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hildren in developing countries are dispropor-
C tionately affected by the worlds’ diseases.

Ninety percent of children under 5 years old
live in the developing world. Over 10 million children
under 5 die each year, most from preventable or
treatable causes, and 90% of these deaths occur in only
42 of the world’s countries." While progress in reduc-
ing mortality has been made over the last several
decades, an enormous discrepancy persists between
mortality in industrialized and in developing countries
(Fig 1).

In 2000, world governments together created the
Millennium Development Goals as priority areas that
needed to be addressed to eradicate poverty and
promote development.? Included is the goal to reduce
under-five child mortality by two-thirds by the year
2015. Unfortunately, progress toward this goal re-
mains inconsistent. Based on data from 1990 to 2003,
the World Health Organization (WHO) estimates that
only 93 countries are “on track” to meeting the
Millennium Development Goal for under-five mortal-
ity, and these were the countries that started out with
the lowest mortality rates.” Even more concerning is
that 29 countries are described as stagnating in
progress, and 14 are in “reversal” (Table 1). There are
several potential reasons behind the alarming halt in
progress in some countries. The correlation of increas-
ing or stagnating child mortality rates with conflict and
humanitarian crisis is apparent. Also likely to be
contributing are unabated high rates of poverty and
high prevalence rates of human immunodeficiency
virus (HIV), particularly in countries in sub-Saharan
Africa.*
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Causes of Child Morbidity and
Mortality in the Developing World

The leading causes of child mortality are shown in
Figure 2.° Of note, diarrheal disease and pneumonia
together account for the most deaths, and these deaths
are not due to pathogens unique to tropical climates
but similar to those in the developed world. However,
failures in prevention and treatment attributable to
multiple factors result in much higher rates of mortal-
ity. There is significant geographical variation in
distribution of causes of death (Fig 3).? Deaths due to
HIV and malaria represent a much larger percentage in
some countries in Africa. In countries with overall low
mortality rates where the number of deaths from
infectious disease is falling, neonatal deaths represent
a greater overall proportion of total deaths in children
under 5.

Risk factors for child mortality are associated with
poverty and include lack of safe water, poor hygiene
and sanitation, crowding, indoor air pollution, poor
maternal nutrition, lack of exclusive breastfeeding in
the first 6 months of life, malnutrition and micronutri-
ent deficiencies, and recurrent infectious disease.’
Malnutrition is estimated to contribute to over 50% of
all child deaths, although it is rarely reported as a
direct cause.® Indeed reporting of a single underlying
cause of death in each child is likely an oversimplifi-
cation, as many deaths may be multifactorial; both
acquired immunodeficiency syndrome (AIDS) and
measles can be complicated by diarrhea and respira-
tory infections.' The diseases most commonly impli-
cated in contributing to child morbidity and mortality
are described below.

Diarrhea and Dehydration

Despite advances in prevention and treatment, diar-
rhea continues to be a leading killer of young children,
accounting for 17% of all under-five deaths.” The
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TABLE 1. Progress toward reducing under-five mortality rates
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FIG 1. Global under-five mortality estimates, 1990 and 2005.
Data from UNICEF Customized Statistical Tables derived from
The State of the World's Children 2007. Accessed April 27,
2007. Available from: http://www.unicef.org/statistics/
index_24183.html.

majority of these deaths occur in developing countries.
Case fatality rates declined significantly from 13.6/
1000 to 4.9/1000 from the 1970s to the 1990s; how-
ever, the incidence of acute diarrheal illness has not
changed significantly, and the child under 5 in a
developing country has an average of 3.2 episodes per
year.’

Rotavirus is the most common single causative agent
of diarrhea for the most severe diarrheal disease
worldwide,® although bacterial pathogens are more
prevalent in developing countries where poor hygiene
and sanitation are still problems and fecal-oral spread
is not prevented.” Rotavirus has been estimated to
cause over 100 million cases of diarrhea each year,
and up to 600,000 deaths in children under 5.'° The
incidence of disease in all countries is similar, al-
though children in developing countries have much
higher mortality rates, likely due to lack of clean
water, decreased access to health care, and underlying
malnutrition.'® Unlike in temperate climates, rotavirus
is found year-round in developing countries, and
children in developing countries tend to get infected at
an earlier age.'' Other viruses such as adenovirus,
astrovirus, and caliciviruses have been found world-
wide, are also transmitted by the fecal—oral route, and
contribute to a substantial proportion of childhood
diarrhea.'’

While rotavirus may have other forms of transmis-
sion such as through contact or fomites, bacterial
pathogens are predominantly spread by the fecal—oral
route, and therefore, poor hygiene and sanitation place
children in developing countries at higher risk.” Bacterial
pathogens that are important etiologies of childhood
diarrhea include Escherichia coli, Campylobacter, Shi-
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UBMR, Under-five mortality rate.

Adapted from The World Health Report 2005: Making Every Mother and Child
Count. Geneva: WHO; 2005. Table 1.1: Neonatal and maternal mortality in
countries where the decline in child mortality has stagnated or reversed, p. 16 and
Table 2.1: Factors Hindering Progress, p. 22.

gella spp, Salmonella spp, Yersinia, and Vibrio chol-
erae.”'? Enterotoxigenic E. coli is a common cause of
acute, watery, noninflammatory diarrhea, as are enter-
opathogenic E. coli, Campylobacter, and Salmonella.
Dysentery is diagnosed clinically on the basis of the
presence of fever, bloody diarrhea, abdominal pain,
and tenesmus. The most common cause of bacterial
dysentery are Shigella spp, which may contribute to up
to 15% of all mortality from diarrhea.'* Shigella is
estimated to cause 1 million deaths each year, 60% of
which occur in children under 5. Salmonella,
Campylobacter, and Entamoeba histolytica must also
be considered with this type of presentation. Cholera,
and in particular V. cholerae serotypes O1 and O139,
remains an important cause of epidemic diarrhea and
is known for its potential to cause rapid volume
depletion and death within 24 hours.? It is of particular
importance in times of disaster or humanitarian crisis
when crowding is common and sanitation is poor.'*
Acute diarrheal illnesses are distinguished from
persistent diarrhea, also referred to as postinfectious
diarrhea, defined as diarrhea lasting longer than 14
days. Persistent diarrhea is multifactorial in origin and
is commonly associated with underlying malnutrition
and micronutrient deficiencies, inappropriate manage-
ment of diarrheal illness including cessation of breast-
feeding, early introduction of breast milk substitutes
such as animal milk, and specific etiologic agents
including E. coli and HIV-associated pathogens.'”
Despite being responsible for only a small percentage
of all diarrheal episodes, it is associated with a
disproportionately high mortality level, particularly
when following an episode of dysentery.'® Principles
of management include rehydration, continued breast-
feeding, micronutrient supplementation, and feeding
with a low-lactose diet or substituting yogurt for milk.
It is important to recognize and manage this syndrome
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FIG 2. Estimates of underfive mortality by cause in WHO
regions, 2000 to 2003. Adapted from data reported in:
WHO. The World Health Report 2005 — Making Every Mother
and Child Count. Statistical Annex Table 3. Annual number of

deaths by cause for children under five years of age in WHO
regions, estimates for 2000-2003. p. 190-1.

as distinct from etiologies of chronic diarrhea seen in
developed countries.'?

The profound decrease in diarrhea mortality over the
last three decades can be linked to various factors
including increased breastfeeding, improved nutrition,
improved sanitation, and increased rates of measles
vaccination.”” However, because morbidity has not
decreased substantially, the widespread implementa-
tion of oral rehydration therapy (ORT) has likely made
the greatest contribution to the reduction in mortality.’
ORT was introduced in the 1970s by WHO and has
become the mainstay of treatment for diarrheal ill-
ness.'* The development of this solution using specific
concentrations of glucose and electrolytes was based
on evidence that the sodium-coupled glucose trans-
porter across the apical villous membrane in the
intestine remains intact during episodes of infectious
diarrhea, and uptake of water is maximized when
sodium and glucose are present in appropriate propor-
tions.'” Use of ORT in cases of diarrhea increased
dramatically by the 1990s, and estimated mortality
dropped by about 75%.'®

Recommendations for community management of
diarrhea have evolved over the years. Based on the
detrimental impact of diarrhea on nutritional status and
evidence that feeding through the illness decreased
mortality, continued feeding has been promoted in
conjunction with rehydration, reversing previously
held practices of withholding food during illness.'® In
addition, the use of the original ORT solution was
challenged due to concerns of sodium concentrations
in excess of what was needed to treat stool losses from
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FIG 3. Distribution of causes of underfive deaths by WHO
region. Adapted from data reported in: WHO. The World
Health Report 2005 — Making Every Mother and Child Count.
Statistical Annex Table 3. Annual number of deaths by cause
for children under five years of age in WHO regions, estimates

for 2000-2003. p. 190-1.

noncholeric diarrhea,'? and the lack of impact on stool
output.'® Based on these concerns, a new reduced-
osmolar ORT solution with decreased sodium concen-
tration was developed and is currently recommended
by WHO and UNICEF."® In a meta-analysis of several
trials, the reduced osmolarity solution was found to be
associated with decreased need for intravenous hydra-
tion therapy, decreased stool output, and less frequent
vomiting when compared with the original standard
WHO formula.*®

Antibiotic therapy is not recommended for routine
treatment of diarrhea in the developing world. How-
ever, antibiotics can decrease duration of illness in
shigellosis®' and are therefore recommended in cases
of dysentery when Shigella is suspected.” Unfortu-
nately, Shigella has rapidly developed resistance to
various antimicrobials commonly used to treat dysen-
tery including ampicillin, cotrimoxazole, and tetracy-
cline'? and has resulted in increased use of fluoro-
quinolones such as ciprofloxacin due to low cost and
availability.'® Because resistance to fluoroquinolones
is also developing and available treatment options are
becoming yet further restricted, vaccine development
is being strongly encouraged.'®*?

