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Background: Population-based surveys play an important role in measuring vaccination coverage.
Surveys measuring vaccination coverage may be commissioned by the Expanded Programme on
Immunization (EPI surveys) or part of multi-domain non-EPI surveys such as Demographic and Health
Surveys (DHS) or Multiple Indicator Cluster Surveys (MICS). Surveys conducted too close in time to each
other may not only be an inefficient use of resources but may also create problems for programme staff
when results suggest inconsistent patterns of programme performance for similar time periods.
Objective: To summarize the occurrence of vaccination coverage surveys conducted close in time during
2000–2019 and compare results of EPI and non-EPI coverage surveys when the surveys were conducted
within one year of each other.
Methods: Using a database of published national-level vaccination coverage survey results compiled by
the World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF), the authors
abstracted information on survey field work dates, sample size, percentage of children with documented
history of vaccination and the percent coverage, as well as published uncertainty intervals from DHS and
MICS, for the first and third doses of diphtheria-tetanus toxoid-pertussis containing vaccine (DTP1, DTP3)
and first dose of measles containing vaccine (MCV1). Survey results of EPI and non-EPI surveys were com-
pared.
Results: The authors identified 646 surveys with final reports and estimates of national-level vaccination
coverage for DTP1, DTP3, or MCV1 from a total of 687 surveys with data collection start date from 2000 to
2019. Of the 140 countries with at least one vaccination coverage survey, a median of four surveys was
observed. Most countries were Gavi-eligible and located in the WHO Africa Region. Sixty-six survey
dyads were identified where an EPI survey occurred within one year of a non-EPI survey. For the 66
dyads, in 49 of 59 with information available, EPI surveys reported higher proportion of documented evi-
dence of vaccination and EPI survey results tended to suggest higher levels of vaccination coverage com-
pared to the non-EPI surveys; quite often, differences were substantial. Surveys that found higher
proportions of children with documented vaccination evidence tended to also find higher proportions
of children who had been vaccinated.
Summary: Opportunities exist to improve overall planning of vaccination coverage measurement in
population-based household surveys so that both EPI and non-EPI surveys are more comparable and sur-
vey coverage estimates are more appropriately spaced in time. When surveys occur too close in time,
careful attention is warranted to ensure comparability and assess sources of documented evidence of vac-
cination and related coverage differences.
� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Vaccination coverage for the recommended infant immuniza-
tion series is often used as a marker of primary healthcare system
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strength. Vaccination coverage serves as an indicator within the
Sustainable Development Goals [1] (which carries on the momen-
tum generated by the Millennium Development Goals) and is one
source of informational input used by Gavi, the Vaccine Alliance
[2] and the Millennium Challenge Corporation [3] for planning
and in making country-level investment decisions. Furthermore,
coverage is used to monitor progress against vaccine-preventable
diseases and has been used as a benchmark of several global and
regional immunization initiatives, including the Universal Child-
hood Immunization (UCI) in 1990 [4], the Decade of Vaccines
and its Global Vaccine Action Plan [5] as well as the Immunization
Agenda 2030 [6], endorsed by the World Health Assembly in
August 2020.

Population-based surveys are one of few existing approaches to
measure vaccination coverage [7,8]. As vaccination coverage levels
in countries around the world improve alongside global and regio-
nal development initiatives, attention towards the role of surveys
for monitoring and assessing vaccination coverage has increased
[9]. In addition, greater attention has been directed towards meth-
ods to reduce bias and improve the accuracy and precision of
population-based survey results [9–11]. Vaccination coverage
may be measured in surveys commissioned by national expanded
programmes on immunization, or EPI, (henceforth referred to as
EPI surveys) as well as within Demographic and Health Surveys
(DHS) [12], Multiple Indicator Cluster Surveys (MICS) [13] and
other population-based survey platforms, e.g., the World Bank–
supported Living Standard Measurement Study.

