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C hildren in developing countries are dispropor-
tionately affected by the worlds’ diseases.
Ninety percent of children under 5 years old

ive in the developing world. Over 10 million children
nder 5 die each year, most from preventable or
reatable causes, and 90% of these deaths occur in only
2 of the world’s countries.1 While progress in reduc-
ng mortality has been made over the last several
ecades, an enormous discrepancy persists between
ortality in industrialized and in developing countries

Fig 1).
In 2000, world governments together created the
illennium Development Goals as priority areas that

eeded to be addressed to eradicate poverty and
romote development.2 Included is the goal to reduce
nder-five child mortality by two-thirds by the year
015. Unfortunately, progress toward this goal re-
ains inconsistent. Based on data from 1990 to 2003,

he World Health Organization (WHO) estimates that
nly 93 countries are “on track” to meeting the
illennium Development Goal for under-five mortal-

ty, and these were the countries that started out with
he lowest mortality rates.3 Even more concerning is
hat 29 countries are described as stagnating in
rogress, and 14 are in “reversal” (Table 1). There are
everal potential reasons behind the alarming halt in
rogress in some countries. The correlation of increas-
ng or stagnating child mortality rates with conflict and
umanitarian crisis is apparent. Also likely to be
ontributing are unabated high rates of poverty and
igh prevalence rates of human immunodeficiency
irus (HIV), particularly in countries in sub-Saharan
frica.4

rom the Pediatric Hospitalist Division, Children’s National Medical
enter, Washington, DC.
urr Probl Pediatr Adolesc Health Care 2007;37:338-362
538-5442/$ - see front matter
2007 Mosby, Inc. All rights reserved.
aoi:10.1016/j.cppeds.2007.07.003

38
auses of Child Morbidity and
ortality in the Developing World

The leading causes of child mortality are shown in
igure 2.3 Of note, diarrheal disease and pneumonia

ogether account for the most deaths, and these deaths
re not due to pathogens unique to tropical climates
ut similar to those in the developed world. However,
ailures in prevention and treatment attributable to
ultiple factors result in much higher rates of mortal-

ty. There is significant geographical variation in
istribution of causes of death (Fig 3).3 Deaths due to
IV and malaria represent a much larger percentage in

ome countries in Africa. In countries with overall low
ortality rates where the number of deaths from

nfectious disease is falling, neonatal deaths represent
greater overall proportion of total deaths in children
nder 5.
Risk factors for child mortality are associated with
overty and include lack of safe water, poor hygiene
nd sanitation, crowding, indoor air pollution, poor
aternal nutrition, lack of exclusive breastfeeding in

he first 6 months of life, malnutrition and micronutri-
nt deficiencies, and recurrent infectious disease.5

alnutrition is estimated to contribute to over 50% of
ll child deaths, although it is rarely reported as a
irect cause.6 Indeed reporting of a single underlying
ause of death in each child is likely an oversimplifi-
ation, as many deaths may be multifactorial; both
cquired immunodeficiency syndrome (AIDS) and
easles can be complicated by diarrhea and respira-

ory infections.1 The diseases most commonly impli-
ated in contributing to child morbidity and mortality
re described below.

iarrhea and Dehydration

Despite advances in prevention and treatment, diar-
hea continues to be a leading killer of young children,

ccounting for 17% of all under-five deaths.3 The

Curr Probl Pediatr Adolesc Health Care, October 2007
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ajority of these deaths occur in developing countries.
ase fatality rates declined significantly from 13.6/
000 to 4.9/1000 from the 1970s to the 1990s; how-
ver, the incidence of acute diarrheal illness has not
hanged significantly, and the child under 5 in a
eveloping country has an average of 3.2 episodes per
ear.7

Rotavirus is the most common single causative agent
f diarrhea for the most severe diarrheal disease
orldwide,8 although bacterial pathogens are more
revalent in developing countries where poor hygiene
nd sanitation are still problems and fecal–oral spread
s not prevented.9 Rotavirus has been estimated to
ause over 100 million cases of diarrhea each year,
nd up to 600,000 deaths in children under 5.10 The
ncidence of disease in all countries is similar, al-
hough children in developing countries have much
igher mortality rates, likely due to lack of clean
ater, decreased access to health care, and underlying
alnutrition.10 Unlike in temperate climates, rotavirus

s found year-round in developing countries, and
hildren in developing countries tend to get infected at
n earlier age.11 Other viruses such as adenovirus,
strovirus, and caliciviruses have been found world-
ide, are also transmitted by the fecal–oral route, and

ontribute to a substantial proportion of childhood
iarrhea.11

While rotavirus may have other forms of transmis-
ion such as through contact or fomites, bacterial
athogens are predominantly spread by the fecal–oral
oute, and therefore, poor hygiene and sanitation place
hildren in developing countries at higher risk.9 Bacterial
athogens that are important etiologies of childhood
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IG 1. Global under-five mortality estimates, 1990 and 2005.
ata from UNICEF Customized Statistical Tables derived from
he State of the World’s Children 2007. Accessed April 27,
007. Available from: http://www.unicef.org/statistics/

ndex_24183.html.
iarrhea include Escherichia coli, Campylobacter, Shi- I

urr Probl Pediatr Adolesc Health Care, October 2007
ella spp, Salmonella spp, Yersinia, and Vibrio chol-
rae.9,12 Enterotoxigenic E. coli is a common cause of
cute, watery, noninflammatory diarrhea, as are enter-
pathogenic E. coli, Campylobacter, and Salmonella.
ysentery is diagnosed clinically on the basis of the
resence of fever, bloody diarrhea, abdominal pain,
nd tenesmus. The most common cause of bacterial
ysentery are Shigella spp, which may contribute to up
o 15% of all mortality from diarrhea.12 Shigella is
stimated to cause 1 million deaths each year, 60% of
hich occur in children under 5.13 Salmonella,
ampylobacter, and Entamoeba histolytica must also
e considered with this type of presentation. Cholera,
nd in particular V. cholerae serotypes O1 and O139,
emains an important cause of epidemic diarrhea and
s known for its potential to cause rapid volume
epletion and death within 24 hours.9 It is of particular
mportance in times of disaster or humanitarian crisis
hen crowding is common and sanitation is poor.14

Acute diarrheal illnesses are distinguished from
ersistent diarrhea, also referred to as postinfectious
iarrhea, defined as diarrhea lasting longer than 14
ays. Persistent diarrhea is multifactorial in origin and
s commonly associated with underlying malnutrition
nd micronutrient deficiencies, inappropriate manage-
ent of diarrheal illness including cessation of breast-

eeding, early introduction of breast milk substitutes
uch as animal milk, and specific etiologic agents
ncluding E. coli and HIV-associated pathogens.15

espite being responsible for only a small percentage
f all diarrheal episodes, it is associated with a
isproportionately high mortality level, particularly
hen following an episode of dysentery.16 Principles
f management include rehydration, continued breast-
eeding, micronutrient supplementation, and feeding
ith a low-lactose diet or substituting yogurt for milk.

ABLE 1. Progress toward reducing under-five mortality rates

Countries U5MR 1990
More than 2 years in
humanitarian crisis

since 1992

Pattern of U5MR
1990-2003

93 59 3% On track
51 92 20% Slow progress
29 207 38% Stagnating
14 111 57% Reversing

5MR, Under-five mortality rate.
dapted from The World Health Report 2005: Making Every Mother and Child
ount. Geneva: WHO; 2005. Table 1.1: Neonatal and maternal mortality in
ountries where the decline in child mortality has stagnated or reversed, p. 16 and
able 2.1: Factors Hindering Progress, p. 22.
t is important to recognize and manage this syndrome
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3

s distinct from etiologies of chronic diarrhea seen in
eveloped countries.15

The profound decrease in diarrhea mortality over the
ast three decades can be linked to various factors
ncluding increased breastfeeding, improved nutrition,
mproved sanitation, and increased rates of measles
accination.7,9 However, because morbidity has not
ecreased substantially, the widespread implementa-
ion of oral rehydration therapy (ORT) has likely made
he greatest contribution to the reduction in mortality.7

RT was introduced in the 1970s by WHO and has
ecome the mainstay of treatment for diarrheal ill-
ess.14 The development of this solution using specific
oncentrations of glucose and electrolytes was based
n evidence that the sodium-coupled glucose trans-
orter across the apical villous membrane in the
ntestine remains intact during episodes of infectious
iarrhea, and uptake of water is maximized when
odium and glucose are present in appropriate propor-
ions.17 Use of ORT in cases of diarrhea increased
ramatically by the 1990s, and estimated mortality
ropped by about 75%.18

Recommendations for community management of
iarrhea have evolved over the years. Based on the
etrimental impact of diarrhea on nutritional status and
vidence that feeding through the illness decreased
ortality, continued feeding has been promoted in

onjunction with rehydration, reversing previously
eld practices of withholding food during illness.18 In
ddition, the use of the original ORT solution was
hallenged due to concerns of sodium concentrations

IG 2. Estimates of under-five mortality by cause in WHO
egions, 2000 to 2003. Adapted from data reported in:

HO. The World Health Report 2005 – Making Every Mother
nd Child Count. Statistical Annex Table 3. Annual number of
eaths by cause for children under five years of age in WHO
egions, estimates for 2000-2003. p. 190-1.
n excess of what was needed to treat stool losses from d

40
oncholeric diarrhea,12 and the lack of impact on stool
utput.16 Based on these concerns, a new reduced-
smolar ORT solution with decreased sodium concen-
ration was developed and is currently recommended
y WHO and UNICEF.19 In a meta-analysis of several
rials, the reduced osmolarity solution was found to be
ssociated with decreased need for intravenous hydra-
ion therapy, decreased stool output, and less frequent
omiting when compared with the original standard
HO formula.20

