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Abstract 

Background:  Vaccines are considered the path out of the COVID-19 pandemic. The government of Kenya is imple-
menting a phased strategy to vaccinate the Kenyan population, initially targeting populations at high risk of severe 
disease and infection. We estimated the financial and economic unit costs of procuring and delivering the COVID-19 
vaccine in Kenya across various vaccination strategies.

Methods:  We used an activity-based costing approach to estimate the incremental costs of COVID-19 vaccine deliv-
ery, from a health systems perspective. Document reviews and key informant interviews(n = 12) were done to inform 
the activities, assumptions and the resources required. Unit prices were derived from document reviews or from 
market prices. Both financial and economic vaccine procurement costs per person vaccinated with 2-doses, and the 
vaccine delivery costs per person vaccinated with 2-doses were estimated and reported in 2021USD.

Results:  The financial costs of vaccine procurement per person vaccinated with 2-doses ranged from $2.89-$13.09 in 
the 30% and 100% coverage levels respectively, however, the economic cost was $17.34 across all strategies. Financial 
vaccine delivery costs per person vaccinated with 2-doses, ranged from $4.28-$3.29 in the 30% and 100% coverage 
strategies: While the economic delivery costs were two to three times higher than the financial costs. The total pro-
curement and delivery costs per person vaccinated with 2-doses ranged from $7.34-$16.47 for the financial costs and 
$29.7-$24.68 for the economic costs for the 30% and 100% coverage respectively. With the exception of procurement 
costs, the main cost driver of financial and economic delivery costs was supply chain costs (47–59%) and advocacy, 
communication and social mobilization (29–35%) respectively.

Conclusion:  This analysis presents cost estimates that can be used to inform local policy and may further inform 
parameters used in cost-effectiveness models. The results could potentially be adapted and adjusted to country-spe-
cific assumptions to enhance applicability in similar low-and middle-income settings.
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Background
COVID-19 cases and deaths have been on the rise glob-
ally and locally since the initial case was reported in 
Kenya on 13th March 2020. As of March 04 2022, there 
have been 323,025 confirmed cases and 5640 reported 
deaths in Kenya [1]. COVID-19 vaccines are considered 

a path out of the pandemic. Research and development 
of COVID-19 vaccines has been prioritized globally and 
accelerated, with 194 vaccines in pre-clinical develop-
ment and 137 vaccines in clinical development as of mid-
January 2022 [2]. At the time of writing this, 10 vaccines 
have currently been deemed safe, of good quality and 
effective, and have been approved for use by the World 
Health Organization [3].

Kenya’s COVID-19 vaccine deployment plan targets to 
vaccinate 100% of its adult population by December 2022 
while prioritizing those who are at an increased risk of 
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severe disease and infection [4]. The country’s primary 
procurement source is the COVID-19 Vaccines Global 
Access (COVAX) Facility. However, given vaccine avail-
ability constraints with the COVAX facility, the country 
is pursing alternative vaccine supply and procurement 
options that include donations from other countries, 
the African Unions African Vaccine Acquisition Task 
Team (AVATT) mechanism, as well as direct procure-
ment from vaccine manufactures. As of March 6 2022, a 
total of 16,876,436 vaccine doses had been administered 
and 28.3% of the adult population had received two vac-
cine doses and were fully vaccinated [5]. The main vac-
cine that has been deployed is the Oxford/AstraZeneca 
(2-dose per person), however, other vaccine formulations 
have been procured and have been recently deployed. 
These include 2-dose per person formulations such as 
Pfizer, Moderna and Sinopharm vaccines, as well as 
1-dose per person formulations such as Johnson & John-
son vaccines.

