Vaccine-Preventable Diseases

Vaccination against childhood communicable diseases through
the Expanded Program on Immunization (EPI) is one of the
most cost-effective public health interventions available
(UNICEF 2002; World Bank 1993). By reducing mortality and
morbidity, vaccination can contribute substantially to achiev-
ing the Millennium Development Goal of reducing the mortal-
ity rate among children under five by two-thirds between 1990
and 2015. Accelerated research into the development of new
vaccines has been made possible in part by innovative public-
private partnerships, such as the Global Alliance for Vaccines
and Immunization (GAVI). GAVI focuses on expanding access
by immunization programs in developing countries to new
and underused vaccines, such as those for hepatitis B and
Haemophilus influenzae type B (Hib). These newer, more
expensive vaccines are challenging previous notions of the
cost-effectiveness of immunization. Analyses of their costs and
cost-effectiveness are particularly important because of the
need to determine the level of resources required in the future
to improve immunization programs, to cover the costs of new
vaccines, and to allocate scarce public and external resources
available for immunization in the most optimal manner.

This chapter analyzes the costs and cost-effectiveness of
scaling up the EPI and introducing selected new vaccines into
the program. It also summarizes the epidemiology of diseases
preventable through immunization and estimates the disease
burden with and without immunization programs. In addi-
tion, the chapter discusses the organization, delivery, and
financing of immunization programs and highlights future
prospects and areas for further study.

Several areas overlap with other chapters. For example,
the vaccines that prevent measles, tuberculosis, diphtheria,
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pertussis, Hib, and Neisseria meningitis prevent respiratory dis-
eases. Some vaccines, such as those against measles and pertus-
sis, prevent diseases that cause or contribute to malnutrition.
Chapter 16 provides an in-depth review of tuberculosis and a
discussion of the potential impact of bacillus Calmette-Guérin
(BCG) vaccines. This chapter also does not discuss some new
vaccines, including conjugate Streptococcus pneumoniae,
influenza, typhoid fever, and rotavirus, because other chapters
deal with those diseases and vaccines. Vaccines to prevent
mumps and varicella that are routinely used in some developed
countries are not included in most vaccination programs in
developing countries. Other interventions that can reduce the
burden of vaccine-preventable diseases and are not covered in
this chapter include clean umbilical cord care to reduce the
incidence of neonatal tetanus, vitamin A therapy to reduce the
case-fatality rate (CFR) from measles, and intensive clinical
care that can reduce the mortality associated with most of the
vaccine-preventable diseases.

CAUSES AND EPIDEMIOLOGY OF DISEASES
PREVENTED BY VACCINES USED IN NATIONAL
IMMUNIZATION PROGRAMS

The epidemiology and burden of vaccine-preventable diseases
vary by country and region partly because of differences in
vaccine uptake. Numerous other factors that contribute to the
disease burden include geography, seasonal patterns, crowding,
nutritional status, travel to and from other countries, and pos-
sibly genetic differences in populations that affect disease
severity. Table 20.1 summarizes the features of selected vaccines
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in use in childhood immunization programs throughout the
world.

Burden of Vaccine-Preventable Diseases

A number of vaccine-preventable diseases are not reportable
events in many countries. The estimates of the burden of dis-
ease by the World Health Organization (WHO) are based on a
combination of often incomplete vital registration data, mor-
tality survey data, and mathematical models using numerous
assumptions. Most models of vaccine-preventable diseases are
derived from the susceptible fraction of the population (calcu-
lated from natural immunity from presumed historical infec-
tions in regions without previous vaccination and historical
immunization coverage rates), infectivity rates of disease,
sequelae of diseases, and estimates of local CFRs. The degree of
accuracy of these models is only as good as the data supporting
the assumptions. The disease burden is most appropriately rep-
resented by a range of values reflecting uncertainty. In this
chapter, we estimate the burden of disease as the number of
deaths and DALYs per World Bank region in 2001. The follow-
ing description draws in part on discussion of methods for
burden of disease calculations reflected in the Global
Immunization and Vision Strategy of WHO and the United
Nations Children’s Fund (UNICEF) (Wolfson and Lydon 2005).

Diphtheria

Diphtheria is caused by a toxin-producing strain of the bacte-
rium Corynebacterium diphtheriae, which is transmitted by
means of respiratory droplets. The 2001 WHO estimates of
diphtheria mortality are extrapolations from reported deaths in
countries with full or partial vital registration systems.

Before the widespread use of immunization, more than 5 per-
cent of people living in temperate climates suffered from clinical
diphtheria at some point during their lifetimes (Griffith 1979).
Rates exceeding 100 cases per 100,000 population were seen
in Europe during World War Il (Galazka, Robertson, and
Oblapenko 1995). The CFRs from respiratory tract diphtheria
have been 2 to 20 percent, with an average of 10 percent for
patients receiving good medical care (Feigin, Stechenberg, and
Hertel 2004). To estimate diphtheria deaths in the absence of vac-
cination and to project future deaths with and without vaccina-
tion, we assumed an average incidence rate of 15 per 100,000 and
CFRsof 2.5 percentin developed countries, 5.0 percentin Europe
and Central Asia, and 10.0 percent elsewhere (Birmingham and
Stein 2003; Galazka and Robertson forthcoming).

Tetanus

Clostridium tetani is maintained in nature and is found in all
countries. Spores remain viable for many years in soil and dust,

especially in areas contaminated by animal feces (Cherry and
Harrison 2004). The organism is usually transmitted through
burns, cuts, and other penetrating injuries. Neonatal tetanus is
the most common presentation in developing countries. The
portal of entry is usually the umbilical stump but has been
associated with circumcision and other surgical procedures
(Birmingham and others 2004; Stanfield and Galazka 1984).
Children born to women who do not have protective levels of
tetanus antibody are susceptible to neonatal tetanus.

The estimated burden of neonatal tetanus assumes that in
areas with low rates of skilled delivery, all births not protected
by the immunization of pregnant women are subject to a preim-
munization era neonatal tetanus mortality rate expressed as
deaths per 1,000 live births (Birmingham and others 2004;
Griffiths and others 2004). In other areas, we assume that births
not protected through immunization or skilled delivery are
subject to an incidence and CFR equal to 25 percent of the
preimmunization era neonatal tetanus mortality rate.!

CFRs are directly associated with the quality of medical care
available. With the availability of secondary and tertiary care,
CFRs have declined to 25 percent or less (Cherry and Harrison
2004; Wassilak and others 2004). The CFRs used to derive cases
from estimated deaths range from 40 percent in developed
countries to 80 percent in the poorest developing countries. We
estimate the tetanus burden other than for neonates by apply-
ing an estimated age distribution of total tetanus to the esti-
mated neonatal tetanus deaths (Galazka and others forthcom-
ing) and region-specific CFRs, which indicate a range of from
27 percent among children age one to four in developed coun-
tries to 65 percent among those age 80 or older in developing
countries.

Pertussis

Bordetella pertussis is transmitted through respiratory excre-
tions and occurs throughout the world. Most pertussis in
developing countries occurs in school-age children. In devel-
oped countries, mild or asymptomatic infections in adults are
believed to be common sources of transmission to very young
infants (Edwards and Decker 2004). Clinical manifestations
include an initial 7 to 10 days of rhinorrhea progressing to a
cough that becomes paroxysmal or spasmodic, usually associ-
ated with profuse rhinorrhea (Cherry and Heininger 2004).
Clinical pneumonia is seen in approximately 10 percent of
infants.

Our estimates for the burden of pertussis followed the
model described in Crowcroft and others (2003). We estimated
that the proportion of susceptible children becoming infected
in countries with vaccination coverage of less than 70 percent
over the previous five years was 30 percent by age 1, 80 percent
by age 5, and 100 percent by age 15. For countries with cover-
age of more than 70 percent in the past five years, we assumed
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that 10 percent of susceptible children were infected by age 1,
60 percent by age 5, and 100 percent by age 15. A vaccine effi-
cacy of 80 percent was assumed for preventing infection and
95 percent for preventing deaths. The CFR was 0.20 percent in
infants, 0.04 percent in children age one to four, and 0 percent
in those older than five in low-mortality countries; and 3.7 per-
cent among infants, 1 percent among children age one to four,
and 0 percent in those older than five in high-mortality
countries.

