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Abstract

Background: The objective of the study was to assess compliance of
the WHO and UNICEF estimates of national immunization coverage
(WUENIC) against the 18 criteria of the Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER) that define and
promote good practice in reporting of global health estimates.
Methods: We conducted a desk review of the WUENIC estimation and
reporting process vis-a-vis each of the 18 GATHER criteria to complete
a self-assessment of compliance with GATHER.

Results: Overall, WUENIC estimates are fully compliant with 17 of the
GATHER criteria and partially compliant with one criterion—criterion
11, which is related to candidate model evaluation and final model
selection.

Conclusion: The GATHER criteria provide a useful framework for
documenting WUENIC's compliance with contemporary reporting
requirements._Given the role of vaccination coverage estimates in
global monitoring and guiding disease control efforts, WHO and
UNICEF strive to produce and publish robust estimates of vaccination
coverage through a transparent process that emphasizes country
involvement.
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Disclaimer

At the time this work was completed, M. Carolina Danovaro-
Holliday and Marta Gacic-Dobo worked for the World Health
Organization. The authors alone are responsible for the views
expressed in this publication and they do not necessarily
represent the decisions, policy or views of the World Health
Organization. At the time this work was completed, Mamadou
Diallo and Padraic Murphy worked for the United Nations
Children’s Fund. The authors alone are responsible for the
views expressed in this publication and they do not necessarily
represent the decisions, policy or views of UNICEF.

Introduction

In 2016, an expert working group, convened by the World Health
Organization (WHO) to define and promote good practice in
reporting of global health estimates, published the Guidelines
for Accurate and Transparent Health Estimates Reporting
(GATHER)'. GATHER consists of a checklist of 18 essential
items for reporting health estimates (Table 1) and reflects a set of
guidelines or best reporting practices for studies that calculate
health estimates for multiple populations by defining minimum
reporting requirements. Additional details are available on the
GATHER website. The GATHER criteria aim to define and
promote good practice in reporting health estimates. Compli-
ance with GATHER is not an indicator of quality of the health
estimates; rather, compliance implies that decision makers and
researchers have the key pieces of information necessary for
making informed judgements about the quality of the estimates.
Statements of GATHER compliance have accompanied pub-
lications of global health estimates produced by the Joint
United Nations Programme on HIV/AIDS (UNAIDS)’ and the
Malaria Atlas Project’. In addition, compliance has also been
noted in peer-reviewed papers®.

Since 2001, the World Health Organization (WHO) and United
Nations Children’s Fund (UNICEF) have jointly produced and
published annual estimates of national vaccination coverage
for all Member States of the World Health Assembly’ and the
State of Palestine. In addition to serving as a measure of an
immunization programme’s ability to effectively deliver immuni-
zation services and protect against vaccine-preventable diseases,
vaccination coverage for the recommended infant immunization
series has been used to monitor the progress of global and
regional immunization initiatives, including the Universal
Childhood Immunization (UCT) by 1990°, the Decade of Vaccines
and its Global Vaccine Action Plan’ and the Immunization
Agenda 2030, endorsed by the World Health Assembly in
August 2020. In addition, vaccination coverage is frequently
used as an indicator of a health system’s ability to ensure access
to primary care services and is currently included as one of many
indicators in the Sustainable Development Goals’.

During the 1980s and 1990s, WHO and UNICEF collected
reports on vaccination coverage from Member States through
separate, annual exercises. Country-specific coverage levels—
based solely on the data reports from Member States—were
published and used to produce regional and global estimates. In
most instances, national coverage estimates were an aggregation
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of 1) vaccinations given in the public sector and 2) national-level
population estimates or projections from the most recent census.

An internal review of global and regional coverage trends
conducted in 1998 noted an apparent decline in global vaccina-
tion coverage based on national reports. Follow-up revealed that
coverage decreases were not real but resulted from changes in
the data sources being used by three countries, each with large
annual birth cohorts. Specifically, coverage estimates from
household surveys, rather than national administrative reports,
were reported by India, Indonesia, and Bangladesh. Regional
and global coverage appeared to decline because the survey
reports consistently suggested meaningfully lower coverage as
compared to administrative reports that had been previously used
as the basis for reporting coverage.

