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Introduction: Vaccines procured for low-income countries are often packaged in multi-dose vials to
reduce program costs. To avoid wastage, health workers may refrain from opening a vial if few children
attend an immunization session, possibly leading to lower coverage. Lowering the number of doses in a
vial may increase coverage and reduce wastage.
Methods: We used a mixed methods approach to measure the effects of switching from conventional 10-
dose measles containing vaccine (MCV) vials to 5-dose MCV vials on coverage and open vial wastage in 14
districts purposely selected from two provinces in Zambia. The districts were paired based on the number
of health facilities and the average size of the health facility catchment population. One district from each
pair was randomly allocated to receive 5-dose vials while the other continued with the conventional
vials. We applied propensity score matched difference-in-difference analysis to estimate intervention
effects on coverage using pre-intervention household survey and post-intervention household survey
after 11 months of the intervention. The intervention effects on wastage rates were estimated from mul-
tivariate analysis of the administrative data. Key informant interviews were conducted to better under-
stand health workers’ behavior and preferences at baseline, midline and endline, and analyzed using
thematic analysis techniques.
Results: MCV coverage rates increased across both arms for both doses. A five percentage-point interven-
tion effect was detected for MCV1 and 3.5 percentage-point effect for MCV2. The MCV wastage rate was
47% lower in facilities using 5-dose vials (16.2%) versus 10-dose vials (30.5%). Healthcare workers
reported being more willing to open a 5-dose vial than a 10-dose vial for one child, as they were less con-
cerned about wastage.
Discussion: Switching 10-dose MCV vials to 5-dose vials improved coverage, decreased wastage, and
improved willingness to open a vial. These findings can contribute to strategies for reducing missed
opportunities for vaccination.
� 2020 The Authors. Published by Elsevier Ltd. This is an open access article under theCCBY license (http://

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

Low- and middle- income (LMIC) countries have traditionally
procured vaccines in multi-dose vials in order to reduce costs, cold
chain storage and distribution requirements [1]. However, higher
wastage may offset these benefits as multi-dose vials of vaccines
without preservatives (i.e., BCG, measles-containing vaccine
[MCV] and yellow fever) must be discarded six hours after recon-
stitution or at the end of an immunization session, whichever
comes sooner [2]. Frontline healthcare workers (HCWs) must
decide when to open a vial knowing that doses may be wasted if
not enough eligible children are currently present or likely to be
present during the course of the session. MCV is usually procured
in 10 dose vials for nationwide immunization programs in LMICs.
Measles outbreak investigation reports have identified that HCW
fear of high MCV wastage was a major contributing factor to low
coverage and disease outbreak [3–5]. In 2018, global coverage with
the first dose of MCV was estimated at 86%, the second dose esti-
mated at 54% [6]. This falls short of the goal established by the Glo-
bal Measles and Rubella Strategic Plan of �95% coverage with two
doses of measles vaccine in all communities and countries in order
to achieve measles elimination [7].
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Reducing the number of doses in the vaccine vial is one poten-
tial strategy to achieve both high coverage and low wastage in rou-
tine immunization programs. Vials with fewer doses may
encourage HCWs to vaccinate every eligible child present on both
scheduled and unscheduled vaccination days without fearing
excess wastage. The major vaccine procurement agency of LMIC
programs, UNICEF, made MCV in 5-dose vials available for procure-
ment by country programs in 2018 [8]. Although modeling has
shown that vials with fewer doses may be a feasible solution to
increasing coverage without placing burdens on the cold chain or
cost of an immunization program [9], empirical evidence is lacking
[10]. To address the gap, this study was conducted using quantita-
tive and qualitative methods. It was part of the larger Dose Per
Container Partnership (DPCP), designed to assess the trade-offs
between cost and immunization systems impact choosing vial size.
2. Methods and materials

2.1. Study context

The Zambian Expanded Programme on Immunization (EPI) has
been vaccinating children against measles since the late 1970s. In
2013, a second dose of measles vaccine was introduced to the rou-
tine immunization schedule. Measles-containing vaccine (MCV) is
now scheduled to be given at nine and 18 months of age. In June
2017, Zambia’s EPI switched from 10-dose monovalent measles
to 10-dose measles and rubella (MR) vaccine for both doses in
the routine immunization program. Over the past decade, reported
measles first-dose vaccination coverage (MCV1) by 12 months of
age has fluctuated from 89% in 2008 to 80% in 2013 and to 96%
in 2017 [11]. While reported coverage for MCV1 was 96% in
2017, reported second-dose coverage (MCV2) was only 64%. There
were also considerable disparities between regions and districts
across Zambia, with reported MCV1 district coverage ranging from
64% to 256% in 2017. The 2013–14 Zambia Demographic and
Health Survey (DHS) estimated MCV1 coverage for surveyed chil-
dren 12–23 months of age at 70% (through review of vaccination
cards only) and 85% (through review of cards plus a card-
adjusted recall of caregivers). Only 73% of the surveyed population
had been vaccinated by 12 months of age (card plus recall).