In Kenya, prior to the international procurement of 
vaccines, authorization from the Pharmacy and Poi-
son’s board (PPB), the country’s medicine regulatory 
agency, should be secured. Subsequently in-country 
vaccine delivery is carried out by the National Vaccine 
Immunization Program (NVIP), starting with supply 
chain and logistics, where vaccines and related supplies 
are distributed from the national depots through the 8 
regional depots and eventually to the healthcare facili-
ties [4]. Vaccine safety monitoring of deployed vaccines 
is ensured by PPB in conjunction with the NVIP through 
routine surveillance systems [4]. Training on COVID-19 
vaccines is conducted both at national and county level, 
as necessary. Data management is primarily ensured 
through a vaccine registry developed by the Government 
of Kenya that ensures tracking of vaccinated individuals, 
stock management, adverse events management, sched-
ules appointments, among other activities [4]. Further, 
the government ensures there is demand generation and 
engagement of communities, as well as monitoring and 
evaluation throughout the vaccine delivery process [4]. 
Vaccines are primarily administered at health facilities 
(public/private for profit/ faith based), and also through 
outreaches and campaigns.

Evidence on the costs of delivering COVID-19 vaccines 
are useful for several reasons. First, the financial costs 
of delivery are useful inputs in decisions and planning 
about resource mobilization for the vaccine programme. 
Second the financial costs of delivery provide inputs for 
assessments of budget impact and affordability of vac-
cination deployment scenarios, and hence can inform 
vaccine priority setting decisions. Third, economic costs 
of vaccine delivery are useful for parameterizing vaccine 
cost-effectiveness models that will provide evidence on 

the value for money of different vaccination strategies, 
and threshold prices that can guide price negotiations to 
improve the efficiency of procurement. This study aims 
to estimate the financial and economic unit costs of pro-
curing and delivering the COVID-19 vaccine in Kenya 
across various vaccination strategies.

Methods
Study setting
Kenya is a lower middle-income country with a Gross 
Domestic Product (GDP) per capita of $1,838.21 [6]. 
The total population in 2019 was estimated at 47.5 mil-
lion with a predominant youth population; 48% of the 
population are aged 18 years and below [7]. The country 
has a devolved system of governance characterized by a 
national government and 47 semi-autonomous counties 
[8]. Healthcare service provision is provided through a 
pluralistic system in both the public and private sec-
tor. The public sector is organized into four main tiers 
1) community health services 2) primary care 3) county 
referral services 4) national referral services [9].

COVID‑19 vaccination plan in Kenya
The government of Kenya has a phased approach of vac-
cine deployment that prioritises the population receiving 
the vaccine based on their vulnerability, vaccine availabil-
ity and the health system capacity [4]. Phase 1, between 
March-June 2021, was the initial roll-out planned dur-
ing limited vaccine supply; This phase targeted front-line 
workers and older persons (aged 58  years and above) 
[4]. Subsequently, phase 2 was planned for July-Decem-
ber 2021 when a larger number of vaccine doses would 
be available [4]. In addition to the priority group not 
reached in phase 1, phase 2 would target 1) those aged 
50 and above 2) Individuals 18  years and above with 
co-morbidities and those living with disabilities 3) Indi-
viduals working in the hospitality and transport sectors 
4) Individuals in congregate settings [4]. Lastly, phase 3 
planned for January to December 2022 would focus on 
open mass vaccination [4].

Vaccination was planned to be administered in identi-
fied COVID-19 vaccine provider sites from public and 
private sectors, as well as progressively including tar-
geted outreaches, and eventually campaigns [4]. These 
vaccination provider sites are estimated to be 800, 3000, 
and 7877 in number for Phase 1, 2, and 3 vaccine rollout 
respectively [4].

Costing approach
This study employed a health-system’s perspective. An 
activity-based costing approach was used to determine 
the incremental costs of the introduction of COVID-19 
vaccines in Kenya, in line with guidelines for estimating 



Page 3 of 12Orangi et al. BMC Health Services Research          (2022) 22:439 	

the costs of new vaccines introduction [10, 11]. The time 
horizon was one year.

