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Abstract: Background: During the induction phase of childhood acute lymphoblastic 

leukemia infections are the major cause of morbidity and mortality. The infection risk is 

high during induction phase because of the use of intravenous line, mucositis and 

chemotherapy induced profound neutropenia and immunodeficiency. Methods: This 

hospital based observational study was done from February 2015 to June 2015 in the 

Department of Pediatric Hematology-oncology in BSMMU to observe the type, frequency 

and outcome of infections and to determine the microbiological profile involved in 

infections during induction therapy of childhood acute lymphoblastic leukemia. Total 20 

diagnosed cases of childhood ALL who were admitted for chemotherapy aged <12 yrs. of 

both sexes included in this study. Children with fever ≥ 38○ C lasting for 1 hour once with 

or without local symptoms of infection like cough, dysuria, diarrhea, cellulitis etc. during 

induction therapy were included. All baseline investigations were done for evaluation. 

Results: Mean age of the patients was 5.4±4 years having male predominance. 36 episodes 

of infections among 20 patients were observed. Isolated febrile episodes 27.8% and 

clinically documented infections 72.2%. The most common site was the Respiratory 

system (33.2%) of episodes then thrombophlebitis (13.9%), GIT (13.9%), Genitourinary 

system (5.6%), soft tissue infection (2.8%), ear infection (2.8%). ANC <500/mm3 was the 

major risk of infections. Microbiologically documented infections found 7 episodes 

(19.4%) out of 36 episodes. Gram negative bacilli such as Pseudomonas (42.9%), E. coli 

(28.4%) was predominant organism. Conclusion: Children less than 5 years were mostly 

vulnerable. Most of the infections occurred during induction associated with neutropenia 

(ANC <500/mm3). Gram negative bacteria were predominant organisms involved in 

infections. The Respiratory system was the commonest site of infection. Outcome of 

infectious episodes were satisfactory with or without modification of antibiotic regimen. 
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Article at a glance: 
Study Purpose: The purpose of the study was to determine the Infections during induction therapy of childhood acute lymphoblastic leukemia with 

MRC-11 protocol. 

Key findings: Febrile episodes: 27.8% isolated, 72.2% clinically documented. Common sites: Respiratory (33.2%), thrombophlebitis (13.9%), GIT 

(13.9%), Genitourinary (5.6%), soft tissue (2.8%), ear (2.8%). 

Newer findings: Respiratory tract as the predominant infection site. Clinically documented infections rose to 72.2% from 52%, while isolated febrile 

episodes dropped to 27.8% from 48%. Gram-negative infections now predominate over Gram-positive. 

Abbreviations: ANC: Absolute Neutrophil Count, ALL: Acute Lymphoblastic Leukemia, AML: Acute Myeloid Leukemia, BSMMU: Bangabandhu 

Sheikh Mujib Medical University, SD: Standard Deviation. 
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INTRODUCTION 
The most common childhood malignant 

neoplasm are Leukemias which are about 41% of all 

malignancies. In western countries the incidence of 

Leukemia in children <15 years is approximately 4 

in 100,000. About 77% of all cases of childhood 

leukemias are Acute Lymphoblastic Leukemia 

(ALL), about 11% are Acute Myeloid Leukemia 

(AML) and Chronic mixed leukemia are about 3-

5%1. Twenty years before, this disease in more than 

80% of cases was fatal within 6 months of diagnosis 

and almost all patients died within 2 years. The 

increased updated diagnostic methods, help in the 

development of more effective therapy. Advances 

in supportive care have substantially improved the 

outlook for children with leukemia. With the 

modern multimodal therapy and improved 

supportive care, 70-80% patients have gone 

remission lasting more than five years and many of 

them eventually are cured.2  

 

Patients usually present with anemia, 

neutropenia and thrombocytopenia as a result of 

their disease and suffer from infection and bleeding 

from the outset. Induction chemotherapy prolongs 

periods of myelosuppression. As a result, patients 

are at risk of infection and bleeding for a long 

period. Mortality due to infection is most frequent 

between induction therapy and the attainment of 

remission.3 The most common side effect of 

chemotherapy in children with ALL is 

myelosuppression due to cytotoxic effect.1 In most 

of the cases; neutropenia is dose limiting side effect 

of many common cytotoxic regimens. Neutrophils 

play a critical role in protecting the body from 

infection by the micro-organisms that colonize in 

the oropharynx, gastrointestinal tract, and skin and 

it also play an important role in acute response to 

most infections and inflammatory diseases. 