MCV and other vaccines in the routine immunization system
are provided at fixed and outreach sessions. Zambia has been
procuring 10-dose MCV vials from UNICEF; the long-time availabil-
ity of the pre-qualified 5-dose MCV on the global market, newly
available from UNICEF, provides the context for the study to inform
policy.
2.2. Study domain

The Zambia Ministry of Health in discussions with the study
team selected Luapula and Central provinces (Fig. 1) for this study
based on comparatively low coverage for Diphtheria-Tetanus-
Pertussis 3 (DTP3), MCV coverage, fully immunized child coverage
(FIC), timeliness of MCV vaccination among infants; and inequity
in wealth, antenatal visits, and maternal education as reported in
the 2013–14 DHS. The number of districts in the study was
restricted to 14 of 22 districts in the two provinces based on the
availability of 5-dose vials of MR vaccine supplies for 12 months.
The 14 districts were selected based on number of healthy facilities
per district; average target population per health facility (mix of
smaller and larger target populations serviced by facility); mix of
urban and rural areas; and accessible and reliable data currently
collected at district level (see Supplemental Material A for details).
2.3. Study design

A mixed-methods design using qualitative and quantitative
methods was used to assess the impact of the intervention imple-
mented from June 2017 to April 2018. An intervention-control
group design with pre- and post-intervention household surveys
was used to measure the effect of the intervention on measles cov-
erage using difference-in-difference analysis. Administrative data
were collected from health facilities (HF) within the study area
during the intervention period. Indicators of interest were com-
pared between intervention and control areas to measure the
intervention’s effect. The qualitative component was derived from
key informant interviews.

A stratified-pair, cluster randomized design was implemented
in the selected districts for the household survey and administra-
tive data. The districts were paired according to average population
size per HF and the number of HFs within each district. From each
pair, the intervention district was randomly selected; the other dis-
trict in the pair served as the control. All HFs in the intervention
districts received 5-dose vials of MR while HFs in the control dis-
tricts continued using the standard 10-dose vials. All 10-dose MR
vials were replaced with 5-dose MR vials at the start of the study
in the intervention districts. No other interventions such as policy
changes or health education approaches were introduced in either
arm.

2.4. Study participants

The household survey study participants were caregivers of
children within two cohorts—children aged 12–23 months and
children aged 24–35 months. For the administrative data, the
HFs were the unit of analysis. For the in-depth interviews, study
participants were facility-based HCWs, district pharmacists (re-
sponsible for vaccine storage and distribution), and district mater-
nal and child health (MCH) coordinators (who supervised facility-
based HCWs).

2.5. Outcomes of interest

The primary outcomes of interest were the effects of switching
from 10-dose to 5-dose MR vials on first and second dose MCV cov-
erage, as measured through a pre and post-intervention household
survey, and open vial wastage, as measured through a review of
administrative data. Secondary outcomes included the effects of
this switch on dropouts, session size and frequency, storage and
distribution capacity, and HCW preferences regarding vial
presentation.

For coverage and dropout indicators, vaccination information
was obtained via two sources: card review and caregiver’s recall.
If a vaccination card was not available at the time of the interview
or vaccination information was absent, the caregiver was then
asked to recall whether the child received a given vaccination.

2.6. Data

2.6.1. Household survey
A two-stage cluster survey design was used for the household

survey. At first stage, enumeration areas (EAs) from the 2010 cen-
sus were selected with probability proportional to population size
within each of the two study arms. At second stage, four house-
holds per cohort (i.e., 12–23 and 24–35 months of age) were
selected randomly within each selected EA using the following
steps: 1) each EA was divided into four approximately equal seg-
ments based on household distribution; 2) beginning from the
middle of each segment (and working outward), one household
per cohort was randomly selected. EAs selected at baseline were
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Fig. 1. Map of Central and Luapula provinces, Zambia.

Table 1
Indicator definitions and data sources.

Indicator Definition Data Source

MCV 1 vaccination coverage % of children 12–23 months and 24–35 months who have received at least one dose of MCV Household survey
MCV 2 vaccination coverage % of children 24–35 months who have received more than one dose of MCV Household survey
Penta1 to MCV 1 dropout % of children 12–23 months and 24–35 months who received Penta1 and did not receive MCV1 Household survey
MCV1 to MCV2 dropout % of children 24–35 months who received one dose of MCV but did not receive a second dose Household survey
Session size # of children who are vaccinated with MCV1 or MCV2 per session Administrative data
Session Frequency # of days per month that any doses of MCV were administered Administrative data
Cold chain storage capacity % of HFs that have adequate cold chain storage capacity for vaccine schedule Administrative data
Open vial wastage rate % of doses in open vials that are unused and discarded Administrative data
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revisited during end-line. The 2015 version of the WHO Vaccina-
tion Coverage Cluster Survey Questionnaire was adapted for use
in this study [12].

2.6.2. Prospective administrative data review
Pre-intervention administrative data were not analyzed for the

study due to incomplete records. Paper tools were designed and
implemented to record administrative data during the intervention
period from all HFs in the study area to measure HF level indicators
not captured in the regular Ministry of Health tools (Table 1).
HCWs recorded service data daily if a fixed or outreach session
was held. At the end of each month, HCWs also documented MR
stock information. The data were submitted monthly to the dis-
trict. The MCH Coordinator entered the data into an Excel-based
template and emailed to the study team. Data were reviewed
and cleaned in country on a rolling basis with follow up to districts
when forms were incomplete or inconsistent.

2.6.3. Key informant interviews
Key informant interviews were conducted at baseline, midline

and endline HCWs providing immunizations at facilities, district
MCH coordinators, and district pharmacists.

At baseline, 60 interviews were conducted across 14 districts:
32 conducted at five urban and 27 rural health facilities (one per
facility), and 28 conducted at 14 district offices (two per office).
At midline, 24 interviews were conducted in the seven interven-
tion districts: four in urban facilities and 12 rural facilities (one
per facility), and 8 conducted in seven district offices. At endline,
56 interviews were conducted in the intervention districts: 5 in
urban facilities and 37 in rural facilities (one per facility), and 14
conducted in seven district offices (two in each district office).

