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Subnational inequalities in diphtheria—tetanus—pertussis

immunization in 24 countries in the African Region
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Objective To analyse subnational inequality in diphtheria—tetanus—pertussis (DTP) immunization dropout in 24 African countries using
administrative data on receipt of the first and third vaccine doses (DTP1 and DTP3, respectively) collected by the Joint Reporting Process
of the World Health Organization and the United Nations Children’s Fund.

Methods Districts in each country were grouped into quintiles according to the proportion of children who dropped out between DTP1
and DTP3 (i.e. the dropout rate). We used six summary measures to quantify inequalities in dropout rates between districts and compared
rates with national dropout rates and DTP1 and DTP3 immunization coverage.

Findings The median dropout rate across countries was 2.4% in quintiles with the lowest rate and 14.6% in quintiles with the highest
rate. In eight countries, the difference between the highest and lowest quintiles was 14.9 percentage points or more. In most countries,
underperforming districts in the quintile with the highest rate tended to lag disproportionately behind the others. This divergence was not
evident from looking only at national dropout rates. Countries with the largest inequalities in absolute subnational dropout rate tended to
have lower estimated national DTP1 and DTP3 immunization coverage.

Conclusion There were marked inequalities in DTP immunization dropout rates between districts in most countries studied. Monitoring
dropout at the subnational level could help guide immunization interventions that address inequalities in underserved areas, thereby
improving overall DTP3 coverage. The quality of administrative data should be improved to ensure accurate and timely assessment of
geographical inequalities in immunization.

Abstracts in S5 H13Z, Frangais, Pycckuii and Espafiol at the end of each article.

Introduction

Routine childhood immunization reduces morbidity and
mortality and is associated with a wide host of benefits for
child development, health and the economy. Moreover,
universal immunization is the focus of major global health
and development initiatives, including the Global Vaccine
Action Plan and the Immunization Agenda 2030 endorsed
by the World Health Assembly in 2020."* Universal immu-
nization is also implicit in the third sustainable develop-
ment goal,” which is to ensure healthy lives and promote
well-being for all at all ages. In practice, coverage with three
doses of the combined diphtheria, tetanus and pertussis
(DTP) vaccine is commonly used as a performance indicator
for routine vaccine delivery because it is included in the
Expanded Programme on Immunization in all countries
and it involves several doses.” In addition, the proportion
of children immunized with the first DTP vaccine dose
(DTP1) who failed to get the third dose (DTP3), hereafter
referred to as the DTP1-DTP3 dropout rate, provides an
indication of: (i) the immunization system’s potential to
reach all children and retain them within a basic vaccina-
tion series; (ii) service utilization and quality; and (iii) the
minimum level of continuity of care achievable. The drop-
out rate is effectively the proportion of children who did
not finish the vaccination course.

National estimates of routine immunization cover-
age can conceal large inequalities in coverage or access to

vaccines within a country.”"! Consequently, geographical
monitoring of immunization coverage was emphasized in
the Global Vaccine Action Plan, which specified a target of
80% DTP3 coverage for each district in addition to attain-
ing 90% coverage nationally.'* Similarly, the Immunization
Agenda 2030 set the ambitious equity goal of ensuring,
“everyone is protected by full immunization, regardless
of location, age, socioeconomic status or gender-related
barriers.”""’ Although demographic, socioeconomic and
cultural factors have all been reported to influence im-
munization coverage in African countries,'*""” monitor-
ing subnational inequalities has practical advantages.'
First, location-specific strategies for improvement can be
developed. Second, benchmarks can be established from
multicountry comparisons.'’

Data sources, data quality and data analysis are impor-
tant considerations in assessing immunization coverage
at the subnational level."” Administrative data (i.e. data
routinely collected by health-care systems) are well suited
for monitoring immunization coverage at the district level
because they often include timely information about all
vaccines administered and data can be collected cost-
effectively. However, the availability and accuracy of the
data depend on the reliability of the underlying reporting
system.?*?! In addition, the value of the denominator (i.e.
the target population size) for coverage estimates must be
accurate.” Another technical consideration for multicoun-
try comparisons of district-level inequality is that countries
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Fig. 1. Country selection, analysis of subnational inequality in diphtheria—tetanus—
pertussis immunization dropout rate, African Region, 2018

45 countries that shared district-level data
with WHO and UNICEF on coverage of the first
and third DTP vaccine doses were assessed

10 countries excluded because more than 15% of
districts had a negative dropout rate®

> 11 countries excluded because they had
<15 districts

\/

24 countries included in the analysis

DTP: diphtheria, tetanus and pertussis; UNICEF: United Nations Children’s Fund; WHO: World Health

Organization.

¢ The dropout rate was negative if reported coverage of the first vaccine dose was less than coverage of
the third dose. The DTP1-DTP3 dropout rate was defined as the proportion of children immunized with
the first diphtheria, tetanus and pertussis vaccine dose (DTP1) who failed to get the third dose (DTP3).
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do not all have the same number of
comparison groups (e.g. districts) and
it is, therefore, difficult to accurately
compare levels of inequality - this is a
so-called resolution issue.'®*

The aim of this study was to calcu-
late the DTP1-DTP3 dropout rate in
each district in 24 countries in the Af-
rican Region, from the reported num-
ber of DTP1 and DTP3 vaccine doses
administered. The method we used ad-
dresses the resolution issue by grouping
districts in a country into quintiles and
circumvents the problem of estimating
the population denominator because
the dropout rate is based on the number
of vaccine doses administered. Conse-
quently, our estimates are more likely
to be accurate. However, immunization

