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Introduction: The treatment-related mortality in currently published studies of acute lymphoblastic
leukemia (ALL) in children is 2—4%, mainly due to infections. The aim of the study was to analyse the
incidence, epidemiology, profile of infection and the death rate in children with ALL.
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fungal infection was noted in the recent years. In our material, the rate of death was 2.4%, mainly due

to fungal infection.

Conclusions: Our results present the epidemiology of infectious disease in the Polish ALL patient pop-
ulation. The most frequent were bacterial infections, followed by fungal and viral ones. Similar to the
previously published data, the mortality rate in our material was 2.4%.

© 2019 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

Outcome of acute lymphoblastic leukemia (ALL) in children has
been successful in recent decades due to improvement of chemo-
therapy and supportive care [1]. The rare cause of treatment failure
is poor remission in children with ALL. In the study presented by
Stary et al. [2] only 31/5060 (0.6%) children died due to resistant
disease. However, treatment-related mortality in currently pub-
lished ALL studies is 2—4%, mainly due to infections [3]. Prolonged
and intensive chemotherapy, neutropenia, the use of central cath-
eters was reported to be associated with higher infection-related
morbidity and mortality. Therefore, evaluation of frequency and
profile of infection-related complications is an important issue to
prevent infection-related deaths [3,4].

The aim of the study was to analyse the incidence, epidemi-
ology, profile of infection and the death rate in children with acute
lymphoblastic leukemia treated in pediatric hematology centers in
Poland.

2. Materials and methods
2.1. Patients

A retrospective analysis included 1363 patients, aged 1-18
years, with newly diagnosed ALL, who were treated in 17 pediatric
hematology centers between 2012 and 2017 in Poland. Patients
characteristics are presented in each of the analysed subgroups.
Children with ALL received therapy according to the ALL IC-BFM
2002 and 2009 protocols, which were randomized trials of the I-
BFM-SG (International Berlin-Frankfurt-Munster Study Group).
Details of ALL IC-BFM 2002 therapy were published by Stary et al.
[2], and the 2009 protocol by Zawitkowska et al. [5].

2.2. Definitions

Bacterial infections were defined in case of the isolation of a
pathogen based on the results of blood cultures, stool, urine ana-
lyses, or soft tissue swabs. Viral infections were reported when the
virus was confirmed by the PCR test (polymerase chain reaction) or
the presence of symptomatic varicella or zoster infection. The ep-
isodes of invasive fungal infection were qualified as probable,
proven and possible, according to the European Organization for
Research and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group (EORTC) and the National Institute of Allergy
and Infectious Diseases Mycoses Study Group (MSG) criteria [6].

2.3. Supportive care

Patients in the analysed group received infectious prophylaxis
according to institutional standards and recommendations
included in the treatment protocols. All patients during chemo-
therapy received oral co-trimoxazole (25/5 mg/kg/day on 3
consecutive days/week) and oral fluconazole (6 mg/kg/day) in the

neutropenic phase. Patients, who were contacted with individuals
sustaining varicella or a zoster infection, received oral acyclovir
(80 mg/kg/day). Rh-G-CSF (the recombinant human granulocyte
colony-stimulating factor; 5 mcg/kg/day subcutaneous injection)
was applied during sepsis in neutropenic children or in high-risk
patients. All patients received antiemetics and had an assessment
of organ function during intensive treatment. A low-bacterial diet
and intensified hygiene measures were used in patients in the
neutropenic period.

2.4. Statistical analysis

Data were analysed using IBM SPSS Statistics 25 and R version
3.5.1. Comparisons of different groups were performed using the
chi-square and Fisher's tests. Non-categorical variables were
compared with the Mann-Whitney U test. A p-value <0.05 was
considered to be statistically significant. The cumulative incidence
of infection was designed using the Kaplan-Meier method and
compared with the log-rank Mantel test.

3. Results
3.1. Bacterial infections

A total number of 726/1363 (53.2%) children were reported to
have microbiologically documented bacterial infection during
chemotherapy. 1511 episodes of bacterial infection were diagnosed.
The number of these episodes was 1—28 per person. Characteristics
of patients who experienced 1 and >1 episode are presented in
Table 1.

The overall survival of patients who experienced >1 event was
lower than survival of those who suffered 1, but no statistically
significant difference (Fig. 1). The most common site of bacterial
infection was bloodstream (n = 518, 71.3%), followed by gastroin-
testinal tract (n = 443, 61%) and urinary tract (n = 245, 33.7%).
Overall, 298/518 (57.5%) Gram-positive and 199/518 (38.4%) Gram-
negative isolates were recovered from the bloodstream. Table 2
shows pathogens in bloodstream infections during study periods.
Twenty children (2.75%) died due to a sepsis.

The cumulative incidence of bacterial infections was analysed
over two-year periods (Fig. 2a). In our material there was a signif-
icant decrease of infection episodes in the years 2014—2015, as
compared to 2012—2013. An increase in the frequency of infection
was again observed during the 2016—2017 period. Six patients
(2.4%) died due to bacterial episodes in the first analysed time
period, and 6 (2.8%) and 8 (3.1%) in the consecutive ones.

