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Abstract

Influenza causes an estimated 3 to 5 million cases of severe illness annually, along with
substantial morbidity and mortality, particularly among low and middle-income countries
(LMICs). The most effective way to decrease the burden of influenza is vaccination. Currently,
Sri Lanka has no influenza vaccination policies and does not offer vaccination within the public
healthcare sector. Therefore, a cost-effectiveness analysis of influenza vaccine implementation
for the Sri Lankan population was performed.

A static Markov model that did not account for transmission dynamics was used for this
study. The model followed a theoretical cohort of Sri Lankans from all ages through two
potential scenarios: universal influenza vaccination and no influenza vaccination across twelve-
monthly cycles. Cost-effectiveness was analyzed using a governmental perspective at the
national level.

Costs for the study were broken down into three categories: direct, indirect, and vaccine
costs. All costs were identified from previous literature for the local context. Vaccine efficacy
was expressed as a range (48% to 72%) identified from a previous meta-analysis investigating
similar settings. One model arm was considered cost-effective if the ICER was below a three-
fold gross domestic product (GDP) per capita per DALY averted limit and highly cost-effective
if below a one-fold GDP per capita per DALY averted limit. Utilizing TreeAge Pro software, we
conducted both probabilistic sensitivity analyses and one-way sensitivity analyses for all model

variables.
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The vaccination model arm reduced all influenza outcomes by approximately 60%
(170,283 episodes, 3,167 hospitalizations, and 152 deaths) compared to no vaccination. By
implementing vaccination earlier in the year, this reduction in the influenza disease burden was
maximized. Vaccination was considered cost-effective compared to no vaccination, with a base
case incremental cost-effectiveness ratio (ICER) estimated at Rs. 968,071.45 /DALY (5,418.62
USD/DALY).

Sensitivity analysis identified that the ICER was sensitive to implementation month,
monthly probability of contracting influenza, cost of vaccination, and years of life disabled. Due
to only considering a one-year period, the implementation month had the most substantial effect
on the ICER because no potential rollover effects of vaccination could be seen for the later
implementation months. Probabilistic sensitivity analyses were performed on all variables, and
there was a 99% probability that vaccination was cost-effective below a WTP threshold of
1,157,047.92 Rs/DALY (6,476.38 USD/DALY). No value for a variable within our estimated
ranges resulted in ICERs above the WTP threshold of Rs. 2,066,157 (USD 11,556) per DALY
averted.

In conclusion, vaccination was considered cost-effective when compared to the
implementation of no vaccine. However, due to a lack of national data, large-scale national
studies are needed to determine better the influenza disease burden, at-risk population, and

implementation cost.
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1. Introduction

Seasonal influenza is an acute respiratory infectious disease that has been known to cause
a substantial burden on public health systems globally.2 Influenza viruses cause an estimated 3 to
5 million cases of severe illness annually,? along with substantial morbidity and mortality,
particularly in low and middle-income countries (LMICs).2 In 2017, an estimated 297,000
influenza cases and 6,000 hospitalizations were experienced within Sri Lanka alone.

The most effective way to substantially decrease the annual burden from seasonal
influenza epidemics is through equitable access to influenza vaccines.2 Without readily available
influenza vaccinations for all citizens, a country is missing a substantial disease prevention
opportunity.> Influenza vaccines have been in use since 1936 and have since been integrated into
numerous national immunization programs. As of 2016, seventy-four tropical and subtropical
countries, representing 60% of the world’s population, did not have national vaccination policies
regarding seasonal influenza.® Sri Lanka currently does not routinely administer influenza
vaccines in its public healthcare sector and does not include them in its National Immunization
Programme (NIP).8

For a country to implement a national influenza vaccination policy, policymakers need to
consider country-specific information. Factors to consider include seasonality and disease burden
within the country. In temperate regions, influenza is a seasonal disease that typically occurs in
the winter months; however, tropical areas have no clearly defined seasonal patterns and can

experience year-round influenza circulation with multiple peaks.” Even with differing seasonality



in tropical and subtropical regions, vaccinations have proven to be a cost-effective solution for
reducing the influenza burden in tropical and subtropical regions.22

For this study, we constructed a Markov model to determine the cost-effectiveness of
influenza vaccinations for the Sri Lankan population from a governmental perspective. Through
this work, we hope to provide Sri Lankan policymakers with valuable information on vaccine
implementation and timing for any future decisions on including influenza vaccines in the Sri

Lankan NIP.