Poliomyelitis

Before the availability of polio vaccines, as many as 90 percent
of children in the developing world were infected with all three
types of the polio virus in the first two or three years of life
(Sutter and Kew 2004). In developed countries, transmission
occurred primarily in school-age children and more than 90 per-
cent of infections were asymptomatic; 4 to 8 percent of chil-
dren had nonspecific febrile illness and less than 1 percent
developed acute flaccid paralysis (Sutter and Kew 2004).

Children with residual paralysis require rehabilitation.
Surgical intervention is necessary if contractures develop
because of the lack of rehabilitative services following the acute
illness. These children are at increased risk of premature death
because of late onset postpolio muscle atrophy (postpolio syn-
drome), which occurs 20 to 40 or more years after acute illness.

Disease burden estimates are based on actual active surveil-
lance. The estimated 1,000 deaths a year caused by polio reflect
past infections and current deaths. Following Robertson
(1993), we obtained the number of cases and deaths in the
absence of immunization by applying an incidence rate of 1 per
1,000 population under age five and CFRs of from 2.5 percent
in developed countries to 10.0 percent in Sub-Saharan Africa.
To determine current cases, we applied an estimate of notifica-
tion efficiency to reported cases.

Measles

Measles is an acute respiratory viral infection. Children born to
immune mothers are protected against clinical measles from
passively acquired maternal antibodies until they are five to
nine months of age. More than 90 percent of infections are
associated with clinical disease (Krugman 1963). Compli-
cations include pneumonia, diarrhea, encephalitis, and blind-
ness, especially in children with vitamin A deficiency. In recent
years, CFRs have been estimated at 3 percent in many develop-
ing countries, but historically they have been as high as 30 per-
cent in some community-based studies (Aaby 1988; Aaby and
Clements 1989; Moss, Clements, and Halsey 2003; Perry and
Halsey 2004).

For a disease such as measles in which infection is almost
universal in the absence of immunity, small changes in the CFR
result in large changes in estimates of total mortality. Increased
complication and mortality rates occur in children who are

younger than five, vitamin A deficient, or infected with HIV or
who have acquired measles from a household contact (Perry
and Halsey 2004). Declines in CFRs in the past two decades are
associated with the tendency of the disease to infect older chil-
dren, decreased crowding, and improved nutritional status in
many developing countries (Perry and Halsey 2004). At the
same time, recent studies indicate CFRs of 0.4 to 9.7 percent in
Sub-Saharan African countries with low immunization cover-
age (Perry forthcoming).

Considerable controversy is associated with the number of
deaths resulting from measles, because of difficulty in accu-
rately specifying the cause of death in children afflicted with
measles and in separating complications of measles from those
of other conditions. In addition, CFRs, which have decreased
rapidly in many countries, vary significantly. The natural his-
tory model used in this chapter is based on Stein and others
(2003), modified to account for the effect of supplementary
immunization activities.

We derived estimates of the burden of disease in countries
with high-quality surveillance data and high sustained cover-
age of measles vaccine by adjusting the number of reported
cases by a reporting efficiency factor ranging from 5 to 40 per-
cent. In estimating the future burden of disease, the averted
burden of disease, and the burden in countries without both
adequate surveillance and sustained high coverage, we assumed
that the average number of cases per year is equal to the num-
ber of children in the current birth cohort who are not pro-
tected by either routine or supplemental vaccination. WHO
(2005a) estimates that in 2001, 611,000 deaths (approximately
5 percent of all childhood mortality) were attributable to
measles.

An alternative proportional mortality approach, which is
based on retrospective verbal autopsy studies in 18 countries
to derive the proportional causes of child deaths in 42 high-
mortality countries, also has appeared in the literature (Morris,
Black, and Tomaskovic 2003). This model suggests that measles
may have accounted for approximately 3 percent of all child-
hood deaths in 2000.

In countries with a high disease burden, the true number of
measles deaths may be somewhere between the proportional
mortality and natural history estimates. WHO (2005b) uses a
hybrid method that estimates that measles was responsible for
an average of 4 percent of mortality among children under five
between 2000 and 2003, or approximately 400,000 deaths per
year. If the actual number of deaths in 2001 was 400,000, then
the cost per death averted will be lower than what has been esti-
mated for this chapter, and the effect of increasing coverage will
be overestimated because fewer deaths could be prevented.

Both of the approaches described have strengths and limita-
tions. We adopt the natural history approach for this analysis
because the chapter includes deaths at all ages and the model
can adapt to recent changes in CFRs and coverage rates.
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However, the natural history method is sensitive to the accu-
racy of parameter inputs such as CFRs and may underestimate
the effect of herd immunity. Further modeling efforts would
need to incorporate sensitivity testing around a range of param-
eter estimates.

In the absence of vaccination, the measles virus would infect
almost 100 percent of the population, including most of the
688 million children under five in the developing world. Using
the methods described here, approximately 125 million
cases and 1.8 million to 2.0 million deaths per year would be
expected in the absence of vaccination.

Haemoaophilus influenzae Type b (Hib)

Hib is transmitted through the respiratory tract and causes
meningitis, pneumonia, septic arthritis, skin infections,
epiglottitis, osteomyelitis, and sepsis. Deaths caused by Hib
occur primarily from meningitis and pneumonia. In developed
countries, approximately half of diagnosed invasive infections
are meningitis (Wenger and Ward 2004). In developing coun-
tries, a larger proportion of identified cases is meningitis result-
ing from underdiagnosis of other clinical syndromes (Martin
and others 2004; Peltola 2000). Intervention studies have
demonstrated significant reductions in pneumonia in vacci-
nated compared with unvaccinated children (Levine and oth-
ers 1998; Mulholland and others 1997). Although infections
occur throughout the world, the incidence of Hib disease may
be lower in some Asian countries than in Africa and the
Americas (Gessner and others 2005).

We derived estimates of Hib disease burden from incidence
rates and CFRs for meningitis and pneumonia. We derived
country-specific estimates of the incidence of Hib meningitis
from the literature on incidence in the prevaccine era (Bennett
and others 2002). For countries without meningitis incidence
data, we used the average incidence in countries with similar
epidemiological profiles. Regional averages ranged from 219
cases per 100,000 to 3 per 100,000 population in children
under one, and 1 to 15 per 100,000 population in children age
one to four. The CFR for meningitis is nearly 100 percent in the
absence of intensive antibiotic therapy, but it can be reduced to
5 to 8 percent when appropriate therapy is available (Swartz
2004). We derived CFRs in a manner similar to that used for
incidence rates and adjusted them on the basis of country-
specific data on access to care. Regional means ranged from 3 to
32 percent.

Estimating the burden of Hib pneumonia is much more
complex. A rapid assessment method assumes five pneumonia
cases for every meningitis case (WHO 2001). An alternative
approach assumes that Hib is responsible for a fixed propor-
tion (about 20 percent) of acute lower respiratory infection
deaths in the absence of immunization (Peltola 2000). We
derived pneumonia CFRs from a literature review of lower res-
piratory infections in children (Bennett and others 2002), with

average CFRs ranging from 1 percent among infants in devel-
oped countries to 12 percent in Sub-Saharan Africa.

Hepatitis B

In many developed countries, most transmission of hepatitis B
occurs during or after adolescence, coinciding with the onset of
sexual activity and of drug abuse involving unsafe reuse of nee-
dles and syringes (McQuillan and others 1999). In many
African countries, transmission occurs primarily in early child-
hood through mucosal contact with infectious body fluids and
unsafe injection practices (Margolis, Alter, and Hadler 1997).
Some Asian countries have a high rate of chronic carrier states,
and the primary mode of transmission is mothers to infants
(Beasley 1988; Mast and others 2004). The rate of symptomatic
disease is only about 1 percent in infancy and 10 percent in
early childhood, but it increases to 30 to 40 percent in adults.
Serosurveys for carrier states of hepatitis B are available for
almost all nations (WHO 1996).

Models of hepatitis B disease burden are based on estimated
ratios between infected and carriage states at various ages or
estimates of the percentage of carriers that progress to
hepatoma, fulminant hepatitis, or cirrhosis at later stages of life
(Miller and McCann 2000). The model we used for estimating
hepatitis B mortality estimates the age- and sex-specific pro-
gression of hepatitis B surface antigen infection to disease
incorporating competing mortality, particularly because indi-
viduals infected with HIV are more likely to perish from HIV
before the full mortality impact from hepatitis B infection
(Gay and others 2001; Griffiths, Hutton, and Pascoal 2005).