3.2. Viral infections

During chemotherapy, 251 out of 1363 (18.4%) children experi-
enced a viral infection documented by PCR test. The analysed group
included 136 (54.2%) males and 115 (45.8%) females, median age
4.05 years (range 1-18). 304 episodes of viral infections were
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Table 1
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Characteristics of patients with ALL who experienced 1 and >1 episode of a bacterial infection.

Median of episodes

Sex
Male
Female

Median age (range), year
Death related to infection

Median time (range) from diagnosis to death, months

1 >1 p

225 (55.3%) 182 (44.7%) p =041

166 (52%) 153 (48%)

4.79 (1.07-17.7) 5.30(1.2-18) p =043

5(1.5%) 15 (4.5%) p =0.011 (OR = 3.619)
6.2 (0.9—25.6) 10.7 (2.2—-16.7) p =0.57

96.5%

- 97.9%

0.96
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Fig. 1. Survival curves of patients with 1 and >1 episode of a bacterial infection.

Table 2

identified, ranging 1—4 per person. Five patients (2.0%) in this
group died due to these infections. The median time from diagnosis
of ALL to death was 9.1 months (4.6—10.8). The distribution of viral
infection episodes is presented in Table 3.

The cumulative incidence of viral infections is illustrated in
Fig. 2b. The highest incidence of viral events was observed in the
years 2014—2015 (p < 0.001). In the remaining periods, the fre-
quency of viral episodes was similar. Two children (2.9%) died from
CMV and AH1N1 infection during the first period, 1 (0.8%) due to
AHI1NT1, 2 (3.2%) due to CMV and RSV infection in the following ones,
respectively.

3.3. Fungal infections

A total number of 278/1363 (20.4%%) children were reported as
having a fungal infection during therapy of ALL. The analysed group

Pathogens in bloodstream infections, presented by the number of infection episodes.

The type of infection

Number of bacterial infection episodes (n = 497)

Number of death

Gram-positive organism 298 (60%)
Staphylococci species 228 1(0.2%)
S. aureus 30 1(0.2%)
MR-CNS 2 -
Streptococci species 21 —
Enterococcus species 11 -
Bacillus species 4 -
Listeria monocytogenes 2 1(0.2%)
Gram-negative organism 199 (40%)
Escherichia coli 85 3(0.6%)
Klebsiella species 38 1(0.2%)
Pseudomonas species
P. aeruginosa 36 6 (1.2%)
Acinetobacter baumani 3 1(0.2%)
Stenotrophomonas maltophilia 1 1(0.2%)
Enterobacter species 35 4 (0.8%)
Morganella morgani 2 1(0.2%)
Serratia marcescens 1 —
Others 21 —
MR-CNS - methicillin-resistant coagulase-negative Staphylococci.
10 04 7
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Fig. 2. The cumulative incidence of bacterial (a) and viral (b) infections in patients with ALL.
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Table 3
The distribution of viral infection episodes.

Type of viral infection

Number of viral infection episodes (n = 304)

Number of death

Human herpes virus (HHV)
Cytomegalovirus (CMV, HHV5)

Varicella- Zoster virus (VZV, HHV 3) 26 (8.6%)
Epstein — Barr (EBV, HHV4) 7 (2.3%)
Herpes simplex virus (HSV-1, HHV1) 4(1.3%)
Human herpes virus 6 (HHV6) 3(1.0%)
Human parainfluenza virus (HPIV) 23 (7.6%)
Influenza
Type A 14 (4.6%)
AHIN1 7 (2.3%)
Type B 4(1.3%)
Adenovirus (ADV) 25 (8.2%)
Respiratory syncytial virus (RSV) 12 (3.9%)
Enteroviruses
Rhinovirus (HRV) 10 (3.3%)
Coxsackie virus 1(0.3%)

Rotavirus 111 (36.5%)
Norovirus 19 (6.3%)
Rubella virus (RuV) 1(0.3%)

Hepatitis C virus (HCV) 1(0.3%)
Human metapneumovirus (MPV) 1(0.3%)
BK virus (BKV) 1(0.3%)

34 (11.1%)

2 (0.8%)

included 141 (50.7%) males and 137 (49.3%) females, median age
4.94 years (range 1—18). 406 episodes of a fungal infection were
observed (probable - 41, proven— 28, possible- 337), range 1—7 per
person. Eight children (2.9%) died due to the fungal infection. Three
of those patients had proven and five had possible episodes. The
median time from diagnosis of ALL to death was 4.4 months (range:
1-16.6). The localizations of proven infections were the lungs
(10 pts), the gastrointestinal tract (7 pts), the blood (7 pts), the
central nervous system (CNS) (3 pts) and an eye socket (1 pts). The
types of pathogens of the proven infections are presented in
Table 4.

There was a significant predominance of possible fungal epi-
sodes. A higher incidence of fungal infections was noted in the
recent years (p < 0.001) (Fig. 3a, b). Three patients (3.2%) died from
fungal infection in the first analysed time period, 2 (1.5%) and 3
(1.7%) in the consecutive ones.

