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Abstract

Background: HIV infection predisposes children with malnutrition to recurrent bacterial infections and a high risk of

bacteraemia.

Methods: A cross-sectional descriptive study to determine the prevalence, causative organisms, antibiotic sensitivity

and factors associated with bacteraemia in malnourished children was undertaken at Mulago Hospital, Kampala.

The prevalence of HIV infection was also determined. A total of 134 children aged 6–59 months with severe

malnutrition were recruited.

Results: Sixty-one (45.5%) had oedematous malnutrition and 73 (54.5%) had severe wasting. Fifty-nine (44.0%)

were HIV-infected. The prevalence of bacteraemia was 22%. The predominant organisms isolated were gram-

negative enteric bacilli (77%) with Salmonella species and E. coli contributing 67% of the isolates. Hypoglycaemia

was significantly associated with bacteraemia (p50.007). Most organisms were resistant to cotrimaxazole (93.3%),

ampicillin (76.7%), gentamicin (66.7%) and chloramphenicol (60%). All isolates were sensitive to ceftriaxone.

Sensitivity to ciprofloxacin was 97%. There was no strong association between HIV infection and bacteraemia. The

relative risk of death in malnourished children with bacteraemia was ten times higher than in those without

bacteraemia.

Conclusions: Nearly a quarter (22%) of children admitted with severe malnutrition had bacteraemia and gram-negative

organisms were the predominant cause. Forty-four per cent were HIV-infected. Most of the bacteria were sensitive to

ceftriaxone and ciprofloxacin and resistant to commonly used antibiotics. In the absence of culture and sensitivity,

ciprofloxacin or ceftriaxone should be considered as first-line antibiotics for severely malnourished children.

Introduction

The prevalence of malnutrition in develop-

ing countries remains unacceptably high.1,2

It is estimated that there are more than 150

million malnourished children under the age

of 5 years in developing countries.3 More

than 20 million children suffer from severe

malnutrition.4

Malnutrition is a common problem in

Uganda. The prevalence of wasting in

children ,5 years ranges from 0.5% to

7.2%.5

The interaction between infection and

nutrition is well established and complex.

Malnutrition, especially if severe, confers an

increased risk of morbidity and mortality,

particularly from infectious diseases.6 On

the other hand, infections themselves, parti-

cularly if repeated or prolonged, can result

in malnutrition.7

Many severely malnourished children

have bacterial infections when first admitted

to hospital.8 The prevalence of bacteraemia

in African children with severe malnutrition

ranges from 1.9% to 43%.2,6,9–11 Gram-

negative septicaemia is considered to be the

most common and most lethal infection in

severely malnourished children, constituting
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about 48.5–55% of bacteraemia.2,6,9,10

Gram-positive organisms account for 35–

45.5% of bacteraemia.2 Overall, 95.8% of

organisms are susceptible to ampicillin,

gentamicin, or both.6 Berkley et al. found

76% of isolates to be sensitive to penicillin

or chloramphenicol.12 A 91% coverage of

invasive gram-negative bacilli has been

reported when a combination of gentamicin

and chloramphenicol is used.13 Chlo-

ramphenicol alone covered 62% and genta-

micin 73% of isolates.

