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ABSTRACT

Objective: This review critically compares existing and emerging methods used to assess childhood vaccination
coverage in developing countries to determine their strengths, weaknesses, accuracy, efficiency, inherent biases, and
suitability based on their unique challenges.

Results: The methodologies reviewed included administrative data, household surveys (Demographic Health
Surveys (DHS), Multiple Indicator Cluster Surveys (MICS) and Lot Quality Assurance Sampling (LQAS), school-
based assessments, and serosurveys. Administrative data often suffers from inaccuracies and data manipulation
tendencies. Household surveys, especially DHS and MICS, offer detailed insights but are resource-intensive and
require specialized expertise. School-based assessments, while easy to implement, face generalizability constraints.
Serosurveys are resource-intensive but uniquely gauge effective vaccination coverage through immunity profiling. A
novel approach such as LQAS emerges as a rapid and suitable method for resource-limited settings. MICS Plus is
also a recent innovative extension that effectively assesses seasonality effects.

Conclusion: This review serves as an updated guide with novel developments for policymakers, health
professionals, and program implementers to make informed decisions on vaccination coverage assessment.
Combining methods like LQAS with household surveys and following them with the MICS Plus model can yield
optimal results for developing countries.
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INTRODUCTION

infrastructural ~ deficits to civil unrest position
populations at risk from diseases such as measles®*.

Vaccination stands as a monumental achievement in the
history of medicine, safeguarding millions of children
from infectious diseases annually since the innovative
work of Edward Jenner in late 18" century*?. Its
benefits extend beyond just individual protection and
encompass social and economic developments®®.
Generally, the global childhood vaccination average
masks significant disparities at the micro-level. High-
income countries often report coverage rates exceeding
90%, while nations in regions like sub-Saharan
Africa and Asia struggle with barriers ranging from
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Therefore, cost-effective, reliable, accurate and periodic
assessment of childhood vaccination coverage becomes
imperative, particularly in developing countries, where
the trends exhibit pronounced fluctuations. To this end,
several methodologies have been developed i.e,
administrative data, household-based surveys, school-
based screenings, and others®. Yet, as methodologies
proliferate, so do challenges in their application; i.e.,
lack of accuracy and reliability, overestimations, and
underestimations. Overall, these challenges have
created an ambiguity around methodologies.

This review addresses this gap and compares the
various methodologies available for evaluating
vaccination coverage, weighing their strengths and
weaknesses, and considering their suitability in
different contexts. We aim to provide policymakers and
stakeholders, especially those in developing countries,
with insights to aid in selecting suitable assessment
methods based on the available resources and aims,
thereby ensuring that all children gain the benefits of
immunization.
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RESULTS

Administrative Data: Administrative data reports are
widely cost-effective implemented methods of data
presentation about the records of vaccine doses, both
received and administered®*®, These data are
predominantly managed using electronic health
information systems or, in some instances, manually
through booklets and registers’®*?. They undergo
collection, compilation, and conversion into a
structured format across various tiers, from private
health facilities to broader provincial levels, to ascertain
an overall vaccination coverage estimate™®. However, it
comes at the cost of coverage bias due to the
misrepresentation of selective populations. The
introduction of digital data recording systems augments

its efficiency, enabling near real-time monitoring,
which is indispensable for quick decision-making?.
Household Surveys

Demographic Health Surveys (DHSs): DHS is a
cornerstone variant of household survey established in
the 1980s, which offers extensive data on population,
health and nutrition through nationally representative
data™?®. These surveys are carried out primarily for
impact evaluation of health interventions. Customizable
questionnaires are used to capture a wide range of
indicators, from fertility to health themes. Due to its
robust methodology, DHS is structured to ensure
comparability across countries and over time, making it
a valuable resource for trend analyses™™".

