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introDuCtion

Bloodstream infection (BSI) was defined as a positive 
isolate in a blood culture that was associated with clinical 
findings.[1] BSI is usually a serious complication of a 
malignant hematologic disease and can be a cause of 
death. Blood cultures and drug sensitivity tests were used 
to establish a direct basis for blood infections. This study 
analyzed the clinical characteristics and etiology of BSIs in 
pediatric acute leukemia in our center to provide a basis for 
the rationale regarding antibiotic use.

methoDs

Ethical approval
Patients aged <18 years, diagnosed with acute leukemia 
at the Department of Hematology Oncology Center, 

Beijing Children’s Hospital (BCH), from December 2011 
to September 2015 were enrolled in the study. The Ethics 
Committee of BCH approved this study.

Grouping criteria
1. Patients had a fever (axillary temperature ≥38.5°C) 

during hospitalization.
2. Patients had a positive blood culture.
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Background: Acute leukemia is the most common pediatric hematological malignancy. Bloodstream infections (BSIs) are severe 
complications in these patients during chemotherapy. This study aimed to explore the clinical presentation and etiology of BSI, as well 
as the common sites of infection, and to provide a basis for the rational regarding antibiotic use.
Methods: We performed a retrospective chart review of all pediatric patients who had acute leukemia accompanied by a BSI in our hospital 
from December 2011 to September 2015. All patients were selected based on clinical presentation and had to have at least one positive 
blood culture for inclusion. The basic clinical characteristics, blood culture results, and antimicrobial susceptibilities were analyzed.
Results: All 231 patients had a fever; of them, 12 patients continued to have a fever. Twenty‑five patients had nonremitting (NR) 
leukemia, and 206 patients achieved complete remission (CR). Differences in the duration of fever between the NR and CR groups were 
significant (9.6 ± 7.9 vs. 5.1 ± 3.8 days, P = 0.016). One hundred and eighty patients had agranulocytosis. Differences in fever duration 
between the agranulocytosis and nonagranulocytosis groups were significant (6.2 ± 5.1 vs. 4.1 ± 2.6 days, P = 0.001). The other sites 
of infection in these 231 patients were the lung, mouth, digestive tract, and rectum. Blood culture comprised 2635 samples. There were 
619 samples, which were positive. Of the 619 positive blood culture samples, 59.9% had Gram‑negative bacteria, 39.3% had Gram‑positive 
bacteria, and 0.8% had fungus. The primary pathogens were Pseudomonas aeruginosa, Enterobactercloacae, Escherichia coli, and 
Klebsiella pneumoniae. Of these 231 patients, 217 patients were cured. The effective treatment ratio was 94%.
Conclusions: Gram‑negative bacteria were the main pathogenic bacteria in patients with acute leukemia in our center. NR primary illness, 
agranulocytosis, and drug‑resistant pathogenic bacteria were all risk factors for poor prognosis.
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The incidence of concurrent BSI was 1.04% in our leukemia 
ward from December 2011 to September 2015. There were 
231 patients in our center, including 132 male patients 
and 99 female patients. The age of onset ranged from 
0.9 to 17.7 years; the median age was 5 years. There were 
198 patients with acute lymphoblastic leukemia (ALL) and 
33 patients with acute nonlymphocytic leukemia (ANLL). 
Of the 231 patients, 25 patients had nonremitting (NR) 
disease, and 206 patients achieved complete remission (CR). 
Chemotherapy regimens were as follows patients with ALL 
were treated according to the CCLG‑08 chemotherapy 
regimen, and patients with ANLL were treated according 
to the BFM‑AML‑05 chemotherapy regimen.

A retrospective review was conducted on 231 pediatric 
patients with acute leukemia accompanied by a BSI at BCH 
from December 2011 to September 2015. We analyzed the 
clinical presentation, etiology of BSI, etc.