4. Discussion

The main causes of treatment failure and the life-threatening
complications are fungal infection and sepsis in children with ALL
who are undergoing intensive chemotherapy. The infection-related
mortality during treatment for childhood acute lymphoblastic
leukemia was 1.7—2.4% in published trials [3].

Infection reports by the Polish Society of Pediatric Hematol-
ogy and Oncology in hematologic centers started from 2012 [4].
In the present study, we focus on the profile of documented
infections in children with ALL during a six-year period. In our
report most patients experienced a bacterial bloodstream
infection. Gram-positive pathogens were the most common

Table 4
Pathogens of proven fungal infection episodes.

microbiologically documented etiology of those infections. The
increase in the frequency of bacterial infections in the recent
period may be related to the fact that our patients did not use
prophylactic antibacterial treatment eg. ciprofloxacin. Several
studies presented a potential reduction in infection with qui-
nolone prophylaxis without an increase in the incidence of
fungal infections [7,8]. On the other hand, there is an increasing
risk of selection of antibiotic-resistant bacteria. Further study is
essential in order to find the optimal regimens for this group of
children [9]. Analysing viral infections over the two-year period,
the cumulative incidence was significantly lower during the
years 2012—2013. This was probably caused by the low detec-
tion of viral infection. Since 2014, access to this diagnostic test
such as the PCR methods has been improved. This may result in
increased detection of viral infections and, consequently, earlier
diagnosis and treatment implementation. Similarly, the
improvement of supportive care measures was observed. After
the introduction of antiviral treatment with acyclovir and
varicella-zoster immune globulin (VZIG), the mortality rate of
varicella-infections in children with immune suppression
decreased significantly (<1%), compared to that before the
introduction of antiviral therapy (7%) [10].

An increased number of possible invasive fungal infections in
our study was also observed in other publications and could be
related to improved diagnostic procedures (e.g. high-resolution
computed tomography imaging) [11]. On the other hand, there
was no increase in the frequency of probable and proven infections.
This may be explained by the fact that antifungal prophylaxis was
applied. In our study, the fungal infection-related mortality
decreased over time. The EORTC/MSG consensus group revised the

The type of pathogen

Number of fungal infection episodes (n = 41)

Number of death

Candida species

C. glabrata 8 (28.6%)
C. crusei 1 (3.6%)
C. albicans 5(12.2%)
C. parapsilosis 4 (14.3%)
C. metapsilosis 1 (3.6%)
C. famata 1 (3.6%)
Aspergillus fumigatus 6 (14.6%)
Mucor 2(7.1%)

1(2.4%)
1(2.4%)

1(2.4%)
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diseases in pediatric patients with cancer in order to improve

diagnosis, prevention and management [12]. This research did not receive any specific grant from funding
A lower mortality was presented by Inaba et al. 3] in the study agencies in the public, commercial, or not-for-profit sectors.

in which 4409 (0.98%) patients with ALL died of bacterial infection:
2 patients died due to Bacillus cereus, the postmortem culture in

another patient showed Clostridium species and in still another one References

the causative organism was not identified. The authors did not
observe fungal infection—related mortality. These differences could [1]
be explained by different prophylactic measures and a smaller

group size. Some studies reported that fungal infections accounted [21
for about 20% of cases of infection-related mortality [13].
Christensen et al. [14] analysed 1652 children with ALL who 3]

were treated according to the NOPHO-ALL92 protocol between
1991 and 2001. Out of 1652 patients, 56 (3.4%) died due to com-
plications of therapy. Two-thirds (n- = 38, 68%) of all TRDs (treat- [4
ment-related deaths) were infections: 17 monobacterial (14 Gram
negative, three Gram positive), 2 mixed (Candida + Staphylococcus
aureus; CMV + Staphylococcus aureus), 6 fungal (two Candida, one [5
Pneumocystis jiroveci pneumonia, three other fungi), 3 viral (one
CMV, one adenovirus, one influenza B virus), 8 FUO (fever of un-
known origin). [6

Wiegering et al. [15] analysed 119 patients with VZV-infection
treated between 2004 and 2010. A total number of 9 children
(16.7%) had an oncologic disorder and among those 7 were diag-
nosed with acute lymphoblastic leukemia (ALL). All received
intravenous acyclovir as antiviral treatment immediately. The au-
thors recorded one VZV-related death in a child with ALL: a 4-year
old boy who showed a rapidly fatal outcome of his simultaneous (8]
varicella-infection. There are studies showing that routine vacci-
nation of populations against varicella reduces the number of in-
fections and infection-related complications also in 9
immunocompromised patients [15,16].

In conclusion, our results demonstrate that microbiologically
documented infections and infection-related mortality remain a [10]
problem in childhood ALL and they present the epidemiology of
infectious disease in the Polish ALL patient population. Similar to
the previously published data, the mortality rate in our material [11]
was 2—2.9%. The profile of infections in ALL children undergoing
chemotherapy in Poland may be useful for the development of
future therapeutic interventions, such as early initiation of empiric [12]
broad-spectrum antifungal therapy, or prophylaxis with oral anti-
biotic agents in children receiving intensive chemotherapy.
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