
• A vaccination strategy targeting individuals aged ≥65 years and the high-
risk population aged 18–64 years was estimated to avert 306,460 
symptomatic cases, 3,381 deaths, 5,200 hospitalizations, and 39,454 lost 
QALYs, translating into direct and societal cost savings of 282 billion 
Colombian pesos (COP) and COP 518 billion, respectively. 

• Expanding the vaccination strategy to target additional age groups increased 
public health and economic impact. For example, a strategy targeting 
individuals aged ≥50 years and the high-risk population aged 18–49 years 
increased the doses administered by 15% but also increased symptomatic 
cases averted by 15%, deaths averted by 5%, hospitalization averted by 16%, 
direct cost savings by 17%, and indirect cost savings by 21%. 

• Scenario analyses showed the sensitivity of results to PCC probability and 
underreporting of the multiplier for attack rate.

• In sensitivity analyses, results were most sensitive to duration of protection 
of the vaccine, attack rates, symptomatic rates, and vaccine effectiveness.

Modeling the Potential Public Health Impact of
Different COVID Vaccination Strategies with an

Adapted Vaccine in Colombia 

• This study estimated the economic and public health impact of 
the introduction and expanded coverage of booster vaccination 
with a messenger RNA (mRNA), adapted vaccine in Colombia.

• A previously published, integrated Markov cohort decision tree model7 was 
adapted to the Colombia setting to assess the impact of the introduction 
and expanded coverage of booster vaccination with an adapted vaccine 
compared with no vaccination over a 1-year time horizon. 

• The model took the Colombian payer (Sistema General de Seguridad Social 
en Salud) and societal perspectives and used a 5% discount rate on lifetime 
outcomes related to premature death.  

• The Markov component of the model tracked the target population through 
mutually exclusive health states, using a Susceptible-Infected-Recovered 
(SIR) structure, and the decision tree modeled disease severity and treatment 
pathways (e.g., outpatient, inpatient, ICU) and related outcomes (Figure 1). 

Figure 1. Markov Structure

Figure 2. Decision Tree Structure

Abbreviation: ICU = intensive care unit

Inputs
• Epidemiological model inputs were based on data from governmental 

sources or published in the literature (Table 1). 
• Inpatient cost inputs were based on the literature (Table 2). Outpatient cost 

inputs were based on assumptions of one COVID-19 test, one visit to a 
general practitioner (GP), and use of over-the-counter pain killers for 7 
days. Post-COVID-19 condition (PCC) cost inputs were based on 
assumptions of four COVID-19 tests, four GP visits, one specialist visit, and 
a 17% chance of hospitalization.8 

• Inputs for quality-adjusted life years (QALYs) were based on the literature.9-14 

• Inputs for initial vaccine effectiveness were 50% against symptomatic 
infection and 60% against hospitalization and were assumed to wane with 
a 6-month duration of protection, based on real-world evidence studies of 
vaccine effectiveness.15-19 

A vaccination strategy against COVID-19 with an 
adapted vaccine compared with no vaccination 
targeting individuals aged ≥65 years and those 
aged 18–64 years at high risk yields substantial 
public health and economic gains annually in 
Colombia, but expansion to additional age groups 
provides additional gains. 
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Figure 3. Deterministic Sensitivity Analysis: Incremental Costs

Abbreviation: B = billion 

Figure 4. Deterministic Sensitivity Analysis: Incremental QALYs 

Abbreviation: QALY = quality-adjusted life year, M = milllion
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• As of September 15, 2024, SARS-CoV-2, the virus causing COVID-19, has 
resulted in approximately 776 million COVID-19 cases and seven million 
deaths worldwide, with approximately 6.4 million cases and 143,000 deaths 
in Colombia.1 

• COVID-19 vaccination in Colombia significantly reduced COVID-19-related 
deaths, hospitalization, and intensive care unit (ICU) admissions in adults 
aged ≥40 years.2 However, the protection conferred by COVID-19 vaccines 
has been shown to wane over time3,4 and newer variants and sublineages 
of SARS-CoV-2 have emerged, with BA.2.86 and JN.1 as the latest 
variants in circulation as of June 2024.5

• Given the rapidly evolving nature of SARS-CoV-2 and the emergence of 
novel variants, the WHO established the Technical Advisory Group on 
COVID-19 Vaccine Composition (TAG-CO-VAC), which recommends new 
formulations of COVID-19 vaccines to mitigate the spread of novel Omicron 
variants.6

INTRODUCTION
Table 1. Epidemiology and Clinical Inputs
Input description 6mo-4

years
5-11 

years
12-17 
years

18-29 
years

30-49 
years

50-64 
years

65-74 
years

≥75 
years References

Population size 
(millions) 3.3 5.5 4.8 10.4 14.6 8.0 3.2 2.0 National Administrative 

Department of Statistics20

Proportion high risk* 
(%) 34.3% 29.8% 21.1% 30.1% 39.4% 60.2% 78.3% 90.8% Arciniegas et al.21

Annual attack 
rate (%) 8.9% 6.4% 6.1% 20.2% 26.6% 24.6% 26.6% 37.3%

Datos Abiertos de Colombia22 
adjusted for underreporting 
based on Rahmandad et al.23

Probability infections 
is symptomatic and 
medically attended 

53.3% 53.3% 53.3% 67.9% 67.9% 67.9% 80.3% 80.3% Sah et al.24

Proportion of 
symptomatic patients 
who are hospitalized 
(%)

7.5% 4.1% 0.9% 0.3% 0.6% 1.6% 3.5% 1.0% Arciniegas et al.21

Among hospitalized patients:

