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Abstract

Background The COVID-19 vaccination programme in South Africa was rolled out in February 2021 via five delivery
channels- hospitals, primary healthcare (PHC), fixed, temporary, and mobile outreach channels. In this study, we esti-
mated the financial and economic costs of the COVID-19 vaccination programme in the first year of roll out from Feb-
ruary 2021 to January 2022 and one month prior, in one district of South Africa, the West Rand district.

Methods Financial and economic costs were estimated from a public payer’s perspective using top-down and ingre-
dient-based costing approaches. Data were collected on costs incurred at the national level and from the West

Rand district. Total cost and cost per COVID-19 vaccine dose were estimated for each of the five delivery channels
implemented in the district. In addition, we estimated vaccine delivery costs which we defined as total cost exclusive
of vaccine procurement costs.

Results Total financial and economic costs were estimated at US$8.5 million and US$12 million, respectively;

with a corresponding cost per dose of US$15.31 (financial) and US$21.85 (economic). The two biggest total cost driv-
ers were vaccine procurement which contributed 73% and 51% to total financial and economic costs respectively,
and staff time which contributed 10% and 36% to total financial and economic costs, respectively. Total vaccine
delivery costs were estimated at US$2.1 million (financial) and US$5.7 million (economic); and the correspond-

ing cost per dose at US$3.84 (financial) and US$10.38 (economic). Vaccine delivery cost per dose (financial/eco-
nomic) was estimated at US$2.93/12.84 and US$2.45/5.99 in hospitals and PHCs, respectively, and at US$7.34/20.29,
US$3.96/11.89 and US$24.81/28.76 in fixed, temporary and mobile outreach sites, respectively. Staff time was the big-
gest economic cost driver for vaccine delivery in PHCs and hospitals while per diems and staff time were the big-
gest economic cost drivers for vaccine delivery in the three outreach delivery channels.

Conclusion This study offers insights for budgeting and planning of COVID-19 vaccine delivery in South Africa’s pub-
lic healthcare system. It also provides input for cost-effectiveness analyses to guide future strategies for maximizing
vaccination coverage in the country.

Keywords COVID-19 vaccination programme, COVID-19 vaccines, Costing analysis, Immunisation economics,
Budgeting and planning

*Correspondence:

ljeoma Edoka

ijeoma.edoka@wits.ac.za

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12913-024-11251-1&domain=pdf

Edoka et al. BMC Health Services Research (2024) 24:857

Background

South Africa started rolling out a national COVID-19
vaccination programme in February 2021 [1]. Given the
devasting impact COVID-19 had on the country’s pop-
ulation, the healthcare system and the economy [2], the
national government committed approximately 15% of
its total health budget between March 2021 and Febru-
ary 2022 to the COVID-19 vaccination programme [3].
However, due to global COVID-19 vaccine shortages,
a risk-based phased approach was adopted [1]. First,
healthcare workers were targeted through the Sisonke
trial using the Johnson and Johnson’s (J&J) Janssen vac-
cine [1, 4]. From May 2021, the vaccination programme
was rolled out to the general population, first targeting
adults aged 60 years and older, other essential workers
and subsequently, other age groups sequentially with
both the Comirnaty (by Pfizer-BioNTech) and John-
son and Johnson (J&J) Janssen vaccines [4]. By Decem-
ber 2021, the target population had been extended to
include all individuals aged 12 years and older [1].

The rollout of the COVID-19 vaccination programme
was unprecedented in scale and especially in pace,
given the urgency to achieve a 70% target vaccine cov-
erage by December 2021 in the general population
including sub-populations not traditionally targeted for
vaccination [1, 3]. To maximise coverage and address
vaccine equity for hard-to-reach rural populations, in
the first year of the programme, COVID-19 vaccines
were delivered to target populations via five differenti-
ated delivery channels across public, private and non-
governmental organisations (NGOs). These included
hospitals, primary healthcare (PHC) facilities, fixed,
temporary, and mobile outreach delivery channels.

Scale up of a national life-course vaccination pro-
gramme relies on cost-effective and sustainable vaccine
delivery models and the choice of COVID-19 deliv-
ery modality has implications not only for equitable
vaccination coverage but also for the costs and cost-
effectiveness of the vaccination programme. In addi-
tion, accurate budgeting and planning for the ongoing
COVID-19 vaccine rollout to non-traditionally targeted
subpopulations in South Africa require a thorough
understanding of vaccination programme costs. There
is, however, a dearth of evidence on real-world costs
of COVID-19 vaccination programmes in low- and
middle-income settings including South Africa. Many
studies in these settings have adopted a normative
approach, based on the application of guidelines and
assumptions to describe and estimate, prospectively,
vaccination programme costs ahead of real-world roll-
outs [5-7]. Crucially, some of these studies assumed
the rollout of the programme on singular delivery
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platforms, thus potentially resulting in biased estimates
of the cost of the COVID-19 vaccination programme.

In this study, we retrospectively estimated total finan-
cial and economic cost of the COVID-19 vaccination
programme from a public payer’s perspective in the first
year of programme rollout in one district of South Africa,
the West Rand district. The district has a total popula-
tion of approximately 770,000 and by January 2022, had
achieved a COVID-19 vaccination coverage in eligi-
ble populations (individuals over the age of 12 years) of
approximately 50% for those who had received at least 1
dose of either of the two COVID-19 vaccines and 41% for
those fully vaccinated.