Sample collection
1. For febrile patients with ALL (T >38.5°C), blood 

cultures were obtained from the double peripheral vein, 
and antimicrobial susceptibility was determined. If a 
peripherally inserted central catheter was placed, blood 
sampling was obtained from the venous catheter.

2. If the patients had multiple sites of infection, secretion 
samples were obtained and cultured from all sites of 
infection.

3. Blood cultures were again obtained one week later when 
the patients returned to normol thermia.

4. Routine blood examinations including C‑reactive 
protein (CRP) levels were assessed during the period 
of infection.

Diagnostic criteria and therapeutic evaluation criteria
Diagnosis of septicemia was carried out based on the 
“Hospital Infection Diagnosis Standard” published by 
the Ministry of Public Health of the People’s Republic 
of China. Bacteremia was diagnosed according to 
the American Thoracic Society and Critical Care 
Medicine (ACCP/SCCN,1991). Therapeutic effects criteria 
were referenced according to the “Anti‑bacterial Drug 
Clinical Research Guiding Principles,” published by the 
Ministry of Public Health of the People’s Republic of 
China in 1993. Therapeutic evaluations were divided into 
effective and ineffective.

Statistical analysis
Statistical analysis was performed using SPSS 18.0 statistical 
software (SPSS Inc., USA). In this study, the number 
of febrile days (temperature >37.5°C) is presented as 
mean ± standard deviation (SD). First, a comparison between 
the two groups was conducted. For normal distributions, 
t-test was used. Otherwise, the Wilcoxon rank sum test was 
used. In this study, the number of febrile days was tested 
using the Kolmogorov‑Smirnov test. The number of days 
was not normally distributed (P = 0.00), and hence the 
rank sum test was used; a value of P < 0.05 was considered 
statistically significant.

results

General characteristics
The average length of hospital stay was 16.8 ± 10.8 days 
for the 231 patients. There were 184 patients who were 
treated with steroids during infection, within 3 months. 
A total of 2635 blood culture specimens were obtained 
from all 231 patients. The number of positive peripheral 
blood samples was 619; the positivity rate for the specimens 
was 23.5%. One hundred and eighty‑one children had a 
single bacterial infection (78.4%) out of all 231 patients; 
37 patients were infected with two kinds of bacteria (16%), 
and 13 patients (6%) simultaneously had at least three or 
more bacterial infections.

Clinical characteristics
General manifestations
Two hundred thirty‑one patients had a fever, and of these 
patients, 12 patients had a persistent fever. The duration 
of fever ranged from 1 to 30 days, with an average of 
5.6 ± 4.6 days. Twenty‑five patients were NR with an average 
of 9.6 ± 7.9 febrile days, and 206 patients who achieved CR 
had with an average of 5.1 ± 3.8 febrile days. Differences in 
the duration of fever between the NR and CR groups were 
significant (9.6 ± 7.9 vs 5.1 ± 3.8 days, P = 0.016).

Other infections
Of the 231 patients with positive blood cultures, 50 had 
pneumonia; 34 had oral ulcers and mucositis; 24 had a 
digestive tract infection; 11 had a perianal infection; five 
had skin ulceration and local cellulitis; three had a urinary 
tract infection; two had a central nervous system infection; 
two had paronychia; two had a liver abscess; and one had 
a splenic abscess. Seven patients were infected with the 
same bacteria in both their blood and secretion cultures. Of 
the seven patients, a blood culture from one case indicated 
Acinetobacter baumanii, accompanied by a respiratory 
tract infection, according to a positive pharyngeal swab 
culture. One patient had a positive blood culture for 
Stenotrophomonas maltophilia and was infected by the 
same bacteria at other sites, including positive cultures 
obtained from the pharynx, the oral mucosa, and an oral 
ulcer. Another five patients had positive blood cultures 
for Pseudomonas aeruginosa, including one patient with 
pneumonia and a skin ulcer, one patient with vulvar 
cellulitis, one case with an umbilical infection, and two 
patients with a perianal infection. Five patients with ALL 
had positive cultures for P. aeruginosa from their infection 
sites.