Acquired immunodeficiency syndrome

(AIDS) often presents as malnutrition and

repeated opportunistic infections, with a

high risk of bacteraemia.14 Marasmus and

marasmic kwashiorkor are predominant

forms of severe malnutrition in HIV-

infected children.15 Ticklay et al. found a

48.6% prevalence of HIV infection in

severely malnourished children in Harare,

Zimbabwe.15 The severity of malnutrition is

exacerbated by HIV infection. The high

prevalence of HIV infection in malnour-

ished children emphasises the impact of the

HIV epidemic on childhood nutritional

morbidity and mortality.16

Hypoglycaemia is one of the important

complications in severely malnourished

children and it can be triggered by a serious

systemic infection.1 Severe cases of malnu-

trition sometimes develop hypothermia and

shock, often associated with septicaemia.1,8

A mortality rate of 22–31% has been

reported in malnourished children with

bacteraemia compared with a much lower

rate of 5–11% in non-bacteraemic children

with malnutrition.2,6,10

In Uganda, there is little information on

factors associated with bacteraemia and the

association with HIV infection in severely

malnourished children. The aim of this

study was to determine the prevalence of

bacteraemia, the spectrum of causative

organisms and their antibiotic sensitivity

pattern and outcome in severely malnour-

ished children. It also describes the pre-

valence of HIV infection in severely

malnourished children and its association

with bacteraemia.

Subjects and Methods

The study was conducted in the Acute Care

Unit and the mwanamugimu (malnutrition)

wards of Mulago Hospital, Kampala.

Mulago Hospital is a tertiary care facility

and teaching hospital. It serves a community

of several suburbs within the city of

Kampala and referrals from throughout the

country. The Acute Care Unit is an over-

night holding ward attached to the paedia-

tric outpatient department and admits

severely ill children. The mwanamugimu

ward is for the specific management of

children with severe malnutrition.

Study design and patients

All children aged 6–59 months with severe

malnutrition attending Mulago Hospital

were eligible for enrolment on admission.

Severe malnutrition was defined according

to the 1999 WHO classification, which

includes children whose weight-for-height

is ,23SD or ,70% of the median NCHS/

WHO reference values, termed severely

wasted, or who have symmetrical oedema

involving at least the feet, termed oedema-

tous malnutrition.17 Severe stunting was

defined as a height-for-age SD score ,23

(,85% of median). Children whose age was

not known, whose blood cultures were not

done on admission and with proteinuria

significant enough to suggest renal disease

were excluded.

This was a cross-sectional analytical and

descriptive study. Using the Kish formula,18

the sample size was calculated to be 130:

n~
Z2:P:(1� P)

d2

Z5the standard normal variate correspond-

ing to the 95% confidence interval (1.96),
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P5the expected prevalence of bacteraemia

in severely malnourished children (9.3%),10

and d5the required precision of the esti-

mate (5%).

Children who fulfilled the entry criteria

were enrolled consecutively until the

required sample size was achieved. Their

weight, height or length and mid-upper arm

circumference were measured (MUAC).

They then had a general examination for

anaemia, skin changes, oedema and hydra-

tion status and the axillary temperature was

taken. Shock was diagnosed if there was

hypothermia, a weak or absent radial pulse,

rapid pulse rate, cold hands and feet with no

history of diarrhoea, with or without

decreased level of consciousness and with

or without hypoglycaemia.

Blood culture methods

The dorsum of the hand or anterior cubital

fossa was disinfected with 2% povidone–

iodine solution and 70% isopropyl alcohol

before drawing 6 ml of blood while wearing

sterile gloves. The stoppers of the blood

culture bottles were also disinfected. A new

needle was used to inoculate 2 ml of blood

under negative pressure into two sterile

blood culture bottles containing 10 ml of

brain–heart infusion broth which were taken

to the laboratory immediately. The bottles

were incubated at 35uC for 24 hours follow-

ing which a gram stain was done followed by

subculture on chocolate and blood agar for

the growth of gram-positive and -negative

organisms and MacConkey agar for selec-

tive gram-negative organisms. The agar

plates were incubated at 35uC under aerobic

conditions. The chocolate agar was incu-

bated in a candle jar to facilitate growth of

Haemophilus influenza and Neisseria meningi-

tidis. After 24 hours, visible colonies were

examined by gram stain and biochemical

and serological tests. All blood culture

bottles showing no growth after 24–

48 hours were further incubated for 7 days

before being discarded as negative. All

isolates were tested for antimicrobial

susceptibility using the Kirby–Bauer disc

diffusion method.