Financial costs captured the costs of resources that
were paid for by the public payer which consisted of cash
outlays incurred in the delivery of the COVID-19 vacci-
nation programme [8, 9]. Economic costs, on the other
hand, captured both financial costs and the opportunity
costs of existing or donated resources [8, 9]. In addition,
we estimated cost per vaccine dose of the five delivery
channels to assess the most cost-efficient vaccine deliv-
ery channel. These estimates will not only be useful for
informing ongoing discussions on the evolution of the
COVID-19 vaccination programme in South Africa but
also for informing budgeting and planning for the rollout
of future large-scale vaccination programmes, such as
potential tuberculosis, HIV and malaria vaccines targeted
at wider population groups as well as for informing plan-
ning for pandemic preparedness.

The COVID-19 vaccination programme in South Africa’s
West Rand district

In the West Rand District, COVID-19 vaccines were
administered via five delivery channels including exist-
ing health facilities—hospitals and PHC facilities, and
three outreach channels—fixed, temporary, and mobile
outreach channels. Fixed outreach sites were donated
non-health facilities or mass vaccination venues such
as sports centres, community town halls, churches, and
school halls which provided only COVID-19 vaccina-
tion services. Temporary and mobile outreach channels
offered vaccination services through roving and mobile
teams, respectively. Temporary outreach channels pro-
vided COVID-19 vaccines on a temporary basis from
locations which varied day-to-day based on identified
need or priority groups and included sites such as old
age homes, shopping malls and community town halls.
Mobile outreach services were offered by a team of
health personnel from within rented vans which served
as mobile clinics. In addition to providing COVID-19
vaccination services, mobile outreach delivery channels
were used to deliver other PHC services. Hospitals and
PHC facilities were regarded as primary vaccination sites
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(Fig. 1) where COVID-19 vaccines were stored over-
night and served as hubs to support the three outreach
delivery channels, where vaccines required only for the
day of service provision were stored in WHO-approved
cooler boxes. While primary vaccination sites typically
provided vaccination services within normal working
hours, the three outreach channels provided vaccina-
tion services both within and outside normal work hours
including on weekends and public holidays to increase
the reach of the vaccination programme to eligible pop-
ulations. As a result, health personnel in the outreach
delivery channels received per diems for working over-
time. Overall, COVID-19 vaccines were administered in
the district in four hospitals, forty-seven PHC facilities,
forty-two fixed outreach vaccination sites, four mobile
clinics and by twelve roving temporary outreach teams.
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Vaccine procurement was coordinated by the national
government and distributed from central and regional
warehouses to the West Rand district regional phar-
macy, from where vaccines were distributed to COVID-
19 vaccination sites (Fig. 1). Implementation of the
COVID-19 vaccination programme in the district was
coordinated by existing district health personnel through
regular supervisory visits to vaccination sites, provision
of in-service training to vaccination site personnel and
overall monitoring, evaluation and collation of vaccina-
tion programme statistics using a de novo digital health
information system, the Electronic Vaccination Data
System (EVDS) specifically launched for the COVID-19
vaccination programme by the South African National
Department of Health (NDoH). To facilitate district-level
activities, additional resources such as rented vehicles,
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transportation, and overtime allowances (per diems)
were provided to district health personnel. The district
was also responsible for COVID-19 waste disposal which
involved the use of rented vehicles for the collection and
transportation of COVID-19 waste from all vaccination
sites to a central point, from where they were disposed of
by a contracted private company.

COVID-19 vaccines were stored centrally within the
district in the regional pharmacy using newly purchased
cold chain equipment and supervised by district health
pharmacists. At the district level, both the Comirnaty
(by Pfizer-BioNTech) and J&J Janssen were stored under
similar temperature conditions and both vaccines were
distributed to vaccination sites using rented vehicles, also
under similar temperature conditions. At the vaccination
site level, additional cold chain equipment was purchased
or obtained through donations to supplement existing
cold chain equipment. These included cold chain acces-
sories (such as digital fridge thermometers, ice packs and
locks), active cold chain equipment (such as freezers and
refrigerators) that required external sources of power
supply and passive cold chain equipment (such as cooler
boxes) that did not require external power supply. Exist-
ing generators were serviced and maintained to provide
back-up power supply for active cold chain equipment
within health facilities.

To minimize the impact of the COVID-19 vaccination
programme on the provision of other healthcare ser-
vices, additional human resources including temporary
contract personnel and volunteers were mobilised, and
deployed to provide vaccination services in outreach
delivery channels. These personnel were supported and
supervised by existing department of health-employed
personnel at the district and health facility level. Over-
all, the number and composition of personnel varied
between the five delivery channels with some personnel,
such as district-level personnel, shared across the five
delivery channels (Table A1).

Methods

We estimated the financial and economic costs of
COVID-19 vaccination programme from a public pay-
er’s perspective using a combination of top-down and
ingredient-based costing approaches.! We estimated
costs during the first year of the programme (February
2021-January 2022) and one month prior to the imple-
mentation of the programme to capture costs incurred
in planning for programme rollout. All costs were col-
lected in South African Rands (ZAR) and converted

1 A CHEERS Checklist can be found in Supplemental Table A8.
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to 2021 US$ using an average exchange rate of US$1 to
ZAR14.78.

Data collection

Costs incurred at three health system administrative
levels (national-level, district-level and vaccine deliv-
ery channel-level) were collected from multiple sources
using standardised questionnaires [10, 11], adapted to
the South African setting. Data were collected retrospec-
tively, by programme activities described in Table 1.

Data on costs incurred only at the national level (i.e.
national-specific costs) were collected, from January
2021 to January 2022, through interviews with NDOH
COVID-19 vaccination programme coordinators. The
first doses of the COVID-19 vaccines in the district were
administered in May 2021. Therefore, we collected dis-
trict- and channel-level data from April 2021 to January
2022.