Costing scenarios and assumptions
Four different vaccination coverage levels were consid-
ered; 30%, 50%, 70%, and 100% of adult Kenyan popula-
tion receiving two-doses of COVID-19 vaccine at the 
health facilities, within a one-year period. The selected 
vaccination scenarios reflect the evolution of Kenya’s 
COVID-19 vaccine deployment strategy, offered largely 
in health facilities and in some cases outreaches. The 
lowest coverage scenario (30%) represents the initial 
coverage target of Kenya’s COVID-19 deployment plan 
at a time when the country was less optimistic about 
the availability of vaccines. Given the unpredictability of 
vaccine supply, we have assumed that this low coverage 
scenario might still be reflective of what may happen in 
practice, despite subsequent revisions of the vaccination 
strategy to revise the coverage target upwards. The 50%, 
70% and 100% coverage scenarios reflect targets in subse-
quent iterations of the deployment plan.

The cost analysis made some assumptions shown in 
Table 1. First, a 2021 target population was used which 
was derived by adjusting the 2019 population reported 

in the census with a 2.2.% population growth rate [7, 
12]. In terms of vaccine and related supplies, a wast-
age rate of 10% was used for both syringes and vac-
cines respectively [13]. An assumption was made that 
vaccines procured by the COVAX facility and through 
bilateral negotiations would be classified as economic 
costs and cover 20% and 5% of the population respec-
tively, regardless of the vaccine strategy. This was 
assumed based on COVAX strategy to cover 20% of the 
population and the existing ratio of procured vaccines 
in the country from COVAX and bilateral negotiations. 
Lastly, the primary costing analysis assumed 2 doses 
per person.

Unit costs
We estimated the following unit costs (Fig. 1):

•	 Cost of vaccine procurement per person vaccinated 
with two-doses

•	 Cost of vaccine-related supplies procurement per 
person vaccinated with two-doses

•	 Cost of vaccine delivery per person vaccinated with 
two-doses

Table 1  Costing assumptions

Estimate Data Source

Demographics

  Target adult population-over 18 years (2021) 26,781,011 2019 census report [7]

  Population growth rate 2.2% 2019 census report [12]

Vaccine coverage

  30% coverage 17% of vaccines procured by government
83% of vaccines procured by COVAX and through 
bilateral negotiations

Assumption: Vaccines procured by COVAX and 
through bilateral negotiations cover 20% and 
5% of the population, regardless of vaccination 
strategy  50% coverage 50% of vaccines procured by government

50% of vaccines procured by COVAX and through 
bilateral negotiations

  70% coverage 64% of vaccines procured by government
36% of vaccines procured by COVAX and through 
bilateral negotiations

  100% coverage 75% of vaccines procured by government
25% of vaccines procured by COVAX and through 
bilateral negotiations

Vaccine and related supplies characteristics

  Vaccine wastage rate 10% [13]

  Syringes wastage rates 10% Interview with national level official

  Number of doses on schedule 2 doses per person

Add-on vaccine procurement costs

  Freight and insurance fees 3.0% Program reports

  Handling fees 4.0%

  Clearance charges 0.1%

  Import declaration fees 2.0%

  Railway development levy 3.5%
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Procurement costs refer to the purchasing costs of the 
COVID-19 vaccine and its related supplies, accounting 
for the importation and clearance costs into the coun-
try. The vaccine procurement cost per person vaccinated 
with two-doses and the cost of vaccine related supplies 
procurement per person vaccinated with two-doses was 
estimated by dividing the total costs of vaccine procure-
ment and the total costs of vaccine-related supplies pro-
curement respectively by the total number of people 
targeted for vaccination.

Delivery costs refer to the costs of activities required to 
supply and distribute the vaccine from the national level 
to the health facilities, as well as activities that ensure 
the safe administration and uptake of the vaccine. Cost 
of vaccine delivery per person vaccinated with two-doses 
was estimated by obtaining the total costs of 1) vaccine 
supply chain 2) vaccine safety monitoring and adverse 
events following immunization (AEFI) management 3) 
training 4) advocacy, communication and social mobili-
zation 5) data management, monitoring and supervision, 
and 6) vaccine administration and dividing this by the 
total number of people targeted for vaccination.

