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Abstract

Background: Infection in neutropenic children is a major cause of morbidity and 

mortality in children treated for cancer. In developing countries, children with 

cancer are often malnourished at diagnosis. In Blantyre, Malawi, children with 

Burkitt lymphoma are treated with a local protocol with limited toxicity. The aim of 

this study was to evaluate the incidence and outcome of febrile neutropenia during 

this treatment and the association with malnutrition at diagnosis.

Methods: We documented nutritional status, febrile and/or neutropenic episodes, 

antibiotic therapy and short term outcome of all children with Burkitt lymphoma 

treated according to the local protocol and admitted from January 2007 to March 

2008.

Results: Fifty eight (69 %) of 84 patients were acutely malnourished at diagnosis 

with an arm muscle area (AMA) below the 5th percentile. Malnutrition at diagnosis 

was associated with a significantly higher rate of profound neutropenia. This 

association remained significant (OR 12; 95% C.I. 1.5 - infinitely; p = 0.012) after 

control for clinical stage of disease, bone marrow involvement and HIV infection 

which are possible confounders. All patients with profound neutropenia, prolonged 

neutropenia and treatment related deaths were malnourished at diagnosis. Four 

(4.9 %) of 81 patients died of treatment related causes; three of them due to a 

Gram negative septicaemia.

Conclusion: Acute malnutrition at diagnosis is associated with significantly more 

treatment related profound neutropenia. The intensity of chemotherapeutic 

regimens has to be adapted to the level of available supportive care and patients’ 

nutritional status and tolerance to avoid unacceptable morbidity and mortality. This 

local treatment protocol for Burkitt lymphoma has a treatment related mortality of 

5 % in patients in Malawi.
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Introduction

Infection in neutropenic children is a major cause of morbidity and mortality in 

children  treated for cancer.(1) The frequency and severity of infections increases 

with profound  (neutrophils <100 cells/µL) and prolonged neutropenia (duration 

> 1 week).(1) Early empirical antibiotic treatment is strongly recommended for 

febrile neutropenic children, because infections may progress rapidly.(1,2) Choice 

of antibiotic treatment is based on local guidelines which are guided by prevalence 

of microorganisms, known resistance patterns and, especially, in resource limited 

countries, affordability.(1,2) 

More intense chemotherapeutic regimens cause more profound and prolonged 

neutropenia. In resource constrained countries chemotherapeutic regimens have 

to be adapted to the level of available supportive care to avoid unacceptable 

treatment-related morbidity and mortality.(3,4) 

Hesseling et al. developed a treatment protocol for Burkitt lymphoma in resource 

limited countries with limited toxicity which has a one year event free survival of 

48%.(5). All stages received the same treatment. This is the current treatment 

protocol for patients with Burkitt lymphoma in Malawi. A previous, more intensive 

chemotherapy regimen that included methotrexate had an unacceptably high 

treatment-related mortality in Malawi with 26% (11/42) treatment related (toxic) 

deaths. The cause of death in 7 of these 42 (16.7%) children was presumed to be 

bacterial infection.(6) 

There are different ways of evaluating nutritional status. Weight for height is 

potentially misleading in children with large abdominal tumours that weigh more 

than 10% of their total body weight.(7,8) Arm anthropometry  is valuable in 

these children because it is independent of tumour mass.(9). The most essential 

information in evaluating nutritional status is the lean body mass. A parameter for 

the lean body mass is the arm muscle area which is derived from both the mid 

upper arm circumference (i.e. muscle + fat) and triceps skin fold (i.e. fat only).(10)

In a previous study, 55% (70 /128) of children with cancer in Malawi were found 

to be acutely malnourished (defined as an arm muscle area < the 5th percentile) at 

admission.(8) The relationship between poor nutritional status and  poor outcome 

in children with cancer has been confirmed in some, but not in all studies.(7,11)  

The relationship between malnutrition, diminished immunity and increased risk of 

infection is well established.(7,12) Altered pharmacokinetics have been reported in 

children with malnutrition.(13) 

There is some evidence that tolerance to chemotherapy in children is compromised 

by malnutrition. Two studies have shown that patients with a better nutritional 

status had less treatment reductions or delays, but in both studies confounding 

factors such as an infection or response to therapy were not excluded.(14,15)
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There is some evidence that nutritional support can enhance the tolerance to 

treatment, but the numbers of patients in these studies have been low, patients 

and treatments variable, and results have not been statistically significant.(16-18) 

Other studies have failed to confirm a positive effect of (parenteral) nutritional 

support on bone marrow recovery.(19)

It is possible to study the relationship between malnutrition at diagnosis, tolerance 

to chemotherapy and episodes of febrile neutropenia in our setting because of the 

large number of children with the same disease who receive identical treatment. 

