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Abstract
Countries are increasingly transitioning from event-based vitamin A supplementation (VAS) distribution to delivery through routine health system contacts,
shifting also to administrative, electronic-based monitoring tools, a process that brings certain limitations affecting the quality of administrative VAS cover-
age. At present, there is no standardised methodology for measuring the coverage of VAS delivered through routine health services. To address this gap, we
conducted a systematic review of the literature to identify and recommend methods to measure VAS coverage, with the aim of providing guidance to
countries on the collection of consistent data for planning, monitoring and evaluating VAS programmes integrated into routine health systems. We searched
the PubMed®, Embase®, Scopus, Google Scholar and World Health Organization (WHO) Global Index Medicus databases for studies published from 1
January 2000 to 1 January 2021, reporting original data on VAS coverage and methodologies used for measurement. We screened 2371 original titles and
abstracts, assessed twenty-seven full-text articles and ultimately included eighteen studies. All but two studies used a coverage cluster survey (CCS) design to
measure VAS coverage, adapting the WHO Vaccination Coverage Cluster Surveys methodology, by modifying sample size and sampling parameters.
Annual two-dose VAS coverage was reported from only four studies. Until electronic-based systems to collect and analyse VAS data are equipped to meas-
ure routine two-dose VAS coverage using administrative data, CCSs that comply with the 2018 WHO Vaccination Coverage Cluster Surveys Reference
Manual represent the gold-standard method for effective VAS programme monitoring.
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Introduction

Vitamin A supplementation (VAS) is a highly cost-effective
public health intervention that reaches approximately 250 mil-
lion children every year, protecting them from blindness and
decreasing their risk of mortality from preventable causes(1).
In settings where vitamin A deficiency (VAD) is a public
health problem, the World Health Organization (WHO)
recommends two high-dose vitamin A supplements annually,
spaced 4–6 months apart, for children aged 6–59 months(2,3).
UNICEF estimates that VAD affected about one-third of chil-
dren aged 6–59 months in 2018, with the highest rates in
sub-Saharan Africa (48 %) and South Asia (44 %)(4).

Since 1998, VAS has been delivered mainly through cam-
paigns, such as polio supplementary immunization activities
(SIAs)(3). Recently, the high cost of campaign delivery and
the reduced frequency and geographical distribution of
polio-SIAs due to effective eradication efforts, have encour-
aged countries to increasingly use routine health services for
VAS delivery(4). This change in delivery mechanism has coin-
cided with a shift in programme monitoring tools, with many
countries moving from paper-based to electronic-based
administrative monitoring systems(4).
The main indicator for VAS programme monitoring is VAS

coverage, defined as the percentage of children aged 6–59

Abbreviations: CCS: coverage cluster survey; CLQAS: clustered lot quality assurance sampling; EPI: Expanded Programme on Immunization; HH: household; VAD: vitamin
A deficiency; VAS: vitamin A supplementation; WHO: World Health Organization
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months of age receiving an age-appropriate vitamin A supple-
ment in each of two annual semesters(5,6).
In settings where VAS is distributed through campaigns,

there is existing guidance on how to measure and validate
VAS coverage after an event using survey methods, including
the Post Event Coverage Survey (PECS)(7), which employs the
Expanded Programme on Immunization (EPI) cluster survey
methodology(8). However, this technique was revised by WHO
in response to methodological concerns(9). The main changes
brought by the 2018 WHO Vaccination Coverage Cluster
Surveys Reference Manual include the use of probability-based
sampling methods at each stage; households (HHs) selected by
a central group of planners rather than interviewers in the field;
interview of every eligible child in the HH; and weighted
analysis.
Other tools used to measure VAS coverage are represented by

large-scale multi-topic HH surveys, such as the Demographic
and Health Survey(10) or the UNICEF Multiple Indicator
Cluster Survey(11). However, such HH surveys have limitations
in supporting VAS programme management needs, as they are
not designed to measure annual two-dose VAS coverage; more-
over, they are expensive and carried out too infrequently (i.e.
every 10 years) to allow a real-time monitoring of VAS coverage
aimed to identify and implement corrective actions (i.e. supple-
mentary VAS activities in specific areas).
At present, there is no standardised methodology for meas-

uring and validating the coverage of VAS delivered through
routine health services. Strengthened methods are therefore
required for accurate and timely measurement of VAS cover-
age. This is particularly important as countries integrate VAS
into the routine health systems and shift to administrative,
electronic-based monitoring tools, a process that brings certain
limitations affecting the quality of administrative VAS coverage,
which can impair effective VAS programme monitoring(5,6).
To address this gap, we conducted a systematic review of the

literature to identify and recommend methods to measure VAS
coverage, with the aim of providing guidance to countries on the
collection of consistent data for planning, monitoring and evalu-
ating VAS programmes integrated into routine health systems.