On admission, venous blood glucose level

was estimated using a glucometer (ACCU-

CHEK products, Roche Diagnostics

GmbH, D-68298 Mannheim, Germany).

Hypoglycaemia was defined as a blood

glucose level (3.0 mmol/l. All children

were screened for HIV infection using both

ELISA and RNA PCR qualitative tests.

Urinalysis was undertaken on oedematous

children to determine gross proteinuria

using Uristix (Roche Diagnostics).

All children were managed according to

WHO guidelines for empirical case manage-

ment of children with severe malnutrition.17

All were given intravenous ampicillin 50 mg/

kg/6 h and intravenous gentamicin 7.5 mg/

kg/24 h. Where necessary, the antibiotics

were changed according to sensitivity results

and treatment was given for 7 days. Those

with hypoglycaemia were treated according to

WHO guidelines.17 The children were fed

every 2 hours using high energy milk pre-

pared to a local recipe. Outcome was

determined at discharge or death. The main

outcome measures were survival or death.

Statistical methods

Data were entered into a computerised

database and analysed using the Statistical

Package for Social Sciences (SPSS version

10.0). Proportions were compared using the

x2 test, and relative risks with 95% con-

fidence intervals (CI) were calculated. A

logistic regression model was performed to

examine the relative risk of the different types

of malnutrition and bacteraemia in relation

to outcome. The Cox regression model was

employed to analyse the prognostic signifi-

cance of bacteraemia in predicting survival. A

survival curve for bacteraemia was deter-

mined by the Kaplan–Meier method.

Ethical considerations

The study was approved by the Department

of Paediatrics and Child Health, Makerere
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University and Makerere University Faculty

of Medicine Research Committee. Written

informed consent for the study and HIV

testing was obtained from parents or

caretakers. Parents/caretakers were given

pre- and post-test HIV counselling. All

caretakers consented to HIV testing.

However, two mothers accepted testing

but preferred not to know the results.

HIV-positive children were referred to the

infectious disease clinic of Mulago Hospital

for follow-up.

Results

Between September and November 2001,

226 severely malnourished children were

admitted and 134 were enrolled in the

study. Mean age was 17.7 months, range

6–48 and median 14.8 months. The male to

female ratio was 1.2:1.

Thirty children (22.4%) had bacteraemia.

Most with bacteraemia were ,24 months of

age with a mean of 18.6 months. On

comparison of the nutritional status of

children with and without bacteraemia,

there was no significant difference in mean

weight, height and MUAC.

The mean weight-for-height Z-score for

oedematous children was -3.00 and for

severely wasted children -4.05 (p,0.0001).

There was no strong association between

bacteraemia and the different Z-scores.

There were 30 bacterial isolates, as

follows: Salmonella spp (15), Escherichia coli

(5), Haemophilus inflenzae (4), Streptococcus

pneumoniae (3), and one each Klebsiella

pneumoniae, Morganella morganii and

Proteus mirabilis. Coagulase-negative Staphy-

lococcus was isolated in three children.

However, it was regarded as a contaminant

because the organisms were isolated from

only one of the two blood culture bottles

and repeat cultures were not done.

Furthermore, there was no deterioration

in the patients’ condition in the face of

inappropriate antimicrobial therapy and the

clinical features were not compatible with

serious infection. Considering the above,

these children were excluded. Five children

had blood cultures with growth of mixed

organisms in both culture bottles and

further analysis to identify the organisms

was not done. The blood samples were

considered contaminated and these chil-

dren were also excluded from the study.

Sixty-one children (45.5%) had oede-

matous malnutrition and 73 (54.5%) had

severe wasting. Eighteen children had severe

stunting and three (16.7%) had bacterae-

mia. Table 1 shows the association with

bacteraemia of type of malnutrition, pre-

vious antibiotic use and HIV. Previous

antibiotic use was strongly associated with

bacteraemia (p50.019). Four of the chil-

dren with bacteraemia had received chlor-

amphenicol, three cotrimaxazole and two

TABLE 1. Association of type of malnutrition, previous antibiotic use and HIV status with bacteraemia.