Further examination of the consistency and reliability of
national immunization coverage estimates reported to WHO
from 1991 through 1996" found that 25% of expected reports
were missing; 20% of reported data points reflected year-to-year
changes greater than 10 percentage points; roughly 15% of
reports had a meaningful inconsistency between reported
coverage for the third dose of diphtheria-tetanus-pertussis con-
taining vaccine and the third dose of polio containing vaccine
(vaccine doses that are generally recommended at the same
age); and 17% of reports had a meaningful difference between
coverage levels reported to WHO and coverage levels from
other sources, namely population-based household surveys. The
results were presented to WHO’s Strategic Advisory Group of
Experts on Immunization (SAGE)', which recommended that
WHO invest resources to improve the completeness, accuracy
and precision of coverage estimates. Subsequently, methods were
developed, data were identified and acquired, and an initial
time series of WUENIC coverage estimates was produced in
July 2001 for the period from 1980 through 1999. WUENIC has
continued evolving since its inception 20 years ago.

Methods

Using the GATHER checklist as a reference, we conducted
a desk review of all relevant documents and datasets main-
tained and produced by the WHO and UNICEF working
group responsible for WUENIC to complete a self-assessment
of compliance with the GATHER criteria. In the absence of
structured guidance for conducting such an assessment of
GATHER compliance, each author reviewed available material
and made a self-assessment against three qualitative com-
pliance categories (fully compliant, partially compliant, not
compliant). Final determinations were exchanged within the
group, disagreements discussed, and final revisions to meth-
odological and process descriptions made and final compliance
determined by group consensus.

Results

This report summarizes WUENIC compliance with each of the
18 GATHER criteria. Detailed supporting descriptions are
provided elsewhere'”. Overall, WUENIC estimates are fully
compliant with 17 of the GATHER criteria and partially
compliant with one criterion—criterion 11, which is related to
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Table 1. GATHER checklist criteria and WUENIC compliance status.

GATHER checklist criteria

Define indicator(s), population(s) and time
period(s) of estimates

List the funding sources for the work

Describe how the data were identified and
accessed

Specify inclusion and exclusion criteria

Provide information on all included data
sources and their main characteristics

Identify and describe any input data that have
potentially important biases.

Describe and give sources for any other data
inputs

Provide all data inputs in a format from which
data can be efficiently extracted

Provide a conceptual overview of the data
analysis method

Provide a detailed description of all steps of
the analysis

Describe how candidate models were
evaluated and how the final model(s) were
selected

Provide the results of an evaluation of model
performance and the results of any sensitivity
analyses

Describe methods for calculating uncertainty
of the estimates

State how analytic or statistical code used to
generate estimates can be accessed

Provide published estimates in a file format
from which data can be efficiently extracted

Report a quantitative measure of the
uncertainty of the estimates

(74 Interpret results in light of existing evidence. If
updating a previous set of estimates, describe
the reasons for changes in estimates

Discuss limitations of the estimates

IR T T I I I

WUENIC compliance rationale and status

Annual global, regional and national estimates and metadata
(1980-2020) are available.*

WUENIC is a core activity under respective agency mandates.

Input data are reported by country programmes and abstracted
from survey reports.

More detail required than can be provided here. See Ref 12.

More detail required than can be provided here. See Ref 12.

More detail required than can be provided here. See Ref 12.

Sources include the WHO/UNICEF Joint Reporting Form on

Immunizationt and consultation with regional and country-specific

immunization experts.

Data inputs are available in several electronic formats, including
html and MS Excel.*

Country-by-country, vaccine-by-vaccine, year-by-year assessment

of input data using a set of heuristic techniques expressed as rules

and exceptions. No data borrowing from similar countries in the
absence of data. No ad hoc adjustments. See Ref 12.

More detail required than can be provided here. See Ref 12.

More detail required than can be provided here. See Ref 12.

Periodic, independent, external expert reviews have been
conducted by QUIVER (2009, 2011), SAGE (2011) and IVIR-AC
(2019).%

Approach is borrowed from artificial intelligence and uses an
accumulation of endorsements or supporting information to
produce a GoC that informs certainty for an estimated value.

Formal representation and Prolog code are available upon e-mail
request from vpdata [at] who [dot] int.