Methods

The review followed the PreferredReporting Items for Systematic
Reviews andMeta-Analyses (PRISMA) guidelines(12). The proto-
col for the review was not registered on the PROSPERO register
of systematic reviews but is available on request.

We searched the PubMed®, Embase®, Scopus, Google
Scholar and WHO Global Index Medicus databases for
peer-reviewed studies reporting original data on VAS coverage
among children under 5 years of age and methodologies used
for measurement.
To focus on methods currently in use, we only included arti-

cles published from 1 January 2000 to 1 January 2021. Studies
written in languages other than English, French, Portuguese or
Spanish were excluded.
We used a combination of medical subject headings (MeSH)

and text words, Boolean operators and synonyms in the the-
saurus to create database-appropriate syntax (Table 1).
Bibliographic information was imported into a citation bib-

liographic management software for the storage and removal
of duplicates. After duplicate citations were removed, titles
and abstracts were independently screened for eligibility by
authors. The reference lists of relevant articles were also
checked to identify further eligible studies. In cases of dis-
agreement, consensus was sought after reading the full-text
article.
As all the studies included in the systematic review adopted

a cross-sectional design, quality was assessed by two authors
using the Newcastle–Ottawa Scale adapted for cross-sectional
studies(13). Disagreements in quality assessment were resolved
through discussion.
Authors extracted the data using an electronic form. The

summary of findings tables accompanied by a narrative synthe-
sis was used to synthetise and present results.
The data collected included bibliographic information

(authors, year and country of publication); study design; sam-
ple size and sampling procedures; data collection methods;
data quality assurance methods; data analysis methods; ethical
considerations; planning considerations (e.g. number of per-
sonnel, study length and month of study implementation)
and outcome measured (routine/after event one-dose and/
or two-dose VAS coverage). The terminology used in the sys-
tematic review is provided in the glossary of terms
(Supplementary material 1).

Results

We identified 3325 abstracts through database searches. After
removing duplicates and screening out non-relevant abstracts,
we assessed twenty-seven full-text articles for eligibility. Of
these, eighteen studies that met the selection criteria were
included in the systematic review (Fig. 1)(14–31).

Table 1. PubMed® search strategy used in the systematic review of methodologies to measure Vitamin A Supplementation Coverage

Vitamins[MeSH] OR vitamin A[MeSH] OR Vitamin A Deficiency[MeSH] OR micronutrien[MeSH] OR nutrients[MeSH] OR dietary supplements[MeSH] OR

Capsules[MeSH] OR immunization[MeSH] OR vaccination[MeSH] OR vaccines[MeSH] OR “immunization programs”[MeSH] OR “parasitic

diseases”[MesH] OR vitamin*[Title/Abstract] OR micronutrien*[Title/Abstract] OR nutrient*[Title/Abstract] OR immunization[Title/Abstract] OR

immunisation[Title/Abstract] OR vaccination[Title/Abstract] OR vaccin*[Title/Abstract] OR deworm*[Title/Abstract] OR schistosom*[Title/Abstract] OR

filariasis*[Title/Abstract] OR parasitic*[Title/Abstract] OR trachoma*[Title/Abstract] OR onchocercia*[Title/Abstract] OR malaria*[Title/Abstract]

ANDcoverage[Title/Abstract] OR validat*[Title/Abstract] OR compar*[Title/Abstract] OR assess*[Title/Abstract] OR evaluat*[Title/Abstract] OR estimat*

[Title/Abstract] OR measur*[Title/Abstract]

Note: Search strategies for other databases used (Embase®, Scopus, Google Scholar and WHO Global Index Medicus) are available from the corresponding author.