In 2017, during a consultation convened by the World Health
Organization (WHO) [14], issues surrounding vaccination coverage
survey methods and survey planning and implementation were
discussed with particular emphasis on lessons learned from early
application of the updated WHO Vaccination Coverage Survey Ref-
erence Manual [15]. During those discussions and spurred by
observations made in preparation for the 2017 WHO meeting
[14], concerns were raised about vaccination coverage surveys
conducted close in time. Concurrently, it was recognized that these
same surveys represent an opportunity to better understand the
possible biases and sensitivities of underlying assumptions and
implementation practices across different survey types. Because
immunization service delivery is part of a broad primary care
delivery system and because vaccination coverage does not tend
to change rapidly from one year to the next [16] (at least at the
national level), surveys conducted too close together may reflect
instances of poor communication between EPI managers and other
entities in the Ministry of Health, poor planning, lack of trust in
non-EPI surveys, lack of information sharing, or a combination of
these factors [17]. (N.B. Throughout this paper, our reference to
surveys reflects surveys that measure vaccination coverage rather
than speaking to all surveys such as those focused on other
domains, e.g., education, economics, etc.) In some cases, EPI sur-
veys are commissioned because the programme ‘‘is not happy”
with non-EPI survey results (i.e., results suggest lower than desired
or expected coverage levels). And in other instances, EPI and non-
EPI surveys are originally well-coordinated and scheduled to occur
several years apart, but one or the other is delayed for budgetary,
security or administrative reasons and the surveys go into the field
very near in time. Because population-based household surveys are
resource intensive efforts, surveys that are not spaced several years
apart may represent suboptimal utilization of scarce human and
financial resources. Beyond resource considerations, technical
challenges may arise if EPI and non-EPI surveys suggest different
coverage estimates in spite of the surveys theoretically measuring
some of the exact same indicators (i.e., the proportion of children
who received vaccines recommended in infancy) and being con-
ducted close in time. Contradictory coverage estimates create chal-
lenges for immunization programme stakeholders who must
2

synthesize and critically assess which results more accurately
reflect programme performance. In some instances, the reasons
for different vaccination coverage estimates are not obvious [18].

This report summarizes the occurrence of surveys measuring
vaccination coverage that were conducted close in time during
2000–2019 and highlights observed patterns in vaccination cover-
age based on crude comparisons of results from EPI and non-EPI
coverage surveys when surveys were conducted within one year
of each other.

2. Methods

We obtained a database compiled by WHO and the United
Nations Children’s Fund (UNICEF) with information on surveys
measuring national level vaccination coverage conducted by
WHO Member States. The survey database, which serves as an
input to the WHO and UNICEF estimates of national immunization
coverage [19], includes information on the type of survey (e.g.,
DHS, MICS, EPI) as well as survey field work dates, sample size,
sample target population (e.g., children 12–23 months) and the
estimated national coverage results, as described in survey reports.
Estimated coverage results include the percent of children in the
target age group with available documented evidence of vaccina-
tion history and percent of children in the target age group who
were vaccinated for a selected set of vaccine-doses by the time of
the survey based on documented evidence (e.g., doses documented
in a vaccination card or home-based record [HBR] or facility-based
record [FBR]) and the combination of documented evidence and
respondent recall (in the absence of documented evidence). All
information included in the database was abstracted by WHO
and UNICEF staff as part of their annual immunization programme
performance assessment exercise.

In the database, we identified surveys that captured vaccination
history and for which survey results were finalized and a report
that included descriptions of methods and results had been issued.
All surveys included in the database as of 31 May 2020 with data
collection start dates from January 2000 to December 2019 were
eligible for inclusion. We abstracted the following information
from the database: survey field work dates, survey sample size,
the percent of children with documented evidence of vaccination,
the percent coverage for the first and third doses of diphtheria-
tetanus toxoid-pertussis containing vaccine (DTP1, DTP3) and per-
cent coverage for the first dose of measles containing vaccine
(MCV1) by documented evidence and percent coverage by the
combination of documented evidence and respondent recall. For
each survey, we identified the year during which data collection
ended and assigned this value to the survey for descriptive pur-
poses, regardless of when the survey field work began and the final
report was published. Using the survey type information provided,
we categorized surveys as UNICEF-supported MICS surveys, United
States Agency for International Development-supported DHS, EPI
coverage surveys, or other coverage surveys (OCS). Survey reports
titled as ‘‘Demographic and Health Surveys” that were not included
in the online listing of DHS surveys [12] were classified as OCS;
likewise, non-UNICEF-supported MICS were classified as OCS. We
retained a MICS classification for a 2000 survey conducted in Ban-
gladesh in spite of its absence in the online listing of MICS surveys
based on mention of the survey as a MICS in subsequent Bangla-
desh MICS reports. DHS, MICS, and OCS are considered non-EPI sur-
veys throughout the paper.