Antibiotic therapy is not recommended for routine
reatment of diarrhea in the developing world. How-
ver, antibiotics can decrease duration of illness in
higellosis21 and are therefore recommended in cases
f dysentery when Shigella is suspected.9 Unfortu-
ately, Shigella has rapidly developed resistance to
arious antimicrobials commonly used to treat dysen-
ery including ampicillin, cotrimoxazole, and tetracy-
line13 and has resulted in increased use of fluoro-
uinolones such as ciprofloxacin due to low cost and
vailability.16 Because resistance to fluoroquinolones
s also developing and available treatment options are
ecoming yet further restricted, vaccine development
s being strongly encouraged.16,22

cute Respiratory Infections

Excluding neonatal deaths, pneumonia is the leading
iller of children under 5 worldwide, despite the
xistence of effective prevention and treatment. Again,
he burden falls predominantly on children in devel-
ping countries, with over 150 million episodes in
hildren under 5 each year, and an estimated 2 million

IG 3. Distribution of causes of under-five deaths by WHO
egion. Adapted from data reported in: WHO. The World
ealth Report 2005 – Making Every Mother and Child Count.
tatistical Annex Table 3. Annual number of deaths by cause
or children under five years of age in WHO regions, estimates
or 2000-2003. p. 190-1.
eaths.23 Pneumonia accounts for 20% of under-five

Curr Probl Pediatr Adolesc Health Care, October 2007
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eaths in the developing world, but only 2% in
ndustrialized countries. This is not surprising, as
overty increases the risk of crowded living condi-
ions, indoor air pollution, and malnutrition.24

Attributing cases of pneumonia to specific etiologi-
al agents is difficult even in developed countries;
owever, limited laboratory capacity in resource-poor
ettings makes it even more challenging, and conse-
uently, accurate data on the etiologic agents of
neumonia is limited. However, studies have shown
he most common pathogens are again not tropical
iseases but the same as those that predominated in
ndustrialized countries before universal immuniza-
ion.25 The leading cause continues to be Streptococ-
us pneumoniae, with Haemophilus influenzae being
n important contributing pathogen, as well as Staph-
lococcus aureus. Among viral causes, respiratory
yncytial virus has been shown to be the most com-
on.24 In regions where HIV prevalence rates are

igh, incidence of pneumonia may increase signifi-
antly, as children with HIV are at risk for opportu-
istic infections but also much higher risk for more
ommon bacterial pathogens.25

Accurate diagnosis of pneumonia depends on physical
xamination findings, laboratory evaluation, and ulti-
ately, a chest radiograph. However, access to pulse

ximetry, radiologic studies with adequate interpretation,
r even auscultation by a skilled health care worker is
imited in most developing country settings. Because of
his, WHO has developed very simple guidelines for
iagnosing pneumonia based on clinical signs, with
achypnea being the most reliable indicator.26 These
uidelines, based on various studies, define pneumonia
ased on a respiratory rate of at least 50 in infants 2
hrough 11 months, and 40 for children 12 months to 5
ears; lower chest in-drawing is used to signify children
ith more severe pneumonia requiring hospital admis-

ion. These guidelines are highly sensitive yet less
pecific for bacterial pneumonia,26 since other febrile
llnesses and viral infections can cause tachypnea as well.
owever, identification of children with pneumonia
ased on respiratory rate is useful for community work-
rs to determine who should be treated with antibiotics
nd has been proven effective in detecting cases of
acterial pneumonia in community settings.26

Case management of pneumonia using the above
uidelines has been shown to be extremely effective in
ecreasing mortality. A meta-analysis of community-
ased intervention trials in young children showed not

nly a 36% decrease in mortality caused by pneumo- w

urr Probl Pediatr Adolesc Health Care, October 2007
ia, but also a 24% decrease in overall mortality in
hildren under 5, and these findings were consistent
cross various countries.27 Amoxicillin and cotrimox-
zole are recommended as first-line treatment of non-
evere pneumonia,28 although bacterial resistance to
otrimoxazole is increasing.26 Intramuscular antibiotic
herapy (or intravenous where available) is recom-
ended in cases of severe pneumonia. However, there

s evidence from a randomized trial performed at sites
n eight developing countries that oral amoxicillin was
s effective as the WHO standard of intramuscular
enicillin in treating severe pneumonia.29 There is also
vidence from several studies that 3 days of treatment
ith oral amoxicillin or cotrimoxazole is as effective

s the standard empiric 5 days of treatment that has
een recommended.26,28 The implications of these
tudies are particularly important where cost and
ompliance are barriers to successful treatment.

accine-Preventable Diseases

Infections that are referred to as vaccine-preventable
iseases, due to their eradication or near-eradication in
any industrialized countries, are still significant

auses of mortality. Figure 4 shows the number of
eaths attributable to vaccine-preventable diseases in
002. Among those infections for which immuniza-
ions have already been implemented on a global level,
easles causes the most deaths in children worldwide,

he vast majority occurring in developing countries.30

he illness is highly contagious and almost all children
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IG 4. Under-five deaths caused by vaccine-preventable dis-
ases 2002. Adapted from data reported in: WHO. Global
mmunization Data. Geneva: WHO; 2004. Available from:
ttp://www.who.int/immunization_monitoring/data/Global-
mmunizationData.pdf. Accessed April 27, 2007.
ithout immunity will become infected.31 Most chil-
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ren develop a self-limited illness characterized by
ough, coryza, conjunctivitis, and a classic maculo-
apular rash. However, measles infection can affect
early every organ system and can have serious
equelae.32 Respiratory complications are the leading
ause of mortality and include pneumonia, caused
y measles or a secondary viral or bacterial infec-
ion, and laryngotracheobronchitis. Case-fatality
ates are higher among children in developing
ountries compared with industrialized countries, due
o malnutrition, vitamin A deficiency, and lack of
ccess to care.32

While some vaccine-preventable diseases such as
ertussis are reemerging in industrialized countries,
any are now diseases found solely in the developing
orld, and elimination remains a challenge despite the

xistence of effective vaccines. The bacteria that cause
etanus are found worldwide and can affect children of
ll ages, although neonatal tetanus is the most com-
on presentation.31 WHO estimates that neonatal

etanus still caused 180,000 deaths in the year 2002.33

nfants present within the first week or two of life with
oor feeding, emesis, and spasms that can be confused
ith convulsions.34 Intensive care is required for

ffective respiratory support and management of
pasms and dysautonomia; however, these resources
re often not available and mortality from neonatal
etanus is high. Prevention of neonatal tetanus relies
ot only on maternal immunization, but also on clean
elivery methods and sanitary cutting of the umbilical
ord; therefore, lack of access to skilled delivery in
lean settings increases risk for disease.35

Vaccines for measles, polio, diphtheria, pertussis,
etanus, and BCG have been included in the WHO
xpanded Program on Immunization since 1974 and
ave been universally adopted in national immuniza-
ion programs.36 A standard immunization schedule
eveloped in 1984 is widely used in developing

ABLE 2. Reported incidence of vaccine-preventable diseases and estim

1980

Estimated coverage (%) Cases Cases

iphtheria 20 97,774
easles 16 4,211,431
ertussis 20 1,982,384
olio 22 52,795
eonatal tetanus 7 13,005

Cs, Developing countries.
dapted from data reported in: WHO Vaccine Preventable Diseases: Monitorin
ountries31 and includes BCG immunization at birth, i

42
hree doses of DPT and oral polio vaccines commonly
dministered at 6, 10 and 14 weeks, and one measles
mmunization which is often given at 9 months of age.
epatitis B vaccine was introduced in 1992. Since this
rogram was launched, coverage in infants worldwide
as increased from less than 25% to greater than 75%
n some cases, and dramatic reductions in disease
ncidence were achieved (Table 2). Of these infec-
ions, polio is closest to being eradicated, with only six
ountries identified as endemic in 2005.37

Despite great achievements, it is clear from review-
ng the data that declines in mortality stagnated in the
arly to mid-1990s as rates of coverage reached a
lateau. Three doses of DPT vaccine (DPT3) have
een used by UNICEF as an indicator of vaccine
overage: in 2005, an estimated 28 million infants still
ere not adequately immunized.37 WHO also recom-
ends that all children have a “second opportunity”

or measles vaccination. The initial measles vaccine is
iven at 9 months of age, due to evidence for higher
ttack rates and increased disease severity in young
nfants in developing countries, but early vaccination
s associated with decreased rates of seroconversion.38

lthough the number of countries offering a second
ose increased by 2005, through either routine or
argeted supplemental immunization activities, many
ountries in Africa and South Asia were still not
roviding the second dose.39 Increasing coverage of
rimary immunization in the first year of life as well as
econd immunization opportunities for all children is
ikely needed to further reduce measles mortality.
Immunization against H. influenzae b (Hib) was

ecommended for routine use in developing countries
n the 1990s36 and by 2005 had been introduced in 101
ountries.37 Infection by this organism causes an
stimated 386,000 deaths each year, with the highest
isease burden in infants 4 to 18 months old, and is the
ominant cause of nonepidemic bacterial meningitis in

vaccine coverage, 1980 and 2005

2005

Cs (%) Estimated coverage (%) Cases Cases in DCs (%)

78 8229 �99
77 580,287 �99
78 121,799 72
78 2033 100
57 9782 100

em. 2006 Global Summary. Geneva: WHO; 2006.
ated

in D

�99
89
97

�99
�99
nfants worldwide.40 Hib vaccine is extremely effec-

Curr Probl Pediatr Adolesc Health Care, October 2007
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ive and has led to virtual elimination of invasive
isease in many parts of the world.40 Similar efficacy
n eliminating invasive disease has also been shown in
he Gambia.41 In addition several studies in develop-

ng countries have shown a reduction in cases of
adiographically confirmed pneumonia associated with
ntroduction of Hib vaccine.26 Barriers to introducing
he vaccine in countries in Africa and Southeast Asia,
here uptake has been slow, include cost of the
accine combined with lack of sufficient evidence of
isease burden in many countries, partly caused by
imited diagnostic capabilities.42