Respondents were selected based on job title and responsibili-
ties in order to understand immunization service delivery. Health
facilities were selected to ensure representation across large,
medium-sized, and small facilities in urban and rural locations
within each district. All interviews were transcribed in Microsoft
Word and uploaded to NVivo 11 software. Broad themes of interest
were identified during the design of the research protocol and key
informant interview tools. Transcripts were analyzed in NVivo 11;
relevant sections of text were coded and assigned themes during
analysis.
2.6.4. Sample size (household survey)
The sample size for the household survey was estimated to

detect a 7-percentage-point higher increase in MCV1 and MCV2
rates between baseline survey and endline survey in the interven-
tion group, as compared to the control group (i.e., difference-in-
difference), with 80% power, one-sided alpha error set at 0.05,
and cluster survey design effect set at 1.5 using the intraclass cor-
relation coefficient from Zambia 2013–14 DHS [13]. The assump-
tion was that the coverage increased from 50% to 57% in the
intervention area but remained unchanged at 50% in the control
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area. The sample size estimation was done using the methods and
tools described by McConnell and Vera-Hernandez [14]. Based on
this, the sample size was estimated to be 1952 children from 488
clusters per each age cohort and each study arm during each sur-
vey period.

2.7. Statistical methods

Stata version 14 was used for all the analyses presented [15].
For each cohort, the distribution of the household sample accord-
ing to selected background characteristics was compared between
the two study arms at baseline and at endline using Wald’s statis-
tics adjusted for cluster survey design. The background character-
istics considered were child’s sex, province of residence, urban or
rural residence, education, occupation, and age of caregiver, time
to travel to the nearest health facility or vaccination site, and
wealth quintile. Availability of the immunization card in the
household on day of survey was also analyzed.

The wealth quintile was created as a single construct using
baseline and endline data. A wealth index score was constructed
for each household using principal component analysis of house-
hold assets and characteristics such as household items, floor
material, main water source, and main toilet type [16]. The com-
bined baseline and endline data were divided into five equal
groups based on these scores.

To estimate the adjusted intervention effect, the study arms
were balanced by matching intervention area EAs with control area
EAs using baseline attributes. The propensity scores were first esti-
mated for each EA using a logit model predicting the probability of
an EA to be in the intervention area at baseline. The covariates of
the logit model were province, urban or rural, EA-level baseline
averages of household wealth, sex, age, education and occupation
of the caregiver, and outcome variables of interest. Intervention
and control EAs with similar propensity scores at baseline were
coded so that they could be identified as similar. To assess the ade-
quacy of the matching, t-tests were performed to ensure that the
covariates of the final logit model were not statistically signifi-
cantly different (p > 0.1) between the intervention and the control
EAs, after accounting for the matched EAs.

Finally, intervention effects were estimated from logit models
predicting the outcome of interest with indicator variables for
study arm, survey period, the interaction between study arm and
survey period, and for the EAs that matched between the interven-
tion and control areas (dummy variables) as the predictors. The
models were adjusted for survey design using Stata’s survey esti-
mators. Stata’s post estimation ‘margins’ command was used to
obtain adjusted estimates of the outcomes of interest according
to study arm and survey period and the intervention effects (i.e.
difference-in-difference) with 95% confidence interval.

2.7.1. Administrative data
Monthly administrative data were collected from 105 facilities

in the control area and 135 facilities in the intervention area. Four
facilities did not report during the intervention period and were
therefore excluded from analysis. The average monthly reporting
rates in intervention and control facilities were 91% and 80%,
respectively. The distribution of data by session type (outreach/-
fixed), distance of HF from district capital, province, location of
facility, reporting rate, and facility size were compared between
the two study arms using Wald’s statistics adjusted for repeated
observations within a facility. The mean of the facility-level aver-
age monthly open vial wastage rate over the observation period
(i.e., 11 months) was then compared between the two study arms,
stratified by session type and facility size. The analyses were
adjusted for the time series nature of the data (i.e., health facility
level monthly measures over the observation period), province,
distance of the health facility from the district, catchment popula-
tion size of the health facility, and reporting rates. To account for
possible dependencies between one month’s report with the next
or with the previous, an autoregressive conditional heteroskedas-
ticity (ARCH) model was used with 3 month moving averages of
monthly reports from each health facility. Predicted wastage rates
by study arm and the differences between the two (i.e., the inter-
vention effect) with 95% confidence interval were calculated using
Stata’s post estimation ‘margins’ command. Similarly, the average
frequency of MR sessions per month and average number of chil-
dren vaccinated with MR per session were analyzed.
3. Results

3.1. Household survey

In both cohorts, background characteristics for the two arms
showed notable differences at both survey periods. In particular,
there was a statistically significant difference among 12–23 month
olds in wealth, location of residence, and time to travel to the clos-
est HF (Table 2). A similar difference was seen among the 24–
35 month old cohort (Table 3).

Card availability on the day of the interview increased in both
cohorts at endline (Table 4). Among children 12–23 months, there
was a statistically significant increase in card availability, from
about 73% at baseline to 85% at endline in both study arms
(p < .001). Children 24–35 months had similar increases in card
availability, increasing statistically significantly from 63% at base-
line to about 76% at endline for children in both study arms
(p < .001).
3.1.1. Coverage rates
Balance of the covariates between intervention and control

areas at baseline due to matching is given in Table 11 of Supple-
mental Material B. Adjusted coverage rates for MCV1 based on vac-
cination cards increased statistically significantly from baseline to
endline in both study arms (Table 5). In the intervention arm,
MCV1 adjusted coverage rates significantly increased by 14 per-
centage points from baseline (62%) to endline (76%) (p < .001). Sim-
ilarly, in the control arm, MCV1 coverage increased from 63% to
77% (p < .001) across the two survey periods. However, the differ-
ence in the changes in coverage rates between the two study arms
(i.e., the treatment effect or difference-in-difference) were not sta-
tistically significant (p = .869).