Whereas most vaccine-preventable diseases that result in
death occur at an early age shortly after the age of vaccination,
deaths from hepatitis B occur many years into the future.
Countries that introduce hepatitis B vaccines today will not
reap most of the benefits for many years. In the absence of
vaccination, we estimated approximately 1.4 million future
deaths attributable to hepatitis B for the 2001 birth cohort
after accounting for competing mortality. Global vaccination
of 35 percent would prevent more than 500,000 of those
future deaths. Discounting the value of future hepatitis B
deaths to their equivalent value in the present to make the
burden of disease prevented equivalent to that of other
vaccine-preventable diseases results in approximately 87,000
deaths averted.

Yellow Fever

Yellow fever virus is transmitted by mosquitoes, primarily Aedes
eqypti, with a three- to six-day incubation period. Patients pre-
sent with intense headache, fever, chills, and myalgia, among
other symptoms. Although once much more widespread,
yellow fever is now limited to West and Central Africa, the
northern half of South America, and Panama. In approximately
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15 to 20 percent of yellow fever patients, severe disease occurs,
with liver and kidney failure and cardiovascular collapse. The
CFR varies, with increased severity in older adults (Monath
2004). The average CFR in patients in Africa with jaundice is
20 percent (Monath and others 1980; Nasidi and others 1989).

On the basis of surveillance data adjusted for underreport-
ing, WHO (1992) estimates the global burden of yellow fever at
200,000 cases and 30,000 deaths in 1990. Most cases and deaths
occur in 33 African countries, where 1 in 80 cases is assumed
to be reported. In South American countries, 1 in 10 cases is
assumed to be reported. We use the implied incidence rate and
a CFR of 15 percent to project future mortality. Between 1990
and 2001, some improvement in routine coverage of yellow
fever vaccine occurred, but the overall burden of yellow fever is
unlikely to have declined.

ESTIMATES OF THE CURRENT BURDEN OF
VACCINE-PREVENTABLE DISEASES AND OF
THE BURDEN AVERTED BY VACCINATION

Table 20.2 provides WHO estimates of deaths from selected
vaccine-preventable diseases for 2001, taking immunization
coverage rates into account. The greatest burden of disease is in
Sub-Saharan Africa, which accounts for 58 percent of pertussis
deaths, 41 percent of tetanus deaths, 59 percent of measles
deaths, and 80 percent of yellow fever deaths. East Asia and the
Pacific has the greatest burden from hepatitis B, with 62 per-
cent of deaths worldwide. South Asia also experienced a high
disease burden, particularly for tetanus and measles.

Table 20.2 also shows the extent of mortality in the absence
of immunization and the estimated number of deaths averted
by vaccination. In 2001, vaccination averted up to 52 percent of
yellow fever deaths, 61 percent of measles deaths, 69 percent
of tetanus deaths, 78 percent of pertussis deaths, 94 percent of
diphtheria deaths, and 98 percent of polio deaths that would
have occurred in the absence of vaccination. These results
demonstrate the significant effect that vaccination programs
have had on worldwide disease burden. The figures also show
that vaccination programs have been less successful in reducing
the disease burden in Sub-Saharan Africa, where coverage rates
are lower.

Table 20.3 reports WHO estimates of disability-adjusted life
years (DALYs) lost from vaccine-preventable diseases by region
for 2001, demonstrating the high burden of disease worldwide
from disability associated with sequelae of hepatitis B (liver
cancer and cirrhosis), pertussis, and tetanus.?

EXPANDED PROGRAM ON IMMUNIZATION

WHO initiated the EPI in 1974 to provide countries with guid-
ance and support to improve vaccine delivery and to help make
vaccines available for all children (Hadler and others 2004,

Turk 1982; WHO 1974). A standard immunization schedule
was established in 1984 on the basis of a review of immuno-
logical data for the original EPI vaccines: BCG, diphtheria-
tetanus-pertussis (DTP), oral polio, and measles vaccines
(Halsey and Galazka 1985).

Today, national immunization programs in developing
countries are responsible for improving access to the tradi-
tional EPI antigens and introducing new vaccines. In 2002, the
EPI introduced the Reaching Every District strategy, which
focused on achieving an 80 percent coverage rate of DTP3 in
80 percent of districts and using immunization contacts to
deliver other high-priority child health interventions. In addi-
tion to delivering vaccinations, national immunization
programs are concerned with the quality and safety of immu-
nization through the adoption of safe injection technologies
(autodisabled syringes, storage boxes, and incinerators) and
proper cold chain and vaccine stock maintenance.

In most developing countries, immunizations are provided
through a system of fixed facilities at different levels of the
health system. Immunization campaigns are discrete, time-
limited efforts at national or subnational levels that usually
focus on specific antigens (for example, polio). Mobile strate-
gies rely on the use of specialized vehicles to transport health
professionals and vaccines to deliver services to remote or
migrating populations. Outreach is a strategy by which staff
members from a health facility travel to villages and surround-
ing areas to administer vaccines. Extended outreach refers to
more targeted and intensive efforts.

In 1999, the major international development partners
involved in immunization (for example, WHO, UNICEF, the
World Bank, and bilateral donors) joined the Bill & Melinda
Gates and Rockefeller Foundations, the vaccine industry, and
nongovernmental organizations to create GAVI (http://www.
vaccinealliance.org) to increase access to new and underused
vaccines in the world’s poorest countries, improve access to
basic immunization services, and accelerate research and
development pertaining to new vaccines and delivery technol-
ogy. Through the Vaccine Fund, GAVI raised more than
US$1.3 billion to strengthen immunization systems, introduce
new vaccines, and support safe injection practices. More than
US$3 billion has been pledged for the next 10 years. Between
2000 and 2003, an additional 4 million children were vacci-
nated with DTP3, 42 million with hepatitis B, nearly 5 million
with Hib, and more than 3 million with yellow fever vaccine.

COSTS AND COST-EFFECTIVENESS OF EXISTING
VACCINATION PROGRAMS

Brenzel and Claquin (1994) and GAVI (2004) estimate the cost
per fully immunized child (FIC) for the traditional six EPI
antigens as approximately US$20.3 We evaluated the cost per
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Table 20.2 Estimated Number of Deaths in the Absence of Vaccination, Deaths from Vaccine-Preventable Diseases,
and Deaths Averted by Vaccination, All Ages, by Region and Vaccine, 2001

(thousands)
East Europe Latin Middle
Asia and and America East and Sub-
High the Central and the North South Saharan

Disease Total income Pacific Asia Caribbean Africa Asia Africa
Diphtheria

If no vaccination 78 3 28 4 8 5 21 10

Estimated deaths 5 <1 1 <1 <1 <1 3 1

Deaths averted 73 3 27 4 8 5 18 9
Pertussis

If no vaccination 1,343 7 377 4 138 93 428 296

Estimated deaths 301 <1 3 <1 6 8 108 176

Deaths averted 1,042 7 374 4 132 85 320 120
Tetanus

If no vaccination 936 <1 110 <1 20 23 543 239

Estimated deaths 293 <1 27 <1 1 4 140 121

Deaths averted 643 <1 83 <1 19 19 403 118
Poliomyelitis

If no vaccination 52 1 15 1 3 4 17 11

Estimated deaths® <1 <1 <1 0 0 0 0

Deaths averted 51 n.a. 15 1 3 4 17 11
Measles

If no vaccination 2,000 6 301 36 6 55 567 1,025

Estimated deaths® 676 <1 77 4 <1 7 239 348

Deaths averted 1,237 5 229 28 6 40 351 578
Hib

If no vaccination 468 <1 28 2 9 14 199 216

Estimated deaths 463 <1 28 2 14 199 215

Deaths averted 5 <1 <1 <1 4 <1 <1 1
Hepatitis B

If no vaccination 600 34 370 36 11 17 75 58

Estimated deaths 600 34 370 36 11 17 75 58

Deaths averted® <1 <1 <1 <1 <1 <1 <1 <1
Yellow fever

If no vaccination 63 n.a. n.a. n.a. 8 n.a. n.a. 54

Estimated deaths 30 n.a. n.a. na. 6 n.a. n.a. 24

Deaths averted 33 n.a. n.a. na. 2 n.a. n.a. 30

Source: Mathers and others 2006 and authors’ calculations.

n.a. = not available.

