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Objective:  Available  estimates  on  how  much  it costs  to  provide  routine  immunization  services are  out-
dated.  This  study  attempts  to address  gaps  in  evidence  by  evaluating  the total  economic  and  unit  costs
of delivering  routine  immunization  (RI) services  in Moldova  as part of a  multi-country  study  on  the  costs
and financing  of routine  immunization  (EPIC).
Methods: This  cross-sectional  study  is  based  on  a multistage  stratified  random  sample  of  fifty  primary
health  care  facilities.  Data  on  inputs,  prices,  and  outputs  were  collected  retrospectively  for 2011  and
analyzed  using  an  ingredient-based  costing  approach  in  Excel  and  SPSS®.
Results:  The  average  total  annual  facility  cost  for  RI  was  $11,943  ranging  from  $565  to  $112,548  and  labor
cost  was  the  main  driver  of  routine  immunization  costs  contributing  65%,  followed  by capital  costs  –
16.3%  and  the  cost  of vaccines  and  injection  supplies  accounting  for 9%.

The  average  cost  per dose  was  $18.3,  the cost  per child  was  $316.6  and  the  cost  per  fully  immunized
child  was  $332.3.  The  results  show  considerable  variation  in the costs  of routine  immunization  services
across  facility  type  and depending  on a  facility  scale  i.e. annual  doses  administered.
Conclusions:  The  study  shows  that  the  cost  of  fully  immunizing  a child  in  a middle-income  country  is
much  higher  than  previous  estimates.  These  results  will  be  used  by the  government  for  better  planning
and  financing  of routine  immunization  services,  leading  to greater  sustainability.

© 2015  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Vaccination against childhood communicable diseases through
the Expanded Program on Immunization (EPI) is one of the most
cost-effective public health interventions [1]. By reducing mortal-
ity and morbidity, vaccination can substantially contribute toward
achieving the Millennium Development Goal of reducing under-
five mortality among children by two-thirds between 1990 and
2015 [2].

The costs and financing of national immunization programs
have been evaluated since the 1980s as part of the Universal
Childhood Immunization Initiative [3]. However, currently available
information is out-dated and new knowledge on the full economic
costs of routine immunization programs is important to inform
both global and national policies and practice.

∗ Corresponding author. Tel.: +995 322253104; fax: +995 322995540.
E-mail address: k.goguadze@curatio.com (K. Goguadze).

Our study evaluates the total economic and unit costs of the
immunization program in the Republic of Moldova as part of a
multi-country study supported by the Bill and Melinda Gates Foun-
dation and aimed at evaluating the costs of routine immunization
programs and new vaccine introduction. It is expected that our
study results will contribute to building a new evidence-base that
will provide valuable inputs into the development of national and
global policies, as well as contribute to better planning and man-
agement of the national immunization program in Moldova.

2. The national immunization program in Moldova

The current plan for the national immunization program in
Moldova covers the period 2011–2015 and guarantees free immu-
nization against ten infectious diseases: poliomyelitis, diphtheria,
tetanus, pertussis, hepatitis B, measles, mumps, rubella, tubercu-
losis, and Haemophilus influenza type B. Based on this program
Moldova plans to increase DTP 3 coverage up to 94% and 95% in

http://dx.doi.org/10.1016/j.vaccine.2014.12.034
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2014 and 2015 respectively, although country already reports high
DPT3 coverage rate that is above 90% [4,5].

Routine immunization services1 are delivered primarily
through primary health care (PHC) facilities. In urban areas,
Family Medicine Centers (FMC) serve a population of between
40,000–80,000 and 440–880 infants. In rural areas, Health Centers
(HC) cater to 4500 inhabitants and around 50 infants; Family Doc-
tor Offices (OFD) serves between 900–3000 inhabitants and about
10–33 infants; and, small Health Offices (HO) cover up to 900 resi-
dents and 5–8 infants. All facilities with the exception of HOs are
staffed with doctors and nurses, while most of HOs only employ
nurses. Private facilities, though growing in number, do not engage
in the delivery of the routine immunization services funded by the
state. In all PHC facilities, immunization is delivered as a fixed strat-
egy and no outreach activities are carried out. Consequently, costs
captured in this study only pertain to the fixed strategy.

3. Materials and methods

This is a cross-sectional facility-based costing study, which
examines total and unit costs of routine immunization and
describes cost drivers and cost variation across facilities in Moldova.

