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Objective: At the end of 2013, a pilot experiment was carried out in Comé health zone (HZ) in an attempt
to optimize the vaccine supply chain. Four commune vaccine storage facilities were replaced by one cen-
tral HZ facility. This study evaluated the incremental financial needs for the establishment of the new sys-
tem; compared the economic cost of the supply chain in the Comé HZ before and after the system
redesign; and analyzed the changes induced by the pilot project in immunization logistics management.
Method: The purposive sampling method was used to draw a sample from 37 health facilities in the zone
for costing evaluation. Data on inputs and prices were collected retrospectively for 2013 and 2014. The
analysis used an ingredient-based approach. In addition, 44 semi-structured interviews with health
workers for anthropological analysis were completed in 2014.
Results: The incremental financial costs amounted to US$55,148, including US$50,605 for upfront capital
investment and US$4543 for ongoing recurrent costs. Annual economic cost per dose administered
(including all vaccines distributed through the Expanded Program on Immunization (EPI)) in the Comé
HZ increased from US$0.09 before system redesign to US$0.15 after implementation, mainly due to a high
initial investment and the operational cost of HZ mobile warehouse. Interviews with health workers sug-
gested that the redesigned system was associated with improvements in motivation and professional
awareness due to training, supportive supervision, and improved work conditions.
Conclusions: The system redesign involved a considerable investment at HZ level. Benefits were found in
the reduction of transportation costs to health posts (HP) and commune health center (CHC) levels, and
the strengthening of health workers professional skills at all levels in Comé. The redesigned system con-
tributed to a decrease in funding needs at HP and CHC levels. The benefits of the investment need to be
examined after the introduction of new vaccines and after a longer period.
� 2017 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

Vaccine supply systems are an important component of immu-
nization programs both in terms of vaccine availability and
program costs. According to a study of 94 low- and middle-
income countries, supply chain costs were the third biggest cost
driver for vaccination programs, after vaccine cost and delivery
cost [1]. In many countries, vaccine supply systems are still based
on patterns developed in the 1970s. However, with the introduc-
tion of new vaccines, existing vaccine distribution systems no
longer have sufficient capacity [2–4]. Moreover, the management
of available resources for vaccine supply systems is inefficient. A
recent study examining the structure of vaccine supply chains in
the 57 countries eligible for support from Gavi, the Vaccine Alli-
ance (i.e., ‘‘Gavi-eligible countries”) indicated that most of the
existing cold chain system can be simplified and consequently
reduce operating costs.

In this context, in 2013, the LOGIVAC project,1 jointly imple-
mented by Agence de Médecine Préventive (AMP) and the World
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Health Organization (WHO), redesigned the vaccine supply chain in
the Comé HZ, a pilot site chosen by Benin’s Ministry of Health (MoH),
with a total population of 340,000 in 2014 [5,6]. The aim of the pilot
was to test the new system in a real setting before its extension
countrywide.

The system redesign followed the strategy proposed by Brown
et al. [6]. Before the introduction of the new system, the four vac-
cine stores based in CHCs in Comé HZ served all health facilities in
the area. Every month, staff at a lower administrative level health
facility went to the nearest CHC to pick up the vaccines they
needed for the coming month. In the redesigned system, CHCs no
longer serve as vaccine storage facilities but only as vaccine deliv-
ery points, as is the case with HPs. This implied no change in cold
chain equipment (CCE) or staffing at CHC level, and although their
functions have changed, the number has remained the same. A
storage facility was established to hold vaccine stockpiles for the
whole Comé HZ, a so-called ‘‘HZ store.” It was equipped with a
4 � 4 vehicle serving as a mobile warehouse. On a monthly basis,
the mobile warehouse collects vaccines from the regional vaccine
storage facility and distributes them to the 37 HPs and four CHCs
through four shipping loops.2 Brown et al. [6] predicted a decrease
in logistics costs brought about by the new supply chain system.