Published coverage estimates are publicly available.§

Published GoC values are publicly available.s

WUENIC is revised on an annual basis based on new and revised
reported input data to reflect the most likely coverage given the
available data.

More detail required than can be provided here. See Ref 12.

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Partially Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Compliant

Note: GATHER: Guidelines for Accurate and Transparent Health Estimates Reporting; GoC: Grade of Confidence; IVIR-AC: Immunization and Vaccines related
Implementation Research Advisory Committee; QUIVER: Quantitative Immunization and Vaccines Related Research, SAGE: Strategic Advisory Group of
Experts on Immunization; WUENIC: WHO-UNICEF estimates of national immunization coverage (WUENIC).

* Data may be accessed at: http://bit.ly/WUENICdata or https://data.unicef.org/topic/child-health/immunization.

" Data may be accessed at: http://bit.ly/WHO-UNICEF-JRF.

 Data may be accessed at: WHO QUIVER, 2009: http://bit.ly/QUIVER2009; WHO QUIVER, 2011: http://bit.ly/QUIVER20711; WHO SAGE, 2011: http://bit.

ly/SAGE2011; WHO IVIR-AC, 2019: http://bit.ly/IVIRAC2019.
“ Data may be accessed at: http://bit.ly/WUENIC-coverage.
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candidate model evaluation and final model selection. GATHER
is focused on estimates of health status and determinants rather
than service coverage or health systems indicators"® and inclined
towards mathematical or statistical model-based approaches
that synthesize data from multiple sources. Nonetheless, the
GATHER criteria provide a useful framework for document-
ing WUENIC’s compliance with contemporary reporting
requirements.

WUENIC compliance with GATHER explained

The GATHER compliance checklist items and rationale for
WUENIC compliance are summarized briefly below and are
comprehensively described elsewhere'”.

GATHER 1: Define indicators, populations (including age, sex,
and geographic entities), and time period(s) for which estimates
were made: Vaccination coverage estimates are produced for
195 countries and territories. Annually, in July, estimates are
published for the period from 1980 through the most recent
calendar year (January through December). National vaccina-
tion coverage estimates reflect the crude percentage of infants
vaccinated with a given vaccine dose combination (Table Al
in 12). In addition to global, population-weighted average
coverage estimates, averages are produced for WHO regions,
UNICEF regions, the World Bank income groupings and
eligibility for support from Gavi, the Vaccine Alliance.

GATHER 2: List funding sources for the work: WHO and
UNICEF are mandated to monitor and assess trends in the health
and well-being of populations worldwide. The production of
WUENIC estimates is funded in accordance with those man-
dates and through dues countries pay as members of the World
Health Assembly and voluntary contributions from Member
States and outside partners. Outside partners, including Gavi,
the Vaccine Alliance and The Bill and Melinda Gates Founda-
tion, have financially supported the production of WUENIC
estimates.

GATHER 3: Describe how the data were identified and
accessed: Immunization system performance reports, including
vaccination coverage reports from national authorities, and
survey data from published and grey literature are reviewed
annually for 13 antigens (Table Al in 12). Official coverage
reflects a national authority’s assessment of coverage based
on any combination of administrative coverage, survey-based
estimates or other data sources or adjustments. Administrative
coverage data are derived from routine administrative health
service delivery reports. Vaccination coverage reports and other
immunization system data are most often reported to WHO and
UNICEF using the WHO and UNICEF Joint Reporting Form
on Immunization (JRF). Survey-based coverage estimates are
obtained from reports submitted by national authorities and from
searches of national and survey agency websites (e.g., DHS;
MICS).

Age-specific population estimates, which are utilized for
producing global and regional averages and are an input to
WUENIC’s measure of uncertainty, are obtained from the
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United Nations Population Division (UNPD) World Population
Prospects site. Finally, WHO and UNICEF obtain additional
otherwise unreported information, such as changes in immuniza-
tion policies and insight into the functioning of the immunization
system and quality of reported data, through consultation with
regional and national immunization and monitoring experts.

GATHER 4: Specify the inclusion and exclusion criteria:
Vaccination coverage data are included if they meet at least one
inclusion criterion and do not meet any exclusion criterion and
are excluded if they do not meet any inclusion criteria or meet
at least one exclusion criteria. National administrative and
official coverage must be reported to WHO and UNICEF in
writing. Reported coverage levels >100% are excluded, and
coverage levels that suggest large (>10 percentage point) year-
to-year changes in vaccination coverage are excluded unless
accompanied by an explanation. Dramatic increases or decreases in
coverage are allowed for newly introduced vaccines.