As vitamin A supplement is delivered together with other health interventions, as immunisations, deworming and other parasite control programmes, the search strategy also

includes such-related terms.
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Fifteen studies were conducted in the WHO Africa
Region(14–17,19–25,27–31) and three in the WHO South-East
Asia Region(15,18,26) during the period 2001–2020. When
appraised for quality, only five studies were categorised as
high quality(19,21,25,29,30) (Table 2).
Sixteen studies employed a coverage cluster survey (CCS)

design(14–26,28,29,31), one used a Longitudinal Cluster Survey
(LCS) methodology(27) and one a clustered lot quality assurance
sampling (CLQAS) approach(30). Half of the studies (n 9) were
conducted at the country level(15–17,20–25) and the other half were
conducted at the subnational level (e.g. city, district or region).
The majority of articles included (n 16) enrolled the whole VAS
target age group of children aged 6–59 months(14–17,19–21,23–31).

Sample size and sampling procedures

Overall, six studies(14,16,18,20,24,27) did not report procedures
employed to calculate the sample size (Table 3).
Anticipated VAS coverage was considered by nine stud-

ies(15,19,22,23,25,28,29,31), which together with other two stud-
ies(21,30) defined a desired precision ranging between ±5 and
10 %. A confidence level of 95 % was set by twelve stud-
ies(15,17,19,21–23,25,26,28–31).

Six articles(22,23,26,28,29,31) considered the design effect
(DEFF) in the sample size calculation process, using a value
between 1⋅5 and 5⋅0 (mean 2⋅4; median 2⋅0).
Only four studies(26,28,29,31) further increased the sample

size for an estimated non-response rate, which ranged between
5 and 10 % (mean and median 7⋅5 %).
There was no relation between the sample dimension, the

geographical level where studies were conducted and their
design: CCs reported a sample size ranging between 210
units at the municipality level(17) to 5880 units at the national
level(25), the CLQAS(30) and LCS(27) sampled 855 and 10 454
units at the district level, respectively.
Concerning sampling procedures (Table 4), all the included

studies used a multistage cluster sampling design. At the first
stage, the majority of studies (n 11)(14,15,17–19,26–31) selected a
subnational administrative division (i.e. districts, provinces and
regions) by convenience, and within such strata, most
(n 15)(15,16,18–26,28–31) sampled clusters with probability propor-
tional to their size (PPS). Seven studies(16,19,20,22,23,25,31) defined
clusters as enumeration areas (EAs) and five(21,22,25,30) used the
segmentation technique for cluster selection.
Within the selected clusters, all but one study(31) sampled HHs

to find eligible children, with the majority (n 12)(15–24,26,29) using

Fig. 1. Flowchart of the selection of studies included in the systematic review of methodologies to measure the coverage of vitamin A supplementation (VAS).
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the WHO random walk method. Five articles(22,23,27–29) reported
that all eligible children within a selected HH were enrolled, while
the other thirteen studies reported selecting only one eligible
child by random selection. In all the reviewed studies, parents
or caregivers were interviewed to collect information about
VAS received.
Overall, the number of selected clusters per strata ranged

from four to eighty, with eight studies(15,16,18,20,21,24–26) opting
for thirty clusters. The number of sampled HHs per cluster
ranged from seven to forty-five (mean 22⋅5; median 20).

Data collection and quality assurance

The data collection and quality assurance procedures used in
the reviewed studies are presented in Table 5. Only two stud-
ies(28,30) used an electronic tool to collect information on the
number of vitamin A supplements received by enrolled chil-
dren, while the other studies used a standardised question-
naire, which was pre-tested and translated in the local
language in thirteen studies(14,16,19–25,27,29–31).
As evidence of VAS, all the included studies collected infor-

mation using parental recall when the child health card (CHC)
was not available. In addition, a sample of VAS capsules
was shown to parents to reduce recall biases in eleven
articles(15–17,19–22,24,27,30,31).
Ten studies(14–17,19,20,25,27,30,31) provided 2 to 5 days of

training to interviewers, and nine conducted field supervi-
sion(14,16,19,21,23–25,27,30).
The data collected were double-checked and cleaned for

analysis in twelve studies(14–16,19–22,24,25,27,29,31). Only one
study(16) reported having a plan to replace or revisit empty
HHs and clusters that had suddenly become inaccessible.