At national level, data collected included vaccine pro-
curement costs, personnel time costs, EVDS cost and
national-level vaccine transportation and storage costs.
Vaccine procurement was done at the national level and
the cost per dose of the Comirnaty (by Pfizer-BioNTech)
and J&J Janssen vaccines were obtained from secondary
sources and assumed to include air freight costs [1, 12].
For personnel time, data was collected on the propor-
tion of time spent on each programme activity and on the
total number of hours worked per day on the COVID-19
vaccination programme during our study period. Staff
time by programme activity was then estimated by mul-
tiplying proportion of time spent on each programme
activity by total hours worked, and valued using public
sector salaries obtained from secondary sources [13]. For
EVDS costs, a top-down approach was adopted. Total
cost of implementing and maintaining the EVDS during
our study period were obtained from the NDoH and allo-
cated to initial capital investment and on-going human
resource support using allocation factors (30% and 70%,
respectively) provided by NDoH key informants.

At the district- and channel-levels, an ingredient-based
costing approach was adopted. This involved the collec-
tion of data on quantities and unit costs (market prices)
of resources used in the vaccination programme. District-
and channel-level data was collected from one urban/
semi-urban district, the West Rand district, located in
the Gauteng province of South Africa.

Interviews were conducted with the district COVID-
19 vaccination programme coordinator who in turn,

2 https://www.resbank.co.za/en/home/publications/monthly-releases?categ
ory=Monthly%20Release%200f%20Selected%20Data&rows=25&year=
2021&page=1
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https://www.resbank.co.za/en/home/publications/monthly-releases?category=Monthly%20Release%20of%20Selected%20Data&rows=25&year=2021&page=1

Page 5 of 13

(2024) 24:857

Edoka et al. BMC Health Services Research

Sjeuarew buiuresy H3| 1oy 3502 bunuud -saijddns pue Juswdinby -

AJUO JJe1S [9A3]-10143SIP J0) JudUWARd SWIIISA0 WIP J3d

KJUO JJe1S [9A3)

-1013SIp AQ pa1INdUl 9Ny pU $150D [eUal 321YaA-1odsuel) pue S3|DIYaA
150D [eyded se paleail [9A9] [RUOIIRU 1B RIS AQ

1Uads Sl 'SIUSAS Bujulell BUIRUIPIOOD 1O ‘DULISAIRP ‘BUIpUSIIE S|9AI)
SAIIRIISIUILIPE |[B 3B S2IPED JJB1S JUDIaHIP AQ 1uads swin -aul} J4e1s

pJeoq||ig ‘s|erlauuod

UOISIAD|2] ‘SIUSUIDSILIDAPR ‘S9SUSdXa UOIRDIIUNUWIWIOD S35USdXa JSUYIQ «
uon

-BSI[IGOW [e120S 104 S|era1ew D3| jo bunuud -saijddns pue wuawdinby -
‘lauu0sIad [9A3] 1DLISIP PUB SIS YDeal

-INO 93143 93 JO JJe1s 01 JusiAed SWILISAC pue WaIp Jod—widIp 49 »
AJUO JJB1S [9A3)

1013SIP AQ PasN [any puUe $150D [e1ual 3|d1yaA-1iodsuel) pue SaIYaA «
1502 |e3ided se Pa1eal] [9A3] [UOIIBU 1B Jels Ag Juads awil] ‘S|aA|
SAIIRIISIUILIPE |[B 3B S2IPED JJR1S JUDIaHIP AQ Juads swin -aui} J4e1s

JJE1S [9AS[-1D11SIP 1) JUSWIARD SWIISAO—WISIP U3 *

JJB1S 93] 1013SIP AQ| SUSIA

A10sIA12dNS J0J [9N) PUB $1S0D [PIURI 3|21YDA-1IOdSURIY PUE SI[DIYIA *
150D |eded Se pa1eall [9A3] [eUOIIRU 1B Jels AQ uads aWwli] S|aAd)
SAIIRASIUIWIPE |[B 1B S2IPED JJR1S 1UIRIIP AQ 1uads sulll -auli) JJels «

Ajddns Jamod

uleyd p|od ‘sioresabliyal 92169p-0f snulw ‘sis1awoullayl abpuy [eubip
'sY20] ‘syoed 221 '2beI0IS BUIDIBA J3]00D XOG QHAA S YINS S3MUS UoN
-BUIDDBA PUR 1D13SIP 18 paundul -saljddns pue yuswdinbs ureyd pjod «
Je1s yoealno

PaXY PUB 3[IqOW |9AS]-1DLISIP JO JusUAed SWIISAO—WIP J3d *

$31IS UOJIRUDIRA

|[e O} pUE $2101S [eUOID3I/ [PJIUSD 01 1IOCUIE WOIJ SSUIDIPA JO UOIING
-113SIp 40§ PISN [aN} pUE $1S0D [eU) 3D1YaA-1iodsuel) pue SIPDIYIA
1502 |e3ided se Pa1eal] [9A9] [PUOIIEU 1B Jels Ag Juads awil] ‘S|aA|
SAI1BIISIUILUPE |[B 1B S2IPED JJe1S JUDIaHIP AQ JUads swil -aWi} J4el1s
S9SOP SUIDDPA PIISEM PUP PISISIUILIPE JO 1SOD -2UIDIBA »

Ajuo

JB1S [9AS-1D1ISIP AQ PR1INDU SISOD 110dSURIY PUB SWILIDAO -WSIP 13d »
$31IS DHdJ 1da0x3 S|aUUBYD UOIIBUIDIRA ||B pUP

-1DL3SIP 1B PALINDUL [N4 PUR S1SOD [BIUSI 3J2IYdA-HodSUeI PUB S3|DIYSA »
1502 |e3ided se Pa1eall [2A3] [PUOIIBU 1B eIs AQ Juads S| *,S[aA3)
SAIIRIISIUILUPE |8 3B S21PED JJe1S JUBIDHIP AQ Juads swifl -aWi} JJe1s

