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1 Introduction

Pneumonia is the commonest cause of death in children [1, 2]. The World Health
Organization (WHO) and UNICEF estimate that pneumonia is the primary cause of
19% of all deaths in children less than 5 years of age. In addition, most of the 10%
of deaths caused by neonatal sepsis are associated with pneumonia and bacterial
pneumonia is an important factor in many of the deaths caused by measles, pertus-
sis and HIV [2]. Pneumonia therefore causes approximately one-third of all child
deaths. Far too little effort has gone into research on pneumonia and its prevention
and treatment.

Many factors are known to increase the risk of death from pneumonia. These
include malnutrition, low birth weight, failure to breastfeed exclusively during the
first four months of life, lack of measles immunisation, indoor air pollution and
crowding [1].

2 Aetiology

Until the early 1980s, the conventional view was that “no specific causative agent
is found in most patients” dying from respiratory tract infection and therefore that
little could be done to reduce mortality from pneumonia [3, 4]. It was felt that atten-
tion should instead be focussed on diseases that could be treated, such as diarrhoea
with dehydration and malaria. This view was based on studies that searched care-
fully for evidence of viral infection in children with pneumonia but did not involve
bacterial cultures of percutaneous lung aspirates from children who had not received
antibiotics [5–7].

Several lines of evidence suggest that most fatal pneumonia in children is caused
by infection with Streptococcus pneumoniae or Haemophilus influenzae [8]. Firstly
are findings from studies conducted in the United States and Europe during the
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period before antimicrobial therapy was available. Bacteria were grown from percu-
taneous needle aspirates of the lung in 57% of children with pneumonia. Mortality
was 65% in 99 children with a positive blood culture, compared to 17% of 826
children with a negative blood culture. Secondly, in controlled trials, the mortality
rate from pneumonia was 2.3% in 824 children treated with sulphonamides, com-
pared to 5.4% in 1491 control children. Thirdly, percutaneous needle aspirates of
the lung yielded positive cultures in 71% of 321 children with pneumonia in devel-
oping countries in the pre-antibiotic era and in 58% of 705 children in the antibiotic
era [8].

A detailed study of the bacteriology and virology of severe pneumonia was per-
formed in 83 children in Papua New Guinea in the early 1980s [9]. Bacteria were
grown from lung aspirate or blood in 68% of 71 children who had not received
antibiotics, and viruses from 29% of 62 children; isolation of bacteria was strongly
associated with mortality, but isolation of viruses was not. Streptococcus pneumo-
niae or H. influenzae or both were isolated from 52% of the children and from
seven of the eight children who died. Among the H. influenzae isolated from lung
or blood, 56% were non-serotypable strains, 25% were non-b serotypes (a, c, d, e
or f), and only 19% were type b. Studies in several other developing countries have
confirmed that strains of H. influenzae other than type b are an important cause of
pneumonia in children [10]. In the early 1980s, this evidence convinced WHO to set
up a programme to reduce mortality from acute respiratory infections in children
[11–14].

The aetiology of pneumonia in children can only be determined reliably by doing
needle aspirations of the lung in children who have no antibiotic activity present in
blood or urine [15]. Studies that use blood culture and antigen detection without
lung aspiration yield misleading results and studies that include children who have
received antibiotics will grossly underestimate the proportion of cases caused by
bacteria. The history is not a reliable indication of antibiotic use: the child’s blood
or urine must be tested for antibiotic activity [15].

3 Standard Management

Mortality from pneumonia caused by S. pneumoniae or H. influenzae can be sub-
stantially reduced by early treatment with antibiotics [8]. However, mortality is
highest in the remote and disadvantaged regions of low-income countries [1] and
early treatment will be possible only if we can train and support primary health-
care workers to give antibiotic therapy in these regions. The antibiotics need to
be effective, inexpensive, and suitable for use in primary health care. Since very
few antibiotics meet all these criteria, their use needs to be restricted to limit the
development of resistance.