Ethical and planning consideration

Verbal consent was requested from parents of eligible children
in fifteen studies(14–16,19–24,26–31) and twelve studies(15,16,19–
21,23,26–31) also obtained ethical clearance from an ethics com-
mittee (Table 6).
Information on the number of personnel employed and the

length to complete the planned sample size was reported in
eleven articles(14,16,19–21,23–27,30), with an average study period
of 22⋅5 d (range: 5–60 d). The number of interviewers ranged
from ten (for a sample size of 900 units completed in 1 week)
to fifty-three (for a sample size of 4480 units completed in
5 d). Interviewers were locally recruited and combined in
teams of two, with each team completing an average of 29
HH/d. The number of supervisors varied widely. One
study(21) reported that gender balance had been ensured in
each team to deal with local customs, while another study(15)

had recruited a statistician to support sample size estimation,
sampling procedures and data analysis.

Data analysis and outcome measured

Table 7 shows the data analysis procedures reported in the
reviewed articles. Overall, eleven articles(15,17,19,21–23,25,28–31)

reported 95 % confidence intervals (95 % CI) for estimated
VAS coverage, only four articles(15,20,24,30) calculated weightsT
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for analysis to account for differences in population size within
the sampled clusters and only three(15,21,22) adjusted VAS
coverage estimates for non-response rate. Most studies
(n 13)(15,20–31) reported VAS coverage by the age group (6–
11 and 12–59 months) and two(17,30) also by the collection
method. Additionally, the CLQAS(30) reported the number
of lots that passed the defined VAS coverage threshold.
Eight studies(15,16,18,19,22,26,30,31) measured one-dose routine

VAS coverage. Of these, six(16,18,22,26,30,31) were carried out
during the June–September period to estimate the proportion
of children who received one vitamin A supplement in the first
semester of the year.
Among studies measuring two-dose VAS coverage(23,27–29),

two(23,28) were conducted during the December–February per-
iod to estimate the proportion of children who had received
two vitamin A supplements in the previous year. In the
LCS(27), children who received a first dose of vitamin A in
the first semester of the year were followed up in the second
semester to assess whether they had received a second dose.

Discussion

The systematic review revealed that across regions and time,
CCS represented the principal method for measuring and val-
idating VAS coverage, both after a vitamin A event distribution
and via routine health contacts.
The majority of studies reviewed adapted the methodology

of the WHO EPI cluster survey(8), modifying sample size,
sampling and data analysis procedures. In making such mod-
ifications, these studies partly implemented the new WHO
recommendations contained in the 2018 Vaccination
Coverage Cluster Surveys Reference Manual(9).
In fact, over time, EPI surveys have increased in complexity,

matching the evolution of the EPI since its inception in 1974
with the so-called ‘30 × 7 design’(7).
Although the basic 30 × 7 EPI survey design has been a valu-

able programme management tool, the use of non-probability
sampling and lack of standardised, well-documented quality con-
trol procedures may reduce confidence in the results(32). To
address these limitations, the WHO Vaccination CCS Reference
Manual was updated in 2005(8) and again in 2018(9) and is still
considered the standard guidance for conducting a CCS.
To calculate sample size, most studies used anticipated VAS

coverage, a desired precision of ±5–10 %, a confidence level
of 5 %, an average DEFF of 2⋅5 and a predefined number
of clusters and respondents per cluster. In addition to these
WHO-recommended parameters(8,9), sample size should also
be increased for an estimated non-response rate. However,
this last parameter was only considered by four studies
included in the systematic review(26,28,29,31).
Rather than pre-establishing a certain number of clusters and

HHs, the 2018 WHO Manual(9) recommends that at least thirty
clusters be selected per stratum of a minimum of ten respon-
dents each. This was done in a majority of reviewed studies.
Most studies (n 15)(15,16,18–26,28–31) also selected clusters

with PPS that ensure representativeness, as larger units that
represent a greater proportion of the population are more
likely to be sampled(9). Another advantage of PPS sampling
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is that it reduces variation among sampling weights, which
reduces confidence interval width for coverage estimates.
Cluster segmentation was considered by five stud-

ies(21,22,24,25,30); this technique is recommended to optimise
resources when there are large clusters that have many more
HHs than needed(8,9).
Consistent with WHO recommendations(9), seven stud-