For identified EPI–non-EPI survey dyads, that is, instances
where an EPI survey was conducted within 12 months of a non-
EPI survey based on field work dates (month and year), we also
abstracted unweighted sample size and published upper and lower
bounds of the ± 2-standard error confidence intervals (±2SECI),
where available, for DTP3 and MCV1 coverage from survey reports.
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Because confidence intervals are not consistently published for
OCS, this additional data abstraction was restricted to dyads where
the non-EPI survey was a DHS or MICS. For all EPI–non-EPI survey
dyads, we examined the magnitude of estimated coverage differ-
ences between EPI and non-EPI surveys. And, for dyads with avail-
able upper and lower confidence bounds for the non-EPI survey
coverage, we examined the frequency of dyads where EPI survey
coverage fell within or outside the uncertainty interval.

We merged 2019 information on WHO regional classification
[20] and World Bank income group classification [21] as well as
with eligibility for Phase 2 financial support from Gavi, the Vaccine
Alliance (i.e., Gavi-73) [22]. All data management and descriptive
analysis were conducted using MS Excel (Microsoft Corp, Red-
mond, Washington) and Stata statistical software (Stata Corp, Col-
lege Station, Texas).

3. Results

From the WHO and UNICEF survey database, we identified 687
surveys with data collection start date years of 2000 to 2019. Of
these, 646 surveys captured vaccination history; produced esti-
mates of national level vaccination coverage for DTP1, DTP3, or
MCV1; and yielded a final report. EPI, DHS and MICS surveys, were
the most common survey types, respectively (Fig. 1). The frequency
and distribution of surveys by type and country characteristics are
shown in Table 1. The 646 surveys were conducted by 140 coun-
tries, most of which were located in the WHO Africa Region, and
the total number of surveys was greatest among countries classi-
fied as middle-income countries. All Gavi-73 countries, except
Georgia, conducted at least one survey that assessed vaccination
coverage during the period; the median and mean number of sur-
veys among Gavi-73 countries was 6—twice that conducted in
non-Gavi-73 countries. (N.B. Georgia conducted a MICS in 2005,
but the survey did not report vaccination coverage estimates due
to limited presence of documented evidence. A MICS was also con-
ducted in 2018 but the immunization module was not included.)
Across the 140 countries conducting at least one survey, the med-
ian number of surveys conducted per country was four. Bangladesh
conducted 19 surveys, the most of any country. A visual timeline of
surveys for each of these countries is shown in Annex 1.

Among the 646 surveys conducted during 2000–2019, we
identified 66 EPI–non-EPI survey dyads conducted by 38
countries—129 surveys for which an EPI survey occurred within
one year of a DHS, MICS or OCS based on field work timelines.
Fig. 1. Frequency of surveys reporting vaccination coverage estimates during 2000–
2019 by survey type.
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(N.B. Both India and Zimbabwe had an EPI survey that was part
of two EPI–non-EPI dyads, and Bangladesh had a non-EPI survey
that was part of two EPI–non-EPI dyads.) A table detailing the sur-
vey dyads is provided in Annex 2. Table 2 summarizes observations
for these dyads: 27 of the 66 dyads occurred during 2010–2014, 18
during 2005–2009, 12 during 2000–2004 and 9 during 2015–2019
(there were no dyads with field work dates during 2018 or 2019);
48 dyads occurred in Africa; and 60 of the 66 dyads occurred
among Gavi-73 countries. The EPI survey preceded the non-EPI
survey in 27 dyads and followed the non-EPI survey in 20 dyads.
Survey field work overlapped in time in 12 dyads, and exact field
work dates were unknown for at least one survey in seven dyads.