Table 1. Country characteristics, analysis of subnational inequality in diphtheria—tetanus—pertussis immunization dropout rate,®

African Region, 2018"
Country No. districts with District population, No. districts included in No. districts excluded
DTP immunization median (IQR) analysis (% of districts from analysis (% of
data reported* with data reported) districts with data
reported)*
Angola 170 3185 (1338-6447) 153 (90) 17 (10)
Benin 77 3920 (2 934-4917) 72 (94) 5(6)
Botswana 24 1946 (1 108-3 232) 22 (92) 2(8)
Burkina Faso 70 10012 (7 765-14492) 64 (91) 6(9)
Burundi 46 8123 (6736-9611) 46 (100) 0(0)
Cameroon 189 3444 (1 679-6 153) 175 (93) 14(7)
Central African Republic 35 4170 (3 286-5 392) 33 (94) 2 (6)
Chad 117 4966( -7 931) 115 (98) 2(2)
Cote d'lvoire 83 (5 731-14293) 71 (86) 12 (14)
Democratic Republic of the 519 66 (4 640-9 040) 507 (98) 12(2)
Congo
Ethiopia 852 3152 (1 739-4 680) 782(92) 70 (8)
Guinea 38 10815 (6 632-13316) 38 (100) 0(0)
Kenya 47 32241 (18481-41426) 42 (89) 5(11)
Madagascar 114 7061 (4945-10057) 107 (94) 7 (6)
Malawi 28 21437 (12381-32741) 26 (93) 2(7)
Mali 75 10232 (4 445-14144) 74 (99) 1(1)
Mauritania 55 2 376( 147-3 524) 50 (91) 5(9)
Mozambique 161 0(2868-8017) 141 (88) 20(12)
Niger 72 1077 (5293-18801) 71(99) 1(1)
Nigeria 772 8448 (6 490-11431) 745 (97) 27 (3)
South Sudan 78 4930 (3019-7 766) 70 (90) 8(10)
Togo 41 6 073 (3 934-9 446) 36 (88) 5(12)
Uganda 122 10883 (7 895-16073) 108 (89) 14(11)
Zimbabwe 63 5204 (3 566-9 405) 56 (89) 7(11)

DTP: diphtheria, tetanus and pertussis; IQR: interquartile range.

2 Children were defined as dropping out of diphtheria—tetanus—pertussis immunization if they received the first vaccine dose but not the third.
® Administrative data for 2018 on coverage of the first and third diphtheria, tetanus and pertussis vaccine doses in districts were collected through the Joint Reporting

Process of the World Health Organization and the United Nations Children’s Fund.”*

¢ The number of districts for which data were reported by a country may not equal the total number of districts in the country.
4 Districts were excluded from the analysis if more third than first vaccine doses were reported, which indicates possible data quality issues.
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dropout excludes children who did not
receive any vaccine doses.

Methods

We collected administrative data from
2018 on subnational coverage of DTP1
and DTP3 in districts in countries from
the African Region through the Joint
Reporting Process of the World Health
Organization (WHO) and the United
Nations Children’s Fund (UNICEF).*
Data on national coverage were based
on WHO/UNICEF national immuni-
zation coverage estimates for 2018,”
which use reported administrative
data as well as data from surveys,
publications and the grey literature.”
National DTP1-DTP3 dropout rates
were derived from country-reported
administrative data on immunization
coverage.
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In our analysis, we express the
DTP1-DTP3 dropout rate as a per-
centage, which was calculated as the
difference between the number of third
and first doses administered divided by
the number of first doses x 100. If the
DTP1-DTP3 dropout rate was negative
(which indicates that more third than
first doses were reported and that there
were possible data quality issues) in a
particular district, that district was ex-
cluded from the analysis. Of 45 African
countries for which district data were
available on DTP1 and DTP3, 10 were
excluded because more than 15% of dis-
tricts had a negative dropout rate and,
consequently, the remaining districts
may not have accurately represented
inequality in the country. A further 11
countries were excluded because they
had fewer than 15 districts - 15 was the
minimum required to evaluate subna-

tional inequality as districts had to be
divided into five quintiles each contain-
ing at least three districts. The cut-off
threshold for the percentage of districts
with a negative dropout rate (i.e. 10, 15
or 20%) was determined using a sensi-
tivity analysis that took into account its
effect: (i) on the number of countries
finally included in the study (the larger
the number, the more generalizable the
results); and (ii) on median dropout
rates across the countries included (the
only aggregate figures in the analysis).
Details of the results of the sensitivity
analysis are available from the data
repository.” Fig. 1 shows the selection
of study countries and Table 1 provides
details of the 24 countries included in
the analysis.

For each country, districts were
divided into quintiles according to
their DTP1-DTP3 dropout rate. This

Table 2. Summary measures of inequality in diphtheria—tetanus—pertussis immunization dropout rate