Our study evaluated the financial needs for the introduction of
the new system, and compared the economic costs of the supply
chain in Comé before and after system redesign. An anthropologi-
cal study was conducted to further assess the changes induced by
the pilot project, notably on vaccine logistics management and
health workers’ daily conditions. These evaluations were con-
ducted to inform budget planning and policy making in prepara-
tion for the deployment of the redesigned system on a national
scale in Benin, and for other countries interested in redesigning
their supply chains.
3 Normally the logistician stays on the same post for no more than five years.
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2. Methods

This analysis is composed of a costing analysis and an anthropo-
logical study.

2.1. Costing analysis

The cost evaluation was based on retrospective data and limited
to Comé HZ. The cost perspective was that of the national immu-
nization program (NIP). The investigated period was 2013 and
2014. The demonstration project procured a number of solar pow-
ered CCE in health facilities without CCE or with non performance,
quality and safety (PQS), outdated equipment, while other equip-
ment used in the HZ are powered by electricity or kerosene. The
economic evaluation aimed to represent these different contexts.
Therefore, purposive sampling methods were used to draw a sam-
ple from 37 HPs, based on the following criteria: location (i.e., com-
mune), and CCE energy source (i.e., grid, kerosene, and solar). Once
categorized, facilities were randomly selected. All four CHCs were
included in the sample. In all, 19 health facilities were selected
for the economic evaluation.

There are multiple probabilities of being selected through the
sampling method. This probability was accounted for when calcu-
lating the average cost for all health facilities in Comé. The inverse
of the probability of each health facility being selected was used as
the weight to calculate the weighted average of logistics cost per
health facility.

As the data collection was conducted at the end of 2014, the
whole year data for 2014 were not available when the data collec-
tion began. In order to maintain consistency between the two
2 Detailed presentation of the system can be found in Brown et al. [6].
years, we collected the cost data for the first six months of each
year. We then multiplied the cost for the first six months by two
to get the estimation for a 12-month period. The assumption is
then that the cost flow is stable over the year.

In order to show the cash investment needed to establish the HZ
office and the annual economic cost of running the new system, we
calculated both the incremental financial cost for initial invest-
ment and the annual economic cost. The incremental financial
costs included the cash payment for upfront capital investments
and ongoing recurrent operations for the creation of the HZ store
and mobile warehouse and its first working year.

The total annual economic cost of the supply chain in Comé
examined the cost of all resources used in the vaccine supply chain
at HP, CHC, and HZ levels for one year. It was composed of capital
and recurrent costs. Recurrent costs included the cost of salary, per
diem (mainly for training, vaccine distribution, and other), and
fuel. Capital costs consist of infrastructure, vehicles, and HZ-level
training. An ‘‘ingredient-based approach” was used to calculate
cost by input, i.e., for each input, its cost corresponds to the quan-
tity of inputs used in the system multiplied by its unit price. The
simple straight line depreciation was used to annualize capital
inputs, corresponding to the initial investment divided by the
input’s number of useful life years (ULY). Based on discussions with
local experts, ULYs were set at 10 years for vehicles, refrigerators,
and freezers; five years for coolers and vaccine carriers; five year
for logisticians’ academic training3; and 25 years for buildings.

The quantity of human resource used for logistic activities was
measured by full time equivalents (FTEs), i.e., the sum of the time
per month that health staff spent on each of the EPI logistics
related activities. Salary cost per minute varied according to staff
position. It was calculated by dividing the monthly salary4 of an
employee by his total monthly working time in minutes. We
assumed that staff worked eight hours per day and five days per
week.

The cost per dose administered was calculated in regards to the
total number of vaccine doses administered in Comé HZ in a one-
year period according to local registration. When the cost was eval-
uated in local currency, i.e., FCFA (West African CFA francs), the
exchange rate of US$1 equaling 483 FCFA5 was applied to obtain
the value in US dollars.

To collect the above mentioned cost a questionnaire was
addressed to each health facility manager in the sample. The cost
for vaccine supply in each health facility was estimated. Then the
weighted average of supply chain cost for health facilities was cal-
culated by health facility category (including HP, CHC, and HZ). The
total cost for each health facility category is the product of the
weighted average cost and the total number of health facilities in
this category. The total cost for Comé HZ is then the sum of the
total cost for each health facility category.