A summary of estimated percentage of children with docu-
mented evidence and percent coverage for DTP1, DTP3 and
MCV1 observed in the 66 dyads is shown in Table 3. Some surveys
did not include all measures of interest in the survey reports; for
example, nearly one-third of EPI surveys did not report estimated
vaccination coverage by documented evidence only. A quick
review of Table 3 highlights that measures of central tendency
(mean and median) were greater among EPI than non-EPI surveys,
suggesting that EPI surveys tend to find higher levels of pro-
gramme performance. The estimated percentage of children with
documented evidence was more than 5 percentage points greater
among the EPI survey than its neighbouring non-EPI survey in 49
of the 59 dyads where both surveys had reported data. In 35 dyads,
the EPI-estimated percentage with documented evidence was
more than 10 percentage points greater and in 7 dyads it was more
than 20 points higher.

EPI-estimated coverage frequently exceeded corresponding
coverage in non-EPI surveys for DTP1, DTP3 and MCV1 coverage
based on documented evidence or respondent recall. In fact, EPI
estimated coverage exceeded the upper bound of the 2SECI more
times than coverage fell within or below the interval, as shown
in Figs. 2 and 3 for DTP3 and MCV1, respectively. EPI survey esti-
mated coverage for DTP3 was more than 10 percentage points
beyond the upper bound in 14 of the 44 survey dyads for
which ± 2SECI values were available and was more than 10 per-
centage points greater than estimated coverage in the non-EPI sur-
vey in 28, nearly half, of the 63 dyads with reported data. The EPI-
estimated DTP3 coverage was more than 10 percentage points
greater than non-EPI survey estimates in 13 of the 19 (68%) EPI sur-
veys that occurred after a non-EPI compared to 9 of the 27 (33%)
EPI surveys that occurred before a non-EPI (data not shown; 6 of
17 surveys conducted at the same time or with unknown field
work dates were observed to have EPI-survey estimated DTP3 cov-
erage more than 10 percentage points greater than that estimated
by the corresponding non-EPI survey).

Relationships between the availability of documented evidence
and estimated coverage levels between the EPI–non-EPI survey
dyads (Figs. 4 and 5) were also noted. Among dyads with a small
(or negative) difference in available documented evidence between
the EPI and non-EPI survey, the difference in percent coverage for
DTP3 between EPI and non-EPI survey was also relatively small. In
fact, most EPI estimated coverage levels were less than 10 percent-
age points from the 2SECI. In contrast, dyads with large differences
in available documented evidence had larger differences in cover-
age estimates. Similar results were observed for MCV1.

4. Discussion

A total of 646 surveys measuring vaccination coverage were
conducted by 140 countries during 2000–2019. One-in-five of
these surveys was identified as part of an EPI–non-EPI survey dyad
where the field work for the surveys was conducted within one
year of each other. This can occur for several reasons. We recognize
that non-EPI surveys, such as DHS and MICS, almost always involve



Table 1
Summary of surveys reporting vaccination coverage estimates during 2000–2019 by survey type and country characteristics.

Number of countries conducting surveys Frequency of surveys by survey type

MICS DHS OCS EPI All Surveys
n = 140 n = 172 n = 193 n = 86 n = 195 n = 646

Survey field work year
2000–2004 99 47 42 24 38 151
2005–2009 116 45 55 32 50 182
2010–2014 105 53 59 21 65 198
2015–2019 86 27 37 9 42 115

WHO Region
Africa (n = 47) 45 72 100 10 107 289
Americas (n = 35) 23 22 30 17 19 88
Eastern Mediterranean (n = 21) 16 24 15 23 6 68
Europe (n = 53) 26 25 14 4 20 63
South-East Asia (n = 11) 11 15 20 17 28 80
Western Pacific (n = 27) 19 14 14 15 15 58