ies(16,19,20,22,24,25,31) defined clusters as EAs, which represent
the smallest defined geographical units created for the enumer-
ation purposes of the census and may already have maps and
defined boundaries.
While most studies (n 12)(15–24,26,28) employed the WHO

random walk method for HH selection, this approach can
introduce selection bias due to field worker decisions and
practices(32,33). The current recommendation(9) is to randomly
select HHs from a list of those within the selected cluster. This
approach was used in two studies(25,30).
When selected HHs are found empty or selected clusters

become inaccessible (e.g. due to conflict, wildfires and flood-
ing), a plan for cluster replacement and at least two HH revisits
should be put in place. Yet overall, only one study(16) reported
having a replace/revisit plan.
Within the selected HHs, most studies enrolled only one eli-

gible child aged 6–59 months. To optimise resources and guar-
antee that the probability of selection for an individual is equal to
the probability of selection for his or her HH, WHO(9) recom-
mends including every eligible child in every selected HH, as was
done in five reviewed articles(22,23,27–29). Moreover, because the
target population of VAS programmes is children aged 6–59
months, it is recommended that the whole age group be included
to both optimise resources and measure the percentage of chil-
dren 6–59 months of age who received an age-appropriate vita-
min A supplement in each semester(5).
Digital data collection is beneficial because it eliminates the

problem of illegible handwriting and can be directly linked, via

data transmission, to a central location for storage and analysis.
It also makes it easier to check the entries for mistakes and
correct them before the data are transmitted(9). For these
reasons, electronic tools, as used in only two reviewed
studies(28,30), are preferred over paper-based questionnaires,
where feasible. In certain contexts, in fact, digital data collec-
tion may not be feasible due to lack of electricity, internet con-
nection and capacity in addition to data security issues.
In all the articles included in the systematic review, the CHC

and parent recall were the main sources of information on the
number of vitamin A supplements received by the child. If no
home-based record of VAS was available, the next level of evi-
dence was a verbal history of VAS by parents. In immunisation
surveys, the validity of parental recall can be unreliable because of
the complexity of immunisation schedules(34). However, remem-
bering the number of vitamin A capsules received by the child is
more straightforward and can be facilitated by showing a sample
capsule to the parent, as was done in eleven studies(15–17,19–
22,24,27,30,31). For these reasons, it is acceptable to collect VAS
information by parental recall when CHC is not available.
According to WHO(8,9), to guarantee the quality of collected

data, it is necessary to provide interviewers with training and
supervision. They should be organised in teams of two com-
pleting one cluster of a maximum of 30 HH/day. One super-
visor should also be assigned to every two teams to monitor
the quality of their work. WHO also recommends that inter-
viewers be familiar with the clusters they are assigned and flu-
ent in the local language. In line with these recommendations,
most studies (n 14)(14–21,23–25,27,30,31) provided training and
supervision to locally recruited interviewers, who surveyed
an average of 29 HH/d.
Once data are collected, recommended quality actions(8,9)

include double data checking, entry and cleaning. These
actions were performed in the majority of reviewed studies
(n 12)(14–16,19–22,24,25,27,29,31).

Table 6. Planning and ethical considerations of studies included in the systematic review of methodologies to measure the coverage of vitamin A

supplementation (n 18)