This study evaluated the incidence and outcome of fever and neutropenia during 

treatment for Burkitt lymphoma in Malawian children and the relationship with 

malnutrition at diagnosis.

Methods

In Blantyre, Malawi, about 80 new patients with Burkitt lymphoma (BL) are admitted 

every year to the Queen Elizabeth Central Hospital. The treatment for these patients 

(all stages) consists of intravenous cyclophosphamide 40 mg/kg on day 1 and oral 

cyclophosphamide 60 mg/kg on day 8, 18 and 28.  Intrathecal hydrocortisone (12.5 

mg) and methotrexate (12.5 mg) are also given at each treatment cycle. A full blood 

count (FBC) is done weekly on a Monday. If the neutrophil count drops below 0.5 

x 109/L the next chemotherapy course is delayed until recovery of the neutrophil 

count above 0.5 x 109/L. Patients are discharged the day after the fourth dose of 

cyclophosphamide with a one week course of prophylactic bactrim. 

A local fever-during-chemotherapy protocol is in place. If patients develop a fever 

(>38°C axillary) during treatment, a thick blood film is checked immediately for 

malaria parasites. If negative, the nursing staff takes a blood culture and starts 

treatment with intravenous ampicillin (100 mg/kg tds) and gentamicin (6 mg/kg 

once daily). If patients do not improve within 48 hours second line treatment is 

started which is the addition of oral cloxacillin or a switch to intravenous ceftriaxone. 

Patients who develop mouth sores receive 1% gentian-violet paint or nystatin oral 

drops three times daily. When herpetic lesions are suspected clinically oral acyclovir 

is added. Central lines are not used. A locally made, ready to use, peanut butter-

based food which is protein and energy rich is provided to the patients during 

treatment as nutritional support.

We did a prospective, observational study.  All patients clinically diagnosed with 

BL from January 1, 2007 to March 1, 2008 were included in this study. In that 

period, we expected to collect a sufficient sample size to detect possible major 

differences between groups. Demographic and clinical data including age, gender, 
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site of presenting lesion, HIV status, fine needle aspirate (FNA), bone marrow and 

cerebrospinal fluid (CSF) results were recorded. Mid upper arm circumference 

(MUAC) and triceps skinfold (TSF) of all patients was measured at diagnosis. Arm 

muscle area (AMA) was calculated using the following equation: AMA = (MUAC 

- pTSF)2/4p (MUAC in mm, TSF in mm). Patients were excluded when the FNA 

result contradicted the clinical diagnosis. A delay in obtaining the pathology reports 

makes it mandatory to commence treatment on clinical grounds. Patients whose 

FNA showed a Burkitt lymphoma but whose clinical diagnosis at first was other 

lymphoma and who had been initially started on COP (cyclophosphamide, vincristine, 

prednisolone) were not included in the analyses. Patients who abandoned treatment 

before the last chemotherapy course were included in the nutritional analysis but 

excluded from the analysis of treatment complications.

Neutropenia was defined as neutrophils ≤ 0.5 x 109/L, fever as an axillary temperature 

≥ 38.0OC. Every neutropenic episode was recorded as to whether it was a first 

episode, whether it was profound (neutrophils ≤ 0.1 x 109/L), or prolonged (> 1 

week) and whether it caused delay of a chemotherapy course. All febrile episodes 

were documented as to whether it was a first episode, whether it was associated 

with (documented) neutropenia, the time of initiating antibiotics, results of blood 

culture and clinical outcome. The cause of death was determined for all patients 

who died during treatment.

The association of malnutrition with neutropenic episodes, prolonged neutropenic 

episodes, profound neutropenic episodes, febrile neutropenia and death was 

analysed using logistic regression. In order to obtain finite odds ratio estimates 

we used a penalized maximum likelihood approach, implemented by Heinze and 

Schemper (20) in the logistf package of the statistical program R (Development 

Core Team. R: A language and environment for statistical computing. R Foundation 

for Statistical computing).  After analysing univariable models (in which malnutrition 

was the only predictor) we analysed the association in multivariable models 

adding the possible confounders HIV (yes/no), disease stage (high/low) and bone 

marrow involvement (yes/no). Low stage of disease was defined as face only and/

or abdominal disease on ultrasound only; high stage of disease were all others. 