MCV1 coverage based on both sources (card review and care-
giver’s recall) increased statistically significantly between baseline
and endline. A statistically significant intervention effect of about
five percentage-points (p < .001) was detected when data from
both sources were considered to estimate MCV1 coverage.

Based on card review, there was a statistically significant
increase in the adjusted coverage rates of MCV2 among children
aged 24–35 months during the survey period across both study
arms (Table 5). In the intervention arm, coverage increased from
24% at baseline to 39% at endline (p < .001). Similarly, in the control
arm, coverage increased from 26% at baseline to 41% at endline
(p < .001). However, the intervention effect was not statistically
significant for the adjusted MCV2 coverage from card review
(p = .777).

Adjusted coverage of MCV2 based on both sources (card review
and caregiver’s recall) increased significantly between pre- and
post-intervention in both study arms. A statistically significant
intervention effect was detected when data from both sources
were considered to estimate MCV2 coverage. A 3.5-percentage-
point increase in the adjusted rate for MCV2 coverage in the inter-
vention area is attributable to the intervention (p = .007).



Table 2
Background characteristics of sampled 12–23 month olds by study arm and survey period.

Baseline p-value Endline

Intervention (N = 1907) Control (N = 1960) Intervention (N = 1962) Control (N = 1965) p-value

Background characteristic % % % %

Sex of child
Male 49.3% 49.4% 0.953 49.2% 49.5% 0.885
Female 50.7% 50.6% 50.8% 50.5%
Residence
Rural 79.7% 91.0% <0.001 79.9% 90.5% <0.001
Urban 20.4% 9.0% 20.1% 9.5%
Wealth
Lowest 18.4% 24.4% <0.001 12.4% 27.9% <0.001
Second 18.4% 24.5% 17.6% 20.8%
Middle 19.7% 21.9% 17.1% 19.1%
Fourth 20.3% 14.3% 25.1% 19.9%
Highest 23.3% 14.9% 27.8% 12.4%
Caregiver’s Education
No education 8.7% 13.7% <0.001 10.8% 19.2% <0.001
Some primary 44.5% 49.6% 40.8% 48.5%
Completed primary 15.2% 13.2% 14.8% 9.9%
Some secondary 22.6% 19.2% 24.4% 17.8%
Completed secondary 7.2% 3.3% 6.7% 3.7%
More than secondary 1.8% 1.0% 2.6% 0.9%
Caregiver’s Occupation
Private/ public sector 2.7% 1.4% <0.001 3.7% 1.3% <0.001
Agriculture 52.4% 58.9% 42.8% 48.8%
Self-employed/ own business 11.5% 8.2% 10.5% 4.7%
Casual work/ petty trade 5.4% 5.9% 10.6% 12.7%
Unemployed 28.0% 25.0% 32.3% 32.5%
Time to travel to closest health facility or vaccination site
<10 min 15.4% 16.1% <0.001 14.2% 26.7% <0.001
10 to <30 min 25.8% 29.4% 29.9% 29.1%
30 to <60 min 21.6% 29.8% 31.6% 29.5%
1–2 h 31.5% 20.5% 20.2% 12.8%
>2 h 5.7% 4.2% 4.2% 1.9%

p-values are from Wald’s statistics testing the difference between intervention and control groups.
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In the intervention arm, there was a statistically significant
decrease in adjusted dropout rates for Penta 1 to MCV1, based on
children with cards (p < .001) (Table 6). In the control arm,
adjusted dropout rates among children with cards also decreased
statistically significantly from 12.4% to 6.6% (p < .001). Adjusted
dropout rates based on cards and caregiver recall also decreased
approximately 7 percentage points in the intervention arm
(p < .001) and 4.7 percentage points in the control arm
(p < .001). A 2.6 percentage-point reduction in the adjusted drop-
out rate from Penta 1 to MCV 1 in the intervention area is attribu-
table to the intervention (p = .010).

There was a statistically significant decrease in the adjusted
dropout rates of MCV1 to MCV2 among children 24–35 months
pre- and post-intervention in both study arms (Table 6). In both
the intervention and control arms, the adjusted dropout rates of
MCV1 to MCV2 (based on cards) decreased by approximately 15
percentage points respectively (p < .001 and p < .001). The inter-
vention effect was statistically significant when both cards and
caregiver recall was considered (p = .038), attributing to a 3.6-
percentage-point reduction in the dropout rate in the intervention
area compared to the control area.

3.2. Administrative data review

There were no notable differences in HF characteristics between
study arms aside from reporting rates (Table 7). Reporting rates
were statistically different between the intervention and control
arms (p < .001).

There was an intervention effect on the open vial wastage rate,
depicted by the significant difference in wastage rates between
study arms (30.5% in the intervention arm and 16.2% in the control
arm) with the control area HFs having 14 percentage-points higher
wastage rates than HFs in the intervention area (p < .001, Table 8).
The intervention effect on wastage rates was seen for both fixed
and outreach sessions, but the intervention effects did not vary
by the session type.

There was a significant variation of the intervention effect on
wastage rates by the size of health facility. The treatment effect
was seven and 10 percentage-points greater (p < .05) for small
health facilities when compared to the treatment effects among
the medium and large health facilities.