In high-mortality areas, the guidelines for primary health-care workers should
use the minimum number of criteria needed to decide on treatment reliably, and the
minimum treatment needed to reduce mortality [16]. Unfortunately, these principles



Pneumonia in Children in Developing Countries 61

have not always been observed and the WHO guidelines have become more com-
plicated than necessary, and have sometimes been based on potentially misleading
information from medium- or low-mortality areas [17, 18]. A clear distinction needs
to be made between guidelines written for very high-mortality areas with minimal
health-care resources and guidelines written for medium–low-mortality areas where
more resources are available for health care and viruses cause a higher proportion
of severe respiratory tract infection.

4 Which Children Need an Antibiotic?

Children with pneumonia have cough or difficulty in breathing. However, most
children with cough or difficulty in breathing do not have pneumonia: they have
only a mild respiratory infection and do not need an antibiotic. The best indi-
cation that children need antibiotics is their respiratory rate; in general, children
without tachypnoea do not need an antibiotic and children with tachypnoea are
more likely to benefit from antibiotic therapy [12, 19–21]. Fever is not a use-
ful discriminator: children with viral infections often have a fever when they do
not need antibiotics. Listening with a stethoscope is far less reliable than count-
ing the respiratory rate and looking for chest indrawing and absence of prolonged
expiration.

In high-mortality areas, it is important to decide which criteria for the use of
antibiotics will save the most lives, while minimising the use of antibiotics (to delay
the development of resistance). This is not the same as deciding which children
have pneumonia; for example, young infants have a higher case fatality rate and
are more likely to benefit from antibiotics than are older children with the same
clinical findings. WHO suggests that antibiotics should be given to children aged 2–
12 months if they have a respiratory rate ≥ 50 breaths/min and to children aged 12–
59 months if they have a respiratory rate ≥ 40 breaths/min [18]. This age-dependent
definition has a higher sensitivity for the diagnosis of pneumonia than using a rate
≥ 50 breaths/min for all children aged 2–59 months. However, children aged 15–
59 months who present with a respiratory rate of 40–49 breaths/min have a low
incidence of pneumonia and a low case fatality rate, so treating these children greatly
increases the use of antibiotics with very little effect on total mortality [22]. For this
reason, when deciding which children should receive antibiotics (rather than which
children have pneumonia), tachypnoea should be defined as ≥ 50 breaths/min in all
children aged 2–59 months.

There are important causes of false-positive and false-negative findings with
tachypnoea. False-positive findings occur in children with bronchiolitis or asthma
who often have tachypnoea when they do not need antibiotics. In very high-mortality
areas, it is probably sensible to give antibiotics to infants with bronchiolitis and
asthma is usually uncommon in these areas, so this is not an important prob-
lem. However, in medium–low-mortality areas, a high proportion of infants with
tachypnoea have bronchiolitis or asthma, so tachypnoea (and chest indrawing) are
unreliable indications of the need for antibiotics unless small airway obstruction
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has been excluded. This is best done by observing the chest and looking for a pro-
longed active expiratory phase and not by listening for wheeze with a stethoscope.
Separate guidelines are needed for medium–low-mortality areas when bronchiolitis
and asthma are common.

False-negative findings with tachypnoea may occur in children with very severe
pneumonia: such children sometimes have slow, laboured respiration. However,
all these children will have chest indrawing (see below). Children without chest
indrawing should be given antibiotics only if they have tachypnoea.

5 Which Children Need Admission?

Among children who do not have small airway obstruction, tachypnoea is a sign
that the lungs are stiff (have reduced compliance) from inflammation and accumu-
lation of pus in the alveoli. As lung compliance falls even further, chest retraction
(or chest indrawing) develops; this is the best sign that a child has severe pneumo-
nia and requires admission for intensive antibiotic treatment [16, 20, 21]. The WHO
definition of the term chest indrawing was initially vague; it should be used to mean
the presence of subcostal retraction plus either intercostal or supracostal retraction
[16, 21]. False-positive chest indrawing may occur in the absence of pneumonia in
children with airway obstruction (those with small airway obstruction will have pro-
longed expiration or audible wheeze) and in preterm babies (who all have a degree
of chest indrawing).

