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Measles vaccination is a cost-effective way to prevent infection and reduce mortality and morbidity.
However, in countries with fragile routine immunization infrastructure, coverage rates are still low
and supplementary immunization campaigns (SIAs) are used to reach previously unvaccinated children.
During campaigns, vaccine is generally administered to every child, regardless of their vaccination status
and as a result, there is the possibility that a child that is already immune to measles (i.e. who has had 2
+vaccinations) would receive an unnecessary dose, resulting in excess cost. Selective vaccination has
been proposed as one solution to this; children who were able to provide documentation of previous vac-
cination would not be vaccinated repeatedly. While this would result in reduced vaccine and supply cost,
Card retention it would also require additional staff time and increased social mobilization investment, potentially
Measles outweighing the benefits. We utilize Monte Carlo simulation to assess under what conditions a selective
Cost vaccination policy would indeed result in net savings. We demonstrate that cost savings are possible in
Savings contexts with a high joint probability of an individual child having both 2+ previous measles doses and
also an available record. We also find that the magnitude of net cost savings is highly dependent on
whether a country is using measles-only or measles-rubella vaccine and on the required skill set of
the individual who would review the previous vaccination records.
© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Vaccines are an effective and affordable way to improve child
health and reduce morbidity and mortality. Childhood immuniza-
tion against infectious disease is performed globally, though rou-
tine coverage for the leading causes of vaccine-preventable
illness is not yet universal. Even though a safe and cost-effective
vaccine is available, global measles vaccination rates remained just
below 85% in 2017 [1].

Despite a highly effective vaccine and aggressive programmatic
targets for measles control and elimination [2,3], measles remains
a major source of childhood morbidity and mortality worldwide
[4]. In countries with fragile routine immunization infrastructures,
national and sub-national measles pulse immunization campaigns
are organized with the goal of reaching previously unvaccinated
children. This approach is generally implemented in countries with
routine vaccination coverage that is less than the 95% coverage tar-
get for two doses of measles-containing vaccine (MCV).
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Historically, vaccination campaigns have served a variety of
purposes within vaccination and control programs: to deliver a
second dose of MCV to children in countries with only a single dose
of MCV in their routine immunization schedule; to reach under-
served children who have not received any doses of measles vac-
cine, which can happen for many reasons [5]; to rapidly interrupt
chains of transmission and close accumulated immunity gaps [6];
and to respond to local measles outbreaks when necessary [7,8].

During campaigns, vaccine is generally administered to every
child in the target age range, regardless of previous vaccination sta-
tus. As a result, there is the possibility that a child who is already
vaccinated with two or more doses of MCV would receive an addi-
tional dose. As seroconversion to two doses of measles vaccine
is >95% [9], administration of the third+ dose could be considered
unnecessary, since it imparts little or no immunity.

Selective vaccination campaigns are one potential way of reduc-
ing the amount spent on vaccines and supplies, and other work has
explored potential epidemiological implications of targeted vs.
non-selective vaccination in outbreak response [10] and mainte-
nance campaign settings. In this work, we explore the cost implica-
tions of selective vaccination in follow-up campaigns (typically
national campaigns targeting all children in a specified age range
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[11]): introducing a card review step and estimating the cost
impact of using less MCV and fewer syringes, as well as the incre-
mental cost of labor to perform the card review and the indirect
impacts on transportation and social mobilization.

We demonstrate that cost savings are possible in some contexts
with strong routine immunization and good vaccination card avail-
ability rates. We also show that the magnitude of the potential sav-
ings depends on programmatic considerations: the training level
required of the person who reviews vaccination cards, the ability
of the country to repurpose unopened vials, the targeted age range,
and the amount of social mobilization required.

2. Methods

The proposed strategy under review in this paper is the intro-
duction of a card review step into a supplementary immunization
activity (SIA) vaccination campaign. This would be an additional
step that is not currently performed and would require the care-
giver (or the child) to bring documentation of their vaccination his-
tory to the campaign site. Upon arrival, a team member would
review whether or not the child had previously received (and
had documented) at least 2 doses of MCV; if so they would be
offered an alternative intervention, if not the child would be vacci-
nated with MCV.

