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Abstract: Because complete vital registration data often do not exist, immunization programme managers must estimate
the number of children in the target population for computing immunization coverage, an important measure used to
monitor immunization programme performance. This report presents information on the estimated number of live births
and of surviving infants for the years 2000 — 2010 received by the World Health Organization (WHO) and United Nations
Children’s Fund (UNICEF) from national immunization programmes (data received as of July 2011) and the implied in-
fant mortality rate (IMR) according to national immunization programme estimates. This information is compared to ex-
ternal sources. The results highlight potential challenges confronted by immunization programme managers in reporting
target population estimates at the national level and shows that the estimated number of live births and surviving infants
submitted to WHO and UNICEF in the Joint Reporting Form for Immunization are inconsistent with estimates from the
United Nations Population Division and implied infant mortality levels are inconsistent with estimates from external

sources.
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INTRODUCTION

As a matter of practice, immunization programme man-
agers routinely monitor the number of children that are im-
munized. In addition, they must also estimate the target
population size when planning services, managing stocks
and supplies and targeting interventions. An estimate of the
target population is also necessary for computing immuniza-
tion coverage, an important measure used to monitor immu-
nization programme performance.

Because complete vital registration, the most reliable
source for such data, does not exist in the majority of the
low- and middle-income countries [1,2], immunization pro-
gramme managers must estimate the number of children in
the target population (e.g., surviving infants) based on counts
or estimates by local programme staff or health workers or
rely on population projections from the latest census data [3].
Population projections are complex computations [4] that
often make use of estimates of fertility and mortality in con-
junction with the number of women of reproductive age to
obtain estimates of the number of births. Estimates of infant
mortality are applied to estimated numbers of births to obtain
an estimate of the number of children who survive to their
first birthday. At each step of this process there is uncertainty
in the parameter estimates used [3], and this uncertainty in-
creases the further one is from the last census. Changing
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fertility, mortality and/or migratory patterns over time create
further challenges for the immunization programme manager
in this regard.

In this report we present information on the estimated
number of live births and of surviving infants for the years
2000 — 2010 received by the World Health Organization
(WHO) and United Nations Children’s Fund (UNICEF) from
national immunization programmes (data received as of July
2011), and we compute (where possible) the implied infant
mortality rate (IMR) according to national immunization
programme estimates of the number of births and surviving
infants. We compare this information to the most recent IMR
estimates from the United Nations Interagency Group on
Child Mortality Estimation (IGME) [5] and the United Na-
tions Population Division (UNPD).

METHODS

Since 1998, WHO and UNICEF have jointly collected
national-level data on the incidence of selected vaccine-
preventable diseases, immunization coverage, recommended
immunization schedules, vaccine supply and other informa-
tion on the structure, policies and performance of national
immunization systems through the WHO/UNICEF Joint Re-
porting Form on Immunization (JRF) [6]. Since 2000, more
than 95% of WHO Member States have reported annually.
As part of this annual exercise, national authorities report the
estimated number of children vaccinated according to admin-
istrative data (i.e., reports from health service providers), the
number of children in the national target population for each
antigen in the national immunization schedule.
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The appropriate target population for vaccines adminis-
tered at birth (eg., Bacille Calmette-Guérin or BCG) is the
estimated number of live births in the country. For other an-
tigens, the target population most often used for computing
coverage is the number of surviving infants. (NB. Some
countries use live births as the official denominator for cov-
erage levels for diphtheria and tetanus toxoid with pertussis
[or DTP] containing vaccine, polio vaccine, hepatitis B and
Hib containing vaccines, and yellow fever vaccine.)

Using databases maintained by the WHO and UNICEF,
we abstracted the estimated number of live births and surviv-
ing infants reported by national authorities in the JRF for the
period 2000 — 2010, and we compared these data with esti-
mates reported by the UNPD World Population Prospects,
2010 edition [7]. Country level data reported by UNPD are
not available for areas with < 100,000 inhabitants.