Chemotherapy induced marrow failure leading to 

neutropenia are at great risk for over-whelming 

bacterial infection, especially Gram-positive skin 

flora, including staphylococcus aureus, Staph. 

albus and Staph. epidermidis & Gram-negative 

bowel organisms including E. coli, klebsiella 

protease, and Pseudomonas.2  

 

In acute leukemia generally fever is due to 

infections, though it may occur due to 

administration drugs such as cytosine arabinoside, 

blood or blood products. Fever and neutropenia is 

an iatrogenic complication of anti-cancer cytotoxic 

therapy. Serious infection is usually associated with 

febrile neutropenia. Such patients should urgently 

be treated with broad spectrum antibiotics.4 

Infections usually occur when absolute neutrophil 

count is <500/mm3 (ANC) and those mm3 are at 

greater risk with ANC 100/mm3. Severe and 

prolonged neutropenia increases risk of fungal 

infections.5, 6 Major causes of morbidity and 

mortality are bacterial and fungal infections in 

children during chemotherapy of ALL. The risk of 

death increases due to infections and interruption 

of treatment may also increase the risk of relapse 

need to decrease the dose of the chemotherapeutic 

agents. During neutropenia there are many reports 

that infectious complications may occur but the 

information of incidence and the spectrum of 

infections encountered are much less available 

during the entire course of leukemic treatment. 

Patients with leukemia have more infections and 

their infections are more severe compared with 

healthy children. During chemotherapy 

Pneumonia, Bacteremia and Respiratory tract 

infections are the most common illness suffered by 

febrile patient with leukemia.7  

 

During the past few decades, the spectrum 

of microbial agents isolated from febrile 

neutropenic children are changed. These results in 

new intensive chemotherapeutic regimens that can 

induce oral mucositis, widespread use of 

indwelling vascular catheters, the use of 

prophylactic antibiotics with Gram negative 

coverage and Gram-positive bacteria have been 

isolated more frequently. In contributing to the 

morbidity and death of patient with leukemia non-

bacterial infections have also assumed a greater 

place. There is common an accompanying bacterial 

infection in a neutropenic child suffering from an 

acute viral infection and the risk of subsequent 

bacterial infection. A wide range of viral and 

parasitic infections are susceptible to occur in the 

immunocompromised patient. Mixed infections are 

not uncommon, such as those of bacterial-fungal or 

bacterial-viral etiology. Herpes viruses and measles 

are particularly troublesome in children with 

leukemia, but severe and life-threatening infections 

may also be caused by other viruses.7 Nosocomial 

infections cause considerable morbidity and 

mortality, hospital stay and increase healthcare 

cost. Monitoring of nosocomial infections and 
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infection rates that differs in different patient 

populations and in different hospitals is of great 

importance to establish preventing measures.8 
 

Aims and objectives 

To identify distribution, frequency and 

outcome of infections during induction phase of 

childhood acute lymphoblastic leukemia. 

 

MATERIALS AND METHODS 
This hospital based observational study 

was done from February 2015 to June2015 in the 

Department of Pediatric Hematology and 

oncology, Bangabandhu Sheikh Mujib Medical 

University (BSMMU) Shahbag, Dhaka. Total 20 

pediatric ALL Bone-marrow confirmed diagnosed 

patients of 1 to 12 years old of both sex receiving 

induction therapy with MRC-11 protocol are 

enrolled. Patient having fever (axillary temperature 

greater than 38.5⁰C or ≥38⁰C for at least 1 hour once) 

with or without local symptoms of infections like 

cough, diarrhea, dysuria, cellulitis etc. during 

induction therapy are included. Age >12 years, 

Childhood malignancy other than ALL and 

Patients on therapy of ALL other than induction 

phase, fever due to other causes without infections 

are excluded. Informed written consent was taken 

from each parent and purpose of the study was 

explained to them and relevant information was 

documented in a preformed questionnaire. 