World Bank income group
Low-Income (n = 31) 31 50 67 16 62 195
Middle-Income (n = 104) 94 122 126 68 97 413
Lower-Middle (n = 46) 46 72 80 40 79 271
Upper-Middle (n = 58) 48 50 46 28 18 142

High-Income (n = 57) 15 0 0 2 36 38
Gavi-73 (n = 73) 72 115 142 49 129 435

MICS, Multiple Indicator Cluster Survey; DHS, Demographic and Health Survey; OCS, Other coverage survey; EPI, Expanded Programme on Immunization survey.

Table 2
Frequency of countries with dyads defined by an EPI coverage evaluation survey
conducted within one year of a non-EPI survey by country and survey timing
characteristics.

Survey dyads where EPI survey field work
within 1-year of non-EPI survey field work

Number of countries Number of dyads
n = 38 n = 66

Survey field work of EPI survey
2000–2004 10* 12
2005–2009 16 18
2010–2014 24 27
2015–2019 9 9

WHO Region
Africa 27 48
Americas 1 1
Eastern Mediterranean 1 1
Europe 1 1
South-East Asia 6 13
Western Pacific 2 2

World Bank Income
Low-Income 14 26
Middle-Income 24 40
High-Income 0 0

Gavi-73 33 60
Timing of EPI vs non-EPI survey
Before 21* 27
After 16 20
Same time 10 12
Unknown 7 7

non-EPI survey = DHS/MICS/OCS.
* Because some countries were identified with more than one EPI-non-EPI dyad, a

country may fall into more than one time period.
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government units outside the influence of the national immuniza-
tion programme (e.g., Ministry of Planning, Ministry of Education).
It is possible that even when the Ministry of Health is engaged with
non-EPI survey planning, the immunization programme is not.
Anecdotal accounts suggest that survey questionnaires have been
developed and field team trainings have been conducted without
valuable immunization programme input, which may help explain
issues sometimes seen with the vaccine schedule used, the miscal-
culation or, in some instances, the complete absence of standard
vaccination coverage indicators in multipurpose health surveys.
4

For a variety of reasons, collaboration between planners of non-
EPI surveys and the national immunization programme may be
insufficient. We are unaware of any research to quantify and more
broadly understand immunization programme engagement in
non-EPI surveys. The absence of immunization programme input
can be problematic given the increasing complexity of national
immunization schedules with more vaccines and doses recom-
mended today than at any other time. Moreover, there are increas-
ing demands of survey field staff to capture accurate information
from imperfect data tools: standard HBRs are not always available,
or properly completed and may be damaged making them difficult
to read [23–25], and FBRs, when included in a survey, may also
present challenges given that children may not always visit the
same facility and facility registers may lack organization [26].
WHO and UNICEF have taken steps since 2015 to improve the col-
laboration between survey planners, national programme staff,
and WHO and UNICEF immunization focal persons. WHO also pro-
duced a white paper [27] to provide survey planners—who may or
may not be familiar with immunization—with important informa-
tion to help improve survey planning, data collection, data analysis
and data reporting. It remains unclear whether these steps are
resulting in meaningful change towards improving coordination
of survey planning.

We also recognize why immunization programme leadership
might commission their own survey even when they are aware
of a non-EPI survey. Non-EPI surveys usually only produce vaccina-
tion coverage estimates at national, or at most, at provincial/state
levels, while programmes may desire sub-national level coverage
estimates. EPI surveys producing subnational level estimates were
common before the release of WHO current immunization survey
guidance calling for more methodological rigour. Also, lengthy
intervals often exist between the completion of non-EPI survey
field work and release of a final report. Though these intervals
appear to be decreasing for DHS and MICS, in some instances, the
release of results has occurred many months or even a year or
more after the completion of field work (e.g., South Africa DHS field
work was completed in November 2016 and the report date is
January 2019). In contrast, although it is recommended that an
immunization programme allow at least 12 months to plan and
an implement an EPI survey [15], many EPI surveys complete plan-
ning, field work collection, analysis and report writing in less than



Table 3
Summary statistics for the percentage of children with documented evidence and percent coverage for DTP1, DTP3 and MCV1 among 66 survey dyads comprised by an EPI
coverage survey and a non-EPI survey separated by no more than 12 months during 2000–2019.