Summary Measure type Description®® Formula Interpretation
measure
Absolute Simple measure  The difference between the indicator value A high absolute value indicates a
difference of absolute for quintile 1 (ymgh)/ with the highest dropout Y, —y high level of inequality (range: 0 to
inequality rate, and the value for quintile 5 (y, ), with g Y 100 percentage points)
the lowest dropout rate
Relative Simple measure  The difference between the indicator value The relative difference is zero if
difference of relative for quintile 1 (ymh)/ with the highest dropout Vrigh = Yiow there is no difference between the
inequality rate, and the value for quintile 5 (y,,), with — highest and lowest quintiles and it
the lowest dropout rate, divided by the value Y high is one when the difference is at its
for quintile 1 (ymh) maximum (range: 0 to 1)
Weighted Complex The weighted average of the difference The mean difference from the
mean measure of between the indicator value for quintile j (v), Z | _ | mean is zero if there is no inequality
difference absolute and the national average (u), Differences are . pilyi—H between quintiles; larger values
from the inequality weighted by each quintile’s share of the total ! indicate higher levels of inequality
mean population ).
Weighted Complex The weighted average of the difference The index of disparity is zero if there
index of measure between the indicator value for quintile j (v) Z P, |y, —.U| is no inequality between quintiles;
disparity of relative and the national average (u) divided by the — =1 larger values indicate higher levels of
inequality national average (1) and multiplied by 100. : x100  inequality
Differences are weighted by each quintile’s u
share of the total population )
Population Complex The difference between the indicator value The larger the population
attributable  measure of for the reference quintile with the best attributable risk, the higher the level
risk absolute performance for the indicator (y,) and the y . —u of inequality between quintiles; the
inequality national average (u) ref gopuflati(;n attributable risk is zgro
if no further improvement can be
achieved
Population Complex The population attributable risk divided by The larger the population
attributable  measure the national average (1) and multiplied by attributable fraction, the higher the
fraction pf relatiye 100 Vo —H level of inequality lbetwegn quintiles;
inequality ———x100 when the population attributable
u fraction is zero, there is no difference

between the national average and
the best-performing quintile

@ The dropout rate was defined as the proportion of children immunized with the first diphtheria, tetanus and pertussis vaccine dose (DTP1) who failed to get the
third dose (DTP3).
® For each country, districts were divided into quintiles according to dropout rate.
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approach makes it possible: (i) to assess
within-country inequalities; and (ii) to
compare and benchmark inequalities
between countries, without the results
being biased by outliers or by changes
in the number of districts in a coun-
try within a given year.’® Quintile 5
contains the 20% of districts with the
lowest dropout rates and quintile 1
contains the 20% with the highest rates.
The dropout rate for each quintile was
calculated by averaging the dropout
rates of the districts included, weighted
by the denominator (i.e. the number of
first doses) for the district. Details of
the number of first and third vaccine
doses administered and the dropout
rate in each quintile for the 24 study
countries are available from the data
repository.”

Six summary measures of inequal-
ity in dropout rates between districts
were calculated: (i) the absolute dif-
ference; (ii) the relative difference;
(iii) the weighted mean difference
from the mean; (iv) the weighted
index of disparity; (v) the population
attributable risk; and (vi) the popula-
tion attributable fraction.”’-*! Details of
their calculation are shown in Table 2.
Absolute and relative differences are
simple measures of inequality that
express differences between the high-
est and lowest district quintiles within
each country. Complex measures of
inequality (i.e. the weighted mean dif-
ference from the mean and its relative
version, the weighted index of dispar-
ity) were also calculated to indicate the
magnitude of the difference between
each district quintile and the national

Katherine Kirkby et al.

average — these measures consider the
population size in each quintile. For
ease of interpretation, only the simple
measures of inequality are reported in
the results when they showed similar
patterns to complex measures.

In addition, the population attrib-
utable risk and its relative version, the
population attributable fraction, were
calculated to quantify the improvement
in national dropout rates that could
be achieved if subnational inequality
were reduced or eliminated within a
country; that is, respectively, (i) if the
dropout rate in the quintiles with a rate
greater than the national average be-
came equal to the national average; or
(ii) if the national average equalled the
dropout rate in quintile 5. The impact
on national DTP3 coverage of reducing
or eliminating subnational inequality

Fig. 2. Diphtheria—tetanus—pertussisimmunization dropout rate, by country and district, African Region, 2018
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DTP1: first dose of diphtheria, tetanus and pertussis vaccine; DTP3: third dose of diphtheria, tetanus and pertussis vaccine.

Notes: The DTP1-DTP3 dropout rate was defined as the proportion of children immunized with the first diphtheria, tetanus and pertussis vaccine dose (DTP1)
who failed to get the third dose (DTP3). District dropout rates for 2018 in each country were derived from data on vaccine coverage collected through the Joint
Reporting Process of the World Health Organization and the United Nations Children’s Fund. The blue dots indicate average national DTP1-DTP3 dropout rates.
Each box plot displays the distribution of the reported DTP1-DTP3 dropout rates among districts in each country: (i) the centre line indicates the median; (ii) the
box represents the interquartile range (i.e. the middle 50% of values); (iii) the whiskers cover 1.5 times the interquartile range (i.e. all data points within 1.5 times
the width of the adjoining box); and (iv) the grey dots indicate districts that are outliers beyond 1.5 times the interquartile range. The cut-off value of 10% dropout

rate is commonly used.
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was estimated using administrative
data on DTP1 and DTP3 coverage
collected through the WHO/UNICEF
Joint Reporting Process rather than
WHO/UNICEF national immuniza-
tion coverage estimates, which could
have yielded erroneous results for some
countries because different data sources
would have been used for subnational
and national rates.

Results

According to WHO/UNICEF national
immunization coverage estimates for
2018, national DTP1 coverage across
the 24 countries ranged from 55% in
Chad to 98% in Botswana (median:
88%; 95% confidence interval, CI: 82—
94) and national DTP3 coverage ranged
from 41% in Chad to 95% in Botswana
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(median: 80%; 95% CI: 72-88). The
national average DTP1-DTP3 dropout
rate derived from WHO/UNICEEF Joint
Reporting Process administrative data
ranged from 3.5% in Burkina Faso to
22.6% in South Sudan (median: 7.3%;
95% CI: 5.6-8.3). However, national
dropout rates mask considerable sub-
national variation (Fig. 2). For instance,
in Ethiopia the national average DTP1-
DTP3 dropout rate in 2018 was 7.3%,
but between the lowest and highest
districts the rates ranged from 0% to
57%. Of the 24 countries, six had a
national average dropout rate above
10% and, in 12, a quarter of districts
exceeded this threshold. Details of the
results for all summary measures are
shown in Table 3.