Cost components
The different activities identified in the delivery and 
implementation of the COVID-19 vaccine were catego-
rized under 7 key components; 1) Vaccine and related 

supplies procurement costs 2) Vaccine supply chain costs 
3) Vaccine safety monitoring and AEFI management 4) 
Training 5) Advocacy, communication, and social mobili-
zation 6) Data management, monitoring and supervision 
7)Vaccine administration during service delivery. Under 
each cost component, there were identified sub-activities 
and inputs that were costed. This is illustrated in Fig. 1. 
The cost components are further detailed below.

i)	 Vaccine and related supplies procurement.

	 This included the costs to procure the vaccine and 
its related supplies. Vaccine procurement base costs 
was estimated at US$7 per dose, which is the coun-
try’s procurement cost from the COVAX facility. 
Additionally, freight and insurance fees, handling 
costs, clearance charges, import declaration fees, and 
railway development levies were added as a percent-
age of the base cost of vaccine and related supplies 
costs. The number of doses to be procured was esti-
mated based on the number of doses to be given and 
adjusted for the wastage rates.

ii)	 Vaccine supply chain costs
	 Vaccine supply chain costs included the costs of dis-

tribution of the vaccines and related supplies from 
the national depots, through the regional depots and 
eventually to the healthcare facilities. This included 

Fig. 1  Identification of COVID-19 costs
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capital costs such as the procurement of cold chain 
equipment, waste management and control equip-
ment, vehicles for last mile distribution, and reno-
vations of county vaccine stores. Recurrent costs 
included vehicle maintenance costs, waste man-
agement and infection control supplies, warehouse 
costs, transport costs of vaccines and dry supplies, 
and cold chain preventive maintenance visits.

	 The number of resources, frequency of distribu-
tion were estimated at a national level and the total 
amount of resources required estimated using ingre-
dients costing of the different inputs such as sup-
plies, utilities of the warehouses, fuel, per diems of 
the drivers and other staff involved in the distribu-
tion process, and staff salary costs. The capital invest-
ments were valued as a shared input with other vac-
cines in the Expanded Programme on Immunization 
(EPI). Therefore, in order to account only for the 
incremental costs, apportioning of the capital costs 
was done by allocating a fraction of distribution costs 
to COVID-19 vaccine based on all vaccine doses 
given in Kenya in one year.

iii)	Vaccine safety monitoring & AEFI management
	 Vaccine safety monitoring and AEFI management 

included sub-activities to support AEFI field inves-
tigation, sensitization meetings on vaccine safety 
and risk management, pharmacovigilance sensitiza-
tions and supervision support, quality assurance for 
supply and vaccine safety, printing of national AEFI 
guidelines and forms and vaccine safety study. Costs 
of these sub-activities included conference packages, 
printing, fuel, airtime, per diem allowances for travel 
and lunch, and salaries.

iv)	Training
	 This included the initial training of logisticians at 

a national and county level, initial training of sub-
county health management team (SCHMT) super-
visors, and the initial training of vaccinators and 
volunteers. Additionally, review meetings of the 
vaccination program at a national, county and sub-
county level were included. For each of the trainings 
and review meetings the estimated costs included 
conference packages, per diems for participants and 
facilitators, lunch costs, transport costs, accommo-
dation costs, where necessary, and other supplies.

v)	 Advocacy, communication and social mobilization
	 This included activities such as national stakeholder 

forums, national and county advocacy and launches, 
media advertisements, information, education and 
communication material. Further, community mobi-
lization activities with opinion leaders, through road-
shows, and with public address systems were also 
included. The costs for the aforementioned activities 

included conference packages, per diem allowances 
for all staff involved, fuel, advertisement production, 
advertisement truck and generator hire, printing, sal-
aries, and other supplies.