EPI Non-EPI

Dyads
with
data*

# dyads with
EPI value
< non-EPI value

# dyads with EPI >
non-EPI by

#
surveys

min/max mean
(SD)

median
(IQR)

#
surveys

min/max mean
(SD)

median
(IQR)

�5%-pts >5%-pts >10%-pts

Documented evidence
available to be seen, %

62 11/100 72 (20.8) 77 (58,87) 63 12/100 63 (20.9) 68 (49,74) 59 7 3 49 35

DTP1 by D, % 45 10/99 69 (23.5) 77 (54,84) 59 17/99 63 (19.5) 67 (52,75) 41 9 3 29 19
DTP3 by D, % 46 9/98 63 (24.3) 68 (47,81) 59 10/99 56 (20.5) 58 (47,70) 42 10 1 31 18
MCV1 by D, % 46 9/99 60 (23.9) 64 (42,78) 59 14/99 53 (20.2) 56 (43,66) 42 7 7 28 19
DTP1 by D + R, % 60 43/100 89 (10.2) 92 (85,97) 66 43/100 85 (15.0) 90 (82,95) 60 11 28 21 12
DTP3 by D + R, % 63 25/100 81 (14.5) 82 (73,93) 66 21/100 71 (19.4) 73 (64,87) 63 8 12 43 28
MCV1 by D + R, % 63 25/100 78 (14.0) 78 (71,90) 66 27/100 73 (16.3) 76 (67,85) 63 18 15 30 16

D, documented evidence of vaccination history.
D + R, combination of documented evidence of vaccination or respondent recall of child’s vaccination history in absence of documented evidence.
EPI, Expanded Programme on Immunization Survey.
non-EPI survey = DHS/MICS/OCS.
DTP1, first dose of diphtheria-tetanus toxoid-pertussis containing vaccine.
DTP3, third dose of diphtheria-tetanus toxoid-pertussis containing vaccine.
MCV1, first dose of measles containing vaccine.
min, minimum.
max, maximum.
SD, standard deviation.
IQR, inter-quartile range.

* Number of dyads where both EPI and non-EPI surveys reported information for the particular measure.
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one year. This was particularly true prior to the revised WHO sur-
vey manual. At a minimum, when EPI surveys are commissioned
by an immunization programme, the programme controls the sur-
vey timeline and can use results as appropriate prior to publishing
a final report. Programme access to results prior to final report
publication is not always possible with a DHS or MICS. While it
is difficult to critique without contextual knowledge, we are
nonetheless concerned when surveys occur close in time given
the resources required to conduct these surveys.

Beginning in 2015, Gavi, the Vaccine Alliance began requiring
countries to conduct periodic independent assessments of vaccina-
tion coverage through nationally representative, population-based
surveys (at least one survey every five years). In many countries,
the survey requirement is satisfied through a periodic DHS or
MICS. For countries that do not periodically conduct DHS or MICS
(e.g., Eritrea, whose last DHS was conducted in 2002 and which
has never conducted a MICS), it is often necessary to conduct an
EPI coverage survey. Beginning in 2017 [28], countries receiving
Gavi support for vaccination campaigns were required to conduct
a high-quality, nationally representative survey using probability
sampling to assess the coverage of each Gavi-supported campaign.
In some instances, countries have taken the opportunity to jointly
assess the campaign performance and routine immunization ser-
vice delivery. Although inferences are limited without direct infor-
mation on what motivated a country to conduct a EPI coverage
survey, it seems reasonable to conclude that Gavi-related survey
requirements, which are intended to catalyse greater attention
towards and use of data to inform programme decisions, have been
an important force driving the number of EPI surveys conducted
since 2000 at the inception of the Alliance.