Acute Respiratory Infections

Excluding neonatal deaths, pneumonia is the leading
killer of children under 5 worldwide, despite the
existence of effective prevention and treatment. Again,
the burden falls predominantly on children in devel-
oping countries, with over 150 million episodes in
children under 5 each year, and an estimated 2 million
deaths.”® Pneumonia accounts for 20% of under-five
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deaths in the developing world, but only 2% in
industrialized countries. This is not surprising, as
poverty increases the risk of crowded living condi-
tions, indoor air pollution, and malnutrition.?*

Attributing cases of pneumonia to specific etiologi-
cal agents is difficult even in developed countries;
however, limited laboratory capacity in resource-poor
settings makes it even more challenging, and conse-
quently, accurate data on the etiologic agents of
pneumonia is limited. However, studies have shown
the most common pathogens are again not tropical
diseases but the same as those that predominated in
industrialized countries before universal immuniza-
tion.”” The leading cause continues to be Streptococ-
cus pneumoniae, with Haemophilus influenzae being
an important contributing pathogen, as well as Staph-
ylococcus aureus. Among viral causes, respiratory
syncytial virus has been shown to be the most com-
mon.”* In regions where HIV prevalence rates are
high, incidence of pneumonia may increase signifi-
cantly, as children with HIV are at risk for opportu-
nistic infections but also much higher risk for more
common bacterial pathogens.?

Accurate diagnosis of pneumonia depends on physical
examination findings, laboratory evaluation, and ulti-
mately, a chest radiograph. However, access to pulse
oximetry, radiologic studies with adequate interpretation,
or even auscultation by a skilled health care worker is
limited in most developing country settings. Because of
this, WHO has developed very simple guidelines for
diagnosing pneumonia based on clinical signs, with
tachypnea being the most reliable indicator.”® These
guidelines, based on various studies, define pneumonia
based on a respiratory rate of at least 50 in infants 2
through 11 months, and 40 for children 12 months to 5
years; lower chest in-drawing is used to signify children
with more severe pneumonia requiring hospital admis-
sion. These guidelines are highly sensitive yet less
specific for bacterial pneumonia,®® since other febrile
illnesses and viral infections can cause tachypnea as well.
However, identification of children with pneumonia
based on respiratory rate is useful for community work-
ers to determine who should be treated with antibiotics
and has been proven effective in detecting cases of
bacterial pneumonia in community settings.”®

Case management of pneumonia using the above
guidelines has been shown to be extremely effective in
decreasing mortality. A meta-analysis of community-
based intervention trials in young children showed not
only a 36% decrease in mortality caused by pneumo-
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FIG 4. Underfive deaths caused by vaccine-preventable dis-
eases 2002. Adapted from data reported in: WHO. Global
Immunization Data. Geneva: WHO; 2004. Available from:
http://www.who.int/immunization_monitoring/data/Global-
ImmunizationData.pdf. Accessed April 27, 2007.

nia, but also a 24% decrease in overall mortality in
children under 5, and these findings were consistent
across various countries.”” Amoxicillin and cotrimox-
azole are recommended as first-line treatment of non-
severe pneumonia,?® although bacterial resistance to
cotrimoxazole is increasing.”® Intramuscular antibiotic
therapy (or intravenous where available) is recom-
mended in cases of severe pneumonia. However, there
is evidence from a randomized trial performed at sites
in eight developing countries that oral amoxicillin was
as effective as the WHO standard of intramuscular
penicillin in treating severe pneumonia.*” There is also
evidence from several studies that 3 days of treatment
with oral amoxicillin or cotrimoxazole is as effective
as the standard empiric 5 days of treatment that has
been recommended.’®*®* The implications of these
studies are particularly important where cost and
compliance are barriers to successful treatment.

Vaccine-Preventable Diseases

Infections that are referred to as vaccine-preventable
diseases, due to their eradication or near-eradication in
many industrialized countries, are still significant
causes of mortality. Figure 4 shows the number of
deaths attributable to vaccine-preventable diseases in
2002. Among those infections for which immuniza-
tions have already been implemented on a global level,
measles causes the most deaths in children worldwide,
the vast majority occurring in developing countries.*”
The illness is highly contagious and almost all children
without immunity will become infected.?' Most chil-

341


http://www.who.int/immunization_monitoring/data/GlobalImmunizationData.pdf
http://www.who.int/immunization_monitoring/data/GlobalImmunizationData.pdf

TABLE 2. Reported incidence of vaccine-preventable diseases and estimated vaccine coverage, 1980 and 2005

1980 2005
Estimated coverage (%) Cases Cases in DCs (%) Estimated coverage (%) Cases Cases in DCs (%)
Diphtheria 20 97,774 >99 78 8229 >99
Measles 16 4,211,431 89 77 580,287 >99
Pertussis 20 1,982,384 97 78 121,799 72
Polio 22 52,795 >99 78 2033 100
Neonatal tetanus 7 13,005 >99 57 9782 100

DCs, Developing countries.

Adapted from data reported in: WHO Vaccine Preventable Diseases: Monitoring System. 2006 Global Summary. Geneva: WHO; 2006.

dren develop a self-limited illness characterized by
cough, coryza, conjunctivitis, and a classic maculo-
papular rash. However, measles infection can affect
nearly every organ system and can have serious
sequelae.®® Respiratory complications are the leading
cause of mortality and include pneumonia, caused
by measles or a secondary viral or bacterial infec-
tion, and laryngotracheobronchitis. Case-fatality
rates are higher among children in developing
countries compared with industrialized countries, due
to malnutrition, vitamin A deficiency, and lack of
access to care.””

While some vaccine-preventable diseases such as
pertussis are reemerging in industrialized countries,
many are now diseases found solely in the developing
world, and elimination remains a challenge despite the
existence of effective vaccines. The bacteria that cause
tetanus are found worldwide and can affect children of
all ages, although neonatal tetanus is the most com-
mon presentation.”’ WHO estimates that neonatal
tetanus still caused 180,000 deaths in the year 2002.%3
Infants present within the first week or two of life with
poor feeding, emesis, and spasms that can be confused
with convulsions.*® Intensive care is required for
effective respiratory support and management of
spasms and dysautonomia; however, these resources
are often not available and mortality from neonatal
tetanus is high. Prevention of neonatal tetanus relies
not only on maternal immunization, but also on clean
delivery methods and sanitary cutting of the umbilical
cord; therefore, lack of access to skilled delivery in
clean settings increases risk for disease.>”

Vaccines for measles, polio, diphtheria, pertussis,
tetanus, and BCG have been included in the WHO
Expanded Program on Immunization since 1974 and
have been universally adopted in national immuniza-
tion programs.’® A standard immunization schedule
developed in 1984 is widely used in developing
countries®! and includes BCG immunization at birth,
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three doses of DPT and oral polio vaccines commonly
administered at 6, 10 and 14 weeks, and one measles
immunization which is often given at 9 months of age.
Hepatitis B vaccine was introduced in 1992. Since this
program was launched, coverage in infants worldwide
has increased from less than 25% to greater than 75%
in some cases, and dramatic reductions in disease
incidence were achieved (Table 2). Of these infec-
tions, polio is closest to being eradicated, with only six
countries identified as endemic in 2005.%’

Despite great achievements, it is clear from review-
ing the data that declines in mortality stagnated in the
early to mid-1990s as rates of coverage reached a
plateau. Three doses of DPT vaccine (DPT3) have
been used by UNICEF as an indicator of vaccine
coverage: in 2005, an estimated 28 million infants still
were not adequately immunized.’” WHO also recom-
mends that all children have a “second opportunity”
for measles vaccination. The initial measles vaccine is
given at 9 months of age, due to evidence for higher
attack rates and increased disease severity in young
infants in developing countries, but early vaccination
is associated with decreased rates of seroconversion.*®
Although the number of countries offering a second
dose increased by 2005, through either routine or
targeted supplemental immunization activities, many
countries in Africa and South Asia were still not
providing the second dose.*® Increasing coverage of
primary immunization in the first year of life as well as
second immunization opportunities for all children is
likely needed to further reduce measles mortality.