Across study countries, the median
dropout rate for quintile 5 was 2.4%

(95% CI: 1.7-3.7) compared with a
median of 14.6% (95% CI: 11.1-17.8)
for quintile 1. Five of the 24 countries
- Angola, the Central African Republic,
Mali, Mauritania and South Sudan -
had large subnational inequality (i.e.
the difference between quintiles 1 and
5 was 20 percentage points or more)
and the weighted mean difference from
the 10% threshold was more than 5
percentage points (Fig. 3). Subnational
inequality was also relatively high in
Cameroon, Chad and Ethiopia (i.e.
the difference between quintiles 1 and
5 was 14.9 to 18.3 percentage points),
but the weighted mean difference from
the 10% threshold was only 1.0 to 2.6
percentage points. In most countries,
there was a substantial gap in dropout
rate between quintile 1 and other quin-
tiles, which indicated that there was a

Table 3. Subnational inequality in diphtheria—tetanus—pertussis immunization dropout rate,” by summary measure, African Region,

2018
Country® Summary measure of subnational inequality in diphtheria—tetanus—pertussisimmunization dropout rate‘
Absolute Relative Weighted mean  Weighted index Population Population
difference, difference difference from of disparity, attributable attributable
% points the mean, % risk, fraction,
% points % points %

Angola 323 0.90 7.1 484 10.8 74.1
Benin 11.2 0.90 35 49.8 5.7 81.7
Botswana 10.8 0.72 2.5 22.1 7.1 62.8
Burkina Faso 6.9 0.92 2.1 55.2 33 85.2
Burundi 7.1 0.65 2.0 27.0 34 472
Cameroon 14.9 0.90 36 459 6.3 78.8
Central African Republic 29.8 0.70 5.7 254 94 420
Chad 17.7 0.79 45 41.1 6.4 584
Cote d'Ivoire 8.7 0.90 24 486 40 803
Democratic Republic of the 8.6 0.77 23 37.3 36 58.7
Congo

Ethiopia 18.3 091 48 62.1 6.0 77.1
Guinea 13.6 0.83 43 553 5.1 65.2
Kenya 9.8 0.88 2.2 484 3.1 70.6
Madagascar 12.5 0.88 34 56.9 44 72.6
Malawi 6.2 0.82 1.8 422 2.8 67.6
Mali 21.9 0.72 4.5 27.3 8.0 48.7
Mauritania 239 0.87 6.1 43.8 10.2 733
Mozambique 10.0 0.82 238 415 46 68.2
Niger 11.6 0.84 22 39.8 35 61.7
Nigeria 12.9 0.80 36 424 53 63.0
South Sudan 40.6 0.83 10.7 439 16.0 65.8
Togo 7.2 0.79 2.0 34.6 39 67.2
Uganda 13.3 0.84 3.8 452 58 69.3
Zimbabwe 84 0.83 2.1 333 4.6 734

¢ Children were defined as dropping out of diphtheria—tetanus—pertussis immunization if they received the first vaccine dose but not the third.

® Data on district dropout rates for 2018 in each country were derived from data on vaccine coverage collected through the Joint Reporting Process of the World
Health Organization and the United Nations Children’s Fund.
¢ Definitions of the summary measures and details of how they were calculated are shown in Table 2.
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group of underperforming districts that
lagged disproportionately behind the
rest in routine immunization dropout
rates. In 19 of the 24 countries, the
weighted average dropout rate in quin-
tile 1 was above 10%. Although dropout
rate estimates can be spuriously low in
districts with a small population, on
average the populations of districts in
quintile 1 were no smaller than those
of districts in other quintiles.

The absolute difference in dropout
rate between quintiles 1 and 5 in a coun-
try positively correlated with the nation-
al dropout rate, such that subnational
inequality tended to increase as the
national average dropout rate increased
(Fig. 4). Angola, the Central African
Republic, Mali, Mauritania and South

Sudan had the highest national dropout
rates among the study countries and the
largest differences between quintiles 1
and 5. In addition, Angola, the Central
African Republic and South Sudan had
low DTP3 coverage, according to WHO/
UNICEF national immunization cover-
age estimates (Fig. 4). Eight countries
had both lower absolute subnational
inequality (i.e. the difference between
quintiles 1 and 5 was less than 10 per-
centage points) and low national average
DTP1-DTP3 dropout rates (i.e. below 6
percentage points): Burkina Faso, Cote
d’Ivoire, the Democratic Republic of the
Congo, Kenya, Malawi, Mozambique,
Togo and Zimbabwe. These countries all
also had estimated DTP3 coverage rates
above 80% (Fig. 4).

Katherine Kirkby et al.