We took a programmatic perspective and considered only the
direct impact of the policy on the cost of an SIA. We used historical
Gavi-approved MCV campaign budgets as our primary data source
for cost estimation, which are all given in US dollars [12]. This data
was used in a Monte Carlo simulation model to estimate how much
cost savings may be possible if a card review step and selective
vaccination strategy was implemented.

The model consisted of three components: a calculation of
doses purchased and the associated cost, an operational simulation
of the vaccine doses used and wasted during a campaign, and a
simulation of the cost parameters and calculation of the total bud-
get impact.

We did not consider any health outcome impacts, since a third
(or more) dose of MCV is not believed to be necessary for a child to
achieve immunity [9]. Therefore, any dose that would not be deliv-
ered due to the card review is assumed to not impact disease
burden.

For the purposes of this paper, we differentiate between home-
based record (HBR) card retention and vaccination record availabil-
ity. Card retention rates can be driven by a number of causes: HBRs
may not have been printed (i.e. were out of stock in a clinic), may
not have been distributed to the caregiver at time of vaccination, or
may have been misplaced by the caregiver. To avoid implicating
any particular cause, we use the term “vaccination record avail-
ability” for the remainder of this paper.

First, we estimate the reduction in MCV and injection supplies
that would need to be purchased. Typically, enough MCV and sup-
plies (including syringes and waste boxes) are purchased to vacci-
nate the entire targeted population, plus the expected wastage due
to vials being opened but only partially used prior to expiration at
the end of a campaign day. We utilized the WHO'’s standard
wastage multiplication factor formula [11].

Thus, the calculation for the number of vials purchased for the
baseline scenario was:

Baseline = (Population/Doses per Vial) «+ (100%/(100%
— wastage rate))

The number of vials purchased under the card review scenario
was the baseline value adjusted for reduced vaccine use due to
MCV2 and card presentation rates. In addition, we included an
incremental 5% buffer to cover the likely heterogeneities in card

presentation that would otherwise have the potential to result in
stock-outs of vaccine. The number of doses purchased in this sce-
nario was constrained to be no more than the number purchased
at baseline.

Additionally, we set a minimum purchase level as a percentage
of baseline, in order to ensure that even in situations with very
high MCV2 and card presentation rates, there is still some vaccine
purchased and available for use during the campaign. This mini-
mum purchase level was set based on systematic experimentation
starting at 0% of baseline and increasing in 5% increments until
there were no longer any simulation runs in which there would
have been a shortage of vaccine (i.e. there was more vaccine used
and wasted than vaccine that would have been purchased). After
experimentation, we determined that the minimum purchase level
required that never resulted in a vaccine shortage was 15% of
baseline.

Thus, the number of vials to be purchased was:

Expected Use = Baseline
* (100% — MCV2 Rate « Card Presentation Rate)
* (100% + buffer rate)

Vials Purchased = maximum(minimum(Expected Use, Baseline),Baseline
«xminimum purchase rate)

We calculated the supplies (syringes and waste boxes) to be
purchased under each scenario, per the WHO's best practice guide-
lines [11]. The number of administration syringes is equal to the
number of doses purchased; the number of reconstitution syringes
is equal to the number of vials purchased; and the number of waste
boxes is the number of total syringes purchased divided by a
capacity of 100 per box. The other common immunization supplies
include soap, trays, indelible marker pens, and AEFI treatment Kkits.
These were excluded since they are based on the number of teams,
which would not change under the proposed strategy, as every
location will still need to be visited during the SIA, regardless of
the anticipated number of vaccinations to be delivered.