Immunization against H. influenzae b (Hib) was
recommended for routine use in developing countries
in the 1990s® and by 2005 had been introduced in 101
countries.”” Infection by this organism causes an
estimated 386,000 deaths each year, with the highest
disease burden in infants 4 to 18 months old, and is the
dominant cause of nonepidemic bacterial meningitis in
infants worldwide.*® Hib vaccine is extremely effec-
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tive and has led to virtual elimination of invasive
disease in many parts of the world.** Similar efficacy
in eliminating invasive disease has also been shown in
The Gambia.*! In addition several studies in develop-
ing countries have shown a reduction in cases of
radiographically confirmed pneumonia associated with
introduction of Hib vaccine.?® Barriers to introducing
the vaccine in countries in Africa and Southeast Asia,
where uptake has been slow, include cost of the
vaccine combined with lack of sufficient evidence of
disease burden in many countries, partly caused by
limited diagnostic capabilities.**

As mortality from many vaccine-preventable dis-
eases is reduced, infections such as pneumococcal
disease and rotavirus which are not yet included in
most national immunization programs account for a
greater proportion of mortality (Fig 4).>° However,
there is now evidence that similar dramatic reductions
in mortality from these diseases are possible. The
7-valent conjugated pneumococcal vaccine (PCV-7)
has been shown in the United States to significantly
decrease the incidence of invasive disease and also
decrease incidence of radiographically proven pneu-
monia.”® Because the 7-valent vaccine lacks certain
serotypes thought to contribute to invasive disease in
developing countries, 9-valent and 11-valent vaccines
have been studied.** In a study in The Gambia, a
9-valent pneumococcal vaccine was demonstrated to
decrease cases of pneumonia by 37%, invasive pneu-
mococcal disease from vaccine serotypes by 77%, and
all-cause mortality by 16%.** Similar reductions in
incidence of pneumonia and invasive disease were
demonstrated in a study in South Africa.*> Based on
this evidence, WHO recently published a position
paper recommending that PCV-7 be considered a
priority for inclusion in all national immunization
programs.*?

The development of safe and effective rotavirus
vaccines now means that rotavirus can be included in
global disease prevention strategies. Two recent large-
scale clinical trials of new rotavirus vaccines showed
efficacy against infection, as well as 85 to 98%
efficacy against severe rotavirus gastroenteritis.***” In
addition, the vaccine studied in 11 Latin American
countries was found to decrease hospitalization rates
for diarrhea from all causes by 42%.*” These vaccines
are already being licensed and implemented in the
United States and other countries. Prevention of rota-
virus in developing countries where high mortality
from diarrhea exists could obviously have an enor-

Curr Probl Pediatr Adolesc Health Care, October 2007

mous public health impact. Challenges to implemen-
tation include vaccine cost and lack of data regarding
local disease burden in many countries.*® In addition,
similar to the problems encountered with other live
oral vaccines such as poliovirus and cholera, previous
trials of rotavirus vaccines found them to be less
immunogenic and protective in African countries than
in the United States or Latin America, raising concerns
that the effectiveness of the new vaccines in other
regions of the world cannot be accurately predicted
and that further trials in low-income countries are
needed.*®

Malaria

An estimated half billion cases of malaria occur each
year, resulting in 1 million deaths, the vast majority
occurring in sub-Saharan Africa.*” While under-five
mortality from other causes has decreased over the
past several decades, child mortality due to malaria
has increased during the 1980s and 1990s.*’ As
demonstrated in Figure 3, malaria was estimated to
account for almost 20% of under-five deaths in Africa
in 2002. The observed increase in mortality can be
attributed to a combination of factors that have led to
setbacks in malaria control: increasing resistance to
antimalarial drugs and insecticides, war and civil
unrest, breakdown of health care infrastructure and
control programs, increasing travel and migration, and
increasing HIV prevalence which affects both immune
susceptibility and the capacity of health care facili-
ties.**>°

Of the four types of malaria parasites, Plasmodium
falciparum continues to be the leading cause of severe
disease and mortality. Malaria usually presents as a
nonspecific febrile illness, often leading often to misdi-
agnosis and confusion with other infections.”’ Young
children are particularly vulnerable to severe malaria,
which can include respiratory distress, hypoglycemia,
severe anemia, acidosis, and coma. Severe malarial
anemia, resulting from acute and recurrent infections,
contributes substantially to child mortality from ma-
laria in sub-Saharan Africa.’® Cerebral malaria is a
common and well-known complication of P. falcipa-
rum malaria in young children, manifesting as fever,
altered mental status/coma, and seizures, and may be
difficult to distinguish clinically from bacterial men-
ingitis. It is associated with a high mortality rate®' as
well as high risk of neurological impairment and
seizure disorder for those that do survive.”?
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In addition to the unacceptably high child mortality
caused by malaria, the disease also has indirect effects,
particularly among children in highly endemic areas
who have frequent repeated infections. The impact on
child health begins in pregnancy; malaria infection in
pregnant women increases risk of low birth weight and
prematurity.”* Recurrent infections in childhood can
result in chronic anemia, impaired growth and cogni-
tion, and decreased educational attainment and pro-
ductivity.*® In addition, recurrent episodes of febrile
illness result in decreased appetite, further worsening
the cycle of malnutrition and infection.>*

Since clinical presentation cannot be relied on for
accurate diagnosis, confirmatory blood tests are rec-
ommended. Evaluation of thick and thin blood smears
is still considered the gold standard, but this remains a
challenge in locations with limited resources as it
relies on maintenance of equipment and skilled review
of slides.”®! Rapid diagnostic tests have been devel-
oped and implemented in some areas. These new tests
are advantageous because they require minimal skill to
interpret results and they perform well in tropical
climates; however, widespread implementation has
been limited due to cost.”®

Malaria control is dependent on multiple interven-
tions including vector control, prevention with insec-
ticide-treated nets or spraying, accurate diagnosis,
treatment with effective antimalarials, and control of
epidemics. Drug resistance has become an enormous
barrier to eliminating malaria. In Asia and Africa, high
rates of resistance to chloroquine led to the introduc-
tion sulfadoxine-pyrimethamine, to which resistance
also rapidly developed. This led to the formulation of
new and innovative combination therapies primarily
with artemisin derivatives, which have been shown to
be highly effective against P. falciparum malaria.’®
WHO now recommends use of artemisin combination
therapies in all areas where there is chloroquine
resistance.*® However, use of these new medications is
limited by cost, limited available supply, and lack of
pediatric formulation.”

Vector-control using insecticides reduces malaria
transmission by both repelling and killing mosqui-
toes.”® Insecticide-treated bed nets are promoted as a
mainstay of malaria prevention in most endemic coun-
tries.*” A review of five large randomized studies in
Africa showed that they reduced malaria episodes,
protected against severe disease, and reduced child
mortality by 17%.%” The original bed nets required
retreatment every 6 months, which proved logistically
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challenging,’® and cost of nets to families has been an
obstacle to widespread utilization unless they are
subsidized.’® Long-lasting insecticide-treated bed nets
which remain effective for 4 to 5 years have been
developed and are being implemented as an alterna-
tive.*”® Indoor residual spraying with long-lasting
insecticides have been used effectively to eradicate
malaria in many regions of the world including parts
of South Africa®®; however, spraying declined in use
due to cost, concerns for insecticide resistance, lack of
community acceptability, and safety concerns of using
DDT.>® However, based on known effectiveness in
reducing child mortality and cost-effectiveness, WHO
is now promoting spraying as a primary method of
prevention for all endemic regions, including Africa,
and is supporting the use of the insecticide DDT as a
safe method when used appropriately for public health
measures rather than agriculture.®

Intermittent preventive therapy is recommended dur-
ing pregnancy in regions with high, stable transmis-
sion rates of P. falciparum malaria.’® The administra-
tion of sulfadoxine-pyrimethamine to women during
pregnancy has been shown in several studies to de-
crease maternal anemia and incidence of low birth
weight.®' In Malawi, adoption of intermittent preven-
tive therapy for all pregnant women resulted in a
reduction in low birth weight from 23 to 10% among
women who received at least two doses of sulfadox-
ine-pyrimethamine.®® Intermittent preventive therapy
with antimalarials for infants is a relatively new
intervention in which medications are administered in
conjunction with routine immunizations. Studies per-
formed in Tanzania, where malaria infection occurs
year round, showed significant reduction in rates of
malaria attacks, with more modest but still consider-
able reductions found in other countries where trans-
mission is more seasonal.®> While these reports are
encouraging, more research is needed to address con-
cerns of decreased natural immune response and
“rebound effect” as well as potential for drug-resis-
tance if implemented on a large scale.®*

HIV

The HIV epidemic has dealt a major blow to
progress in decreasing under-five mortality world-
wide, and again the burden is greatest in sub-Saharan
Africa. In severely affected countries in sub-Saharan
Africa such as Zimbabwe and Botswana where adult
HIV prevalence is high, AIDS accounted for over
one-third of deaths in children under five during 2002
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to 2005,°° and these countries have been categorized
as reversing progress in their overall child mortality
rates since 1990.% In sub-Saharan Africa, it is esti-
mated that 2 million children are infected with HIV,
with 1500 new cases in children under 15 every day;
an additional 170,000 in Asia are infected and slightly
over 100,000 in the rest of the world.°® Several
hundred thousand children with AIDS die each year in
sub-Saharan Africa.®® Studies on the natural history of
HIV infection in untreated children in Africa show
much higher rates of mortality in the first 2 to 3 years
of life than in industrialized countries.®”-°® This rapid
progression to death is attributed not only to lack of
available antiretroviral treatment but also to higher
burden of infectious diseases and lack of access to
health care.