There was no treatment effect on the average number of ses-
sions per month where MR vaccines were administered (Table 9).
This was true for both outreach and fixed sessions. The results
indicated that facilities in both study arms were on average con-
ducting statistically significantly (p < .05) more outreach ses-
sions than fixed sessions (analysis not shown in Table 9). The
results also show that vial size has little effect on the average
number of children immunized with MR vaccine per session.
There was no significant difference in number of children vacci-
nated per session with MR between the control and intervention
HFs.
3.3. Key informant interviews

Most HCWs stated that their job performance was assessed
based on immunization coverage and not vaccine wastage. How-
ever, they were concerned about wastage and knew their wastage
was monitored. Concerns for wastage and ensuring stock availabil-
ity until next restocking seemed to influence when to open a vial.
When asked whether their practices had changed since the intro-



Table 3
Background characteristics of sampled 24–35 month olds by study arm and survey period.

Baseline p-value Endline

Intervention (N = 1920) Control (N = 1867) Intervention (N = 1931) Control (N = 1937) p-value

Background characteristic % % % %

Sex of child
Male 48.2% 47.5% 0.634 45.9% 49.6% 0.022
Female 51.8% 52.5% 54.1% 50.4%
Residence
Rural 79.6% 91.1% <0.001 79.5% 90.9% <0.001
Urban 20.4% 8.9% 20.5% 9.1%
Wealth
Lowest 15.1% 24.8% <0.001 11.1% 26.1% <0.001
Second 19.2% 22.6% 16.3% 20.9%
Middle 20.2% 22.8% 19.8% 19.3%
Fourth 20.0% 14.5% 26.0% 19.9%
Highest 25.6% 15.4% 26.9% 13.8%
Caregiver’s education
No education 9.3% 14.0% <0.001 11.0% 18.9% <0.001
Some primary 46.9% 49.1% 43.7% 46.4%
Completed primary 16.6% 14.5% 14.8% 12.2%
Some secondary 20.6% 16.9% 22.6% 17.9%
Completed secondary 8.2% 4.3% 5.7% 3.1%
More than secondary 1.4% 1.0% 2.2% 1.6%
Caregiver’s Occupation
Private/ public sector 3.2% 2.0% <0.001 3.2% 1.6% <0.001
Agriculture 53.3% 58.9% 46.0% 49.5%
Self-employed/ own business 13.7% 10.0% 9.6% 6.5%
Casual work/ petty trade 5.3% 7.7% 9.7% 13.0%
Unemployed 24.5% 21.4% 31.5% 29.6%
Time to travel to closest health facility or vaccination site
<10 min 15.2% 16.0% <0.001 14.5% 27.5% <0.001
<30 min 27.0% 30.7% 29.5% 28.8%
<1 h 21.1% 29.0% 29.5% 29.7%
1–2 h 30.8% 20.5% 21.5% 12.2%
>2 h 6.0% 3.9% 5.0% 1.8%

p-values are from Wald’s statistics testing the difference between intervention and control groups.

Table 4
Card availability by age of child.

Baseline Endline

Intervention Control p-value Intervention Control p-value

Card availability for children aged 12–23 months
N 1907 1960 1962 1965
Card available today 73.2% 71.5% 0.32 84.6% 84.8% 0.86
Card availability for children aged 24–35 months
N 1920 1867 1931 1937
Card available today 63.4% 63.3% 0.97 76.4% 75.3% 0.49

Table 5
Coverage of MCV1 in children 12–23 months and MCV2 in children 24–35 months by data source.

Indicator Source of data Study arm Baseline Endline Difference between
baseline and endline

Treatment effect

diff 95% CI diff-in-diff 95% CI p-value

MCV1 Coverage Vaccination card Intervention 61.8% 75.6% 13.8% 11.8% 15.8% 0.2% �2.3% 2.7% 0.869
Control 63.1% 76.7% 13.6% 11.8% 15.4%

Vaccination card and caregiver’s recall Intervention 82.1% 91.6% 9.6% 8.1% 11.0% 4.9% 0.3% 6.6% <0.001
Control 84.2% 88.8% 4.7% 3.4% 6.0%

MCV2 Coverage Vaccination card Intervention 24.3% 39.4% 15.1% 13.1% 17.2% �0.4% �3.0% 2.2% 0.777
Control 25.8% 41.4% 15.5% 13.4% 17.6%

Vaccination card and caregiver’s recall Intervention 43.0% 55.8% 12.8% 10.7% 14.9% 3.5% 1.0% 6.1% 0.007
Control 45.0% 64.2% 19.3% 7.2% 11.3%
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duction of the 5-dose vial, HCWs replied they were less concerned
about MR vaccine wastage and felt more comfortable opening vials
to vaccinate children. Thirty-eight of 42 (90%) HCWs using 5-dose
MR vials reported offering MR vaccines at every fixed session
regardless of the number of eligible children presenting. By con-
trast, at baseline over 50% of respondents using 10-dose vials indi-
cated that they waited for a minimum of five children before
offering the MR vaccine. All 42 HCWs using 5-dose MR vials
reported offering MR vaccines at every outreach session. At base-
line and endline, on days when sessions were not scheduled, HCWs



Table 6
Penta 1-MCV1 Drop-out in children 12–23 months and MCV1-MCV2 Drop-out in children 24–35 months by data source.