2.2. Anthropological study method

To assess changes in professional identities and roles, we con-
ducted semi-structured interviews with health workers at Comé
HZ, HPs, and CHCs. At HZ level, seven persons with responsibilities
and tasks for vaccine and supply chain management were
interviewed.

In CHC and peripheral health facilities two health workers per
establishment were selected on account of their responsibility
for, or participation in, vaccine management. One official from
the community health committee (comité de gestion) per establish-
www.manaraa.com
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Table 1
Description of criteria for peripheral health facilities selection.

Commune Peripheral
health facilities

Specificity

Bopa Badazoui Hard to reach in rainy conditions. Solar and
kerosene powered equipment

Possotomé Easily accessible. Electrical equipment
Yégodoé Hard to reach in rainy conditions. Kerosene

equipment
Gbakpodji Solar equipment breakdown
Lobogo Vaccine shortage reported during

supervision
Comé Honvè-Comé Nano-QTM ice box

Kpétou Electrical equipment breakdown
Agatogbo Stores vaccines for the Kpétou health facility

Grand-
Popo

Avloh Solar equipment. Has a pirogue (small boat).
Hard to reach

Djanglamey Kerosene equipment
Sazoué Easily accessible. Solar equipment
Hilla-Condji Frequent blackouts. Electrical equipment
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ment was also interviewed, depending on his or her involvement in
monitoring vaccine quality (according to the health workers).
These interviews sought to assess the responsibilities and practices
of personnel working in vaccine logistics management who were
affected by the system redesign in Comé.

Purposive sampling was used to ensure inclusion of the most
informed and concerned individuals (Table 1). Of the 37 HPs in
Comé, 15 were selected for interview. The four CHCs were auto-
matically included. In total, between April and July 2015, two local
researchers interviewed 16 individuals from CHCs and 28 from
HPs, making a total of 44 interviews.

Interviews were recorded, fully transcribed, and responses were
coded with NVivo software based on preselected themes identified
in the protocol. Quotations from different interviews regarding the
same topic were compiled and compared to identify all existing
viewpoints. Quantitative analysis was used to specify the rank of
themes emerging from the interviews.
Houéyogbé Honhoué Solar and kerosene equipment
Sè Electrical equipment
Tokpa Hard to reach. Solar and kerosene equipment

Table 2
Financial cost: Up-front and ongoing costs for the establishment of the redesigned
system (in USD).

2014 USD

Up-front capital
investments

Mobile warehouse 30,915
Training for HZ logistician (including two
years registration fees and accommodation
costs)

16,846

HZ vaccine store cold chain equipment 2844
Total 50,605

Recurrent ongoing
costs

Car insurance 816
HR (logistician + driver) 2484
Fuel 1242
Total 4543

Total incremental financial cost for the first year 55,148
3. Results

The incremental financial costs for the implementation of the
redesigned system and its first year in operation amounted to US
$55,148 (including US$50,605 for upfront investment), and US
$4543 for ongoing costs (Table 2).

On average, one HP spent US$403 in 2013 on its supply chain.
The cost was doubled at CHC to US$737 per year. In 2014, the cost
at HP increased slightly to US$421, while that of CHC decreased to
US$616 (Table 3).

In aggregation, the economic cost of the vaccine supply chain in
Comé amounted to US$17,847 in 2013 versus US$29,529 in 2014,
with a difference of US$11,683, mainly due to the cost of the newly
established HZ vaccine store. The total EPI doses administered
declined slightly, from 201,365 in 2013 to 196,950 in 2014. Eco-
nomic cost per dose administered was US$0.09 before the system
redesign, and US$0.15 after (Tables 3 and 4).

The upfront investment was annualized to the obtain capital
cost for the HZ store and mobile warehouse in 2014, i.e., US
$6945. By incorporating the capital cost at HZ level, the total cap-
ital cost in Comé increased by 57% between 2013 and 2014, from
$12,258 to $19,264. The capital cost per dose administered
increased from US$0.06 to US$0.10 (Table 3). The ongoing cost of
HZ store and mobile warehouse corresponds to the first year recur-
rent cost at HZ level. By incorporating this recurrent cost, the total
recurrent cost in Comé increased by 79%, from US$5589 to US
$10,266. The recurrent cost per dose administered increased from
US$0.03 to US$0.05.