1S [9A31ASIP Ag pa1onpuod Buluresy
9DIAIDS-UI pUB SQNH 2BP3JMOUY| SUJJUO BIA JJRIS JO Bujulel) [euio Burutes|

|9A3] [euoneU 1e [auu0sIad Ag BuliolUOW pue UOIeUIPIOOD
SOPN|DU 0S|y ‘JJe1S 9IS UONBUIDIRA PUE 1DLISIP AQ SSIIUNWIUIOD UIYUM

JAIIDB UOIIBSID PURLUSP PUB UOIIESIIGOW [2D0S OW [2DOS PUB UOIIRDIUNUWILIOD ADBIOADY

1uawdinba ureys pjod Jo bunonuow :duwwelb
-01d uoneudIeA 6 1-QIAOD 941 AQ Pasn UleyD Pjod JO SDURUSIUIRIA adueUSIUIRW UlRYD PjOD)

SIS YDeaIIN0 01 S3S UoljeuddeA Alewud

WIOJ4 PUP 0} SOUIDIBA JO UOIINGIASIP pue buisnoyaiem (DHd pue sjeud

-S0y) SaS uolleudIeA Alewlid 01 saioeulleyd |euolbal WOy SaUDIeA

61-aIAOD JO uonNguUIsIp pue buisnoyaiem :sapeweyd [euolbas 01

$9I03S [BJIUDD WIOL) SAUIDIBA 6| -JIAOD JO UOIINGUISIP PUR ‘S3101S
|BJ3USD Ul BuISNOYaJeM ‘S2101S [eA1UaD 01 Lodile woly uonenodsuel| uonnNgUIsIp pue sbeiols SUPIeA

(uassuer (9 pue (YdaNoIg-1azud Aq) A1euliuiod) ) uopenodul] auidIeA JUsWaIN>0id BUDIRA

(592IN0S34 JUS1INJI SB

pa1ea11) 70z Alenuer 01 |Z0Z A1eniga- Wolj paidnpuod SafiAllde

1uswWabeuew swweiboid Buiobuo pue (sa2Inosai [eyided se paieall)
1N0||01 dUIIeA 01 Joud YIUOW U0 PaIdNPUOd sapiAide bujuueld ||y Bujuue|d

syndui 3>inosay

uondudsap AHAde swwelboid AyAnpe swwesboid

s1ndul 924N0Sa1 pue s3IANDe SWwelboid jo uondudsag L ajgeL



Page 6 of 13

(2024) 24:857

Edoka et al. BMC Health Services Research

uonesiunwwi BUIMO||04 JUSAS ISISAPY {7V

s|auuRYd AISAIISP PUB “IDLISIP ‘[eUOII_U SPN|DU S|9AS] SALRASIUIWPY

sasuUadxa JaY1Q
saliddns pue juswdinbg -
waIp 13

1odsuel) pue s3IYaA
oulll jJels -

51500 SOAT PUE SI2IN0J 14-IA) ‘S19]ge) ‘sjeparew bunupud

'A1BUOI1RIS 'DIED SUIDDBA 13|J83] P|0J-7 19%20d -saljddns pue Juswidinby -
JJB1S [9AS[-1D1ISIP 10} $1S0D JUSWARD SWILISAO WP J3d +

KJUO JJe1s [9A3)

-1213SIP AQ paLINdUL 9N PUe S3SOD [BIUS) 3]D1YdA-10dSsURI) pUB S3DIYIA «
150 [euded se paleail [9AS] [RUORU 1B Jels AQ 1uads swli| 'S|9AS|
SAIRASIUIWIPE |[B 1B SUPED JJe1S JUIRMIP AQ JUadS SWI) -aWI} J4eis -

1Je1S [9A[DLISIP AQ PRLINDUL JUSWART SWILISAO WSIP J3d

1e1S [9A3] 1011SIP Ag

Pa1INDUI S1SOD [N} PUB S1SOD [e1UB] 3J2IYSA-1IOdSURLY PUR SDDIYDA +
1502 [e11ded Se paleal] [9A3] [euoeU 1B Jyels A Juads aull] S|aAl|
SANRIISIUILIPE |[B 18 SIPBD J4els JUIaIp AQ Juads awi) -aun JJels -

1DLISIP 9Y1 UIYIM Suon
-BD0| [BJ1UDD WO 315eM JO [eSOSIP PUB UOIID3]|0D -5asuadxa JayiQ «
XOQ| 915eM [eDIPaW pue [esodsIp sdieys ‘sbeq asnyal -s9|gewnsuo) «
1JP1S [9A3)] 1DLISIP O JUDWIAR SWIHISAO—UIRIP 19d *

UOI1BD0] [B4IUSD 01 SIS WOIS 215eM Bul

-}JodsueJ) 10§ PasN [N} PUB SISO [eIURM 3|D1YaA-1OdSUeL) PUB SIDIYIA +
150 |euded se Pa1eal] [9AS] [BUOIRU 1B JelS AQ 1uds SWwli| 'S|9AS|
SAIIRAISIUIWIPE |[B 1B SUPED JJE1S JUIRMIP AQ 1uads aull) -aul} J4els -

|9A9] 3S

UOI1RUIDDRA PUB 1DUISIP 1 SIOSIAISANS 104 STUSWARd SUILISAOC WISIP 19 «
RIS [9A3] 1DL3SIP AQ SHSIA A10SIAJadNS

[eJ2USb JOJ P3SN [9N) pUE SISOD [PIUI S|DIYIA-1I0dSURI] pUB SIDIYIA *
150D |e1ded Se Pa1eal) [9A3] [BUOIIRU 1B JJe1s AQ 3uadSs aWi] S|aAI)
SAIIBIISIUILUPE |8 1B S2IPED JJe1S JUDIaHIP Ag Juads swip -aui} J4e1s