Survey-based, vaccination coverage data must originate from
finalized reports that include a sufficient description of the
methods, including sampling methodology, in order to be
included. Crude, but not valid, vaccination coverage estimates are
considered. Survey results are excluded if they are not nation-
ally representative; are derived from a survey of small size (i.e.,
<300 observations) or do not report sample size; or are not for
single year cohorts (e.g., 12-23 months, 24-35 months).

GATHER 5: Provide information on all included data sources
and their main characteristics: Countries report immuniza-
tion system performance data annually using the WHO and
UNICEF Joint Reporting Form on Immunization (JRF). These
data include administrative and official vaccination coverage data
and national vaccination schedule information. These data are
complemented by population survey-based coverage data and by
population data from the UNPD.

Official coverage reflects a national authority’s assessment of
their most likely coverage based on any combination of admin-
istrative coverage, survey-based estimates or other data sources
or adjustments. Administrative coverage data are derived from
routine administrative health service delivery reports aggregated
across service providers in the country. Survey coverage reflects
an assessment of coverage during a specified time period from
a defined sample population that is independent of the biases
in numerator and denominator data described below. National
vaccination schedules provide standardized information regard-
ing the vaccines and number of doses of vaccine that a population
should receive and the recommended ages, minimum ages and
intervals between doses. Vaccination schedules also provide
information on whether a vaccine is recommended for an
entire population or targeted to specific risk groups. In addi-
tion, population data from UNPD provide a consistent reference
population time series for computing global and regional average
coverage levels.

GATHER 6: Identify and describe any categories of input
data that have potentially important biases: Both the reported

Page 5 of 11


http://www.who.int/about/regions
http://www.unicef.org/where-we-work
http://www.worldbank.org/
http://www.gavi.org/
https://dhsprogram.com/
http://mics.unicef.org/
https://population.un.org/wpp
https://population.un.org/wpp

number of administered vaccine doses and the reported target
population used to compute administrative coverage may be
biased, which may lead to biased coverage estimates. Biases
affecting numerator data include, but are not limited to, incom-
plete or untimely reporting and data recording or reporting errors.
Biases affecting denominator data include, but are not limited
to, population estimates based on dated or poorly implemented
census estimates or poorly implemented census projections.
The methods and data sources used to produce official estimates
are not always described or available, and methods may change
over time or without documentation or notice. When a country
bases its official coverage on administrative coverage, biases
in the administrative coverage carry over to official coverage.
Survey-based coverage estimates are subject to sampling and
non-sampling error.

GATHER 7: Describe and give sources for any other data
inputs: WHO and UNICEF use data on new vaccine introduc-
tions, vaccine stockouts, the occurrence of mass vaccination
events and vaccine preventable disease surveillance. Data for
each of these are obtained from country reports to WHO and
UNICEF using the JRF. New vaccine introduction data,
alongside reported coverage data, help inform when WUENIC
should begin calculating estimates. Data are reported on the
occurrence and duration of vaccination stockouts at national
and subnational levels and may help explain year-to-year
changes in coverage levels. The occurrence of mass vaccination
events is useful contextual information for discerning whether
coverage levels might reflect campaign rather than routine
vaccination delivery.

GATHER 8: Provide all data inputs in a format from which data
can be efficiently extracted: All input data are publicly available
on the WHO website in MS Excel format, including “4.1
Official country reported coverage estimates time series”, “4.2
Administrative data time series”, and “4.7 Coverage Survey Data”
with abstracted results from population-based survey reports.

GATHER 9: Provide a conceptual overview of the data analysis
method: WHO and UNICEF distinguish between when data
reported by national authorities accurately reflects immunization
system performance and when the data are likely compromised
or misleading. Unless challenged, the nationally reported esti-
mate constitutes the WUENIC. If reported data are supported
by independent survey results, then WUENIC will reflect the
reported data. When reported data are challenged by survey
results, WUENIC may diverge from the reported data.

