytial virus-associated hospitalizations in South African
children, 2011-2016. Clin Infect Dis 2018.

Abadom TR, Smith AD, Tempia S, Madhi SA, Cohen C, Cohen AL. Risk factors associated with
hospitalisation for influenza-associated severe acute respiratory illness in South Africa: a case-
population study. Vaccine 2016;34 (46):5649-55. [PubMed: 27720448]

Mertz D, Kim TH, Johnstone J, Lam PP, Science M, Kuster SP, et al. Populations at risk for
severe or complicated influenza illness: systematic review and meta-analysis. BMJ
2013;347:f5061. [PubMed: 23974637]

Tempia S, Walaza S, Cohen AL, von Mollendorf C, Moyes J, McAnerney JM, et al. Mortality
associated with seasonal and pandemic influenza among pregnant and nonpregnant women of
childbearing age in a high-hiv-prevalence setting-South Africa, 1999-2009. Clin Infect Dis
2015;61(7):1063-70. [PubMed: 26060287]

Cohen C, Walaza S, Treurnicht FK, McMorrow M, Madhi SA, McAnerney JM, et al. In- and out-
of-hospital mortality associated with seasonal and pandemic influenza and respiratory syncytial
virus in South Africa, 2009-2013. Clin Infect Dis 2017.

Vaccines for preventing influenza in healthy adults [Internet]. 2014 [cited November 21, 2016].
Available from: www.cochranelibrary.com.

Hoberman A, Greenberg DP, Paradise JL, Rockette HE, Lave JR, Kearney DH, et al.
Effectiveness of inactivated influenza vaccine in preventing acute otitis media in young children:
a randomized controlled trial. JAMA 2003;290 (12):1608-16. [PubMed: 14506120]

Ramkrishna W Trends in influenza vaccine coverage of high risk groups in South Africa (2011-
2015), prior to influenza policy implementation. Options IX for the Control of Influenza; August
27, 2016; Chicago, Illinois: International Society for Influenza and other Respiratory Virus
Diseases (ISIRV); 2016.

Vaccine. Author manuscript; available in PMC 2019 July 03.


http://www.cochranelibrary.com

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

McMorrow et al.

[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

[55].
[56].

[57].

[58].

[59].

Page 12

Haviari S, Benet T, Saadatian-Elahi M, Andre P, Loulergue P, Vanhems P. Vaccination of
healthcare workers: a review. Hum Vaccin Immunother 2015;11(11):2522-37. [PubMed:
26291642]

Horton KC, Dueger EL, Kandeel A, Abdallat M, El-Kholy A, Al-Awaidy S, et al. Viral etiology,
seasonality and severity of hospitalized patients with severe acute respiratory infections in the
Eastern Mediterranean Region, 2007-2014. PLoS ONE 2017;12(7):e0180954. [PubMed:
28704440]

Pan American Health Organization. Expanded Program of Immunization Vaccine Prices for Year
2016 2016 [Available from: http://www?2.paho.org/hg/index.php?
option=com_content&view=article&id=6207%3A2011-about-influenza-
vaccine&catid=4204%3Ainfluenza-vaccine&Itemid=4322&lang=en

World Health Organization. Global Health Observatory 2015 [Available from: https://
knoema.com/WHOGHO2015/global-health-observatory-2015?location=1001850-south-
africa&indicator=1007590-ex-expectation-of-life-at-age-x

Johnson LF, Mossong J, Dorrington RE, Schomaker M, Hoffmann CJ, Keiser O, et al. Life
expectancies of South African adults starting antiretroviral treatment: collaborative analysis of
cohort studies. PLoS Med 2013;10(4):e1001418. [PubMed: 23585736]

Miller MA, Viboud C, Olson DR, Grais RF, Rabaa MA, Simonsen L. Prioritization of influenza
pandemic vaccination to minimize years of life lost. J Infect Dis 2008;198(3):305-11. [PubMed:
18558871]

Mylius SD, Hagenaars TJ, Lugner AK, Wallinga J. Optimal allocation of pandemic influenza
vaccine depends on age, risk and timing. Vaccine 2008;26(29-30):3742-9. [PubMed: 18524428]

Lee BY, Brown ST, Korch GW, Cooley PC, Zimmerman RK, Wheaton WD, et al. A computer
simulation of vaccine prioritization, allocation, and rationing during the 2009 H1IN1 influenza
pandemic. Vaccine 2010;28(31):4875-9. [PubMed: 20483192]