Although subnational inequality in
the dropout rate generally increased as
the national dropout rate increased, the
situation varied from country to coun-
try. For example, Burundi and Ethiopia
both had national dropout rates of 7.3%
but subnational inequality was over two
times higher in Ethiopia than Burundi:
the difference between quintiles 1 and
5 was 18.3 percentage points and 7.1
percentage points in the two coun-
tries, respectively. In other countries,
subnational inequality was similar
despite varying national averages. For
instance, in Botswana and Kenya, the
difference between quintiles 1 and 5
was 10.8 and 9.8 percentage points,
respectively, despite national average
dropout rates differing by more than

Fig. 3. Diphtheria—tetanus—pertussisimmunization dropout rate, by country and district quintile, African Region, 2018
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DTP1: first dose of diphtheria, tetanus and pertussis vaccine; DTP3: third dose of diphtheria, tetanus and pertussis vaccine; NA: not applicable.

Notes: The DTP1-DTP3 dropout rate was defined as the proportion of children immunized with the first diphtheria, tetanus and pertussis vaccine dose (DTP1)
who failed to get the third dose (DTP3). District dropout rates for 2018 in each country were derived from data on vaccine coverage collected through the Joint
Reporting Process of the World Health Organization and the United Nations Children’s Fund. Districts in each country were divided into quintiles according to their
DTP1-DTP3 dropout rate, with quintile 5 containing the 20% of districts with the lowest rates and quintile 1 containing the 20% with the highest rates. The dots
represent weighted average values for each quintile. The values for the weighted mean difference from 10% are not listed for Burkina Faso, Céte d'lvoire, Malawi or
Togo because no quintile in these countries had a dropout rate greater than 10%.
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a factor of two: 9.2% and 4.0% in the
two countries, respectively. Fig. 3 shows
that districts in quintile 1 in Kenya fell
substantially behind other districts,
whereas quintiles 2 to 5 were clustered
together around a relatively low average
dropout rate, which meant the national
average was low. On the other hand,
in Botswana average dropout rates in
the quintiles were distributed more
evenly and hence the national average
was higher.

Countries with the largest sub-
national inequalities in dropout rates
also tended to be among those with the
lowest DTP1 and DTP3 coverage, as
derived from WHO/UNICEF national
immunization coverage estimates
(Fig. 5), such as Angola, the Central
African Republic and South Sudan. In
these countries, low DTP1 coverage
combined with a high dropout rate re-
sulted in estimated DTP3 coverage rates

Research

Diphtheria—tetanus—pertussis immunization, Africa

below 60%. Despite this general trend,
the situation varied across countries,
reflecting differences in immunization
programmes. For example, whereas the
Central African Republic and Nigeria
both had relatively low DTP1 coverage
(69% and 70%, respectively), the abso-
lute difference in subnational dropout
rates between quintiles 1 and 5 was
twice as high in the Central African
Republic as in Nigeria: 29.8 and 12.9
percentage points, respectively.

Table 4 shows the potential im-
provements in national DTP1-DTP3
dropout rates that would be possible
if subnational inequality were reduced
or eliminated. In South Sudan, for in-
stance, if the dropout rate in quintiles
with a rate greater than the national
average (i.e. quintiles 1 to 3) became
equal to the national average, the
national average dropout rate would
decrease from 22.6 to 16.8%. More-

over, if the national average dropout
rate equalled the rate in quintile 5 (i.e.
8.4%), the national rate would decrease
by 14.2 percentage points. In all but
three countries, the 2018 national
dropout rate would be at least halved
if subnational inequality were elimi-
nated. Moreover, in six countries, the
national dropout rate could potentially
decrease by more than 70%: Benin,
Burkina Faso, Cameroon, Cote d’Ivoire,
Ethiopia and Madagascar. Across all 24
countries, DTP3 coverage could im-
prove by 2.3 to 10.3 percentage points if
there was no subnational inequality and
dropout rates in all quintiles equalled
the rate in quintile 5. For instance, in
South Sudan DTP3 coverage would in-
crease by 10.3 percentage points (from
56.2% currently to 66.5%) if there was
no subnational inequality.

Fig. 4. Subnational inequality in diphtheria—tetanus—pertussis inmunization dropout rate versus national dropout rate, by country,
African Region, 2018
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coverage rates were based on WHO/UNICEF national immunization coverage estimates.
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Discussion

Our findings illustrate that national
immunization dropout estimates can
mask subnational pockets of low vac-
cine coverage where children are at risk
of preventable disease and death. In
particular, we found that the quintile of
districts with the highest dropout rate
tended to lag disproportionately behind
the others and warranted extra targeted
attention. Reducing the dropout rate
in these districts would substantially
improve national average DTP3 cover-
age. In certain regions of the world, the
dropout rate goal has been set at 5% or
less to emphasize the importance of
completing vaccination series.”

An understanding of geographical
variations in the DTP1-DTP3 dropout
rate can help countries improve ac-
cess to, and the utilization of, child
health services, especially because the

children concerned have accessed im-
munization services at least once to
receive their first vaccine dose. More-
over, comparing subnational inequali-
ties in the DTP1-DTP3 dropout rate
with national DTP1 coverage provides
an insight into the performance of the
vaccine delivery system. For example,
countries with low DTP1 coverage and
relatively low subnational inequality
in DTP1-DTP3 dropout rates, such as
Benin and the Democratic Republic of
Congo (Fig. 5), stand to benefit most
from universal interventions aimed at
increasing access to routine immuni-
zation. In these scenarios, substantial
strengthening across the health system
is required as many children are not
even receiving the initial routine dose.
In contrast, in countries with higher
DTP1 coverage but marked subnational
inequalities in DTP1-DTP3 dropout
rates (e.g. Cameroon, Ethiopia and
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Mauritania), targeting districts where
children are being left behind may
be more effective in improving DTP3
coverage.