3.1. Facility sampling

The study was based on a representative sample of PHCs selected
based on multistage, stratified random sampling. In the first stage,
the total number of vaccine doses delivered in 2011 was used to
stratify 37 districts into three strata: districts with low, medium
and high vaccine doses administered per annum. Stratification
was based on tercile groups derived through simple frequency
analysis on annual doses administered. After stratification two dis-
tricts were chosen in each stratum using simple random sampling
approach, resulting in 6 districts in the sample.

In the second stage, PHC facilities were randomly selected from
a complete list of facilities stratified by urban and rural location
within each sampled district. Proportions of urban/peri-urban and
rural facilities from the total number of facilities were estimated,
and used to calculate the number of rural and urban/peri-urban
facilities to be sampled. One peri-urban facility was  randomly
selected in each sampled district and three urban facilities were
randomly selected from the capital city. Rural facilities were
selected using systematic random sampling. Consequently, the
final sample consisted of eight urban/peri-urban and 42 rural facil-
ities, represented by five FMCs, 10 HCs, 23 OFDs and 12 HOs. This
sample was drawn from 1318 facilities involved in the delivery of
immunization services.

Data collection in facilities took place from October 3rd 2012 to
January 14th 2013 using standardized, pre-tested and structured
questionnaires. Data were collected by experienced data collec-
tors and included interviews with facility administrators and health
workers involved in immunization, facility observation, and record
review.

3.2. Cost analysis

The data for the routine EPI were collected retrospectively for
2011 calendar year and converted into $US 2011 using the current
exchange rate for the year. Cost calculations were based on com-
mon  approach methodology for the costing and financing analysis
of routine immunization program [6,7] and costing guideline for
comprehensive Multi-Year Plan (cMYP) [8]. Costs of all inputs were

1 Routine immunization services are defined as those immunization services or
activities that are conducted regularly as part of the national program.

captured using an ingredients approach listing all inputs by activity
and quantities and prices for each input element [9,10].

The cost data included a comprehensive list of capital2 as well
as recurrent expenditure items. Capital costs were analyzed using
a 3% discount rate [11] and country specific useful life years for
different capital items were applied [12].

The cost of labor included salaries and other allowances for
the staff involved in the EPI and were calculated based on a
self-reported percentage of time spent by staff on different immu-
nization activities.

The cost of vaccines and syringes was calculated for each vac-
cine separately. The number of doses used included both doses
administered (for all vaccines in the schedule) and doses wasted,
which allowed estimating vaccine-specific and overall facility level
wastage rates [11].

Cold chain costs were calculated by inventorying the number
and type of cold chain equipment and the World Health Organiza-
tion (WHO) product information sheets [13] informed the prices.
Cold chain energy costs were based on energy consumption char-
acteristics from the WHO  Products Information Sheets and local unit
price of 0.095 $US/kw/h was applied.

For those costs not exclusive to immunization, the following
allocation methods were used: cost of vehicles and vehicle main-
tenance was allocated based on the proportion of km traveled for
routine immunization out of total km traveled in 2011; building
costs were allocated based on the proportion of square meters
designated for routine immunization (where vaccines are admin-
istered, stored) out of total facility space. More details about the
costing, unit prices are available from elsewhere [12] A table of key
assumtions/cost allocation methods is provided in the Annex.

Estimated costs were converted into the cost per dose delivered,
cost per Fully Immunized Child (FIC) and cost per infant.  For the
purposes of our study the Fully Immunized Child denotes a child
less than one year of age who received three doses of DTP vaccine
(DTP3). Although this definition differs from what is being formally
used in Moldova,3 it is useful for international comparability of
costs.

Excel software was  used for calculation of various cost elements
and unit costs for a facility. These calculated variables were trans-
ferred to SPSS version 19.0 for further statistical analysis.

Throughout the paper, unless otherwise noted, we  present total
economic costs of the routine immunization services on a facility
level in 2011 $US at the current exchange rate. The costs and cost
variations are presented by urban–rural location, type and scale of
a facility using T-test for statistical significance.

4. Results

4.1. Total facility costs and observed cost variation

The total facility level immunization costs in the sample var-
ied from $565 to $112,548, with a mean of $11,943 and median
$US3822. Log transformed variables reveal a positive linear corre-
lation between total facility level costs and total doses delivered
(r = 0.95, p < 0.01).

