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Acute lower respiratory infections (ALRI) are the main cause of death in young children worldwide. We report here
the results of a study to determine the long-term survival of children admitted to hospital with severe pneumonia.
The study was conducted on 190 Gambian children admitted to hospital in 1992±94 for ALRI who survived to
discharge. Of these, 83 children were hypoxaemic and were treated with oxygen, and 107 were not. On follow-up in
1996±97, 62% were traced. Of the children with hypoxaemia, 8 had died, compared with 4 of those without. The
mortality rates were 4.8 and. 2.2 deaths per 100 child-years of follow-up for hypoxaemic and non-hypoxaemic
children, respectively (P = 0.2). Mortality was higher for children who had been malnourished (Z-score <±2) when
seen in hospital (rate ratio = 3.2; 95% con®dence interval (CI) = 1.03±10.29; P = 0.045). Children with younger
siblings experienced less frequent subsequent respiratory infections (rate ratio for further hospitalization with
respiratory illness = 0.15; 95% CI = 0.04±0.50; P =0.002). Children in Gambia who survive hospital admission
with hypoxaemic pneumonia have a good prognosis. Survival depends more on nutritional status than on having
been hypoxaemic. Investment in oxygen therapy appears justi®ed, and efforts should be made to improve nutrition
in malnourished children with pneumonia.

Voir page 147 le reÂ sumeÂ en francËais. En la paÂ gina 147 ®gura un resumen en espanÄ ol.

Introduction

Acute lower respiratory infections (ALRI) in children
of less than 5 years of age are responsible for nearly
4.5 million deaths per year in developing countries (1,

2). Acute respiratory infections also account for up to
50% of visits of children to health facilities world-
wide. Following the neonatal period, ALRI are the
most important cause of death among children
younger than 5 years in Gambia (3). At the Royal
Victoria Hospital, Banjul, the only paediatric referral
hospital in Gambia, ALRI accounted for 11% of
paediatric admissions in 1993 (4). The acute ALRI
mortality rate at the hospital was 7% in 1995
(A. Palmer, unpublished data, 1995).

The case fatality rate for pneumonia is inversely
related to arterial haemoglobin oxygen saturation
(SaO2) (5). In a previous study of hypoxaemic
children, it was shown that 15% of patients with
ALRI and hypoxaemia died during hospitalization
(6). However, it is not known whether hypoxaemic
ALRI has an in¯uence on long-term mortality. While

many risk factors for ALRI, such as measles and
malnutrition (7), have been investigated, little is
known about the long-term outcome of severe ALRI
in developing countries. The aim of this study was to
investigate whether Gambian children with hypox-
aemic ALRI have an increased long-term morbidity
and mortality compared to children admitted for
non-hypoxaemic ALRI.

Patients and methods

A total of 190 children admitted before the age of 5
years with ALRI to the Royal Victoria Hospital,
Banjul, from May 1992 to November 1994 were
enrolled in a case±control study that compared the
physical signs of pneumonia and predictors of
hypoxaemia (8). Of these, 83 with hypoxaemia
(de®ned as an SaO2 of 590%) were recruited in
1992±93; they were all treated with oxygen. The
remaining 107 control children with an SaO2 of
590% were matched for age with cases and were
recruited in 1993±94. SaO2 was measured on
admission with a Nellcor N200 pulse oximeter
(Nellcor Inc., Hayward, CA, USA) attached to one
extremity of the child by means of an N25 transducer.
Measurements were only considered if a stable
reading was obtained over a period of at least 1
min. Patients with meningitis or underlying heart
disease were excluded from the study. For practical
reasons, only children living in the western part of the
country were included. Address, sex, age, weight on
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admission and length of hospital stay were recorded

from hospital notes. Addresses were classi®ed as

either rural or urban according to the 1993 state

census (9). Concurrent infection with respiratory
syncytial virus (RSV) (con®rmed by immuno¯uor-

escence) (10) was noted.