HIV infection is not only important in its impact on
mortality rates but also creates devastating conditions
for surviving children. Children are at risk of losing
parents to HIV and being orphaned, losing teachers
and health care workers to HIV, developing psycho-
logical trauma due to social isolation and discrimina-
tion, and living in poverty due to lack of a working
adult to care for them.®® In addition, an enormous
burden is placed on health care systems and health
care personnel, many of whom are affected by HIV
themselves.®

The vast majority of childhood infections occur
through perinatal transmission. It is estimated that
without any intervention, 15 to 30% of HIV-positive
mothers will transmit the infection to their infants
during pregnancy and delivery, with an additional 10
to 20% transmission occurring through breastfeed-
ing.”® Access to highly active antiretroviral therapy for
the mother as well as safe breast milk substitutes in
high-income countries has allowed rates of perinatal
acquisition of infection to drop to less than 2%,
compared with 20% in low- and middle-income coun-
tries.®® While neither highly active antiretroviral ther-
apy nor safe breast milk substitutes are available to
most women in developing countries, other methods
exist specifically for preventing transmission. Antiret-
rovirals to prevent mother-to-child transmission are
highly effective and cost-effective in high-prevalence
areas. The use of zidovudine or zidovudine plus 3TC
during the antenatal, intrapartum, and postpartum
periods or single-dose nevirapine administered during
labor and then to the infant after delivery significantly
reduces rates of HIV transmission to infants.”"”?
Unfortunately, only about 10% of HIV-positive moth-
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ers in developing countries currently have access to
this important intervention.”®

Given the known risk of postnatal transmission
through breast milk, research has been to done to
examine the relative risks and benefits of breastfeeding
by HIV-positive mothers. In industrialized countries
where access to breast milk substitutes and clean water
is assured, it is recommended that HIV-positive
women do not breastfeed. However, in some develop-
ing countries, mixed breastfeeding, defined as early
introduction of solids or non-breast-milk liquids (wa-
ter or formula), actually increases mortality in infancy
compared with exclusive breastfeeding, possibly due
to bacterial contamination of foods and reduced posi-
tive effects of breast milk.”>’* Mixed breastfeeding
has been associated with increased risk of HIV trans-
mission, although the reasons for this are unclear.”>”>
Based on this and other evidence, and a general lack
of safe breast-milk substitutes in much of the
developing world, a recent consensus statement by
WHO recommends exclusive breastfeeding by HIV-
positive mothers for the first 6 months unless
replacement feeding is “acceptable, feasible, afford-
able, sustainable, and safe.””®

Effective antiretroviral therapy exists for treating
pediatric HIV; however, only one in eight children
needing antiretroviral therapy in developing countries
was receiving it in 2006.°° Numerous barriers exist to
scaling up treatment for children with HIV that will
not likely be solved quickly.”” These include cost of
the medications, lack of available pediatric formula-
tions, and limited diagnostic capabilities for diagnos-
ing HIV in infancy. In addition, there are inadequate
numbers of health care professionals trained in pedi-
atric HIV in the highest prevalence countries; many
have been lost to work in higher income countries or
to death from HIV infection.”’

Tuberculosis

Despite the enormous burden of disease that exists in
the world among both children and adults, tuberculosis
(TB) is often omitted from discussions of child mor-
tality. However, there is evidence that childhood TB is
on the rise in many countries.”® Approximately 1
million cases occur in children under 15 each year,
accounting for about 10% of total TB cases, although
in some countries up to 25% of TB cases occur in
children.” In industrialized countries, cases of TB in
children primarily occur in high-risk populations,
including immigrants from endemic areas,’® and these
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cases represent only a small proportion of the total
cases worldwide. Risk factors for TB infection include
poverty, crowded living conditions, and malnutri-
tion,® so it is not surprising that the burden is greatest
in the poorest countries.

Children with TB can initially be asymptomatic and
go undiagnosed; those who manifest symptoms most
commonly present with prolonged fever, weight loss,
and chronic cough.®'* Unlike reactivated tuberculo-
sis which is the form most often seen in adults,
children often present with primary pulmonary tuber-
culosis. They also commonly present with extrapul-
monary manifestations including lymphadenitis, ab-
dominal, spinal, and pericardial disease.®® Children
less than 5, and particularly those less than 2, are at
higher risk for developing disease after infection, and
specifically disseminated miliary TB and TB menin-
gitis, which are associated with higher morbidity and
mortality.”®

Accurate diagnosis of tuberculosis in children is
challenging for several reasons,”*** and even more so
in locations with limited resources. Young children
commonly present with extrapulmonary TB, making
microbiological diagnosis less probable. Pulmonary
disease in children tends to be noncavitary forming
and paucibacillary, and young children cannot produce
adequate cough effort to expectorate sputum, so the
likelihood of a positive smear for acid-fast bacillus is
unlikely. Because of this, gastric aspirates are the
method of choice for isolating the organism from
young children; however, since sensitivity of the
smear is low, this method relies on ability to perform
mycobacterial culture, which is unavailable in most
developing countries.®* Chest radiograph and tubercu-
lin skin test both can be useful aids in diagnosing TB,
but availability and accurate interpretation are barriers
to widespread use in the developing world.”*? Due to
these diagnostic challenges, attempts have been made
to develop algorithms or scoring systems to detect
cases, but they have not been uniformly adopted or
proven effective.®® Recently, the WHO Stop TB Part-
nership published guidelines on defining cases of both
smear-negative and smear-positive in TB in children,
as well as a recommended approach to diagnosis.”®
Because these guidelines include chest radiograph,
tuberculin skin testing, and microscopy, their applica-
bility in resource-poor settings will continue to be
limited and diagnosis will continue to be a challenge.

WHO recommends that BCG vaccine be given at or
shortly after birth in countries where risk of TB
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infection is high. As of 2005, an estimated 83% of the
world’s children were vaccinated in 156 countries.*®
While variable results in protection against TB infec-
tion have been found, the vaccine has been estimated
to be effective in decreasing cases of meningitis and
disseminated TB by 64 and 78%, respectively.®** The
vaccine is most effective in Africa and Asia, where
rates of disease as well as coverage are high.®
However, the vaccine has not had an impact on rates
of adult infection, and therefore, has not changed the
disease from a public health perspective.®’

TB and HIV

The double burden of TB and HIV coinfection has
become a significant public health problem in both
children and adults. While reported rates of coinfec-
tion in children are variable, existing data in several
southern African countries show that childhood cases
of TB are increasing,’® which may be related to high
prevalence of HIV in those countries. Coinfection has
numerous implications for surveillance, diagnosis, and
treatment. Infection with HIV and subsequent immu-
nosuppression further impedes accurate diagnosis of
TB as the tuberculin skin test is often falsely negative.
HIV is the most important factor increasing risk of
TB.®® Coinfection with HIV has been associated with
more rapid progression of TB infection, poorer com-
pliance with medication regimens, increased relapse
rates, and increased mortality.®""** In addition, TB
may be difficult to distinguish clinically or radiograph-
ically from other HIV-related lung diseases®' and
HIV-infected children may be infected with multiple
pathogens, which may lead to over- or underdiagnosis
depending on the level of suspicion.”® Coinfection
makes the eradication of TB in endemic countries an
even greater challenge, due to increased risk for
transmission, increased treatment failure rates, and the
possibility of development of more resistant TB.®

Malnutrition and Micronutrient Deficiencies

Malnutrition and specific micronutrient deficiencies
are well-known for their role in childhood disease
worldwide. Protein-energy malnutrition and multiple
micronutrient deficiencies commonly coexist in chil-
dren who have deficient calorie intake characterized
by unvaried diets.®” Lack of overall nutrition leads to
marasmus, characterized by loss of subcutaneous fat
and muscle tissue, whereas protein deficiency with
relatively good caloric intake leads to kwashiorkor,
manifested by edema, hair and skin changes, hepato-
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megaly, and lethargy.®® Most commonly children
present on the spectrum between the two, referred to
as marasmic kwashiorkor.®’

Different anthropometric measurements are used to
describe malnutrition. Stunting, or linear growth retar-
dation, represents a delay in skeletal growth, is an
indicator for chronic malnutrition, and is often asso-
ciated with recurrent infections. Wasting is indicative
of an acute weight loss or failure to gain weight,
associated with an acute infection, food shortage, or
other crisis situation.®® Weight-for-age is a composite
indicator of both acute and chronic malnutrition® and
is the most commonly used indicator of child
nutritional status.”® Stunting, wasting, and under-
weight are defined as height-for-age, weight-for-
height, and weight-for-age, respectively, that are
less than —2 standard deviations below the median
value for the reference population.®”

Severe acute malnutrition is defined as weight-for-
height <70% of the median or at least 3 SD below
reference values (severe wasting), the presence of
bilateral pitting edema, or a mid-upper-arm circumfer-
ence <110 mm.* In resource-poor settings where
health care workers skilled at performing measure-
ments may not be available, the mid-upper-arm cir-
cumference provides a reliable indicator of malnutri-
tion®; alternatively, visible wasting can be used to
make the diagnosis.”’ These children can also be
recognized based on the presence of severe edema,
skin changes, lightened hair color, and extreme apa-
thy.®” Children with severe acute malnutrition should
always be assessed for dehydration and infection,
although both of these can be difficult to detect, as
affected children will have decreased subcutaneous
tissue and are less likely to mount a fever.”' Severe
acute malnutrition is associated with high case-fatality
rates, up to 20 to 30%, and in many places this has not
changed, possibly due to the complexities involved in
treatment and the potential for iatrogenic complica-
tions.®

While 10% of children in developing countries are
severely wasted, another 26% are estimated to be mod-
erately to severely underweight and 31% are stunted.”
Analysis of available data shows that the majority of
child deaths attributable to malnutrition are due to mod-
erate malnutrition.® Malnutrition is not identified as a
direct cause of mortality in conventional statistics, be-
cause another primary cause of death is usually re-
corded; however, estimates have been made of the
impact of malnutrition on mortality. In a review of
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TABLE 3. Prevalence of malnutrition in world regions

% of under-fives % of under-fives

% of infants (1996-2005*) (1996-2005%*)
with low suffering from: suffering from:
birthweight, underweight, stunting,
1998-2005* moderate moderate &
and severe severe
Latin America and
Caribbean 9 7 15
South Asia 29 45 44
Sub-Saharan
Africa 14 28 37

Reproduced from UNICEF Customized Statistical Tables derived from The State
of the World’s Children 2007. Accessed May 10, 2007. Available from:
http://www.unicef.org/statistics/index_24183.html.

data from 10 countries comparing weight-for-age with
risk of death from common infectious diseases in
children 5 and under, 53% of deaths could be attrib-
uted to malnutrition, an estimate that was consistent
with previous studies.® Further analysis by specific
disease revealed a strong association between degree
of malnutrition and risk of mortality from diarrhea,
especially from dysentery, as well as from acute
respiratory infections and malaria, while the evidence
for measles was less consistent.”? Extrapolated to
global statistics, malnutrition contributes to approxi-
mately 5,000,000 deaths in young children each year.