McMorrow ML, Emukule GO, Obor D, Nyawanda B, Otieno NA, Makokha C, et al. Maternal
influenza vaccine strategies in Kenya: which approach would have the greatest impact on disease
burden in pregnant women and young infants? PLoS ONE 2017;12(12):e0189623. [PubMed:
29283997]

Health Professions Council of South Africa. Summary of Registered Persons 2016 [updated May
3, 2016 Available from: http://www.hpcsa.co.za/Publications/Statistics

South Africa Nursing Council. Registrations and Listed Qualifications Calendar Year 2015 2015
[Available from: http://www.sanc.co.za/stats/Stat2015/Year%202015%20Registrations%200f
%20Practitioners%20Stats.pdf

Shisana O, Hall EJ, Maluleke R, Chauveau J, Schwabe C. HIVV/AIDS prevalence among South
African health workers. S Afr Med J 2004;94(10):846-50. [PubMed: 15532762]

Tuberculosis country profiles: South Africa: World Health Organization; 2015 [Available from:
http://www.who.int/tb/country/data/profiles/en/

Lawn SD, Bekker LG, Middelkoop K, Myer L, Wood R. Impact of HIV infection on the
epidemiology of tuberculosis in a peri-urban community in South Africa: the need for age-
specific interventions. Clin Infect Dis 2006;42(7):1040-7. [PubMed: 16511773]

Madhi SA, Maskew M, Koen A, Kuwanda L, Besselaar TG, Naidoo D, et al. Trivalent inactivated
influenza vaccine in African adults infected with human immunodeficient virus: double blind,
randomized clinical trial of efficacy, immunogenicity, and safety. Clin Infect Dis 2011;52(1):
128-37. [PubMed: 21148531]

Michiels B, Govaerts F, Remmen R, Vermeire E, Coenen S. A systematic review of the evidence
on the effectiveness and risks of inactivated influenza vaccines in different target groups.
Vaccine. 2011;29(49):9159-70. [PubMed: 21840359]

Vaccine. Author manuscript; available in PMC 2019 July 03.


http://www2.paho.org/hq/index.php?option=com_content&view=article&id=6207%3A2011-about-influenza-vaccine&catid=4204%3Ainfluenza-vaccine&Itemid=4322&lang=en
http://www2.paho.org/hq/index.php?option=com_content&view=article&id=6207%3A2011-about-influenza-vaccine&catid=4204%3Ainfluenza-vaccine&Itemid=4322&lang=en
http://www2.paho.org/hq/index.php?option=com_content&view=article&id=6207%3A2011-about-influenza-vaccine&catid=4204%3Ainfluenza-vaccine&Itemid=4322&lang=en
https://knoema.com/WHOGHO2015/global-health-observatory-2015?location=1001850-south-africa&indicator=1007590-ex-expectation-of-life-at-age-x
https://knoema.com/WHOGHO2015/global-health-observatory-2015?location=1001850-south-africa&indicator=1007590-ex-expectation-of-life-at-age-x
https://knoema.com/WHOGHO2015/global-health-observatory-2015?location=1001850-south-africa&indicator=1007590-ex-expectation-of-life-at-age-x
http://www.hpcsa.co.za/Publications/Statistics
http://www.sanc.co.za/stats/Stat2015/Year%202015%20Registrations%20of%20Practitioners%20Stats.pdf
http://www.sanc.co.za/stats/Stat2015/Year%202015%20Registrations%20of%20Practitioners%20Stats.pdf
http://www.who.int/tb/country/data/profiles/en/

Page 13

McMorrow et al.

"(20'2-89'T 1D %G6) G8'T ones uolye|ndod-ased ejep [edo| paystignd

Ajpuaoal wouy uonezifelidsoy paye1dosse-ezuanjjul Jo SPPO pasealoul ay) 1oy paisnipe

2J9M S8Rl pazIpJepurls-A|H pue aby "uaip|Iyd pue synpe paloajul-g1 Buowe 9409 aq 03
pawinsse sem aouajenald AJH "anJelali] syl WoJy parewunnsa Sem adusploul g1 paisnipe-aby

SI8X40M 8JeoYI|eaY JO 8ous[enald
-AlH pue uonngLsip abe 1oy paisnipe STOZ-ETOZ “elep [820] Wwoly ayed paysiigndun

GT0Z-ET0Z ‘sieak g9 = pabe synpe 10} L1ep [ea0] Wolj arey
9T0Z-TT0Z ‘SyIuow £z-9 pabe UaIp|1yd o} elep [eao] woiy a1el paystigndun
GTOZ —€T0Z ‘sieak y9-GT pabe synpe pajoajul-AlH 0} elep [ed0] WwoJj ayey