SSNUSA YDBJINO Paxy JO aN[eA [BIURI -535UdXe JIaY1Q)

2V 9|9eL Ul papiaoid e sajdwiexa auos -S9|qewnsuoy) «

€ -2V S9|geL ul papiroid ale ssjdulexs swos -saljddns pue yuswdinby «
1JP1S 4dea.Ino Joj siuswAed waIp Jod—uaIp 1od

Ajuo saydeaiino Aleioduiay pue

'3]IqOW J0§ P3SN 9N} puUe SISO [PIUI S|DIY3A-1I0dSURIL pUB SIDIYIA *
Ajuo

[9A3] [aUURYD AISAISP 1B S2UPED J4PIS JUIPIP AQ Juads SUI} -aWN JeIS «

SsenlAlnDe
swiwesboid 1syio ayy Ul painided J0u saARDe ubledwed JayiQ

S9SOP 2UIDIRA JO BULIOUOW pue BUIpIOd31 3Y} 03 Paie[al SIIIAIDY

143V Jo Buiiodal/uonedyou jo
JusWabeurW ‘UoDRIaP,/UolRdYIIUSP] ‘Buluueld 01 Bulieal SIRIAIDY

|OOM UONOD pue
sdieys ‘sein auddeA 61 -gIAQD Bulpn|pul a1sem [edipaw Jo [esodsiq

NELE]
SAIIBJISIUILIPE |[B 1. 1S AQ PR1DNPUO0D SaNIAIDR AJOsIAISdNS (iU

$31IS UOJ1BUIDIRA UILIIM
SDIAIS UOIIRUIDDRA JO UOISIA0ID a3 03 Buile|al SIAIDE ||y

saIAIDR ubredwed JaylQ

uolien|eAs pue buloyuow ‘buidasy pioday

143V JO JusWabeuew pue aJUB||I9AINS A12JeS SUIDIBA

1usWabeurW 21SBAA

uolsiniedng

(UORRIISIUILIPE SUIDIRA) AISAIISP DDIAISS

sindui 234nosay

uondudsap ANAne swwelboid

fAnoe swwelboid

(PanuNUOd) | 3jqey



Edoka et al. BMC Health Services Research (2024) 24:857

consulted with other colleagues in collating data on quan-
tities, unit costs and allocation of resources used, by pro-
gramme activities (Tables A2 and 3). These included costs
incurred only at the district level (district-specific costs)
and costs incurred only at the delivery channel level (chan-
nel-specific costs). For channel-specific costs, data were
collected on total quantity of resources used in all vaccina-
tion sites within each delivery channel. For example, dur-
ing our study period there were four hospitals, forty-seven
PHC facilities, and forty-two fixed outreach vaccination
sites in the district, for which aggregate data was collected
for each category of delivery channel. Similarly to data col-
lection at the national level, personnel time was collected
on the proportion of hours worked on each programme
activity and the total number of hours worked on only
the COVID-19 vaccination programme during our study
period. In addition, data was collected on the total number
of personnel receiving per diem and average per diem rate
(Table Al). Unit costs of all consumables, equipment, sup-
plies, and personnel salaries were obtained from COVID-
19 vaccination programme expenditure records provided
by the district programme coordinator. Finally, data were
obtained from the EVDS database via the district pro-
gramme coordinator on the total number of COVID-19
vaccine doses administered within each delivery channel
and the corresponding number of doses wasted.

Data analysis and cost outcomes

We estimated total financial and economic costs of the
COVID-19 vaccination programme, disaggregated by
resource input categories and programme activities.
In addition, we estimated total vaccine delivery costs
which we defined as total costs exclusive of vaccine
procurement costs. Total cost of each resource input
was estimated by multiplying the unit cost of each
resource by its respective quantity and resource alloca-
tion factor, where applicable. Under each programme
activity, resource inputs were classified as capital/
start-up resources (defined as inputs with a useful life
greater than one year) and recurrent resources (defined
as inputs with a useful life less than one year). Annual
financial costs of capital resources were estimated using
the straight-line depreciation approach [9]. Annual
economic cost of capital resources was estimated by
applying an annuity factor [9, 14] estimated using a dis-
count rate of 5%, in line with NDoH methods guide [15,
16] and an assumed useful life for each capital resource
obtained from existing literature [10]. For annualiza-
tion of capital investment in the EVDS, we assumed
a 3-year useful life, based on the assumption that the
EVDS system would solely be used for the COVID-19
vaccination programme during this period, after which
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it would be repurposed to support the entire Extended
Programme on Immunisation. Similarly, personnel time
spent on planning for vaccine introduction one month
prior to the rollout of the vaccination programme was
assumed to be a capital investment and was annual-
ized assuming a 3-year useful life. This was based on
the assumption that the COVID-19 vaccination pro-
gramme will likely taper off at the end of 3 years and
the intensity of planning seen prior to the rollout of a
new vaccine to population groups previously not tar-
geted for vaccination, would not likely be repeated dur-
ing this time. The impact of the assumed 3-year useful
life on total cost was assessed in a sensitivity analysis
as well as the impact of assuming planning costs to be
capital —our sensitivity analysis is described below.
Resources shared by programme activities within the
COVID-19 vaccination programme were allocated using
allocation factors (Tables A2 and 3) collected during key
informant interviews. Resources shared with non-COVID
programmes were similarly allocated using allocation fac-
tors. For example, within our study district, mobile out-
reach channels provided both routine primary healthcare
services and COVID-19 vaccines. Consequently, 50% of
shared resources (vehicle cost, cold chain, and staff time)
were allocated to the COVID-19 vaccination programme.
Total cost incurred at the study district was estimated
as the sum of district-specific costs, channel-specific
costs and a share (dose-weighted; Eq. 1) of national-
specific costs. National-specific costs were apportioned
to the study district using the district share of doses
administered nationally within the public sector (Eq. 1).
Total number of doses administered nationally via pub-
lic delivery channels were obtained from the EVDS [17].