Note: Totals may not add due to rounding.
a. Primarily deaths at older ages caused by delayed effect of poliomyelitis in childhood.

b. See text for discussion of uncertainty regarding measles estimates. The values shown here are an updated version of the 2001 estimates.

c. Deaths averted to date from the use of the hepatitis B vaccine in infant immunization programs are minimal, largely because of the long time period (20 to 40 years) to see mortality effects.
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Table 20.3 DALYs Lost from Vaccine-Preventable Diseases, All Ages By Region, 2001

(thousands)
Europe Latin Middle
East Asia and America East and Sub-
High and the Central and the North South Saharan

Disease Total income Pacific Asia Caribbean Africa Asia Africa
Diphtheria 164 <1 18 2 8 1 90 45
Tetanus 8,342 5 762 2 17 110 3,965 3,481
Pertussis 11,542 139 584 81 366 326 3,930 6,116
Poliomyelitis 145 8 49 2 6 8 55 17
Measles 23,129 23 2,318 236 13 470 6,527 13,539
Hepatitis B

Acute hepatitis B 2,169 86 675 79 95 111 585 536

Liver cancer 9,168 1,223 5,925 379 277 138 464 762

Cirrhosis of the liver 15,780 2,146 3,890 2,084 1,513 686 4,249 1,212
Meningitis® 5,607 131 1,071 403 501 328 2,142 941
Lower respiratory infections® 85,920 2,314 10,827 2,111 3,043 2,974 34,196 30,455

Source: Mathers and others 2006 and Authors’ calculations.
Note: Totals may not add due to rounding.

a. Includes all DALYs attributable to the three conditions. Hepatitis B is the underlying cause of only a portion of the liver cancer and cirrhosis of the liver DALYs.

b. Includes all DALYs attributable to meningitis, including Hib, S. pneumococcus, and N. meningitides.

¢. Includes all DALYs attributable to lower respiratory infections, including Hib and S. pneumococcus.

FIC for the childhood EPI cluster antigens by World Bank
region on the basis of published and unpublished data. These
studies used a standard costing approach that estimated the
costs of labor, vaccines, supplies, transportation, communica-
tion, training, maintenance, and overhead and included the
annualized value of equipment, vehicles, and building space
(Khaleghian 2001; USAID, Asia—Near East Region 1988; WHO
1988). The number of FICs in these studies was measured
using community-based sample surveys (Henderson and
Sundaresen 1982).

Our literature review found 102 estimates of total and unit
immunization program costs from 27 countries between 1979
and 2003 for different immunization delivery strategies
(Berman and others 1991;1 Beutels 1998, 2001; Brenzel 2005;
Brenzel and Claquin 1994; Brinsmead, Hill, and Walker 2004;
Creese 1986; Creese and Dominguez-Uga 1987; Dominguez-
Uga 1988; Edmunds and others 2000; Griffiths and others
2004, Levin and others 2001; Pegurri, Fox-Rushby, and Walker
2005; Robertson and others 1992; Soucat and others 1997;
Steinglass, Brenzel, and Percy 1993). All costs were converted
to 2001 U.S. dollar equivalents. Because total and unit costs are
related to population size, table 20.4 reports population-
weighted results only. National immunization program refers
to total national costs for all strategies.

The population-weighted mean cost per FIC for all regions
and all strategies is approximately US$17, with a range of US$3
to US$31. The lowest mean population-weighted cost per FIC

was for extended outreach services (US$5.81), perhaps because
the strategy is a more targeted approach. Routine facility-based
strategies had lower average costs (US$13.65 per FIC) than
campaigns (US$26.82 per FIC) or mobile strategies (US$25.84
per FIC). Higher unit costs associated with these strategies are
possibly attributable to a different mix of inputs as well as
greater expenses for per diems, fuel, and social mobilization.
The results also vary by World Bank region, with East Asia
and the Pacific (US$13.25) and Sub-Saharan Africa (US$14.21)
having lower estimates of cost per FIC than Europe and
Central Asia (US$24.12) and the Middle East and North Africa
(US$22.15).

The findings of our analysis are generally supported by the
literature (Creese 1986; Brenzel and Claquin 1994; Khaleghian
2001), which has shown that variation in the cost per FIC is
related to the mix of delivery strategies, the prices of key inputs
such as vaccines, and the overall scale of programs. In addition,
an analysis of 13 national financial sustainability plans for
immunization reveals a wide range in the cost per FIC by
region and strategy.

Recurrent costs are the lion’s share of total immunization
costs (80 percent for fixed facility strategy and 92 percent for
campaigns), which has implications for the need for continu-
ous and predictable program financing. Labor costs account
for the largest share (roughly 30 to 46 percent of total cost) for
all strategies except extended outreach. Vaccine costs range
from 8 percent for mobile strategies to 29 percent for extended
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Table 20.4 Estimates of the Population-Weighted Annual Cost for the Traditional Vaccines per FIC, by Immunization Strategy and

Region, 2001
(2001 US$)
Europe Latin Middle
East Asia and America East and Sub-
and the Central and the North South Saharan All
Pacific Asia Caribbean Africa Asia Africa regions
Strategy (n=14) (n=1) (n=1) (n=1) (n=10) (n=15) (n=132
National immunization — — 18.10 22.15 24.82 21.05 23.52
program (23-27) (17-26) (17-27)
n= n=2 n==6
Fixed facility 20.00 24.12 — — 13.79 6.31 13.65
(18-22) (6-24) (3-31) (3-31)
n= n= n==6 n=16
Campaign — — — — — 26.82 26.82
(13-28) (13-28)
n=3 n=3
Mobile — — — — — 25.84 25.84
n=1 n=
Outreach 6.50 — — — 7.11 — 7.10
4-9) n= 4-9)
n=2 n=3
Extended outreach — — — — — 5.81 5.81
(5.8-13) (5.8-13)
n= =3
Mean for all strategies 13.25 24.12 18.10 22.15 17.11 14.21 16.91
(4-22) (6-27) (3-31) (3-31)

Source: Authors’ calculations for the traditional vaccines based on the literature.
— = not available.

Note: Mean values are used in the analysis. Ranges for estimates are reported in parentheses. Europe and Central Asia, Latin America and the Caribbean, and the Middle East and North Africa are
limited to one observation for each region, which may not be indicative of the cost per FIC in each region. However, in lieu of using region-specific estimates, the overall average (US$13.65) would be
applied, which may underestimate the cost per FIC in these more developed regions, where higher unit costs for delivery of health services would be expected.

outreach strategies. Transportation costs account for the
second-largest share of EPI costs for mobile strategies, while
building costs account for a greater share of fixed facility
strategies.

Using data from table 20.4 on costs per FIC and multiplying
by the size of the population covered, we estimate US$1.17 bil-
lion for the total cost of immunization programs in develop-
ing countries in 2001, with a range of US$717 million to
US$1.48 billion. At US$20 per FIC, the cost of the six tradi-
tional vaccines in developing countries would have amounted
to US$1.57 billion in 2001. Table 20.5 shows that the estimated
cost per death averted ranges from US$205 in South Asia and
Sub-Saharan Africa to US$3,540 in Europe and Central Asia.
These results suggest that the cost per death averted rises with
coverage rates. Europe and Central Asia, Latin America and the
Caribbean, and the Middle East and North Africa had higher
coverage rates in 2001, resulting in fewer deaths that could be
averted. The table also shows that the cost per DALY from the
traditional EPI vaccines ranges from US$7 to US$438, depend-
ing on region, mix of strategy, and levels of scale.