vi)	Data management, monitoring and supervision
	 At a national level this included activities to support 

national coordinators and supervisors, policy level 
oversight, microplanning, preparedness assessments, 
financial oversight, monitoring and evaluation 
strengthening, national level support, coordination 
and planning. At a county level this included activi-
ties to support SCHMT supervision, county health 
management team supervision and microplanning. 
Costs associated with monitoring and supervision 
activities included per diem and allowances, lunch, 
fuel, monitoring tools, ICT equipment maintenance, 
District Health Information Software 2 (DHIS2) cus-
tomization, evaluation costs, stationaries, salaries, 
and other supplies. It also included the electronic 
logistics management information system that is 
used by government to manage stocks and immuni-
zation. Specifically, the system development costs, 
cloud hosting service charges, tablets used in facili-
ties, and the messaging services to clients.

vii)	 Vaccine administration costs

The service delivery activities included costs associ-
ated with vaccine administration in health facilities. 
These costs included the time and resources needed for 
each vaccination, including the preparation for vaccine 
administration, actual vaccination, and post-vaccination 
reporting. The costs included staff salaries, supplies and 
building space for vaccine administration. In this analy-
sis we assume that 30% adult vaccination coverage will 
be administered in all the 3,000 facilities designated for 
Phase 2 vaccination while coverages of 50, 70, and 100% 
will be administered in all 7877-facilities country wide 
designated for Phase 3 rollout. Outreach costs were 
also included and assumed 25% of the identified facili-
ties would conduct at least two outreaches per week in 
the second half of the year. These outreach costs included 
salaries, transport, and lunch costs.

Data collection
Resource use data of the identified inputs classified 
under each sub-activity and cost component were col-
lected through document reviews of national and 
county level expenditure plans for COVID-19 deploy-
ment and structured interviews with purposefully 
selected national and county level officers involved in 
the COVID-19 vaccine deployment. Written informed 
consent was sought before the commencement of each 
interview. Specifically, we interviewed 4 officers from the 
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National COVID-19 vaccine deployment taskforce, and 
8 officers involved in county deployment and adminis-
tration of COVID-19 vaccines in public health facilities 
drawn from purposely selected, geographically diverse, 
counties (Kilifi county, and Kakamega county), Table 2. 
All identified inputs for the different cost components 
were costed onto an excel-based tool. Costing assump-
tions and inputs were agreed upon by the study team 
and validated by study team members supporting the 
delivery of COVID vaccines in Kenya.

Data classification and analysis
First, costs were classified as recurrent versus capi-
tal costs. Recurrent costs included resources that are 
expected to be replaced/consumed within one year. 
These included costs related to vaccine and related sup-
plies, personnel, transport, all supplies, operations and 
maintenance, meetings, monitoring and supervision 
activities, advocacy activities, social mobilization activi-
ties. Capital costs on the other hand included the value 
of resources that provide services for more than one year. 
These included the costs of equipment, vehicles, build-
ing space, and initial training, development costs of the 
electronic logistics management information system, and 
the related cloud hosting costs. The useful life of vehicles, 
computers, and the electronic management system was 
estimated at 5 years, while that of training, large equip-
ment and machinery, and buildings was estimated at 
2  years, 10  years, and 30  years respectively. Equipment 
and vehicles were assumed to be used for other vaccines 
as well and therefore their annuitized costs were appor-
tioned based on total EPI and COVID-19 vaccines given 
in one year.

Second, costs were also classified as either financial or 
economic costs. Financial costs only reflect the actual 
costs incurred by the government of Kenya for COVID-
19 vaccines and its delivery. For instance, financial costs 
excluded the vaccine costs procured by COVAX facility 
and those donated through bilateral negotiations, salaries 
of all staff involved, volunteer costs, and development 
and cloud hosting of the electronic logistics management 
information system. On the other hand, economic costs 
reflect the opportunity costs and covers the value of all 
resources used including those not captured in financial 

outlays by estimating their value. Therefore, economic 
costs included all financial costs as well as the value of 
donated vaccines, volunteer time, and staff salaries. For 
each cost component, both financial and economic costs 
are estimated.