P-values < 0.05 were considered significant. 

Results 

Inclusion / exclusion

Eighty six new patients with a clinical diagnosis of Burkitt lymphoma were started 

on cyclophosphamide treatment. Two of these patients were excluded because 
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the fine needle aspirate (FNA) did not confirm the clinical diagnosis (one ossifying 

fibroma, one neuroblastoma). Three patients with a clinical diagnosis of Burkitt 

lymphoma failed to return to complete treatment and received only two of four 

planned courses. They are not included in the analysis of treatment complications. 

In total, 84 patients are included in the analysis of nutritional status; of these, 81 are 

included in the analysis of treatment complications. 

Four patients with a clinical diagnosis of other lymphoma who had been started on 

COP (cyclophosphamide, vincristine, prednisolone), but whose FNA later showed a 

Burkitt lymphoma were not included in the analyses.

Patient characteristics (N = 84)

Median age of the patients was 7.2 (range 2.1 – 16.5) years.

There were 30 (35.7%) female and 54 (64.3%) male patients.

Sixty three patients (75%) had a fine needle aspirate which confirmed Burkitt 

lymphoma (BL). Twenty one patients (25%) were diagnosed on clinical grounds and 

had an inconclusive FNA (blood only) or a missing result. Five patients (5.7%) were 

HIV infected (2 were known to be infected prior to diagnosis of BL and 3 others 

were found to be HIV positive on admission for their lymphoma). 

Table I. Clinical stage at diagnosis and nutritional status related to clinical stage (N=84) 

 Clinical stage  
N (%)

AMA < P5 /stage
N (%)

Face only 26 (31.0 %) 15/26 (57.6 %)

Abdomen (USS only) 12 (14.3 %) 8/12 (66.7 %)

Abdomen (clinical)  33 (39.3 %) 26/33 (78.8 %)

CSF/BM +ve and/or paraplegia (no abdominal disease) 3 (3.6 %) 2/3 (66.7 %)

CSF/BM +ve and/or paraplegia ( + abdominal disease) 10 (11.9 %) 7/10 (70.0 %)

Total 84 (100.0 %) 58/84 (69.0 %)

Table II. Clinical state at diagnosis and nutritional status related to clinical stage of all patients who 
completed treatment (N=81)

 Clinical stage
N (%)

AMA < P5 /stage
N (%)

Face only 23 (28.3 %) 13/23 (56.5 %)

Abdomen (USS only) 12 (14.8 %) 8/12 (66.7 %)

Abdomen (clinical) 33 (40.7 %) 26/33 (78.8 %)

CSF/BM +ve and/or paraplegia (no abdominal disease) ( 3.7 %) 2/3 (66.7 %)

CSF/BM +ve and/or paraplegia ( +  abdominal disease) 10 (12.3 %) 7/10 (70.0 %)

Total 81 (100.0 %) 56/81 (69.1 %)
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Site of presentation and nutritional status at diagnosis (N = 84)

Fifty eight of 84 (69%) patients had an arm muscle area (AMA) below the 5th 

percentile. Table I lists the sites of presentation of disease and the arm muscle area 

(AMA) at diagnosis in relation to the site of presentation of all patients (N=84). 

Table II lists the sites of presentation and AMA for all patients who completed 

treatment (N=81).

Treatment complications (N=81)

Neutropenic episodes 

Thirty seven (45.7%) of 81 children who completed the BL treatment, had a 

documented neutropenic episode. Twelve patients (14.8%) had an episode with 

neutrophils ≤ 0.1 x 109/L, 7 patients (8.6%) had a neutropenic episode lasting 

≥ 1 week, 4 patients (4.9%) had an episode that lasted for ≥ 1 week and had 

neutrophils ≤ 0.1 x 109/L. No patient had a second neutropenic episode. 

Neutropenic episodes - relation to chemotherapy / delay of chemotherapy

Of these 37 neutropenic episodes, 4 (10.8%) occurred after the first course, 23 

(62.1%) after the second course and 10 (27%) after the third course. Patients go 

home after the fourth cyclophosphamide dose without further analysis of their 

blood counts. Neutropenia caused a delay in chemotherapy in 24 patients. In 13 

patients the neutrophil count had recovered (>0.5 x 109/L) before they were due to 

have their next chemotherapy course.