Fig. 1 shows that total facility cost varies by facility type, with
costs increasing with facility size (HOs to FMCs). Variation within
facility type is not large with the exception of FMCs where costs
range from $28,335 to $112,548 (mean $62,902). Two facilities

2 Capital items include buildings, vehicles, cold chain equipment and office equip-
ment.

3 FIC in Moldova denotes a child less than one year of age who  received three
doses of DTP-Hib-Hep B, one doses of BCG, one doses of Hep B, three doses of OPV
and one doses of MMR  vaccines.
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Fig. 1. Total costs by type of facility and DTP3 coverage (%).6

within each of the HOs and HCs have significantly higher costs
compared to their peers. Both of these facilities were found to
be high performing ones delivering more doses annually and
achieving higher coverage rates. The figure also shows that while
the majority of facilities achieve high DTP3 coverage rates, a few
underperforming facilities contribute to a lower average DTP3
coverage rate in the sample – 94.8%. HCs and OFDs had higher
coverage rates (98.1–97.8%, respectively), while HOs have the
lowest rates on average (90.2%). The study also found that the
facility total cost correlates with the number of infants covered by
the facility (r = 0.95, p < 0.01).

4.2. Total facility cost structure

Analysis revealed that the share of labor costs increases with
facility size and scale (defined as total doses delivered in 2011),
and is the main driver of immunization costs. Labor cost accounted
for 65% of the total facility immunization cost for the sam-
ple, ranging from 55% in lower scale to 73% in higher scale
facilities. Close to 87% of labor inputs are spent on four crit-
ical immunization functions/activities: routine service delivery
(29.8% of the time), program management (23.5%), recordkeep-
ing and health management information (17.1%), and social
mobilization (16.7%) (see Fig. A1 supplied in Annex for more
details).

Capital costs are the second biggest contributor to total facility
immunization costs. The share of recurrent and capital costs dif-
fered across facilities as well. Namely, the share of capital costs was
lowest in FMCs – 10.3% and highest in HOs – 22.8%, with the average
across all sampled facilities being 16.3% (see Table 1). Furthermore,
in the facilities with higher scale, the share of capital costs was
around 9.3%, while in a low scale facility it reached 23.1%. Vaccine

6 The fact that the denominators of target population differ by facility type the
low  coverage rates at smaller facilities mean fewer individuals compared to bigger
facilities.

and injection supplies only accounted for 8.72% of the cost (range:
8.3–14.42% by facility type and 8.04–10.63% by facility scale).

4.3. Facility unit costs and their variation

A range of unit costs was evaluated for this study, including cost
per dose, cost per infant, and cost per FIC and amounted to $US6.4,
$US112.3 and $US117.8 respectively. Differences between urban
and rural facilities are presented in Table 2. These differences (both
with and without shared labor costs) are not statistically significant.
Also differences in the unit costs captured between types of facil-
ities did not reveal statistical significance. However, when shared
labor costs were removed, the cost per dose was  $3.10 in the sample
of FMCs, increasing to $8.50 per dose in the sample of HOs, which
became statistically significant (p < 0.01).

Fig. 2 shows a negative relationship between facility scale and
unit cost for the facilities in the sample: larger facilities have lower
unit costs in general.

The only significant influence, although with marginal statisti-
cal significance (p < 0.1) was  between unit costs and facility scale
and only for the cost per FIC and/or cost per infant. The statistical
significance of scale influence increased when shared labor costs
were removed from unit cost estimates (see Table 2).

4.4. Unit costs and facility level immunization program
performance

Fig. 3 shows the relationship of facility unit costs and perfor-
mance measured as DPT3 coverage rate.4 HOs with the lowest DPT3
coverage rates spend a comparable amount per dose delivered as
OFDs and HCs. The amounts of non-labor inputs are highest in HOs

4 To calculate DPT3 coverage rate we used number of children receiving three
doses of DTP (or DTP containing vaccine) under the age one divided by the number
of  children under one in the facility catchment area, determined through facility
records.
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Table  1
Cost structure by facility type and facility scale.