Prevalence of low birth weight, underweight, and
stunting in different regions is shown in Table 3.
Numerous factors contribute to this persistently high
prevalence of poor nutrition and growth and starts with
the health of the mother.®” Malnutrition is of course
directly related to poverty, as it is impacted by low
maternal education, lack of available child care, and
lack of food security.®® Poor maternal nutrition will
increase the risk for low birth weight and for decreased
stores of micronutrients passed on to the infant. Early
discontinuation of breastfeeding, inappropriate intro-
duction of solid foods, and use of breast milk substi-
tutes are all contributing factors. According to
UNICEF data from 1996 to 2004,°> only 36% of
infants were exclusively breastfed until 6 months of
age. Nonbreastfed infants have also been found to be
at much higher risk of dying from acute respiratory
tract infection and diarrhea than breastfed infants.”*
Infants who are not breastfed not only lose the
nutritional and immunologic benefits but may be
exposed to contaminated water or food sources, since
access to clean water for making formula and cleaning
bottles or cups may be limited.
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Fever = Increased
metabolic needs
Decreased Intake
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Parasitic Infection
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Impaired cellular immunity
Decreased antibody
response

MALNUTRITION

FIG 5. The cycle of infection and malnutrition.

Complementary foods, which should be added to
ongoing breastfeeding at 6 months of age, are often
introduced in ways that provide insufficient nutrition.
Sometimes the foods chosen are not are provided in
adequate quantities, are introduced too early leading to
displacement of breastfeeding, or are not stored or
prepared hygienically.®> Even when appropriate in
quantity and timing, complementary foods such as
cereals may be lacking in necessary micronutrients,
and animal products may not be available.”®

Malnutrition has a synergistic and cyclical relation-
ship with infection as illustrated in Figure 5. It is
common for children in developing countries to have
recurrent, frequent infections, and these contribute to
deterioration in nutritional status in various ways, not
only through decreased energy intake, but also through
gastrointestinal losses of nutrients, increased catabo-
lism resulting in protein loss, and gastrointestinal or
urinary losses of micronutrients such as zinc, copper,
and vitamin A.°” The impact of these recurrent infec-
tions depends on the child’s nutritional status at onset
of infection, the child’s diet during convalescence, and
the degree to which the child has recovered at onset of
the next infection.’” Infection and fever decrease
appetite in all children; however, due to cultural
beliefs and practices, nutrient-rich foods may also be
withheld during times of illness, resulting in further
deterioration of nutritional status.®’ Conversely, as
demonstrated in Figure 5, malnutrition adversely af-
fects various components of the immune system,
reducing the ability to fight infection and resulting in
increased severity of infections.

The increased risk for mortality associated with
malnutrition is likely related to simultaneous presence
of multiple micronutrient deficiencies.® Micronutrient
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deficiencies play an important role in susceptibility
and response to disease in children. Common threads
in these deficiencies include poor maternal nutrition
leading to poor infant stores, early weaning, and
dependence on a monotonous diet consisting of a
carbohydrate (legume, tuber) without adequate meat
or plant sources.®” The micronutrient deficiencies
described below are the most pervasive.

Vitamin A deficiency is the leading preventable cause
of blindness in children in the developing world. It results
from a diet lacking in adequate plant and animal products
which contain vitamin A,%® as well as a lack of fat, which
results in impaired vitamin A absorption.®” An estimated
100 to 140 million children are affected.”® Vitamin A
deficiency results in a wide spectrum of ocular disease,
ranging from poor dark adaptation and “night blind-
ness,” progressing to conjunctival and corneal xerosis
and ultimately keratomalacia and blindness.®’” Measles
infection associated with vitamin A deficiency in-
creases the risk of these complications.’® Vitamin A
deficiency has also been associated with stunting,99
although supplementation has not consistently been
shown to have a significant effect on growth.'® In
addition, vitamin A deficiency contributes to anemia
through complex mechanisms and is necessary for
functioning of the immune system.””

Based on studies using supplementation, vitamin A
deficiency is considered a significant risk factor for
mortality from diarrheal illness, measles, and malaria.”’
Vitamin A supplementation has been shown to have
significant effects on mortality in both prevention and
treatment of disease. When given every 4 to 6 months,
vitamin A supplementation has been shown to de-
crease mortality in children 6 months to 5 years of age
by 23%, primarily by reducing deaths due to diarrhea
and measles.'?""19% Based on this evidence, vitamin A
supplementation is recommended to be given every 4
to 6 months for children 6 to 59 months and has
commonly been integrated into national immunization
programs and other child health activities.'”> Large
doses (200,000 IUs) given for two consecutive days to
children with measles infection has been shown to
decrease mortality by over 50% and specifically mor-
tality due to pneumonia in measles,'® although no
effect has been found in treating non-measles pneu-
monia.'® Treatment doses are therefore recom-
mended for all children with measles, severe mal-
nutrition, or ocular complications of vitamin A
deﬁciency.106 UNICEF estimates that, in 2003, 76%
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of children in the least developed countries received
vitamin A supplementation.®®

Iodine is required by the thyroid gland for synthesis
of hormones thyroxin and triiodothyronine. Because
thyroid hormone is essential for central nervous sys-
tem development in early life, maternal iodine defi-
ciency results in severe and irreversible neurological
sequelae in the infant, including mental retardation and
motor disturbances such as spasticity and rigidity.'®’
This is referred to as endemic cretinism and is the
leading cause of preventable mental retardation in
children worldwide.'®® Todine deficiency in child-
hood and adolescence can also lead to goiter,
hypothyroidism, and mental impairment, with sig-
nificant consequences for intellectual development
and productivity.®’

Most diets are deficient in iodine due to its depletion
from the soil, unless seafood or iodine-fortified food
products are included in the diet.®® Inland regions such
as the Himalayas and Andes, where water derived
from melted mountain snow leaches iodine from the
soil, are particularly affected, as are flood plains
regions. Because of its low cost, availability, and use
in almost all foods, salt fortified with iodine has been
the most widely used method of eliminating iodine
deficiency.®” While progress has been made in forti-
fication, 54 countries are still classified as mildly to
severely iodine-deficient, and WHO estimates that
one-third of the world’s schoolchildren suffer from
insufficient iodine intake.'®

The importance of zinc deficiency in childhood
disease and mortality has become increasingly recog-
nized. Zinc is a required component in multiple
enzymes and proteins and plays an essential role in
cellular metabolism and growth.'®® Deficiency arises
from low intake of zinc-replete animal products, com-
bined with high consumption of cereals and legumes
that inhibit zinc absorption.®”-'°® There is some evi-
dence that zinc deficiency impacts physical growth,'®’
and supplementation may have a modest effect on
linear growth."'® Studies on zinc supplementation also
suggest that cognitive development may be affected,
although the evidence is not consistent.''" Zinc defi-
ciency is difficult to measure accurately in individuals.
However, trials of zinc supplementation have consis-
tently shown a profound impact on morbidity and
mortality from diarrheal disease as well as respiratory
illnesses, suggesting that zinc plays a crucial role in
combating infection and that deficiency is a major
contributor to child mortality. A review of 10 trials
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performed in developing countries showed that zinc
supplementation provided daily for at least 2 weeks
resulted in decreased incidence of both diarrhea and
pneumonia in children.!'? There is also some evidence
that zinc supplementation decreases incidence of ma-
laria, although this was based on data for health
facility visits only.''? When used to treat diarrheal
illness, zinc supplementation resulted in decreased
duration of symptoms as well as a reduction in
mortality or treatment failure of 42% in persistent
diarrhea.''* There is also evidence that treatment with
zinc hastens recovery from severe pneumonia.''”

Zinc is not stored in the body as long as vitamin A,
so more frequent supplementation is necessary''* and
the optimal method for supplementation or fortifica-
tion has not yet been determined.''® However, based
on the evidence for decrease in mortality from diar-
rhea, WHO now recommends zinc supplementation
for 10 to 14 days as an integral component of treating
diarrheal illness, combined with ORT and continued
feeding.'” Implementation has not yet been wide-
spread as with vitamin A, as challenges exist in
formulation and production, and more research on
cost-effectiveness, use with ORT, and compliance
with different formulations is needed."'?