As mortality from many vaccine-preventable dis-
ases is reduced, infections such as pneumococcal
isease and rotavirus which are not yet included in
ost national immunization programs account for a

reater proportion of mortality (Fig 4).33 However,
here is now evidence that similar dramatic reductions
n mortality from these diseases are possible. The
-valent conjugated pneumococcal vaccine (PCV-7)
as been shown in the United States to significantly
ecrease the incidence of invasive disease and also
ecrease incidence of radiographically proven pneu-
onia.26 Because the 7-valent vaccine lacks certain

erotypes thought to contribute to invasive disease in
eveloping countries, 9-valent and 11-valent vaccines
ave been studied.43 In a study in The Gambia, a
-valent pneumococcal vaccine was demonstrated to
ecrease cases of pneumonia by 37%, invasive pneu-
ococcal disease from vaccine serotypes by 77%, and

ll-cause mortality by 16%.44 Similar reductions in
ncidence of pneumonia and invasive disease were
emonstrated in a study in South Africa.45 Based on
his evidence, WHO recently published a position
aper recommending that PCV-7 be considered a
riority for inclusion in all national immunization
rograms.43

The development of safe and effective rotavirus
accines now means that rotavirus can be included in
lobal disease prevention strategies. Two recent large-
cale clinical trials of new rotavirus vaccines showed
fficacy against infection, as well as 85 to 98%
fficacy against severe rotavirus gastroenteritis.46,47 In
ddition, the vaccine studied in 11 Latin American
ountries was found to decrease hospitalization rates
or diarrhea from all causes by 42%.47 These vaccines
re already being licensed and implemented in the
nited States and other countries. Prevention of rota-
irus in developing countries where high mortality

rom diarrhea exists could obviously have an enor- s

urr Probl Pediatr Adolesc Health Care, October 2007
ous public health impact. Challenges to implemen-
ation include vaccine cost and lack of data regarding
ocal disease burden in many countries.48 In addition,
imilar to the problems encountered with other live
ral vaccines such as poliovirus and cholera, previous
rials of rotavirus vaccines found them to be less
mmunogenic and protective in African countries than
n the United States or Latin America, raising concerns
hat the effectiveness of the new vaccines in other
egions of the world cannot be accurately predicted
nd that further trials in low-income countries are
eeded.48

alaria

An estimated half billion cases of malaria occur each
ear, resulting in 1 million deaths, the vast majority
ccurring in sub-Saharan Africa.49 While under-five
ortality from other causes has decreased over the

ast several decades, child mortality due to malaria
as increased during the 1980s and 1990s.49 As
emonstrated in Figure 3, malaria was estimated to
ccount for almost 20% of under-five deaths in Africa
n 2002. The observed increase in mortality can be
ttributed to a combination of factors that have led to
etbacks in malaria control: increasing resistance to
ntimalarial drugs and insecticides, war and civil
nrest, breakdown of health care infrastructure and
ontrol programs, increasing travel and migration, and
ncreasing HIV prevalence which affects both immune
usceptibility and the capacity of health care facili-
ies.49,50

Of the four types of malaria parasites, Plasmodium
alciparum continues to be the leading cause of severe
isease and mortality. Malaria usually presents as a
onspecific febrile illness, often leading often to misdi-
gnosis and confusion with other infections.51 Young
hildren are particularly vulnerable to severe malaria,
hich can include respiratory distress, hypoglycemia,

evere anemia, acidosis, and coma. Severe malarial
nemia, resulting from acute and recurrent infections,
ontributes substantially to child mortality from ma-
aria in sub-Saharan Africa.52 Cerebral malaria is a
ommon and well-known complication of P. falcipa-
um malaria in young children, manifesting as fever,
ltered mental status/coma, and seizures, and may be
ifficult to distinguish clinically from bacterial men-
ngitis. It is associated with a high mortality rate51 as
ell as high risk of neurological impairment and
eizure disorder for those that do survive.53
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In addition to the unacceptably high child mortality
aused by malaria, the disease also has indirect effects,
articularly among children in highly endemic areas
ho have frequent repeated infections. The impact on

hild health begins in pregnancy; malaria infection in
regnant women increases risk of low birth weight and
rematurity.54 Recurrent infections in childhood can
esult in chronic anemia, impaired growth and cogni-
ion, and decreased educational attainment and pro-
uctivity.49 In addition, recurrent episodes of febrile
llness result in decreased appetite, further worsening
he cycle of malnutrition and infection.54

Since clinical presentation cannot be relied on for
ccurate diagnosis, confirmatory blood tests are rec-
mmended. Evaluation of thick and thin blood smears
s still considered the gold standard, but this remains a
hallenge in locations with limited resources as it
elies on maintenance of equipment and skilled review
f slides.50,51 Rapid diagnostic tests have been devel-
ped and implemented in some areas. These new tests
re advantageous because they require minimal skill to
nterpret results and they perform well in tropical
limates; however, widespread implementation has
een limited due to cost.50

Malaria control is dependent on multiple interven-
ions including vector control, prevention with insec-
icide-treated nets or spraying, accurate diagnosis,
reatment with effective antimalarials, and control of
pidemics. Drug resistance has become an enormous
arrier to eliminating malaria. In Asia and Africa, high
ates of resistance to chloroquine led to the introduc-
ion sulfadoxine-pyrimethamine, to which resistance
lso rapidly developed. This led to the formulation of
ew and innovative combination therapies primarily
ith artemisin derivatives, which have been shown to
e highly effective against P. falciparum malaria.50

HO now recommends use of artemisin combination
herapies in all areas where there is chloroquine
esistance.49 However, use of these new medications is
imited by cost, limited available supply, and lack of
ediatric formulation.55

Vector-control using insecticides reduces malaria
ransmission by both repelling and killing mosqui-
oes.56 Insecticide-treated bed nets are promoted as a
ainstay of malaria prevention in most endemic coun-

ries.49 A review of five large randomized studies in
frica showed that they reduced malaria episodes,
rotected against severe disease, and reduced child
ortality by 17%.57 The original bed nets required
etreatment every 6 months, which proved logistically o

44
hallenging,56 and cost of nets to families has been an
bstacle to widespread utilization unless they are
ubsidized.50 Long-lasting insecticide-treated bed nets
hich remain effective for 4 to 5 years have been
eveloped and are being implemented as an alterna-
ive.49,58 Indoor residual spraying with long-lasting
nsecticides have been used effectively to eradicate
alaria in many regions of the world including parts

f South Africa58; however, spraying declined in use
ue to cost, concerns for insecticide resistance, lack of
ommunity acceptability, and safety concerns of using
DT.59 However, based on known effectiveness in

educing child mortality and cost-effectiveness, WHO
s now promoting spraying as a primary method of
revention for all endemic regions, including Africa,
nd is supporting the use of the insecticide DDT as a
afe method when used appropriately for public health
easures rather than agriculture.60

Intermittent preventive therapy is recommended dur-
ng pregnancy in regions with high, stable transmis-
ion rates of P. falciparum malaria.56 The administra-
ion of sulfadoxine-pyrimethamine to women during
regnancy has been shown in several studies to de-
rease maternal anemia and incidence of low birth
eight.61 In Malawi, adoption of intermittent preven-

ive therapy for all pregnant women resulted in a
eduction in low birth weight from 23 to 10% among
omen who received at least two doses of sulfadox-

ne-pyrimethamine.62 Intermittent preventive therapy
ith antimalarials for infants is a relatively new

ntervention in which medications are administered in
onjunction with routine immunizations. Studies per-
ormed in Tanzania, where malaria infection occurs
ear round, showed significant reduction in rates of
alaria attacks, with more modest but still consider-

ble reductions found in other countries where trans-
ission is more seasonal.63 While these reports are

ncouraging, more research is needed to address con-
erns of decreased natural immune response and
rebound effect” as well as potential for drug-resis-
ance if implemented on a large scale.64,65

IV

The HIV epidemic has dealt a major blow to
rogress in decreasing under-five mortality world-
ide, and again the burden is greatest in sub-Saharan
frica. In severely affected countries in sub-Saharan
frica such as Zimbabwe and Botswana where adult
IV prevalence is high, AIDS accounted for over

ne-third of deaths in children under five during 2002

Curr Probl Pediatr Adolesc Health Care, October 2007



t
a
r
m
w
a
o
h
s
H
m
o
p
a
b
h

m
f
p
a
l
t
a
b
c
t

t
w
m
d
t
i
t
h
a
c
t
a
m
e
r
h
a
d
p
l
r
U

e
t

t
e
b
w
i
w
i
i
t
c
t
t
h
m
B
o
d
W
p
r
a

p
n
w
s
n
t
t
i
n
a
h
t

T

t
(
t
o
m
a
i
c
c

C

o 2005,66 and these countries have been categorized
s reversing progress in their overall child mortality
ates since 1990.3 In sub-Saharan Africa, it is esti-
ated that 2 million children are infected with HIV,
ith 1500 new cases in children under 15 every day;

n additional 170,000 in Asia are infected and slightly
ver 100,000 in the rest of the world.66 Several
undred thousand children with AIDS die each year in
ub-Saharan Africa.66 Studies on the natural history of
IV infection in untreated children in Africa show
uch higher rates of mortality in the first 2 to 3 years

f life than in industrialized countries.67,68 This rapid
rogression to death is attributed not only to lack of
vailable antiretroviral treatment but also to higher
urden of infectious diseases and lack of access to
ealth care.
HIV infection is not only important in its impact on
ortality rates but also creates devastating conditions

or surviving children. Children are at risk of losing
arents to HIV and being orphaned, losing teachers
nd health care workers to HIV, developing psycho-
ogical trauma due to social isolation and discrimina-
ion, and living in poverty due to lack of a working
dult to care for them.69 In addition, an enormous
urden is placed on health care systems and health
are personnel, many of whom are affected by HIV
hemselves.3