Using the dropout rate to moni-
tor subnational inequalities is par-
ticularly useful in countries with high
DTP1 coverage because the number
of children who have not received any
vaccine is low. However, more context-
specific information may be required
to determine the reasons why certain
districts have higher dropout rates
before appropriate solutions can be
developed. In countries with low DTP1
coverage and high subnational inequal-
ity in DTP1-DTP3 dropout rates (e.g.
Angola, Central African Republic and
South Sudan), there are clearly systemic
problems with both access to, and the
utilization of, child health services.
Such countries may benefit more by

Fig. 5. Subnational inequality in diphtheria—tetanus—pertussis inmunization dropout rate versus national coverage of the first vaccine

dose, by country, African Region, 2018
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Reporting Process of the World Health Organization (WHO) and the United Nations Children’s Fund (UNICEF). Districts in each country were divided into quintiles
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highest rates. The difference between weighted average rates in quintiles 1 and 5 represents subnational inequality. National DTP1 and DTP3 immunization
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focusing on improving their health-
system infrastructure.

Though it is well known that there
are geographical gaps in immunization
coverage within countries, few data
may be available for systematically
monitoring these gaps. Although ad-
ministrative data can provide valuable,
granular information on immunization
coverage across the health system,
for over 20 years immunization pro-
gramme organizers have been con-
cerned about limitations in data quality
and the underlying reasons. The topic
was first discussed by WHO’s Strategic
Advisory Group of Experts (SAGE) in
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1998, then again in 2011 and 2019.>*%
In October 2019, a SAGE working
group presented an extensive report
on immunization and surveillance data
quality and use.?*

As denominators, particularly at
the local level, were known to be prob-
lematic, in our analysis we focused on
numerators to minimize limitations
associated with administrative data.*>*
Data quality issues related to numera-
tors include: (i) incomplete reporting
(e.g. not transcribing notes of doses
given during outreach activities or
not obtaining data on doses adminis-
tered by private providers); (ii) errors

in data recording (e.g. mistakenly
marking a dose as the first, second or
third dose based on the child’s age at
vaccination rather than on the actual
dose received); (iii) errors in data ag-
gregation (aggregation is often done
manually, usually at the end of each
month); and (iv) implicitly assuming
that children receive all their doses
at the same location, whereas this is
not always the case.”>** These issues
underscore the need for continued
strengthening of health information
systems to improve the quality of the
vast amount of administrative data
available. Multipronged interventions

Table 4. Potential effect of reducing or eliminating subnational inequality in diphtheria—tetanus—pertussis immunization dropout rate
on vaccination coverage, African Region, 2018

Country Situation in 2018 Subnational inequality reduced® Subnational inequality eliminated"
National Estimated national Estimated Estimated national Estimated
DTP1-DTP3 DTP1-DTP3 improvement in DTP3 DTP1-DTP3 improvement in DTP3
dropout rate, % dropout rate, % coverage, % points dropout rate, % coverage, % points
Angola 134 9.8 3.8 38 9.3
Benin 7.0 50 2.3 1.3 6.5
Botswana 9.2 6.7 2.1 4.2 44
Burkina Faso 35 23 13 0.6 32
Burundi 73 6.3 1.0 39 34
Cameroon 7.5 56 1.7 1.7 50
Central African 22.1 19.1 28 13.0 8.6
Republic
Chad 10.8 85 2.0 4.6 54
Cote d'lvoire 48 29 20 1.0 4.0
Demaocratic Republic 6.0 48 1.2 26 34
of the Congo
Ethiopia 7.3 5.1 2.3 1.8 5.7
Guinea 74 55 2.1 2.7 5.1
Kenya 4.0 2.8 1.0 1.3 23
Madagascar 6.2 40 2.1 1.7 44
Malawi 4.2 33 0.9 14 2.7
Mali 15.8 13.8 23 84 84
Mauritania 133 10.2 3.0 3.7 9.3
Mozambique 49 3.1 22 2.1 34
Niger 5.7 4.5 13 2.2 3.7
Nigeria 79 6.0 20 3.1 49
South Sudan 22.6 16.8 4.2 84 10.3
Togo 49 36 12 19 2.8
Uganda 74 52 22 26 49
Zimbabwe 54 4.1 13 17 36

DTP1: first dose of the combined diphtheria, tetanus and pertussis vaccine; DTP3: third dose of the combined diphtheria, tetanus and pertussis vaccine.

? Reduction in subnational inequality in the diphtheria, tetanus and pertussis immunization dropout rate between the first and third vaccine doses was defined as
making the dropout rates in district quintiles with rates higher than the national average equal to the national average rate.

® Elimination of subnational inequality in the DTP immunization dropout rate between the first and third vaccine doses was defined as making the dropout rates in all
district quintiles equal to the rate in quintile 5 (i.e. the quintile with the lowest rate).

¢ The DTP1-DTP3 dropout rate was defined as the proportion of children immunized with the first DTP vaccine dose (DTP1) who failed to get the third dose (DTP3).