Indicator Source of data Study arm Baseline Endline Difference between
baseline and endline

Treatment effect

diff 95% CI diff-in-
diff

95% CI p-
value

Penta 1 – MCV1 Drop-
out

Vaccination card Intervention 13.0% 7.2% �5.8% �7.5% �4.1% 0.01% �1.9% 2.0% 0.992
Control 12.4% 6.6% �5.8% �7.4% �4.1%

Vaccination card and Caregiver’s
recall

Intervention 15.3% 7.9% �7.3% �9.1% �5.6% �2.6% �4.7% �0.6% 0.010
Control 14.0% 9.3% �4.7% �6.3% �3.1%

MCV1 – MCV2 Drop-
out

Vaccination card Intervention 44.9% 30.1% �14.8% �18.1% �11.5% 0.3% �3.7% 4.2% 0.900
Control 43.3% 28.2% �15.1% �18.2% �12.0%

Vaccination card and Caregiver’s
recall

Intervention 36.4% 21.9% �14.5% �17.2% �11.8% �3.6% �6.9% �0.2% 0.038
Control 33.8% 22.8% �11.0% �13.6% �8.4%

Table 7
Distribution of administrative data records by health facility characteristics and study arm.

Intervention Control P-value

Distance to district capital 0–39 km 49.3% 39.7% 0.302
40–99 km 40.6% 31.6%
>100 km 19.7% 19.1%

HF location Rural 88.4% 94.4% 0.224
Urban 5.0% 3.6%
Missing classification 6.6% 2.1%

HF Size Large: 500+ Target Pop 15.6% 13.8% 0.854
Medium: 200–499 Target Pop 46.2% 44.5%
Small: 0–199 Target Pop 38.3% 41.7%

Province Central 55.1% 46.7% 0.206
Luapula 44.9% 53.4%

Reporting Rate <75% 16.1% 3.6% <0.001
75–94% 35.8% 29.8%
>94% 48.2% 66.6%

Total Number of Reports Submitted 2708 1852
Total Number of Facilities 135 105

Table 8
Wastage rates by study arm, type of vaccination session and health facility size.

Treatment Effect

Intervention Control Difference 95% CI P-value

Session Type Fixed 16.7% 30.5% �13.77 �17.28 �10.25 <0.001
Outreach 17.5% 31.2% �13.68 �16.97 �10.39 <0.001

Health facility size Large: 500+ Target Pop 18.9% 28.2% �9.32 �16.67 �1.97 0.013
Medium: 200–499 Target Pop 17.5% 29.4% �11.85 �16.06 �7.63 <0.001
Small: 0–199 Target Pop 13.4% 32.4% �18.92 �23.33 �14.50 <0.001
Difference between medium vs large effect �2.53 �11.0 5.95 0.559
Difference between small vs large effect �9.59 �18.10 1.07 0.027
Difference between small vs medium effect �7.06 �13.14 �0.98 0.023

Total 16.2% 30.5% �14.35 �17.21 �11.49 <0.001

Table 9
Average frequency and size of immunization sessions where MR and Penta was given.

Intervention Control Difference 95% CI P-value

Average # of times per month MR vaccines administered
Fixed 1.9 1.7 0.2 �0.06 0.44 0.135
Outreach 2.6 2.9 �0.2 �0.59 0.14 0.228
Total 4.5 4.5 0.0 �0.47 0.40 0.876
Average number of children vaccinated with MR per session
Fixed 10.7 10.5 0.3 �1.27 1.80 0.736
Outreach 8.7 10.0 �1.3 �2.40 �0.14 0.027
Total 9.9 10.3 �0.5 �1.60 0.69 0.436
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in both study arms reported asking mothers to return with their
child when a session was scheduled. If families came from great
distances, HCWs using 5-dose vials reported opening a vial and
vaccinating the child regardless of the potential impact on vaccine
wastage.
None of the HCWs using the 5-dose MR vials wanted to return
to using the 10 dose MR vials at the end of the study. They all
reported that using 5-dose vials had positively influenced their
ability to vaccinate more children and reduced their concern about
wastage.
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4. Discussion

This study looked at the effects of switching from 10-dose to 5-
dose MR vials on coverage, drop-outs, wastage, session size and
frequency, and on HCW behavior. The study design of the house-
hold survey increased both validity and efficiency of the study
sample through revisiting the EAs from baseline during the end-
line, the analytic method of matching intervention area EAs with
control area EAs, or the combination of both [17,18]. The findings
suggest that 5-dose vials of MR can contribute to improving cover-
age, reduce drop-outs, reducing wastage, and influencing HCW
behavior. With HCWsmore willing to open a vial with fewer doses,
this change may contribute to reducing missed opportunities in
vaccination (MOVs) [19].

Despite national guidance to open a vaccine vial for every eligi-
ble child, it is clear that decisions around when to open an MR vial
often take into account HCW concerns for limiting wastage. In the
qualitative research, HCWs stated that they wait for an average of
five children to open a 10-dose MCV vial. It is promising that HCWs
indicated through this study that they are more willing to open a
vial for only one child when using 5-dose vials.

This HCW behavior change had an effect on reducing open vial
wastage with 47% lower wastage rate in facilities using 5-dose MR
vials versus 10-dose MR vials. Responses from HCWs corroborate
these results as they also stated that the reduction in wastage is
a major benefit of using 5-dose vials. Providers in the intervention
arm overwhelmingly stated their preference to continue using 5-
dose MR vials.

Increased coverage attributable to the 5-dose vials is a notewor-
thy research finding, even as MR coverage rates have been increas-
ing continuously nationwide in Zambia over the past several years.
The 4.9% increase in MR1 and 3.5% increase in MR2 suggest that
more children are being vaccinated when HCWs have access to
5-dose vials. The post-intervention household survey showed that
while coverage rates increased across both arms, an intervention
effect was still detectable in the intervention arm in both cohorts
when adjusted for confounding factors. The reduced dropout rate
implies improved service quality with more children completing
the course of vaccines. It is interesting to note that the data showed
no difference in frequency of providing MR vaccine between inter-
vention and control facilities. Card coverage also increased across
arms due to extraneous factors that cannot be explained by this
study.