Distribution and drug resistance of pathogenic bacteria
Among the 619 positive samples, the ratio of Gram‑negative 
bacteria was 59.9%; the ratio of Gram‑positive bacteria 
was about 39.3%; and the ratio of fungi was about 
0.8%. The main pathogenic bacteria in the BSIs were 
Gram‑negative bacteria at our center, as shown in Table 1. 
Gram‑negative bacteria have a higher likelihood of drug 
resistance than Gram‑positive bacteria; when children with 
a malignant hematologic disease experience septicemia 
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during bone marrow suppression, de‑escalation antibiotics 
are administered, so carbapenem antibiotics are widely 
used. Several common Gram‑negative bacteria with 
carbapenem resistance are summarized in this article. 
P. aeruginosa, Enterobacter cloacae, Escherichia coli, 
and Klebsiella pneumoniae were the main pathogenic 
bacteria, and drug sensitivity test results showed that the 
rate of resistance to carbapenem was 65.3%, 26.1%, 12.1%, 
and 67.2%, respectively. However, amikacin is highly 
sensitive [Figure 1].

Relationship between the number of febrile days and 
the number of days of agranulocytosis
Of the  231 pat ients ,  180 had agranulocytos is 
(absolute neutrophil count, <0.5 × 109/L), in which 
23 patients had serious agranulocytosis (absolute neutrophil 
count, <0.1 × 109/L). The agranulocytosis time ranged from 
1 to 79 days, with an average of 13.4 ± 10.1 days. Fifty‑one 
patients did not have agranulocytosis. Of these patients, 
the agranulocytosis group had a fever duration ranging 
from 1 to 30 days, with an average of 6.2 ± 5.1 days, and 
the nonagranulocytosis group had a fever duration of 
1–13 days, with an average of 4.1 ± 2.6 days; the difference 
was significant (6.2 ± 5.1 vs. 4.1 ± 2.6 days, P = 0.001). 
The agranulocytosis duration was more than 7 days; 
the duration of fever was 1–30 days, with an average of 
5.7 ± 4.9 days; the duration of neutropenia was <7 days; 
and the duration of fever was 1–11 days, with an average 
of 4.9 ± 2.8 days, but without significance (5.7 ± 4.9 vs. 
5.7 ± 4.9 days, P = 0.25). As for monitoring the CRP level, 
180 children had varying degrees of increasing CRP levels; 
the maximum CRP level was 9–272 mg/L, with a median 
value of 57 mg/L.

Treatment outcome
Of the 231 patients, 217 patients were cured, demonstrating 
an effective treatment rate of 94%. Six patients died, and 
eight patients had ineffective infection control; thus, a total 
of 14 patients were administered ineffective anti‑infection 
therapy. Nine of the 14 ineffectively treated patients 
had a carbapenem‑resistant infection; four patients had 
infections with no drug sensitivities; and one patient 
had sensitive bacteria. The specific pathogens and drug 
sensitivity results for these 14 patients are shown in 
Table 2.

DisCussion

In pediatric patients with acute leukemia, BSIs are one of 
the most important infectious complications that could lead 
to a high mortality rate during treatment. Due to the disease 

Table 1: Distribution of pathogenic bacteria in 231 
children

Pathogen n Ratio (%)
Gram‑positive bacteria 243 39.3

Human Staphylococcus 60 9.7
S. epidermidis 59 9.5
S. haemolyticus 8 1.3
Coagulase‑negative Staphylococci 9 1.5
E. faecium 7 1.1
E. faecalis 16 2.6
M. luteus 10 1.6
S. pneumoniae 8 1.3
S. oralis 4 0.6
S. mutans 14 2.3
Other Streptococci 6 1.0
C. jeikeium 7 1.1
Bacillus 22 3.6
Micrococcus 3 0.5
Other Gram‑positive bacilli 5 0.8
Other Gram‑positive cocci 5 0.8