The vast majority of childhood infections occur
hrough perinatal transmission. It is estimated that
ithout any intervention, 15 to 30% of HIV-positive
others will transmit the infection to their infants

uring pregnancy and delivery, with an additional 10
o 20% transmission occurring through breastfeed-
ng.70 Access to highly active antiretroviral therapy for
he mother as well as safe breast milk substitutes in
igh-income countries has allowed rates of perinatal
cquisition of infection to drop to less than 2%,
ompared with 20% in low- and middle-income coun-
ries.66 While neither highly active antiretroviral ther-
py nor safe breast milk substitutes are available to
ost women in developing countries, other methods

xist specifically for preventing transmission. Antiret-
ovirals to prevent mother-to-child transmission are
ighly effective and cost-effective in high-prevalence
reas. The use of zidovudine or zidovudine plus 3TC
uring the antenatal, intrapartum, and postpartum
eriods or single-dose nevirapine administered during
abor and then to the infant after delivery significantly
educes rates of HIV transmission to infants.71,72
nfortunately, only about 10% of HIV-positive moth- i

urr Probl Pediatr Adolesc Health Care, October 2007
rs in developing countries currently have access to
his important intervention.70

Given the known risk of postnatal transmission
hrough breast milk, research has been to done to
xamine the relative risks and benefits of breastfeeding
y HIV-positive mothers. In industrialized countries
here access to breast milk substitutes and clean water

s assured, it is recommended that HIV-positive
omen do not breastfeed. However, in some develop-

ng countries, mixed breastfeeding, defined as early
ntroduction of solids or non-breast-milk liquids (wa-
er or formula), actually increases mortality in infancy
ompared with exclusive breastfeeding, possibly due
o bacterial contamination of foods and reduced posi-
ive effects of breast milk.73,74 Mixed breastfeeding
as been associated with increased risk of HIV trans-
ission, although the reasons for this are unclear.73,75

ased on this and other evidence, and a general lack
f safe breast-milk substitutes in much of the
eveloping world, a recent consensus statement by
HO recommends exclusive breastfeeding by HIV-

ositive mothers for the first 6 months unless
eplacement feeding is “acceptable, feasible, afford-
ble, sustainable, and safe.”76

Effective antiretroviral therapy exists for treating
ediatric HIV; however, only one in eight children
eeding antiretroviral therapy in developing countries
as receiving it in 2006.66 Numerous barriers exist to

caling up treatment for children with HIV that will
ot likely be solved quickly.77 These include cost of
he medications, lack of available pediatric formula-
ions, and limited diagnostic capabilities for diagnos-
ng HIV in infancy. In addition, there are inadequate
umbers of health care professionals trained in pedi-
tric HIV in the highest prevalence countries; many
ave been lost to work in higher income countries or
o death from HIV infection.77

uberculosis

Despite the enormous burden of disease that exists in
he world among both children and adults, tuberculosis
TB) is often omitted from discussions of child mor-
ality. However, there is evidence that childhood TB is
n the rise in many countries.78 Approximately 1
illion cases occur in children under 15 each year,

ccounting for about 10% of total TB cases, although
n some countries up to 25% of TB cases occur in
hildren.79 In industrialized countries, cases of TB in
hildren primarily occur in high-risk populations,

ncluding immigrants from endemic areas,78 and these
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ases represent only a small proportion of the total
ases worldwide. Risk factors for TB infection include
overty, crowded living conditions, and malnutri-
ion,80 so it is not surprising that the burden is greatest
n the poorest countries.
Children with TB can initially be asymptomatic and
o undiagnosed; those who manifest symptoms most
ommonly present with prolonged fever, weight loss,
nd chronic cough.81,82 Unlike reactivated tuberculo-
is which is the form most often seen in adults,
hildren often present with primary pulmonary tuber-
ulosis. They also commonly present with extrapul-
onary manifestations including lymphadenitis, ab-

ominal, spinal, and pericardial disease.83 Children
ess than 5, and particularly those less than 2, are at
igher risk for developing disease after infection, and
pecifically disseminated miliary TB and TB menin-
itis, which are associated with higher morbidity and
ortality.78

Accurate diagnosis of tuberculosis in children is
hallenging for several reasons,79,83 and even more so
n locations with limited resources. Young children
ommonly present with extrapulmonary TB, making
icrobiological diagnosis less probable. Pulmonary

isease in children tends to be noncavitary forming
nd paucibacillary, and young children cannot produce
dequate cough effort to expectorate sputum, so the
ikelihood of a positive smear for acid-fast bacillus is
nlikely. Because of this, gastric aspirates are the
ethod of choice for isolating the organism from

oung children; however, since sensitivity of the
mear is low, this method relies on ability to perform
ycobacterial culture, which is unavailable in most

eveloping countries.83 Chest radiograph and tubercu-
in skin test both can be useful aids in diagnosing TB,
ut availability and accurate interpretation are barriers
o widespread use in the developing world.79,83 Due to
hese diagnostic challenges, attempts have been made
o develop algorithms or scoring systems to detect
ases, but they have not been uniformly adopted or
roven effective.83 Recently, the WHO Stop TB Part-
ership published guidelines on defining cases of both
mear-negative and smear-positive in TB in children,
s well as a recommended approach to diagnosis.79

ecause these guidelines include chest radiograph,
uberculin skin testing, and microscopy, their applica-
ility in resource-poor settings will continue to be
imited and diagnosis will continue to be a challenge.
WHO recommends that BCG vaccine be given at or
hortly after birth in countries where risk of TB m

46
nfection is high. As of 2005, an estimated 83% of the
orld’s children were vaccinated in 156 countries.30

hile variable results in protection against TB infec-
ion have been found, the vaccine has been estimated
o be effective in decreasing cases of meningitis and
isseminated TB by 64 and 78%, respectively.84 The
accine is most effective in Africa and Asia, where
ates of disease as well as coverage are high.85

owever, the vaccine has not had an impact on rates
f adult infection, and therefore, has not changed the
isease from a public health perspective.83

B and HIV

The double burden of TB and HIV coinfection has
ecome a significant public health problem in both
hildren and adults. While reported rates of coinfec-
ion in children are variable, existing data in several
outhern African countries show that childhood cases
f TB are increasing,78 which may be related to high
revalence of HIV in those countries. Coinfection has
umerous implications for surveillance, diagnosis, and
reatment. Infection with HIV and subsequent immu-
osuppression further impedes accurate diagnosis of
B as the tuberculin skin test is often falsely negative.
IV is the most important factor increasing risk of
B.86 Coinfection with HIV has been associated with
ore rapid progression of TB infection, poorer com-

liance with medication regimens, increased relapse
ates, and increased mortality.81,83 In addition, TB
ay be difficult to distinguish clinically or radiograph-

cally from other HIV-related lung diseases81 and
IV-infected children may be infected with multiple
athogens, which may lead to over- or underdiagnosis
epending on the level of suspicion.78 Coinfection
akes the eradication of TB in endemic countries an

ven greater challenge, due to increased risk for
ransmission, increased treatment failure rates, and the
ossibility of development of more resistant TB.86

alnutrition and Micronutrient Deficiencies

Malnutrition and specific micronutrient deficiencies
re well-known for their role in childhood disease
orldwide. Protein-energy malnutrition and multiple
icronutrient deficiencies commonly coexist in chil-

ren who have deficient calorie intake characterized
y unvaried diets.87 Lack of overall nutrition leads to
arasmus, characterized by loss of subcutaneous fat

nd muscle tissue, whereas protein deficiency with
elatively good caloric intake leads to kwashiorkor,

anifested by edema, hair and skin changes, hepato-

Curr Probl Pediatr Adolesc Health Care, October 2007
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egaly, and lethargy.88 Most commonly children
resent on the spectrum between the two, referred to
s marasmic kwashiorkor.87

Different anthropometric measurements are used to
escribe malnutrition. Stunting, or linear growth retar-
ation, represents a delay in skeletal growth, is an
ndicator for chronic malnutrition, and is often asso-
iated with recurrent infections. Wasting is indicative
f an acute weight loss or failure to gain weight,
ssociated with an acute infection, food shortage, or
ther crisis situation.88 Weight-for-age is a composite
ndicator of both acute and chronic malnutrition89 and
s the most commonly used indicator of child
utritional status.90 Stunting, wasting, and under-
eight are defined as height-for-age, weight-for-
eight, and weight-for-age, respectively, that are
ess than �2 standard deviations below the median
alue for the reference population.90

Severe acute malnutrition is defined as weight-for-
eight �70% of the median or at least 3 SD below
eference values (severe wasting), the presence of
ilateral pitting edema, or a mid-upper-arm circumfer-
nce �110 mm.89 In resource-poor settings where
ealth care workers skilled at performing measure-
ents may not be available, the mid-upper-arm cir-

umference provides a reliable indicator of malnutri-
ion89; alternatively, visible wasting can be used to

ake the diagnosis.91 These children can also be
ecognized based on the presence of severe edema,
kin changes, lightened hair color, and extreme apa-
hy.87 Children with severe acute malnutrition should
lways be assessed for dehydration and infection,
lthough both of these can be difficult to detect, as
ffected children will have decreased subcutaneous
issue and are less likely to mount a fever.91 Severe
cute malnutrition is associated with high case-fatality
ates, up to 20 to 30%, and in many places this has not
hanged, possibly due to the complexities involved in
reatment and the potential for iatrogenic complica-
ions.89