WUENIC are based on a country-by-country, vaccine-by-vaccine,
year-by-year assessment of available data. The estimates are
not the product of a formal modelling exercise; no statistical or
mathematical models are used (with one exception related
to estimates for the first dose of diphtheria-tetanus-pertussis
containing vaccine to ensure that estimated coverage for the
third dose does not exceed that for the first dose). Data from
different sources are not averaged to arrive at a final estimate,
and the approach does not borrow information from data rich
countries to fill in gaps among data poor countries. A detailed
description is available in Burton et al.'* and Burton et al.’.
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GATHER 10: Provide a detailed description of all steps in the
analysis: Briefly, the aim of the WUENIC process is to produce
a time series of annual vaccination coverage estimates for
selected vaccines given data reported by national authorities and
given available nationally representative survey data and any
other available information. The estimation process is com-
prised of four general steps: /) accepting, adjusting or ignoring
available reported and survey coverage data; 2) generating
coverage estimates for years when both reported and survey
data are available (so-called “anchor” years); 3) generating
coverage estimates for non-anchor years in which there is no
survey data; and 4) examining estimates for year-to-year and
vaccine-to-vaccine consistency and reconciling any discrepan-
cies. Stepwise visual descriptions of the WUENIC estimation
process are provided in Brown and colleagues'”.

GATHER 11: Describe how candidate models were evaluated
and how the final model(s) were selected: Since the initial
release in 2000, the WUENIC estimation process and methods
have been periodically reviewed by independent, external expert
panels, including the WHO Quantitative Immunization and
Vaccines Related Research (QUIVER) Advisory Committee
(2009', 2011'7), the WHO Strategic Advisory Group of Experts
on Immunization (SAGE; 2011'%), and the WHO Immuniza-
tion and Vaccines Related Implementation Research Advisory
Committee (2019"). Reviews have supported the approach.
WHO is working with the Institute for Health Metrics and
Evaluation (IHME) to compare and contrast coverage estimates
derived from a space-time Gaussian process regression model
with WUENIC estimates.

GATHER 12: Provide results of an evaluation of model
performance, if done, as well as the results of any relevant
sensitivity analysis: Independent, external expert reviews have
supported the WUENIC approach. Results are available for
QUIVER 2009'; QUIVER 2011'; SAGE 2011'%; IVIR-AC
2019%.

GATHER 13: Describe methods of calculating uncertainty of
the estimates. State which sources of uncertainty were, and
were not, accounted for in the uncertainty analysis: WUENIC
introduced a Grade of Confidence (GoC) with the 2011 revision
(completed July 2012) to communicate uncertainty”. The
GoC reflects the accumulation of endorsements, or sources of
supporting information, that influence certainty about an
estimated value. GoC values range from one (low confidence
in an estimate) to three (high confidence in an estimate). The
GoC does not reflect the quality of the underlying input data.
All WUENIC estimates carry a risk of being incorrect given
potential deficiencies in the input data.

GATHER 14: State how analytic or statistical source code
used to generate estimates can be accessed: A computational
logic-based representation of rules, data and decisions for
WUENIC is provided in Burton ez al.".

GATHER 15: Provide published estimates in a file format from
which data can be efficiently extracted: Complete time series
of country-specific, regional and global coverage estimates are
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available in electronic file formats (HTML, MS Excel, and PDF)
available on the WHO website?'.

GATHER 16: Report a quantitative measure of the uncertainty
of the estimates: Because there is no underlying probability
distribution for the WUENIC estimates, classic quantitative
measures of uncertainty, such as confidence intervals, are not
used. The GoC is a qualitative measure of uncertainty (see
checklist item 13), which is published alongside the WUENIC
time series from 1997 through the most recent release and
available on the WHO website”'.

GATHER 17: Interpret results in light of existing evidence:
Annual estimate production involves a revision of the time series
to reflect new data as well as updated data for prior years. New
or updated data may include reports by national authorities,
estimates from surveys, contextual information, methodological
updates, and updated population estimates from UNPD. As such,
coverage levels for the current revision are not comparable to
those from previous revisions.

GATHER 18: Discuss limitations of the estimates: Estimates are
limited by the quality of the underlying empirical input data.
Inaccuracies may exist within the reported numerator and
denominator of administrative or official coverage estimates.
Vaccination coverage estimates from population-based house-
hold surveys may be limited by the quality of the planning
and implementation of the field work and the availability of
documented evidence of vaccination history in home-based or
acility-based records. Additionally, coverage indicators from
survey reports do not always conform to standard definitions.
WUENIC is also constrained by the underlying rules and
heuristics utilized in the estimation approach.