L . X Total dosesp
District share of national-specific cost = Total costy * ———
Total dosesn

(1)
where D =district and N=national
Similarly, total cost of each delivery channel was esti-
mated as the sum of channel-specific costs and a share
(dose-weighted) of national- and district-specific costs.
Finally cost per dose was estimated for the district as a
whole and for each delivery channel (Eq. 2).

Total cost;

Cost per dose; = Total doses.
L

()
where, i=district, hospital, PHC, fixed, temporary and
mobile delivery channels

Sensitivity analysis

Using a one-way sensitivity analysis, we assessed the
robustness of our findings to variations in discount
rate and useful life assumed in the estimation of annual
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economic cost of the EVDS and personnel time spent
on planning activities prior to programme implemen-
tation. Given the uncertainty in the anticipated lifetime
of the COVID-19 vaccination programme in South
Africa, in the basecase analysis we assumed a useful
life of 3 years for capital investment in the EVDS and
personnel time spent on planning activities one month
prior to vaccine rollout. In the sensitivity analysis, we
estimated total costs and cost per dose using alterna-
tive useful life of 1.5 years and 5 years while holding
all other cost inputs constant. In addition, we assessed
the impact of reducing the discount rate (from 5 to 3%)
used in the estimation of annuity factors in line with
recommendations from the International Decision
Support Initiative (IDSI) [18]. Finally, we re-estimated
total cost and cost per dose when personnel time spent
on planning activities prior to vaccine introduction are
treated as recurrent inputs.

Ethics approval

Ethics approval for this study was obtained from the
University of Witwatersrand Human Research Ethics
Committee (Medical)- clearance certificate number:
M210747.

Results

Total costs

Total financial and economic costs of the COVID-19 vac-
cination programme in our study district were estimated
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at approximately US$8.5 million and US$12 million,
respectively (Table 2). This included delivery channel-
specific costs, district-specific costs, and the district
share of national-specific costs (Table 2). Total financial
and economic vaccine delivery costs were estimated at
US$2.1 million and US$5.7 million, respectively (Table 2),
and were highest in fixed outreach (approximately
US$853,550 and US$2.4 million, respectively, Table 2)
and PHC delivery channels (approximately US$800,300
and US$1.96 million, respectively, Table 2).

Table 3 presents the distribution of total costs by pro-
gramme activities for the entire district across all delivery
channels. Overall, the biggest programmatic cost drivers
were vaccine procurement, which accounted for 73% and
51% of total financial and economic costs, respectively;
and vaccine service delivery which accounted for 10%
and 13% of total financial and economic costs, respec-
tively (Table 3).

The distribution of programme activity costs by admin-
istrative level (Table A4, Figure Al) shows that district-
specific financial costs were largely driven by advocacy,
communication, and social mobilisation costs (44%), while
record keeping, monitoring and evaluation contributed
the highest (31%) to total economic costs (Table A4).

In PHC and hospital delivery channels, vaccine admin-
istration, as well as record keeping, monitoring and
evaluation contributed the highest to total financial and
economic costs while in all three outreach channels,
vaccine administration contributed the highest to total
financial and economic costs (Table A4, Figure Al).

Table 2 Total costs (US$) and cost per dose (US$) by delivery channel?, West Rand district, January 2021-January 2022

Total doses
administered

Total number of
vaccination sites

Financial

Economic

Total costs

%

Cost per dose

Total costs

%

Cost per dose

Delivery Channel?

Excluding vaccine procurement cost (vaccine delivery cost)

Hospital 48 804 4 143 075 7% 2.93 626512 1% 12.84
PHC facilities 326415 47 800317 38% 245 1956 499 34% 5.99
Fixed outreach 116 271 42 853552 40% 734 2359658 41% 20.29
Temporary outreach 56752 12 224 831 11% 3.96 674 906 12% 11.89
Mobile outreach 3 864 4 95 882 5% 24.81 111130 2% 28.76
West Rand District (total) 552106 2117656 100%  3.84 5728704 100% 1038
Delivery Channel Including vaccine procurement cost (total programme cost)

Hospital 48 804 4 696 896 8% 14.28 1180333 10% 24.19
PHC facilities 326415 47 4637 897 55% 14.21 5794079 48% 17.75
Fixed outreach 116 271 42 2138903 25% 18.40 3645 009 30% 31.35
Temporary outreach 56752 12 839423 10% 14.79 1289498 1% 22.72
Mobile outreach 3 864 4 138578 2% 35.86 153 826 1% 39.81
West Rand District (total) 552 106 8451699 100% 1531 12062747  100%  21.85

? National and district level-specific cost have been allocated to each delivery channel

PHC Primary healthcare
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Table 3 Total costs (2021 US$) and percent contribution to total costs by programme activity, West Rand district?, January
2021-January 2022
Financial Economic

Programme Activity Total costs (USS) % Cost per Total costs (US$) % Cost per

dose (US$) dose

(US$)

Training 18 036 0.002% 0.03 130393 1% 0,24
Planning 24 361 0.003% 0.04 174110 1% 0,32
Other campaign activities 43911 1% 0.08 214509 2% 039
Waste management 74 355 1% 0.13 222028 2% 0,40
Vaccine safety surveillance and AEFI management 37787 0.004% 0.07 241 859 2% 044
Supervision 159 008 2% 0.29 392024 3% 0,71
Cold chain maintenance 104 884 1% 0.19 407 003 3% 0,74
Advocacy, communication and social mobilisation 232905 3% 042 606 893 5% 1,10
Vaccine storage and distribution 297619 4% 0.54 711820 6% 1,29
Record keeping, monitoring and evaluation 377 264 4% 0.68 1158490 10% 2,10
Service delivery (Vaccine administration) 878 357 10% 1.59 1600 407 13% 2,90
Vaccine Procurement 6203212 73% 11.24 6203212 51% 11,24
Total 8451 699 100% 15.31 12062 747 100% 21.85