Second, we used a Monte Carlo simulation model to generate a
distribution of actual MCV and supply usage for both the baseline
and card review scenario. The simulation was run in R (version
3.5.0), making use of packages ggplot2, plyr, dplyr, and truncnorm
[13]. The simulation was run for a hypothetical target population
of one million children, with parameters covering a range of possi-
ble scenarios, including MCV2 coverage rates ranging from 1 to 100
percent and card presentation rates ranging from 1 to 100 percent.

Each vaccination team is composed of two vaccinators plus two
volunteers at a fixed post [11]. The simulation sampled the daily
per-team target population from a uniform distribution between
200 and 300 [11]. Each simulated individual was assigned a vacci-
nation status (vaccinated with 2+ doses or not) and card presenta-
tion status (presented card or not) using a binomial distribution for
both parameters. We then calculated the number of vaccinations
given, doses not given due to the individual’s previous vaccination
status, and vaccine wastage due to partially used vials at the end of
each team-day for each simulation run.

We assumed that every child has an equal likelihood of having
been previously vaccinated, of retaining their card, and of present-
ing their card. In reality, the population would not be perfectly
mixed and these variables are likely correlated to some degree;
we chose these assumptions since it is the most conservative
approach to estimating potential savings.

Third, we applied a cost model to the outcomes of the Monte
Carlo simulation (previous step) so that we could estimate the total
cost impact of introducing a card review step into MCV vaccination
campaigns. The cost model included MCV and supply savings, the
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Table 1
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Cost model structure. The cost model includes six budget categories: MCV and supplies, healthcare workers, volunteer incentives, training, transportation, and social mobilization.
The Monte Carlo simulation calculates the savings potential for MCV and vaccination supplies and then simulates the increased costs associated with the remaining line items.

Programmatic Impact Budget Line Direction Costs Included Cost Model
Reduced use of MCV MCV and Supplies Savings MCV vials A percentage savings was applied across the
Syringes entire budget line, based on the anticipated
Waste boxes reduction in the number of MCV planning
Freight charges doses
Addition of a card reviewer HCW Resources Cost Campaign days In HCW scenario, double the cost from baseline
Volunteer Incentives Cost Campaign days In volunteer scenario, double the cost from
baseline
Training Cost Training days Increase by 50% from baseline to account for
the additional team member
Transportation Cost Per diems during the campaign Increase by 50% from baseline to account for
the additional team member
Intensified communication Social Mobilization Cost Social Mobilization Assumed 15% increase in cost, based on expert

opinion

Table 2

Unit Cost Values. These unit costs were used in the Monte Carlo simulated cost model. Measles containing vaccine (MCV) and supply costs were used directly, based on UNICEF
pricing tables, and total costs were calculated based on these fixed unit costs with specified wastage rates. The remaining cost categories were simulated, based on the mean unit
cost listed here. See Supplement Table S1 for the unadjusted budget values from Gavi-funded campaign proposals, as originally approved.

Budget Line Unit Cost

Range of Budget-Reported Values

Sample Size (N) Planning Wastage Rate

MCV (M/MR)
Reconstitution Syringe
Administration Syringe
Waste Box

$2.37/$6.56 per 10-dose vial [19] -
$0.40 per vial [20] -
$0.37 per targeted person [20] -
$0.494 per 100-capacity box [20] -

- 15%
- 10%
- 10%
- 10%

Freight Charges 11% of MCV price 2.4%-13.0% 9

HCW Resources $0.309 per dose $0.040-$0.802 19 -
Volunteer Incentives $0.130 per dose $0.041-%0.539 9 -
Training $0.119 per dose $0.040-$0.302 21 -
Transportation $0.125 per dose $0.019-%0.356 21 -

Social Mobilization $0.094 per dose

$0.016-%0.232

cost of a card reviewer, and a modest increase in the cost of social
mobilization.

Depending on how a country would choose to implement a card
review step, the task could be performed by either a healthcare
worker (HCW) or by a trained volunteer. Either way, the additional
person would increase the number of team members by half, add-
ing one card reviewer for each vaccinator-recorder pair. This addi-
tional person would need to be trained and to have transportation
during the campaign, so we have accounted for these costs as well.
Table 1 summarizes the details of the cost model.