Our analysis highlights the variation in cost per FIC by
region and strategy and demonstrates the value of more disag-
gregated results for making policy decisions. However, given
the limited sample of estimates available for the regions and
strategies, the results should be used as an indicative guide for
policy making and not as a substitute for country-specific cost-
effectiveness evaluations of strategies. In addition, our esti-
mates do not take into account household costs, such as time
spent seeking services, and other social costs. Our estimates
also do not consider the direct and indirect costs of acute ill-
nesses prevented by vaccination or the costs of long-term com-
plications from disease and of adverse events associated with
vaccination (though the latter are unlikely to have a significant
impact on costs because rates of serious complications are
extremely low). Furthermore, the analysis focuses on FICs and
underemphasizes the benefits of partial immunization. Future
economic evaluations of immunization program alternatives
could consider these factors as a critical step in determining
the allocation of scarce resources among high-priority health
interventions.
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Table 20.5 Average Cost per FIC, Total Immunization Cost, Cost per Death Averted and Cost per DALY for the Traditional

Immunization Program by Region

Latin Middle
East Asia Europe America East and Sub-
and the and and the North South Saharan
Strategy Pacific Central Asia Caribbean Africa Asia Africa
Cost/FIC (2001 US$) (from table 20.4) 13.25 24.12 18.10 22.15 17.11 14.21
Percentage of FIC 78.22 93.72 86.36 90.90 58.86 50.20
Estimated total immunization cost (2001 US$ millions) 316 131 174 152 227 172
Estimated deaths averted (thousands, from table 20.2) 728 37 174 153 1,109 867
Estimated cost/death averted (2001 US$) 434 3,540 1,030 993 205 205
Estimated cost/DALY (2001 US$) 85 395 438 166 16 7
Source: Authors’ calculations.
Note: DALY estimates are the sum total for diphtheria, pertussis, tetanus, polio, and measles from table 20.3.
COST-EFFECTIVENESS OF INCREASING Percentage of FICs

IMMUNIZATION COVERAGE FOR THE
TRADITIONAL EPI

WHO (2004) estimates that in 2001, 30 million children were
inadequately immunized with DTP. Achieving higher coverage
rates by improving access for remote populations, accelerating
immunization delivery strategies, and introducing new vac-
cines will mean increasing the level of investment (Batt, Fox-
Rushby, and Castillo-Riquelme 2004).

We estimated the costs of scaling up EPI coverage for a hypo-
thetical population of 1 million in each region between 2002 and
2011. Costs were reported in 2001 dollars, and a 3 percent dis-
count rate was applied. Brenzel (2005) provides details on the
methods. The costs of scaling up coverage are based on vaccine
and delivery costs per dose. We derived vaccine costs from the
unit price of each vaccine (provided by WHO, UNICEF and the
Vaccine Fund); wastage rates for vaccines and injection supplies
by strategy; the required injection supplies; and the number of
doses per FIC. A 2 percent adjustment was made for inflation.
We used data on the cost per FIC generated earlier to derive
delivery costs per dose by strategy and region by subtracting the
costs of vaccines, injection supplies, and fixed costs.

Fixed costs were excluded from the scaling-up exercise
because they were assumed to remain constant during the pro-
jection period.

« First, the largest projected coverage increase of 9 percentage
points (figure 20.1) may not require additional infrastruc-
ture investments.

+ Second, how and to what extent fixed costs would change by
region is uncertain, and a conservative approach would be
to exclude them.

* Third, because most immunization costs are recurrent costs,
the analysis focuses on these.
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Figure 20.1 Coverage of FICs Projected to 2011

+ Finally, because the scale factor is derived from the unit costs
of a health center visit, the assumption of constant fixed
costs in the short run appears reasonable.

Previous studies have found that the main cost drivers of
immunization costs are the mix of strategies and the scale
of immunization programs (Brenzel and Claquin 1994,
Dominguez-Uga 1988; Robertson and others 1992; Soucat and
others 1997). Countries are unlikely to achieve 90 percent or
more coverage relying on fixed facilities alone because of
limited population access. We estimate the proportion of FICs
obtained for each strategy by region.® The best mix of strategies
for increasing coverage will vary by country depending on the
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dispersion of the population, the access to health facilities, the
vaccines being delivered, and the effectiveness of various strate-
gies in reaching target populations. Estimates are also adjusted
for the level of scale by a factor derived from the unit cost per
health center contact by coverage level (Mulligan and others
2003), and details are provided in Brenzel (2005).

The total additional cost of reaching higher coverage levels
was divided by the number of deaths averted. Coverage projec-
tions for 2002-11 were based on statistical modeling of official
WHO and UNICEF estimates for the period between 1995 and
2002 for all developing countries. The model relates coverage in
future years to that in the previous year, with the relationship
between past and future coverage differing for each region and
economic status combination.

Figure 20.1 shows historical and projected coverage rates
by region. The figure shows that coverage increased in all the
regions during the late 1980s under universal childhood immu-
nization. After 1990, when funding for universal childhood
immunization waned, the figure indicates the subsequent stag-
nation and, in some cases, the declines in coverage rates. For the
scaling-up period, we project that the coverage of FICs will
increase from 78 to 79 percent in East Asia and the Pacific, from
92 to 95 percent in Europe and Central Asia, from 88 to 90 per-
cent in Latin America and the Caribbean, from 91 to 95 percent
in the Middle East and North Africa, from 70 to 79 percent in
South Asia, and from 52 to 61 percent in Sub-Saharan Africa.
The projections show that three of the six regions are expected
to achieve 90 percent FIC by 2011. East Asia and the Pacific,
South Asia, and Sub-Saharan Africa will require additional
intensive efforts to achieve higher coverage rates.

Table 20.6 reports the results of the scaling-up analysis for
the traditional EPI vaccines, for tetanus toxoid vaccination for
women of reproductive age, and for selected new vaccines. The
discounted incremental cost per child vaccinated with the tra-
ditional EPI vaccines ranges from US$10.89 in Latin America
and the Caribbean to US$12.84 in the Middle East and North
Africa. The number of discounted deaths averted because of
full immunization depends on incremental coverage rates and
varies from 747 in Europe and Central Asia to 14,584 in Sub-
Saharan Africa, resulting in regional variations in the dis-
counted incremental cost per death averted from US$169 in
Sub-Saharan Africa to US$1,754 in Europe and Central Asia.®

DALYs were estimated indirectly based on the ratio of deaths
to DALYs for each disease in 2001. This ratio is applied to the
hypothetical population in each World Bank region over the
projection period. Calculated this way, the number of DALYs
averted will not account for changes in the average age of infec-
tion that ordinarily results from expanding immunization cov-
erage. This method over-estimates the number of DALYs and
thus under-estimates the cost/DALY. Cost-effectiveness ratios
should be treated as indicative only. The cost/DALY ranges from
$2 to $20 for scaling up traditional immunizations.

For tetanus toxoid immunization, the additional discounted
cost per person vaccinated ranges from US$3.28 to US$4.06.
The cost per death averted varies from US$271 to more than
US$190,000. The results of this analysis fall within the range of
estimates reported in the literature (Berman and others 1991;
Steinglass, Brenzel, and Percy 1993). Differences in coverage
levels and in protection against neonatal tetanus through
skilled delivery contribute to the variation in results across
regions.

The analysis shows both an increase in costs and potential
benefits from scaling up immunization programs. In practice,
the costs and benefits related to scaling up in any one region
will be highly dependent on a few countries or subnational
areas within countries. Aggregate country- or region-level data
do not reveal the efficiency that could best be obtained by
targeting immunization efforts on specific countries or geo-
graphic areas rather than making diffuse investments across
regions. For instance, Miller and others (1998) show that India
and Nigeria contribute the most to estimates of global measles
deaths; therefore, reducing transmission in those countries
would contribute the most to reducing the global disease bur-
den caused by measles.

Despite its importance for policy, empirical and country-
specific evidence on how immunization program costs change
as coverage increases is lacking. Because scaling up im-
munization coverage will require more intensive efforts to find
unvaccinated children, an extra cost for vaccinating each addi-
tional child is generally expected. Nevertheless, most cost-
effectiveness studies assume constant returns to scale (Elbasha
and Messonnier 2004; Karlsson and Johannesson 1998) even
when emerging evidence suggests that the cost of vaccinating
each additional child may rise with the size of delivery unit
(Valdmanis, Walker, and Fox-Rushby 2003). Box 20.1, which
focuses on scaling up traditional immunization coverage, and
box 20.2, which focuses on new antigens, summarize the results
of two studies that shed more light on this subject.

COSTS AND COST-EFFECTIVENESS OF ADDING
NEW ANTIGENS TO THE CURRENT
IMMUNIZATION SCHEDULE

We also estimated the additional costs per person vaccinated
and cost per death averted of introducing new and underused
vaccines into the traditional EPI in a hypothetical population of
1 million in each region between 2002 and 2011. The new vac-
cines considered protect against hepatitis B, yellow fever, Hib,
measles, rubella, Japanese encephalitis, and meningococcal A,
as well as inactivated polio vaccine (IPV). For comparison pur-
poses, we assumed that new vaccines were introduced in 2002.