Gram‑negative bacteria 371 59.9
E. coli 66 10.7
K. pneumoniae 64 10.3
P. aeruginosa 72 11.6
E. cloacae 69 11.2
A. baumannii 20 3.2
S. maltophilia 8 1.3
Other Acinetobacter 6 1.0
K. pneumoniae 12 1.9
Salmonella 2 0.3
Other unicellular bacteria 7 1.1
Holder bacteria 5 0.8
A. faecalis 2 0.3
Neisseria 8 1.3
Other Enterobacteriaceae 17 2.8
Other Gram‑negative bacteria 13 2.1

Fungus 5 0.8
C. albicans 1 0.2
T. asahii 4 0.6

S. epidermidis: Staphylococcus epidermidis; S. haemolyticus: 
Staphylococcus haemolyticus; E. faecium: Enterococcus faecium; 
E. faecalis: Enterococcus faecalis; M. luteus: Micrococcus luteus; 
S. pneumoniae: Streptococcus pneumoniae; S. oralis: Streptococcus 
oralis; S. mutans: Streptococcus mutans; C. jeikeium: Corynebacterium 
jeikeium; E. coli: Escherichia coli; K. pneumoniae: Klebsiella 
pneumoniae; P. aeruginosa: Pseudomonas aeruginosa; E. cloacae:  
Enterobacter cloacae; A. baumannii: Acinetobacter baumannii; 
S. maltophilia: Stenotrophomonas maltophilia; A. faecalis: Alcaligenes 
faecalis; C. albicans: Candida albicans; T. asahii: Trichosporon asahii.

Figure 1: Distribution of carbapenem resistance in Gram‑negative 
bacteria.
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characteristics and chemotherapy treatments, pediatric 
patients with ALL have the deficient immune function 
of varying degrees and are susceptible to infection. In 
patients with long‑term neutropenia after chemotherapy, 
mucosal barrier damage, immunosuppressive agents, 
cort icosteroids ,  and long‑term broad‑spectrum 
antimicrobial drug use result in an increased incidence of 
BSI.[2] We summarized the clinical features of 231 pediatric 
patients with acute leukemia with a BSI in our center. 
We found that 371 strains of Gram‑negative bacteria 
accounted for 59.9% of the 619‑positive blood culture 
samples, consistent with previous reports,[3,4] in which 
P. aeruginosa, E. cloacae, E. coli, and K. pneumoniae 
were the main pathogens;[5,6] drug sensitivity tests 
showed that there were varying degrees of resistance 
to carbapenem antibiotics. The drug resistance rate was 
high.[2,7‑9] An analysis was conducted using specimens that 
were obtained from the same host, so the overall drug 
resistance rate increased. The Gram‑positive bacteria 
included coagulase‑positive Staphylococcus epidermidis 
and Staphylococcus aureus.[10] Coagulase‑negative 
Staphylococcus (central nervous system) was the most 
common pathogenic bacteria in the blood cultures but 
with the extensive use of broad‑spectrum antibiotics and 
application of invasive diagnostic methods,[11] the normal 
flora in the human central nervous system of had gradually 
become an important pathogenic bacteria. The results of 
this study showed that coagulase‑positive S. aureus was 
the most common Gram‑positive pathogen. In addition, 
because children with leukemia commonly have symptoms 
of anemia, collecting more than one blood sample can be 
difficult. Thus, strict disinfection and excellent puncture 
techniques to reduce blood culture contamination are both 
important. Five strains of fungi accounted for 0.8% in 
this study; thus, the detection rate for fungi was low. The 

main reason was related to the prevention and treatment 
of fungal infection during myelosuppression.