9T0Z-TTOZ ‘sypuol G—0 pafe UaIp|Iyd J0} eJep [e30] Wouy ajey

(£2T-S'F 1D %S6) 89 MSH aAle|a) :uswom Jueubaid Buowre uonezijendsoy
PaIRIo0SSe-BZUBN|LUI JO YSII Pasealoul ay) Jos paisnipe pue sieak gy—GT pabe synpe Joy) sarel
uonezijeldsoy pajeloosse-ezuanjjul aJeWIISa 0) Pasn a1am sajel pazipiepuels-A|H pue sy

(E0°Z-€C°T 1D %S6) 85'T

01381 SPPO ‘PardauIUN-A|H 0} pasedwod paldajul-A|H Ul SUOIIPUOD PIGIOWOD 0 8oudjensd
paseaJaul Joy paisnipy “iapuosip ainzias Jo ‘abe 10j 1ybIam o< Jo AI0ISIY ‘8]1%/6 > IING
—s1eah $T—0 pabe uaIp|IyD ‘GE Z 1NG 40 ‘Bupjows sieak-3oed QT ueyl 810w ‘SISOIN2IBQN}
10 AI01S1Y ‘sa18qeIp ‘aseasIp Je|naseAolpled — sieak $9-GT pabe s)npy :Suonipuod
BuiAj1apun Buimol|of 8y} Jo a1ow Jo T J0 sdusjensid paziptepuels-abe paulwisiag

31BLUINS3 $TOZ WOJ) 3BUBYD OU PaLINSSY

SJ19yJ0M aseayyfesy ul souafenssd AlH
{(ST0Z) DNWVS Wouy sasinu pue (9T0Z ABIN €) WSDdH Wouy siapiaod paiaisiBal jo wng

sIeak g9 Z pabe s)npe o wns
syyuow gz—¢T pabe ualpiyd |Je snid syluow TT—0 pabe sjueyul Jo jfey Jo wns
s1eak y9—GgTpabe sfenpiaipul 10y sayewnss uoirejndod

Jeak-piw 01 |apow esiquiay L ayl woJy abe Jo Jeak Aq aousjenasd AIH 9T0zZ paljddy

SUMIQ BAI| [enuue 0 [enba pawNsSsy

[2€] 'e 18 wopeqy :[g€]

‘e 19 eidwa] :[9g] aji0id A1unod eaLyy Yyinos
‘GT0Z Moday g1 PIUOM OHM :[2G] ‘[e 18 ume
[se]

"[e 39 euesiysS [rS] ONVS ‘[G€] ‘e 16 erdwal
[€] ‘e 18 eidwa).

[9€] 'fe 18 moLloNON

[se] ‘e 10 erdweL

[9€] 're 18 Mmoo

[T1] "1e 18 usnoyxIa3 ueA :[5e] ‘e 18 erdwis)

[vel
‘e 38 usInoyas :[e€] (SINVHN VS) Asning
UuonLINN pue yijesH [euolieN edu}y yinos

[95] a14014d Annunod
eIl YINOS ‘GT0Z Hoday g1 PHOM OHM

[5s] 1e ¥ euesiys :[¥S] (ONVS)
[1ounod BuisinN ueatyy yinos ‘[es] (VSOdH)
BILIJY YINOS JO [19UN0YD SUOISS8401d YljeaH

[t€] 910z ‘serewns3
uone|ndod JeaA-pIN ALY YIN0S SoNsels

[te] 910z ‘serewns3
uone|ndod JesA-PIN BILYY LANOS SONSHEIS

[z€] 18po esiquiay L :[T€] 9TOZ ‘srewns3
uone|ndod JesA-pliAl BILJY YINOS sonsnels

[t€] 910z ‘serewns3
uone|ndod JeaA-pIN ALY YIN0S SoNsels

9SeasID g1 UMM Uaip|1yd
pue synpe ui ajes uonezijendsoy pareloosse-ezusnjyul

SENTIIN
aJedy)[eay Ui arel UonezijeNdsoy pare1dosse-ezuanjiu|

sIeak G9 2
pabe s)npe ul a1eJ uoiezijeldsoy payeIoosse-ezuanjiu|

syuow £z—9 pabe
UaJp[1yd Ul 81kl uonezijeldsoy paleloosse-ezuanjjul

sIeak 9—GT pabe s)npe pajoajul
-/\IH Ul 8JeJ uonezije)idsoy paje1dosse-ezuanjjul

syiuow G0

pabe syuesul Ul 8jel UoREZIje)IdSOY PaleIdosse-ezuan|ju|
UaWOM

jueuBaid ul ayes uolezijendsoy pareldosse-ezuanjju|

Sajey UoIRZIfENASOH

8SLasIp 91U0IYD JBYI0 UM SIeak
9-G pabe uap[Iyd pue synpe Joj ajewnss uone|ndod

asessIp
g1 YIM UaIp|Iyd pue synpe Joy arewnss uotreindod

SJ19yJoM a1edyi|eay Joj arewnsa uolejndod

S1eak g9 Z pabe s)npe 1oy arewnss uonendod
syyuow £z—9 pafe uaip[1yd Joj sjewnss uolre|ndod
sIeak 19