Item Facility type Facility scale

FMC  HC OFD HO Low Medium High Total

Recurrent cost (%) of total 89.7 88.7 85.4 77.2 76.9 87.7 90.7 83.7
Salaried labor 70.4 73.2 68.1 54.4 55.5 71.4 73.3 65.1
Vaccines and injection supplies 14.4 8.2 8.8 8.3 8.1 8.6 10.6 8.7
Utilities and communications 2.7 4.8 5.9 8.5 8.3 5.1 5.0 6.4
Printing 1.1 0.5 0.1 0.0 2.4 1.5 0.5 1.7
Cold  chain energy 0.1 0.5 0.5 1.8 1.4 0.5 0.2 0.8
Other  recurrent 1.0 1.5 2.0 4.2 1.2 0.6 1.1 1.0

Capital cost (%) of total 10.3 11.3 14.6 22.8 23.1 12.3 9.3 16.3
Building 7.1 5.8 9.2 15.3 15.2 7.5 5.7 10.3
Cold chain equipment 0.2 0.8 2.3 4.6 4.5 1.6 0.6 2.7
Other capital costs 3.0 4.7 3.1 2. 9 3.4 3.2 3.0 3.3

Total  (%) 100 100 100 100 100 100 100 100

Unit  cost per dose, US$ 10.4 19.4 18.5 18.7 20.5 18.3 14.5 18.4

Table 2
Facility unit costs by type of facility, location and facility scale.

Unit cost $US Facility type Facility location Facility scale Total

FMC  HC OFD HO Sig. Rural Semi-urban Urban Sig. Low Medium High Sig.

Total cost per dose 10.4 19.4 18.5 18.7 .338 18.6 14.5 13.1 .561 20.5 18.3 14.5 .190 18.3
Total  cost per Infant 143.9 322.9 338.7 296.5 .249 325 207 165 .279 331.5 352.8 216.1 .059 316.6
Total  cost per FIC 155.1 328.8 347.2 332.2 .285 340 222 180 .290 357.5 359.7 231.2 .078 332.3

Total  cost w/o  labor per dose 3.1 5.2 5.9 8.5 .009 6.6 4.0 3.7 .226 9.1 5.2 3.9 .000 6.4
Total  cost w/o  labor per Infant 42.6 88.5 110.6 138.7 .152 116 56 47 .232 157.3 99.8 57.4 .003 112.3
Total  cost w/o  labor per FIC 45.9 89.9 113 152.4 .083 122 60 51 .216 167.3 101.7 61.6 .001 117.8

N  weighted 55 190 708 365 1238 54 26 489 556 273 1318

N  unweighted 5 10 23 12 42 5 3 16 18 16 50

and lowest in FMCs and largely determined by variable use of cap-
ital. HCs spend the highest amount per dose delivered, but also
achieve the highest coverage rates. FMCs seem to be the most effi-
cient facilities being able to deliver immunization at the lowest cost
per dose by using labor and non-labor inputs effectively. Finally,
while HCs spend the highest amount per dose they spend the least
(after FMCs) on non-labor inputs.

5. Discussion

The study helped estimate average unit cost per dose delivered
in 2011 ($18.3) and cost per FIC ($316.6). These figures are higher

than what has been previously reported in the literature [9,14–16]
and also higher than the figures used in the cMYP–191 $US per FIC
[8]. Though cMYP underestimated shared costs by 32% and capital
costs by 61%, but recurrent costs were overestimated by almost 44%
[12].

Our study shows that the labor inputs are significant contribu-
tor to a unit cost and consequently to the overall immunization
program cost. These findings are comparable with the evidence
documented elsewhere i.e. immunization program being labor
intensive [2,9,16]. Furthermore, the study captured the breakdown
of labor inputs on various functions, not easily available from other
studies, showing that four activities on a facility level determine

Fig. 2. Total cost without labor per Dose by facility scale.
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Fig. 3. Total cost per dose and DTP3 coverage rate by type of facility.

close to 87% cost of labor inputs for immunization. The govern-
ment of Moldova is focused on increasing health system efficiency.
These findings suggest that reducing staff time spent on immu-
nization could help increase efficiency of the program and it could
be achieved either through task shifting [17]5 i.e. delegating cer-
tain immunization related tasks from doctors to nurses, or through
reducing time spend on management and/or recordkeeping func-
tions. The latter could be achieved with the help of computer based
HMIS, which is currently being developed. Adequate modules for
immunization program planning and management along with the
modules for record keeping offer potential for reducing staff time
spent on these functions, conditioned that PHC modules of the
HMIS are developed with this objective in mind.

We  have also seen variable use of capital by facility type and by
scale. Namely, larger facilities (i.e. FMCs and HCs) and facilities with
a greater scale are able to use capital more effectively. The influ-
ence of the capital becomes significant when shared labor costs are
excluded and when variable use of capital becomes critical deter-
minant of the costs. The level of scale is associated with lower unit
costs, and supports the available global evidence [15,18]. Conse-
quently increasing the scale of a facility (by merging smaller ones
into larger ones, where possible) could help reduce the program
unit costs. Although this may  as well increase distance to a facility
and may  negatively affect immunization coverage rates.