Two controlled trials performed at tertiary-care facilities have suggested that chil-
dren with chest indrawing could safely be treated at home with oral amoxicillin
[23, 24]. However, it is likely that few of the children had bacterial pneumonia:
lung aspirates were not cultured, only 14 of the 3,739 children died, and 63% had
wheeze, so these results should not be extrapolated to areas with a high mortality
from pneumonia.

6 Which Children Have Very Severe Pneumonia?

WHO defines very severe pneumonia as the presence of chest indrawing plus either
central cyanosis or severe respiratory distress (for example, head nodding) or the
inability to drink – providing small airway obstruction has been excluded [17, 18].
There is considerable evidence to support these criteria [21, 25]. Unfortunately, the
clinical diagnosis of cyanosis is not reliable. When pulse oximetry is not available, it
is helpful to compare the colour of the child’s tongue to that of the mother’s tongue.
The lips look “cyanosed” in pigmented children, and all people look “cyanosed” in
ordinary fluorescent lighting.

There is confusion about the measurement of hypoxaemia. In places fortunate
enough to have pulse oximetry available, a clear distinction should be made between
the use of saturation as an indication of the severity of pneumonia (less than 90%
is associated with a much higher mortality) [21] and as a guide to when to give



Pneumonia in Children in Developing Countries 63

oxygen. With normal cardiac output, haemoglobin concentration and pH, arterial
oxygen saturations of 68% or more are not dangerous [26], which suggests that
it might be sensible to give supplemental oxygen only when the saturation is less
than 80% if oxygen supplies are limited. When comparing the effectiveness of dif-
ferent methods of giving oxygen, arterial oxygen tension is much more sensitive
than oxygen saturation because of the sigmoid shape of the haemoglobin–oxygen
dissociation curve [27].

7 Which Antibiotic for Outpatients With Non-severe
Pneumonia?

Most children with bacterial pneumonia recover without antibiotic therapy [8].
Consequently, antibiotics and vaccines may have a substantial effect on mortality
even if they tip the balance only slightly in favour of the host. For example, if 90%
of children recover from pneumonia without antibiotics, an increase in survival of
only 5% (to 95%) means that mortality has halved from 10 to 5%.

At the time that the WHO protocols were developed in the late 1970s and early
1980s, most strains of S. pneumoniae and H. influenzae were sensitive to ben-
zyl penicillin (but not phenoxymethylpenicillin), amoxicillin, and cotrimoxazole.
Pharmacokinetic studies performed in children in Papua New Guinea suggested
that mean serum penicillin levels were greater than 1.0 μg/mL for about 11 h after
48 mg/kg (48,000 U/kg) of procaine penicillin given by intramuscular injection [28].
The early WHO protocols therefore suggested that children should be treated with
intramuscular injections of 50 mg/kg of procaine penicillin given daily, or 15 mg/kg
of amoxicillin orally three times a day, or cotrimoxazole (4 mg/kg of trimethoprim
and 20 mg/kg of sulphamethoxazole) orally twice a day.

Cotrimoxazole is inferior to amoxicillin for the treatment of proven infections
with H. influenzae or S. pneumoniae in bacterial pneumonia [29] and in otitis media
[30, 31]. Otitis media provides useful information about the treatment of pneumonia
because it is caused by the same organisms, and bacterial cultures can be performed
using tympanocentesis before, during and after treatment. Two studies that were not
supported by microbiological evidence concluded that cotrimoxazole is as effective
as amoxicillin or procaine penicillin for pneumonia, but only 66 children received
cotrimoxazole in the first study [32] and the other study involved only children with
non-severe pneumonia where a very large sample size would have been needed
to detect a difference in efficacy [33]. Cotrimoxazole should no longer be used
as a first-line treatment for pneumonia in high-mortality areas [29–31] except as
an adjunct to amoxicillin in HIV-affected areas when pneumocystis pneumonia is
prevalent.