—GT pabe s)npe paosjul-AlH Joy 8rewnss uoieindod

uawom jueubaid Joy arewnss uoneindod

sapewins3 uoleindod

poypw uolrewnsy

eyl

erq

"'9T0Z ‘BolILY YINOS Ul UojeuIdIeA BZUBN|UI 10} sdnoab xs11 Ajliolid uo elep Jo $321n0S

Author Manuscript

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

; available in PMC 2019 July 03.

Vaccine. Author manuscript



Page 14

McMorrow et al.

"13p|o pue sieak g9 pabe synpe wody arewnsa JA ayl pasn am ([6S] 'je 18
S[BIYII]) S8SSauU|I 91Uy Upm suoslad Buowe Aoealya au1adeA Uo elep paliwi| ay) 0} ang

"19p|0 pue siesk G9
pabe s)npe WoJj ayewnsa JA 8yl pasn am ‘gl yum suosiad ur A Jo saipms paysiignd oN

$10Y 0Z 40 SIsAjeue-e1aWl pue MaIASY 8URIYI0D Ul S)jnpe Auljeay 01 JusjeAinba pawnssy
S31pNIs [011U02-ased UbIsap aAlebau-1s3) GE JO SISAjeue-ela|N

‘syuow g

—9 pabe UaJp|Iyd Ul BUIDIRA BZUBN|JUI PaIBAIIORUI JO S[eL1) Pa]]04IUu0d paziwopuel paysijgnd
10 [9pOW [9ZSUSRH-|a1UBIA S109)9 Wopues Buisn parewnss ¥y “4y-T Buisn parewns3
"abueyd ou pawnssy

‘uawom jueubaid

Ul BUIDJRA BZUSN|JUI PaTRAIIORUI JO S[BLI]) P3[|0JIU0D paziwopuel paysijgnd Jo [apow
|9ZSUseH-|a1URIA S198448 Wopuel Buisn parewnss Hy (4y) onel ysu-T Buisn parewns3y
‘uawom jueubaid

Ul BUIDOBA BZUBN|JUI PATRAIJRUL JO S|BLI} P3][043U0D PazZIWopuUel paysiignd 4o [apow
|9ZSUSBH-|1UBIN S108)J WopUEs Buisn payewnss HY "(dy) onel su-T Buisn pajewns3y

(6£27L'T 1D %S6)
#0°Z O17eJ SPPO :SS3U||I 21UO0JYD Y1m suoslad Buowe yieap Jo Sppo pasealoul Joy paisnipe
€T02-600¢ ‘sieak ¥9—-G Um@m S]jnpe pue uaJpjiyd 1oj e1ep |edo| wouj arel tw;m__n:QcD

600Z—666T ‘21ep [290] WOJJ a1el payst|angd
£T02-600Z ‘seak 9-0z pabe synpe Joy eep 0] woJj aves paystjgndun

€T02-6002 ‘e¥ep [e20] WoJj ajel paysijgndun

£T0Z-6002 ‘sJeak #—T pue syiuow TT—0 pabe usip|Iyd 4oy eyep [e0] Woly 83el paysiigndun
60028667 “e1ep [220] W04 81el paysi|qnd

£702-6002 ‘SyluoW TT-0 pabe siuejul 1o} eep [e90] WoJy a¥el paystigndun

6002-666T "EIep [ed0] wou} alel pays!iand

(€2°2-26'T 1D %56)
10z ones uone|ndod-ased :ejep [e90] WO S} NPe pajdauIun-AlH 01 pasedwod (1eak ise|
u1 uofiezije)dsoy wolj pawnsse) ssauj|l J1UOIYD YHM 3S0Y} Ul uoljezijendsoy pajeroosse

-BZUaN|Jul JO SPPO pasealoul ay} Joj paisnipe alam sayes paziplepueis-A|H pue aby