From the JRF data we computed an implied IMR, ex-
pressed per 1000 live births, for each country where possible
based on the national estimated number of births and surviv-
ing infants using the standard formula:

reported number of births during year y — re-
ported number of surviving infants during year
y

(i.e., estimated number of deaths of children
under exact age one year)

im-

plied =

IMR
occurring during the same specific period

specified in the denominator
% 1000

reported number of live births occurring during
year y

Although some infant deaths occurring during a calendar
year (y) are to children born in the preceding year (y-1) and
some children born during a calendar year (y) who die in
infancy do so in the following year (y+1), the number of
births and deaths in a given year (y) will approximate those
in neighbouring years assuming the number of births and
deaths are not changing rapidly from year-to-year.

We then compared the implied IMR from the nationally
reported data with estimated IMR as reported by IGME [5]
for each country during 2000-2010 by computing the per-
cent difference using the standard formula:

absolute value of ( IMR_computed —
Percent IMR_IGME )

0,
difference x 100%

average of (implied IMR and IMR_IGME)

A similar comparison was made using IMR estimates
from UNPD data.

RESULTS

During the period 2000 — 2010, there were a total of 2126
possible reporting events (194 countries or territories report-
ing 11 years; Timor-Leste became Member State in 2002 and
data reporting started in 2002; data reporting for Montenegro
started in 2006) to WHO and UNICEF as part of the annual
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immunization data collection exercise. Countries reported
information on the number of live births in 1614 (76%) pos-
sible reporting events. Non-reporting of the number of live
births by countries where BCG vaccine is not included in th
national immunization schedule occurred in 31 countries
for the period 2000 — 2010 (341 possible reporting events);
eight countries reported the number of live births in some
years but not others, despite the absence of BCG in the na-
tional schedule during 2000 — 2010 (representing 47 possible
reporting events)’; and the Czech Republic removed BCG
from the national schedule beginning in 2010 (1 reporting
event). Countries reported the number of surviving infants in
1766 (83%) reporting events.

One hundred thirty-two countries reported the number of
live births for the target population for all antigens in 717
reporting events; eleven countries (Bolivia, Brazil, Colom-
bia, Ecuador, Honduras, India, Jamaica, Maldives, Myanmar,
Nepal, El Salvador) reported the number of live births for the
target population of all antigens in each of the 11 reporting
years reviewed here. For these 717 reporting events we were
not able to compute an IMR from the nationally reported
JRF data. An IMR was also not computed for 530 reporting
events where countries did not report data on either live
births or surviving infants. In 146 reporting events across 49
countries, the nationally reported estimate of the number of
live births in the JRF was less than the number of surviving
infants, resulting in an implausible negative IMR value.

Of 733 reporting events from 125 countries® where na-
tionally reported data on live births and surviving infants
were available to compute a (non-negative) IMR (referred to
as the national IMR here), the national IMR value differed
from IGME estimates by </=10%-points (absolute differ-
ence) in 158 (21%) reporting events (Fig. 1). The (absolute)
difference between the national IMR and IGME estimate
was 11-25%-points in 151 (21%) reporting events and was
>25%-points in 424 (58%) reporting events. In 149 reporting
events the national IMR differed from IGME estimates by
more than 100%-points suggesting possible reporting prob-

1Andorra, Antigua & Barbuda, Australia, Austria, Belgium, Bahamas, Bar-
bados, Canada, Switzerland, Cyprus, Germany, Denmark, Spain, Finland,
France, United Kingdom, Greece, Grenada, Iceland, Israel, Italy, Kuwait,
Lebanon, Luxembourg, Monaco, Netherlands, New Zealand, Saudi Arabia,
San Marino, Sweden, United States

