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ABSTRACT

OBJECTIVES

To determine the differencesin costs of providing vaccination servicesin confracted and non-confracted primary care
facilities, and fo analyze their effectiveness using vaccination volume data

DESIGN

Comparative case study

SETTING

The study was conducted from October to December 2024 in two confracted and two non-contracted districts in Sindh
Province, Pakistan. Five primary healthcare centers were selected from each district. The CORE PLUS tool was used to
estimate the costs.

MAIN OUTCOME MEASURES

Data on actual vaccination volumes, standard treatment guidelines, catchment population, staff salaries, vaccines and
supplies, work distribution time, and operating costs were collected for a period of one year. Annual average costs and
vaccination service volumes per 10,000 population were estimated and compared between contracted and non-
contracted facilities. The incremental cost effectivesratio (ICER) was calculated by dividing the incremental costs by the
incremental vaccination service volumes per 10,000 population.

RESULTS

The overall annual standard cost of vaccination services per 10,000 population was 14.8% higher in confracted facilities.
Contracted facilities spent significantly more on salaries (p=0.028) and operating costs (p<0.001). A positive difference of
559.86 incremental vaccination doses per 10,000 population was observed in contracted facilities. The incremental cost
effectiveness ratio (ICER) indicates that to provide one exira dose of vaccine, an additional $US1.87 were spent in
contracted facilities. Average cost per DALY averted was $US137.12, which was within the threshold for contracting out
to be a cost-effective infervention.

CONCLUSION

Contracting vaccination services resulted in higher service provision costs but was also effective in increasing service
volumes.
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INTRODUCTION
I
Childhood vaccination is one of the most important and cost-effective public health interventions for reducing child
mortality, saving between 3.5 and 5 miillion lives annually [1]. However, one in every five children sfill lacks access to
vaccines, with the majority residing in low and lower middle income countries [2]. Expanding vaccination coverage
among underserved populations in these counftriesis currently a top propriety to achieve the global goal of vaccines for
all. Several demand-side and service delivery improvement interventions have been introduced to improve vaccination
services in these settings. One such intervention is contracting out the management of services. The evidence on the
effectof confracting on vaccination coverage, however, remains mixed. While some studies reporting significant benefits
[3-5], others show no substantial effect [6,7]. Vaccination coverage in Pakistan ranges from 66% to 76.5%, while in Sindh
province, it is around 49% to 64.7% [8-10]. To address the low coverage in Sindh, the management of the vaccination
program was contracted out to a private non-government organization in two districts in 2017 [11]. While most studies
assess the effectiveness of differentinterventions by evaluating service delivery indicators, there is limited evidence on the
costs and cost effectiveness of these approaches [12]. Such studies are important fo support planning and budgeting in
low-resource seftings. This study examines the differencesin the costs of providing vaccination services in confracted and
non-confracted primary care facilities and analyzes their effectiveness using vaccination volume data from both types of
facilities.

METHODOLOGY
I
The study was conducted from October to December 2024 in two contracted districts (Dadu and Khairpur) and two non-
contracted districts (Larkana and Sukkur). Twenty Basic Health Units (BHUs), which are the main primary healthcare centers
inrural areas, were selected, including 10 contracted and 10 non-contfracted facilities. One data collector, MBBS doctors,
were hired and frained to collect data from each district. Data collectors submitted completed forms to the Principal
Investigator in Karachi daily, who provided regular feedback on data quality. During the review process, completeness
and accuracy was ensured. The dafa was stored in excel file. Data was collected for the period from July 2023 to June
2024.

To estimate the costs of providing vaccination services at the selected facilities, the CORE PLUS tool was used. This tool
has been applied in several developing countries to estimate the costs of various primary healthcare services [13-16]. It
calculates standard costs for different service categories based on the number of services provided in accordance with
stfandard freatment guidelines (STGs). Separate CORE Plus files were developed for each BHU, incorporating dafa on
actual annual vaccination volumes, STGs, the list and cost of vaccines included in the vaccination program, as well as
catchment population, staff salaries, work distriobution time, and operating costs. Vaccination volumes were obtained
from routine BHU records. These included all vaccines administered to children from birth to 15 months of age: Bacillus
Calmette Guerin (BCG), Hepatitis B, oral polio vaccine (OPV), injectable polio vaccine (IPV), pentavalent (PV),
pneumococcal vaccine (PCV), rotavirus vaccine, measles-rubella (MR) vaccine, and typhoid conjugate vaccine (TCV).
STGs defined the time required by each vaccinator to provide a specific service and the supplies needed. To calculate
work distribution fime, onsite interviews were conducted with the vaccinators to determine the average time spent on
direct service delivery (e.g., administering vaccines) and administrative tasks (e.g., staff meetings, reporting, vaccine
inventory maintenance, and temperature charting).