This study involved 231 pediatric patients with a BSI, 
including 33 patients with ANLL and 198 patients 
with ALL.[12] The primary disease, long‑term repetitive 
chemotherapy, accompanied by infection in the lungs, 
digestive tract, oral cavity, anus, etc., which all led to 
decreased immune functions.[13] A variety of invasive 
operations and the use of broad‑spectrum antibacterial 
agents, which can destroy the mucosal barriers and normal 
flora in the respiratory system and gastrointestinal tract in 
patients with hematological diseases and other patients who 
are more prone to nosocomial infections. Thus, increased 
protective measures are necessitated for these patients, 
including their environment and mucosal function during 
chemotherapy.

Because patients with leukemia have abnormal white blood 
cells, the quality and quantity of neutrophil chemotaxis 
and phagocytosis are decreased after chemotherapy and 
bone marrow suppression. The duration and degree of 
neutropenia underscored the increased risk of life‑threatening 
infections.[14] Fever and neutropenia are common in patients 
with hematologic malignancies during chemotherapy, and 
approximately 10–30% of patients experience sepsis.[15] 
Severe neutropenia is a risk factor for an infection that 
occurs in acute leukemia after chemotherapy and is an 
important factor that affects the prognosis of infection. In 
this study, 231 children had a BSI, including 180 patients 
with neutropenia. The statistical analysis showed that with 
the emergence of agranulocytosis, the longer the duration 
of agranulocytosis, the longer the fever lasted. There was 
a significant difference, often suggesting a poor prognosis. 
Thus, shortening the time of bone marrow suppression 
after chemotherapy and promoting leukocyte recovery 

Table 2: Pathogenic bacteria and drug sensitivity in 14 children administered ineffective anti‑infection therapy

Number Gender Age 
(years)

Primary 
disease

Combined with other infections Pathogen Strain 
(n)

Carbapenem 
resistant

Prognosis

1 Female 3.8 ALL Pneumonia, cellulitis P. aeruginosa 4 R Discharged
2 Male 10.5 ALL Pneumonia, cellulitis P. aeruginosa 8 R Discharged
3 Female 4.2 ANLL Pneumonia B. cepacia 4 S Death
4 Female 1.2 ANLL Pneumonia K. pneumoniae 4 R Death
5 Male 3.7 ALL Pneumonia B. cereus 8 No drug sensitivity Death
6 Female 5.3 ANLL Pneumonia P. aeruginosa 2 R Death
7 Female 3.3 ANLL Intestinal infection Bacteroides 2 No drug sensitivity Death
8 Female 3.8 ALL Pneumonia, encephalitis, urinary 

tract infection
K. pneumoniae 1 R Discharged

9 Male 12.4 ALL Pneumonia, digestive tract infection A. baumannii 3 R Death
10 Male 2.3 ALL Pneumonia, intestinal infection K. pneumoniae 4 R Discharged
11 Female 5.7 ALL Pneumonia Micrococcus 1 No drug sensitivity Discharged
12 Female 2.3 ALL Pneumonia, liver abscess B. gladioli 1 R Discharged
13 Male 9.4 ANLL Pneumonia T. asahii 2 No drug sensitivity Discharged
14 Female 4.3 ANLL Gastrointestinal tract infection K. pneumoniae 1 R Discharged
ANLL: Acute nonlymphocytic leukemia; ALL: Acute lymphocytic leukemia; R: Carbapenem resistant; S: Carbapenem sensitve; 
P. aeruginosa: Pseudomonas aeruginosa; B. cepacia: Burkholderia cepacia; K. pneumoniae: Klebsiella pneumoniae; B. cereus: Bacillus cereus; 
A. baumannii: Acinetobacter baumannii; B. gladioli: Burkholderia gladioli; T. asahii: Trichosporon asahii.
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would be important to strengthen the immunoprotection of 
neutropenic patients.[16] A meta‑analysis by Clark et al.[17] 
found that granulocyte‑colony‑stimulating factor (G‑CSF) 
combined with neutrophils could shorten the time of 
antibiotic administration. Thus, early administration of 
G‑CSF after chemotherapy could effectively shorten the 
duration of neutropenia and decrease the risk of severe 
infection. However, studies have also shown that G‑CSF 
could aggravate the cytokine storm secreted by infection.[18‑20] 
This study was a retrospective study, without a randomized 
control, so additional study is necessitated. In addition, this 
study demonstrated a correlation between the primary disease 
and severity of the infection. Of the 231 patients, 25 patients 
had NR disease, and 206 patients were in remission. NR 
patients had more febrile days during their infection than 
patients who achieved remission, and there were significant 
differences between these two groups (9.6 ± 7.9 vs. 
5.1 ± 3.8 days, P = 0.016). Due to the high rate of infection 
in children with leukemia who had agranulocytosis, 
empiric antibiotics should be administered quickly if these 
patients become febrile. In this study, all patients with an 
infection were administered varying degrees of empiric 
anti‑infective therapy using ade‑escalation method according 
to epidemiological findings and infection site and source.[21‑23] 
The effective rate was 94% in 231 patients administered 
anti‑infection treatment.[24]