Attempts were made to trace the children from

May 1996 to July 1997. Patients were traced by ®eld

workers and seen, without knowledge of the pneu-

monia group the child belonged to, either at the

Medical Research Council (MRC) Laboratories or at
home by one of us (TEW, TG). The guardians of the

patients were ®rst asked whether they were willing to

participate in the study. If they consented, a standard

questionnaire was used for all patients, and informa-

tion was compiled from the child's national health

card and by interviewing the guardian, with a ®eld
assistant translating. If the child was alive, he or she

was examined and weighed. The numbers of

respiratory illnesses that had involved presentation

at a local health centre, hospital admissions, and

admissions speci®cally for respiratory illnesses sub-

sequent to the original ALRI admission were

recorded. A subsequent diagnosis of asthma (de®ned
by documentation on the health card or a satisfactory

explanation from the guardian) was noted. Also

determined were the current number of children

living in the compound with the same father as the

study child, the number of siblings younger than the

child of the same mother, and the number of siblings
who had died. The guardian was asked whether the

child currently attended school. If the child had died,

the date of death was obtained by asking the parents,

or recorded from the health card if it was available.

The study was approved by the Medical

Research Council/Gambian Government Joint

Ethical Committee.

Statistical analysis

Weight-for-age Z-scores were calculated using the

United States National Center for Health Statistics

(NCHS) standard for weight on admission and

weight at follow-up. Comparisons between contin-

uous normally distributed data were made using the t

test after application of Bartlett's test for homo-
geneity of variance, while non-normally distributed

data were compared using Wilcoxon's test. Discrete

data were assessed using the w2 test with Yates'

correction or Fisher's exact test. Analyses were

performed using the SPSS-for-Windows and Epi

Info software packages. Adjusted rate ratios were

calculated using Poisson regression using the Stata
package (Stata Co., College Station, TX, USA).

Results

Table 1 shows the enrolment characteristics of the 83

hypoxaemic and 107 non-hypoxaemic patients en-

rolled in the study. Age on admission ranged from 1

week to 5 years. A total of 118 children (62%) were

followed up (53 cases and 65 controls): 89 were seen,

17 were known by reliable sources to be alive but had

moved outside the study area or were travelling

temporarily, and 12 had died. The follow-up rate was

notably higher in rural (90%) than in urban areas

(46%), but was similar for both cases and controls.

Patients, both traced and not traced, had similar age

on admission, weight-for-age Z-score and length of

hospital stay during the acute hospital admission.

The mean follow-up time for cases was 41.0

months for hypoxaemic and 34.1 months for non-

hypoxaemic children. Mortality on follow-up was

higher for cases than controls (Table 2), but the

difference was not statistically signi®cant. The

mortality rate during the follow-up period was 4.8

and 2.2 per 100 child-years of follow-up for cases and

controls, respectively, a rate ratio of 2.2 (95%

con®dence interval (CI) = 0.7±7.3; P = 0.22,

unadjusted). The rate ratio was lower when the rural

population only was analysed (rate ratio = 1.12; 95%

CI = 0.2±5.6), but the difference was not statistically

signi®cant. The deaths occurred 1 month to 3 years

after discharge.

Factors associated with mortality are shown in

Table 3. Hypoxaemia was associated with increased

long-term mortality, but this was not statistically

signi®cant. Low weight-for-age on admission and

increased length of hospitalization were signi®cantly

Table 1. Characteristics of enrolled patients

Hypoxaemic Non-hypoxaemic
patients patients

Characteristic (n = 83) (n = 107) P -value

Sex ratio (male/female) 1.5 1.1 0.29
Mean age (months) 9.7 9.7 0.99
Mean hospital stay (days) 9.4 5.4 <0.0001
Mean weight-for-age ±1.3 ±0.8 0.04

(Z-score)
Rural/urban ratio 0.6 0.6 0.98

Table 2. Mortality of hypoxaemic and non-hypoxaemic patients
following discharge from hospital

Hypoxaemic Non-hypoxaemic
patients patients

Characteristic (n = 83) (n = 107) Rate ratio

No. traced 53 (64)a 65 (61)
Mean length of follow-up 41 34.1

(months)
No. of deaths 8 4
Mortality rate per 4.8; 2.4±9.6 b 2.2; 0.9±5.9 2.2; 0.7±7.3

100 child-years

a Figures in parentheses are percentages.
b Figures in italics are 95% con®dence intervals.
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associated with increased long-term mortality. Mal-
nourished children had longer hospital stays (data not
shown). For malnutrition (de®ned by a Z-score of
5 ± 2) the mortality rate ratio adjusted for hypox-
aemia was 3.2 (95% CI: 1.03±10.29; P = 0.045).