2. Methods
2.1 Model setting

Sri Lanka is a middle-income, tropical country that experiences year-round influenza
cases® with two peak circulation periods, occurring roughly between April to June and
November to February.2-12 Sri Lanka is made up of 21.9 million people,* of whom
approximately 89.2% are under the age of 65.12 As for healthcare, Sri Lanka offers publicly
financed public healthcare that is free to all citizens.2® The public healthcare sector makes up
approximately 50% of outpatient services, 90% of inpatient admissions, and nearly all preventive

services.1®

2.1.1 Influenza surveillance

Founded in 2005, the influenza surveillance program within Sri Lanka tracks influenza in
humans and animals with the mission of serving as an early warning system for potential
pandemic influenza situations.1Z Human influenza surveillance in Sri Lanka consists of
influenza-like illness (ILI) and severe acute respiratory infection (SARI) surveillance. There are
currently twenty sentinel sites for ILI surveillance and three ILI sentinel sites for SARI
surveillance.t” Most sentinel sites are found in tertiary hospitals throughout the country, focusing
on highly populated areas with few secondary hospital locations. Figure 1 shows the location of
influenza surveillance sentinel sites in relation to the population of each province. Sri Lanka is

made up of 9 provinces, with the Western province having the highest population primarily



because of Colombo, the capital city.X8 In Figure 1, clustering of sentinel sites on the left-hand

side of the map can be found in Colombo due to its high population.

Surveillance Hospitals

Sri Lanka Province
Boundaries 2018

2018 Total Population
> 3,905,362

I 2,514,140
- < 1,122,919

Figure 1. Map of Sri Lanka influenza sentinel sites in relation to population density

2.2 Model design and structure

A static Markov model (Figure 2) that did not account for transmission dynamics was
used for this study. The model followed a theoretical cohort of Sri Lankans from all ages through
two potential scenarios: universal influenza vaccination and no influenza vaccination across

twelve-monthly cycles.
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Figure 2. A: Overview of model structure; B: Influenza survivor event pathways. In Figure 2A, nodes
labeled B follow along the same decision pathway as that of node A.

All participants entered the model alive. They would receive an influenza vaccine based
on model arm and vaccine coverage rates. The participants would then contract influenza or not
based on defined influenza incidence rates. Those that did not contract influenza remained alive
for the current cycle and were pushed to the next cycle. Because the influenza data used for the
model only included those that sought medical care, potential asymptomatic influenza cases were
not considered within those that contracted influenza in this model. If participants were not
hospitalized, they were automatically considered to receive care in the outpatient setting. Once

participants received inpatient or outpatient care, they would survive the infection or pass away.
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Because we worked under the assumption that participants could only contract influenza once in
the model, all influenza survivors were placed in their own branch within each model arm
(Figure 2B), where they either died from other causes or remained alive. All survivors who were
alive at the end of each cycle were forced to move on to the next monthly transition until they
either died or the twelve-month cycle concluded. TreeAge Pro software (version 2021; TreeAge,

Inc, Williamstown, MA); was used to develop the model and conduct all analyses.

2.3 Model parameters
2.3.1 Influenza incidence

A three-step process was used to calculate influenza incidence estimates. We first
obtained existing ILI and SARI surveillance data from 2012 to 2016.12-24 The years of 2012 to
2016 were chosen due to data availability and completion. We calculated the monthly influenza-
associated SARI estimates, influenza-associated ILI estimates, and influenza burden percentages
using the national surveillance data. The method used to calculate influenza-associated SARI and
ILI estimates came from the guidelines provided in A Manual for Estimating Disease Burden
Associated with Seasonal Influenza.2® Data on surveillance location catchment populations and
age-specific estimates were not readily available, so these factors were excluded from estimates.
After viewing these estimates and consulting previous influenza estimates in related literature, it
was decided to use only the calculated monthly influenza burden percentages. Calculated
monthly influenza burden percentages were then multiplied by Sri Lankan annual influenza

episode estimates® to calculate each month's influenza burden.