This study had several limitations. First, the clinical 
presentations, physical examinations, and laboratory data 
were obtained from medical records, so some incomplete 
data were inevitable because of the retrospective design. 
Second, the number of cases was small, so some clinical 
characteristics and laboratory data reached limited statistical 
significance.

Effective control of infection is directly related to the survival 
of children with leukemia. In children with leukemia, bone 
marrow suppression can occur with chemotherapy resulting 
in fevers and chills, as well as other symptoms of infection; 
there is a high possibility of a BSI. Blood and secretion 
cultures and drug sensitivity tests should be collected timely 
for diagnosis, sampled in different parts and at different 
times, as well as repeatedly inspected to improve the 
diagnostic rate.[25] In addition, empirical treatment is needed 
immediately to avoid serious complications. Based on the 
hospital epidemiological data and bacterial resistance data, 
because the diagnosis of the pathogen has not been reported.

Financial support and sponsorship
This study was supported by a grant from Beijing Municipal 
Administration of Hospitals Clinical Medicine Development 
of Special Funding Support (No. ZY201404).

Conflicts of interest
There are no conflicts of interest.

referenCes
1. Kuo FC, Wang SM, Shen CF, Ma YJ, Ho TS, Chen JS, et al. 

Bloodstream infections in pediatric patients with acute leukemia: 

Emphasis on gram‑negative bacteria infections. J Microbiol 
Immunol Infect 2015. pii: S1684‑118200836‑1. doi: 10.1016/j.
jmii.2015.08.013.

2. Apostolopoulou E, Raftopoulos V, Terzis K, Elefsiniotis I. 
Infection probability score, APACHE II and KARNOFSKY 
scoring systems as predictors of bloodstream infection onset in 
hematology‑oncology patients. BMC Infect Dis 2010;10:135. doi: 
10.1186/1471‑2334‑10‑135.

3. Suárez CJ, Lolans K, Villegas MV, Quinn JP. Mechanisms of 
resistance to beta‑lactams in some common Gram‑negative bacteria 
causing nosocomial infections. Expert Rev Anti Infect Ther 
2005;3:915‑22. doi: 10.1586/14787210.3.6.915.

4. Gaynes R, Edwards JR; National Nosocomial Infections Surveillance 
System. Overview of nosocomial infections caused by gram‑negative 
bacilli. Clin Infect Dis 2005;41:848‑54. doi: 10.1086/432803.

5. Shorr AF, Tabak YP, Killian AD, Gupta V, Liu LZ, Kollef MH. 
Healthcare‑associated bloodstream infection: A distinct entity? 
Insights from a large U.S. database. Crit Care Med 2006;34:2588‑95. 
doi: 10.1097/01.CCM.0000239121.09533.09.