[€2] '[e 18 UeIYSIAIEQ

[€2] '[e 18 UeIySIAKRQ
[Tv] Ie 18 18YdIWLQ
[e2] '[e 10 uBlySIAIRQ

[2z] 're 1o LeIsan[zy] e 18 Uew.sqoH

[8S] 'fe 18 1ypen

€]
‘[e 18 uewez [Gz] [e 10 eideL [ST] ‘|8 18 1ypen

[g2] ‘e 1o eidey [ST] ‘e 18 1ype

[8€] 1e 18 zua :[o] "2 18 UBY0D

[6T] "[e 19 ezejem
[ov] ‘re 18 usyod

[ov] "re 18 usyod

[ov] “re 18 usyod

[o1] ‘e 18 e1dwa)

[ov] "re 18 usyod
[6€] ‘e 10 e1dwa)

[2€] 1e 10 wopeqy :[g] |e 19 e1dwal

abe19/09 IUIDIEN

$3SS3U| |1 21UOIYD YNUM SIeak $9-G
pabe ualp|Iyd pue S)Npe 1oy 81ewWIISs ADBI1LS BUIDJBA

dal
UNM UBIP|IYD puB S)NPR. 10j 818WINSS AOBI1YD BUIDJBA

SIBYJ0M BJBOUI|EaY 10 SRS AJBO1YS8 BUIDOBA
s1eak Gg < pabe synpe Joy a1eWINSa AOBI1Ya BUIDIBA
syuow

£2-9 pabe ualp|iyd 1oy arewnsa AJeo1ya sUIdIBA
S)INpe Palodjul-AIH J0) 81BWINSS ADBI1YD BUIDIBA

syuow G—0 pabe s)ueyuI Ul SSBU||I PaIRIDOSSE
-ezUBN[HUI 1SUIeBe AJBD1YJe BUIDORA BZUSNJUI [BUISIRIN

uawom jueubaid Joy arewnsa Aoedlya aulddeA

Aoeatyas aurogn

9SBaSIP 21UOIYD JBYI0 YHM SIeak $9—G pabe
UBIPIIYO pUe SYNPE Ul 81kl Y1eap Pajeloosse-ezuanjiul

9seasIp g1 ynm
UBIP[IYD pUB SHNPE Ul 81el Y1eap Paje1oosse-ezuanjiu|

SI8XJ0M BJBOUI|ESY Ul 81EJ U1esp Paleloosse-ezusnjjul

sieak
G9 < pabie synpe ul ayel Yleap pajeldosse-ezusnju|

syuow
£2-9 pabe UaJIp[Iyd Ul 318l Y1eap PareIoosse-ezuanju|

sieak y9—GT pabe
S)INpe Pa19ajuI-A|H Ul 8.l L1eap paleldosse-ezusnjjul

syiuow
G0 pabe sjuejul Ul B1BJ YYesp Paleldosse-ezusnjyul

uawom jueuBaid Ui ayel yreap pareloosse-ezuanjju|

sojel yiead

3SBaSIP 1UOIYD JBYIO UM SIeaA 9 pabie uaip|iyd
pue synpe ui ajes uonezijendsoy pareloosse-ezusnjyul

poypew uoirews3y

30Inos

elreda

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2019 July 03.

Vaccine. Author manuscript



Page 15

McMorrow et al.

S31BWINSA £TOZ WOy 8BUBYD OU PaLINSSY

9T0Z-6002 99ue||18AINS ssau||l Alojelidsal alanss

(g6'¢-08'zasn 8bues) easn

31BWINS? $T0Z WOoJy 8BUBYD OU PaNSSy

970g 104 suondwnsse |apow pasn

81BWNSe GTOZ WoJy aBueyd ou pawnssy

'SI9I0M BIBIUIESY UBDLILY YINOS Ul 361900 aUIDIRA BZUSN|JUI
JUB1IND JO B)RWISS UR SB 0450T 9S0UD 9M 0S M3IABJ SIU Ul 96RISA0D BUIDORA BZUBN|JUI MO|
3UI20BA Py S81IIUN0D SLI0JUI 8|PPIW PUB MO ISOIAl "BOLILY UINOS 10} 8|Ce|IeAR 31eWINSs ON

“Joyne Jad sayewnsa
9SBaSIP 21UOIYD Ul PAPN|OUI SYNPE Pa1dajul-g 1 PUe AlH ‘STOZ Wols aBueyd ou pawnssy