In 4 (16.7%) patients the second course was delayed, in 17 (70.8%) the third course 

was delayed and in 3 (12.5%) the 4th course was delayed. The delay was on average 

5.5 days (range 2 – 13 days).  

Febrile and febrile neutropenic episodes

Forty one (50.6%) of 81 patients developed a febrile episode. Nine patients 

developed a second febrile episode and one a third febrile episode. (Total = 51 

febrile episodes). Of these 51 febrile episodes, 10 (19.6%) were associated with 

a positive malaria parasites blood slide. All these patients received quinine and 

recovered within 24 to 48 hours. Of the remaining 41 febrile episodes, 11 (13.6% 

of patients) were associated with neutropenia. Outcome of these febrile and febrile 

neutropenic episodes is listed in table III. 

In 31/41 (75.6%) of non malarial febrile episodes antibiotics were started within 

24 hours according to protocol. Twenty five (61%) blood cultures were performed 

during 41 non malarial febrile episodes. Table IV shows the blood culture results.
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Deaths

Four (4.9%) of 81 patients died of presumed treatment-related causes. (Table 

V). Three patients (3.7%) died with a confirmed bacteraemia. One child died 

unexpectedly within 24 hours of starting treatment. He was 3 years old and 

presented with bulky abdominal disease. No fever was recorded. The presumed 

cause of death was tumour lysis syndrome.

Association of malnutrition at diagnosis with fever, neutropenia and death.

The association of malnutrition at diagnosis and (febrile) neutropenia and infectious 

complications is shown in Table VI. Children with acute malnutrition at diagnosis 

(AMA < 5th percentile) had a higher rate of neutropenia, prolonged neutropenia, 

profound neutropenia, febrile neutropenia, delays in treatment and death 

during treatment than those who were not malnourished. Only the association 

of malnutrition with profound neutropenia reached statistical significance with 

an odds ratio of 14 (95% CI 1.8 - infinitely; p-value of 0.008). All patients with 

Table III.  Outcome of non malarial febrile episodes and neutropenic non malarial febrile episodes

Outcome of (non malarial) febrile episodes All patients
(N=41)

Neutropenic patients
(N=11)

No antibiotics given; afebrile within 48 hrs 6/41 (14.7 %) 0/11 (0 %)

First line antibiotics given; afebrile within 48 hrs 19/41 (46.3 %) 3/11 (27.3 %)

First line antibiotics given; afebrile after > 48 hrs 7/41 (17.1 %) 1/11 (9.0 %)

Second line antibiotics; afebrile after > 24 hrs 6/41 (14.7 %) 4/11 (36.4 %)

Died 3/41 (7.3 %) 3/11 (27.3 %)

Total 41/41 (100.0 %) 11/11 (100 %)

Table IV. Results of blood cultures (N=25)

Neutropenia
N < 0.5 x 109/L

Malnutrition
AMA < P5

No growth 17 (70.8%)* 3/17 7/17

Staph Epidermidis* 2 (8.3%)* 0/2 0/2

Micrococcus Spp*. 1 (4.2%)* 1/1 1/1

Bacillus sp* 1 (4.2%)*  0/1 1/1

Salmonella Typhimurium 2 (8.3%)* 1/2 2/2

E Coli 1 (4.2%)* 1/1 1/1

Pseudomonas Aeruginosa 1 (4.2%)* 1/1 1/1

Total 25 (100%)* 7/25 13/25

*Reported as contaminant
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profound neutropenia (n=12), prolonged neutropenia (n=7) and treatment related 

deaths (n=4) were malnourished at diagnosis.

We considered advanced stage of disease, bone marrow involvement and HIV 

infections as possible confounders affecting the association between malnutrition at 

Table V. Characteristics of the patients who died during treatment

Patient 1 2 3 4

Age (years) 6 14 3 3.5

Site disease Abdomen Abdomen Jaw only Abdomen

AMA1 < P5 <<P5 <P5 <P5

Neutrophilsx10 9/L 0.0 0.1 0.2 Normal

Blood culture Pseudomonas E.Coli Salmonella n.a.

Aeruginosa Typhimurium

Sensitivity bact2 R2: cef R: amp ccol R: amp ccol n.a.