Streptococcus pneumoniae resistance to penicillin and other antibiotics is an
increasing problem throughout the world and it is therefore surprising that WHO
has recently recommended that amoxicillin be given fewer times a day and for fewer
days to children with pneumonia. Amoxicillin remains an effective treatment for
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pneumonia caused by strains of S. pneumoniae with an intermediate level of resis-
tance (MIC 2–4 μg/mL), provided that amoxicillin levels remain above the MIC
for at least 50% of the time between doses [34, 35]. To increase the proportion of
time that the levels of amoxicillin are above the MIC, it is much more effective
to give the same dose more often, rather than a higher dose at the same frequency
[34]. Because of problems with compliance, the dose of amoxicillin recommended
by WHO has been changed from 15 mg/kg three times a day to 25 mg/kg twice a
day [36]. Unfortunately, the serum level remains above a given MIC for a smaller
percentage of the time with the new regimen [37], so it will be less effective for
the treatment of partially resistant strains of S. pneumoniae. In the management of
otitis media caused by H. influenzae or partially resistant S. pneumoniae, 45 mg/kg
amoxicillin twice a day is clearly superior to 20–25 mg/kg twice a day [38, 39]. In
high-mortality areas, the best policy may be to recommend giving 45 mg/kg amox-
icillin twice a day orally or (preferably) 30 mg/kg three times a day for greater
efficacy.

A controlled trial performed in four tertiary-care hospitals in Pakistan compared
45 mg/kg/day amoxicillin with 90 mg/kg/day in children with non-severe pneu-
monia [40]. The study failed to detect any benefit from using a higher dose of
amoxicillin. However, it is likely that few of the children had bacterial pneumo-
nia: lung aspirates were not performed, none of the 876 children died and 42% had
wheeze, so these findings should not be extrapolated to regions with a high mortality
from pneumonia.

WHO originally recommended that children with tachypnoea and no chest
indrawing should be treated with antibiotics for 5 days, and this is still the case
in areas where HIV infection is common [36]. In areas with low HIV prevalence,
WHO now suggests that amoxicillin be given for only 3 days. This recommendation
is based on the findings of three studies (one unpublished) in 5,763 children, where
the relative risk of failure was 1.07 (95% CI 0.92–1.25) with 3 days compared to 5
days of treatment [41]. However, it is likely that few of the children had bacterial
pneumonia: only nasopharyngeal bacteria were cultured, and there was only one
death among the 4,188 children in the two published studies, so these results should
not be extrapolated to areas with a high mortality from pneumonia.

8 Which Antibiotics for Severe Pneumonia?

Pharmacokinetic studies performed in children in Papua New Guinea found that
the mean serum level of penicillin was more than 5 μg/mL for 3 h after a dose of
35 mg/kg of benzyl penicillin given by intramuscular injection. WHO recommends
that children with chest indrawing who do not have signs of very severe pneumonia
should be treated with 50 mg/kg of benzyl penicillin given by intramuscular injec-
tion every 6 h for at least 3 days and then 25 mg/kg of oral amoxicillin twice a
day (which perhaps should be 30 mg/kg three times a day – see above). This high
dose of benzyl penicillin is likely to provide effective treatment for most strains of
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H. influenzae and S. pneumoniae, including strains with intermediate resistance to
penicillin (MIC 2–4 μg/mL) [35].

When a child with severe pneumonia cannot be referred for treatment with
intramuscular benzyl penicillin, WHO suggests that treatment can be safely given
at home with 45 mg/kg amoxicillin orally twice a day for 5 days [36]. This
recommendation is based on two controlled trials performed in urban tertiary cen-
tres [23, 24]. However, it is likely that few of the children had bacterial pneumonia:
lung aspirates were not cultured, only 14 of the 3,739 children died and 63% had
wheeze, so these findings should not be extrapolated to regions with a high mortality
from pneumonia. As discussed above, 30 mg/kg of amoxicillin given three times a
day is likely to be more effective than 45 mg/kg given twice a day [34].

9 Which Antibiotics for Very Severe Pneumonia?

Children are said to have very severe pneumonia if they have chest indrawing
plus either central cyanosis or severe respiratory distress or an inability to drink.
WHO recommends that these children be treated with ampicillin plus gentamicin, or
with chloramphenicol. Streptococcus pneumoniae is increasingly resistant to chlo-
ramphenicol and two controlled trials suggest that penicillin (or ampicillin) plus
gentamicin is more effective than chloramphenicol (the relative failure rate was 1.26,
95% CI 1.03–1.54). Gentamicin has a synergistic effect with β-lactams against many
strains of S. pneumoniae that have reduced sensitivity to penicillin [42–47] and it
has excellent activity against H. influenzae. There are advantages in giving 8 mg/kg
of gentamicin intramuscularly on the first day followed by 6 mg/kg on subsequent
days, rather than 7.5 mg/kg daily [48].