In the redesigned system, CHCs were no longer responsible for
vaccine storage. In 2014, their recurrent costs were reduced by
38% and their capital cost by 3%. At HP level, the recurrent and cap-
ital costs remained relatively stable (Table 3).

Regarding the cost profile by input, in the previous logistics sys-
tem, CCE and transportation cost (vehicle capital cost plus fuel
cost) represented 37% of total logistics cost each, followed by
human resources at 24%. After the system redesign, the share of
transportation cost increased to 44%, followed by human resources
at 27%. In addition, fuel costs were reported in 2014 for travel to
annual training sessions and for transferring vaccines from one
facility to another in case of stock outs (eight facilities). However,
with the new system there were no more transportation costs for
collecting the vaccines from CHCs.

The share of CCE reduced to 25% (Fig. 1). The decrease in the
share of CCE cost within the total cost of the new system is due
to an increase, at HZ level, of salary and per diem (logistician and
driver), as well as the higher cost of vehicle and fuel, rather than
the decrease of CCE cost in absolute terms.
Concerning work time, HPs and CHCs spent on average seven
and nine hours respectively per month on vaccine supply and stor-
age activities in 2013 (Table 5). From 2013 to 2014, the average
working time per month for HPs declined half an hour, while time
at CHCs increased by more than two hours on average.

The main increases in working time at HP levels were found in
the following activities: vaccine reception, equipment mainte-
nance, and vaccination monitoring. In the anthropological inter-
views, health facility workers explained this increase by a higher
motivation to apply best practices with the assistance of the HZ
logistician.

At CHC level, increased working time was mainly due to the
four hours per month CHC staff spent on information computeriza-
tion, an activity introduced with the new system; this represented
35% of CHC total working time on vaccine management.

The main source of time saved was on vaccine collection. In
2013, HPs and CHCs spent on average 44 and 118 min respectively
per month for vaccine collection (including round trips for vaccine
pickup). With the new vaccine distribution mode in the redesigned
system, this time was saved (Table 5).

The anthropological interviews suggested that real time savings
with the new vaccine distribution mode could be even higher in
some settings, depending on the distance and type of road. For
HPs situated far from CHCs, the time spent on vaccine collection
should also include the time for: negotiating motorcycle use with
colleagues; negotiating money for fuel with relevant parties;
repairing engine failures or flat tires; dealing with road accidents
before or during trips; and waiting at CHCs for vaccines that were
www.manaraa.com



Table 3
Average cost by health facility and total cost per year by health facility level (in USD).

Weighted average cost per
health facility

Total cost in Comé by facility level

2013 2014 2013 2014 Variation

Recurrent cost 5320 9500 79%
HP 120 135 4172 4247 2%
CHC 287 177 1148 710 �38%
Mobile warehouse and zonal delivery 4543 4543 –

Capital cost 12,258 19 264 57%
HP 283 286 10,457 10,564 1%
CHC 450 439 1800 1755 �3%
Mobile warehouse and zonal delivery 6 945 – 6 945 –

Total cost 17,847 29,529 65%
HP 403 421
CHC 737 616
Total administered doses per year 201,365 196,950 �2%

Total cost per doses administered 0.09 0.15 69%
Recurrent cost/dose administered 0.03 0.05 88%
Capital cost/dose administered 0.06 0.10 61%

Note: HP – health post; CHC – commune health center.

Table 4
Aggregated supply chain cost in Comé by input and health facility type in 2013 and
2014 (in USD).