Nutritional rickets is a worldwide problem and can
result from low calcium intake, vitamin D deficiency,
or both. Particularly at risk are infants who are solely
breastfed for prolonged periods without vitamin D
supplementation, and children who are weaned from
breast milk to a calcium-deficient diet.®” Risk factors
for rickets vary by geographic location and population.
In certain regions such as South Asia, the high
prevalence of rickets is attributed to darker skin color
combined with low sun exposure resulting in vitamin
D deficiency, in addition to dietary factors, while in
Africa low calcium intake and dietary inhibitors of
absorption are common with vitamin D levels often
being normal.''® In Kenya, children with rickets were
found to be consuming little or no animal or dairy
products, and their primary cereal component con-
tained high levels of phytates and oxalates, which
impede absorption of calcium and other nutrients.®’

Iron deficiency contributes significantly to perinatal
mortality in the developing world, due to complica-
tions of anemia during childbirth."'” Hemorrhage is
one of the leading causes of maternal mortality world-
wide''® but predominantly affects women in Africa
and Southeast Asia.'!” For children, direct effects on
health outcomes are not related to infection or in-
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creased mortality but stem from the long-term cogni-
tive sequelae arising from chronic iron deficiency
anemia. Diets limited to carbohydrates and lacking in
meats and vegetables leave millions of children in the
developing world at risk for iron deficiency. Increased
needs for iron during early childhood, adolescence,
and pregnancy place these groups particularly at
risk.®® Iron deficiency is estimated to account for
about 50% of anemia in childhood.''! Numerous other
factors compound the burden of anemia in children,
including other micronutrient deficiencies, recurrent
infections with malaria, and chronic infection with
soil-transmitted helminths.

Iron fortification of various food products has de-
creased the prevalence of anemia in many countries.”
However, where this is not feasible, supplementation
has been used. Because many children will likely be
deficient in not one but multiple micronutrients, strat-
egies at providing supplementation of multiple micro-
nutrients as an acceptable food additive such as
dissolvable tablets, sprinkles, or foodspreads have
been developed.''® Micronutrient sprinkles added to
food in the home that included iron as well as vitamin
A and zinc were shown to be acceptable to families
and effective in correcting anemia in Ghana.'*° A
large-scale multicenter trial of daily multiple micro-
nutrient supplementation using dissolvable tablets
added to food in the home was more effective in
reducing anemia than iron supplementation alone,
which is not surprising as other vitamin deficiencies
likely contribute to anemia.'?' Finally, while supple-
mentation may be feasible and effective, dietary di-
versification is the best long-term solution to micro-
nutrient deficiencies, although it is also the most
challenging strategy given the need for behavior
change and improved food security.””

Parasitic Diseases

While most international efforts and funding have
been aimed at the “big three” diseases, HIV/AIDS,
malaria, and TB, increasing attention is being focused
on neglected tropical diseases because of the enor-
mous burden they inflict on years of life lost to
disability rather than death.'** The most common of
these infections, schistosomiasis and three soil-trans-
mitted helminths (Ascaris lumbricoides, Trichuris tri-
chiura, and hookworms), are particularly relevant to
child health. All of these diseases are highly endemic
in developing countries, especially sub-Saharan Af-
rica, and have significant geographic overlap, and
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children are commonly infected with multiple para-
sites.'** The epidemiology of these infections differs
from other common causes of childhood illness de-
scribed above, in that the peak intensity of infection
occurs in older children aged 5 to 15.'** A high burden
of hookworm infection is generally attained by ado-
lescence and can continue into adulthood.'**

The transmission mechanisms and clinical manifes-
tations of these infections have considerable over-
lap.'**'>* In all three soil-transmitted helminth infec-
tions, the adult parasite inhabits the gastrointestinal tract;
hookworm and ascariasis affect the small intestine,
whereas trichuriasis affects the large intestine. Transmis-
sion to others occurs by passage of eggs in the stools,
which are then transmitted by ingestion, or in the case
of hookworm, by larval penetration of the skin.'?’
Schistosomiasis is acquired by direct penetration of
the skin from contaminated water where snails serve
as intermediate hosts, and eggs are then shed in human
urine and feces.'*® A primary risk factor for acquisi-
tion and transmission of these infections is therefore
contact with contaminated soil or water, which is
directly related to poverty, poor sanitation, and lack of
access to clean water.

These infections cause relatively few deaths each
year so their impact is less reflected in mortality rates
than in morbidity, measured by disability-adjusted
life-years. Of these infections, hookworm is responsi-
ble for the greatest number of disability-adjusted
life-years lost, primarily due to iron-deficiency anemia
from gastrointestinal blood loss.'** Trichuriasis can
further exacerbate anemia through gastrointestinal
losses, and schistosomiasis can contribute as well
through urinary (Schistosoma haematobium) or intes-
tinal (Schistosoma mansoni) losses. Large parasite
burdens in ascariasis can lead to intestinal obstruction
but can also cause chronic malabsorption of vitamin A
and other nutrients and lead to decreased appetite and
food intake, and hookworm can cause significant
protein losses.'*> The end result of coinfection with
these parasites is therefore chronic anemia and nutri-
tional deficits. There is substantial evidence that these
infections contribute to impairment of growth and
cognitive development in children and thus have
important long-term consequences if not prevented or
treated.'** These infections are not only symptoms of
poverty, but they perpetuate it as well, by hindering
educational performance and ultimately economic pro-
ductivity.'**
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Although improved sanitation is the only way to
completely eliminate soil-transmitted helminth infec-
tions, providing periodic antihelmintic therapy can be
highly effective in reducing morbidity and transmis-
sion.'** Studies have shown that providing antihel-
mintic treatment can improve physical growth as well
as cognitive development.'** A strategy has been
adopted by WHO to provide school-age children with
regular periodic deworming, without confirming infec-
tion status, in addition to targeting high-risk groups
such as preschool children and pregnant women.'?’
Treatment must be repeated regularly due to high
reinfection rates, up to two to three times per year in
communities with high disease prevalence or intensi-
ty.'?” Drugs recommended for treatment of soil-trans-
mitted helminths include albendazole and mebenda-
zole due to their safety and low cost, and praziquantel
as the first choice for schistosomiasis.'*’ Because of
their safety, these medications can be given in health
facilities or in schools to reach the most children and
have been integrated with immunization and vitamin
A supplementation as well as school feeding pro-
grams.'*® Deworming campaigns are already under-
way in many countries, although it is estimated only
10% of schoolchildren are being reached, far from the
stated goal of 75%.'*° Given that low-cost and safe
drugs are now available, many as large-scale dona-
tions from pharmaceutical companies, further oppor-
tunities exist for using a coordinated package of three
or four medications to treat the majority of neglected
tropical diseases and dramatically reduce the cumula-
tive morbidity from these diseases.'*?

Impaired Cognition

For those children who survive early childhood, it is
clear that a combination of factors including protein
energy malnutrition, micronutrient deficiencies, and
chronic and recurrent infections put these children at
risk for significant morbidity. In addition to the impact
on health and physical growth, the effect on cognitive
development has become a focus of research and has
been acknowledged as a priority in international child
health.'*%'*? Impaired cognitive development is an
epidemic in itself and likely contributes to the cycle of
poverty and disease in many parts of the world.

In a review of studies done in developing countries,
both degree of stunting as an indicator of malnutrition
and level of poverty were consistently associated with
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decreased school achievement, cognitive scores, or
literacy, depending on the outcome measured.'*®
Based on available data on the prevalence of stunting
and poverty among children under 5, the authors
estimated that over 200 million children are at risk for
not reaching their developmental potential by age 5,
with the highest prevalence of disadvantaged children
in sub-Saharan Africa and South Asia.'*°

Adequate nutrition is essential for mental develop-
ment, and the highest risk period is between the
second trimester of pregnancy and 2 years of age.'”’
Nutrition therefore begins with the mother; poor ma-
ternal nutrition increases risk of intrauterine growth
restriction and low birth weight, which can impair
cognitive development well into childhood.'*! Malnu-
trition during the first year of life can have long-lasting
consequences. In a longitudinal study comparing chil-
dren diagnosed with marasmus or kwashiorkor in their
first year of life with healthy controls, children with
histories of malnutrition scored significantly less on IQ
testing as far out as 11 to 18 years of age.'** These
results were significant even when controlling for the
effects of environmental factors. Further support for
the role of malnutrition in impaired cognitive devel-
opment comes from randomized controlled trials
showing consistent improvement in developmental
outcomes when food supplements were provided,
particularly if such an intervention is combined with
early cognitive and psychosocial stimulation.'*"-'** In
a prospective study of Jamaican children 9 to 24
months of age who were stunted, both food supple-
mentation and play stimulation had significant effects
on mental development, but the greatest effect was
seen when these interventions were combined.'*> This
provides evidence that malnutrition clearly contributes
to impairment of cognitive development, but that other
household and environmental factors are important as
well.