To calculate inpatient monthly influenza estimates, we followed the same process as
previously discussed for monthly influenza burden; however, we only used national SARI
surveillance data to calculate inpatient monthly influenza burden percentages. We multiplied
these percentages by annual influenza hospitalization estimates? to obtain monthly influenza
hospitalization estimates. Because our model did not consider individuals who did not seek care,
influenza-associated outpatient estimates were calculated by subtracting monthly hospitalizations
from monthly episode estimates. All calculated influenza estimates can be found in Table 1.

For those who received a vaccine within the vaccinated model arm, the influenza
infection rate was calculated with the following formula: R(t)vaccination = R(t)No vaccination * (1 -
VE), where R(t)no vaccination iS the rate of influenza infection in unvaccinated populations and VE

is the vaccine effectiveness.

Table 1. Input data for monthly influenza model parameters

Parameter Base Case Range Distribution Type
Episodes Beta
January 34,161 23,830 - 46,647
February 28,966 20,014 - 39,931
March 16,399 11,186 - 22,985
April 9,015 5,948 - 13,083
May 18,621 12,604 - 26,225
June 36,877 25,743 - 50,300
July 34,705 24,167 - 47,420
August 16,856 11,381 - 23,814
September 17,425 11,804 - 24,543
October 13,815 9,254 - 19,698
November 33,804 23,679 - 45,990




December 25,651 17,7559 - 35,336
Hospitalizations Beta

January 297 91 - 889
February 416 136 - 1,169
March 364 119-1,033
April 529 181-1,419
May 478 160 - 1,311
June 290 86 - 884
July 592 209 - 1,524
August 557 192 -1,482
September 437 141 - 1,227
October 516 175-1,394
November 546 191 -1,437
December 306 93-918

2.3.2 Mortality

We used a previously published annual influenza-related mortality estimate (1.2 per
100,000), with a range of 07 to 2.2 per 100,000.* We calculated the annual influenza-related
mortality by multiplying the estimate by the average population per 100,000 from 2012 to 2016
(207.92).2 To obtain the monthly influenza-related mortality estimates from the annual estimate,
we multiplied the annual influenza-related by the monthly percentage of influenza-related
hospitalizations for each month that we had previously calculated. We assumed that influenza-
related mortality trends would closely follow influenza-related hospitalization trends due to the
limited available data regarding influenza-related mortality in Sri Lanka.

Mortality from other causes was calculated by dividing the annual death rate per 100,000

(645.90)” by twelve to obtain the monthly death rate per 100,000. We multiplied the monthly



death rate per 100,000 (53.83) by the average population per 100,000 from 2012 to 2016
(207.92)% to estimate the number of monthly deaths in the Sri Lankan population. Finally, the
monthly other cause mortality estimates were obtained by subtracting the monthly influenza
mortality estimates (Table 2) from the estimated total monthly deaths (11,191.40). All mortality

estimates used for the model can be found in Table 2.

Table 2. Input data for monthly mortality model parameters

Parameter Base Case Range Distribution Type
Influenza-Related Mortality Beta
January 14 8-—28
February 20 12 -37
March 18 10-33
April 25 15-45
May 23 14 -41
June 14 8-—28
July 28 18 -48
August 27 16 — 47
September 21 12 -39
October 25 15-44
November 26 16 — 45
December 15 8-29
Other Cause Mortality Beta
January 11,178 11,164 - 11,184
February 11,172 11,155-11,181
March 11,175 11,160 - 11,182
April 11,167 11,148 - 11,177
May 11,169 11,151 -11,179
June 11,178 11,164 - 11,185
July 11,164 11,145 -11,175




August 11,166 11,146 - 11,176
September 11,171 11,154 - 11,180
October 11,168 11,148 - 11,178
November 11,166 11,147 - 11,176
December 11,178 11,163 - 11,184

2.3.3 Vaccine coverage and effectiveness

All vaccine model parameters can be found in Table 3. Vaccine coverage rates were
assumed based on existing vaccination coverage rates within the Sri Lankan NIP. The program
currently experiences very high coverage rates for all vaccines, including a 99% vaccination rate
for childhood vaccines and a 100% vaccination rate for the newly added HPV vaccine.? In
addition to this, we also considered vaccination rates from other countries to get a more
reasonable estimation. Based on these factors, we chose a base case of 80% with a uniform
distribution range of 60 to 100%.