While 10% of children in developing countries are
everely wasted, another 26% are estimated to be mod-
rately to severely underweight and 31% are stunted.92

nalysis of available data shows that the majority of
hild deaths attributable to malnutrition are due to mod-
rate malnutrition.6 Malnutrition is not identified as a
irect cause of mortality in conventional statistics, be-
ause another primary cause of death is usually re-
orded; however, estimates have been made of the

mpact of malnutrition on mortality. In a review of b

urr Probl Pediatr Adolesc Health Care, October 2007
ata from 10 countries comparing weight-for-age with
isk of death from common infectious diseases in
hildren 5 and under, 53% of deaths could be attrib-
ted to malnutrition, an estimate that was consistent
ith previous studies.6 Further analysis by specific
isease revealed a strong association between degree
f malnutrition and risk of mortality from diarrhea,
specially from dysentery, as well as from acute
espiratory infections and malaria, while the evidence
or measles was less consistent.93 Extrapolated to
lobal statistics, malnutrition contributes to approxi-
ately 5,000,000 deaths in young children each year.
Prevalence of low birth weight, underweight, and

tunting in different regions is shown in Table 3.
umerous factors contribute to this persistently high
revalence of poor nutrition and growth and starts with
he health of the mother.87 Malnutrition is of course
irectly related to poverty, as it is impacted by low
aternal education, lack of available child care, and

ack of food security.88 Poor maternal nutrition will
ncrease the risk for low birth weight and for decreased
tores of micronutrients passed on to the infant. Early
iscontinuation of breastfeeding, inappropriate intro-
uction of solid foods, and use of breast milk substi-
utes are all contributing factors. According to
NICEF data from 1996 to 2004,92 only 36% of

nfants were exclusively breastfed until 6 months of
ge. Nonbreastfed infants have also been found to be
t much higher risk of dying from acute respiratory
ract infection and diarrhea than breastfed infants.94

nfants who are not breastfed not only lose the
utritional and immunologic benefits but may be
xposed to contaminated water or food sources, since
ccess to clean water for making formula and cleaning

ABLE 3. Prevalence of malnutrition in world regions

% of infants
with low

birthweight,
1998-2005*

% of under-fives
(1996-2005*)
suffering from:
underweight,

moderate
and severe

% of under-fives
(1996-2005*)
suffering from:

stunting,
moderate &

severe

atin America and
Caribbean 9 7 15

outh Asia 29 45 44
ub-Saharan
Africa 14 28 37

eproduced from UNICEF Customized Statistical Tables derived from The State
f the World’s Children 2007. Accessed May 10, 2007. Available from:
ttp://www.unicef.org/statistics/index_24183.html.
ottles or cups may be limited.
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Complementary foods, which should be added to
ngoing breastfeeding at 6 months of age, are often
ntroduced in ways that provide insufficient nutrition.
ometimes the foods chosen are not are provided in
dequate quantities, are introduced too early leading to
isplacement of breastfeeding, or are not stored or
repared hygienically.95 Even when appropriate in
uantity and timing, complementary foods such as
ereals may be lacking in necessary micronutrients,
nd animal products may not be available.96

Malnutrition has a synergistic and cyclical relation-
hip with infection as illustrated in Figure 5. It is
ommon for children in developing countries to have
ecurrent, frequent infections, and these contribute to
eterioration in nutritional status in various ways, not
nly through decreased energy intake, but also through
astrointestinal losses of nutrients, increased catabo-
ism resulting in protein loss, and gastrointestinal or
rinary losses of micronutrients such as zinc, copper,
nd vitamin A.97 The impact of these recurrent infec-
ions depends on the child’s nutritional status at onset
f infection, the child’s diet during convalescence, and
he degree to which the child has recovered at onset of
he next infection.97 Infection and fever decrease
ppetite in all children; however, due to cultural
eliefs and practices, nutrient-rich foods may also be
ithheld during times of illness, resulting in further
eterioration of nutritional status.87 Conversely, as
emonstrated in Figure 5, malnutrition adversely af-
ects various components of the immune system,
educing the ability to fight infection and resulting in
ncreased severity of infections.
The increased risk for mortality associated with
alnutrition is likely related to simultaneous presence

IG 5. The cycle of infection and malnutrition.
f multiple micronutrient deficiencies.6 Micronutrient d

48
eficiencies play an important role in susceptibility
nd response to disease in children. Common threads
n these deficiencies include poor maternal nutrition
eading to poor infant stores, early weaning, and
ependence on a monotonous diet consisting of a
arbohydrate (legume, tuber) without adequate meat
r plant sources.87 The micronutrient deficiencies
escribed below are the most pervasive.
Vitamin A deficiency is the leading preventable cause
f blindness in children in the developing world. It results
rom a diet lacking in adequate plant and animal products
hich contain vitamin A,88 as well as a lack of fat, which

esults in impaired vitamin A absorption.87 An estimated
00 to 140 million children are affected.98 Vitamin A
eficiency results in a wide spectrum of ocular disease,
anging from poor dark adaptation and “night blind-
ess,” progressing to conjunctival and corneal xerosis
nd ultimately keratomalacia and blindness.87 Measles
nfection associated with vitamin A deficiency in-
reases the risk of these complications.32 Vitamin A
eficiency has also been associated with stunting,99

lthough supplementation has not consistently been
hown to have a significant effect on growth.100 In
ddition, vitamin A deficiency contributes to anemia
hrough complex mechanisms and is necessary for
unctioning of the immune system.99

Based on studies using supplementation, vitamin A
eficiency is considered a significant risk factor for
ortality from diarrheal illness, measles, and malaria.99

itamin A supplementation has been shown to have
ignificant effects on mortality in both prevention and
reatment of disease. When given every 4 to 6 months,
itamin A supplementation has been shown to de-
rease mortality in children 6 months to 5 years of age
y 23%, primarily by reducing deaths due to diarrhea
nd measles.101,102 Based on this evidence, vitamin A
upplementation is recommended to be given every 4
o 6 months for children 6 to 59 months and has
ommonly been integrated into national immunization
rograms and other child health activities.103 Large
oses (200,000 IUs) given for two consecutive days to
hildren with measles infection has been shown to
ecrease mortality by over 50% and specifically mor-
ality due to pneumonia in measles,104 although no
ffect has been found in treating non-measles pneu-
onia.105 Treatment doses are therefore recom-
ended for all children with measles, severe mal-

utrition, or ocular complications of vitamin A

eficiency.106 UNICEF estimates that, in 2003, 76%

Curr Probl Pediatr Adolesc Health Care, October 2007



o
v

o
t
t
c
s
m
T
l
c
h
h
n
a

f
p
a
f
s
r
i
t
d
fi
s
o
i

d
n
e
c
f
b
t
d
a
l
s
a
c
H
t
m
i
c
c

p
s
r
p
t
l
f
i
d
m
d
z

s
t
t
o
r
f
d
f
s
f
c
w

r
o
b
s
b
f
I
p
c
D
A
a
b
f
p
t
i

m
t
o
w
a

C

f children in the least developed countries received
itamin A supplementation.98

Iodine is required by the thyroid gland for synthesis
f hormones thyroxin and triiodothyronine. Because
hyroid hormone is essential for central nervous sys-
em development in early life, maternal iodine defi-
iency results in severe and irreversible neurological
equelae in the infant, including mental retardation and
otor disturbances such as spasticity and rigidity.107

his is referred to as endemic cretinism and is the
eading cause of preventable mental retardation in
hildren worldwide.108 Iodine deficiency in child-
ood and adolescence can also lead to goiter,
ypothyroidism, and mental impairment, with sig-
ificant consequences for intellectual development
nd productivity.87

Most diets are deficient in iodine due to its depletion
rom the soil, unless seafood or iodine-fortified food
roducts are included in the diet.88 Inland regions such
s the Himalayas and Andes, where water derived
rom melted mountain snow leaches iodine from the
oil, are particularly affected, as are flood plains
egions. Because of its low cost, availability, and use
n almost all foods, salt fortified with iodine has been
he most widely used method of eliminating iodine
eficiency.87 While progress has been made in forti-
cation, 54 countries are still classified as mildly to
everely iodine-deficient, and WHO estimates that
ne-third of the world’s schoolchildren suffer from
nsufficient iodine intake.108

The importance of zinc deficiency in childhood
isease and mortality has become increasingly recog-
ized. Zinc is a required component in multiple
nzymes and proteins and plays an essential role in
ellular metabolism and growth.109 Deficiency arises
rom low intake of zinc-replete animal products, com-
ined with high consumption of cereals and legumes
hat inhibit zinc absorption.87,109 There is some evi-
ence that zinc deficiency impacts physical growth,109

nd supplementation may have a modest effect on
inear growth.110 Studies on zinc supplementation also
uggest that cognitive development may be affected,
lthough the evidence is not consistent.111 Zinc defi-
iency is difficult to measure accurately in individuals.
owever, trials of zinc supplementation have consis-

ently shown a profound impact on morbidity and
ortality from diarrheal disease as well as respiratory

llnesses, suggesting that zinc plays a crucial role in
ombating infection and that deficiency is a major

ontributor to child mortality. A review of 10 trials h

urr Probl Pediatr Adolesc Health Care, October 2007
erformed in developing countries showed that zinc
upplementation provided daily for at least 2 weeks
esulted in decreased incidence of both diarrhea and
neumonia in children.112 There is also some evidence
hat zinc supplementation decreases incidence of ma-
aria, although this was based on data for health
acility visits only.113 When used to treat diarrheal
llness, zinc supplementation resulted in decreased
uration of symptoms as well as a reduction in
ortality or treatment failure of 42% in persistent

iarrhea.114 There is also evidence that treatment with
inc hastens recovery from severe pneumonia.115

Zinc is not stored in the body as long as vitamin A,
o more frequent supplementation is necessary112 and
he optimal method for supplementation or fortifica-
ion has not yet been determined.110 However, based
n the evidence for decrease in mortality from diar-
hea, WHO now recommends zinc supplementation
or 10 to 14 days as an integral component of treating
iarrheal illness, combined with ORT and continued
eeding.19 Implementation has not yet been wide-
pread as with vitamin A, as challenges exist in
ormulation and production, and more research on
ost-effectiveness, use with ORT, and compliance
ith different formulations is needed.113