In patients who survived to follow-up, there
were no signi®cant differences between hypoxaemic
and non-hypoxaemic children in terms of family size,
number of siblings who had died, number of younger
siblings, or school attendance after adjustment for
the length of the follow-up period. Asthma was not
encountered more frequently in either group. Of the
25 patients with known RSV infection, 19 were
traced (9 cases and 10 controls), all of whom
survived. However, in the overall population,
survivors with younger siblings were signi®cantly
less likely than those without younger siblings to
subsequently seek treatment for respiratory illnesses,
be hospitalized for respiratory illnesses, or be
admitted to hospital; rate ratios for these were,
0.5 (95% CI = 0.38±0.65; P <0.001), 0.15 (95%
CI = 0.04±0.50; P = 0.002), and 0.38 (95%
CI = 0.19±0.76, P = 0.006), respectively.

Discussion

This study showed that most of the children
discharged from hospital after hypoxaemic pneumo-
nia survived in the long term. The mortality rate for
these children (4.8 per 100 child-years) was higher
than that for non-hypoxaemic children (2.2 per 100
child years), but the difference was not statistically
signi®cant. For comparison, the mortality rate for
1±5-year-olds in Gambia in recent years has been ca.
2 % per annum (3, 11, 12), approximately half that
of the study children discharged with hypoxaemic
pneumonia.

A shortcoming of this study is the low overall
follow-up rate. The majority of patients who were not
found had urban addresses. Poor naming and
numbering of most roads in Gambia meant that
tracking patients often required consultation with
local inhabitants, a technique well suited to small rural
villages, but ineffective in crowded urban areas. In

addition, patients living in urban areas have increased

mobility. The case±control mortality rate ratio was

higher in the urban area, but the mortality of cases

was not signi®cantly different from controls (data not

shown). The poor follow-up in the urban area

reduces the power of the comparison; it also means

that there might be some bias in the estimated rate.

Interestingly, lower weight-for-age on admis-

sion in both cases and controls was correlated with

long-term mortality. Previous studies have shown

that weight-for-age is signi®cantly lower in hypox-

aemic children (8) and that malnutrition is a risk

factor for mortality in ARI (18 ) , as reported by other

workers (13±15). As shown by the results of the

multiple regression analysis, low weight-for-age on

admission was responsible for most of the mortality

after discharge. The increased length of hospital stay

indicates that low weight-for-age children were

considered at risk at the time of hospitalization, and

efforts were made for nutritional rehabilitation,

which were only partially successful. In the survivors,

the lower weight-for-age persisted 3 years after

discharge, but the difference was no longer sig-

ni®cant, probably because the most malnourished

children had died in the meantime, since they had a

higher post-discharge mortality.

In children who survived, severe pneumonia

was not associated with more frequent subsequent

admissions, ARI, or hospitalization for ARI. In

contrast, studies from India and Brazil have found

that history of severe ARI is a risk factor for severe

pneumonia (13, 16). It is possible that our study

population was too small for such an effect to be

detected. Moreover, the presence of younger siblings

was associated with fewer respiratory illnesses,

hospital admissions, and admissions for ARI after

the original ALRI. This protective effect seems to

occur regardless of family size (data not shown).

There are varying reports on the bene®ts of many

siblings. De Francisco et al. suggested that sharing a

bed with siblings decreases risk for ALRI (17), while

Victora et al. found that more persons in the

household increases the risk (13).

In summary, children under 5 years of age with

hypoxaemic pneumonia had a slightly increased

overall long-term mortality compared with non-

hypoxaemic children and with the general commu-

nity. The main predictor of long-term mortality was a

poor nutritional status on admission. Even though

oxygen therapy is expensive, investing in the

treatment of children with hypoxaemic pneumonia

appears to be cost-effective, since the long-term

mortality of these children is not greater than that of

non-hypoxaemic children; greater efforts should,

however, be made to improve the nutritional status of

children in Gambia. n
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ReÂ sumeÂ

MorbiditeÂ et mortaliteÂ aÁ long terme conseÂ cutives aÁ une infection hypoxeÂ mique
des voies respiratoires infeÂ rieures chez des enfants gambiens
Dans les pays deÂ veloppeÂ s, les infections des voies
respiratoires infeÂ rieures sont la principale cause de
mortaliteÂ chez les enfants aÃ geÂ s de 1 mois aÁ 5 ans.
L'hypoxeÂmie et la malnutrition sont bien documenteÂ es
en tant que preÂ dicteurs d'une mortaliteÂ aÁ court terme et
d'un accroissement de la morbiditeÂ ; en revanche, il
n'existe pas de donneÂ es au sujet de l'effet d'une
hypoxeÂmie sur le pronostic aÁ long terme d'une infection
des voies respiratoires infeÂ rieures chez l'enfant.