We spoke with in-country experts running immunization pro-
grams in low- and middle-income countries to get their perspec-
tives on whether there would be additional cost implications
from this policy. Based on these discussions, we opted not to
include the impacts of a reduced number of planning doses on
the cost of micro-planning, logistics, or waste management. While
savings may be possible, we opted for a conservative approach and
chose to exclude those potential savings from the model.

Measles vaccine and supply costs were considered fixed on a
per-unit basis since these values are negotiated on the global mar-
ket and prices are openly published. We calculated the cost of vac-
cine for both measles (M) and measles-rubella (MR) vaccine, since
both are currently used in SIAs.

The baseline operational costs were based on historical Gavi-
approved MCV campaign budgets. The summaries are publicly
available on their website [12] and have consistent budget line
item categories, which makes comparison and aggregation possi-
ble. We transferred the budget values from the published PDFs into
Microsoft Excel for each approved MCV campaign budget that was
published (ranging from 2012 and 2018) and inflated them to 2018
dollars using the World Bank’s GDP inflator [14] (See Supplement
Table S1).

Then we calculated the cost of each line item per targeted child
in the campaign. We averaged the available non-zero budget line
items to create the generic baseline budget.! The resulting unit
costs are listed in Table 2.

Recognizing that there is uncertainty in the underlying costs of
a campaign budget, we extended the Monte Carlo simulation also
to sample the cost model parameters. We sampled from a normal
distribution for each baseline unit cost, with a standard deviation
calculated based on all countries that had more than one data point
in the reference data, to represent the intra-country cost
uncertainty.

The results were aggregated across 1000 simulation runs for
each permutation of MCV2 and presentation rates. This resulted
in a total of 1000 runs x 100 MCV2 rates x 100 card presentation
rates = 10,000,000 simulation runs for analysis. For each simula-
tion, we calculated the total financial impact of the card review
policy.

In addition, we performed two scenario analyses in order to
bound the range of possible outcomes.

The first scenario considered a declining card presentation rate
for children above 1 year of age, which has been shown in some
previous studies in low and middle income countries [15,16]. To
model this, we had to simulate both the MCV coverage and card
availability probabilities as age-dependent. We utilized a sigmoid
function, which has a characteristic “S” curve shape, to model

! We excluded any budget line items that were below $0.01 per person targeted
from the calculation of the average cost. While some countries do not incur
incremental cost to run a campaign (for example, by using existing health staff), there
are still indirect costs incurred that these budgets would not capture. To counteract
this, we made the conservative assumption to exclude near-zero values in order to
limit the risk of underestimating the cost of introducing the card review step.
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the underlying MCV coverage rate as a function of age. We used
data from the most recent Demographics and Health Survey
(DHS) from a representative sample of thirteen countries and
applied a linear mixed-effects regression (LMER), controlling for

country using a fixed effect, to the card retention by age and use
this to simulate the decline in availability, conditional on age. This
is the worst-case scenario from a cost-saving opportunity
perspective.
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Fig. 1. MCV Vials Purchased Under Varying Conditions. The number of vials that would need to be purchased under varying levels of MCV2 coverage and card availability, for
a target population of one million children. Each line represents and is labeled with the corresponding availability rate. As more children present a card, fewer would be
vaccinated during the campaign and fewer vials would need to be purchased. The number of vials purchased is based on the size of the target population.
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Fig. 2. Upper Limit on MCV and Supply Savings. The maximum possible MCV and supply savings, assuming that all children who have received and retained their home-
based record also bring it with them to the vaccination campaign site. Maximum savings are calculated as a percentage savings relative to baseline (status quo) for MCV and
administration supplies (syringes, waste boxes) only, and do not include the increased cost of labor and social mobilization due to the card review process. See Fig. 3 for the

probability of savings for total costs.
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The second scenario assumed a perfect correlation between
children who have already received MCV2 through routine immu-
nization and those who have vaccination records available. Though
a perfect relationship is unlikely, a moderate level of correlation
has been found previously in communities with moderate routine
immuration coverage [17], though it has not always been the case
[18]. This is the best-case scenario from a cost-saving opportunity
perspective.