The additional cost of combination vaccines is net of the
original cost of DTP vaccination to avoid duplication. The
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Table 20.6 Average Cost per Person Vaccinated and per Death Averted for Scaling Up Immunization Coverage and Adding
in Selected New Vaccines in a Hypothetical Population of 1 million for 2002-11

(2001 US$, current vaccine prices)

Europe Latin Middle
East Asia and America East and Sub-
and the Central and the North South Saharan
Pacific Asia Caribbean Africa Asia Africa
Traditional EPI (mix of strategies)
\ncremental discounted cost/person vaccinated 1203 1154 1089 1284 1158 1116
\ncremental discounted deaths averted RN 1y 2552 4576 1584 14 584
\ncremental discounted cost/death averted ATR 1,754 91 698 214 169
Tetanus toxoid (mix of strategies)
\ncremental discounted cost/person vaccinated 406 334 328 334 398 33
\ncremental discounted deaths averted 343 2 200 ARd 2315 2,012
\ncremental discounted cost/death averted 154 >190.000 3T 1830 211 V4
Second opportunity for measles (fixed facility)
\ncremental discounted cost/person vaccinated 108 105 098 119 104 100
\ncremental discounted deaths averted 1138 599 9B 1304 2509 9646
\ncremental discounted cost/death averted 119 199 1906 228 1A R
Pentavalent vaccine DTP-HepB Hib (mix of strategies)
\ncremental discounted cost/person vaccinated 1514 1461 1589 16.23 1524 1168
\ncremental discounted deaths averted 139 29 129 3N 248 1952
\ncremental discounted cost/death averted 13,697 42529 22580 12 564 10,930 1319
Yellow fever (campaigns)
\ncremental discounted cost/person vaccinated na. na. 143 na. na. 142
\ncremental discounted deaths averted na. na. 94 na. na. 316
\ncremental discounted cost/death averted na. na. 2310 na. na. 334
Incremental discounted cost/person vaccinated (mix of strategies)
Hepatitis B monovalent (birth dose) 2.26 2% 236 231 224 202
DTP-hepatitis B (fetravalent) 1% 151 134 303 155 1268
Rubella (campaigns) 120 119 120 107 119 119
Meningococeal A (fixed tacilities) na. na. na. 213 na. 2.3
Japanese encephalitis (fixed facilities) ARG na. na. na. A3 na.
\njectable polio vaccine (monovalent) T2 812 .42 132 685 660
\njectable polio vaccine (combination with DTP) 1388 1484 1462 1528 1ATT 1419

Source: Authors™ calculations.
Note: n.a. refers 1o not applicable when a specific disease is not prevalent in a specific region.

delivery cost per FIC was apportioned to individual antigens
on the basis of the share of number of doses per FIC for that
antigen (Brenzel 2005). Cost estimates are based on the num-
ber of doses required for full immunity (that is, hepatitis B, Hib,
and IPV vaccines require three doses for full immunity, and
meningococcal A requires two doses for full immunity). Results
are reported in table 20.6.

The analysis also assumes that an additional visit to a health
facility is required for new doses (depending on timing in the

EPI schedule). Combination vaccines may be more cost-efficient
because of potential savings in supplies, syringes, and health
workers’time, in addition to the overall health benefits of reduc-
ing the number of required injections. However, if the combina-
tion vaccine does not reduce the number of visits a child would
ordinarily need to make to a health facility, any cost savings may
be subsumed by the higher costs of increasing coverage.

The discounted incremental cost per person ranges from
less than US$1 to US$16.23, depending on the unit price of
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Box 20.1

Marginal Costs of Immunization Services in India

A study in Tamil Nadu evaluated immunization costs and
coverage using a longitudinal panel dataset of immuniza-
tion program costs (Brenzel 1995). Data were collected
from a stratified, random sample of facilities between 1989
and 1991 for the North Arcot District Polio Control
Program.? The sample included 120 observations of 59 dif-
ferent health centers: 17 followed for three years (29 per-
cent), 27 followed for two years (46 percent), and 15 with
a single observation (25 percent). Total immunization
costs included the cost of labor, vaccines, injection sup-
plies, transportation, and overhead and the value of equip-
ment, vehicles, and buildings.

During this period, coverage rates for FICs increased
from 5 to 77 percent. The table shows that the cost per
dose and the cost per FIC increased during this period.?
Changes in the cost per dose were highly statistically sig-
nificant, whereas no statistical differences were apparent
in the cost per FIC during the study period.

Comparison of Total Facility Immunization Costs,
Immunization Activity, and Unit Costs by Year, North
Arcot District Polio Control Program, 1989-91

(2001 US$)

Indicator Year 1 Year 2 Year 3 Overall
Total costs 996 1,337 980 1,104
Variable costs 697 1,260 917 958
Cost/dose 1.09 1.98 1.33 1.47
Cost/FIC 13.11 27.92 17.07 19.37

Source: Brenzel (1995).

governments of Tamil Nadu and India.

a. The program was a joint effort by the Indian Council for Medical Research, the Centre for Advanced Research in Virology at the Christian Medical Centre and Hospital in Vellore, and the

b. Higher costs in the second year reflect a change in the organization of the primary health care system in 1990 to improve access to basic services.

The study used data from the health facility sample to
explain the determinants of immunization costs, which
were modeled as a function of outputs, input prices, and
other production-related variables that influence the cost
function with respect to outputs. A random effects estima-
tion was performed on the analysis sample relating the nat-
ural logarithm of health facility costs to the type of polio
vaccine in use, estimated target population, and size of
geographical area serviced by the health facility and natu-
ral logarithms of the number of FICs per facility, the num-
ber of hours spent by a village health nurse on immuniza-
tion services per facility, and the number of small pieces of
equipment used for immunization service delivery.

The analysis revealed a significant association between
facility cost and the number of FICs, the hours worked
by village health nurses, the area served, and the type of
polio vaccine. When calculated using mean values, the
marginal cost per FIC was Rs 24.43 (US$1.30) lower than
the associated average cost per FIC of Rs 183 (US$9.80),
implying that the average cost curve lies above the mar-
ginal cost curve for the sample of health facilities in India.
A declining relationship is apparent between costs and
coverage for this sample of facilities, calling into question
assumptions of constant returns to scale. The results sug-
gest that, in India, average cost-effectiveness ratios would
overestimate total resource needs. Using a single-point
estimate of average unit costs to determine the use of
scarce public health resources will result in suboptimal
resource allocations.

vaccine, the type of vaccine, the delivery strategy, and the cov-
erage levels. The results lead to several conclusions:

+ First, the additional incremental cost per person vaccinated
is relatively small for some new vaccines.

+ Second, because fixed costs are excluded, the results repre-
sent conservative estimates of additional costs.

+ Third, because of price uncertainty, cost variations are great-
est for newer vaccines, such as the DTP-IPV combination.

The second opportunity for measles has the lowest cost
per death averted, ranging from US$23 to US$1,906 for fixed

facility strategies, and from US$65 to US$1,363 for campaigns
These results are consistent with the literature. Foster,
McFarland, and John (1993) find an incremental cost per death
averted ranging from US$335 to US$552 in urban areas and
from US$327 to US$706 in rural areas. The Africa Measles
Partnership (2004) estimates a cost per death averted of
US$131 to US$393 in the African context, but these figures
include the costs of infrastructure.

In the hypothetical populations, the incremental cost per
death averted for the pentavalent vaccine ranged from
US$1,319 in Sub-Saharan Africa to more than US$42,500 in
Europe and Central Asia, depending mostly on the number of
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Box 20.2

An Immunization Costing Study of Adding New Vaccines to the EPI in Peru

US$ per year
10 4

Data were collected from 19 government health facilities in
three districts in Peru, including five hospitals and 14 health
centers (Walker and others 2004). Total annual costs per 9
center included vaccines, supplies, personnel, cold chain, 87
overhead, and shared inputs. The average cost per dose for 7 7
traditional EPI antigens plus yellow fever varied from 67
US$1.50 to US$3.20 per dose as shown in the table, with 5 1

Marginal cost

vaccines and personnel accounting for the bulk of costs. 47
At 2,000 doses, the marginal cost of delivering one 37 -7
more dose is US$1.08, increasing to US$5.33 for 12,000 236 A -7 Y verage cost
doses. Average and marginal costs are equal (US$1.18) 11 =
when 5,000 doses are provided per site. When an outlier 0 - - - -
0 5,000 10,000 15,000 20,000

delivering many vaccines at a high cost was removed, cost-
minimizing output rose to 6,000 doses at US$1.11.
Although each vaccination facility is likely to be associa-
ted with different average and marginal costs, considering
vaccine provision across a range of providers is relevant,
because targets for vaccination can be set by site.
Information about marginal costs can help determine

Number of doses delivered

Source: Authors' calculations.