All costs were valued using purchase prices from the 
financial records, in few instances where this was not 
available, the replacement costs from similar items was 
used. Volunteer costs were valued based on the mini-
mum wage in Kenya for a general labourer [14]. All 
capital costs were annuitized using a discount rate of 3% 
over their useful life. Costs were presented in 2021 US 
dollars. The 2021 average exchange rate from January to 
August (time point of analysis) was used 1USD = KES 
107.87 [15].

Sensitivity analysis
A univariate sensitivity analysis was done to determine 
the robustness of the unit cost estimates with variations 
in key parameters on the economic costs. First, the base 
costs were varied to range a minimum of $3 to a maxi-
mum of $10 assuming that the government of Kenya 
procures vaccines from Africa Union at different prices 
[16]. Second, given the dynamic nature and novelty of 
the disease, training was classified as recurrent costs in 
the sensitivity analysis; assuming intensive training may 
need to be given yearly. Lastly, we varied the number of 
targeted populations receiving 2 doses of the vaccine to 
50% receiving 2 doses and the other 50% receiving 1 dose 
within the one-year time period.

Results
Number of people to be vaccinated under different 
scenarios
A total of 8.0 million, 13.4 million, 18.7 million, and 26.8 
million adults (above the age of 18) from the Kenyan 
population are targeted for vaccination under the 30% 
coverage, 50% coverage, 70% coverage, and 100% cover-
age vaccination strategies respectively. This is reported in 
Table 3.

Total costs
The reported total costs reflect 2-vaccine doses per per-
son vaccinated. The total financial procurement costs 

Table 2  Study participants

Sampling strategy National Kilifi County Kakamega 
County

National COVID-19 vaccine deployment 
representatives

Purposive 4 - -

County health officials Purposive & Snowball - 2 2

Public hospital nurses Purposive & Snowball - 2 2
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ranged from $24.55 million to $352.74 million while the 
economic procurement costs ranged from $140.65 mil-
lion to $468.84 million for the 30 and 100% coverage lev-
els respectively.

The total financial delivery costs ranged from $34.39 
million to $87.98 million for the 30% and 100% cover-
age levels respectively. The total economic delivery costs 
ranged from $98.18 million to $192.09 million for the 
30%and 100% coverage levels respectively.

The total financial costs of both procurement and 
delivery was estimated at $58.94 million, $168.50 mil-
lion, $278.62 million, and $440.72 million for the 30%, 
50%. 70% and 100% coverage levels respectively. Further, 
the total economic costs of both the procurement and 
delivery was estimated at $238.83 million, $345.78 mil-
lion, $474.26 million, and 660.94 million for the 30%, 
50%, 70%, and 100% coverage levels respectively. These 
total incremental costs of procurement and delivery of 
COVID-19 vaccines are reported in Table 4.

Vaccine procurement costs are the largest cost-driver, 
accounting for 39% to 79% of total financial costs and 
58% to 70% of total economic costs across the different 
vaccine strategies.

When all procurement costs are excluded, and only 
delivery costs are considered; the major financial cost 
driver include vaccine supply chain activities account-
ing for 47% to 59% of total financial delivery costs. This 
is then followed by advocacy, communication and social 
mobilization activities that are estimated at 18–19% 
of total financial delivery costs and data management, 
monitoring &supervision activities that are 12% to 21% 
of total financial delivery costs. However, for economic 
delivery costs, the main cost driver is advocacy, commu-
nication and social mobilization activities accounting for 
29% to 35% of total economic delivery costs. This is then 
followed by supply chain activities, and vaccine adminis-
tration activities that account for 16% to 27% and 17% to 
27% of total economic delivery costs respectively. Across 
both financial and economic costs, training activities, and 
vaccine safety monitoring & AEFI management activities 
were the least cost drivers for the delivery costs. This is 
illustrated in Fig. 2.