3. Results

The first step was to determine how many vials of MCV (and
associated supplies) would need to be purchased in the card-
review scenario, so that this could be compared to baseline.
Applied to a hypothetical target population of 1,000,000 children,
the number of vials purchased would be dependent on the MCV2
and the card availability rates. For example, a population with an
80% MCV2 rate and a 50% card presentation rate would purchase
115,000 vials under the baseline scenario and 79,350 vials under
the card-review scenario. The 5% buffer rate ensures that adequate
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vials are purchased to cover heterogeneities in sub-populations,
resulting in the flat line at low MCV2 rates in Fig. 1. The minimum
purchase rate prevents the purchase from falling below 15% of
baseline (see Fig. 1).

These purchase amounts were then used to estimate the sav-
ings from the subset of costs including MCV vials, syringes and
waste boxes only, without considering any incremental opera-
tional costs. This serves as an upper bound on the possible savings
opportunity (Fig. 2). At the lower end, even a modest combination
of MCV2 and card presentation rates provides some potential
opportunity for savings if those individuals with an HBR are able
and willing to bring it with them to the campaign.

To inform the Monte Carlo simulation, we aggregated the Gavi-
approved budgets for MCV campaigns and calculated the costs for
the relevant budget categories per child targeted. This resulted in a
per-child cost for campaign of $0.309 for human resources, $0.130
for volunteer incentives, $0.119 for training, $0.125 for transporta-
tion, and $0.094 for social mobilization. The MCV vials and supplies
used in Gavi-funded campaigns are procured through UNICEF and
their published 2018 prices are listed in Table 2.

10% Net Preso 20% Net Preso

30% Net Preso

N

]

40% Net Preso 50% Net Preso

60% Net Preso

Simulated Frequency

Workforce

D HC Worker

* Volunteer

VaccType

M-Only
MR

70% Net Preso 80% Net Preso

90% Net Preso

~40.0% 0.0% 40.0% -40.0% 0.0%

40.0% ~40.0% 0.0% 40.0%

Change in Total Cost (Negative % are Savings)

Fig. 3. Simulated Total Cost Impact. Net impact on total costs of various scenarios, by net presentation rate (joint probability of both MCV coverage and vaccination record
availability). Solid line curves are for HCW card checker, dashed line curves are for a volunteer card checker. Red curves are from simulations assuming measles-only vaccine
and the blue curves are from simulations assuming measles-rubella (MR) vaccine. Simulations to the right of zero represent an increase in total cost and simulations to the
left represent a decrease in total cost (i.e. savings). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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The results of the simulation indicate that there is a range of
scenarios in which a card-review policy would be cost-saving.
The situations where it is beneficial are when there is enough
MCV and supply cost savings to offset the increase in staff, training,
transport, and social mobilization costs.

Fig. 3 summarizes the simulated impact on total SIA costs. It is
apparent from these results that there is uncertainty in the level of
savings possible when considering total SIA costs. The net impact
depends on the operational realities, which vaccine is being used
in the campaign, and the anticipated net presentation rate. For
example, in a geography with a low net presentation rate, it would
be almost impossible to achieve savings. When comparing results,
scenarios utilizing a volunteer to check cards are always more
likely to results in savings, compared to those utilizing a healthcare
worker. Additionally, scenarios in which an MR-vaccine was con-
sidered resulted in more savings than those in which a measles-
only vaccine would be distributed. On aggregate, all four scenarios
shift towards higher savings as the net presentation increases.

On aggregate, we can use the joint MCV2 and presentation rate
(the two rates multiplied together) to examine the point at which
cost savings would be likely. We would expect cost savings at any
joint rate above the breakeven point.