Percentage calculations are done to find out the 

proportion of the findings. Further statistical 

analysis of the results was done by using computer 

software devised as the statistical package for social 

science (SPSS). The results were presented in 

frequency, percentage, mean standard deviation 

and range. 

 

RESULTS 

 

Table 1: Distribution of study subjects according to age group (n=20) 
Age in years  No. of patients (n=20) Percentage 

1 – 4  11 55.0 

5 – 8  5 25.0 

9 – 12 4 20.0 

Mean SD= 5.44.0, Range= (1-12) 

 

The study includes 20 children with acute 

lymphoblastic leukemia and they were divided into 

three age groups. The age group of 1 – 4 years had 

the maximum number 11(55.0%), 5(25.0%) 

belonged to 5 – 8 years and 4(20.0%) belonged to 9 

– 12 years. The mean (±SD) age was 5.4±4.0 years 

varied from 1 year to 12 years. The results are 

shown in the above table

.  

Table 2: Sex distribution of the study subjects (n=20) 

Sex status  No. of patients (n=20) Percentage 

Male 14 70.0 

Female  6 30.0 

 

The above table shows the sex distribution 

of study patients and found more than a two third 

(70.0%) of the patients was male and 6(30.0%) was 

female. Male to female ratio was 2.3:1. 

 

Table 3: Time of fever onset (n=36) 

Time of fever onset No. of episodes (n=36) Percentage 

1st week  15 41.7 

2nd weeks  12 33.3 

3rd weeks 6 16.7 

4th weeks 3 8.3 

 

The onset of fever was divided into four 

groups. 15 episodes (41.7%) were within the 1st 

week, 12 episodes (33.3%) during the 2nd weeks, 6 

episodes (16.7%) during the 3rd weeks and 3 

episodes (8.3%) during the 4th weeks.  
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Table 4: Distribution of the primary sites of infection of the episodes (n=36) 

Primary sites of infection  No. of episodes (n=36) Percentage 

No focus 10 27.8 

Respiratory system 12 33.2 

GIT 5 13.9 

Thrombophlebitis 5 13.9 

Genitourinary system 2 5.6 

Ear infection 1 2.8 

Soft tissue infection 1 2.8 

 

Table 4 shows the distribution of the 

primary sites of infections. The Respiratory system 

was the most common site 12(33.2%) of infectious 

episodes. Other primary sites were without focus 

10(27.8%), Thrombophlebitis 5(13.9%), GIT 

5(13.9%), Genitourinary system 2(5.6%), Ear 

infection 1(2.8%), Soft tissue infection 1(2.8%) of the 

infectious episodes

.  

Table 5: Profile of infectious complications (n=36) 

 No. of episodes Percentage 

Clinically documented infections 26 72.2 

Fever of unknown origin 10 27.8 

 

Table 5 shows that 26 episodes (72.2%) of 

the infections documented clinically and 10 

episodes (27.8%) fever occurred due to unknown 

origin.  

 

Table 6: Distribution of isolated bacteria is according to the site of culture 

Organism isolated Blood 

culture 

Ear 

swab 

Swab from 

the skin 

lesion 

Urine 

culture 

Stool 

culture 

E. coli 1 0 o 1 0 

Pseudomonas aeruginosa 1 1 1 0 0 

Staphylococcus aureus 0 0 1 0 0 

Coagulase negative staphylococcus 0 1 0 0 0 

 

Table 6 shows microbiologically 

documented infections found 7 episodes (19.4%) 

out of 36 episodes. Gram negative bacilli such as 

Pseudomonas (42.9%), E. coli (28.4%) were 

predominant organism. 