Penicillin plus gentamicin remains an effective treatment for pneumonia caused
by strains of S. pneumoniae with an intermediate level of resistance, provided peni-
cillin levels remain above the MIC for at least 50% of the time between doses
[34, 35]. Penicillin resistance is not an indication for the use of third-generation
cephalosporins to treat pneumonia, as they are no more effective than penicillin
alone [35], let alone penicillin plus gentamicin. Third-generation cephalosporins
and fluoroquinolones are much more expensive than penicillin and gentamicin, and
they are more likely to induce antibiotic resistance [49].

WHO should recommend penicillin plus gentamicin, rather than ampicillin plus
gentamicin, for the treatment of very severe pneumonia. Ampicillin has a much
broader spectrum than oral phenoxymethylpenicillin (penicillin V), but there are
fewer differences between ampicillin and parenteral benzyl penicillin (penicillin
G); in particular, ampicillin and benzyl penicillin have similar activity against
H. influenzae [28]. Some gram-negative bacilli are sensitive to ampicillin and resis-
tant to benzyl penicillin, but these organisms are almost all sensitive to gentamicin
so that organisms that are sensitive to ampicillin plus gentamicin can also be
expected to be sensitive to penicillin plus gentamicin. Hospitals have to stock benzyl
penicillin to treat severe pneumonia and it would be better just to add gentamicin for
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very severe pneumonia, rather than requiring hospitals to stock ampicillin as well.
Ampicillin is more expensive than penicillin and it has more side effects.

WHO recommends that treatment be changed if a child with pneumonia “does
not improve within 48 h”. It is unrealistic to expect that improvement will reli-
ably occur as early as this in bacterial pneumonia; in adults with pneumococcal
pneumonia, Robert Austrian noted no difference in mortality between treated and
untreated patients in the first 5 days [50] and the controlled trials of both penicillin
(or ampicillin) plus gentamicin vs. chloramphenicol for very severe pneumonia
assessed the response to treatment after 5 days [51, 52]. It would be more logi-
cal to recommend that treatment be changed if the child is getting worse at any time
from 48 h onwards or if there is no improvement after 5 days [21, 53].

10 Oxygen Therapy

Hypoxaemia is a major cause of mortality in pneumonia [54]. Studies in guinea pigs
and adult humans in the 1920s and in children in Papua New Guinea in the 1970s
all suggest that oxygen therapy approximately halves mortality from pneumonia
[55]. A recent study found that an improved system for delivering oxygen reduced
mortality from pneumonia by 35% among children in Papua New Guinea [56].

However, it is very difficult to deliver oxygen therapy to children in the remote
parts of many low-income countries and the cost is considerable. In Papua New
Guinea, the improved oxygen delivery system cost US $51 per patient treated and
$1,673 per life saved. The world’s 49 low-income countries with a population of
1.3 billion had a total health expenditure of only US $22 per person in 2006 [57].
As discussed above, with normal cardiac output, haemoglobin concentration and
pH, arterial oxygen saturations of 68% or more are not dangerous [26] and it might
be sensible to give supplemental oxygen only when the saturation is less than 80%
(rather than 90%) if oxygen supplies are limited.

11 Fluid Therapy

Some children with severe pneumonia present with sepsis and dehydration. If par-
enteral fluid therapy is available, hypovolaemia should be corrected rapidly with
10 mL/kg boluses of 0.9% saline. However, many patients with pneumonia have
low maintenance water requirements because they have high levels of antidiuretic
hormone [58]. Once hypovolaemia and hypoxaemia have been corrected, mainte-
nance fluids should be restricted to 1–2 mL/kg/h [59, 60]. There is little evidence
to support the widely offered advice that children with acute respiratory infections
should be given extra fluids [61].