The expected break-even point for utilizing a volunteer card
reviewer during an MR vaccine campaign is a joint rate of 31.7%,
with a 95% prediction interval of 19.3-45.3%. The break-even point
for utilizing a healthcare worker (HCW) card reviewer during an
MR vaccine campaign is somewhat higher at a joint rate of 49.2%,
with a 95% prediction interval of 26.6-76.8%. The break-even point

100% -

75%-

50%-

Probability of Savings

25%-

0% -

0% 25%

B.L. Hagedorn et al./Vaccine 37 (2019) 6093-6101

for a volunteer reviewer during a measles-only vaccine campaign
is a joint rate of 72.6%, with a 95% prediction interval starting at
42.8% and including 100% (see Fig. 4).

The results of the scenario analysis on the number of doses that
would be administered are presented in Fig. 5 (see Supplement
Table S1 and Fig. S1 in supplement for details). In the scenario
assuming a perfect correlation, the number of children vaccinated
was somewhat lower than in the original model because there was
a higher chance of any given individual having already received
two doses and retaining their card as documentation, and thus
not receiving an additional dose. For the scenario assuming a
declining card availability rate, we found a reduction in DHS-
reported card retention of 0.697% per month of age from 9 to
60 months based on historical DHS data. Applied to the simulation,
the number of children vaccinated was higher than in the original
model because older children were more likely to be vaccinated
but also less likely to have documentation available to demon-
strate this, so they were often revaccinated anyway. In some of
the simulation runs with a declining availability rate, the number
of children reached was greater than the doses purchased, which
means that the standard 15% buffer stock was inadequate to sup-
port the policy and would need to be recalibrated based on local
understanding of card availability.

4. Discussion

As far as the authors are aware, this is the first study to explic-
itly quantify the cost savings opportunity of a card-review strategy

100%

50% 75%
Net MCV2:Presentation Rate

—-M-Only HCW: - --M-Only Volunteer— MR HCW- - - MR Volunteer

Fig. 4. Simulated Probability of a Savings Opportunity. The probability of achieving a cost savings by implementing a card review step during a vaccination campaign, relative
to baseline total costs. Probability values are the portion of simulations that achieved at least a break-even cost impact (or achieved savings) under a card review scenario. M-
Only scenarios represent measles-only vaccine; MR scenarios represent the use of measles-rubella vaccine. Healthcare worker (HCW) and volunteer worker cost scenarios are

also presented.
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as part of a supplementary immunization campaign. A country that
is considering a card-review strategy could use the results of this
study to estimate their potential cost savings, based on their
MCV2 and card availability rates. This should be weighed against
the work required to communicate the need to bring vaccination
records to the campaign site, and whether the expected savings
are worth the required administrative effort.

However, in countries with highly heterogenous populations, a
sub-national approach may be necessary. Implementing a card
review step in regions with high routine immunization coverage
and good card availability may be highly cost-saving, but not in
poorer performing areas. The best option in this situation may be
to consider the card review step only in places where there is a sig-
nificant anticipated benefit.

We note that one of the key assumptions in this analysis is that
children attend the campaign with their vaccination records in
hand and that previous doses will have been documented. While
the HBR is the most common format for record keeping, there is
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Doses Administered (1,000s)
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a shift in some countries to using other forms of record keeping
that may be more easily accessed, such as clinic-based or electronic
medical records [21,22]. With more reliable and accessible docu-
mentation, the ability for countries to realize MCV savings using
selective vaccination would improve.

The net savings on total SIA costs may be up to 40% in some
places, but this is dependent on immunization record availability
and operational choices. While there are not currently savings
opportunity for many countries, if they are able to continue to
improve vaccine coverage, the cost of unnecessarily vaccinating
already-immune children with measles-rubella vaccine will be
substantial. However, the cost savings can only be realized if
immunization records are available (either clinic- or home-
based) to substantiate previous vaccinations, and if the increased
operational costs (labor, social mobilization, etc.) are not too large
relative to the vaccine savings. Without work to reduce card stock-
outs, ensure accuracy, adequate space for dose documentation, and
improved card retention rate, this will not be possible.