On a eÂ tudieÂ 190 enfants qui avaient quitteÂ le
Royal Victoria Hospital de Banjul, ouÁ ils avaient eÂ teÂ
admis en 1992-1994 pour une infection des voies
respiratoires infeÂ rieures. On a consideÂ reÂ qu'il y avait
hypoxie lorsque la saturation en oxygeÁ ne eÂ tait infeÂ rieure
aÁ 90% (nombre de cas n = 83). Tous ces malades ont
eÂ teÂ soumis aÁ une oxygeÂnotheÂ rapie; les teÂmoins (n =
107) eÂ taient normoxeÂmiques et n'ont donc pas recËu
d'oxygeÁ ne. On a enregistreÂ le poids aÁ l'hospitalisation et
la dureÂ e de seÂ jour aÁ l'hoÃ pital. Les malades ont eÂ teÂ suivis
au cours de la peÂ riode 1996-1997. Chaque fois que l'on
a pu retrouver des enfants survivants, on les a examineÂ s
et peseÂ s et les personnes qui en avaient la garde ont eÂ teÂ
prieÂ es de reÂ pondre aÁ un questionnaire sur les
anteÂ ceÂ dents meÂdicaux des enfants et sur la famille.
Lorsque les enfants eÂ taient deÂ ceÂ deÂ s, on a noteÂ la date
approximative du deÂ ceÁ s.

Au total, 118 (62%) enfants (53 malades et 65
teÂmoins) ont pu eÃ tre suivis avec succeÁ s. Le taux de
suivi a eÂ teÂ sensiblement meilleur en milieu rural (90%)
qu'en milieu urbain (46%). La probabiliteÂ de deÂ ceÁ s
eÂ tant plus eÂ leveÂ e chez les hypoxeÂmiques que chez les

normoxeÂmiques, on a effectivement obtenu pour la
mortaliteÂ des valeurs respectivement eÂ gales aÁ 4,8 et
2,2 deÂ ceÁ s pour 100 anneÂ es-enfant de suivi (P = 0,2).
A l'admission aÁ l'hoÃ pital, le poids pour l'aÃ ge eÂ tait
sensiblement plus faible chez les hypoxeÂmiques et il
eÂ tait associeÂ aÁ un accroissement de la mortaliteÂ aÁ long
terme (rapport des taux de 3,2 pour un score
Z < -2; intervalle de con®ance aÁ 95% de 1,03-10,29;
P = 0,045). Chez les survivants examineÂ s, le poids
pour l'aÃ ge eÂ tait eÂ galement plus faible chez les
hypoxeÂmiques, mais la diffeÂ rence n'eÂ tait plus signi®-
cative. Il n'y avait pas de diffeÂ rence sensible entre les
hypoxeÂ miques et les normoxeÂ miques en ce qui
concerne l'assiduiteÂ scolaire, la taille de la famille ou
le nombre de freÁ res et soeurs plus jeunes, une fois les
valeurs ajusteÂ es pour tenir compte des diffeÂ rences dans
la peÂ riode de suivi. Chez les enfants ayant des freÁ res et
soeurs plus jeunes, les infections respiratoires ulteÂ -
rieures avaient eÂ teÂ moins freÂ quentes (rapport des taux
d'hospitalisation ulteÂ rieure pour affection respiratoire
= 0,15; intervalle de con®ance aÁ 95% de 0,04-0,50 ;
P = 0,002).

Bien que les infections respiratoires basses se
soient accompagneÂ es d'un leÂ ger accroissement de la
mortaliteÂ aÁ longue eÂ cheÂ ance, la plupart des enfants
retrouveÂ s ont surveÂ cu. Un eÂ tat nutritionnel meÂ diocre aÁ
l'admission s'est reÂ veÂ leÂ eÃ tre le preÂ dicteur essentiel d'une
mortaliteÂ aÁ plus long terme. Il paraõÃt justi®eÂ d'investir
dans l'oxygeÂ notheÂ rapie et il faut s'efforcer d'ameÂ liorer
l'eÂ tat nutritionnel des enfants mal nourris atteints de
pneumonie.