2013 2014 D in%

Recurrent cost 5589 10,266 79%
- Salary 2833 5667 100%
- HP 2457 2631 7%

(136) (111)
- CHC 376 551 47%

(30) (88)
- BDZ – 2484 –

- Per Diem 1648 2141 0%
- HP 1516 2025 1%

(153) (156)
- CHC 133 116 -13%

(19) (25)
- BDZ – – –

- Fuel 1108 2458 122%
- HP 469 357 -24%

(18) (20)
- CHC 639 43 -93%

(103) (7)
- BDZ 2059 –

Capital cost 12,258 19,264 76%
- Cold chain equipment 6444 6789 1%
- HP 5817 5924 2%

(435) (439)
- CHC 627 581 -7%

(61) (61)
- BDZ – 284 –

- Vehicle 5407 8699 61%
- HP 4278 4278 0%

(123) (123)
- CHC 1129 1129 0%

(169) (169)
- BDZ 3291 –

- Building 406 406 0%
- HP 362 362 0%

(19) (19)
- CHC 44 44 0%

(19) (19)
- BDZ – –

- Training 3369
- HP –
- CHC –
-BDZ 3369

Total 17,847 29,529 65%

Note: D – increase in 2014 relative to 2013; HP – health post; CHC – commune
health center.
Numbers in the paragraph are standard deviation.
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not available. In interviews, health workers in some of the remote
HPs explained that vaccine collection could take up to half a work-
ing day.

The anthropological study revealed other non-monetary bene-
fits on working conditions and system performance after the sys-
tem redesign. Interviews with 44 health workers highlighted the
following advantages provided by the new system: higher avail-
ability of vaccines (32 interviewees); lower stress (24 intervie-
wees); no more road accidents during transportation (18
interviewees); fewer conflicts with health workers at CHCs during
distribution (15 interviewees); and time saved for patient care (11
interviewees) (Table 6).
4. Discussion

This study provides field evidence on the cost variation follow-
ing a supply chain redesign in Comé, Benin. The logistics cost per
vaccine dose administered was estimated at US$0.09 in 2013 and
at US$0.16 in 2014.

The cost increase was principally attributed to the creation and
functioning of the HZ store and mobile warehouse, and replace-
ment of underperforming CCE in a number of HPs, with highly per-
forming solar powered equipment.

HERMES (Highly Extensible Resource for Modeling Supply
Chains) simulation did not predict a decrease of cost per dose
administered after the system redesign if the rotavirus vaccine
was not introduced throughout the whole national system [6].
When comparing the initial vaccine supply chain structure operat-
ing costs with the scenario of removing the commune level, the
cost either increased (no loops) or remained constant (with loops).
The efficiency gains with the HERMESmodel were observed only in
the case of rotavirus introduction. However, the rotavirus vaccine
has not been introduced in Benin since then. The total number of
EPI vaccine doses administered even declined slightly in the
Comé HZ. As such, the new system was actually underused. This
partly contributed to the increase of cost per dose administered.
We should bear in mind that this study covered the Comé HZ only,
which limits the comparability of the study’s results with other
estimates in the literature that provide, for instance, the cost per
dose administered countrywide [4,6–8].

At HP and CHC level, although the study does not allow for the
isolation of the impact of system redesign from all other factors
that could influence logistic costs, we observed a correlation
www.manaraa.com
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Fig. 1. Distribution of Comé health zone logistics costs by input in 2013 and 2014.

Table 5
Monthly weighted average working time by activity and by health facility type (in minutes).

HPs (in minutes) CHCs (in minutes)

2013 2014 D 2013 2014 D

Vaccine needs estimation 49 53 3 49 49 0
Command preparation 31 34 2 36 36 0
Information computerization 0 5 5 0 240 240
Command verification and confirmation 18 15 �3 18 18 0
Temperature control 59 40 �19 85 85 0
Vaccine collection 44 0 �44 118 0 � 118
Vaccine reception 24 39 15 43 43 0
Storage 17 20 3 34 34 0
Equipment repair 19 10 �9 10 10 0
Equipment maintenance 74 92 18 45 45 0
Vaccination monitoring 79 89 11 64 75 11
Supervision support 10 0 �10 30 0 �30
Supervision 0 0 0 15 45 30
Total Full Time Equivalent (FTE) 424 396 �28 545 679 134

Note: HP – health post; CHC – commune health center.

Table 6
Advantages of the vaccine system redesign according to 44 health workers: the 10
main advantages.