Variable Bacteraemia, n (%) No bacteraemia, n (%) OR 95% CI p-value

Malnutrition

Oedematous 14 (23.0) 47 (77.0) 0.942 0.417–2.128 0.886

Severe wasting 16 (21.9) 57 (78.1)

Previous antibiotic use

Yes 12 (37.5) 20 (62.5) 2.800 1.163–6.739 0.019*

No 18 (17.6) 84 (82.4)

HIV infection

Positive 11 (18.6) 48 (81.4) 0.675 0.293–1.559 0.358

Negative 19 (25.3) 56 (74.7)

OR, odds ratio; CI, confidence interval; * statistically significant.
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amoxicillin before presentation at hospital.

Twenty-five (41.0%) of the 61 oedematous

children and 34 (46.6%) of the 73 severely

wasted children were HIV-infected. There

was no significant difference in the rate of

HIV infection in the different types of

malnutrition.

Similar organisms were isolated from

children infected with HIV and those with-

out HIV infection (Fig. 1). There was no

significant difference in the organisms iso-

lated between the two groups.

On admission, 73 (54.5%) of the 134

children had diarrhoea and 56 (41.8%) had

pneumonia. Sixteen (11.9%) had skin

ulceration and 39 (29.1%) had had measles

within the past month. Nine (6.7%) had

hypothermia, 19 (14.2%) had hypoglycae-

mia, 30 (22.4%) presented in shock and 9

(6.7%) had severe anaemia. Some children

presented with more than one diagnosis.

Twenty-six (19.4%) had diarrhoea and

pneumonia. Nineteen (14.2%) had diar-

rhoea and were in shock. Nine (6.7%)

children had hypothermia and shock. The

relationship between hypothermia and

shock was statistically significant (x25

24.381, p,0.0001). Four (3.0%) of the

children had hypoglycaemia and hypother-

mia and the association was significant

(p50.035). The major presenting diagnoses

and bacteria isolated are shown in Table 2.

There was a strong association between

hypothermia and bacteraemia (p50.018)

and the association between hypoglycaemia

and bacteraemia was significant (p50.003).

On logistic regression analysis of hypogly-

caemia and hypothermia for bacteraemia,

hypoglycaemia was strongly associated with

bacteraemia (p,0.0001, 95% CI 1.457–

11.140, OR 4.028).

All isolates were tested for antibiotic

sensitivity. Overall, only 6.7% of the organ-

isms were sensitive to cotrimoxazole, 23.3%

to ampicillin, 40.0% to chloramphenicol

and 33.3% to gentamicin (Table 3). Thus,

76.7% of isolates were resistant to ampicil-

lin, 66.7% were resistant to gentamicin and

72% resistant to both. A combination of

gentamicin and chloramphenicol was effec-

tive against only 36.7% of organisms

(63.3% resistant). All isolates were sensitive

FIG. 1. Organisms isolated from HIV-positive (&) and HIV-negative (%) children (Haem., Haemophilus; Salm.,

Salmonella; Strep., Streptococcus).
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to ceftriaxone. All organisms except one

E. coli were sensitive to ciprofloxacin.

Overall, 27 (20.1%) of the 134 severely

malnourished children died. The association

between outcome and bacteraemia, hypo-

glycaemia, HIV and type of malnutrition is

summarised in Table 4. The odds ratio of

death in bacteraemic malnourished children

was 9.7 times that in non-bacteraemic ones

(p,0.0001). Hypoglycaemia was strongly

associated with death (p50.01). The asso-

ciation between HIV infection and outcome

was not statistically significant. There was

no significant association between outcome

and different types of malnutrition. Of the

bacteraemic children who died, 87.5% had

ampicillin-resistant organisms. However,

the relationship between ampicillin resis-

tance and death was not significant. Of the

bacteraemic children who died, 75% had

gentamicin-resistant organisms, although

there was no strong association between

death and gentamicin resistance. The

relationship between the pattern of

chloramphenicol sensitivity and outcome

approached significance (p50.063).