Resumen

Morbilidad y mortalidad a largo plazo de los ninÄ os gambianos despueÂ s de la infeccioÂ n

de las võÂas respiratorias inferiores acompanÄ ada de hipoxemia

En los paõÂses en desarrollo, las infecciones agudas de las
võÂas respiratorias inferiores son la causa principal de
mortalidad de los ninÄ os de un mes a cinco anÄ os de edad.
La hipoxemia y la malnutricioÂ n estaÂ n bien descritas como
factores predictivos de mortalidad a corto plazo y de
aumento de la morbilidad; sin embargo, no hay datos
sobre los efectos de la hipoxemia en la evolucioÂ n a largo
plazo de los ninÄ os con infecciones agudas de las võÂas
respiratorias inferiores.

Se dio de alta del Hospital Real Victorial de Banjul
a un total de 190 ninÄ os menores de cinco anÄ os de edad
que habõÂan sido hospitalizados por infecciones agudas
de las võÂas respiratorias inferiores en 1992±1994. Los
casos de hipoxemia (n = 83) se de®nieron como
aquellos que tenõÂan una saturacioÂ n de oxõÂgeno inferior
al 90%; se tratoÂ a todos eÂ stos con oxõÂgeno; los

controles (n = 107) no tenõÂan hipoxemia, por lo que no
recibieron oxõÂgeno. Se registraron el peso en el
momento de la hospitalizacioÂ n y la duracioÂ n de la
estancia en el hospital. Se siguioÂ a los pacientes en
1996-1997. Se examinoÂ y pesoÂ a los ninÄ os super-
vivientes localizados y se pidioÂ a sus custodios que
respondieran a un cuestionario destinado a evaluar la
historia clõÂnica de los ninÄ os y datos familiares. Si los
ninÄ os habõÂan muerto se registraba la fecha aproximada
de la defuncioÂ n.

En total se siguioÂ a 118 pacientes (62%) (53
casos y 65 controles). Los õÂndices de seguimiento en las
zonas rurales (90%) eran signi®cativamente mayores
que en las urbanas (46%). Era maÂ s probable que
hubieran muerto los pacientes hipoxeÂmicos que los no
hipoxeÂmicos: los õÂndices de mortalidad eran de 4,8 y 2,2
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defunciones por 100 ninÄ os-anÄ os de seguimiento,
respectivamente (P = 0,2). El peso en relacioÂ n con la
edad en el momento de la hospitalizacioÂ n era
signi®cativamente inferior en el grupo hipoxeÂmico, y
ello estaba asociado a un aumento de la mortalidad a
largo plazo (la razoÂ n de tasas para un valor de Z <±2 es
de 3,2; el intervalo de con®anza (IC) de 95% es de
1,03±10,29; P = 0,045). Entre los sobrevivientes
examinados, el peso en relacioÂ n con la edad seguõÂa
siendo menor en el grupo hipoxeÂmico, pero habõÂa
dejado de serlo de forma signi®cativa. No habõÂa
diferencias signi®cativas entre los ninÄ os hipoxeÂmicos y
no hipoxeÂmicos en cuanto a la asistencia escolar, el
tamanÄ o de la familia o el nuÂ mero de hermanos
menores, despueÂ s de haber introducido una correccioÂ n
de ajuste por diferencias en relacioÂ n con los periodos de

seguimiento. Los ninÄ os con hermanos menores tenõÂan
infecciones respiratorias posteriores menos frecuentes
(la razoÂ n de tasas correspondiente a una hospitalizacioÂ n
ulterior con enfermedad respiratoria era de 0,15;
IC 95% de 0,04±0,50; P = 0,002).

Aunque las infecciones agudas de las võÂas
respiratorias inferiores acompanÄ adas de hipoxemia
estaban asociadas a un pequenÄ o aumento de la
mortalidad a largo plazo, la mayor parte de los ninÄ os
localizados habõÂan sobrevivido. La principal variable
predictiva de la mortalidad a largo plazo era un mal
estado nutricional en el momento de la hospitalizacioÂ n.
Parece justi®cado que se inviertan recursos para
disponer del tratamiento con oxõÂgeno, y se deberõÂan
hacer esfuerzos para mejorar la nutricioÂ n de los ninÄ os
malnutridos que padecen neumonõÂa.
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