[sy] e 3o
uosuyor :[2] A101eA1ssqO UesH 80| OHM

eiep paystgndun aoIN

[9v] 9T0Z 404 SEO1Id BUIDJEA pun4
Buinjonsy uoieziuebiO UiesH UeoLawY ued

[95] aj1401d Anunod
B3IV YIN0S ‘GTOZ Hoday g1 PHOM OHM

[z€] 62 1spow esiquiay L

[Sv] serewnss eoLyy YINOS 43DINN/OHM

[¥] Ie 10 LEIARH

[ev] euystnjuey

abe Aq s1eaA ul a)1] Jo uoneyoadx3

dnoub xsii yoes oy sAep ul

uonezijeldsoy payeldosse-ezuanjyul 40 UOIRIND UBSIA
3UIJJBA BZUBN|JUI PaleAdBUI JO 3sop 8]buls e JO 150D

Juswieal) Buinzdal
Apuaning aseasip g1 ynm suosiad jo uoniodold

JuaWIeal}
pue a1ed ul AjuaiInd pajoajul-AlH Jo uonuodold

Ssipauesed 1910

(uawom jueubaid) ploxol snuelsy pue (Uaipiyd) asop
pU028S S3|Seall J0} SaTewNsa abelanod auIddeA JUsLIND

SI8XI0M BIBIYI|EaY
10} Sa1eWINSe 86RIaA0D BUIDIRA BZUBN|UI UBLIND

sdno.b xsi
|[e Joj sarew s abelan0d au1ddeA BZUSN[LUI JUBLIND

poypew uoirews3y

30Inos

elreda

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

; available in PMC 2019 July 03.

Vaccine. Author manuscript



Page 16

*(uonetedaid ui ‘yeisiabbig ‘) pariene ag Aew sjuejul Ul usping JO 9%,0T—8 AJUO UOITRUIdJBA [eulalew jo Buiwn 0} ang
KKK

‘s19xJom aleayjesy 1deoxes sdnoub ysii [|e 10} Sa1ew11se [euolieu GT0Z
'y

x

'SS3U |1 PaYRID0SSe-BZUBN|4UI PaWILU0d-A10ieIoqe] JsureBy
x

McMorrow et al.

%€

(e'82-€'8) L'9T

(Lvr-5ST) v'62

8r8'TT

=Uu (%0,

-0 ‘1D %S6)
%85 Al1ap|d

ul 9yewnsa
pasn umouxun

8r8'TT

=Uu (%0,
-0 ‘1D %S6)
%85 Al1ap|d
ul 9yewnsa

(ese-vsT) vz

(Les-818) vey

€5€'€98'6

(P8103JUI-AIH %09 <)

$35S8U||1 21U0IYD J3Y10
Uum sieak y9-g pabe
Ualp|iyd pue s)npy

(sabe |1e) gL yum

%we (€221 -07%9) 056 (T'S¥2—9'96) 0°Z9T  pasn ‘umouxun (7LT-¥¥T) ¥9T (7'2,€-G'€6T) L'28¢C  ¥T0T Ul S8se payiiou €6T'8TE UaIP|Iyd pue synpy
v2L'1S
= U (%99-€5 (%L°ST) peIosjuI-AlH ¥26'88
%0T (L'81-99) 52T (€9v-992) T'9¢ ‘12 %S6) %09 (0'62-1'6) 6°0C (8'GL - 5'SP) 9'09 €6€'995 SI3310M 3IBdY)E3H
8r8'TT
= U (%0.-0F (%9€°€) PaIoBIuI-AIH 079'L6 sieak
%we  (6'08T-2°92) 9'96 (09T -€0L) 0TTT ‘12 %S6) %8S (972e-0'18) €697 (952-¥¥T) 76T 221'606'C G9 < pabe synpy
4
U1 9%g9 abe1anod asop €681
 dUI02eA S3|SBa =U'(%0.-Ty- (%6°0) PaYRYUI-AIH TT6'GT syjuow
%E (e81-10) 08 (€862-TT)9TIT ‘12 %S6) %SE (g9z-19)ver (8LTr—9.€2) Tvee 205'62L'T €29 pabe uaip|1yd
90§
=U‘(%96-6 sieak y9—GT pabe
%E (€201-T'9) Z'8¥ (9°06€-S't72) 6°06T ‘12 %S6) %9/ (T'18-£'8¢) L'¥9 (z'eee—'61T) €952 60,7099 S)Npe pajosjuI-AlH
GTOT Ul 9608 dbeJanod Y o eoret) o 0€v9
350D Z PIOXO} SNUBIDL  sope LOTTD) 8L (90V-€ST)8LZ = u (9pg/-£p (965'22) PEISJUIAIH SEZ'0LZ
%1 (0c1-6€)L°L ('29e-8°0€T) G'82¢ ‘12 %S6) %19 (081-2°2) 92T (8'765-21€2) 8'8LE (synq) T98'86T'T uswom jueubaid
(10 %G6) s 1eahk (10 %s6)
((fe) uossed 000'00T Jod  s.eaA uos.ed 000'00T
04G6) poreunden (1D 9%S6) Pareuldden yleap pareroosse Jod uoirezifelidsoy
000'00T  000°00T 4od pa1one dnoJb s eZUBN|JUI JO  polelosse-ezuen|jul
d payene suolrezifelidsoy ul *\Gmo_:m 9lel pazip frepuels Joare. pazip repuels (9T0Z) 214V yinos
£,208BA0DBUIBA  gypeap [enUBId fenuelod auoeA -AIH pue aby -AIH pue eby ur uoizeindod reaA-pIN dno.b 1y