12 Fever

WHO recommends that paracetamol be administered to children with a temperature
greater than 39◦C if it “appears to be causing distress” [17]. This recommendation
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may be harmful. In randomised trials in mammals with severe infection, antipyretic
therapy doubles mortality, increases viral shedding and impairs the antibody
response [62]. Antipyretics have been shown to prolong the illness in influenza,
chickenpox and malaria [63–65]. It is potentially dangerous to recommend the
administration of antipyretics to children with pneumonia in high-mortality areas.

13 Neonates, Malnutrition and HIV

Pneumonia, often with systemic sepsis, is common in neonates and infants with
malnutrition, and it has a very high mortality rate in these children [66, 67]. Despite
their high risk of dying, these children may not appear to be very ill – and the
mortality rate is very high indeed in malnourished children with pneumonia if they
are afebrile [25]. Gram-negative bacteria are a common cause of sepsis in neonates
and malnourished children; so these children should be treated with gentamicin as
well as penicillin (or ampicillin).

Children with HIV often present with pneumonia caused by S. pneumoniae,
H. influenzae or Staphylococcus aureus. Other common causes of pneumonia in
these children are Pneumocystis jirovecii, gram-negative bacteria, cytomegalovirus
and tuberculosis [68, 69].

14 Overall Effect of Case Management

When case management can be properly delivered, it results in substantial reduc-
tions in child mortality. A meta-analysis of the effect of the case management of
pneumonia in children in low-income countries found a reduction in total mortality
of 27% (95% CI 18–35%) in neonates, 20% (11–28%) in infants and 24% (14–33%)
in children 0–4 years of age [70]. There have been three recent reviews of the case
management of pneumonia [21, 68, 71].

15 Immunisation

The WHO programme for the management of acute respiratory infections has led
to substantial reductions in child mortality [70]. However, pneumonia remains the
commonest cause of death in children [1, 2] despite the fact that the WHO pro-
gramme has been going for almost 30 years [11]. This is largely because it has
not been possible to deliver antibiotics reliably to children in the remote regions of
many low-income countries, where most of the deaths from pneumonia occur. It is
much easier to deliver vaccines at intermittent intervals to children in remote areas
than it is to have antibiotics available for administration at all times. Unfortunately,
none of the current Expanded Program on Immunization (EPI) vaccines provides
specific protection against S. pneumoniae or H. influenzae, the main causes of fatal
pneumonia.

Very substantial additional reductions in mortality would result from immuni-
sation against S. pneumoniae and H. influenzae [72] and better utilisation of the
non-specific effects of vaccines [73]. There is an urgent need for studies of the
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effect of immunising mothers with the 23-valent polysaccharide pneumococcal
vaccine before pregnancy, during pregnancy or immediately after delivery, in order
to increase antibody transfer to the baby across the placenta or via breast milk [74–
77]. Unlike the polysaccharide vaccine, the conjugated pneumococcal vaccines are
immunogenic in the first few months of life, when most fatal pneumonia occurs,
but they cover only a limited number of serotypes, and they are very expensive.
Unfortunately, the three trials of conjugated pneumococcal vaccines in children in
developing countries all used vaccines that are no longer available [78–80], only two
studied the effects on clinical pneumonia [79, 80] and only one studied the effect
on all-cause mortality [79]. The vaccines reduced radiological pneumonia by 17%
(95% CI 4–28%) in South Africa, 37% (27–45%) in the Gambia, and 23% (–1 to
41%) in the Philippines.

The H. influenzae type b conjugate vaccine reduced radiological pneumonia by
approximately 20% among children in trials in the Gambia and Chile [81, 82].
However, type b strains cause less than half the cases of H. influenzae pneumo-
nia in children in low-income countries; approximately 40% of cases are caused by
non-serotypable (unencapsulated) strains and 20% by types a, c, d, e and f [10].
This suggests that a vaccine that protected against all strains of H. influenzae would
prevent approximately 40% of radiologically proven pneumonia. As with pneumo-
coccal vaccine, there is a strong case for investigating the immunisation of mothers
against H. influenzae in order to protect their infants through transfer of antibody
across the placenta and via breast milk.