Table No.1: Strengths, weaknesses and minimum required sample size of each methodology

No. | Methodology Sample size Strengths Weaknesses
(minimum
required)
1 Administrative At least 50,000 | a) Cost-effective a) Inaccurate denominators
data (Routine population per b) Large sample size b) Excluded private sector
reports/electronic | district c¢) Easy to monitor and track coverage, missed c) Data manipulation
registry opportunities, and dropout rates d) Transcription errors
databases) d) Reminders Electronic registry:
e) Real-time data f) Highly trained human resource
g) Duplicate records
h) Difficult to track migrants
2 Demographic 15,000 a) Includes vaccinations from outside formal system | a) Exclusion of populations i.e.,
Health Surveys | households b) Other indicators are also assessed nomads
(DHS) (Rural: 3040 ¢) Two-stage sampling with high response rates b) Measurement error due to the
women >90% conflation of answers
Urban: 20-25 d) Quality trainings (4 weeks)
women per e) National coverage estimates
cluster) f) Comparable dataset through STATcompiler
3 Multiple 10,000 a) High-quality and comparable microdata a) MICS data may require 2 years for
Indicator households b) Other indicators taken into consideration presentation; on average, 12-13 months
Cluster Surveys | (15-30 HHs c) Both men and women are interviewed for the first draft of the report
(MICS) per cluster) d) High response rate
e) Two-stage sampling
) Changes in residency factor
g) High-quality training (3 weeks)
h) MICS Plus is a strong sub-variant
4 Lot Quality 95 at the a) Require small sample size a) Confidence intervals for individual
Assurance district level b) Works identically to stratified sampling districts are not especially informative
Sampling (19/SA) c) Highly cost- and time-effective b) Requires additional statistical
(LQAS) d) Rapid testing methodology methods to convert the results to be
€) Does not require advanced statistical trainings generalizable
f) Classifies results into well-performing and poorly
performing units
5 School-based Not specific a) Can capture a large proportion of children who a) May miss children not enrolled in
assessments are usually missed in households school/home-schooled/unenrolled
b) Easy access b) Limited information as age-
¢) Identify areas of missed or poor coverage appropriate vaccination data may be
d) High enrolment allows for effective assessment missed
¢) Only children within specific age
groups can be assessed
d) Robust school infrastructure is
required
6 Serological 177-1000 a) Direct measure of immunity a) Costly and logistically challenging
surveys b) Assess effective coverage b) Vaccination could be from natural
infection
c) Underestimation due to waning
immunity
d) Non-participation and ethical issues
e) Poor sensitivity scores
f) Require highly skilled human
resources
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Table No.2: Biases, Accuracy and Classification strengths
Characteristics Precision and classification strength
No. | Methodology Bias Accuracy Feasibility Represen- National Provincial District
and tativeness
validity
1 Administrative Coverage bias Weak Easy Yes Yes No No
Data
2 DHS a) Selection bias Strong Difficult Yes Yes Yes Yes
3 MICS b) Sampling bias Strong Difficult Yes Yes Yes Yes
c) Recall bias
4 LQAS Interpretation bias Weak Easy Yes No Conditionall | Yes
y
5 School-based Cognitive bias Weak Easy No No No Yes
Assessments
6 Serological Information bias Strong Difficult Yes No Yes Yes
Surveys
Table No.3: Waning immunity profile
Vaccine type Duration
BCG* (single dose) 10-60 years
Hepatitis BO (single dose) 11-15 years

OPV (after 0, 1, 2, 3 doses)

> 5-10 years (within > 80% of the vaccinated cohort)

Pentavalent (after 1, 2, 3 doses)

18 months (based on only 1 study)

PCV™ (after 1, 2, 3 doses) 3-5 years

Rota (after 2 doses) Several years (exact details are not known)

IPV (after 2 doses) > 18 years

MMR™ (after 2 doses) Lifelong protection against measles and rubella; protection against mumps starts to

decline in later life

TCV™ (single dose)

27 years (under study)

Td™ (after 5 doses) None at 1% dose, 3 years at 2™ dose, 5 years at 3" dose, 10 years at 4™ dose, lifetime
at 5™ dose
Influenza vaccine 90 days

"1 BCG: Bacille Calmette-Guerin
" MR: Measles-Rubella
" Td: Tetanus diphtheria

"2 PCV: Pneumococcal conjugate vaccine
" TCV: Typhoid conjugate vaccine

The core of the DHS methodology involves conducting
face-to-face interviews with women (typically aged 15—
49 years) and, in some surveys, men (often aged 15-59
years) in sampled households. The sampling process
employs a two-stage stratified sampling design: the first
stage involves selecting clusters (usually enumeration
areas) from a master sampling frame, and the second
stage involves the systematic sampling of households
within these clusters'®Y’. Additionally, DHS often
incorporates biomarker data, such as anthropometric
measurements, Human Immunodeficiency Virus (HIV)
testing and anaemia testing, providing a more holistic
health profile. The strengths and weaknesses of the
DHS methodology are summarized in table 1. This
popular methodology has been adopted in more than 90
low- to middle-income countries®’.