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

"BV YInos ‘dnolb ysu ybiy Aq abeianod aurdgen pue ‘pareuldden 0oo‘00T Jad paliane syreap |eruslod ‘pareulddea 000‘00T Jod pauiane
suonezijendsoy jenusiod ‘Aoeal)je aUIdA ‘Salel Yieap paleloosse-ezuan|jul ‘sajel uoljezijelidsoy pareldosse-ezuanjjul ‘azis uone|ndod Jo Arewwns

Author Manuscript

Vaccine. Author manuscript; available in PMC 2019 July 03.



Page 17

McMorrow et al.

*SI8X40M B1eayijeay 1dsoxe sdnoub ysu |[e 10} SIeWIISe [eUOIeU STOZ
*¥

So9ssau

1UOIYD JBYI0 YMm

(Ls-21)¢ee (6'8-T°€) 6'S %02 (8'0-2°0) 50 (e'1-50) 60 %€ steak $9-G pabe uap|Iyd pue synpy
(5'5z-821) 06T (067—¢6T) vz %0¢ (8e-6T1)67¢ (71672 6V %e  (sabe |[e) gL ynm uaip|iyo pue synpy
(0'sT-€'9) 0°0T (0'2e-2'12) 8'82 %08 (6'1-20) €T (9v-92) 9°€ %0T S19x10Mm aredyyeaH
(T81-92) L'6 (T9T-0) TTT %0T (9e-50)6'T (zevmee %2 s1eak 69 = pabe synpy
(6'5-00)6¢ (e'9.-7'0) 9°5¢E %2E (00020 (Tz-00)¢e %E sypuow £2—-9 pabe uaipiIyd
(502-21) 96 (T'8,-6'7) 2'8 %02 (Te-z0) v'T (L11-L'0) L'S %e  sieak y9-GT pabe s)npe pajosjul-AlH
(T6-9€) 9 (z'19T-¥'89) G'20T %0% (zeen e (#'95-G'0¢) 8'G€ %YT uawom jueubaid
91098 Allfeliow

91035 9100S pawsnipe  8.03s uolrezifeldsoy

>H_4Wwwwmowmwm Wm Honesl _MmMm Mmowﬂwm Wm abe Jon0d auJeA b Je| .mumrﬂw\,%w -obe en0d mocwm Eﬂw ,.,20. 1BA00 8UIdJeA STOZ dno b xs1y

"2o1JV yinos ‘dnoub ysi ybiy Aq sai0os Alljeriow pue uonezijelidsoy paisnipe-abelanod pue abelanod aulagea 196ie) ‘abelanod aulddeA 9Toz Jo Arewwns

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Vaccine. Author manuscript; available in PMC 2019 July 03.



Page 18

(Szv'1-922) 62¥ (Lz¥1-922) 2SL z€ (T9.-1¥2) 98¢ (6)8 [el0l
S9SEeaSIP 21U0IYD
(T8T'T-9%€) L85 (998-+52) T1S 1€ (6T¥'2-6€8) 9/2'T (6)8  J8uro yum sreak 9-G pabe uaip|Iyo pue synpy
(991-¢€8) 21T (€09€-TT8T) 6892 8¢ (Sve-9€T) 902 (om) 6 gL Yum uaipjiyd pue synpy
(9e5'T-2¥S) 118 (¥S5-G6T) 0.€ (0} (ST#'T-018) 6€0'T ()8 SI3310M 3IedY)e3H
(292'1-552) 8.% (92T1-02T) 829 L (ee5-€£2) 8e€ (6)8 s1eak g9 < pabe synpy
(19£'86~2€5) 0€ZT (91T7-9) 88% 19 (#9£'9€T-629) ¥E'T ()7 syluow £z-9 pabe usip|Iyd
(ze0'z-T2T) LSC (9/t72-8%T) 99TT vz (T€5'T-96) 96T (6)8 s1eak $9-GT pabe synpe palosjuI-AlH

(6) 6
(629-152) €1€ (99TT-2L¥) S08 09 £ (582-€0T) 87T (6) L syuow G—0 pafe siueyul -pue- uswom jueubsid

(10 %s6) Yresp (UoireINep plepues)

(12 %g6) (asn) pareuiodeA 000'00T od Jod 1501941 (12 %s6) (asn) sAep ul uoirezifelidsoy
panes 8}l Jo teak Jad 150D pones 81| Josteakabesony  Josieakabesony  polsene Aep [elidsoy Jod 1500 JO uoljeInp ues |\ dno b 1y

McMorrow et al.