On average, Gavi-73 countries conducted 6 surveys during
2000–2019, twice the number of surveys conducted by non-Gavi-
73 countries. During 2000–2004, at the inception of the Alliance,
at least 38 EPI surveys were conducted in all countries. (N.B. This
is a minimum estimate since there may have been some surveys
conducted for which reports were not shared with WHO/UNICEF.)
During 2005–2009 and 2010–2014, the number of surveys
increased to 50 and 65, respectively. Surveys for 2015–2019
totalled 42, lower than the total for the prior 5-year period but a
value which may not reflect surveys that were initiated in 2018
5

or 2019 and not completed by the time of this writing. Further-
more, nine in ten of the EPI–non-EPI survey dyads occurred among
Gavi-73 countries. It is important, however, for EPI surveys to be
appropriately spaced vis-à-vis other survey platforms (or com-
bined as was done by Nigeria [29]), whether those are DHS, MICS,
World Bank sponsored surveys or nutrition surveys that include
vaccination coverage measurement. Ultimately, however, the ben-
efits of periodic coverage surveys will depend on their quality and
actual use of their results to inform planning decisions, which was
often not the case in Gavi-eligible countries [17].

Patterns suggest that EPI coverage surveys tend to report higher
levels of performance than non-EPI surveys, which raises some
interesting questions. For reasons noted above, one might expect
an EPI survey to find higher levels of vaccination coverage than
other surveys because of attention to immunization in question-
naire design and field team training, particularly related to an
interviewer’s skill in probing for documented evidence or vaccina-
tion history in the absence of documented evidence. At the same
time, concerns have been raised about the of programmes moni-
toring themselves given the importance placed on achieving per-
formance thresholds [30]. Performance-based monitoring
schemes may create perverse incentives to report higher levels of
coverage—an objective that can be obtained by sampling respon-
dents in areas where access and utilization of services are known
to be higher (e.g., close to a health post) [31]. Unfortunately, it is
often difficult to assess issues of sampling bias in EPI survey
reports; this was particularly true before the release of the revised
WHO Survey Manual [15] (released as a draft in 2015), when quota
sampling was common and documentation of skipped households
was uncommon in EPI surveys. Again, WHO has attempted to
improve the quality of survey reporting through training activities
and reference materials [31,32].

While the comparison of EPI point estimates with non-EPI con-
fidence intervals is provocative, it is also somewhat unsatisfying.
Based on our experience, immunization programme staff are mak-
ing similar comparisons of coverage estimates without regard to
measures of uncertainty. Our comparisons are unsatisfying in part
because we cannot show the matching EPI confidence interval
from report summaries because we do not know the EPI design
effects. (Furthermore, we do not know that the EPI surveys



DTP3 

Fig. 2. Estimated DTP3 coverage by documented evidence or recall for 44 EPI–non-EPI survey dyads alongside estimated ± 2-standard error confidence intervals for the non-
EPI surveys. Note: Survey dyads are ordered by non-EPI estimated coverage level. The year in parentheses at left is the year of the EPI survey.
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employed strict probability sampling which is required for a confi-
dence interval to be meaningful, and information to assess survey
design and implementation quality is lacking.) But, it seems safe to
suggest that when the point estimate from one survey falls numer-
ous confidence interval widths above the (meaningful) upper con-
fidence bound of the other survey, there are substantial differences
in survey bias at play. The unsatisfying aspects of the comparison
bring into focus the need for survey report authors to describe
clearly what steps were taken to actively minimize bias and what
aspects of the work may still contain some bias.