Multiple Indicators Cluster Surveys (MICS):
Another popular survey method is MICS, which
provides high-quality comparable microdata on a wide
range of areas such as nutrition, fertility, mortality,
contraceptive use, unmet need, maternal and newborn
health, female genital mutilation, menstrual hygiene
management, child illness and treatment, and child
development™®. Men aged 15-49 years are interviewed
individually, while women are data sources for
themselves and children under the age of 18 residing
within the same house'®. This type of survey is
conducted to monitor the trends of progress on the

SDGs and has been implemented in around 116
countries®,

MICS Plus: MICS Plus is an innovative sub-variant of
MICS that capitalizes on the use of mobile phones for
data collection on specific indicators from a subset of
households surveyed in the primary MICS™. In this
sub-variant, data collection via telephonic interviews
continues for 12 months, with intervals of 1-2 months.
Information is gathered from one well-informed adult
in each sampled household. The primary emphasis of
MICS Plus is on indicators like education, nutrition,
health and child protection that might be influenced by
seasonality™®.

Lot Quality Assurance Sampling: Originally
developed in 1920s for the industrial quality checks,
Lot Quality Assurance Sampling (LQAS), is a distinct
approach with the potential to accommodate random
and clustered sampling techniques with smaller sample
sizes®®?. Instead, it categorizes administrative and
geographical areas into priority zones based on
predetermined targets for specific indicators. LQAS is
preferred over many other sampling techniques due to
its efficiency and reduced logistical needs®.
Supervision Areas (SAs) are first identified and then
sampled, with a minimum requirement of 19 per SA.
The SAs are then assessed based on the predefined
decision rule, and thresholds (upper and lower) are
decided. Interestingly, the introduction of the direct
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adjustment method has overcome the limitation of
generalizability in LQAS but still lacks the
identification of missed opportunities for simultaneous
vaccinations (MOSV)%.

School-based Assessment: Schools are also considered
potential sites for the assessment of childhood
vaccination coverage through school-based nurses or
nominated staff*?*. This methodology not only helps in
identifying pockets of under-vaccinated students,
enabling schools and health departments to proactively
address potential outbreaks, but also leverages the high
enrolment rates in schools to ensure widespread vaccine
delivery®®?. The scope of these assessments is though
geographically limited as they capture data mainly from
children attending schools above the recommended age
of vaccinations and potentially miss out on home-
schooled or unenrolled children®’.

Serosurveys: Seroprevalence studies are one of the
most technical approaches in providing estimates of
population-level  immunity using  cross-sectional
designs for antibody detection”®. These studies may
involve serum collection through blood samples, clotted
blood spot sampling or oral fluids®. Many developing
countries have been using this methodology for
measuring effective vaccination coverages rather than
crude coverages®®. Crude vaccination coverage
measures the number of children vaccinated, while
effective vaccination coverage refers to the level of
immunity that is generated in response to vaccination.
Serology can also be used to assess the impact of
vaccination on disease burden and progress towards the
elimination of a set vaccine-preventable disease.
Besides the tendency of misclassification error, the
issues of low sensitivity associated with oral fluid
sampling may further underestimate coverage rates
t0010,29-