Estimates for vaccine effectiveness were derived from a meta-analysis investigating
vaccine effectiveness (VE) in similar tropical settings across a wide range of ages, risk
categories, and outcomes. The pooled VE estimate range for overall laboratory-confirmed
influenza for the trivalent inactivated vaccine (TIV)E (48 - 72%) within the model. This range
was chosen over that of the live attenuated influenza vaccine (LAIV) or combined ranges due to
TIV being more commonly used in LMICs over LAIV.2® Using a Beta distribution, we found the
mean to be 60%, with a range of 48% to 72%

Table 3. Input data for vaccine model parameters

Vaccine Parameters | Base Case Range Distribution Type | Mean (SD) Source

10



Vaccine Effectiveness 0.60 0.48-0.72 Beta 0.60 (0.0612) 6

Vaccine Coverage 0.80 0.60 - 1.00 Uniform Assumption

2.3.4 Cost parameters

Cost data were found from prior literature and local corporations. All costs were adjusted
to 2019 values using annual inflation rates®® and then exchanged to United States dollars (USD)
using the average 2019 exchange rate for USD to Rs. (Rs. 178.6566/1 USD).2 Summarized cost
parameters for the model can be found in Table 4.

The model’s direct medical cost included any cost directly related to the patient seeking
care, such as medical visit/stay cost, commonly prescribed prescriptions, and transportation. All
prescriptions were identified from previous research®2~34and verified by medical professionals
with prior experience in Sri Lanka. Prescription costs were based upon standard dosages. The Sri
Lankan mean birth weight (2.854 kg)® was used to obtain minimum prescription dosages and
costs.

When looking at the cost for inpatients with influenza, we estimated a base cost of Rs.
13,168.75 (USD 73.71), including transportation (Rs. 111.10, USD 0.62),%¢ medical stay cost
(Rs. 11,827.35, USD 66.20), and a prescription for oseltamivir (Rs 1,230.30, USD 6.89).
Medical stay costs were calculated using the hospital cost per day for primary (Rs. 2,298.10,
USD 12.86), secondary (Rs. 2,998.09, USD 16.78), and tertiary (Rs. 4,095.05, USD 22.92)
hospitals,®’ and an average hospital stay length of 3.66 days.3 The prescription cost for

oseltamivir was calculated by multiplying the wholesale cost per pill of oseltamivir 75 mg

11



capsule (Rs. 220.88, USD 1.24)*2 and the average pill count for a standard prescription using
child and adult dosage recommendations (5.57 pills).%

The estimated base cost for outpatients with influenza was calculated as Rs. 470.60 (USD
2.63), including transportation (Rs. 111.10, USD 0.62),%® medical visit cost (Rs. 322.42, USD
1.80),2” and the following prescriptions: amoxicillin (Rs. 25.76, USD 0.14),2 paracetamol (Rs.
9.89, USD 0.06),% and chlorpheniramine (Rs. 1.43, USD 0.01).22 Previous studies conducted in
Southern Sri Lanka identified that the average influenza patient treated in the outpatient setting
receives a mean of three prescriptions, with the above prescriptions being the most commonly
administered.2 All outpatient prescriptions were calculated based on a three-day prescription due
to Sri Lankan doctors only being allowed to prescribe three-day prescription dosages within the
outpatient setting.

In addition to direct costs, we also considered the indirect costs one might acquire if they
contracted influenza in Sri Lanka. Included in the indirect costs were income and productivity
losses due to work absenteeism and presenteeism. The cost of absenteeism and presenteeism was
calculated by multiplying the average number of days of total productivity loss (6.95)* and the
daily per capita income (Rs. 623.67, USD 3.49). The daily per capita income was calculated by
dividing the per capita monthly income (18,982.51, USD 106.25)* by the average number of
days per month (30.44).

The cost for vaccination was defined as the cost of the vaccine per dose (Rs. 391.71,

USD 2.19),% a disposable 2 mL syringe (Rs. 3.80, USD 0.02),%* and a 22-gauge disposable

12



needle (Rs. 2.57, USD 0.01).# Vaccination cost came out to Rs. 398.08 (USD 2.22) per vaccine

administered.

Table 4. Input data for cost model parameters.
*All cost data presented as Sri Lankan Rs (USD)

Cost Parameters Base Case* Range* D'St_lt;,%;tlon Mean (SD) Source
Inpatient Direct Costs

Hospital Cost per 3,196.58 2,298.10 - 4,095.05 .