The contributions of specific micronutrient deficien-
cies are discussed above, with iodine deficiency being
a well-established cause of cognitive deficits and the
role of zinc less well-defined. The detrimental effect of
iron deficiency on long-term cognitive development
has been repeatedly demonstrated.'*' Several plausi-
ble mechanisms exist for impairment of cognition.'*°
Anemia impairs normal development of the central
nervous system. In addition, anemic children may seek
less stimulation from their environment and from their
caretakers, resulting in “functional isolation.” Lozoff
and colleagues followed infants with chronic iron
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deficiency and non-iron-deficient controls up to 19
years."*” The children who had iron-deficiency in
infancy started with lower cognitive scores, and de-
spite adequate iron supplementation, these children
did not catch up to their counterparts and continued to
show poorer cognitive scores until adulthood, with the
most dramatic gap among the lower socioeconomic
families demonstrating that nutrition interacts with
other factors in its effect on child development. The
study did not however show a benefit of iron
supplementation once iron deficiency is diagnosed.
In a meta-analysis of randomized controlled trials
performed in developing countries, iron supplemen-
tation was found to have inconsistent effects on
developmental outcome, with the primary benefits
being reduction of preexisting deficits or prevention
of further losses.'”®

Other factors contribute to poor cognitive develop-
ment. Some are related to lack of access to health care
and immunizations, including sequelae from recurrent
otitis media and from central nervous system infec-
tions including bacterial meningitis and encephali-
tis.'">' The role of intestinal helminths is discussed
above as a contributing factor. Cerebral malaria, which
most commonly affects young children, has been
estimated to cause neurological sequelae in several
thousand children in Africa each year”® and in a
prospective study was found to result in a 3.7-fold
increased risk of cognitive impairment.'*® HIV infec-
tion is known to cause encephalopathy and increases
risk of developmental delay even without severe
disease.'*" Children in developing countries are also at
high risk for environmental exposures. Lead toxicity
can result from exposure to contaminated soil or
gasoline,'*? while exposure to toxic levels of arsenic
and manganese in contaminated water supplies affects
millions of people worldwide.'?"

Hearing impairment is an important risk factor for
impaired language and cognitive development and
represents another silent epidemic in the developing
world that goes largely unnoticed due to lack of
resources available for detection in young children. An
estimated 700,000 infants will develop hearing impair-
ment each year in the developing world.'*® Due to
lack of access to health care, lower immunization
rates, and decreased resources at health care facilities,
infants in developing countries are at increased risk for
congenital infections known to cause hearing loss,
acquired infections such as measles, mumps, menin-
gitis, and otitis media, complications from birth as-
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phyxia and prematurity, exposure to ototoxic drugs,
and sequelae from untreated neonatal jaundice.'*

Finally, the effects of psychosocial factors including
decreased stimulation in the home, maternal depres-
sion, and exposure to conflict and violence must be
considered. As all these factors are interrelated, cau-
sality of any one factor is difficult to establish.'*’
Poverty, poor nutrition, low level of maternal educa-
tion, decreased stimulation, micronutrient deficiencies,
and poor hygiene leading to parasitic infections all are
likely to exist in the same household. Impaired cogni-
tive development is likely multifactorial in origin and
more research and attention are required to address
this insidious and often overlooked epidemic.

Neonatal Morbidity and Mortality

While progress has been made on reducing under-
five mortality, the neonatal mortality rate, defined as
deaths occurring in the first 28 days, has not declined
proportionately. Child mortality has declined by one-
third since 1980, but neonatal mortality has dropped
only by one-quarter, and the discrepancy between
high-income countries and low- to middle-income
countries continues to grow. Neonatal deaths now are
estimated to account for 38% of all under-five deaths
worldwide,'*" and in regions such as South Asia, up to
50%.'** This brief 28-day period therefore holds much
higher risk of mortality than the rest of a child’s first
5 years of life. The reason for this discrepancy is
related to the causes of newborn deaths, which are
distinctly different from the causes of death in children
older than 1 month of age.

Distribution of causes of neonatal deaths for the
years 2000 to 2003 is shown in Figure 6. Among
infectious causes, sepsis and pneumonia account for
the majority of deaths, while 7% are still caused by
neonatal tetanus.'*' Infections predominate as the
cause of death in the late neonatal period, while deaths
from preterm birth and birth asphyxia predominate
during the first week.'** The risk of death is greatest
during the first week and particularly during the first
24 hours of life. Poor maternal nutrition leading to
delivery of low birth weight infants is an important
risk factor; similar to malnutrition, low birth weight is
not described as a direct cause of death but is esti-
mated to be implicated in up to 80% of neonatal
deaths.!** Meanwhile, for each neonatal death, up to
20 surviving newborns suffer from complications from
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FIG 6. Causes of neonatal deaths, WHO estimates, 2000 to
2003. Adapted from data reported in: WHO. The World
Health Report 2005 — Making Every Mother and Child Count.
Statistical Annex Table 4. Annual number of deaths by cause
for neonates in WHO regions, estimates for 2000-2003. p.
190-1.

these same conditions.” Children surviving preterm
birth or birth asphyxia are more likely to have cerebral
palsy or other debilitating problems for which little
treatment is available in countries with limited re-
sources.

Many countries have seen significant drops in their
neonatal mortality rates specifically attributed to ma-
ternal tetanus immunization, and globally, deaths from
neonatal tetanus have dropped by 50% since 1990.'*!
However, community interventions such as immuni-
zation cannot be used to address the majority of
neonatal deaths that occur during the first week of life.
Deaths during this time period can largely be attrib-
uted to lack of skilled care during delivery and the
immediate postpartum period. In sub-Saharan Africa
and South Asia where neonatal mortality rates are the
highest, only one-third of women deliver in the care of
a skilled health care worker.'*?

While it may be perceived that universal access to
intensive care facilities and advanced technology is
necessary to decrease neonatal mortality worldwide,
this is unlikely to be true. Reduction in neonatal
mortality occurred in industrialized countries before
the introduction of expensive technology; instead,
effective, low-cost interventions including skilled care
during labor, antibiotics, use of aseptic techniques,
basic neonatal resuscitation, and early exclusive
breastfeeding were likely responsible.'** Some devel-
oping countries have shown similar progress. Sri
Lanka dramatically decreased its neonatal mortality
rate throughout the country by committing resources
to providing easy and equitable access to skilled care
by trained midwives, at government facilities where
care is free.'** For most low- and middle-income
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countries, however, scaling up skilled care at delivery
remains a great challenge.

Maternal Health

This strategy of increasing access to skilled care is
imperative to decreasing maternal mortality and mor-
bidity as well. The timing of maternal deaths strongly
mirrors that of neonatal deaths; while risk exists from
the third trimester as far as 6 to 12 months postpartum,
most pregnancy-related deaths occur in the first 1 to 2
days after birth,''® further strengthening the argument
for improved care during and after delivery. Causes of
maternal mortality are diverse and vary between re-
gions; however, in a review of maternal mortality data
WHO found that hemorrhage, hypertensive disorders,
and infection together account for at least 50% of all
maternal deaths in developing countries.'*> These
conditions are often not predictable and require skilled
management to improve outcomes. Preventable dis-
eases such as malaria, HIV, and anemia also contribute
indirectly to maternal death. Finally, the continued
practice of unsafe abortions, with the highest rates
occurring in Latin America, accounts for 68,000 ma-
ternal deaths each year and likely causes significant
morbidity and disability.’

Stillbirths occurring in the last 12 weeks of preg-
nancy are strongly related to maternal mortality. An
estimated 3 million stillbirths occur each year,'*°
which is equivalent to the number of neonatal deaths
occurring in the first week of life. These numbers are
staggering, yet these deaths go largely unrecorded
despite being attributed to similar risk factors as
maternal and early neonatal deaths. Combined, mater-
nal deaths, neonatal deaths, and stillbirths total almost
8 million deaths each year,’ the vast majority of which
could be prevented with access to simple, low-tech-
nology interventions during pregnancy and the peri-
partum period.

Providing Interventions that Work

In 2003, as part of the Child Survival Series pub-
lished in The Lancet, Jones and others identified over
20 interventions effective in decreasing newborn and
child mortality based on extensive review of literature
and expert opinion.'*” The vast majority of these inter-
ventions are preventive in nature, and many have been
shown to impact mortality caused by multiple diseases.
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For example, breastfeeding has been shown to have a
significant protective effect against death from diar-
rhea and acute respiratory infections, particularly in
the first months of life.”*'*® Complementary feeding
programs that provide food supplementation combined
with education and counseling have been proven to
improve nutritional status and therefore likely contrib-
ute to decreasing mortality from various infectious
causes.'*

The public health impact of improved sanitation and
hygiene on reducing disease in industrialized countries
is well known. Interventions such as hygiene educa-
tion, hand-washing promotion, improved sanitation,
and improved water quality have proven effective in
decreasing diarrheal illness.'*® A review of water and
sanitation interventions also found significant de-
creases in incidence of trachoma and ascariasis, reduc-
tions in severity of various parasitic diseases including
hookworm, and an overall 55% reduction in child
mortality.'”' A recent study performed in squatter
settlements in Karachi, Pakistan implementing inten-
sive promotion of hand-washing with plain soap
showed not only a 53% reduction in incidence of
diarrheal illness, but also a 50% reduction in cases of
pneumonia in children under 5.'5% This was a labor-
intensive intervention requiring provision of free soap
and weekly promotion activities, therefore having
limited feasibility for expansion, yet illustrates that
simple, low-cost interventions once adopted can effec-
tively prevent the diseases that cause the greatest
mortality in young children.