CRP Perfect Correlation
Doses Administered (1,000s)

100-

75-

1000
750
500
250

50-

Card Presentation Rate

25-

25 50 75 100

2-Dose MCV Coverage Rate
CRP Declining Retention
Doses Administered (1,000s)

o-

100-

75-

1000

50-

Card Presentation Rate

25-

0 25 50 75 100

2-Dose MCV Coverage Rate

Fig. 5. Simulated Number of Doses. Simulated number of doses administered by scenario, for varying levels of MCV2 coverage and card presentation rates. For comparison, in
the baseline (status quo) scenario, every individual in the target population would be vaccinated, for a total of one million doses administered. All values are in thousands of

doses (for a maximum target population of one million). CRP: Card Review Policy.
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This suggests the need for more countries to adopt the WHO’s
recommendation that all HBRs have space for vaccines received
outside of the routine schedule [23]. In places where this is done,
communities could be encouraged to bring their HBRs to every
campaign so that doses given in campaigns can be accurately
recorded. This would ensure that as children age, their HBRs would
reflect their true vaccination history and the potential savings from
a selective vaccination strategy would increase, especially in areas
with frequent SIAs.

A card review step may have non-cost benefits as well, which pre-
sent opportunities for further research. For one, if the card review
step is performed by a trained individual, then they may be able to
identify other late vaccinations and to engage with the caregiver
about closing other immunity gaps. Identifying gaps may also allow
for better reporting from the SIA about how many children are being
reached with their first dose and coverage levels for other antigens,
which could be valuable information for future SIA planning and
for strengthening of the routine immunization system. Further, the
implementation of a card review policy would reinforce a mindset
for SIA planning teams to focus on reaching the previously unreached
(highrisk) populations. Additionally, asking caregivers to bring HBRs
to SIAs may lead to more consistent documentation of both routine
and SIA doses. This could benefit survey and coverage estimate accu-
racy, since full vaccination histories would be available for review.

However, there may be additional complexities for the post-
campaign coverage survey as well. Eligibility for the survey is cur-
rently based on the child’s age, but under a card-review scenario
eligibility would also consider the child’s HBR retention and previ-
ous vaccination. This would introduce survey complexity and may
require increased sample size in order to obtain the same level of
precision. While this may modestly increase monitoring and eval-
uation costs, these were less than 2% of total campaign costs in the
referenced campaign budgets, and these costs would only increase
in places with higher net presentation rates, which are the same
places with high probability of savings.

The policy also has some risks that need to be considered, espe-
cially if a barrier, whether real or perceived, may reduce the likeli-
hood that a caregiver will bring their child to the SIA. This may
come in several forms, where a caregiver may perceive that the
HBR is required before a vaccination will be given [24], they may
expect to be criticized for not retaining the HBR, they may feel that
attendance isn’t “worth it” if the vaccine may not be given to their
child, or there may become a perception of a “fast lane” for those
who did not bring their cards to be reviewed.

There are some limitations to this analysis. One key considera-
tion is whether it is politically feasible to purchase fewer supplies
and to suggest that not every child will be vaccinated during the
campaign. There are also operational considerations that limit
the applicability of a selective vaccination strategy, including: the
accuracy of sub-national data on coverage and card availability
(so that vaccines and supplies can be properly distributed), the
availability of a skilled workforce to review vaccination cards,
and the feasibility or repurposing unopened MCV vials.

A selective vaccination policy based on the introduction of a
card review step may be cost saving in settings where there is both
adequate MCV2 coverage and vaccination record availability. This
savings opportunity is valuable if a country is making decisions
about health investments in the context of limited funding and if
the cost savings can be spent on an alternative intervention that
would otherwise not be possible.
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