A new 10-valent pneumococcal conjugate vaccine has recently been licenced
that provides some protection against non-serotypable strains of H. influenzae [83,
84]: eight pneumococcal serotypes are conjugated to H. influenzae protein D, one
to tetanus toxoid and one to diphtheria toxoid. In a controlled trial of the 11-valent
prototype, the per-protocol vaccine efficacy was 52% (95% CI 37–63%) against
S. pneumoniae otitis media, and 36% (4–57%) against H. influenzae otitis media
[85]. There is an urgent need to test the efficacy of this vaccine against radiological
pneumonia in children in high-mortality areas; studies in Argentina, Columbia and
Panama are expected to deliver results in the near future.

There is increasing evidence that vaccines have very substantial non-specific
(heterologous) effects on mortality among children in low-income countries [73,
86]. For example, BCG and measles vaccines may reduce mortality from diseases
other than tuberculosis and measles, and most of the benefits seem to be on mor-
tality from pneumonia [87]. On the other hand, there are studies suggesting that, in
some communities, diphtheria–tetanus–pertussis (DTP) vaccine may reduce mortal-
ity from diphtheria, tetanus and pertussis but increase mortality from pneumonia and
diarrhoea [73, 86]. There is an urgent need for further research on the non-specific
effects of vaccines in children in developing countries.

16 Conclusion

Although great progress has been made in reducing mortality from pneumonia, it
remains the commonest cause of death among children in developing countries.
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Further substantial reductions in mortality will require effective antibiotic therapy
and immunisation against S. pneumoniae and H. influenzae to be made available
to a high proportion of the children who live in the remote areas of low-income
countries.

In recent years, several controlled trials have been performed that have suggested
that non-severe pneumonia can be treated with 25 mg/kg amoxicillin twice a day
for 3 days [40, 41], and that children with severe pneumonia who cannot be referred
can be safely treated at home with 45–90 mg/kg/day amoxicillin [23, 24]. However,
it is probable that a very low proportion of the children in these trials had bacterial
pneumonia: the trials were performed in urban tertiary centres, no attempt was made
to culture lung aspirates, very few children died and wheezing was common in many
of the trials. Management based on the findings of these studies may considerably
improve the management of children in communities with moderate–low mortality
rates, but their findings should not be extrapolated to communities where there is a
high mortality from pneumonia.

Table 1 outlines the optimal management of acute respiratory infection in
children in high-mortality areas, and notes where this differs from the current
WHO recommendations. Table 2 summarises the important considerations about
pneumonia in high-mortality areas.

Table 1 Suggested management of children with cough or respiratory distress in high mortality
areas (who do not have prolonged expiration – or audible wheeze)

Cough or cold
No chest indrawing, respiratory rate <50 breaths/min, age 2–59 months (WHO: <50/min, age

2–12 months; <40/min, 12–59 months)
No antibiotic

Pneumonia
No chest indrawing, respiratory rate ≥50 breaths/min, age 2–59 months (WHO: ≥50/min, age

2–12 months; ≥40/min, age 12–59 months)
Amoxicillin 30 mg/kg oral three times a day (or perhaps 45 mg/kg twice a day) for 5 days

(WHO: 25 mg/kg twice a day for 3 days)
Cotrimoxazole should no longer be recommended (except for pneumocystis cover)

Severe pneumonia
Chest indrawing (without cyanosis or severe respiratory distress, and able to drink)
Admit, benzyl penicillin 50 mg/kg IM every 6 h for at least 3 days
When improving, change to amoxicillin 30 mg/kg oral three times a day (WHO: 25 mg/kg bd)
Give antibiotics for a total of 7 days (WHO: 5 days)

Very severe pneumonia
Chest indrawing (not required by WHO) plus either central cyanosis, or severe respiratory

distress, or not able to drink
Admit, benzyl penicillin (WHO: ampicillin) 50 mg/kg IM every 6 h plus gentamicin 8 mg/kg IM

day 1, then 6 mg/kg daily (WHO: 7.5 mg/kg daily) for 10 days
If getting worse at any time from 48 h onwards or not improving at 5 days (WHO: not improving

at 48 h), change to cloxacillin 50 mg/kg IM every 6 h plus gentamicin IM daily for 3 weeks