2 Inclusive of national and district level-specific costs

AEFI Adverse event following immunization

Table 4 Total costs (2021 US$) and percent contribution to total costs by resource type, West Rand district?, January 2021-January

2022
Financial Economic
Resource type Total costs (US$) % Cost per dose Total costs (USS) % Cost per
(US$) dose
(US$)
Other expenses 30973 0.4% 0.06 82 007 1% 0.15
Vehicles and transport 191971 2% 0.35 191 766 2% 0.35
Consumables 191 901 2% 0.35 191901 2% 035
Equipment and supplies 210874 2% 0.38 240171 2% 044
Per diem 751921 9% 1.36 751921 6% 1.36
Staff time 870 848 10% 1.58 4401 769 36% 797
Vaccine (plus wastage) 6203212 73% 11.24 6203212 51% 11.24
Total 8451699 100% 15.31 12062 747 100% 21.85

@ Inclusive of national and district level-specific costs

Table 4 presents distribution of cost by resource cat-
egories for the entire district across all delivery channels.
Overall, vaccine cost was the biggest cost driver (Table 4).
Staff time made the second biggest contribution to total
cost, accounting for 10% and 36% of total financial and
economic costs, respectively (Table 4). The distribution
of resource costs by administrative levels showed that
staff time contributed the highest to district-specific
economic cost (78%, Table A5, Figure A2) while vehi-
cles and transportation costs contributed the highest to
district-specific financial cost (41%; Table A5, Figure A2).
In hospital delivery channels, staff time was the biggest

resource cost driver accounting for 62% and 91% of total
financial and economic cost, respectively (Table A5).
Similarly, in PHC delivery channels, staff time was the
biggest cost driver accounting for 71% and 87% of total
financial and economic costs, respectively (Table A5).
In all three outreach delivery channels — per diem costs
contributed the highest to total financial cost (Table A5).
Total economic costs in fixed and temporary outreach
delivery channels were largely driven by staff time (71%
and 65% respectively; Table A5) while per diems contrib-
uted the highest to total economic costs in mobile out-
reach channels (54%; Table A5).
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Cost per dose
In our study district, a total of 552,106 doses were admin-
istered (Table 2), contributing 2% to the total number of
doses administered nationally via public delivery chan-
nels (Table A6). Cost per dose administered in the dis-
trict was estimated at US$15.31 (financial costs) and
US$21.85 (economic costs; Table 2). This included the
district share of national-specific costs, district-specific
costs, and channel-specific costs. Vaccine delivery cost
per dose was estimated at approximately US$3.84 (finan-
cial costs) and US$10.38 (economic costs; Table 2).
Across delivery channels, the highest number of doses
were administered in PHCs (326,415; Table 2) and fixed
outreach sites (116,271; Table 2), each contributing 59%
and 21%, respectively, to total doses administered within
the district (Table A6). In all five delivery channels,
financial and economic costs, respectively, ranged from
US$14.21 and US$17.75 per dose in PHC facilities to
US$35.86 and US$39.81 per dose in mobile outreach sites
(Table 2). This included each channel share of national-
and district-specific costs as well as channel-specific
costs. When vaccine procurement costs were excluded,
vaccine delivery cost per dose (financial and economic
cost, respectively) ranged from US$2.45 and US$5.99 in
PHC facilities to US$24.81 and US$28.76 in mobile out-
reach channels (Table 2).

Sensitivity analysis

Our results were robust to variations in discount rates
assumed in estimating annual economic cost of all capi-
tal resources and uncertainty in useful life assumed in
the estimation of EVDS and planning personnel annual
economic costs. Decreasing discount rate from the base-
case value of 5% to 3% marginally increased total cost
and cost per dose administered (Figure A3). Similarly,
varying useful life from 1.5 years to 5 years had minimal
impact on total cost and cost per dose (Figure A4). The
minimal impact of variations in discount rate and useful
life on costs reflects the low contribution of capital costs
to total cost which was largely driven by recurrent costs
(Table A7). When planning activity costs were treated
as recurrent resources, financial cost per dose increased
marginally from US$15.31 to US$15.48 while economic
cost per dose increased from US$21.85 to US$22.91 (Fig-
ure A5).

Discussion

The COVID-19 pandemic required rapid scale up of the
COVID-19 vaccination programme to protect popula-
tions from COVID-19 associated morbidity and mortal-
ity. As a result, COVID-19 vaccines were distributed via
five delivery channels — hospitals, PHC, fixed outreach,
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mobile outreach, and temporary outreach delivery chan-
nels. This study assessed the financial and economic costs
associated with implementing the COVID-19 vaccination
programme in the West Rand district of South Africa via
public health sector delivery channels. Overall, financial
and economic vaccine delivery cost per dose in the dis-
trict were estimated at US$3.84 and US$10.38, respec-
tively. Variations were observed in cost per dose across
the five delivery channels assessed with the highest vac-
cine delivery cost per dose estimated for mobile outreach
vaccination sites (US$24.81 and US$28.76, financial and
economic cost, respectively) and the lowest for PHC
facilities (US$2.45 and US$5.99, financial and economic
cost, respectively).