2Bahrain, reported in 2000; Japan, reported during 2000-2006; Jordan,
2000-2001; Malta, 2000-01,2003-04; Palau, 2000-07; Suriname, 2000-02,
2005-2010; Slovenia, 2005-2010; Trinidad & Tobago, 2001-2010
3Afghanistan, Albania, Angola, Azerbaijan, Bangladesh, Barbados, Belarus,
Belize, Benin, Bhutan, Bosnia & Herzegovina, Botswana, Brunei, Bulgaria,
Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic,
Chad, Chile, China, Comoros, Congo, Congo DR, Cook Islands, Costa Rica,
Cote d Ivoire, Croatia, Cuba, Czech Republic, Djibouti, Dominica, Egypt,
Equatorial Guinea, Eritrea, Estonia, Ethiopia, Fiji, Gabon, Gambia, Georgia,
Ghana, Guinea, Guinea-Bissau, Haiti, Hungary, Indonesia, Iran, Iraq, Japan,
Jordan, Kazakhstan, Kenya, Kiribati, Korea DPR, Korea Rep, Kyrgyzstan,
Lao PDR, Latvia, Lesotho, Liberia, Libya, Lithuania, Macedonia, Madagas-
car, Malawi, Malaysia, Mali, Malta, Marshall Islands, Mauritania, Mexico,
Moldova, Mongolia, Montenegro, Morocco, Mozambique, Namibia, Nauru,
Nicaragua, Niger, Nigeria, Oman, Pakistan, Papua New Guinea, Philippines,
Poland, Portugal, Qatar, Russian Federation, Rwanda, Saint Kitts & Nevis,
Saint Lucia, Samoa, Sao Tome & Principe, Senegal, Serbia, Seychelles,
Sierra Leone, Slovakia, Somalia, South Africa, Sri Lanka, St Vincent & the
Grenadines, Sudan, Swaziland, Tajikistan, Tanzania, Timor Leste, Togo,
Tonga, Tunisia, Turkey, Turkmenistan, Tuvalu, Uganda, Ukraine, Uruguay,
Uzbekistan, Vanuatu, Vietnam, Yemen, Zambia, Zimbabwe
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Fig. (1). Absolute difference between national infant mortality rate computed from JRF data and the IMR based on IGME es-
timates and UNPD estimates across 125 countries (733 reporting events) for the period 2000-2010.

lems in the target population estimates reported on the Joint
Reporting Form. Similar results were observed for IMR
comparisons with UNPD estimates (Fig. 1; an IMR compari-
son was not made for 25 of 733 reporting events from small
island states where UNPD population data are < 100,000
persons).

A total of 570 (78%) reporting events with a (non-
negative) national IMR were from developing or least devel-
oped countries (according to World Bank classification [8]
(Table. 1). In these countries, the national IMR differed from
IGME estimates by </=10%-points in 145 (25%) reporting
events; 11-25%-points in 137 (24%) reporting events; and
>25%-points in 288 (51%) reporting events. Similar findings
were observed among the 373 reporting events with a non-
negative IMR value from African countries (IMR percent
difference </=10% points in 106 (28%) events; 11-25%-
points in 105 (28%) events; and >25%-points in 162 (43%)
reporting events).

Plots of these data over time are shown below for select
countries (available at https://sites.google.com/site/implied-
IMRproject). Consistent with the summary above, nationally
reported data are available for some but not all countries.

DISCUSSION

This review highlights potential challenges confronted by
immunization programme managers in reporting target popu-
lation estimates at the national level. For many countries, the
estimated number of live births and surviving infants submit-
ted to WHO and UNICEF in the Joint Reporting Form for

Immunization were inconsistent with estimates from the
United Nations Population Division (the number of live
births was within 10% of the UNPD estimate of live births in
890 [55%] events; the number of surviving infants was
within 10% of the UNPD estimate in 1011 [57%] events),
and implied infant mortality levels from JRF data were in-
consistent with estimates from IGME, UNPD, or both. Dif-
ferences between the implied IMR and estimates from other
sources are not unexpected though we were somewhat sur-
prised to observe nearly 60% of reporting events having a
difference of more than 25%-points when compared to the
UN estimates. While differences may exist with regards to
estimation methods, for example how agencies and govern-
ments might define or classify a live birth [9], such differ-
ences would be unlikely to lead to large (>25%-point) rela-
tive differences in IMR between the sources examined here.
Data suaaestina implausible neaative IMR values were also
observed, and such cases may simply suggest data entry er-
rors, although for 19 countries the error was repeated over
multiple (>2) years.