Vaccine prices were obtained from UNICEF's vaccine pricing data as of December 31, 2023 [17]. The information on the
catchment populations, staff salaries, and operating costs was collected from the vaccination program’s administrative
office. Operating costs included utilities, stationery, transport, repairs, and maintenance.

The study was approved by the Insfitutional Review Board of Dow University of Health Sciences (IRB No.
DUHS/IRB/2024/198). Official permission was obtained from the Director General Health Services Sindh to conduct the
study.
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DATA ANALYSIS

Costing analysis is performed to identify the contfext-specific needs for adequate resource allocation and financial
sustainability. The bottom-up approach for costing services identifies allresources required to provide a service in a given
period of time and also explores the cost drivers, including both direct and indirect costs [18-20]. Additionally, cost
effectiveness analysis helpsin comparing the costs and outcomes of two different interventions. This analysis helps identify
the more effective approach in terms of service volumes and any associated incremental costs [21].

For the costing analysis, since the catchment populations of the selected facilities ranged from 10,210 to 44,000 people,
overall costs and vaccination volumes were standardized per 10,000 population. This was done by dividing each facility's
total estimated costs and volumes by its catchment population and then multiplying by 10,000. The average annual
standard cost of vaccination services, along-with a breakdown into salaries, vaccines and supply costs, and operating
costs, was compared between contracted and non-contracted facilities. The percentage difference in expenditure was
calculated by dividing the non-contracted facility expenditures with those of contracted facilities. The average cost per
service (overall and by vaccine) and the average number of vaccinators available per 10,000 population were also
estimated and compared. Differencesin average service volumes and staffing were analyzed using the Independent T-
Test. All cost estimates, which did not meet the assumptions of normality, were compared using the Man-Whitney U Test.
A p-value of <0.05 was considered statistically significant.

To assess cost effectiveness, the incremental cost effectives ratio (ICER) was calculated by dividing the incremental costs
by the incremental vaccination service volumes per 10,000 population. Incremental costs were obtained by subtracting
the average costs per 10,000 population in non-contracted facilities from those in contracted facilities. Similarly,
incremental vaccination service volumes were computed by subtracting the average vaccinatfion doses per 10,000
population in non-contracted facilities from those in contracted facilities.

DALYsaverted per vaccine dose were estimated using the data from the global burden of disease data, vaccine efficacy
figures, and coverage duration assumptions relevant to lower middle income countries. Estimates for Hepatitis B, PV, Rota,
PCV and MR were acquired from Vaccine Impact Modelling Consortium (VIMC) data (22-23). For BCG, OPV, IPV, TCV,
DALYs averted per dose were derived from literature-supported assumptions (24-28). Table 1 provides details of these
assumptions. Cost per DALY averted was derived by dividing each vaccine's ICER by its estimated DALYs averted per
dose. This allowed direct comparison with cost-effectiveness thresholds. All estimated costs were converted from Pakistani
rupees (PKR) to US dollars (US$) based on exchange rate as of December 31, 2023, with one US$ equal to 281.5 PKR.

TABLE 1: ASSUMPTIONS USED TO ESTIMATE DALYS AVERTED PER VACCINE DOSE

Vaccine Source Conversion

BCG Trunz BB 2006 (24) Cases prevented per 100,000 doses: 40
Menzies NA 2021 (25) DALYs per case: 12.1
DALYs per dose: (40 x 12.1) / 100,000 = 0.004
OPV GPEl 2024 (26) 1 case prevented per 625 doses

Auzebbergs M 2025 (27) | DALYs per case=14
DALYs per dose: 14/625=0.022

Hep B Toor J etal 2021 (22) 270 DALYs per 1000 fully vaccinated children with 3 Doses
90 per dose per 1000 children=0.09/dose
PV GPEIl 2024 (26) 1 case prevented per 625 doses

Auzebbergs M 2025 (27) | DALYs per case=14
DALYs per dose: 14/625=0.022

ROTA Toor J etal 2021 (22) 44 DALYs per 1000 fully vaccinated children with 2 Doses
22 per dose per 1000 children=0.022/dose
PENTA Toor J etal 2021 (22) 160 DALYs per 1000 fully vaccinated children with 3 Doses

53.3 per dose per 1000 children=0.053/dose
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PCV Toor J etal 2021 (22) 190 DALYs per 1000 fully vaccinated children with 3 Doses
63.3 per dose per 1000 children=0.063/dose
MR Toor J etal 2021 (22) 420 DALYs per 1000 fully vaccinated children with 2 Doses
210 per dose per 1000 children=0.21/dose
TCV Phillips MT 2023 (28) 0.67 DALYs per 1000 doses=0.00067/dose
RESULTS

I
The availability of vaccinationstaff per 10,000 population was higher in contracted facilities compared to non-contracted
facilities (Table 2). A significantly higher volume of services were provided by contracted facilities. The overall annual
sfandard vaccination services costs per 10000 population were 14.8% higher in confracted facilities; however, this
difference was not statistically significant (p=0.059). Vaccines and supplies accounted for nearly two thirds of the of the
total costs (63.2% in contracted and 66.2% in non-contracted), followed by salaries and operating costs. While there was
no significant difference in expenditures on vaccines and supplies (p=0.151), confracted facilities spent significantly higher
on salaries (p=0.028) and operating costs (p<0.001).