Multivariate analysis of outcome for

bacteraemia and hypoglycaemia showed

TABLE 2. Association between major presenting diagnoses in severely malnourished children with positive blood cultures.

Diagnosis No. (%*) Organisms isolated (n)

Diarrhoea 14 (46.7) E. coli 3, H. influenzae 1, H. parainfluenzae 2, Klebsiella pneumoniae 1,

S. enteritidis 4, S. typhimurium 2, Strep. pneumoniae 1

Pneumonia 16 (53.3) E. coli 2, H. influenzae 2, H. parainfluenzae 2, Morganella morganii 1,

S. enteritidis 4, S. typhimurium 3, Strep. pneumoniae 2

Skin ulceration 7 (23.3) Klebsiella pneumoniae 1, Proteus mirabilis 1, S. enteritidis 3, S. typhimurium 2

Measles 9 (30.0) E. coli 1, H. influenzae 1, H. parainfluenzae 2, Proteus mirabilis 1,

S. enteritidis 2, S. typhimurium 2

Hypothermia 4 (13.3) Morganella morganii 1, Proteus mirabilis 1, S. enteritidis 2

Hypoglycaemia 9 (30.0) E. coli 1, Klebsiella pneumoniae 1, Morganella morganii 1, S. enteritidis 5,

S. typhimurium 1

Shock 9 (30.0) E. coli 2, Klebsiella pneumoniae 1, Morganella morganii 1, Proteus mirabilis 1,

S. enteritidis 4

Severe anaemia 2 (6.7) S. enteritidis 2

Occult 2 (6.7) S. dublin 1, Strep. pneumoniae 1

Some children had more than one diagnosis and so the percentage of diagnoses is .100%; * relates to the children

with bacteraemia.

TABLE 3. Isolates and the number sensitive to the antibiotics tested.

Organism (n) COT AMP PEN AMX CHL GM CTX CF CZ CTM CIP

E. coli (5) 0 0 0 0 1 1 5 5 5 5 4

H. influenzae (2) 0 0 0 0 0 1 2 0 1 0 2

H. parainfluenzae (2) 0 0 0 0 1 1 2 1 2 1 2

Klebsiella pneumoniae (1) 0 0 0 0 1 0 1 1 1 1 1

Morganella morganii (1) 0 0 0 0 0 0 1 1 1 1 1

Proteus mirabilis (1) 0 0 0 0 0 0 1 1 1 1 1

S. dublin (1) 0 0 0 0 0 IM 1 1 1 1 1

S. enteritidis (10) 2 2 2 2 3 3 10 10 9 10 10

S. typhimurium (4) 0 2 2 2 3 3 4 4 4 4 4

Strep. pneumoniae (3) 0 3 2 2 3 Not tested 3 2 3 3 3

COT, cotrimoxazole; AMP, ampicillin; PEN, penicillin G; AMX, amoxycillin; CHL, chloramphenicol; GM,

gentamicin; CTX, ceftriaxone; CF, cefuroxime; CZ, cefotazime; CTM, ceftazidime; CIP, ciprofloxacin; IM,

intermediate response.
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bacteraemia to be an independent prognos-

tic indicator of death (p50.0001, 95% CI

3.20–22.34, OR 8.45).

Survival rate was significantly lower

in bacteraemic children than in non-

bacteraemic ones (Fig. 2).

Using Cox’s regression model for survi-

val, bacteraemia was a significant prognostic

indicator for death in children with severe

malnutrition. Eighty per cent of deaths of

children with bacteraemia occurred within 2

days of admission. Mean (SD) duration of

TABLE 4. Impact of bacteraemia, hypoglycaemia, HIV and type of malnutrition on outcome.