S: cipro S: cotrim cipro S: cipro gent cef

Gent cef

Day of death 11 5 27 1

Extra info mucositis Came from 
home

n.a.

Platelets 
3x109/L

with fever

Antibiotics amp + gent amp + gent amp + gent n.a.

Then + clox then: cef mono

Then: cef mono

Cause of death sepsis sepsis sepsis tumor lysis syndrome

1 AMA = arm muscle area; 2 Antibiotic sencitivity of bacteria; R = resistant, S = sensitive; amp = 
ampicillin, gent = gentamicin, ccol = chloramphenicol, cotrim = cotrimoxazole, cef = ceftriaxone, 
clox = cloxacillin, cipro = ciprofloxacin

Table VI. Association of malnutrition and neutropenia / febrile episodes

AMA > P5
(n = 25)

AMA < P5
 (n = 56)

Neutropenic episodes   9 (36.0%) 28 (50   %)

Profound neutropenic   0 (  0   %) 12 (21.5%)

Prolonged neutropenic   0 (  0   %)   7 (12.5%)

Febrile neutropenia 1 (  4.0%) 10 (17.9%)

Deaths   0 (  0   %)    4 ( 7.1%)  

Average delay (days)   0.9 2.1

Febrile episodes  10 (40.0%)  30 (53.5%)

Non malarial fever 8 (32.0%)25 (44.6%)
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diagnosis and (febrile) neutropenia and death during treatment. Stage of disease was 

defined as low (face only and/or abdominal disease on ultrasound only) or high (all 

others). After controlling for these possible confounders in a multivariable model the 

significant association between malnutrition at diagnosis and profound neutropenia 

remained with an odds ratio of 12 (95% CI 1.5 - infinitely; p-value of 0.014). 

Table VII. Univariable and corrected association of malnutrition with (profound, prolonged, 
febrile) neutropenic episodes and death.

Univariable model

Malnutrition
OR [95% CI]

p-value

Neutropenic episodes 1.6 [0.6-4 ] 0.317

Profound neutropenia 14  [1.8-∞]1 0.008

Prolonged neutropenia 2.0 [0.9-∞] 0.069

Febrile neutropenia 3.7 [0.8-∞] 0.103

Death 1.5 [0.4-∞] 0.244

Multivariable model

Malnutrition
OR [95% CI] 

  
p-value

HIV*
OR [95% CI] 

Disease stage*
OR [95% CI]

Bone marrow*
OR [95% CI]

Neutropenic episodes 1.4 [0.5-3.7]  0.507 1.5 [0.5-3.7] 1.9 [0.8-4.8] 0.2 [0.0-2.6]

Profound neutropenia 12  [1.5- ∞ ]  0.014 2.4 [0.2-21 ] 1.4 [0.4-5.6] 1.1 [0.0-25 ]

Prolonged neutropenia 5.9 [0.7- ∞ ]  0.119 1.1 [0.0-16 ] 3.1 [0.6-30 ] 1.5 [0.0-30 ]

Febrile neutropenia 3.0 [0.6-28 ]  0.177 3.1 [0.3-26 ] 2.1 [0.6-9.4] 1.1 [0.0-17 ]

Death 3.6 [0.4- ∞ ]  0.303 1.7 [0.0-24 ] 1.6 [0.2-16 ] 2.9 [0.0-61 ]

1∞ = infinitely; *P-values of HIV infection, disease stage and bone marrow all >0.05 (not significant).

Discussion

This study demonstrates that in children malnutrition at diagnosis is associated 

with increased chemotherapy induced profound neutropenia. Acute malnutrition at 

diagnosis (AMA < 5th percentile) was associated with a higher rate of neutropenia, 

prolonged neutropenia, febrile neutropenia, delays in treatment and death 

during treatment. The association with profound neutropenia reached statistical 

significance. This association remained significant with an odds ratio of 12 (95% 

CI 1.5 - infinitely; p=0.014) after control for clinical stage of disease, bone marrow 

involvement and HIV infection which are possible confounders. A limitation of this 

aspect of the study is that the sensitivity of detecting bone marrow disease may 

have been low, with only 2 of 81 children being positive. Strikingly, all patients with 
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profound neutropenia (n=12), prolonged neutropenia (n=7) and treatment related 

deaths (n=4) were malnourished at diagnosis. 