 

Table 7: Result of antimicrobial sensitivity for isolated microorganism 

Name of the organism Sensitive antibiotics 

E. coli Imipenem, Meropenem 

Pseudomonas aeruginosa Cefepime, Ceftazidime, Gentamicin, Imipenem, 

Meropenem, Ciprofloxacin 

Coagulase negative Staphylococcus Ceftazidime, Gentamicin, Imipenem, Meropenem 

Staphylococcus aureus Ceftazidime, Amikacin, Imipenem, Meropenem 

 

Table 7 shows most sensitive antibiotics were cefepime, ceftazidime, amikacin, imipenem, meropenem, 

ciprofloxacin, and gentamicin. 
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Table 8: The outcome of infectious episodes (n=36) 

No. of 

episodes 

Success 

without 

modification 

Success with 

modification 

Death 

36 (100%) 9(25%) 26(72.22%) 1(2.8%) 

 

Treatment outcome analysis showed that 9 

episodes (25%) resolved with the combination of 

first line antibiotics (The 4th generation of 

cephalosporin with or without aminoglycoside eg. 

ceftipime, amikacin) while 26 episodes (72.22%) 

required modification of the treatment. 

Modification of therapy was usually done by 

adding ceftipime and vancomycin in majority of the 

episodes. Carbapenem with or without 

aminoglycoside were also given in few episodes. 

Amoxicillin- clavulanic acid or ciprofloxacin were 

given to few episodes with or without carbapenem. 

According to c/s results or clinical status all these 

modifications were done. Amphotericin B was also 

given in 4 episodes (11.11%). In this study outcome 

of 1 episode (2.8%) was death of the patient.

 

Table 9: Duration of treatment received during episodes of infection (n=36) 

 Duration of treatment (day) No. of episodes (n=36) Percentage 

7 – 10  24 66.7 

7 – 14  12 33.3 

Mean SD =10.12.4, Range = (7-14) 

 

Table 9 shows that two thirds (66.7%) of the 

children received 7 to 10 days of treatment and one 

third 12(33.3%) received 7 to 14 days of treatment. 

The duration of treatment received was mean (±SD) 

10.1±2.4 days varied from 7 to 14 days. 

 

Table 10: Absolute neutrophil count (ANC) of the episodes (n=36) 

 ANC/mm3 No. of episodes (n=36) Percentage 

0 – 100  11 30.6 

100 – 500  18 50.0 

500 – 1000  3 8.3 

>1000 4 11.1 

 

Table 10 shows very severe neutropenia (0-

100/mm3) were 11 episodes (30.6%), severe 

neutropenia (100-500/mm3) were 18 episodes 

(50.0%), moderate neutropenia (500-1000/mm3) 

were 3 episodes and no neutropenia (>1000/mm3) 

were 4 episodes (11.1%).  

 

Table 11: CXR finding of the episodes (n=36) 

CXR findings No. of episodes (n=36) Percentage 

Normal 27 75.0 

Pneumonitis/consolidation 9 25.0 

 

Table 11 shows documented radiological evidence of infection was 9 episodes (25.0%). 

 

DISCUSSION 
The most common form of childhood 

malignancy is Leukemia. With the modern multi-

modal therapy and improved supportive care, 70-

80% patients have gone into remission lasting more 

than five years and many of them are eventually 

cured.2 Aggressive multiagent chemotherapy may 

induce several toxic effects like tumor lysis 

syndrome, hepatotoxicity, nephrotoxicity, 

mucositis and myelosuppression.3 In most of the 

cases of neutropenia are the dose limiting side effect 

of many common cytotoxic drugs. These patients 

are at a great risk of overwhelming infection and 

they should be treated promptly with broad 

spectrum antimicrobials.9 
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 In this study, total 20 patients were 

enrolled who showed signs and symptoms of 

infections like, fever, cough, diarrhea and vomiting, 

soft tissue swelling etc. during induction therapy. 