TABLE 2: COMPARISON OF THE SERVICE VOLUMES, COSTS AND STAFFING OF VACCINATION SERVICES PER 10,000
POPULATION AT CONTRACTED AND NON-CONTRACTED FACILITIES

Contracted Facilities Non-contracted Percentage | p-value
Mean (SD) Facilities Difference
Average Service Volumes 5116.12 (596.42) 4556.26 (426.70) +10.9 0.027
Average staffing 0.98 (0.32) 0.51 (0.11) +47.9 0.001
Costs
Average Salaries cost US$=2393.62 (476.37) US$=1955.3 (448.6) +18.4 0.028
33.6% of total costs 32.2% of total costs
Average Vaccines and US$=4502.31 (896.01) US$=4020.11 (922.47) +10.8 0.151
Supplies cost 63.2% of total costs 66.2% of total costs
Average Operating Costs US$=227.96 (45.37) US$=97.16 (22.29) +57.4 <0.001
3.2% of total costs 1.6% of total costs
Average Total Standard Cost US$=7123.92 (1417.75) US$=6072.65 (1393.45) +14.8 0.059

per 10,000 population (5477-9401) (4459-8800)

(Min-Max)

Independent T-Test applied fo compare service volumes

Man-Whitney U Test applied to compare staffing and all cost

No statistically significant differenceswere foundin overallor individual average cost per service betweenthe two groups
(Table 3). The overallaverage cost per service was $US 1.47 in contracted facilities and $US1.42 in non-contracted facilities.
The highest average cost per service was observed for rotavirus vaccines, followed by IPV and TCV.

A positive difference of 559.86 incremental vaccination doses per 10,000 population was observedin contracted facilities
(Table 4). Incremental volumes were particularly higher for OPV, PV, PCV and MR vaccines. The incremental cost
effectivenessratio (ICER) indicates that an additional $US1.87 was spent in contracted facilities to deliver one extra dose
of vaccine. ICERs were particularly higher for rotavirus, IPV, TCV and Hepatitis B vaccines. The average cost per DALY
averted was $US137.12.

Cost Effectiveness of Contracting Out Vaccination Services in Two Districts of Sindh, Pakistan 4
Asia Pacific Journal of Health Management 2025;20(2):i4537. doi: 10.24083/apjhm.v20i2.4537



TABLE 3: COMPARISON OF AVERAGE COST PER VACCINE DOSE IN CONTRACTED AND NON-CONTRACTED FACILITIES ($US)

‘ ‘ Contracted ‘ Non-contracted p-value
BCG 0.28 (0.07) 0.26 (0.09) 0.171
Hep B 1.22 (0.21) 1.16 (0.29) 0.129
OPV 0.20 (0.05) 0.19 (0.07) 0.183
PV 2.02 (0.21) 1.96 (0.29) 0.096
PCV 0.73 (0.21) 0.65 (0.25) 0.129
Rota 3.23 (0.21) 3.17 (0.29) 0.095
PV 2.53 (0.21) 2.47 (0.29) 0.095
MR 0.78 (0.10) 0.74 (0.14) 0.118
TCV 2.23 (0.21) 2.17 (0.29) 0.095
Total 1.47 (0.17) 1.42 (0.22) 0.105
Man-whitney U Test applied

TABLE 4: INCREMENTAL COSTS (SUS) AND INCREMENTAL VACCINE DOSES PER 10,000 POPULATION IN CONTRACTED AND
NON-CONTRACTED BHUS

Annual Average costs (USS)

Annual Average service

Cost per DALY

volumes averted
C NC IC Cc NC v ICER DALY/ ICER/DALY
IC/IV Dose
BCG 77.29 66.86 10.43 267.07 257.56 9.51 1.09 0.004 272.50
Hep B 330.49 295.08 35.41 267.07 257.56 9.51 3.72 0.090 41.33
OPV 220.28 173.19 47.09 1034.48 912.18 122.30 0.38 0.022 17.27
PV 1674.27 1401.54 272.73 816.49 713.90 102.59 2.65 0.053 50.00
PCV 623.49 489.44 134.05 817.90 717.97 99.93 1.34 0.063 21.26
ROTA 1778.34 1566.71 211.63 545.81 496.86 48.95 4.32 0.023 187.82
PV 1348.64 1235.29 113.35 531.07 501.85 29.22 3.87 0.022 175.90
MR 450.78 335.93 114.85 562.06 460.13 101.93 1.12 0.21 5.33
TCV 620.28 508.57 111.71 274.18 238.21 35.97 3.10 0.0067 462.69
Total 7123.89 6072.65 1051.24 5116.12 4556.26 559.86 1.87 Average=137.12
Doses