Furthermore, vaccines and vaccine supplies were found to be
the third most important cost driver of the immunization costs
on a facility level. Consequently reducing vaccine prices, which
currently are double the prices of UNICEF supplied vaccines [19],
could be the strategy for the country to consider. Furthermore,
Moldova is graduating from the GAVI Alliance in 2016 and country
is contemplating reforming its immunization program and decen-
tralizing vaccine procurement responsibilities due to the nature of
the national public finance regulations. Our study shows that the
cost of vaccines is critical element of the immunization program
and needs to be well managed. Therefore centralized model for
vaccine procurement could be more effective, while decentraliza-
tion of this function may  drive vaccine prices up and could increase
overall program cost.

5 Task shifting is the name given to a process of delegation whereby tasks are
moved, where appropriate, to less specialized health workers. By reorganizing the
workforce in this way, task shifting presents a viable solution for improving health
care coverage by making more efficient use of the human resources already avail-
able.

Finally, we  have seen that Moldova achieves high immuniza-
tion coverage rates compared to other countries in the region [20].
However, differences exist when coverage rates are examined by
facility level. Namely, HOs that are equipped only with nurses and
located in small villages have the lowest DPT3 coverage. How-
ever, due to a very small number of infants – 7 (95%CI: 6.7–7.9)
in the facility catchment area this low coverage translates into at
most one child missing its third dose of DPT. HCs along with OFDs
achieve higher DTP3 coverage rates compared with others. It could
be assumed that relatively small size of the catchment population
and having doctors on staff probably allows these facilities to bet-
ter identify, plan and follow-up infants and consequently achieve
higher DPT3 coverage. While FMCs also have doctors on staff, due
to the large size of the catchment population, they may face addi-
tional complexities in finding, following and immunizing a child.
In light of this increasing DPT3 coverage could be achieved by
placing more importance on FMCs, where immunization program
performance is the second poorest after HOs  – 92.7%. Improv-
ing performance of these facilities seems more feasible on several
counts: they have better staffing and more human resources, they
have more infants and improving their performance would have
greater impact on the national coverage rate. Also, due to their abil-
ity to deliver most cost-efficient immunization services it may be
less costly option for the national budget. However, this strategy
raises urban–rural equity concerns. To mitigate these concerns, it
seems necessary to focus managerial efforts on significantly under-
performing rural facilities, where coverage rates are below 80%
and provide supportive supervision or other assistance that will be
necessary.

While the study provides valuable evidence, its strength and
limitations should be kept in mind. Namely, this is the first
facility-based costing study of immunization services conducted in
Moldova and provides rich data that could be used in the national
planning as well as for benchmarking results of future research.
The sample size at 50 facilities was  relatively small and excluded
maternity homes, where BCG and Hepatitis B birth dose is admin-
istered, so that total and unit costs may  be slightly underestimated.
Nevertheless, maternities only provide two  out of 22 doses in the
immunization schedule and are larger in size compared with the
facilities in our sample, so that maternities would be expected to
deliver immunization at a lower cost. Consequently, our under-
estimations are expected to be small. Secondly, our definition of
the FIC is not fully compatible with the national definition used
in Moldova. Consequently, careful interpretation is needed when
comparing with the findings from other national as well as inter-
nationally available data. Finally, labor cost estimates could be
affected by recall bias related to a time spent on immunization
activities, although efforts were made to minimize this bias by orga-
nizing group discussions at the facility to reach consensus among
staff.

6. Conclusions

Our findings could inform policy discussions within Moldova
around increasing immunization coverage rates while running the
program more efficiently and sustainably. At the same time increas-
ing coverage rates through sustainable financing is a global concern,
well beyond Moldova. Our study noted variations in total immu-
nization costs and unit costs at the facility level and variation
in the facility performance measured by DTP3 coverage rate. The
analysis allows hypothesizing that characteristic of a facility may
have influenced achieved DPT3 coverage rates. However available
evidence also indicates that immunization coverage rates are as
well dependent on socioeconomic characteristics of the population
[21–23] on their proximity to health facility [24,25] etc. Therefore, it
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would be valuable to evaluate other context specific determinants
(e.g. population and geography characteristics) in a multivariate
model to establish causal links between the factors determined by
our bi-variate analysis for the facility performance and costs. Such
research could provide an additional valuable contribution to the
global evidence in addition to this study.
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