Nutritional rickets is a worldwide problem and can
esult from low calcium intake, vitamin D deficiency,
r both. Particularly at risk are infants who are solely
reastfed for prolonged periods without vitamin D
upplementation, and children who are weaned from
reast milk to a calcium-deficient diet.87 Risk factors
or rickets vary by geographic location and population.
n certain regions such as South Asia, the high
revalence of rickets is attributed to darker skin color
ombined with low sun exposure resulting in vitamin

deficiency, in addition to dietary factors, while in
frica low calcium intake and dietary inhibitors of

bsorption are common with vitamin D levels often
eing normal.116 In Kenya, children with rickets were
ound to be consuming little or no animal or dairy
roducts, and their primary cereal component con-
ained high levels of phytates and oxalates, which
mpede absorption of calcium and other nutrients.87

Iron deficiency contributes significantly to perinatal
ortality in the developing world, due to complica-

ions of anemia during childbirth.117 Hemorrhage is
ne of the leading causes of maternal mortality world-
ide118 but predominantly affects women in Africa

nd Southeast Asia.117 For children, direct effects on

ealth outcomes are not related to infection or in-
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reased mortality but stem from the long-term cogni-
ive sequelae arising from chronic iron deficiency
nemia. Diets limited to carbohydrates and lacking in
eats and vegetables leave millions of children in the

eveloping world at risk for iron deficiency. Increased
eeds for iron during early childhood, adolescence,
nd pregnancy place these groups particularly at
isk.88 Iron deficiency is estimated to account for
bout 50% of anemia in childhood.111 Numerous other
actors compound the burden of anemia in children,
ncluding other micronutrient deficiencies, recurrent
nfections with malaria, and chronic infection with
oil-transmitted helminths.
Iron fortification of various food products has de-

reased the prevalence of anemia in many countries.90

owever, where this is not feasible, supplementation
as been used. Because many children will likely be
eficient in not one but multiple micronutrients, strat-
gies at providing supplementation of multiple micro-
utrients as an acceptable food additive such as
issolvable tablets, sprinkles, or foodspreads have
een developed.119 Micronutrient sprinkles added to
ood in the home that included iron as well as vitamin

and zinc were shown to be acceptable to families
nd effective in correcting anemia in Ghana.120 A
arge-scale multicenter trial of daily multiple micro-
utrient supplementation using dissolvable tablets
dded to food in the home was more effective in
educing anemia than iron supplementation alone,
hich is not surprising as other vitamin deficiencies

ikely contribute to anemia.121 Finally, while supple-
entation may be feasible and effective, dietary di-

ersification is the best long-term solution to micro-
utrient deficiencies, although it is also the most
hallenging strategy given the need for behavior
hange and improved food security.90

arasitic Diseases

While most international efforts and funding have
een aimed at the “big three” diseases, HIV/AIDS,
alaria, and TB, increasing attention is being focused

n neglected tropical diseases because of the enor-
ous burden they inflict on years of life lost to

isability rather than death.122 The most common of
hese infections, schistosomiasis and three soil-trans-
itted helminths (Ascaris lumbricoides, Trichuris tri-

hiura, and hookworms), are particularly relevant to
hild health. All of these diseases are highly endemic
n developing countries, especially sub-Saharan Af-

ica, and have significant geographic overlap, and d

50
hildren are commonly infected with multiple para-
ites.122 The epidemiology of these infections differs
rom other common causes of childhood illness de-
cribed above, in that the peak intensity of infection
ccurs in older children aged 5 to 15.123 A high burden
f hookworm infection is generally attained by ado-
escence and can continue into adulthood.124

The transmission mechanisms and clinical manifes-
ations of these infections have considerable over-
ap.123,125 In all three soil-transmitted helminth infec-
ions, the adult parasite inhabits the gastrointestinal tract;
ookworm and ascariasis affect the small intestine,
hereas trichuriasis affects the large intestine. Transmis-

ion to others occurs by passage of eggs in the stools,
hich are then transmitted by ingestion, or in the case
f hookworm, by larval penetration of the skin.125

chistosomiasis is acquired by direct penetration of
he skin from contaminated water where snails serve
s intermediate hosts, and eggs are then shed in human
rine and feces.126 A primary risk factor for acquisi-
ion and transmission of these infections is therefore
ontact with contaminated soil or water, which is
irectly related to poverty, poor sanitation, and lack of
ccess to clean water.
These infections cause relatively few deaths each
ear so their impact is less reflected in mortality rates
han in morbidity, measured by disability-adjusted
ife-years. Of these infections, hookworm is responsi-
le for the greatest number of disability-adjusted
ife-years lost, primarily due to iron-deficiency anemia
rom gastrointestinal blood loss.124 Trichuriasis can
urther exacerbate anemia through gastrointestinal
osses, and schistosomiasis can contribute as well
hrough urinary (Schistosoma haematobium) or intes-
inal (Schistosoma mansoni) losses. Large parasite
urdens in ascariasis can lead to intestinal obstruction
ut can also cause chronic malabsorption of vitamin A
nd other nutrients and lead to decreased appetite and
ood intake, and hookworm can cause significant
rotein losses.125 The end result of coinfection with
hese parasites is therefore chronic anemia and nutri-
ional deficits. There is substantial evidence that these
nfections contribute to impairment of growth and
ognitive development in children and thus have
mportant long-term consequences if not prevented or
reated.122 These infections are not only symptoms of
overty, but they perpetuate it as well, by hindering
ducational performance and ultimately economic pro-

uctivity.122

Curr Probl Pediatr Adolesc Health Care, October 2007
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Although improved sanitation is the only way to
ompletely eliminate soil-transmitted helminth infec-
ions, providing periodic antihelmintic therapy can be
ighly effective in reducing morbidity and transmis-
ion.124 Studies have shown that providing antihel-
intic treatment can improve physical growth as well

s cognitive development.124 A strategy has been
dopted by WHO to provide school-age children with
egular periodic deworming, without confirming infec-
ion status, in addition to targeting high-risk groups
uch as preschool children and pregnant women.127

reatment must be repeated regularly due to high
einfection rates, up to two to three times per year in
ommunities with high disease prevalence or intensi-
y.127 Drugs recommended for treatment of soil-trans-
itted helminths include albendazole and mebenda-

ole due to their safety and low cost, and praziquantel
s the first choice for schistosomiasis.127 Because of
heir safety, these medications can be given in health
acilities or in schools to reach the most children and
ave been integrated with immunization and vitamin

supplementation as well as school feeding pro-
rams.128 Deworming campaigns are already under-
ay in many countries, although it is estimated only
0% of schoolchildren are being reached, far from the
tated goal of 75%.129 Given that low-cost and safe
rugs are now available, many as large-scale dona-
ions from pharmaceutical companies, further oppor-
unities exist for using a coordinated package of three
r four medications to treat the majority of neglected
ropical diseases and dramatically reduce the cumula-
ive morbidity from these diseases.122

mpaired Cognition

For those children who survive early childhood, it is
lear that a combination of factors including protein
nergy malnutrition, micronutrient deficiencies, and
hronic and recurrent infections put these children at
isk for significant morbidity. In addition to the impact
n health and physical growth, the effect on cognitive
evelopment has become a focus of research and has
een acknowledged as a priority in international child
ealth.130-132 Impaired cognitive development is an
pidemic in itself and likely contributes to the cycle of
overty and disease in many parts of the world.
In a review of studies done in developing countries,
oth degree of stunting as an indicator of malnutrition

nd level of poverty were consistently associated with a

urr Probl Pediatr Adolesc Health Care, October 2007
ecreased school achievement, cognitive scores, or
iteracy, depending on the outcome measured.130

ased on available data on the prevalence of stunting
nd poverty among children under 5, the authors
stimated that over 200 million children are at risk for
ot reaching their developmental potential by age 5,
ith the highest prevalence of disadvantaged children

n sub-Saharan Africa and South Asia.130

Adequate nutrition is essential for mental develop-
ent, and the highest risk period is between the

econd trimester of pregnancy and 2 years of age.133

utrition therefore begins with the mother; poor ma-
ernal nutrition increases risk of intrauterine growth
estriction and low birth weight, which can impair
ognitive development well into childhood.131 Malnu-
rition during the first year of life can have long-lasting
onsequences. In a longitudinal study comparing chil-
ren diagnosed with marasmus or kwashiorkor in their
rst year of life with healthy controls, children with
istories of malnutrition scored significantly less on IQ
esting as far out as 11 to 18 years of age.134 These
esults were significant even when controlling for the
ffects of environmental factors. Further support for
he role of malnutrition in impaired cognitive devel-
pment comes from randomized controlled trials
howing consistent improvement in developmental
utcomes when food supplements were provided,
articularly if such an intervention is combined with
arly cognitive and psychosocial stimulation.131,132 In

prospective study of Jamaican children 9 to 24
onths of age who were stunted, both food supple-
entation and play stimulation had significant effects

n mental development, but the greatest effect was
een when these interventions were combined.135 This
rovides evidence that malnutrition clearly contributes
o impairment of cognitive development, but that other
ousehold and environmental factors are important as
ell.
The contributions of specific micronutrient deficien-

ies are discussed above, with iodine deficiency being
well-established cause of cognitive deficits and the

ole of zinc less well-defined. The detrimental effect of
ron deficiency on long-term cognitive development
as been repeatedly demonstrated.131 Several plausi-
le mechanisms exist for impairment of cognition.136

nemia impairs normal development of the central
ervous system. In addition, anemic children may seek
ess stimulation from their environment and from their
aretakers, resulting in “functional isolation.” Lozoff

nd colleagues followed infants with chronic iron

351



d
y
i
s
d
s
m
f
o
s
s
I
p
t
d
b
o

m
a
o
t
t
a
m
e
t
p
i
t
r
d
h
c
g
a
m

i
r
w
r
e
m
l
r
i
c
a
g

p
a

d
s
c
s
P
t
a
l
t
m
t

N

fi
d
p
t
o
h
c
e
w
5
h
5
r
d
o

y
i
t
n
c
f
d
d
2
d
r
n
m
d

3

eficiency and non-iron-deficient controls up to 19
ears.137 The children who had iron-deficiency in
nfancy started with lower cognitive scores, and de-
pite adequate iron supplementation, these children
id not catch up to their counterparts and continued to
how poorer cognitive scores until adulthood, with the
ost dramatic gap among the lower socioeconomic

amilies demonstrating that nutrition interacts with
ther factors in its effect on child development. The
tudy did not however show a benefit of iron
upplementation once iron deficiency is diagnosed.
n a meta-analysis of randomized controlled trials
erformed in developing countries, iron supplemen-
ation was found to have inconsistent effects on
evelopmental outcome, with the primary benefits
eing reduction of preexisting deficits or prevention
f further losses.138