In one third of the possible reporting events during 2000-
2010 countries reported the estimated number of live births
as the target population for all antigens. The use of live
births as the target population for all antigens is not in-and-
of-itself problematic particularly if infant, and especially
neonatal, mortality levels are low. Of course, the practical
implication for performance monitoring is that estimated
immunization coverage would be lower than it should be by
assuming no infant mortality for say the proportion of infants
immunized with three doses of polio vaccine. In some coun-
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Table 1.
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Number of Possible Reporting Events to the WHO/UNICEF JOINT Reporting Form on Immunization During 2000-2010,

Number of Events with a Computed IMR from Nationally Reported Data by Category of Agreement with Estimates from

the UN IGME by Regional Classification

) Number of Reporting Number of Reporting Events by Percent Difference
_ - N“mbe'j of Possible Events with Computed between National IMR Computed from JRF Data
Regional Classification Reporting Events, IMR from JRE data and UN-IGME IMR Estimates
2000-2010 (N=2126)
(N=733) </=10%pts 11-25%pts >25%pts
MDG Region
Latin American and Caribbean 363 34 5 2 27
Caucasus and Central Asia 88 61 3 4 54
East Asia 44 26 4 3 19
West Asia 143 30 14 7 9
Southern Asia 99 47 14 10 23
South East Asia 119 19 2 5 12
North Africa 55 33 4 9 20
Sub-Saharan Africa 528 340 102 96 142
Oceania 154 41 0 5 36
Developed 533 102 10 10 82
WHO Regions
Africa 506 312 93 93 126
The Americas 385 34 5 2 27
Eastern Mediterranean 242 116 39 25 52
Europe 577 162 13 14 135
South East Asia 119 32 2 5 25
Western Pacific 297 77 6 12 59
UNICEF Regions
CEE-CIS 225 119 6 7 106
East Asia and Pacific 317 86 6 13 67
South Asia 88 36 8 7 21
Middle East and North Africa 231 94 27 21 46
East and Southern Africa 242 157 42 41 74
West and Central Africa 264 162 57 53 52
The Americas and Caribbean 363 34 5 2 27
Industrialized 396 45 7 7 31

tries information on fertility patterns may be more robust
than that for infant mortality, particularly over time, and thus
this approach may be an appropriate one. It is important to
note, however, that immunization programme managers
should be cautious if they use estimated number of births
based on fixed factors (e.g., the estimated number of births is

equal to 4% of the total population) since such an approach
can introduce a trend bias and ultimately impact the plausi-
bility of immunization coverage estimates [10].

The results observed here may also reflect situations
where countries systematically “back calculate” the target
population using estimates of immunization coverage and the
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estimated number of children vaccinated. Unfortunately,
such situations are difficult to diagnose. Such an approach
can be useful in the process of triangulating target population
estimates in the face of little information or untimely infor-
mation (e.g., such as the case may be with very old census
data), but as a matter of practice, this is sub-optimal.

Finally, we encourage immunization programme manag-
ers to visually examine the data reviewed here over time as
part of their annual data reviews. Plots of the country-level
data allow one to quickly observe large differences in im-
plied IMR used by national programmes relative to estimates
from other sources (e.g., Uganda at https://sites.google.com/-
site/impliedIMRproject/) and patterns such as fluctuating
IMRs over time that are consistent with trends from other
sources (e.g., Afghanistan at https://sites.google.com/site/-
impliedIMRproject/), stable IMRs over time that are consis-
tent with trends from other sources but at different levels of
IMR (e.g., Burundi and Burkina Faso at https://sites.google-
.com/site/impliedIMRproject/) and IMR levels that are in-
consistent with the trends observed from other sources (e.g.,
Bangladesh https://sites.google.com/site/impliedIMRproject.
Because national immunization coverage derived from ad-
ministrative data is sensitive to the underlying estimated
number of live births and the estimated IMR in a country,
visualizing such patterns in IMR and the target population
may be useful in further understanding observed coverage
patterns. For example, one can readily see that for a given
number of children vaccinated and birth cohort size, if the
estimated IMR is too high, then the number of surviving
infants is smaller than it should be leading to an overestimate
of immunization coverage. Likewise, an underestimate of the
true IMR may lead to an underestimate of coverage.

In summary, the challenges faced by many immunization
programmes in understanding the target populations for their
work is seemingly well recognized though not well docu-
mented, and it is the inadequacy of the available information,
even with the aids of adjustments for differences over time,
that constitutes the major weakness of target population es-
timates for many immunization programme managers. Sus-
tained commitments and investment in timely, robust, and
relevant data, including target population estimates, are criti-
cal to the future of immunization programmes worldwide
[11,12].
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