Conclusions

Boerma and colleagues” described the role of health esti-
mates such as WUENIC in monitoring progress towards global
and regional goals and targets and guiding resource alloca-
tion while emphasizing the importance of transparency in the
production of these health statistics. This report summarizes
compliance of the WHO and UNICEF estimates of national
immunization coverage with each of the 18 GATHER criteria
for population health estimates. Although the GATHER guide-
lines were not originally designed for health service delivery
indicators, such as vaccination coverage, they provide a use-
ful framework for documenting WUENIC’s compliance with
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contemporary reporting requirements. Given the role of vac-
cination coverage estimates in monitoring immunization sys-
tem performance, guiding disease control efforts, and informing
assessments of high risk areas that might require additional
resources, WHO and UNICEF strive to produce and publish
robust estimates of vaccination coverage through a transparent
process that emphasizes country involvement. We acknowledge
the strategic advantages of transparency and provide this sum-
mary of WUENIC compliance with GATHER in commitment to
promoting openness so that health estimates such as WUENIC
vaccination coverage estimates are translated in a meaningful
way to promote global vaccination goals.

Data availability

Underlying data

Zenodo. Description of WHO and UNICEF estimates of
national immunization coverage compliance with GATHER
criteria, https://doi.org/10.5281/zenodo.4730579"2.

This project contains the following data:

- a detailed description of compliance of the WHO and
UNICEF estimates with the Guidelines for Accurate and
Transparent Health Estimates Reporting (GATHER)
criteria.

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public domain
dedication).

Acknowledgements

The authors are indebted to the selfless contributions of
Mr Anthony (Tony) Burton for the conceptualization, devel-
opment, implementation and ongoing refinement of the WHO
and UNICEF estimation process. Mr Burton contributed to
the writing of this manuscript but died in July 2018 prior to its
completion. The authors also wish to acknowledge the contri-
butions of Professor Emeritus Robert A Kowalski of Imperial
College London for his thoughtful contributions to refinements
in the WUENIC methodology and utilization of computational
logic. The authors wish to acknowledge the contributions of
all the dedicated WHO and UNICEF working group team
members that contributed over 20 years to the implementation and
refinement of WUENIC. Finally, the authors thank Stacy Young
for editorial guidance and review provided in the finalization
of this manuscript.

1. Stevens GA, Alkema L, Black RE, et al.: Guidelines for Accurate and
Transparent Health Estimates Reporting: the GATHER statement. PLoS Med.
2016; 13(6): €1002056.

PubMed Abstract | Publisher Full Text | Free Full Text

2. UNAIDS Reference Group on Estimates, Modelling and Projections: GATHER

Compliance. Accessed on: 2020 October 12.
Reference Source

3. MAP: The Malaria Atlas Project. Accessed on: 2020 October 12.
Reference Source

4. GBD 2019 Universal Health Coverage Collaborators: Measuring universal

Page 7 of 11


https://immunizationdata.who.int/listing.html?topic=coverage&location=Global
https://immunizationdata.who.int/listing.html?topic=coverage&location=Global
https://protect-us.mimecast.com/s/n4M4C68m05HPP7ryWSpMvmK?domain=doi.org
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
http://www.ncbi.nlm.nih.gov/pubmed/27351744
http://dx.doi.org/10.1371/journal.pmed.1002056
http://www.ncbi.nlm.nih.gov/pmc/articles/4924581
https://www.epidem.org/about-us/gather-compliance
https://malariaatlas.org/gather-compliance/

health coverage based on an index of effective coverage of health services
in 204 countries and territories, 1990-2019: a systematic analysis for the
Global Burden of Disease Study 2019. Lancet. 2020; 396(10258): 1250-1284.
PubMed Abstract | Publisher Full Text | Free Full Text

World Health Assembly. Accessed on 2020 October 12.