Consistent with findings from other settings [5, 7, 19-22],
vaccine procurement was the biggest driver of total pro-
gramme costs, while staff time was the biggest driver of vac-
cine delivery costs. Although additional temporary contract
staff had been recruited to minimise the impact of the vac-
cination programme on existing resources, the high eco-
nomic staff cost observed here demonstrates the reliance on
existing personnel to deliver the vaccination programme and
the potential implications this may have had on the delivery
of other essential health services particularly in hospitals and
PHC facilities. Per diems also made one of the biggest con-
tributions to total cost and cost per dose administered. This
was largely driven by per diems paid to outreach contract staff
providing vaccination services out of normal working hours.

Overall, total costs were highest in PHC and fixed out-
reach channels with both delivery channels accounting
for 80% of total doses administered in the district. How-
ever, cost per dose estimates suggests that vaccine rollout
was more efficient via PHC channels compared to fixed
outreach channels. Despite incurring comparable total
costs, economic cost per dose administered in PHC facil-
ities was 46% less than that of fixed outreach channels
due to substantially fewer number of doses administered
via fixed outreach sites. Overall, across all five delivery
channels, the most efficient delivery channel was PHC
channels while mobile outreach channels were the least
efficient with an estimated vaccine delivery cost per dose
that was substantially higher than that of PHC channels.

This study contributes to the growing number of pub-
lished studies retrospectively estimating the costs of a
COVID-19 vaccination programme in different context
[20-22]. Prior to the global rollout of COVID-19 vac-
cines, normative approaches were adopted to prospec-
tively estimate the costs of the COVID-19 vaccination
programme in different context based on assumptions
around resource quantities and unit costs [5, 7, 19].
For example, Liu et al. [5] estimated a cost per dose of
US$16.13 for administering a Pfizer-like vaccine in South
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Africa through facility-based delivery channels. While
this estimate is within the range of our estimated cost
per dose (economic) for PHC (US$17.75) and hospi-
tal (US$24.19) channels, there are some divergences in
unit cost estimates and assumptions made on the types
and quantities of resources deployed. For example, Lui
et al. [5] assumed a cost per vaccine dose of US$13.09
while we used a lower cost per dose of US$10.96 for the
Pfizer vaccine based on published reports from the South
Africa NDoH [1]. Furthermore, Liu et al. [5] assumed no
increase in the workforce, while in practice, the work-
force had been expanded to minimise the impact of the
COVID-19 vaccination programme on the provision of
other essential health services. As a result, in our study,
staff time contributed the highest to both financial and
economic costs in PHC and hospital delivery channels.
Our study provides real-world estimates of a COVID-19
vaccination programme implemented at scale to rapidly
reach targeted populations.

Our study has some limitations. First, our cost esti-
mates were based on data collected from one district in
South Africa which contributed 2% to total number of
doses administered nationally via public delivery chan-
nels. As a result, our cost estimates are not representative
of cost per dose across the entire country. Variations in
the choices of resource inputs used across districts and
demographic characteristics of districts may affect the
type of delivery modality deployed as well as the num-
ber of doses administered via each channel, and conse-
quently, cost per dose administered. However, given that
our study district was based in the highest populated
province in South Africa, there are wider implications
of this study to other urban/semi-urban settings in the
country.

Second, the allocation of shared resources across
COVID-19 and non-COVID-19 vaccination programme
activities may have been subject to recall bias given that
data, including resources used at channel level, were col-
lected retrospectively through interviews with district
level staff.

Third, given that data collection was conducted at
the district level, it is possible that reported quantities
of some resources used within delivery channels, such
as consumables, were total quantities delivered to each
delivery channel and not the actual quantity of resources
utilised. Conversely, we may not have captured quanti-
ties of pre-existing stockpiles of resources utilised within
delivery channels. As a result, the quantities of some
resources utilised at the channel levels may have been
over- or under- stated.

Fourth, assumptions made about the useful life of pro-
gramme-specific capital resources such as the EVDS, may
have biased our estimates of programme costs. Although
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we assessed the impact of this in a sensitivity analysis, we
cannot rule out future redeployment of these resources
to other non-COVID 19 vaccination programmes within
the useful life assumed in our study.

Fifth, our cost estimate represents the cost of delivering
COVID-19 vaccines via public sector channels and does
not capture the full costs of the vaccination programme
in South Africa where, in addition to public sector deliv-
ery channels, 26% of total doses administered nationally
within our study period were administered via private and
NGO-run delivery sites. Nevertheless, our cost estimates
are informative to public sector programme planners on
the cost implications of the COVID-19 vaccination pro-
gramme or of similar future vaccination programmes.

Finally, the study was conducted during the first year of
the COVID-19 vaccination programme when the inten-
sity of the programme was at its peak, both in terms of
the deployment of resources and vaccine uptake [23].
Therefore, total cost and cost per dose reported here are
unlikely to be a true reflection of cost estimates under
non-pandemic conditions. For example, by the second
year of roll out (from February 2022), the COVID-19 vac-
cination programme was gradually integrated into exist-
ing routine healthcare services offered via PHC facilities,
hospitals and mobile clinics with fixed and temporary
outreach services gradually rolled back. In addition,
uptake of the COVID-19 vaccine had begun to wane [23].
Therefore, future studies may be needed to better under-
stand the costs of the COVID-19 vaccination programme
when delivered as part of routine services.

Conclusion

This study affords insights into the costs and cost driv-
ers of the COVID-19 vaccination programme in South
Africa to inform ongoing budgeting and planning for
COVID-19 vaccine delivery in the public healthcare
system, particularly as the programme transitions
to an integrated model. The findings also contribute
valuable information for cost-effectiveness analyses,
guiding future optimal delivery strategies for maxi-
mizing vaccination coverage across diverse population
groups. However, additional estimates are needed as
the programme fully integrates into the health system
to understand the financial and economic cost implica-
tions of a routine life course vaccination programme.
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