This treatment protocol for patients with Burkitt lymphoma in resource limited 

countries has a treatment related mortality of 4.9% in Malawi. The same protocol 

had a projected 1 year event free survival of 48 % in a previous cohort of 41 

Malawian children with long term active follow up.(5) 

A previous, more intensive chemotherapy regimen that included systemic 

methotrexate had an unacceptably high treatment related mortality in Malawi with 

26 % (11/42) treatment related (toxic) deaths.(6)  Harif et al. recently described 

the results of a GFAOP (French-African Paediatric Oncology Group) study where 

two more intense LMB89 modified treatment protocols, including high dose 

methotrexate and cytarabine, for Burkitt lymphoma were used in several French 

speaking African countries.(21) Of 306 patients 71 (23.2%) died during treatment; 

40 deaths (13.1%) were attributed to infection. The GFAOP units in Sub-Saharan 

areas are now using cyclophosphamide monotherapy with reduced toxicity and 

costs.(21) Effort needs  to be made to reduce treatment toxicity and increase 

survival further. 

We used the HANES data as reference value for the arm muscle area (AMA) results. 

These are data from white children in the United Stated of America collected 

between 1971 and 1974.(22) The advantage of these data is that they are used 

commonly in paediatric oncology literature and allow for comparison of data.(23) 

The growth data (height) of affluent Malawi children are similar to these growth 

curves.(24) 

Fifty eight (69%) of 84 patients had an arm muscle area (AMA) below the 5th 

percentile at diagnosis. The percentage of children with acute malnutrition was 

higher in patients presenting with advanced and especially abdominal disease 

(79%). It is probable that patients with abdominal disease present later than those 

with facial disease and have a greater tumour load. 

Neutropenia caused a delay in planned chemotherapy in 24/81 (29.6%) patients. 

The incidence of neutropenia is underestimated in this study since a full blood count 

was done only once a week and not done after the fourth chemotherapy course. 

Malaria was found to be the cause of fever in 10 of 51 (19.6%) febrile episodes 

showing how important it is in malarial areas to exclude it in any febrile child. It is 

unknown how many of the remaining 41 episodes were caused by viraemia. In a 

study done by Wessels et al in Cape Town, 30% (n=31/102) of febrile episodes in 

children after anticancer chemotherapy were viral in origin.(25) 

It is essential, especially in places where there are few clinicians, to have a protocol 

in place which allows the nursing staff to prevent any delay in administering 

antibiotics. Our protocol to start antibiotics is not dependent on the neutrophil 

count as a peripheral blood count may not be available quickly. In this study, in 
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75.6% of episodes (31/41) with fever and a negative malaria test, antibiotics were 

started within 24 hours, according to protocol. Eleven of these episodes proved to 

be in neutropenic children. 

Four blood cultures were positive, all grew Gram negative organisms. In the United 

States Gram positive bacteria now account for ≈ 60 – 70% of microbiologically 

documented infections.(2) In a study in Malaysia in 2007, 16 of 20 cultures grew 

Gram negative bacteria, but a retrospective study by van der Wetering et al in 

South Africa between 1991-1995 showed that of 200 episodes of culture proven 

bacteraemia 70% were caused by Gram-positive and 20% by Gram negative 

organisms.(27,28) Salmonella Typhimurium is the most common cause of 

bacteraemia among all (general) paediatric in-patients  in the paediatric department 

in Blantyre. Of 365 positive blood cultures, 140 (38%) grew non typhoidal 

salmonella, and in total 246 of the 365 (67%) were Gram negative organisms.(29) 

Considering the high prevalence of Gram negative bacteria and the absence of 

central lines in our setting, it may be that we should have ceftriaxone (not cloxacillin) 

as 2nd line therapy. Initial empirical treatment should include cover for Salmonella 

Typhimurium. In vitro resistance of Salmonella Typhimurium to ceftriaxone in our 

institute has only been seen in one or 2 cases. Ciprofloxacin is another drug to 

which S. Typhimurium has remained sensitive. Ceftriaxone is not always available 

in our setting. Other generic cephalosporins may be more appropriate and cheaper 

choices in some resource limited countries.

In the febrile malnourished or neutropenic children one may consider using second 

line antibiotic treatment immediately. Other modifications to the protocol may also 

be considered in the malnourished patients who are at a higher risk of (profound) 

neutropenia and infectious complications. (e.g., lower first chemotherapy dose, 

longer interval), but these need to be weighed against the risk of relapse of disease. 
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