Reference Source

Roalkvam S, McNeill D, Blume S: Protecting the World's Children:
Immunisation Policies and Practices. Oxford: Oxford University Press, 2013.
Publisher Full Text

World Health Organization: Decade of Vaccines --- Global Vaccine Action Plan
2011-2020. Accessed on: 2020 October 12.
Reference Source

World Health Organization: Immunization Agenda 2030: A Global Strategy to
Leave No One Behind. Accessed on: 2020 October 12.
Reference Source

United Nations: Sustainable Development Goals. Accessed on: 2020 October 12.
Reference Source

WHO Expanded Programme on Immunization: EPI information system
: global summary, August 1997. World Health Organization. Geneva,
Switzerland. 1997; Accessed on: 2020 October 12.

Reference Source

WHO Strategic Advisory Group of Experts: Report of the Strategic Advisory
Group of Experts (SAGE). Geneva, Switzerland. 2001; Accessed on: 2020
October 12.

Reference Source

Brown DW, Danovaro-Holliday MC, Gacic-Dobo M, et al.: Description of WHO
and UNICEF estimates of national immunization coverage compliance with
GATHER criteria. Zenodo. Dataset, 2021.
http://www.doi.org/10.5281/zenodo0.4730579

Cokljat M, Henderson J, Paterson A, et al.: Reporting of health estimates prior
to GATHER: a scoping review. G/ob Health Action. 2017; 10(sup1): 1267958.
PubMed Abstract | Publisher Full Text | Free Full Text

Burton A, Monasch R, Lautenbach B, et al.: WHO and UNICEF estimates of
national infant immunization coverage: methods and processes. Bull World

15.

17.

19.

20.

21.

22.

Gates Open Research 2021, 5:77 Last updated: 20 APR 2022

Health Organ. 2009; 87(7): 535-41.
PubMed Abstract | Publisher Full Text | Free Full Text

Burton A, Kowalski R, Gacic-Dobo M, et al.: A formal representation of
the WHO and UNICEF estimates of national immunization coverage: a
computational logic approach. PLoS One. 2012; 7(10): e47806.

PubMed Abstract | Publisher Full Text | Free Full Text

World Health Organization: Report on the WHO Quantitative Immunization
and Vaccines Related Research (QUIVER) Advisory Committee Meeting.
Geneva, 13-15 October 2009. Geneva, Switzerland, 2010; Accessed on: 2020
October 12.

Reference Source

World Health Organization: Report on the WHO Quantitative Immunization
and Vaccines Related Research (QUIVER) Advisory Committee Meeting.
Geneva, 4-6 October 2011. Geneva, Switzerland, 2012; Accessed on: 2020
October 12.

Reference Source

World Health Organization: Meeting of the Strategic Advisory Group
of Experts on Immunization, November 2011 - conclusions and
recommendations. Wkly Epidemiol Rec. 2012; 87(1): 1-16.

PubMed Abstract

World Health Organization: Report on Immunization and Vaccines Related
Implementation Research Advisory Committee Meeting. Geneva, 12-14
March 2019. Geneva, Switzerland, 2019; Accessed 2020 October 12.
Reference Source

Brown DW, Burton AH, Gacic-Dobo M, et al.: An Introduction to the Grade of
Confidence Used to Characterize Uncertainty around the WHO and UNICEF
Estimates of National Immunization Coverage. Open Public Health J. 2013; 6:
73-76.

Publisher Full Text

World Health Organization: Immunization Coverage. Accessed on 2020
October 12.
Reference Source

Boerma T, Mathers CD: The World Health Organization and global health
estimates: improving collaboration and capacity. BVMC Med. 2015; 13: 50.
PubMed Abstract | Publisher Full Text | Free Full Text