4 National dropout rates were derived from data for 2018 on coverage of the first and third DTP vaccine doses collected through the Joint Reporting Process of the
World Health Organization and the United Nations Children’s Fund.*
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that focus on the local level where
data are generated and increased use
of data by individual health facilities
and data aggregators have been shown
to help improve data quality.?>*** A
recent analysis suggested that data
quality in the WHO African Region is
improving (C Rau, University Medical
Center Hamburg-Eppendorf, Germany,
unpublished observations, 2021); in
recent years fewer countries have had
problems with inconsistent data that
warrant further investigation than in
the early years of the 21st century.
The method we adopted of group-
ing districts in each country into quin-
tiles meant that comparisons of both
within-country and between-country
inequalities using summary measures
were more robust because bias due to
variations in the number of districts
between countries was reduced. Nev-

ertheless, the estimates produced in
our analysis may not necessarily be
representative of the situation in coun-
tries where a relatively high proportion
of districts were excluded. Moreover,
WHO/UNICEF national immunization
coverage estimates of DTP1 coverage
were based mainly on administrative
data provided by individual countries
and may have a high level of uncer-
tainty.*’

Subnational inequalities in immu-
nization dropout are likely to exist in
other African countries in addition to
the 24 we investigated. Consequently,
monitoring should be extended to more
countries in the future. Although the
dropout rate reflects only one aspect
of immunization programmes, it is
particularly useful for monitoring in-
equalities in areas where the reporting
rate is sufficiently high and the number

Katherine Kirkby et al.

of children who receive no vaccine
is low. However, this method should
be combined with other indicators of
immunization performance, such as
data on vaccine coverage and on the
proportion of children who receive
no vaccine, which is not reflected in
dropout rate. Monitoring geographical
variations in immunization dropout
can provide a basis for further investi-
gations and, when conducted alongside
the monitoring of other dimensions of
inequality, can help generate a more
comprehensive understanding of over-
all inequality. H

Funding: Funding was provided by Gavi,
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Résumé

Inégalités régionales dans la vaccination contre la diphtérie, le tétanos et la coqueluche dans 24 pays de la région Afrique

Objectif Analyser lesinégalités régionales en matiere de taux d'abandon
du vaccin diphtérique-tétanique-coquelucheux (DTC) dans 24 pays de
la région Afrique, en se fondant sur les données administratives relatives
a linjection de la premiére et de la troisieme dose du vaccin (DTCT et
DTC3, respectivement) collectées dans le cadre du Rapport conjoint
de notification de I'Organisation mondiale de la Santé et du Fonds des
Nations Unies pour I'enfance.

Méthodes Dans chaque pays, les districts ont été regroupés en quintiles
selon le pourcentage d'enfants ayant interrompu la vaccination entre
DTC1 et DTC3 (taux d'abandon). Nous avons employé six mesures
synthétiques afin de quantifier les inégalités en matiere de taux
d'abandon entre districts, puis nous avons comparé ces taux avec les taux
d'abandon nationaux ainsi qu‘avec la couverture vaccinale DTC1 et DTC3.
Résultats Le taux d'abandon médian dans les différents pays s'élevait
a 2,4% dans les quintiles affichant le taux le plus bas, et atteignait
14,6% dans les quintiles affichant le taux le plus haut. Dans huit pays,
I'écart entre le quintile le plus haut et le quintile le plus bas était égal

ou supérieura 14,9 points de pourcentage. Dans la plupart des pays, les
districts enregistrant les moins bonnes performances dans le quintile
avec le taux le plus élevé étaient plus enclins a se laisser exagérément
distancer parles autres. Une divergence qui passaitinapercue lorsqu'on
ne tenait compte que des taux d'abandon nationaux. Les pays confrontés
aux plus importantes inégalités en termes de taux d'abandon régional
absolu étaient plus enclins, selon les estimations, a présenter une
couverture vaccinale DTCT et DTC3 moins élevée a I'échelle nationale.
Conclusion Dans la plupart des pays étudiés, nous avons constaté de
fortes disparités entre districts concernant les taux d'abandon du vaccin
DTC. Assurer un controle sur ces taux d'abandon au niveau régional
pourrait orienter les campagnes de vaccination visant a réduire les
inégalités dans les zones mal desservies, ce qui offrirait une meilleure
couverture DTC3 globale. Enfin, la qualité des données administratives
devrait étre améliorée afin de fournir des évaluations précises et
ponctuelles des variations géographiques en matiere de vaccination.

Pestome

HepaBEHCTBO Ha Cy6HaL|,I/IOHaﬂbHOM ypoBHE B ob6nactu oxBarta mmmyumsaumeﬁ npotus ,qM¢Tepv|v|, CTONOHAKA

M KoKniowwa B 24 ctpaHax AppuKaHCKOro pervoHa
Llenb Mo koadduLeHTam BbIObITNA MPOaHaNM3NPOBaTh HEPABEHCTBO
Ha CcybHaLMOHaNbHOM YpoBHe B 06iacTy oxBaTa MMMyHWM3aLven
KOKMOWHO-ANTEPUNHO-CTONOHAUHOM BakuuHon (KOC) 8
24 adpUIKaHCKMX CTPaHax C UCMOMb30BaHMeM aAMUHUCTPATMBHBIX
[lAHHbBIX O MOMyYeHNV NepPBOIN U TpeTbelt [03 BaKuUMHbI (KAC-1 n
KIC-3 cooTBETCTBEHHO), COOPaHHbIX B pamKax EfMHOro npotecca
OTYETHOCTV BCcemmpHOW opraHmn3aLmm 30paBooxpaHeHma 1 leTckoro
dorpna OpranmzaLmmn O6beanHeHHbIX Hauuii.

MeTopbl PaliioHbl B KaXk[JoW CTpaHe Obiny CrpynnupoBaHbl Mo
KBUHTUIAM COMIAaCcHO [1oNne AeTel, BbIObIBLUMX MEXIY NoydeHrem
103 KAC-1 nKAC-3 (7. e. ko3ddULMEHT BbIOBITUA). Mbl CMONb30Banm
WeCTb CBOAHBIX MOKa3aTenen Ansa KONUYeCcTBEHHOW OLEeHKM
HepaBeHCTBa Mo Ko3ddULMEHTaM BbIOBITVA MeXaY palioHamun 1
CPaBHWUAM KOIGOULMEHTBI C HAUMOHANbHBIMK KO3GOULIMEHTaMN
BblObITUA 1 OXBaTOM UMMyHM3aUmen KAC-1 n KAC-3.