Other factors contribute to poor cognitive develop-
ent. Some are related to lack of access to health care

nd immunizations, including sequelae from recurrent
titis media and from central nervous system infec-
ions including bacterial meningitis and encephali-
is.131 The role of intestinal helminths is discussed
bove as a contributing factor. Cerebral malaria, which
ost commonly affects young children, has been

stimated to cause neurological sequelae in several
housand children in Africa each year53 and in a
rospective study was found to result in a 3.7-fold
ncreased risk of cognitive impairment.139 HIV infec-
ion is known to cause encephalopathy and increases
isk of developmental delay even without severe
isease.131 Children in developing countries are also at
igh risk for environmental exposures. Lead toxicity
an result from exposure to contaminated soil or
asoline,133 while exposure to toxic levels of arsenic
nd manganese in contaminated water supplies affects
illions of people worldwide.131

Hearing impairment is an important risk factor for
mpaired language and cognitive development and
epresents another silent epidemic in the developing
orld that goes largely unnoticed due to lack of

esources available for detection in young children. An
stimated 700,000 infants will develop hearing impair-
ent each year in the developing world.140 Due to

ack of access to health care, lower immunization
ates, and decreased resources at health care facilities,
nfants in developing countries are at increased risk for
ongenital infections known to cause hearing loss,
cquired infections such as measles, mumps, menin-

itis, and otitis media, complications from birth as- 2

52
hyxia and prematurity, exposure to ototoxic drugs,
nd sequelae from untreated neonatal jaundice.140

Finally, the effects of psychosocial factors including
ecreased stimulation in the home, maternal depres-
ion, and exposure to conflict and violence must be
onsidered. As all these factors are interrelated, cau-
ality of any one factor is difficult to establish.133

overty, poor nutrition, low level of maternal educa-
ion, decreased stimulation, micronutrient deficiencies,
nd poor hygiene leading to parasitic infections all are
ikely to exist in the same household. Impaired cogni-
ive development is likely multifactorial in origin and
ore research and attention are required to address

his insidious and often overlooked epidemic.

eonatal Morbidity and Mortality

While progress has been made on reducing under-
ve mortality, the neonatal mortality rate, defined as
eaths occurring in the first 28 days, has not declined
roportionately. Child mortality has declined by one-
hird since 1980, but neonatal mortality has dropped
nly by one-quarter, and the discrepancy between
igh-income countries and low- to middle-income
ountries continues to grow. Neonatal deaths now are
stimated to account for 38% of all under-five deaths
orldwide,141 and in regions such as South Asia, up to
0%.142 This brief 28-day period therefore holds much
igher risk of mortality than the rest of a child’s first

years of life. The reason for this discrepancy is
elated to the causes of newborn deaths, which are
istinctly different from the causes of death in children
lder than 1 month of age.
Distribution of causes of neonatal deaths for the
ears 2000 to 2003 is shown in Figure 6. Among
nfectious causes, sepsis and pneumonia account for
he majority of deaths, while 7% are still caused by
eonatal tetanus.141 Infections predominate as the
ause of death in the late neonatal period, while deaths
rom preterm birth and birth asphyxia predominate
uring the first week.142 The risk of death is greatest
uring the first week and particularly during the first
4 hours of life. Poor maternal nutrition leading to
elivery of low birth weight infants is an important
isk factor; similar to malnutrition, low birth weight is
ot described as a direct cause of death but is esti-
ated to be implicated in up to 80% of neonatal

eaths.142 Meanwhile, for each neonatal death, up to

0 surviving newborns suffer from complications from

Curr Probl Pediatr Adolesc Health Care, October 2007
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hese same conditions.3 Children surviving preterm
irth or birth asphyxia are more likely to have cerebral
alsy or other debilitating problems for which little
reatment is available in countries with limited re-
ources.
Many countries have seen significant drops in their
eonatal mortality rates specifically attributed to ma-
ernal tetanus immunization, and globally, deaths from
eonatal tetanus have dropped by 50% since 1990.141

owever, community interventions such as immuni-
ation cannot be used to address the majority of
eonatal deaths that occur during the first week of life.
eaths during this time period can largely be attrib-
ted to lack of skilled care during delivery and the
mmediate postpartum period. In sub-Saharan Africa
nd South Asia where neonatal mortality rates are the
ighest, only one-third of women deliver in the care of
skilled health care worker.143

While it may be perceived that universal access to
ntensive care facilities and advanced technology is
ecessary to decrease neonatal mortality worldwide,
his is unlikely to be true. Reduction in neonatal
ortality occurred in industrialized countries before

he introduction of expensive technology; instead,
ffective, low-cost interventions including skilled care
uring labor, antibiotics, use of aseptic techniques,
asic neonatal resuscitation, and early exclusive
reastfeeding were likely responsible.144 Some devel-
ping countries have shown similar progress. Sri
anka dramatically decreased its neonatal mortality

ate throughout the country by committing resources
o providing easy and equitable access to skilled care
y trained midwives, at government facilities where

IG 6. Causes of neonatal deaths, WHO estimates, 2000 to
003. Adapted from data reported in: WHO. The World
ealth Report 2005 – Making Every Mother and Child Count.
tatistical Annex Table 4. Annual number of deaths by cause
or neonates in WHO regions, estimates for 2000-2003. p.
90-1.
are is free.144 For most low- and middle-income s

urr Probl Pediatr Adolesc Health Care, October 2007
ountries, however, scaling up skilled care at delivery
emains a great challenge.

aternal Health
This strategy of increasing access to skilled care is

mperative to decreasing maternal mortality and mor-
idity as well. The timing of maternal deaths strongly
irrors that of neonatal deaths; while risk exists from

he third trimester as far as 6 to 12 months postpartum,
ost pregnancy-related deaths occur in the first 1 to 2

ays after birth,118 further strengthening the argument
or improved care during and after delivery. Causes of
aternal mortality are diverse and vary between re-

ions; however, in a review of maternal mortality data
HO found that hemorrhage, hypertensive disorders,

nd infection together account for at least 50% of all
aternal deaths in developing countries.145 These

onditions are often not predictable and require skilled
anagement to improve outcomes. Preventable dis-

ases such as malaria, HIV, and anemia also contribute
ndirectly to maternal death. Finally, the continued
ractice of unsafe abortions, with the highest rates
ccurring in Latin America, accounts for 68,000 ma-
ernal deaths each year and likely causes significant
orbidity and disability.3

Stillbirths occurring in the last 12 weeks of preg-
ancy are strongly related to maternal mortality. An
stimated 3 million stillbirths occur each year,146

hich is equivalent to the number of neonatal deaths
ccurring in the first week of life. These numbers are
taggering, yet these deaths go largely unrecorded
espite being attributed to similar risk factors as
aternal and early neonatal deaths. Combined, mater-

al deaths, neonatal deaths, and stillbirths total almost
million deaths each year,3 the vast majority of which

ould be prevented with access to simple, low-tech-
ology interventions during pregnancy and the peri-
artum period.

roviding Interventions that Work
In 2003, as part of the Child Survival Series pub-

ished in The Lancet, Jones and others identified over
0 interventions effective in decreasing newborn and
hild mortality based on extensive review of literature
nd expert opinion.147 The vast majority of these inter-
entions are preventive in nature, and many have been

hown to impact mortality caused by multiple diseases.
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or example, breastfeeding has been shown to have a
ignificant protective effect against death from diar-
hea and acute respiratory infections, particularly in
he first months of life.94,148 Complementary feeding
rograms that provide food supplementation combined
ith education and counseling have been proven to

mprove nutritional status and therefore likely contrib-
te to decreasing mortality from various infectious
auses.149