Article

Number of

interviewers

Number of

supervisors

Study

length

Ethical approval

obtained

Parental verbal

informed

consent requested

Bharmal (2001), Pakistan(14) 72 7 NR No Yes

Masanja (2006), Tanzania(15) NR NR NR Yes Yes

Bendech (2007), Guinea(16) 30 10 NR Yes Yes

Ayoya (2007), Mali(17) NR NR NR NR NR

Sachdeva (2009), India(18) NR NR NR NR NR

Gebremedhin (2009), Ethiopia(19) 18 6 4 weeks Yes Yes

Hodges (2013), Sierra Leone(20) 10 NR 1 week Yes Yes

Nyhus (2013), Tanzania(21) 36 3 6 weeks Yes Yes

Olusegun (2013), Zambia(22) NR NR NR No Yes

Hamadoun (2013), Mali(23) NR NR 2 weeks Yes Yes

Clohossey (2014), Kenya(24) 15 5 4 weeks No Yes

Sesay (2015), Sierra Leone(25) 53 13 5 d NR NR

Harsh (2015), India(26) NR NR 8 weeks Yes Yes

Ouédraogo (2016), Burkina Faso(27) 26 13 11 months Yes Yes

Doris (2016), Ghana(28) NR NR NR Yes Yes

Adamu (2016), Nigeria(29) NR NR NR Yes Yes

Koroma (2020), Sierra Leone(30) 38 3 2 weeks Yes Yes

Kassa (2020), Ethiopia(31) NR NR 1 month Yes Yes

NR, not reported.
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Subsequently, under the multistage cluster sampling
approach with PPS, data analysis must be weighted because
sampling probabilities differ for different respondents. To
derive a correct coverage estimate, sample weights need to
be applied to each cluster to account for differences in popu-
lation size and for non-response(8,9). Overall, only four stud-
ies(16,20,24,30) calculated weights for analysis to account for
differences in population size within the sampled clusters,
and another three studies(15,21,22) adjusted VAS coverage esti-
mates for non-response rate. On the other hand, the majority
of studies (n 11)(15,17,19,21–23,25,28–31) reported a 95 % CI of
estimated VAS coverage, as recommended by WHO(8,9),
including the CLQAS(30) which design is not meant to meas-
ure the point of coverage estimates, but to identify whether an
area (lot) has achieved a minimum level of coverage(32).
Although the main outcome of CLQAS is a binary classifica-
tion of areas (lots) in accepted/rejected, without providing a
point of coverage estimate, lot data can be aggregated accord-
ing to a stratified weighted design to estimate coverage in the
area. The main advantage of CLQAS is the small sample size
required to classify lots with regard to coverage levels, but des-
pite such advantage, the only reviewed CLQAS(30) selected
855 units, no more no less of the CCSs. Moreover, WHO dis-
courages the use of this design to measure the point of cover-
age estimates, as it is not specifically conceived for this goal
and uses a priori defined decision rules to classify coverage
which contrast with the objective of coverage estimation(9).
Because implementing a coverage survey is resource-intensive,

efforts should be made to improve efficiency by measuring
annual two-dose VAS coverage, presenting data by the age
group (i.e. 6–11 and 12–59 months) and by the collection
method. To do this, the survey should be performed during
the December–February period, as done by two of the
reviewed studies(23,28).
Following-up with children to assess if they receive their

second dose, as done in the LCS(29), may introduce selection
biases (e.g. by not considering population movement, includ-
ing newly arrived children and children who age in or out of
the eligible age range between the first and second dose).
WHO underlines that an important sampling challenge is
ensuring that no populations are missed, especially those
that are difficult to reach(32).
In accordance with ethical standards(35), most studies

(n 15)(14–16,19–24,26–31) were conducted in accordance with
national policies on ethics for surveys involving human sub-
jects, including obtaining verbal informed consent, which is
widely accepted by Institutional Review Boards for a standard
coverage survey without biological sample collection(9).
It is a limitation of this systematic review that six stud-

ies(14,16,18,20,24,27) did not provide information on sample size
calculation procedures. Moreover, only five articles(19,21,25,29,30)

were classified as being of high quality.
The review is also limited by the small number of studies

focusing on the measurement of routine VAS coverage
(n 8)(15,16,18,19,22,26,30,31) and, in particular, two-dose routine
VAS coverage (n 4)(23,27–29).
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lack of peer-reviewed publications itself demonstrates the need
to strengthen methods for measuring the administrative cover-
age of VAS delivered through routine health services.

Conclusion and recommendations

In the current transition process towards routine health system
contacts as the main VAS delivery platform and administrative

electronic-based data collection systems, improving routine
data quality is the best way to ensure stronger service delivery
and monitoring of VAS programmes, as these data provide the
most sustainable method for coverage estimation.
However, most VAS priority countries are in the early stages

of this process and do not yet have the ability and full capacity
to measure routine two-dose VAS coverage(4).
Based on the results of this systematic review, these coun-

tries can adopt multistage CCS to measure VAS coverage,
using the recommendations included in Table 8.
Consistent with WHO guidance(9), the methodological

recommendations provided will enable and support countries
to collect reliable data for VAS coverage measurement (either
after a vitamin A event distribution or via routine health con-
tacts) in order to plan, monitor and evaluate VAS programmes
in the current transition period and beyond.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/jns.2021.65.
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