Unit costs
The financial vaccine procurement unit costs to be 
incurred by the government of Kenya was estimated at 
$2.89, $8.67, $11.15, and $13.01 per person vaccinated 
with two-doses for the 30%, 50%, 70% and 100% coverage 
levels respectively. While the full economic costs of vac-
cination procurement per person vaccinated with 2 doses 
was $17.34.

The financial costs of vaccine delivery per person vacci-
nated with two-doses ranged from $3.29 to $4.28 and the 
economic costs of vaccine delivery per person vaccinated 
with two-doses ranged from $7.17 to $12.22 in the 100% 
and 30% coverage levels respectively.

The total financial unit costs per person vaccinated 
with two doses (procurement and delivery costs) ranged 
from $7.34 to $16.47 and the total economic unit costs 
per person vaccinated with two doses ranged from $29.73 
to $24.68 in the 30% and 100% coverage levels. The unit 
costs are reported in Table 5.

Sensitivity analysis
The economic cost of vaccine procurement per person 
was sensitive to changes in vaccine prices, with a 56% 
decrease ($7.60) and a 44% increase ($24.94) in the 
unit cost. The cost of vaccine delivery per person were 
robust to the changes in the parameters. The economic 
vaccine delivery per person increased and decreased by 
less than 10% across all vaccination strategies. This is 
illustrated in Fig. 3.

Discussion
We estimated the costs of procuring and delivering the 
COVID-19 vaccine in Kenya under four different vacci-
nation coverage scenarios. This study provides insights 
into country-specific unit costs and cost drivers of 
COVID-19 vaccine delivery costs that can be useful for 
planning and budgeting purposes and contributes to evi-
dence of costing studies of COVID-19 vaccine delivery.

The largest costs driver was the costs to procure vac-
cines which contributed 39% to 79% of total financial 
costs and 58% to 70% of total economic costs across 
the different vaccination strategies. This is consistent 
with other vaccine costing studies for other diseases; 
For instance, a multi-country study done across Ghana, 
Kenya, and Malawi estimated that the costs of the 
malaria vaccine were up to 90% of the total financial and 
economic costs of continuing malaria vaccination after 
piloting [17]. The sensitivity analysis illustrated that the 
procurement costs of vaccines per person were sensi-
tive to changes in vaccine prices illustrating the impor-
tance of procuring the COVID-19 vaccine at the lowest 

Table 3  Number of people to be vaccinated and number of 
doses administered in a one-year period

Vaccination strategy Total number of 
adults vaccinated

Number of doses 
administered (two doses 
per person)

30% coverage 8,034,303 16,068,606

50% coverage 13,390,505 26,781,011

70% coverage 18,746,707 37,493,415

100% coverage 26,781,011 53,562,021
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Fig. 2  Proportion of cost components contributing to vaccine delivery costs

Table 5  Unit costs

Unit costs Financial Costs Economic costs

30% coverage 50% coverage 70% coverage 100% 
coverage

30% Coverage 50% coverage 70% coverage 100% 
coverage

Cost
(2021 US$)

Cost
(2021 US$)

Cost
(2021 US$)

Cost
(2021 US$)

Cost
(2021 US$)

Cost
(2021 US$)

Cost
(2021 US$)

Cost
(2021 US$)

Cost of vaccine 
procurement 
per person vac-
cinated with 2 
doses

2.89 8.67 11.15 13.01 17.34 17.34 17.34 17.34

Cost of 
vaccine-related 
supplies 
procurement 
per person vac-
cinated with 2 
doses

0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17

Cost of vaccine 
delivery per 
person vac-
cinated with 
2-doses

4.28 3.75 3.55 3.29 12.22 8.32 7.79 7.17

Cost of pro-
curement and 
delivery per 
person vac-
cinated with 
2-doses

7.34 12.59 14.87 16.47 29.73 25.83 25.30 24.68
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possible cost. Further, the government may consider pol-
icy changes to lower some of the import taxes resulting in 
a lower financial cost incurred by them.