C=Confracted, NC=Non-contracted, IC=Incremental Costs, [IV=Incremental Volumes
ICER=Incremental Cost-effectiveness ratio
DALY=Disability adjusted life years

Red highlighted Costs/DALY indicate that values surpass thresholds recommended by Ochalek etal.

Cost Effectiveness of Contracting Out Vaccination Services in Two Districts of Sindh, Pakistan
Asia Pacific Journal of Health Management 2025;20(2):i4537. doi: 10.24083/apjhm.v20i2.4537




DISCUSSION
I
This study providesinsights into the cost differencesin the provision of vaccinationservicesunder two distinct management
models and evaluates their effectiveness based on vaccination volumes achieved by each. Overall, expenditures in
confracted facilities were significantly higher for salaries and operatfing costs. This additional expenditure confributed to
betfter human resource availability and higher volumes of vaccination services. Incremental volumes were particularly
greater for OPV, PV, PCV and MR, suggesting better continuity of vaccination post-birth in the contracted districts.
Although overall costs were higher in contracted facilities, the cost per service was nearly identical. This finding supports
the concept of the economies of scale, whereby the cost per service decreases as service volumes increase due to
greater operational efficiency [29]. As expected, the cost per service was highest for more expensive vaccines such as
rotavirus, IPV, and TCV.

This study found that vaccines and supplies constituted almost two thirds of the total costs followed by salaries and
operating costs. In confrast, other studies on costing of vaccination programs have reported salary expenditures fo
exceed vaccines and supply costs [30-33]. This discrepancy may be attributed to the broader scope of those studies,
which included district and provincial level management and fransport salaries as well as fewer vaccines in their
programs. Since this study was conducted at the facility level, the vaccination and supply costs covering a package of
nine different vaccines outweighed the salary costs, which only included the salaries of vaccinators.

The overall ICER was $US1.87, with values ranging from $US0.38 to $US4.32 forindividual vaccines. As anticipated, higher
ICERs were observedformore expensive vaccines. While few studies are available onincremental volumes of vaccination
servicesresulting from contracting [3-5], there is no evidence available on cost effectiveness of contracting vaccination
services. ICERs of other interventions aimed at improving vaccination coverage have ranged from $US0.66 to $US161.95
per child vaccinated, depending on the confext, intervention costs, and the number of vaccines included. These
interventions include community education campaigns [34-36], mop-up campaigns [37,38] and improvementsin service
availability [39].

The average cost per DALY averted was $US138.7, ranging from $US5.33 to $US462.69 across individual vaccines.
According to the World Health Organization, an intervention is considered cost-effective if the cost per DALY averted is
less than average GDP per capita [40], which was $US1574 for Pakistan in 2024 [41]. However, more recent thresholds
account for country’s economic capacity and health system feasibility, and recommend for a more conservative cutoff
of $US138-175 per DALY averted for Pakistan [42]. Using both thresholds, the average cost per DALY averted shows that
contracting out was a cost-effective strategy. Nevertheless, costs per DALY were higher for vaccines with a lower effect
on DALYs- such as BCG, ROTA, IPV and TCV- exceeding the threshold suggested by Ochalek etal.

LIMITATIONS

There are a few limitations in the study that may have led to underestimation of costs. First, the cost estimates exclude
district level management and supervisory costs, focusing only on staff directly involved in provision of vaccination
services. Second, the cost analysis was conducted solely from the provider's perspective and did not include costs
incurred by service users, such as travel and time. Third, only recurrent costs were considered; capital costs, such as
infrastructure and equipment, were excluded. Although, UNICEF estimates for cost per vaccine dose account for
expected wastage, actual wastage data for the evaluation facilities was not available. Additional limitations include
small scale of the study; limited to catchment areas of 20 facilities; and the skewed nature of data, which restricted the
performance of a sensitivity analysis.

CONCLUSION

_____________________________________________________________________________________________________________________________________|
Contracting vaccination servicesresulted in higher service provision costs butf also proved to be effective in increasing
service volumes. This study lay the foundation for conducting similar assessments on a larger scale and over a longer
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duration of time in future to assess the feasibility and long-term benefits of scaling up contracting management of
vaccination services.Similar exercises for other health service reforms should also be conducted to enhance the allocative

and technical efficiency of health services.
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