Many of the other disease-specific interventions
supported in the Child Survival Series are presented
above, including ORT and zinc supplementation for
treatment of diarrhea, immunizations, vitamin A sup-
plementation, prevention of malaria using insecticide-
treated bed nets, and community management of
pneumonia. Since the publication of the Child Sur-
vival Series, evidence continues to grow for yet more
successful interventions that could greatly impact
mortality in the developing world, including new
vaccines for pneumococcal disease and rotavirus, a
growing body of evidence on micronutrient supple-
mentation to prevent and treat disease, and intermittent
preventive therapy for prevention of malaria in infants.
The benefits of these interventions are further ampli-
fied when the impact on morbidity, health care utili-
zation, and cognitive development of children is con-
sidered.
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Integrated Approaches

Many of the interventions described above, all ef-
fective individually, have been implemented as dis-
tinct initiatives or “vertical programs,” which places a
large burden on the health care infrastructure to
provide systems for each separate intervention. This
approach to implementing interventions also poses a
challenge each time a new intervention is to be added.
To address this problem, WHO and UNICEF intro-
duced the Integrated Management of Childhood IlI-
nesses (IMCI) strategy in the 1990s."> An integrated
approach was proposed to improve case management
by health care workers, promote efficiency, and increase
cost-effectiveness. Based on the IMCI strategy,'>* health
workers at outpatient facilities are trained to recognize
symptoms of the most common illnesses including pneu-
monia, diarrheal illness and dehydration, malaria, mea-
sles, and acute or chronic otitis media, using simple
examination techniques such as respiratory rate, skin
turgor, and body temperature. Clinical recognition of
conditions such as malnutrition and anemia is also
included. Patients with danger signs, such as coma,
convulsions, severe wasting, or anemia, are given
initial treatment and are then referred to a hospital.
Patients without severe illness are treated based on
their diagnosis with effective interventions including
ORT, antibiotics, and antimalarials. Micronutrient
supplementation, deworming, nutritional counseling,
and review of immunization status are included in the
guidelines, so that opportunities for one effective
intervention are not missed if the child accesses the
health care system for a different problem, and paren-
tal counseling on how to manage illness at home is
emphasized. Clinical challenges have arisen with these
guidelines, such as the exclusion of infants during the
first week of life, during which there is a high
mortality rate,'** and the high prevalence of HIV in
many communities, which alters the epidemiology and
clinical presentation of infectious disease.

As of 2002, IMCI had been adopted by over 100
countries.'”® The impact of the program has been
studied rigorously in five countries. The greatest suc-
cess was found in Tanzania where IMCI implementa-
tion was associated with strengthened health systems
and high utilization rates of health care facilities.'””
Studies showed that children in IMCI districts in
Tanzania received better care, including better assess-
ment by a health care provider and increased likeli-
hood of receiving correct treatment,'>> and the pro-
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gram was associated with a 13% reduction in under-
five mortality.'°

Although these results were promising, they have not
been replicated in all countries,'>”"'>® and a large-scale
impact from IMCI has not yet been demonstrated.'>> The
initial evaluation revealed that four of the five countries
had difficulty scaling up to a national level while
maintaining quality of the program.'>® Challenges to
large-scale successful implementation reflect common
barriers to improving health care in developing coun-
tries and included high staff turnover rates, low staff
motivation due to low salaries in some countries, poor
supervision, lack of hospital resources available for
referral of sick patients, and low utilization rates of
health care facilities.'*?

Achieving Universal Coverage

It has been estimated that over 60% of under-five
deaths could be prevented if universal coverage were
achieved with known effective interventions, and this
estimate did not include newer tools such as rotavirus
vaccine.'*’” Unfortunately, despite the vast body of
evidence supporting these effective and low-cost in-
terventions, many children do not benefit from them.
Estimates of coverage of interventions in the year
2000 for the 42 countries bearing 90% of the burden of
child mortality reveal discouraging trends.'*” Breast-
feeding was the only intervention estimated to reach
almost all children. Measles vaccine was estimated at
only 68% coverage; vitamin A supplementation was
estimated at only 55%, and ORT was estimated at only
20%. Coverage with Hib vaccine was estimated at 1%
and treatment of diarrhea with zinc at 0%, showing the
enormous delay in getting evidence applied where it is
needed. A subsequent analysis of the 60 countries with
the highest child mortality showed similar results.'®®
While there was great variability between countries
and some had high coverage specifically for immuni-
zations and breastfeeding, proven interventions such
as ORT and antimalarial treatment were at less than
50% coverage, and prevention of maternal-to-child
transmission of HIV and use of insecticide-treated bed
nets had each achieved only 3% median coverage
levels.

Why is higher coverage so difficult to achieve?
Factors that have been implied in reaching coverage
levels include strong political commitment, availabil-
ity of human resources, and commitment of financial
resources. ®° Since the 1990s, the child survival move-
ment has lost momentum toward meeting internation-
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ally defined goals. Renewed leadership and commit-
ment of financial and human resources are needed, and
because child survival interventions are often compet-
ing with initiatives to fight AIDS, malaria, and tuber-
culosis, sector-wide approaches that integrate these
different initiatives have been suggested.'®' Finally,
greater attention must be paid to the widening dispar-
ities in health care and outcomes, not only between
countries but within them as well, if further reductions
in child mortality are to be realized.

Inequities in Child Health

For child survival interventions, low coverage rates
are not the entire story, as they do not reflect the
staggering inequities within countries, between urban
and rural populations, and between poor and rich
families. Ideally, the poorest, most at-risk children
would have greatest access to effective interventions,
but this is not the reality. In an analysis of coverage
with eight proven interventions, including immuniza-
tion, skilled care at delivery, access to safe water and
vitamin A supplementation, substantial differences in
coverage were found in all countries between the
poorest and wealthiest families.'®* Statistically signif-
icant associations were found between wealth quintile
and likelihood of receiving interventions. In some
countries, such as Haiti and Cambodia, children in the
poorest quintile were over 10 times less likely to
receive at least six of the eight interventions than
children in the wealthiest quintile. In countries with
high overall coverage, the poorest quintile was dispro-
portionately affected, while in countries with the
lowest overall coverage, the wealthiest disproportion-
ately benefited.

Similar discrepancies in access to pregnancy-related
care have been found. Inequities exist in all countries
based on socioeconomic status regarding access to
antenatal care, facility-based birthing, and access to
skilled care at delivery, and even in countries with
high overall coverage, the poorest women are less
likely to benefit from these services.” Both maternal
mortality rates''® and neonatal mortality rates'*' have
been shown to be inversely related to the wealth of the
family.

These patterns of inequity are consistent and perva-
sive. Within a given country, risk of death before
reaching age 5 is greater among poor children.’
Malnutrition is increased in poorer households in
sub-Saharan Africa as well as rural areas compared
with urban areas.'®® Differences in care-seeking have
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also been found. In rural Tanzania, children from
wealthier families were more likely to be brought for
care to treat illness and more likely to receive antibi-
otics or antimalarials.'® This pattern is confirmed by
UNICEF data showing that seeking care for a child
with suspected pneumonia is more likely in urban
versus rural locations as well as among families in
higher wealth quintiles.>

It is not surprising that differences in nutritional
status, care-seeking behavior, access to interventions,
and mortality are related to poverty. Poverty impacts
health systems as well as geographic and economic
access to health services. Basic water and sanitation as
well as nonpolluting indoor fuels may not be available
to the poorest populations, and transportation and
health care costs may prohibit seeking care. The direct
relationship of poverty to decreased maternal educa-
tion is also a factor. Mothers with decreased education
may be less knowledgeable about using clean water,
providing nutritious foods, and seeking health care for
signs of illness.” Decreased maternal education has
been associated with higher risk for being underweight
and lower likelihood of receiving immunizations.'®

New interventions tend to reach the wealthier pop-
ulations first, referred to as the principle of inverse
equity, so that a lag in time to adoption of child
survival activities by certain countries may lead to
delay in reaching the poorest children.'®* A study of
IMCI implementation showed that, after the initial
pilot period, the program did not equitably reach the
poorest populations, and in some countries did not
reach the areas with greatest need at all.'®® Pursuing
universal coverage of known interventions is therefore
not enough, and adding new interventions when such
disparities already exist increases the risk that these
tools will simply reach the same children who already
have access, and not the poorest children who are
being excluded.'®® The tools for saving lives already
exist, but implementation strategies are needed that
ensure that new vaccines and other interventions more
quickly reach the neediest populations.

Conclusions

Great progress has been made in reducing child
mortality over the last several decades, and advances
in prevention and management of disease have also
contributed to decreasing morbidity and improving the
quality of lives of children. The HIV epidemic, emer-
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gence of resistance against antibiotics and antimalari-
als, and the high number of children living in war or
crisis situations means that infectious diseases will
continue to cause significant illness and death among
children, particularly in sub-Saharan Africa, and that
these complex problems cannot be addressed rapidly.
However, for the vast majority of deaths in infants and
children, effective and low-cost methods of prevention
and treatment exist, but coverage remains suboptimal.
In addition, continued promotion of community-based
interventions alone will not address the millions of
newborn deaths each year. Strengthening of health
systems and human resources to ensure that all women
can have skilled care at delivery is a much greater
challenge but is needed if newborn survival is to
improve alongside child survival. Finally, as health
care around the globe improves, disparities widen and
the poorest, neediest individuals continue to be denied
access to services that should be universally accessi-
ble. There is still great progress to be made in applying
knowledge to practice, and ensuring that all children
have the same opportunity to survive the first years of
childhood, to grow up healthy, and to achieve their full
developmental potential.
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