In this study population 5.4±4 (Table 1) was the 

mean age, but in Santolaya M, Alvarez A et al. it was 

7±4 years.10 Among the study group 70% cases were 

male; indicating male preponderance (Table 2), 

similarly Santolaya M, Alvarez A et al. also revealed 

that males were predominant in numbers (56%).10 

In our study, total 36 infectious episodes (Table-3) 

were observed in which most of the infectious 

episodes were in 1st and 2nd week of induction, 

which was similar to a previous study done by 

Judith M Chessells and Alison D Leiper.11 We found 

in Table 4 & 5 isolated febrile episodes were 27.8%, 

clinically documented infections were 72.2%. The 

Respiratory system was the most common site 

(33.2%) of infection. GIT infection 13.9%, 

thrombophlebitis 13.9%, genitourinary system 

infection 5.6%, ear infection 2.8%, and soft tissue 

infection 2.8% were observed. In a previous study 

done by R. Jagarlamudi et al showed that 

documented infections 52%, 48% isolated febrile 

episodes clinically without focus.12 The Respiratory 

system was the most common site (35.7%), skin, soft 

tissue, thrombophlebitis (13%), GIT (7%), 

Genitourinary system (6%) were observed in that 

study.12 

 

In our study (Table 6) microbiologically 

documented infections found 19.4%. Gram 

negative bacilli such as Pseudomonas aeruginosa, 

E. coli were the predominant organisms. Other 

organisms were Staphylococcus aureus, coagulase 

negative staphylococcus. In the previous study 

done by Meir et al. showed 37% microbiologically 

documented infections. They found Gram positive 

cocci were the most frequently isolated organisms 

followed by Gram negative bacilli.13 In another 

study done by Katerina Katsimpardi et al. showed 

that P. aeruginosa, K. pneumonia and E. coli were 

the most commonly isolated organisms.14 In our 

study (Table 7) we found that isolated Gram 

positive organisms were sensitive to ceftazidime, 

imipenem, meropenem and isolated Gram negative 

bacteria were sensitive to cefepime, ceftazidime, 

meropenem, imipenem, gentamicin, ciprofloxacin 

and amikacin. In the study done by Meir et al. 

showed that Gram positive bacteria were sensitive 

to vancomycin, cephalothin, oxacillin, clindamycin 

and gentamycin. Gram negative bacteria were 

sensitive to imipenem, gentamycin, piperacillin, 

tobramycin and azotronem.13 

 

We found in Table 8 that 25% episodes of 

infections resolved with the first line combination 

of antibiotics (ceftipime, amikacin) and 72.22% 

infectious episodes required modification of 

treatment and 2.8% episodes ended in death. In a 

study done by S. Mahmood et al. showed that 72% 

of episodes were resolved with first line antibiotic 

combination and 24% episodes needed 

modification of antibiotics. In that study outcome of 

4% episodes ended in death of the patients.15 The 

mean duration of treatment (Table 9) of infectious 

episodes was 10.1±2.4 days in our study. In a 

previous study done by S. Mahmood et al. also 

showed that the average length of antibiotics was 

8.4 day.15 We found in table 10 that 30.6%, 50%, 8.3% 

and 11.1% episodes were associated with very 

severe neutropenia (ANC<100/mm3), severe 

neutropenia (ANC 100-500/mm3), moderate 

neutropenia (ANC 500-1000/mm3) and no 

neutropenia (ANC >1000/mm3) respectively. Meir 

et al. found 31%, 44% and 25% episodes were 

associated with ANC<100/mm3, ANC<500/mm3 

and ANC>500/mm3 respectively.13 

 

In this study (Table 11) 25% episodes were 

radiologically documented and, in another study, 

done by S. Mahmood et al. found 10.8% episodes 

were radiologically documented.15 The limitations 

of our study were that small sample size, short 

study period, virus and fungus were not isolated in 

our study. The Comparison of our results with 

those studies published previously in other centers 

of the world has shown many similar and a few 

different findings. We should emphasize the 

importance of frequency, severity and outcome of 

infections in such critically ill patients over the 

years in order to detect changing epidemiologic 

patterns. Empiric therapy should be continuously 

modified based on this data. 
 

CONCLUSION 

Children less than 5 years were mostly 

vulnerable. Most of the infections occurred during 

induction associated with neutropenia (ANC 

<500/mm3). Gram negative bacteria were 

predominant organisms involved in infections. The 

Respiratory system was the commonest site of 
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infection. Outcome of infectious episodes were 

satisfactory with or without modification of 

antibiotic regimen.  
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