This study estimates the financial costs of COVID-
19 vaccine delivery per person at US$4.28, US$3.75, 
US$3.55, and US$3.29 for the 30%, 50%, 70% and 100% 
coverage vaccination strategies. Further, the reported 
economic costs of COVID-19 vaccine delivery range 
from US$7.17 to US$12.22 across the vaccination strat-
egies. As expected, the economic costs are consistently 
higher than the financial costs due to the inclusion of 
opportunity costs such as salaries, volunteer labour, 
donated goods, and building space and the development 

and cloud hosting of the electronic logistics management 
information system. The estimated unit costs in this study 
also indicate possible economies of scale in COVID-19 
vaccine delivery as the target coverage increases.

Although not directly comparable, a costing study in 
92 countries estimated the financial COVID-19 deliv-
ery costs of US$3.70 per person vaccinated with two 
doses for a 20% target population [13]. Our estimated 
financial cost of COVID-19 delivery per person vac-
cinated with two-doses is within the estimated range 
of the other study, however some differences in the 
costing approaches exist. For instance, Griffiths, et.al 
[13] assumed the strategy for reaching the elderly and 

Fig. 3  Sensitivity analysis of vaccine procurement costs per person and the costs of vaccine delivery per person across different parameter 
variations
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healthcare workers was through outreaches and fixed site 
respectively and included global and regional level costs. 
Although our study also assumed both fixed site and out-
reaches, it only included country level cost estimates, 
adapted from Kenya’s-specific planned deployment activ-
ities and are therefore country-specific. Further, due to 
existing price differences between countries and different 
assumed coverage levels, these studies are not directly 
comparable.

Our findings demonstrated that when considering the 
incremental financial costs for COVID-19 vaccine deliv-
ery, supply chain activities followed by advocacy, commu-
nication and social mobilization, and data management, 
monitoring and supervision were the top three cost driv-
ers. However, for economic costs, vaccine administration 
costs during service delivery was the third cost driver in 
addition to supply chain and advocacy, communication 
and social mobilization. Previous evidence, that focused 
on total costs reported supply chain costs to be lower 
than immunization services for EPI vaccines in Kenya 
[18]. For malaria vaccine delivery in Kenya, evidence 
suggests that the recurrent cost drivers are social mobi-
lization, service delivery, and monitoring and evaluation 
[17]. Training although expected to be a cost driver in 
our study, was among the least cost drivers in both the 
financial and economic vaccine delivery costs. This was 
as a result of classifying training as a start-up costs in 
line with the Global Health Cost Consortium guidelines 
[19] and assuming that the initial training would last for 
2 years.

This study’s limitation is that the study relied on 
expenditure plans rather than actual expenditures. How-
ever, this was mitigated by augmenting this data with 
structured interviews with vaccine deployment imple-
mentors. Further, this analysis focussed on a 2-dose vac-
cine formulation, future analysis should consider vaccine 
delivery costs per person for 1-dose formulations, as well 
as vaccine strategies that include boosters. The strength 
of this paper is that the assumptions, unit prices, and vac-
cination scenarios used in the cost analysis are country-
specific and therefore can be used to inform local policy 
and may further inform parameters used in cost-effec-
tiveness models.

Conclusions
This analysis presents cost estimates and highlights cost 
drivers of the COVID-19 delivery strategy that targets 
different coverage levels. This can be used to inform local 
policy and may further inform parameters used in cost-
effectiveness models. The results could potentially be 
adapted and adjusted to country-specific assumptions to 
enhance applicability in similar low-and middle-income 
settings.
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