Overall Comparison and Novelty of Methodologies:
Our review compared the strengths, weaknesses, and
some recent modifications of several popular
methodologies which have been implemented over the
years for the evaluation of childhood vaccination
coverage. Our literature search suggested that
administrative data offer a macro-level perspective®,
whereas household surveys, like DHS and MICS,
provide micro-level insights by directly interacting with
households®. Remarkably, innovative sub-variants like
MICS Plus have emerged, capitalizing on mobile
technology to enable continuous and adaptive data
collection over extended periods, especially for
indicators which are prone to change due to
seasonality™®. Our detailed search revealed that LQAS,
with its unique sampling approach, is a modified
approach which offers a rapid means to assess and
categorize geographical areas based on vaccination
targets”’. This detailed review also highlighted that
school-based assessments are limited in scope but
utilize educational infrastructure for vaccination

monitoring®, while serosurveys capitalize on their
ability to assess the actual immunity levels in
populations following vaccination?. Table 1 provides
an overview of the comparison. Table 2 illustrates
biases and feasibility, with representation at different
levels.

Comparison of Accuracy and Reliability: While
administrative data offer a vast coverage scale, their
accuracy and reliability can be compromised due to an
easy approach to data manipulation, incomplete
records, over-reporting, and under-registration of the
target population®. On the other hand, household
surveys like DHS and MICS are comprehensive but can
also be influenced by biases such as parental recall,
respondent desirability bias, and vaccine card
availability which lower the overall accuracy of the
surveys. MICS has though strived to improve its
methodology especially to address the response rate for
increasing accuracy. The missing of certain population
groups also undermines the reliability of both survey
designs®2.  Whereas LQAS is  effective  at
classifying areas, it does not estimate population sizes,
which may limit its use for large-scale insights®.
Interestingly, its reproducibility also depends on the
robust use of Bayesian or Hypergeometric distribution
for assertive sample size calculations Operating and
Risk Curves®. The subvariant MICS Plus might face
skewed data challenges related to non-response bias
and its reliability alters with the magnitude of potential
recall bias. Similarly, school-based assessments are also
prone to selection bias as they may not be
representative of all children, especially those not
attending school?. Finally, accuracy in serosurveys is
affected due to biases from false positive/negative test
results along with waning immunity (table 3)*° and its
reliability thus sticks to the area of misclassification
range®.

Comparison of Sampling Techniques and Ease of
Data Collection: Traditional sampling is not typically
employed in administrative data assessments, which
aim to capture entire populations from healthcare
facilities™ and hence data is always readily available.
However, household surveys like DHS and MICS work
on sampling approaches, such as stratified multistage
cluster sampling, making them universally comparable
within the sample size of 10,000 — 15,000*. MICS
differs from DHS in that its foundation rests on census
data as the first sampling frame while DHS operates
based on enumerating areas. MICS Plus usually relies
on the subset random sampling of the primary MICS
dataset. Remarkably, LQAS operates via a distinct
random sampling methodology predetermined by upper
and lower thresholds®. It also tends to introduce
interpretation bias if the null hypothesis is not properly
framed according to Bayesian or Hypergeometric
distribution by keeping a and B errors within limits®™®,
This interpretation bias can be addressed through the
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implementation of objective decision rules*. In
contrast, school-based assessments inherently bias their
sampling towards school-attending children only and
are mostly easy to conduct. Of all the approaches,
serosurveys are though highly resource-draining but
often utilize the simplest method of cross-sectional
sampling to provide a snapshot of immunity levels
within a given population at a particular time.

CONCLUSION

Assessing childhood vaccination coverage is complex
as each methodology presents unique advantages and
limitations. Administrative data offer broad, cost-
effective insights but can face data integrity issues.
Household surveys, such as DHS and MICS, provide
detailed insights, with innovations like MICS Plus
harnessing digital technology for real-time data
collection. An industrial quality control methodology,
LQAS, enables rapid regional assessments, while
school-based methods leverage educational
infrastructure but may have limited scope. Serosurveys
stand out in terms of technical rigor, emphasizing
effective vaccination coverage, although these are not
spared from challenges linked to biological sampling.
Thus, the integration of LQAS with household surveys,
particularly when extended with the MICS Plus model,
can furnish comprehensive and timely data, proving
especially  beneficial for developing countries.
Furthermore, school-based assessments can effectively
bridge data disparities in regions with robust
educational infrastructure if harmonized with other
methodologies such as serosurveys. Thus, this review
offers a contemporary guide for policymakers, health
professionals, and program implementers to adopt
flexible approaches in the future.
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