Pesynbtatbl [1nA BCex CTpaH B KBUHTWUAAX C Haubonee
HU3KMMUN KOSGULMEHTAMY BbIOBITUA MEeAMAHHOE 3HaYeHune
BbIOBITVA COCTaBUNO 2,4%, B KBUHTUAAX C Hanbonee BbICOKMMM
KoaddULVEHTaMU BbIOBITUA — 14,6%. B BOCbMM CTpaHax pasHuila B
NOKa3aTenax Mex .y KBUHTUIAMI C Harbomnee BbICOKMMM 1 Hanbosnee

HU3KMK KO3DDULIMEHTaMI BbIOBITVA COCTaBWMa 14,9 NpoLieHTHOro
MyHKTa v 6onblue.. B 60nbLUMHCTBE CTpaH OTCTaloLLVie PaioHbl B
KBUHTWAX C HaMbOee BbICOKMMI KOIDPULIMEHTAMM BBIOBITVA MEN
TEHAEHUMIO K HEMPOMNOPLMOHaNbHOMY OTCTaBaHMIO MO CPaBHEHMIO
C APYTUMI paioHaMu. DTO pacxoxaeHne He Oblfio OUEBMAHBIM,
€C/IM OPUEHTUPOBATLCA TOMBbKO Ha HaLMOHabHblIE KOGOULIMEHTDI
BblObITMA. CTpaHbl C CaMbIM BbICOKMM YPOBHEM HEPABEHCTBA MO
abCconoTHBIM KO3GdULMEHTaM BbIOBITUA Ha CYOHaLMOHANbHOM
YPOBHe, KaK MpaBusio, nmenu 6onee HI3KMiM OLUEHOUHBIV YPOBEHD
HaLMOHaNbHOro oxaata MmyHm3auven KAC-1 n KAC-3.

BbiBog B 601bLLUMHCTBE 13yUeHHbIX CTpaH Habntoaanock HePaBeHCTBO
MeXay paioHamy B KOIQOULIMEHTAX BLIOBITVA B MEPVOA MoyyeHns
KAC-BakuyHbl. MOHUTOPUHT BbIOBITVIA Ha CyOHALMOHANbHOM YPOBHE
MOEeT MOMOUb B MPOBeAeHNN MepONPUATUAIA MO UMMYHM3aLWK,
HanpaBieHHbIX Ha YCTpaHeHWe HepaBeHCTBa B HEAOCTAaTOUHO
obCnyKrBaeMblx panoHax, Tem CamblM yaydllana obwmin oxsaTt
MMMyHM3aumen KOC-3. KauecTso agMMHUCTRATNBHbIX AAHHbBIX JOMKHO
ObITb yyuLeHo AnA obecneyeHa TOUHOM 1 CBOEBPEMEHHOM OLEHKM
reorpaduyecKkoro HepaBeHCTBa B 0ONaCTV OXBaTa MMMyHW3aLMeN.

Resumen

Desigualdades subnacionales en la inmunizacion contra la difteria, el tétanos y la tos ferina en 24 paises de la region africana

Objetivo Analizar la desigualdad subnacional en el abandono de la
inmunizacién contra la difteria, el tétanos y la tos ferina (DTP) en 24
paises africanos utilizando datos administrativos sobre la recepcion de
la primeray latercera dosis de la vacuna (DTP1y DTP3, respectivamente)
recogidos por el proceso de informes conjuntos de la Organizacion
Mundial de Ia Saludy el Fondo de las Naciones Unidas para la Infancia.
Métodos Los distritos de cada pais se agruparon en quintiles seguin
la proporcién de nifios que abandonaron la vacunacién entre la
DTP1 y la DTP3 (es decir, la tasa de abandono). Se utilizaron seis
medidas de resumen para cuantificar las desigualdades en las tasas
de abandono entre los distritos y se compararon estas tasas con

las tasas nacionales de abandono y la cobertura de inmunizacion
DTP1y DTP3.

Resultados La mediana de la tasa de abandono de la vacunacién en
todos los paises fue del 2,4 % en los quintiles con la tasa mas baja y del
14,6 % en los quintiles con la tasa méas alta. En ocho paises, la diferencia
entre los quintiles mas altos y mas bajos era de 14,9 puntos porcentuales
omas. Enla mayoria de los paises, los distritos con peores resultados en
el quintil con latasa mas alta tendian a estar desproporcionadamente por
detras de los demés. Esta divergencia no era evidente si se observaban
Unicamente las tasas nacionales de abandono de la vacunacion. Los
paises con las mayores desigualdades en la tasa absoluta de abandono
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de la vacunacion subnacional tendian a tener una cobertura nacional
estimada de inmunizacién DTP1y DTP3 més baja.

Conclusién En la mayorfa de los paises estudiados hubo desigualdades
claras en las tasas de abandono de la vacunacion DTP entre los distritos. I
seguimiento del abandono a nivel subnacional podria ayudar a orientar

Katherine Kirkby et al.

las intervenciones de inmunizacion que abordan las desigualdades en
las zonas desatendidas, mejorando asf la cobertura general de DTP3.
La calidad de los datos administrativos debe mejorarse para garantizar
una evaluacién precisa y oportuna de las desigualdades geograficas
en la inmunizacion.
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