The public health impact of improved sanitation and
ygiene on reducing disease in industrialized countries
s well known. Interventions such as hygiene educa-
ion, hand-washing promotion, improved sanitation,
nd improved water quality have proven effective in
ecreasing diarrheal illness.150 A review of water and
anitation interventions also found significant de-
reases in incidence of trachoma and ascariasis, reduc-
ions in severity of various parasitic diseases including
ookworm, and an overall 55% reduction in child
ortality.151 A recent study performed in squatter

ettlements in Karachi, Pakistan implementing inten-
ive promotion of hand-washing with plain soap
howed not only a 53% reduction in incidence of
iarrheal illness, but also a 50% reduction in cases of
neumonia in children under 5.152 This was a labor-
ntensive intervention requiring provision of free soap
nd weekly promotion activities, therefore having
imited feasibility for expansion, yet illustrates that
imple, low-cost interventions once adopted can effec-
ively prevent the diseases that cause the greatest
ortality in young children.
Many of the other disease-specific interventions

upported in the Child Survival Series are presented
bove, including ORT and zinc supplementation for
reatment of diarrhea, immunizations, vitamin A sup-
lementation, prevention of malaria using insecticide-
reated bed nets, and community management of
neumonia. Since the publication of the Child Sur-
ival Series, evidence continues to grow for yet more
uccessful interventions that could greatly impact
ortality in the developing world, including new

accines for pneumococcal disease and rotavirus, a
rowing body of evidence on micronutrient supple-
entation to prevent and treat disease, and intermittent

reventive therapy for prevention of malaria in infants.
he benefits of these interventions are further ampli-
ed when the impact on morbidity, health care utili-
ation, and cognitive development of children is con-

idered. h

54
ntegrated Approaches

Many of the interventions described above, all ef-
ective individually, have been implemented as dis-
inct initiatives or “vertical programs,” which places a
arge burden on the health care infrastructure to
rovide systems for each separate intervention. This
pproach to implementing interventions also poses a
hallenge each time a new intervention is to be added.
o address this problem, WHO and UNICEF intro-
uced the Integrated Management of Childhood Ill-
esses (IMCI) strategy in the 1990s.153 An integrated
pproach was proposed to improve case management
y health care workers, promote efficiency, and increase
ost-effectiveness. Based on the IMCI strategy,154 health
orkers at outpatient facilities are trained to recognize

ymptoms of the most common illnesses including pneu-
onia, diarrheal illness and dehydration, malaria, mea-

les, and acute or chronic otitis media, using simple
xamination techniques such as respiratory rate, skin
urgor, and body temperature. Clinical recognition of
onditions such as malnutrition and anemia is also
ncluded. Patients with danger signs, such as coma,
onvulsions, severe wasting, or anemia, are given
nitial treatment and are then referred to a hospital.
atients without severe illness are treated based on

heir diagnosis with effective interventions including
RT, antibiotics, and antimalarials. Micronutrient

upplementation, deworming, nutritional counseling,
nd review of immunization status are included in the
uidelines, so that opportunities for one effective
ntervention are not missed if the child accesses the
ealth care system for a different problem, and paren-
al counseling on how to manage illness at home is
mphasized. Clinical challenges have arisen with these
uidelines, such as the exclusion of infants during the
rst week of life, during which there is a high
ortality rate,144 and the high prevalence of HIV in
any communities, which alters the epidemiology and

linical presentation of infectious disease.
As of 2002, IMCI had been adopted by over 100

ountries.153 The impact of the program has been
tudied rigorously in five countries. The greatest suc-
ess was found in Tanzania where IMCI implementa-
ion was associated with strengthened health systems
nd high utilization rates of health care facilities.153

tudies showed that children in IMCI districts in
anzania received better care, including better assess-
ent by a health care provider and increased likeli-
ood of receiving correct treatment,155 and the pro-

Curr Probl Pediatr Adolesc Health Care, October 2007



g
fi

b
i
i
h
m
l
b
t
m
s
r
h

A

d
a
e
v
e
t
E
2
c
f
a
o
e
2
a
e
n
t
W
a
z
a
5
t
n
l

F
l
i
r
m

a
m
b
i
c
d
g
i
c
i

I

a
s
a
f
w
b
w
t
v
c
p
i
a
c
p
r
c
h
p
l
a

c
b
a
s
h
l
m
b
f

s
r
M
s

C

ram was associated with a 13% reduction in under-
ve mortality.156

Although these results were promising, they have not
een replicated in all countries,157,158 and a large-scale
mpact from IMCI has not yet been demonstrated.153 The
nitial evaluation revealed that four of the five countries
ad difficulty scaling up to a national level while
aintaining quality of the program.159 Challenges to

arge-scale successful implementation reflect common
arriers to improving health care in developing coun-
ries and included high staff turnover rates, low staff
otivation due to low salaries in some countries, poor

upervision, lack of hospital resources available for
eferral of sick patients, and low utilization rates of
ealth care facilities.153

chieving Universal Coverage

It has been estimated that over 60% of under-five
eaths could be prevented if universal coverage were
chieved with known effective interventions, and this
stimate did not include newer tools such as rotavirus
accine.147 Unfortunately, despite the vast body of
vidence supporting these effective and low-cost in-
erventions, many children do not benefit from them.
stimates of coverage of interventions in the year
000 for the 42 countries bearing 90% of the burden of
hild mortality reveal discouraging trends.147 Breast-
eeding was the only intervention estimated to reach
lmost all children. Measles vaccine was estimated at
nly 68% coverage; vitamin A supplementation was
stimated at only 55%, and ORT was estimated at only
0%. Coverage with Hib vaccine was estimated at 1%
nd treatment of diarrhea with zinc at 0%, showing the
normous delay in getting evidence applied where it is
eeded. A subsequent analysis of the 60 countries with
he highest child mortality showed similar results.160

hile there was great variability between countries
nd some had high coverage specifically for immuni-
ations and breastfeeding, proven interventions such
s ORT and antimalarial treatment were at less than
0% coverage, and prevention of maternal-to-child
ransmission of HIV and use of insecticide-treated bed
ets had each achieved only 3% median coverage
evels.
Why is higher coverage so difficult to achieve?
actors that have been implied in reaching coverage

evels include strong political commitment, availabil-
ty of human resources, and commitment of financial
esources.160 Since the 1990s, the child survival move-

ent has lost momentum toward meeting internation- w

urr Probl Pediatr Adolesc Health Care, October 2007
lly defined goals. Renewed leadership and commit-
ent of financial and human resources are needed, and

ecause child survival interventions are often compet-
ng with initiatives to fight AIDS, malaria, and tuber-
ulosis, sector-wide approaches that integrate these
ifferent initiatives have been suggested.161 Finally,
reater attention must be paid to the widening dispar-
ties in health care and outcomes, not only between
ountries but within them as well, if further reductions
n child mortality are to be realized.

nequities in Child Health

For child survival interventions, low coverage rates
re not the entire story, as they do not reflect the
taggering inequities within countries, between urban
nd rural populations, and between poor and rich
amilies. Ideally, the poorest, most at-risk children
ould have greatest access to effective interventions,
ut this is not the reality. In an analysis of coverage
ith eight proven interventions, including immuniza-

ion, skilled care at delivery, access to safe water and
itamin A supplementation, substantial differences in
overage were found in all countries between the
oorest and wealthiest families.162 Statistically signif-
cant associations were found between wealth quintile
nd likelihood of receiving interventions. In some
ountries, such as Haiti and Cambodia, children in the
oorest quintile were over 10 times less likely to
eceive at least six of the eight interventions than
hildren in the wealthiest quintile. In countries with
igh overall coverage, the poorest quintile was dispro-
ortionately affected, while in countries with the
owest overall coverage, the wealthiest disproportion-
tely benefited.
Similar discrepancies in access to pregnancy-related

are have been found. Inequities exist in all countries
ased on socioeconomic status regarding access to
ntenatal care, facility-based birthing, and access to
killed care at delivery, and even in countries with
igh overall coverage, the poorest women are less
ikely to benefit from these services.3 Both maternal

ortality rates118 and neonatal mortality rates141 have
een shown to be inversely related to the wealth of the
amily.
These patterns of inequity are consistent and perva-

ive. Within a given country, risk of death before
eaching age 5 is greater among poor children.5

alnutrition is increased in poorer households in
ub-Saharan Africa as well as rural areas compared

ith urban areas.163 Differences in care-seeking have
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lso been found. In rural Tanzania, children from
ealthier families were more likely to be brought for

are to treat illness and more likely to receive antibi-
tics or antimalarials.164 This pattern is confirmed by
NICEF data showing that seeking care for a child
ith suspected pneumonia is more likely in urban
ersus rural locations as well as among families in
igher wealth quintiles.23

It is not surprising that differences in nutritional
tatus, care-seeking behavior, access to interventions,
nd mortality are related to poverty. Poverty impacts
ealth systems as well as geographic and economic
ccess to health services. Basic water and sanitation as
ell as nonpolluting indoor fuels may not be available

o the poorest populations, and transportation and
ealth care costs may prohibit seeking care. The direct
elationship of poverty to decreased maternal educa-
ion is also a factor. Mothers with decreased education
ay be less knowledgeable about using clean water,

roviding nutritious foods, and seeking health care for
igns of illness.5 Decreased maternal education has
een associated with higher risk for being underweight
nd lower likelihood of receiving immunizations.165

New interventions tend to reach the wealthier pop-
lations first, referred to as the principle of inverse
quity, so that a lag in time to adoption of child
urvival activities by certain countries may lead to
elay in reaching the poorest children.162 A study of
MCI implementation showed that, after the initial
ilot period, the program did not equitably reach the
oorest populations, and in some countries did not
each the areas with greatest need at all.166 Pursuing
niversal coverage of known interventions is therefore
ot enough, and adding new interventions when such
isparities already exist increases the risk that these
ools will simply reach the same children who already
ave access, and not the poorest children who are
eing excluded.162 The tools for saving lives already
xist, but implementation strategies are needed that
nsure that new vaccines and other interventions more
uickly reach the neediest populations.

onclusions

Great progress has been made in reducing child
ortality over the last several decades, and advances

n prevention and management of disease have also
ontributed to decreasing morbidity and improving the

uality of lives of children. The HIV epidemic, emer-

56
ence of resistance against antibiotics and antimalari-
ls, and the high number of children living in war or
risis situations means that infectious diseases will
ontinue to cause significant illness and death among
hildren, particularly in sub-Saharan Africa, and that
hese complex problems cannot be addressed rapidly.
owever, for the vast majority of deaths in infants and

hildren, effective and low-cost methods of prevention
nd treatment exist, but coverage remains suboptimal.
n addition, continued promotion of community-based
nterventions alone will not address the millions of
ewborn deaths each year. Strengthening of health
ystems and human resources to ensure that all women
an have skilled care at delivery is a much greater
hallenge but is needed if newborn survival is to
mprove alongside child survival. Finally, as health
are around the globe improves, disparities widen and
he poorest, neediest individuals continue to be denied
ccess to services that should be universally accessi-
le. There is still great progress to be made in applying
nowledge to practice, and ensuring that all children
ave the same opportunity to survive the first years of
hildhood, to grow up healthy, and to achieve their full
evelopmental potential.
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