The fear of open vial wastage of high volume vaccines without
preservatives can be a barrier to ensuring all children are vacci-
nated. Immunization programs can employ multiple strategies to
reduce MOVs during routine immunization, such as decision sup-
port tools and job aids for HCW, integrating curative and preven-
tive services, or shifting workflow or immunization session
frequency. As demonstrated by this study, smaller vial size can
be considered another strategy to reduce MOVs as well as reduce
wastage. This study was conducted through routine immunization
services; supplemental immunization activities such as mass cam-
paigns may have different considerations for optimal vial size.

No policy changes or directions to HCWs on use of the 5-dose
vials were introduced in either arm of the study. Based on study
results, it is likely that the introduction of the 5-dose MR vial for
routine immunization programs, accompanied by reminders to
HCWs to open a vial for even a single eligible child, would over
time likely increase positive changes on vaccination coverage, drop
out, missed opportunities, and vaccine wastage.

The coverage increase that was detectable in a country with
high overall coverage suggests that coverage increases in other set-
tings with lower coverage may also be possible by using a vial with
fewer doses. UNICEF made 5-dose MCV vials available for procure-
ment by country programs in 2018. The study concludes that the
higher wastage-adjusted purchase price per dose from UNICEF
for monovalent measles in 5-dose versus 10-dose vials (1.6 US
cents) and for MR vaccine in 5-dose versus 10-dose vials (3.2 US
cents) is negligible. With the evidence suggesting positive effects
on coverage and wastage, it is an opportune moment for countries
to consider different vial size presentations.
5. Limitations

During the second stage of the household survey, the selection
of households and respondents was not based on probability but a
quasi-random process which can give biased estimates. Since
potential bias due to second stage sampling is similar between
the two study arms and between the survey periods, and that
the EAs that were sampled in baseline were revisited during the
endline, the difference-in-difference analysis cancels this out. In
other words, the intervention effect estimates are unlikely to be
biased due to the sampling strategy.

The likelihood of imbalance between the intervention and con-
trol groups in the analysis of the household survey was minimized
by applying propensity scores to match intervention EAs with con-
trol EAs at baseline. Nonetheless, imbalance could still be present
due to unobserved confounders.

Masking of the intervention area health facilities was not possi-
ble. However, there is no reason to believe that intervention health
facilities received comparatively better monitoring and supervi-
sion, as there were no additional resources provided to do so. It
is unlikely that the district administration of the intervention dis-
tricts systematically provided greater resources on supervision
compared to those of the control districts. The study team, how-
ever, had frequent remote communication with the health facilities
and district supervisors of both study arms to obtain administra-
tive data, which may have facilitated the managers and service
providers to better use data to improve performance.

Due to lack of usable pre-intervention data, it is possible that
the intervention effects observed from the administrative data
are partly due to unknown pre-intervention differences between
the two study arms.

The intervention effects estimated from the household survey
were based on intention to treat analysis. Thus, the treatment
effects could be underestimated due to contamination (if some of
the children in the intervention districts attended immunization
sessions in the adjacent district where 10-dose MR vials were used,
or vice versa).
6. Ethics approval

This research protocol was developed in collaboration with the
ZambianMinistry of Health, Dose Per Container Partnership (DPCP)
partners, DPCP Technical Advisory Group, and the Bill & Melinda
Gates Foundation (which funded the research). The study was
approved by the Biomedical Research Ethics Committee of the
University of Zambia, as well as by the Institutional Review Board
(IRB) of JSI Research & Training Institute, Inc.
Funding

This work was supported by the Bill & Melinda Gates Founda-
tion, Seattle, WA [OPP1140568]. The 5-dose MR used in the study
was donated by the Serum Institute of India.



K. Krudwig et al. / Vaccine 38 (2020) 5905–5913 5913
CRediT authorship contribution statement

Kirstin Krudwig: Methodology, Data curation, Formal analysis,
Writing - original draft, Writing - review & editing. Barbara Knit-
tel: Data curation, Formal analysis, Writing - original draft, Writing
- review & editing. Ali Karim: Methodology, Formal analysis, Vali-
dation. Natasha Kanagat: Methodology, Data curation, Formal
analysis.Wendy Prosser:Writing - review & editing, Visualization.
Guissimon Phiri: Supervision, Visualization, Writing - review &
editing. Frances Mwansa: Supervision, Methodology. Robert Ste-
inglass: Conceptualization, Methodology, Writing - review & edit-
ing, Supervision, Funding acquisition.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2020.07.012.

References

[1] Drain P, Nelson C, Lloyd J. Single-dose versus multi-dose vaccine vials for
immunization programmes in developing countries. Bull World Health Organ
2003;81(10).

[2] World Health Organization. Training for mid-level managers (MLM): Cold
chain, vaccines and safe-injection equipment management. 2008. WHO/IVB/
08.01.

[3] PatelM, OrensteinW. Classification of globalmeasles cases in 2013–17 as due to
policy or vaccination failure: a retrospective review of global surveillance data.
Lancet 2019;7(3):E313–20. https://doi.org/10.1016/S2214-109X(18)30492-3.

[4] Olielo J, Kamugisha C. Measles outbreak investigation report, Zanzibar. World
Health Organization, UNICEF; 2011.
[5] World Health Organization. Summary report on the investigation of recurrent
measles outbreaks in SNNPR, Ethiopia; 2014. [Unpublished].