Variable Survived, n (%) Died, n (%) OR 95% CI p-value

Bacteraemia

Positive 14 (46.7) 16 (53.3) 9.662 3.732–25.017 ,0.0001*

Negative 93 (89.4) 11 (10.6)

Hypoglycaemia

Present 11 (57.9) 8 (42.1) 3.675 1.305–10.346 0.01*

Absent 96 (83.5) 19 (16.5)

HIV status

Infected 48 (81.4) 11 (18.6) 0.836 0.387–1.807 0.650

Not infected 59 (78.7) 16 (21.3)

Type of malnutrition

Oedematous 50 (82.0) 11 (18.0) 0.783 0.542–3.005 0.732

Severe wasting 57 (78.1) 16 (21.9)

* Statistically significant.

FIG. 2. Kaplan–Meier survival curve for bacteraemia (upper, no bacteraemia, lower, bacteraemia).
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hospital stay of the total group was 16 (10.8)

days with a range of 1–53.

Discussion

A total of 45.5% of the children had oedema-

tous malnutrition and 54.5% had severe

wasting. In contrast, Friedland2 and Reed6 in

South Africa found a higher prevalence of

oedematous malnutrition than of severe wast-

ing. In this study, the higher proportion of

severely wasted children might be owing to the

current HIV epidemic which commonly pre-

sents as severe wasting.14 The prevalence of

bacteraemia was 22.4% which is similar to

other African studies in which the prevalence

ranged from 1.9% to 43%.2,6,9–11,19 An earlier

study in Uganda found a 9.3% prevalence of

bloodstream infections.10 The higher preva-

lence of bacteraemia in the current study was

not strongly associated with HIV infection,

although it is known to predispose children to

frequent bacterial infections.14,15,20 The lack

of association of bacteraemia with HIV infec-

tion might be owing to the small sample size.

Children with oedematous malnutrition

had a prevalence of bacteraemia (23%)

similar to those with severe wasting (22%),

which contrasts with other reports.2,6

However, this was a hospital-based study

and so the risk of bacteraemia in non-

hospitalised children is not known.

Gram-negative enteric bacilli were the

predominant organisms isolated (76.6%)

with Salmonella enteritidis being the

single most common isolate, followed by

E. coli. This observation supports other

reports.2,6,9–11,21 Streptococcus pneumoniae

was the only gram-positive isolate.

Surprisingly, Staphylococcus aureus and

Staphylococcus epidermidis were not isolated

as pathogens, contrary to what has been

reported.2,6,9,10,19,22

The causative organism could not be

predicted from the major presenting fea-

tures. Gram-negative enteric bacilli were

isolated from 93% of the bacteraemic

children presenting with diarrhoea. It is

postulated that in malnourished children

there is disturbance of the normal immune

mechanism and intestinal lining, leading to

intestinal bacteria gaining entrance to the

bloodstream.23 Although the association of

diarrhoea with bacteraemia was not statisti-

cally significant, a high proportion of chil-

dren with bacteraemia presented with

diarrhoea.

Salmonella species were isolated from

44% of the bacteraemic children presenting

with pneumonia, whereas Streptococcus pneu-

moniae, Haemophilus influenzae, Haemophilus

parainfluenzae and E. coli were isolated less

frequently. This is contrary to Friedland

who reported a higher isolation of

Streptococcus pneumoniae and Haemophilus

influenzae.2 Gram-negative enterobacilli

were found in children with skin ulceration,

contrary to previous studies which reported

that Staphylococci and Streptococci were

the common pathogens.24 Patients’ use of

antibiotics, especially penicillins and chlor-

amphenicol, before presentation at hospital

might have reduced the chances of isolating

Streptococcus.

A third of the children with bacteraemia

had had measles during the month before

presentation with severe malnutrition.