Marginal and Average Vaccination in Sample Facilities in Peru
(2001 US$)

what the most efficient size for vaccination facilities is in
the long run and how to minimize costs across different
size units in the short run, given targets (see figure).
When hepatitis B, Hib, and the pentavalent vaccine
(DTP-hepatitis B-Hib) are added to the delivery schedule,
the total annual additional cost increases to US$4,121,

incremental cost per dose of vaccine of US$0.20, US$4.14,
and US$4.24, respectively. Adding these new vaccines
increased the total cost of providing 5,100 doses from
US$5,840 to US$9,415 and changed the minimum average
cost from US$1.18 per dose to US$1.68. Therefore, the
addition of new vaccines shifts both average and marginal

US$11,886, and US$25,261, respectively, with an average  costs upward.

Mean Cost per Dose by Type of Facility, Selected Districts in Peru

(2001 US$)
Department

Health Rural Provincial hospital National
Cost items Health post center hospital hospital (Ayacucho) hospital
Recurrent items
Vaccines 0.59 0.87 1.39 1.03 0.60 031
Syringes 0.04 0.05 0.07 0.04 0.05 0.03
Personnel 0.46 0.28 117 0.33 0.76 0.29
Other 0.05 0.03 0.03 0.04 0.03 0.13
Capital items 0.01 0.02 0.09 0.01 0.03 0.02
Direct costs 1.15 1.25 2.75 145 147 0.78
Indirect costs 0.33 0.26 041 0.30 0.45 1.19
Average cost 1.48 151 317 1.79 1.92 1.98

Source: Walker and others (2004).
Note: Totals may not sum exactly because of rounding.
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potential deaths that could be averted. Although a wide range
of results was found, these estimates are supported by the liter-
ature. Miller (1998) estimated between US$3,127 and US$3.2
million per life saved for Hib vaccine. Brinsmead, Hill, and
Walker’s (2004) systematic review of the literature on the cost-
effectiveness of Hib vaccine finds wide variations in results
because of methodological differences and epidemiological
and health system characteristics. The discounted incremental
cost of introducing the pentavalent (DTP-
hepatitis B—Hib) vaccine is roughly equal to the total mean cost
of the traditional vaccine package estimated earlier. This find-
ing implies that introducing this combination vaccine may
double the financial requirements, an implication that is sup-
ported by data from national financial sustainability plans for
immunization (Lydon 2004).

The incremental discounted cost per person vaccinated with
a birth dose of hepatitis B is approximately US$2, and that for
the tetravalent vaccine was between US$7 and US$8. The 10-
year time period for our analysis is too short to accumulate
deaths averted resulting from hepatitis B vaccination because
deaths from liver cancer occur at older ages. Beutels’s (1998,
2001) reviews of studies of the cost-effectiveness of introducing
hepatitis B vaccine indicate that results vary depending on
assumptions of endemicity and the methodology used, with a
cost per death averted ranging from US$3,500 to US$271,800.

Rubella vaccination had a low additional cost per person vac-
cinated, at slightly more than US$1. Golden and Shapiro (1984)
found that vaccinating all prepubertal children with rubella vac-
cine had the highest benefit-cost ratio (ranging from US$1.70 to
US$1.96). Most benefits were future cost savings from long-
term institutional care. When rubella was delivered in combina-
tion with measles and mumps, the benefit-cost ratios varied
from US$4.70 to US$38.80 (Hinman and others 2002).

The additional cost per person vaccinated with one dose
of Japanese encephalitis vaccine was between US$4.37 and
US$4.56. A study in Thailand using two doses showed a cost per
child ranging from US$2.31 to US$4.20, depending on the
mode of delivery (Siraprapasiri, Sawaddiwudhipong, and
Rojanasuphot 1997). Ding and others (2003) estimate a cost per
case averted of US$258 and a cost per DALY averted of US$16.80
for a five-dose inactivated Japanese encephalitis vaccine.

Our analysis suggests an additional discounted cost per per-
son vaccinated for injectable polio vaccine of between US$6.60
and US$7.32, depending on coverage levels and mix of delivery
strategy. The additional discounted unit cost of the combina-
tion DTP-IPV vaccine was higher, ranging from US$13.88 to
US$15.28. These results are also sensitive to the current prices
of the vaccine, which will probably decline in coming years.
Brenzel (1995) finds that in India the cost per case prevented
for the combination DTP-polio vaccine was much lower than
for oral polio vaccine (OPV), primarily because the combina-
tion vaccine was associated with a greater reduction in the

number of polio cases. Miller and others (1996) suggest that
introducing IPV into routine vaccination in the United States
would cost an additional US$15 million to US$28 million de-
pending on the type of schedule adopted, resulting in a cost per
vaccine-associated paralytic poliomyelitis case prevented of
approximately US$3 million. Sangrugee, Caceres, and Cochi
(2004) found that the least costly option would be for pro-
grams to stop providing OPV after postpolio eradication and
certification and that optionally introducing IPV with univer-
sal IPV had the highest costs and the lowest expected number
of vaccine-associated paralytic poliomyelitis cases. If the unit
price of IPV fell to US$0.47, switching to IPV from OPV would
be economically worthwhile.

FINANCIAL SUSTAINABILITY OF IMMUNIZATION
PROGRAMS

Even though research has demonstrated that vaccination
against childhood diseases is one of the most cost-effective
health interventions, governments in many developing coun-
tries are considering how to meet the financing requirements
of immunization programs, particularly as new vaccines are
introduced and programs are scaled up. GAVI is working with
countries to prepare for the transition from grant funding and
to secure the overall financial sustainability of national pro-
grams. Approximately 55 countries have prepared national
financial sustainability plans for immunization. These plans
help countries evaluate the current and future costs and financ-
ing of national immunization programs and identify strategies
to address future funding gaps (GAVI 2004; http://www.who.
int/immunization_financing/en).

According to a recent analysis of financial sustainability
plans, specific costs for immunization programs represent an
average of 2 percent of total health spending and 6 percent of
government health spending and are equivalent to less than
0.2 percent of gross domestic product on average. However,
this profile changes after new and more expensive vaccines are
introduced. In some countries, program-specific costs for
immunization can reach as high as 20 percent of government
health spending with introduction of combination vaccines
(Lydon 2004). This share is related to the current unit price of
the vaccine, which is expected to decline.

Governments and their development partners are chal-
lenged to find ways to finance and sustain immunization
programs. In countries that are implementing reforms to
achieve greater transparency and fiscal discipline through sec-
torwide approaches and medium-term expenditure frame-
works, the additional financing requirements are compounded
by the need to operate within a fixed budget for the health sec-
tor, so that increased funding needs for one program may
necessitate budget cuts for others. This example illustrates the
potential tradeoffs that exist at the country level, which create
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both opportunities for more open policy dialogue in relation to
priority setting for the use of scarce public funds and risks that
the cost of new vaccines may not be readily integrated into
national plans and budgets. Because of the financial implica-
tions of reaching higher coverage levels and simultaneously
introducing new vaccines, policy makers will not only have to
weigh the cost-worthiness of alternative investments but also
have to understand their long-term budgetary implications.

IMPROVING THE COSTS AND COST-
EFFECTIVENESS OF IMMUNIZATION PROGRAMS

The cost-effectiveness of immunization programs could be im-
proved by either reducing costs or improving programs’ health
benefits. Programs could reduce costs by using a more efficient
mix of delivery strategies, reducing vaccine wastage, and using
lower-cost inputs while maintaining the same quality of serv-
ice. Reductions in the price of vaccines in the near future will
also reduce costs. Innovations in vaccine technology may result
in more widespread use of vaccine vial monitors, and increased
use of heat-stable vaccines could potentially reduce the cost of
the cold chain, although these innovations may themselves add
to costs. The number of children and adults immunized can
be increased by creating additional demand for vaccination;
reducing missed opportunities; and reducing the dropout rate
between the first and third doses of DTP, hepatitis B, and other
vaccines. Finally, changes in the EPI schedule could affect total
costs by reducing the number of doses required to achieve
immunity and thereby reducing the number of visits, resulting
in savings in the costs of labor, supplies, transport, and perhaps
overhead.