As we highlight our findings, some EPI–non-EPI survey dyads
may have gone unidentified and are not reflected here. For exam-
6

ple, there are some surveys for which field work was completed
as of this writing, but final reports were not available (e.g., the
2019 Bangladesh EPI coverage evaluation survey). We also
acknowledge that the number of survey dyads identified here is
a function of the overlapping window; that is, more dyads would
have been identified if the window had been expanded from one
to two years. We acknowledge absent contextual information on
EPI coverage survey funding that may be related to the survey
timing. Although the WHO cluster coverage survey reference
guide [15] recommends that survey reports acknowledge the
funding source, this practice is not yet widely adopted. Moreover,
the comparison of EPI and non-EPI surveys would be improved if



Fig. 3. Estimated MCV1 coverage by documented evidence or recall for 44 EPI–non-EPI survey dyads alongside estimated ± 2-standard error confidence intervals for the non-
EPI surveys. Note: Survey dyads are ordered by non-EPI estimated coverage level. The year in parentheses at left is the year of the EPI survey.
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microdata were available for both (currently microdata are not
centrally available for EPI surveys) and standardized measures
of coverage and study populations could be assured. Given the
quality of methods and variable analytic descriptions in survey
reports, it is possible that vaccination coverage measures differed
across surveys, for example, the manner by which observations
with missing data or ‘‘don’t know” answers were coded in the
analysis.

We encourage greater collaboration between immunization
programme staff and experts in population surveys, importantly
7

leveraging the qualified expertise around nationally representative
surveys that may exist within a national statistics office or calling
on external technical assistance when necessary. Certainly, many
(though not all) of the methodological recommendations for sur-
veys in the WHO Vaccination Coverage Survey Reference Manual
[15] may increase the cost of a coverage survey, and we encourage
donors and partners to critically review and consider making nec-
essary funds available.

Although we encourage improved collaboration between EPI
and non-EPI survey planning and implementation machinery in
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EPI surveys (i.e., data from Fig. 2) stratified by degree to which the EPI survey percentage with documented evidence exceeds that of the non-EPI survey. Note: Survey dyads
are ordered by non-EPI estimated coverage level. The year in parentheses at left is the year of the EPI survey.
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countries in order to avoid EPI–non-EPI survey dyads, these situa-
tions are likely to continue to occur. As a result, stakeholders will
continue to be burdened with digesting the results, including those
from dyads reporting discordant coverage. With an awareness that
persons who prepare survey reports are unlikely to acknowledge
the other surveys [18], we believe it is important for the EPI pro-
gram or its partners to take responsibility for assuring that compa-
rable sampling frames are used and conducting a meta-analysis
following the release of survey reports that are conducted close
in temporal proximity. This meta-analysis should look for differ-
ences in stratum-level weights [18] and re-post-stratify if war-
ranted. The analysis should look for differences in the availability
of documented evidence of vaccination history in HBRs or FBRs
as well as differences in coverage among those with and without
documented evidence, again exploring post-stratification adjust-
ments to see how the results change. The analysis might scrutinize
the data collected across strata within a given survey for ‘poolabil-
ity’ before combining data at the microdata level [29]. Analysis
should also critically review survey protocols and document iden-
tified sources of differential bias. Although such reviews take time
to conduct, they provide necessary information for stakeholders to
appropriately review and draw inferences when comparing survey
results. Ultimately, better documentation of vaccine doses admin-
istered and improved immunization information systems may
facilitate coverage assessment using both administrative methods
and surveys [31].
8

In summary, well-planned and implemented nationally repre-
sentative, population-based vaccination coverage surveys are
resource intensive efforts. Few studies have quantified and docu-
mented the units of effort and logistical requirements involved.
Although the 129 surveys accounted for by the 66 EPI–non-EPI sur-
vey dyads conducted within one year of each other reflect only a
fraction of the 646 total identified surveys reporting vaccination
coverage data worldwide since 2000, we believe that each of these
occurrences represents an opportunity to improve overall planning
of vaccination coverage measurement in population-based house-
hold surveys. We encourage national immunization programme
leadership and their partners to take an active role, in as much
as possible, in non-EPI surveys to avoid conducting EPI coverage
surveys without regard for non-EPI surveys and so that the com-
plexities of the immunization schedule and technical nuances of
HBRs are well accounted for in questionnaire adaptation and field
staff training. With improved coordination, opportunities may
exist to leverage non-EPI surveys to meet programmatic and mon-
itoring needs.
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