"'9T0Z ‘8ol YInos ‘sdnoub ys11 pa1dajas Ul uoljeulddeA ezuanjjul Ag panes ajl| Jo Jeak uad 1500 pue paliane Aep [eudsoy Jad 1500 pajewiis3y

¥ alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Vaccine. Author manuscript; available in PMC 2019 July 03.



Page 19

McMorrow et al.

"poriad UOIT_UIDIBA LIUOW-E € J8A0 Bunussaid sfenpiaipul J0 86eI8A00 9408 J0 uondwinsse Jo wiojreld uoieuooeA Bunsixs ue yim abeIan0d 940G Wolj PaALap abessnod auloden 1ebie)

*

(959'2-5vS) 8.1'T (921'0T-22L'T) 8€S'S (z2) e9z'veT's (Tev—66) LT (678T-S0¥) ¥S0T (v) ¥€1'8¢€8 [eol
$8SSaU||1 1U0IYD
(855-+9T) 62¢ (288-90€) 085 (02) TL9°2L6'T (¥8-52) 6v (zeT-97) 18 (€) T06'562 J3U30 YN UBIP[IYd pue s)npy
(18-T¥) 09 (957-T9) €0T (02) 6£9'€9 (z1-9) 6 (€2-6) ST () 9vS'6 €L YUM uaipjiyd pue synpy
(g8-0¢) /8 (0T2-021) Y91 (08) ¥TT'ESY (TT-9) L (92-ST1) 02 (0T) 6£9'95 S18)10M 31BIU)BSH
(02£-98T) 9.2 (297-502) €2€ (01) 216062 (y1-1€) S8 (e6-T¥) 59 (2) z81'85 s1eak g9 < pabe synpy
(T0T-T) ¥¥ (6TE€T-9) 819 (z€) Tri'ess (6-0) ¥ (ve1-T) 85 (€) 588'TS syiuow £z-9 pabe uaip|iyd
(TSET-T8) L€9 (09T5-¥2€) Z2se (02)zv6'0ze'T (€0z-21) 96 (vLL-6Y) 8L€ (€) TYT'86T  Sieak y9 —GT pabe s)npe pajosjul-AlH
syuow G0
(60T—€Y) L (€£6T-T0L) 622T (oy) v¥S'6Ly (8e-ST) 92 (929-5v2) 0eY (#1T) 0v8'29T pabe syueju| -pue- usliom Jueubald
(uoire|ndod
(uoire|ndod (12 %S6) weboud b 1e} 9p)
(19 %s6) we.boud (10 wse)  1BBIe1 %) 8beenod (14 oie6) ureiboud 1B 1Ind Aq pellene weBo.d Jue1ind
pbre1Aq porene  weibold b1l Aq polene Bhre1yum  uelInd Ag palene suolrezifelidsoy Aq pareuinoen
Sylesp perewlsy  suoljezifelidsoy parewsy pareuiodeA equiny Syresp perewsy perewis3 JBquinN dnoJb >s1y

"'9T0Z ‘@l Yinos ‘swelbold uoireulddea ezuanjjul 196Je) pue 1ualing ul paliaAe Ajjenusiod syresp pue suonezijendsoy pajewis3y

Author Manuscript

G 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Vaccine. Author manuscript; available in PMC 2019 July 03.



	Abstract
	Introduction
	Methods
	Population estimates
	Rates of influenza-associated hospitalization
	Rates of influenza-associated death
	Vaccine efficacy estimates
	Vaccine coverage estimates
	Coverage-adjusted hospitalization and mortality scores by risk group
	Estimated rate of hospitalizations/deaths averted by vaccination
	Cost per hospital day averted/year of life saved

	Results
	Hospitalizations averted per 100,000 vaccinated
	Deaths averted per 100,000 vaccinated
	Coverage-adjusted hospitalization and mortality scores by risk group
	Cost per hospital day averted and cost per year of life saved
	Estimated current and target vaccine coverage and impact

	Discussion
	Conclusions
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