Proportion admitted 
to ICU (%) 9.1% 5.8% 11.8% 12.1% 13.7% 21.8% 25.1% 15.1% Arciniegas et al.21

Proportion of ICU 
patients receiving 
IMV (%)

61.8% 61.8% 61.8% 61.8% 61.8% 61.8% 61.8% 61.8% Ministry of Health and Social 
Protection of Colombia25

Probability of COVID-19 death:

General ward (%) 0.3% 0.6% 0.0% 1.2% 1.1% 5.7% 12.0% 22.4%

Arciniegas et al.21

ICU without 
ventilation (%) 8.1% 0.0% 0.0% 9.1% 14.7% 25.4% 55.2% 52.1%

ICU with ventilation 
(%) 8.1% 0.0% 0.0% 9.1% 14.7% 25.4% 55.2% 52.1%

Outpatient care 
setting (%) 0.1% 0.1% 0.1% 0.0% 0.0% 0.2% 0.7% 3.7%

Probability of PCC – 
Vaccinated 12.0% 12.0% 12.0% 12.3% 14.7% 14.5% 14.4% 15.5%

Angarita-Fonseca et al.8Probability of PCC – 
Susceptible 16.0% 16.0% 16.0% 16.4% 19.6% 19.3% 19.2% 20.6%

Abbreviations: ICU = intensive care unit; IMV = invasive mechanical ventilation; PCC = Post-COVID-19 condition 
* Defined based on prevalence of obesity, hypertension, diabetes, chronic obstructive pulmonary disease, cardiovascular disease, and immunocompromised20 

Table 2. Cost Inputs (Millions COP)
Input description 6mo-4

years
5-11 

years
12-17 
years

18-29 
years

30-49 
years

50-64 
years

65-74 
years

≥75 
years References

Treatment cost in 
normal ward – 
susceptible

5.3 5.3 6.8 8.6 11.8 15.0 16.5 14.2

Arciniegas et al.21

Treatment cost in 
normal ward – 
vaccinated

5.3 5.3 11.8 11.8 8.7 11.8 8.6 13.5

Treatment cost in ICU 
– susceptible 73.1 107.6 128.9 113.6 97.2 112.9 109.7 91.5

Treatment cost in ICU 
– vaccinated 73.1 107.6 128.9 38.1 114.7 106.9 123.8 114.7

RESULTS

Table 3. Base-case Analysis: Incremental Results vs. No 
Additional Vaccination

≥65 Years + High-risk 
Population (Base case)

≥50 Years + High-risk 
Population

≥18 Years + High-risk 
Population Total Population

Total Population 18,917,456 22,100,889 38,195,238 51,860,391
Doses administered 7,326,620 8,559,545 14,792,792 17,439,009 

Health Outcomes
Symptomatic cases avoided 306,460 352,292 575,264 600,908 
COVID-19-related 
deaths avoided 3,381 3,564 3,690 3,721 

Outpatient cases avoided 301,261 346,216 567,911 592,302 
Hospitalizations avoided 5,200 6,076 7,353 8,606 
Discounted QALYs gained 39,454 43,254 51,926 53,224 

Economic Outcomes (billions 
COP)

AE management cost 1 1 2 2
Testing cost -7 -8 -13 -13
Inpatient treatment cost -207 -246 -285 -306
Outpatient treatment cost -13 -15 -24 -25
PCC treatment cost -57 -67 -109 -114
Total direct cost -283 -333 -428 -456
Discounted productivity loss -236 -299 -467 -471
Total societal cost -519 -632 -895 -927

Abbreviations: AE = adverse event; COP = Colombian peso; PCC = post-COVID-19 condition; QALY = quality-adjusted life year

Table 4. Scenario Analysis: Incremental Results
≥65 Years + 

High-risk 
Population (Base 

case)

Alternative 
Costsa

Alternative 
Costsb

PCC 
Excluded

AR Multiplier 
(X5)

AR Multiplier 
(X5) + No 

PCC

AR 
Multiplier 
(X2) + No 

PCC

AR Multiplier 
(X1) + No 

PCC

Health Outcomes
Symptomatic
cases avoided 306,460 306,460 306,460 306,460 151,733 151,733 60,364 30,129

COVID-19-related 
deaths avoided 3,381 3,381 3,381 3,381 1,666 1,666 661 330

Outpatient cases avoided 301,261 301,261 301,261 301,261 149,177 149,177 59,351 29,624
Hospitalizations avoided 5,200 5,200 5,200 5,200 2,556 2,556 1,013 505
Discounted QALYs 

gained 39,454 39,454 39,454 34,247 19,416 16,861 6,688 3,335

Economic 
Outcomes (billions COP)

AE management cost 1 1 1 1 1 1 1 1
Testing cost -7 -7 -7 -7 -3 -3 -1 -1
Inpatient treatment cost -207 -509 -59 -207 -102 -102 -40 -20
Outpatient treatment cost -13 -13 -13 -13 -6 -6 -2 -1
PCC treatment cost -57 -57 -57 0 -28 0 0 0
Total direct cost -283 -585 -134 -225 -139 -110 -43 -21
Discounted productivity 
loss -236 -236 -236 -139 -16 -69 -27 -14

Total societal cost -519 -821 -370 -364 -255 -179 -70 -35

Abbreviations: AE = adverse event; AR = attack rate; COP = Colombian peso; PCC = post-COVID-19 condition; QALY = quality-adjusted life year. 
‘a based-on Fernandez-Trujillo et al.26 
b based on Alvis-Zakzuk et al.27
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