70 F. Shann

Table 2 Important considerations about pneumonia in children in high-mortality areas

Epidemiology and aetiology
• Pneumonia is the commonest cause of death in children less than 5 years of age; it is a major

factor in approximately 30% of deaths
• Most fatal pneumonia is caused by S. pneumoniae and H. influenzae
Case management
• Separate protocols are needed for children in medium–low-mortality areas, including children

with a prolonged expiratory phase (caused by bronchiolitis or asthma)
• Guidelines for children in high-mortality areas should not be based on data from

medium–low-mortality areas (so data from many urban areas should not be used even if they
are in low-income countries)

• Guidelines for high-mortality areas should use the minimum necessary criteria to decide the
minimum treatment needed to reduce mortality

• The current WHO guidelines are too complicated and influenced by data from medium–low
mortality areas

• In children aged 2–59 months who do not have chest indrawing, it would be better to
recommend antibiotics only if the respiratory rate is ≥50 breaths/min (WHO recommends that
antibiotics be given to children aged 12–59 months taking ≥40 breaths/min)

• Non-severe pneumonia should be treated with amoxicillin 30 mg/kg oral three times a day for 5
days, or perhaps 45 mg/kg twice a day (WHO recommends 25 mg/kg twice a day for 3 days)

• Cotrimoxazole should no longer be used, except for pneumocystis (WHO policy is unclear)
• Antibiotics should probably be given for 5 days (WHO recommends 3 days) to outpatients in

high-mortality areas (regardless of HIV status)
• Chest indrawing should be defined as subcostal plus either intercostal or supracostal retraction

(WHO defines indrawing as retraction of the lower chest wall)
• If severe pneumonia cannot be treated with benzyl penicillin given intramuscularly, amoxicillin

30 mg/kg should be given orally three times a day for 7 days (WHO recommends 25 mg/kg
twice a day for 5 days)

• Chest indrawing should be a requirement for the diagnosis of very severe pneumonia (WHO
does not require this)

• Penicillin (WHO recommends ampicillin) plus gentamicin should be used to treat very severe
pneumonia

• Third-generation cephalosporins should not be recommended for the treatment of pneumonia;
they are no more effective than penicillin plus gentamicin (WHO agrees)

• Chloramphenicol should no longer be used to treat very severe pneumonia (WHO policy is
unclear)

• Treatment failure should be defined as progression of disease at 48 h or later, or failure to
improve at 5 days (WHO recommends failure to improve at 48 h)

• Fever should not be treated with an antipyretic in high-mortality areas (paracetamol is
recommended by WHO)

• After correction of hypovolaemia, fluid intake should usually be 1–2 mL/kg/h
• Oxygen therapy for children with an oxygen saturation less than 80% is likely to halve

mortality, but it is expensive (WHO recommends giving oxygen if saturation < 90%)
Immunisation
• Treatment with antibiotics reduces mortality from pneumonia, but it is difficult to deliver in

remote areas in low-income countries, where most of the deaths occur
• Effective immunisation of mothers and infants against S. pneumoniae and all strains of

H. influenzae would be likely to reduce mortality from pneumonia by at least 50% if it were
available

• There should be urgent investigation of the evidence that BCG and measles vaccines reduce
all-cause mortality (including mortality from pneumonia) in high-mortality areas, but that DTP
vaccine may increase mortality from diseases other than diphtheria, tetanus and pertussis in
some high-mortality areas
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Consideration should be given to immunising mothers with polysaccharide
pneumococcal vaccine and ensuring that all infants receive conjugated pneumo-
coccal vaccine. Haemophilus influenzae type b causes less than half the cases of
H. influenzae pneumonia, but the new protein D-conjugated pneumococcal vac-
cine may protect against pneumonia caused by non-serotypable H. influenzae as
well as S. pneumoniae. Research is urgently needed on the evidence that BCG and
measles vaccines may substantially reduce child mortality from diseases other than
tuberculosis and measles (including mortality from pneumonia), and the weaker evi-
dence that DTP vaccine may increase mortality from diseases other than diphtheria,
tetanus and pertussis in some high-mortality communities.
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