[6] Peck M, Gacic-Dobo M, Diallo MS, et al. Global routine vaccination coverage,
2018. MMWR Morb Wkly Rep 2019;68:937–42. https://doi.org/10.15585/
mmwr.mm6842a1.

[7] World Health Organization. Global measles and rubella strategic plan, 2012–
2020. Geneva, Switzerland: World Health Organization; 2012. , https://s3.
amazonaws.com/wp-agility2/measles/wp-content/uploads/2017/01/Measles-
Rubella-Strategic-Plan.pdf.

[8] UNICEF. EPI Vaccines Supply Catalogue. https://supply.unicef.org/s359349.
html. Accessed September 2019.

[9] Wedlock PT, Mitgang EA, Haidari LA, et al. The value of tailoring vial sizes to
populations and locations. Vaccine 2019;37(4):637–44. https://doi.org/
10.1016/j.vaccine.2018.12.010.

[10] Heaton A, Krudwig K, Lorenson T, et al. Doses per vaccine vial container: an
understated and underestimated driver of performance that needs more
evidence. Vaccine 2017;35(17):2272–8. https://doi.org/10.1016/j.vaccine.2016.
11.066.

[11] World Health Organization/UNICEF. Immunization, Vaccines and Biologicals:
Immunization Coverage and Administered Doses. Zambia 2017. https://www.
who.int/immunization/monitoring_surveillance/data/en/. Accessed April
2019.

[12] World Health Organization. World Health Organization vaccination coverage
cluster surveys: reference manual. Version 3. Working draft updated July
2015. Available at: https://www.who.int/immunization/monitoring_
surveillance/Vaccination_coverage_cluster_survey_with_annexes.pdf?ua=1.

[13] Central Statistical Office/Zambia, Ministry of Health/Zambia, and ICF
International. Zambia demographic and health survey 2013-14. Rockville,
Maryland, USA: Central Statistical Office/Zambia, Ministry of Health/Zambia,
and ICF International. 2014.

[14] McConnell B, Vera-Hernandez M. Going beyond simple sample size
calculations: a practitioner’s guide. Institute for Fiscal Studies. Working
Paper W15/17; 2015. https://doi.org/10.1920/wp.ifs.2015.1517.

[15] StataCorp. Stata: Release 14. Statistical Software. College Station, TX:
StataCorp LLC; 2015.

[16] Filmer D, Pritchett LH. Estimating wealth effects without expenditure data – or
tears: an application to educational enrollment in states of India. Demography
2001;38(1):115–32.

[17] Kupper LL, Karon JM, Kleinbaum DG, et al. Matching in epidemiologic studies:
validity and efficiency considerations. Biometrics 1981;37(2):271–91.

[18] Jensen DR. Efficiency and robustness in the use of repeated measurements.
Biomet. Special Issue: Anal Covar 1982;38(2):813–25.

[19] World Health Organization. MOV Intervention Guidebook for Implementing
and Monitoring Activities to Reduce Missed Opportunities for Vaccination.
2019. ISBN 978-92-4-151631-0.

https://doi.org/10.1016/j.vaccine.2020.07.012
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0005
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0005
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0005
https://doi.org/10.1016/S2214-109X(18)30492-3
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0020
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0020
https://doi.org/10.15585/mmwr.mm6842a1
https://doi.org/10.15585/mmwr.mm6842a1
https://s3.amazonaws.com/wp-agility2/measles/wp-content/uploads/2017/01/Measles-Rubella-Strategic-Plan.pdf
https://s3.amazonaws.com/wp-agility2/measles/wp-content/uploads/2017/01/Measles-Rubella-Strategic-Plan.pdf
https://s3.amazonaws.com/wp-agility2/measles/wp-content/uploads/2017/01/Measles-Rubella-Strategic-Plan.pdf
https://supply.unicef.org/s359349.html
https://supply.unicef.org/s359349.html
https://doi.org/10.1016/j.vaccine.2018.12.010
https://doi.org/10.1016/j.vaccine.2018.12.010
https://doi.org/10.1016/j.vaccine.2016.11.066
https://doi.org/10.1016/j.vaccine.2016.11.066
https://www.who.int/immunization/monitoring_surveillance/data/en/
https://www.who.int/immunization/monitoring_surveillance/data/en/
https://www.who.int/immunization/monitoring_surveillance/Vaccination_coverage_cluster_survey_with_annexes.pdf%3fua%3d1
https://www.who.int/immunization/monitoring_surveillance/Vaccination_coverage_cluster_survey_with_annexes.pdf%3fua%3d1
https://doi.org/10.1920/wp.ifs.2015.1517
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0080
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0080
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0080
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0085
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0085
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0090
http://refhub.elsevier.com/S0264-410X(20)30912-9/h0090

	The effects of switching from 10 to 5-dose vials of MR vaccine on vaccination coverage and wastage: A mixed-method study in Zambia
	1 Introduction
	2 Methods and materials
	2.1 Study context
	2.2 Study domain
	2.3 Study design
	2.4 Study participants
	2.5 Outcomes of interest
	2.6 Data
	2.6.1 Household survey
	2.6.2 Prospective administrative data review
	2.6.3 Key informant interviews
	2.6.4 Sample size (household survey)

	2.7 Statistical methods
	2.7.1 Administrative data


	3 Results
	3.1 Household survey
	3.1.1 Coverage rates

	3.2 Administrative data review
	3.3 Key informant interviews

	4 Discussion
	5 Limitations
	6 Ethics approval
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A Supplementary material
	References