Page 8 of 11


http://www.ncbi.nlm.nih.gov/pubmed/32861314
http://dx.doi.org/10.1016/S0140-6736(20)30750-9
http://www.ncbi.nlm.nih.gov/pmc/articles/7562819
https://www.who.int/about/governance/world-health-assembly
http://dx.doi.org/10.1093/acprof:oso/9780199666447.001.0001
https://www.who.int/immunization/global_vaccine_action_plan/DoV_GVAP_2012_2020/en/
https://www.who.int/teams/immunization-vaccines-and-biologicals/strategies/ia2030
https://sdgs.un.org/goals
https://apps.who.int/iris/handle/10665/63631
https://apps.who.int/iris/bitstream/handle/10665/67198/WHO_V-B_02.07_eng.pdf
http://www.doi.org/10.5281/zenodo.4730579
http://www.ncbi.nlm.nih.gov/pubmed/28532309
http://dx.doi.org/10.1080/16549716.2017.1267958
http://www.ncbi.nlm.nih.gov/pmc/articles/5645696
http://www.ncbi.nlm.nih.gov/pubmed/19649368
http://dx.doi.org/10.2471/blt.08.053819
http://www.ncbi.nlm.nih.gov/pmc/articles/2704038
http://www.ncbi.nlm.nih.gov/pubmed/23133527
http://dx.doi.org/10.1371/journal.pone.0047806
http://www.ncbi.nlm.nih.gov/pmc/articles/3485034
https://apps.who.int/iris/bitstream/handle/10665/70446/WHO_IVB_10.04_eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/70821/WHO_IVB_12.03_eng.pdf?sequence=1
http://www.ncbi.nlm.nih.gov/pubmed/22242233
https://www.who.int/immunization/research/committees/Meeting_report_IVIR_AC_March2019.pdf
http://dx.doi.org/10.2174/1874944501306010073
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
http://www.ncbi.nlm.nih.gov/pubmed/25858025
http://dx.doi.org/10.1186/s12916-015-0286-7
http://www.ncbi.nlm.nih.gov/pmc/articles/4355571

G a te S O p e n Re Sea rc h Gates Open Research 2021, 5:77 Last updated: 20 APR 2022

Open Peer Review

Current Peer Review Status: ¢

Reviewer Report 03 August 2021

https://doi.org/10.21956/gatesopenres.14493.r30909

© 2021 Dyda A. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Amalie Dyda
School of Public Health, Faculty of Medicine, The University of Queensland, Herston, Qld, Australia

This is an extremely well written paper and an important addition to the literature. It outlines a
comparison of the WHO and UNICEF estimates of national immunization coverage (WUENIC)
against the Guidelines for Accurate and Transparent Health Estimates Reporting (GATHER) to
assess agreement between the two. This is important given the importance of, but many
challenges of, reporting global annual national vaccination coverage.

Of serious note is the possible error/bias in how each coverage estimate is collected. I think the
reason for the importance of using GATHER has been highlighted in the introduction ("Compliance
with GATHER is not an indicator of quality of the health estimates; rather, compliance implies that
decision makers and researchers have the key pieces of information necessary for making
informed judgements about the quality of the estimates."), and bias addressed well in Gather 6.

I have provided a few specific comments for consideration below:

Methods:

"In the absence of structured guidance for conducting such an assessment of GATHER
compliance, each author reviewed available material and made a self-assessment against three
qualitative compliance categories (fully compliant, partially compliant, not compliant)."

I believe this authorship group has the required experience and knowledge to provide this expert
assessment. I think this would be strengthened by either adding a sentence to highlight this, or
providing some more detailed information about what authors took into consideration in their
reviews.

Results:

"GATHER 10: Provide a detailed description of all steps in the analysis:"

This description of the steps was quite brief, but given the context of what is needed in this
comparison it is sufficient, especially given more detailed methods are referenced.

Conclusion:
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"Boerma and colleagues described the role of health estimates such as WUENIC in monitoring
progress towards global and regional goals and targets and guiding resource allocation while
emphasizing the importance of transparency in the production of these health statistics."
Perhaps better placed in the introduction.
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While I agreed with the study design and results overall, I still hope for some clarifications in
methods:
1. First, the authors conducted a desk review of all relevant documents and datasets, I wonder
if readers wanted to know what the relevant documents and datasets are?

2. Second, among 18 GATHER criteria, the authors defined the category into fully compliant,
partially compliant, not compliant - for me, this is less clear, does this mean 100%, 1-99%,
and 0% compliant? Please clarify.

3. Third, I understood there is some incompleteness in terms of the reported data, the global
compliance does not mean it is applicable at regional or national level, this has to be
discussed. Of course, these are some tiny suggestions, and does not influence the
conclusions drawn adequately supported by the results.

I believe the paper has academic merit, please take actions if it makes sense or ignore it if you
could fully clarify. In any case, I would approve this study to be indexed soon.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Partly

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Vaccine, epidemiology, infectious diseases

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Page 11 of 11