Day (17.89) (12.86 — 22.92) Uniform 81

Average Hospital i

Stay Length 3.66 2.96 - 4.44 Gamma 3.66 (0.38) 38

Oseltamivir 75mg 220.88 176.70 - 265.06

Capsule (1.24) (0.99 — 1.48) Gamma | 21868 (22.56) | 39

Oseltamivir .

Pill Count 5.57 1.14-10 Uniform 40

111.10 8.37-343.11

Travel Expense (0.62) (0.05 — 1.92) Gamma 111.10 (89.70) 36
Outpatient Direct
Costs

. - 322.42 208.14 - 436.70 .

Medical Visit Cost (1.80) (117 — 2.44) Uniform 37

Amoxicillin 500mg 4.96 4.73-5.12

Tablet (0.03) (0.03 - 0.03) Gamma 4.92(0.10) 39

Amoxicillin Pill 5.19 1.37-9 .

Uniform

Count

Paracetamol 500mg 1.05 0.84 -1.27

Tablet (0.01) (0.00—0.01) Gamma 1.04(0.11) 39

Paracetamol Pill 9.38 0.77 - 18.00 .

Uniform

Count

Chlorpheniramine 0.14 0.11-0.16

amg Tablet (0.00) (0.00— 0.00) Gamma 0.13 (0.00) 39

13




Chlorpheniramine 10.50 3.00-18.00 .
. Uniform
Pill Count
111.10 8.37 - 343.11
Travel Expense (0.62) (0.05 - 1.92) Gamma 111.10 (89.70) 36
Indirect Costs
Days Lost for
Absenteeism & 6.95 0.00 - 46.67 Gamma 6.95 (13.55) 41
Presenteeism
Daily per Capita 623.67 498.93 - 748.40 .
Income (3.49) (2.79 - 4.19) Uniform 42
Vaccine Costs

. 391.71 195.63 - 587.78 .
Vaccine per dose (2.19) (110 — 3.29) Uniform 43
22-gauge,

: 2.57 2.08-3.12

disposable (0.01) (0.01—0.02) Gamma 2.57(0.27) 44
needle
2 mL disposable 3.80 3.07-461
syringe w/o needle (0.02) (0.02 - 0.03) Gamma 3.80(0.39) a

We estimated disability-adjusted life years (DALY's) averted by implementing a universal

2.3.5 Disability-adjusted life years

was used to get the total DALY's for each month: DALY = YLL + YLD.

vaccination program compared to the current context of no influenza vaccination policy. In this
analysis, both years of life lost (YLL) due to premature death from influenza and years lived

with disability (YLD) from contracting influenza were accounted for. The following equation

YLL estimates due to premature death were calculated for each month. Monthly YLL

14

estimates were derived from 2012-2016 national influenza death data,*® -2 annual influenza

death estimates,* and weighted age group life expectancy. Age groups were defined as 0-1, 1-4,




5-19, 20-49, 50-69, and 70+. The proportion of influenza deaths for each age group were
calculated first by dividing the average influenza deaths for each age group by the average
influenza deaths across all age groups. Because of limited national mortality data, the
proportions for each age group were multiplied by the monthly influenza death estimates that we
calculated using mortality rates obtained from the Global Burden of Disease Study 20174 to
obtain the number of deaths within the age group for each month. Age group-specific monthly
YLL estimates were then calculated by multiplying each age group's number of deaths by the
weighted life expectancy for the said age group. Weighted age group life expectancies were
found using age-specific national population and life expectancy estimates.® To calculate the
total YLL for each month, we added YLL estimates from all age groups for that month.

Monthly YLD estimates from contracting influenza were derived from influenza
disability weight estimates and the estimated monthly non-fatal influenza episodes. For disability
weights, we used two previously defined influenza disability weights, 0.131 and 0.279.3% 52
Disability weights were then divided by twelve to get two monthly disability weight estimates.
Calculated monthly disability weight estimates were multiplied by the non-fatal influenza

episodes for each month to calculate the monthly YLD.

2.4 Cost-effectiveness analysis and sensitivity analysis

Cost-effectiveness and sensitivity analyses were performed using TreeAge Pro
Healthcare 2020 (TreeAge Software Inc., Williamstown, MA). One model arm was considered
dominated when it offered lower DALY's averted and was more expensive than the other option.