The EPI schedule was established in 1984 based on a review
of immune responses to diphtheria, tetanus, pertussis, polio,
and measles vaccines starting at different ages and with varying
intervals between doses (Halsey and Galazka 1985). The EPI
schedule administers three doses of DTP at the shortest possi-
ble intervals to complete the immunization series as early in life
as possible. However, if the primary series could be reduced to
two doses with a booster dose at 12 to 15 months of age, the
cost savings from reduced visits and one fewer dose of DTP in
countries that administer a fourth dose of DTP would be con-
siderable. Additional serological studies would be needed to
compare the existing EPI schedule with the theoretical sched-
ule before a new schedule could be adopted. Also, other vac-
cines to be introduced into immunization programs would
need to be revaluated in this schedule. Two doses of IPV
administered beginning at two months of age induce protective
levels of antibodies between 95 and 100 percent for each of the
three polio types (Halsey and others 1997; Plotkin and Vidor
2004).

Some countries with a low incidence of tuberculosis (such
as those of Eastern Europe) are considering the discontinua-
tion of routine BCG vaccination, given the low risk of
acquiring tuberculosis in early childhood. If the BCG were not
administered during the first month of life, program costs
would be reduced by the value of one visit and by the costs
associated with vaccine purchase, shipping, storage, and
administration.

RESEARCH AGENDA

Private and public sector investment in research and develop-
ment pertaining to new vaccines and improved use of existing
vaccines is considerable. Most research and development is
focusing on vaccines likely to have the greatest effect in the
developed world and the best financial return; however, by
means of public-private partnerships for product develop-
ment, foundations have stepped in to support vaccine research
and development for diseases for which the greatest burden
occurs in developing countries.

New vaccines are being developed that could be incorpo-
rated into EPI schedules, including vaccines that protect against
rotavirus, S. pneumoniae, malaria, cervical cancer associated
with human papilloma virus, HIV/AIDS, and dengue. New and
improved vaccines are also being developed to protect against
meningococcal infections in infancy and Japanese encephalitis
(NIH 2000). WHO recently created the Initiative for Vaccine
Research Department to facilitate global coordination of re-
search and development efforts for these and other vaccines.

In compiling data for this chapter, we noted a number of key
gaps in knowledge that could usefully drive a research agenda
and contribute to more evidence-based policy making in the
future (Fox-Rushby and others 2004). First, little is currently
known about how and why delivery costs change with increas-
ing numbers of vaccinations and at higher coverage rates and
whether economies of scale can be achieved. Little is known
about the relative cost-effectiveness of different strategies to
increase coverage given different baseline coverage rates. This
issue relates to other questions of the optimal timing for intro-
ducing new vaccines and of how decisions should vary given
different epidemiological and economic settings. Future
research should therefore consider the extent to which cost-
effectiveness analyses need to be repeated for every country or
context or whether (and how) estimating and validating rela-
tionships across countries and accounting for uncertainty in
estimates of costs and effects are possible.

Second, more attention needs to be given to measuring
effect. For example, even though the coverage of single antigens
required to reach particular levels of FICs should be accounted
for, economic evaluations need to move beyond such indica-
tors of output to measuring effect on the quantity and qual-
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ity of life. In evaluating different schedules, methodological
research needs to focus on how to incorporate the combined
effects of multiple vaccinations in this respect. Remarkably few
studies have considered the effect on nonhealth benefits, such
as economic growth and welfare. The larger the package of
vaccinations considered, the more important this question
becomes.

CONCLUSIONS

This chapter confirms that vaccination of children and women
with the traditional EPI vaccines is a highly cost-effective pub-
lic health intervention, although cost-effectiveness ratios vary
by region, delivery strategy, and level of scale. Overall, vaccina-
tion has had a significant effect on reducing mortality and
morbidity from childhood diseases and will be a priority
intervention for achieving the child health Millennium
Development Goals. Improving and sustaining measles control
are among the most cost-effective interventions in high-
mortality regions.

Establishing and maintaining high immunization coverage
rates in many of the poorest developing countries have proven
challenging for those with high population growth rates,
limited infrastructure and resources, and fluctuating demand
for services. According to historical coverage rate trends,
Europe and Central Asia, Latin America and the Caribbean,
and the Middle East and North Africa are expected to achieve
90 percent coverage of FIC by 2011, with East Asia and the
Pacific, South Asia, and Sub-Saharan Africa lagging behind.

Increasing and sustaining higher immunization coverage
rates will require further efforts so that disease control can be
maintained, particularly when a perception exists at the com-
munity level that vaccine-preventable diseases are no longer a
major public health issue. At higher coverage rates, further
disease burden reductions will be smaller, which will affect rel-
ative cost-effectiveness. Targeted approaches in countries or at
subnational levels could potentially yield high returns, espe-
cially in those areas with poor control of vaccine-preventable
diseases.

Our analysis shows that the cost per FIC will increase as
countries scale up immunization coverage and introduce new
vaccines. Adding more antigens to traditional EPIs has been
successfully accomplished in many countries, especially for Hib
and hepatitis B vaccines. Although many of the new vaccines
under consideration are more expensive than those for the
original six targeted EPI diseases, they may still be relatively
cost-effective compared with other interventions and with
treatment costs. Our analysis shows a wide range of cost-
effectiveness estimates depending on the type of vaccine,
vaccine prices, coverage levels, and delivery strategy, with the
additional incremental cost per person being relatively small

for some new vaccines. Declines in unit prices of new vaccines
also will affect cost-effectiveness results.

Financing and sustaining immunization programs are chal-
lenges that governments in developing countries and their
development partners will face. The financial implications of
reaching higher coverage levels and the simultaneous desire to
introduce new vaccines will require policy makers to consider
both the relative cost-effectiveness of interventions and the
long-term budgetary implications.

Although global and regional estimates of cost-effectiveness
of interventions are useful guides, further analytical work will
be needed to evaluate the relative benefits (deaths and cases
averted and DALYS) and costs (delivery and treatment) of vac-
cines for different delivery strategies and higher coverage rates,
particularly at the country level.
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NOTES

1. For our analysis, the preimmunization era neonatal tetanus mortal-
ity rate per 1,000 live births is used: developed countries, 0.1; East Asia and
the Pacific, 4.7; Europe and Central Asia, 0.4; Latin America and the
Caribbean, 4.4; Middle East and North Africa, 4.7; South Asia, 15.3; and
Sub-Saharan Africa, 10.2.

2. Because disease classification does not have a one-to-one correspon-
dence with those prevented by vaccine, according to table 20.3 is based on
estimates of the proportion of these illnesses that may be preventable by
specific vaccines. For example, some meningitis and acute lower respira-
tory infections are caused by Hib or S. pneumoniae, and some cirrhosis is
caused by hepatitis B.

3. Afully immunized child is a standard term that refers to a child who
has received one dose of BCG vaccine, three doses each of oral polio vac-
cine and DTP vaccines, and one dose of measles vaccine. The number of
FICs does not include children who have been partially immunized, so this
measure underestimates the total effect on the disease burden. However,
the number of FICs is representative of the effectiveness of the delivery
system in providing access to immunization services to children. The
authors are aware that fully vaccinating a child does not correspond to full
immunity.

4. The mean population-weighted cost per FIC for the financial sustain-
ability plans for immunization was US$21.06. The plans use DTP3 coverage
as a proxy for FICs rather than coverage measured through population-
based surveys (http://www.who.int/immunization_financing/en).

5. Assumptions about the relative distribution of FICs by strategy and
region were based loosely on such factors as the proportion of the popu-
lation with access to health services for fixed facilities and the likelihood of
active mobile strategies.

6. A proxy for the total number of deaths averted is the sum of the indi-
vidual deaths averted for each antigen in the traditional EPI. This figure
may overestimate the actual number of deaths averted by fully immuniz-
ing children and therefore underestimate the cost per death averted.
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However, the values estimated by region appear to support previously
reported estimates, and direct estimation of deaths averted was impossible
given data and model limitations.
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