Topics # Quotations Rank

Availability of vaccines (missed opportunities are
avoided)

32 1

Lower stress for health workers in CHCs and
peripheral health facilities

24 2

No more road accidents during transportation 18 3
Lower conflicts with commune health workers

during distribution
15 4

Time saved for patient care 11 5
Better relations with patients (due to decreased

waiting time for vaccines)
11 5

Continuity of cold chain 10 6
Breakages of vials are avoided 9 7
Time saved for outreach strategy 7 8
Better management of expiration dates 6 9
Better monitoring of temperatures 5 10
Barriers to access to commune health centers are

avoided
5 10

Note: HP – health post; CHC – commune health center.

6 Refer to: http://www.who.int/immunization/programmes_systems/supply_
chain/evm/en/index3.html.
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between the implementation of the new system and transporta-
tion cost variation. The fuel costs were reduced by 24% and 93%
for HPs and CHCs respectively after the exemption of vaccine
collection.

The professionalization of health workers for cold chain and
vaccine management increased working hours on certain activities
and thus human resources costs, but also improved health work-
ers’ awareness on how to preserve the quality of vaccines. An effec-
tive vaccine management (EVM) assessment,6 was performed in
Comé in 2014 to evaluate the redesigned system. It confirmed that
health workers’ capacity to manage vaccine logistics at service level
had improved after the system redesign [9].

The interviews for this study highlighted the advantages per-
ceived by health workers from the change of vaccine collection
mode in terms of vaccine availability, improved working condi-
tions, and time for logistics related activities or other care activi-
ties. These additional benefits, although not directly reflected in
the economic analysis, should be considered in the added value
of the redesigned system.

The increase of both recurrent and capital costs raises the ques-
tion of the financial sustainability of the redesigned system. The
regular inclusion of the HZ vaccine store and mobile warehouse
operations in the HZ annual plan of action and budget, as it was
done for year 2014, should facilitate its funding. The increase of
recurrent costs at HP level is due to salaries and per diems paid
by central and HZ levels. The redesigned system contributed to a
decrease of funding needs at HP and CHC levels.

The incremental financial costs to set up an optimized supply
chain are high and should be supported by the MoH and partners
through domestic or foreign sustainable funding; and provision
should be made by the MoH for replacement of cold chain and
transport equipment. Introducing new vaccines as well as addi-
tional medical products into the redesigned systemmay contribute
to its sustainability through the economics of scale and the possi-
bility of other funding opportunities.
www.manaraa.com
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Findings from the programmatic, economic and anthropological
evaluations led the MoH to decide the deployment of the rede-
signed system countrywide. A methodology was developed to
redesign the immunization supply chain in each of the 33 remain-
ing HZs in Benin, based on the demonstration project. To date, 10
HZs are implementing an optimized immunization supply chain.

This study contains some limitations which should be taken
into consideration in the interpretation of the results. Firstly, the
study period did not extend beyond the period of new project
implementation. It was too early to measure the impact of the
new system on the supply chain performance. In addition, no per-
formance indicators, such as stock-out rate and availability of vac-
cines were collected. Consequently, we could not compare the
performance of the new system with the former one and measure
the value for money of the redesigned system.

Secondly, the actual standard ULY for vehicles might be shorter
than that used in the study, given the poor road conditions and tra-
vel frequency. Some costs were not available or missing during
data collection, which could potentially underestimate total costs.
For instance, data on the proportion of energy costs used for the
cold chain was incomplete or unreliable. As a consequence, no
energy source costs were included in the results. The building costs
at HZ level were also not available.

Thirdly, we should also be cautious when directly interpreting
and comparing the two years. The low cost in 2013 can be
explained by a less ‘functional’ system. On the contrary, LOGIVAC
external intervention tends to induce an increase of activity levels
as it is closer to a more functional system (besides the redesign of
the system and the investment in CCE). For example logistics train-
ing implied higher operational costs at HP and CHC (human
resources, fuel, per diems). In that sense, efficiency gains or
absence of efficiency from the system redesign should be inter-
preted with this limitation in mind.
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