Measles infection depresses the immune

system and interferes with host defences,

which facilitates the development of

bacteraemia.25

Hypothermia was associated with bacter-

aemia.8,10 Septic shock could have contrib-

uted to hypothermia. Sepsis and septic

shock comprise a cascade of metabolic,

immunological and clinical changes,

initiated by a focus of infection and ending

with severe endothelial damage and pro-

found haemodynamic derangement.25

Severely malnourished children are at risk

of developing hypoglycaemia.8 Consti-

tutional symptoms such as anorexia and

vomiting during infection result in reduced

food intake, which predisposes to hypogly-

caemia. Septicaemic processes are reported

to cause a breakdown of the hepatic

gluconeogenic mechanisms by damaging
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liver cells which results in hypoglycaemia.26

About half of the hypoglycaemic children

had bacteraemia. The relative risk of

hypoglycaemic children having bacteraemia

was four times higher than in those without

hypoglycaemia.1,8

Previous antibiotic use was strongly asso-

ciated with bacteraemia. Perhaps very sick

children compelled their parents to seek

medical treatment and hence received anti-

biotics. Such children might have had resis-

tant strains of organisms, resulting in positive

cultures despite previous antibiotic use.

The prevalence of HIV infection was

44%. Severe wasting was more common

among the HIV-infected group, which is in

keeping with other African studies.16,27 HIV

infection causes frequent opportunistic

infections and infection-induced cachexia.28

Nutrient absorption is reduced owing to

HIV-related enteropathy which leads to

persistent diarrhoea and malabsorption.29

There is failure of the adaptive fall in

the basal metabolic rate which renders

HIV-infected children catabolic.

The organisms isolated from HIV-

infected children were similar to those from

the uninfected ones.

It is advised that all severely malnourished

children receive routine antibiotics when

admitted.8,17 Pending culture results, a

combination of ampicillin and gentamicin

has been recommended as initial treat-

ment.8,17 Of the gram-negative organisms,

76.7% were resistant to ampicillin and

66.7% to gentamicin. A combination of

ampicillin and gentamicin would therefore

not be effective in 72% of the gram-negative

organisms. This contrasts with studies in

South Africa where 86–95.8% of the

organisms were sensitive to ampicillin or

gentamicin or both.2,6 This might be owing

to varying resistance patterns in different

geographical regions and the times when

the studies were conducted. Similar to

Friedland’s and Reed’s findings, two-thirds

of the gram-negative organisms were resis-

tant to chloramphenicol.2,6 There was no

resistance to ceftriaxone. Sensitivity to

ciprofloxacin was 96.7%.

Ciprofloxacin is now being used increas-

ingly to treat infectious conditions in chil-

dren.19,30 However, its use is limited by

concern about adverse reactions, especially

in growing cartilage, tendon ruptures and

arthralgia.31,32 Despite its reported safety, it

is not widely recommended in paediatric

practice.

There was a higher overall mortality rate

(20%) than in similar studies.2,6,10 Although

the difference in mortality rate between the

types of malnutrition was not significant,

more deaths were registered in severely

wasted children than in oedematous ones.

The lack of association between oedematous

malnutrition and death might be partly

attributable to the higher numbers of wasted

children in this study as opposed to previous

reports in which more deaths occurred in

oedematous ones. The high mortality rate

might be attributed in part to the very high

resistance of the organisms to gentamicin and

ampicillin, which are routinely administered

to malnourished children. The mortality rate

was five times higher in the bacteraemic

patients than in those without bacteraemia.

Mortality rates of 13–78% have been

reported elsewhere.2,6,9,20 Although HIV

infection predisposes to death,33 there was

no significant difference in mortality between

the HIV-infected and uninfected groups.

When preparing guidelines for manage-

ment of patients with severe malnutrition,

the high rate of mortality in bacteraemic

children and the possibility of antibiotic

resistance should be addressed.
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