When universal vaccination was considered dominant (higher DALY averted) at a higher cost
15



compared to no vaccination, the following equation was used to calculate the incremental cost-
effectiveness ratio (ICER) of universal vaccination: ICER = (Cost vaccination - COSt No Vaccination) /
(DALY averted vaccination - DALY averted no vaccination)-

One model arm was considered cost-effective if the ICER was below a three-fold gross
domestic product (GDP) per capita per DALY averted limit and highly cost-effective if below a
one-fold GDP per capita per DALY averted limit.2 The 2019 GDP per capita at market prices
(Rs. 688,719, USD 3,852) for Sri Lanka was obtained from the Central Bank of Sri Lanka.>
With this data, the willingness-to-pay (WTP) threshold used in this study was defined as Rs.
2,066,157 (USD 11,556) per DALY averted (three-fold of GDP per capita at market price). The
highly cost-effective threshold was defined as less than Rs. 688,719 (USD 3,852) per DALY
averted (one-fold the GDP per capita at market price).

We performed probabilistic sensitivity analyses to explore parameter influence on the
resulting incremental cost-effectiveness ratios (ICERS). Probabilistic sensitivity analyses were
done using Monte Carlo sampling using distributions (95% CI or + 20% of base-case values) for

all model parameters (Table 1, Table 2, Table 3, Table 4), running 10,000 simulations, and then

calculating the mean and 95% CI for the ICERs based on these 10,000 simulations. In addition to
this, we completed one-way sensitivity analyses for all parameters over variable ranges (95% ClI

of base-case values) to identify any influential parameters on the base-case results.
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3. Results

The estimated number of individuals who either contracted, died, or were hospitalized

from influenza for each model arm is shown in Table 5.

Table 5. Expected clinical outcome of no vaccination and vaccination model arms.

No Vacc Vacc Difference (No Vacc — Vacc)
Number of influenza episodes (seeking 284, 518 114, 235 170, 283
medical treatment)
Number of hospitalizations for influenza 5, 293 2,126 3, 167
Number of influenza deaths 255 103 152

No Vacc: No vaccination model arm; Vacc: Vaccination model arm

3.1 Base-case analysis

Under the base case assumptions, vaccinations resulted in an overall decrease in

influenza cases, hospitalizations, and death. Vaccinations would be expected to reduce the

number of influenza episodes by 170,283, hospitalizations by 3,167, and deaths by 152

compared to no vaccination (Table 5). As a result, the use of vaccinations showed that the cost

reduction due to the reduced influenza disease burden would exceed the cost increase due to the

cost of vaccination, resulting in cost savings. The ICER for vaccination compared to no

vaccination was estimated to be 968,071.45 Rs/DALY (5,418.62 USD/DALY) (Table 6).

Table 6. Base case analysis (per-person costs and effectiveness).

Cost per . Incremental Incremental cost-effectiveness
Incremental cost | Effectiveness . .
person effectiveness ratio
Rs. (USD) DALY Rs/ DALY (USD/DALY)
No Vacc 69 (0.39) 0.000616 - -
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Vacc 426 (2.38) 357 (2.00) 0.000247 0.000369 968,071.45 (5,418.62)

No Vacc: No vaccination model arm; Vacc: vaccination model arm

3.2 Sensitivity analyses

Month_Vacc_Starts

Probability of cantracting influenza
Cost of Vaccine + syringes + needles
Indirect Cost of Flu

Years Life Disabled

Vaccine Effectiveness

Vaccine Coverage

Probability of becoming an inpatient
Cost of Qutpatient + Prescriptions
Cost of Amoxicillin

Cost of Paracetamol Dosage

Cost of Chlorpheniram Dosage
Death from other causes
Probability of dying from influenza
Cost of Hospitalization

Cost of Tamiflu Dosage

Total Cost of Hospitalization

EV: 1837136.7046035 Years of Life Lost
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Figure 3. One-way sensitivity analysis.

Figure 3 shows the one-way sensitivity analysis for vaccination. Results were sensitive to
the implementation month, monthly probability of contracting influenza, cost of vaccination, and
years of life disabled. Among these parameters, the implementation month had the most
substantial effect on the ICER (Figure 3). Since the model only considered a one-year period, no
potential rollover effects to future years were shown, leading the later implementation months to
protect fewer people from influenza within the one-year timeframe. Probabilistic sensitivity
analyses were performed on all variables, and there was a 99% probability that vaccination was

cost-effective below a WTP threshold of 1,157,047.92 Rs/DALY (6,476.38 USD/DALY)

18




(Figure 4). No value for a variable within our estimated ranges resulted in ICERs above the WTP

threshold of Rs. 2,066,157 (USD 11,556) per DALY averted.

18888 8 8 8 8-g A A A A A A A A A B No Vaccination
A Universal Vaccination

% lIterations Cost-Effective

0 A A A A A b A B B » 8 5 = 8 8 8 8

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 1400000 1600000 1,800,000 2,000,000 2,200,000
Willingness-to-Pay

Figure 4. Probabilistic sensitivity analysis. Vaccination was favored over 99% for WTP
1,157,047.92 Rs./DALY (6,476.38 USD/DALY) compared to no vaccination.
Willingness to pay; WTP

3.3 Vaccine timing

Varying assumptions about vaccine implementation timing influenced the estimated
disease reduction in the population. Earlier implementation months were found to have a more
considerable impact on all influenza-related outcomes. While implementing the influenza
vaccine in any month was more effective than not implementing the vaccine, there was a
substantial effect associated with effectiveness and earlier implementation times (Figure 5). This
effect is associated with the number of people that would be receiving the benefit from
vaccination. The later the vaccination implementation time would allow for fewer people to
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benefit; therefore, the difference in DALY between the vaccinated and unvaccinated groups
decreases compared to early implementation months. When looking at the costs of vaccination,

there was not a considerable difference between the months (Figure 6).

0.00025
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0.00015 @ | njiversal

/ Vaccination
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No Vaccine
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0.00005
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Figure 5. Effect of vaccine implementation timing on effectiveness.
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Figure 6. Effect of vaccine implementation timing on vaccination cost.
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4. Discussion

This study estimated the disease burden of influenza using previous estimates and Sri
Lankan national data and analyzed the cost-effectiveness of the influenza vaccine at a national
level. To determine the priority of influenza vaccine implementation, we conducted a cost-
effectiveness analysis for the Sri Lankan population. This study showed that the inclusion of
influenza vaccinations into the NIP could represent good value for money in Sri Lanka despite
its increase in cost. It also found that Sri Lanka can reduce the burden of influenza the most by
implementing vaccination earlier in the year. This was most likely due to our study only
considering a one-year period and not accounting for potential rollover effects of vaccination
into future years.

Due to limited access to data, we made a few assumptions within the model. The first
assumption was that once participants received immunity against influenza from surviving
influenza, they would not contract influenza again within the 12-month cycle. We also used the
assumption that influenza mortality followed a similar monthly pattern to monthly influenza
hospitalizations. Adverse events related to vaccination and influenza-related complications were
not considered.

We are not aware of other studies evaluating the cost-effectiveness of influenza
vaccination in Sri Lanka. While there have been cost-effectiveness studies evaluating influenza
vaccination programs, most are in high-income settings, with few in LMICs.>> Cost-effectiveness

analyses must occur for local health authorities to demonstrate how vaccination can be used to
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reduce disease transmission and burden, especially in LMIC settings with limited or no access to
influenza vaccines.

Influenza vaccines have been in use since the creation of the first monovalent influenza
vaccine in 19362 and have since been integrated into numerous national immunization programs.
Because of multiple circulating strains of the influenza virus, influenza vaccines have always
required adaptations. These adaptations have led to the creation of the current influenza vaccines,
LAIV, TIV, and quadrivalent inactivated vaccine (QIV). TIV and LAIV are antigenically
equivalent, and each contains three influenza strains- two subtypes of influenza A and one
subtype of influenza B.2Z QIV includes the three influenza strains in the TIV and LAIV and an
additional subtype of influenza B strain.>’

Each year, the WHO provides formal recommendations for which influenza strain
subtypes should be included in the vaccines based on surveillance data from the WHO Global
Influenza Surveillance and Response System (GISRS). These recommendations are broken up
into Northern Hemisphere and Southern Hemisphere, based on the country’s location and
influenza activity. LAIV, TIV, and QIV effectiveness differ between influenza seasons and are
based on how well of a match the recommendation is and the recipient's age and health status.>®
In tropical settings, LAIV tends to have an overall effectiveness of 63% - 83%, while TIV tends
to be 48% - 72% when looking at laboratory-confirmed influenza as the outcome.® QIV has been
shown to be 53% (95% ClI, 45-59) effective against any influenza B illness.> Currently, there is
research into the development of universal influenza vaccines, which would provide long-lasting

protection against multiple influenza subtypes. With the development of a universal influenza
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vaccine, influenza vaccines would prove to be more cost-effective due to the increase in vaccine
effectiveness and the protective period's duration.

In addition to the cost savings shown in this study, the implementation of influenza
vaccines into the Sri Lankan NIP would provide further cost savings due to the decrease in
antimicrobial resistance. Influenza vaccinations have been found to decrease antimicrobial
resistance in both HICs and LMICs.22-82 This decrease in antimicrobial resistance would occur
due to the reduction in antibiotics being prescribed for 1) patients with influenza and 2) patients
that contract secondary infections due to influenza. A previous study from Southern Sri Lanka
estimated that antibiotic resistance costs $229,120,600 per year from a societal perspective.3
Another study found that antibiotics were over-prescribed for acute lower-respiratory illnesses in
the outpatient setting for various reasons, such as patient demand for antibiotics, lack of
awareness of antimicrobial resistance, and minimal diagnostic testing usage.2 Studies have
found seasonal influenza patients are more susceptible to developing secondary bacterial
infections, which greatly contributes to influenza-related mortality and morbidity.83-% Podewils
et al. found the rate of secondary bacterial infections in adult and children influenza patients to
be roughly 2.0% and 1.6% respectively.® By decreasing the number of influenza episodes with
vaccines, the amount of secondary bacterial infections would be reduced, allowing for a
reduction in antibiotic prescriptions. Because of this, influenza vaccinations could provide more
considerable cost savings than what this study suggests.

Because this study is the first of its kind for Sri Lanka, there are limitations. One of the

most important limitations is that the study uses a static model. Because the study uses a static
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model and not a dynamic model, the model cannot consider potentially important factors, such as
attack rates and vaccination herd immunity effects. By doing so, the model serves as a
conservative estimate and underestimates the cost-effectiveness of influenza vaccinations.

Second, the input data used for the model may have marginally underestimated the
disease burden of influenza. Patients with mild infections might not have sought medical care, or
patients might have sought care in the traditional or private healthcare sectors. The private
healthcare sector has been growing in popularity within Sri Lanka and has received a notable
boost in popularity since the end of the civil war in 2009.16 However since the study goal was to
verify an influenza vaccination program's cost-effectiveness from a governmental perspective,
we believe this serves well as a conservative estimate.

Additionally, not much data could be found regarding age structure for influenza patients
in Sri Lanka. Thus, it was not possible to include alternative vaccination strategies, other than
universal vaccination, into the model. However, since universal vaccination was found to be
cost-effective, alternative vaccination strategies, such as targeted or high-risk-only vaccination
programs, would likely prove more cost-effective due to decreased program cost while still
reducing a large majority of influenza hospitalizations and deaths.

Finally, to avoid overestimating the costs attributable to influenza, we excluded some
treatment costs, including various diagnostic tests, additional medical visits, and the indirect
costs of caregivers. Therefore, the cost of the influenza disease burden provided in the study
serves as a conservative estimate. Since we wanted to estimate the local context within Sri

Lanka, these costs were excluded due to uncertainty, limited data, or not having routine usage.
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Despite these limitations, this study has the advantage of reflecting the local context. A
limited number of studies have been conducted to investigate seasonal influenza in Sri Lanka.® 1t
~13,32-34 The contribution of previous studies was the estimation of influenza disease burden and
available treatment options and costs. However, some studies have been limited to mainly
Southern Sri Lanka and the outpatient setting.12 32-34 Other studies, such as Rafeek et al.XL and
Jayasinghe et al.,2 describe Sri Lankan influenza trends on a national level. The Global Burden
of Disease Study 20174 provided an influenza disease burden estimate at the national level;
however, this estimate is only an annual estimate. This study addressed these limitations by
developing a method to estimate the monthly influenza disease burden at a national level.

In conclusion, this study showed that including influenza vaccinations in the NIP would
be cost-effective in Sri Lanka and suggests that vaccine implementation should be considered
due to the vaccination ICER being much lower than the WHO cost-effectiveness threshold.
However, to further determine if a universal vaccination strategy is optimal for Sri Lanka, a cost-
effectiveness analysis comparing various implementation strategies should be performed. In
addition to this, large-scale national studies are needed to better determine the influenza disease

burden, risk-group population, and costs.
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