6. Sligl W, Taylor G, Brindley PG. Five years of nosocomial 
Gram‑negative bacteremia in a general Intensive Care Unit: 
Epidemiology, antimicrobial susceptibility patterns, and outcomes. 
Int J Infect Dis 2006;10:320‑5. doi: 10.1016/j.ijid.2005.07.003.

7. Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, 
et al. International study of the prevalence and outcomes of infection 
in Intensive Care Units. JAMA 2009;302:2323‑9. doi: 10.1001/
jama.2009.1754.

8. Hsu AJ, Tamma PD. Treatment of multidrug‑resistant Gram‑negative 
infections in children. Clin Infect Dis 2014;58:1439‑48. doi: 10.1093/
cid/ciu069.

9. Cattaneo C, Antoniazzi F, Casari S, Ravizzola G, Gelmi M, Pagani C, 
et al. P. aeruginosa bloodstream infections among hematological 
patients: An old or new question? Ann Hematol 2012;91:1299‑304. 
doi: 10.1007/s00277‑012‑1424‑3.

10. Kang CI, Song JH, Chung DR, Peck KR, Yeom JS, Son JS, et al. 
Bloodstream infections in adult patients with cancer: Clinical 
features and pathogenic significance of Staphylococcus aureus 
bacteremia. Support Care Cancer 2012;20:2371‑8. doi: 10.1007/
s00520‑011‑1353‑z.

11. Pektas A, Kara A, Gurgey A. Cohort study: Central venous 
catheter‑related complications in children with hematologic diseases 
at a single center. Turk J Haematol 2015;32:144‑51. doi: 10.4274/
tjh.2013.0403.

12. O’Brien MM, Lacayo NJ. Acute leukemia in children. Dis Mon 
2008;54:202‑25. doi: 10.1016/j.disamonth.2007.12.003.

13. Bochennek K, Hassler A, Perner C, Gilfert J, Schöning S, Klingebiel T, 
et al. Infectious complications in children with acute myeloid 
leukemia: Decreased mortality in multicenter trial AML‑BFM 2004. 
Blood Cancer J 2016;6:e382. doi: 10.1038/bcj.2015.110.

14. Zhang F, Liu AL, Gao S, Ma S, Guo SB. Neutrophil dysfunction in 
sepsis. Chin Med J 2016;129:2741‑4. doi: 10.4103/0366‑6999.193447.

15. Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA, 
et al. Clinical practice guideline for the use of antimicrobial agents 
in neutropenic patients with cancer: 2010 update by the infectious 
diseases society of america. Clin Infect Dis 2011;52:e56‑93. doi: 
10.1093/cid/cir073.

16. Sung L, Aplenc R, Alonzo TA, Gerbing RB, Lehrnbecher T, Gamis AS. 
Effectiveness of supportive care measures to reduce infections in 
pediatric AML: A report from the Children’s Oncology Group. Blood 
2013;121:3573‑7. doi: 10.1182/blood‑2013‑01‑476614.

17. Clark OA, Lyman GH, Castro AA, Clark LG, Djulbegovic B. 
Colony‑stimulating factors for chemotherapy‑induced febrile 
neutropenia: A meta‑analysis of randomized controlled trials. J Clin 
Oncol 2005;23:4198‑214. doi: 10.1200/JCO.2005.05.645.

18. Müller CI, Trepel M, Kunzmann R, Lais A, Engelhardt R, 
Lübbert M. Hematologic and molecular spontaneous 
remission following sepsis in acute monoblastic leukemia with 
translocation (9;11): A case report and review of the literature. Eur 
J Haematol 2004;73:62‑6.

19. Rajendran A, Trehan A, Ahluwalia J, Marwaha RK. Severe 
systemic infection masking underlying childhood leukemia. 



Chinese Medical Journal ¦ September 5, 2017 ¦ Volume 130 ¦ Issue 17 2081

Indian J Hematol Blood Transfus 2013;29:167‑70. doi: 10.1007/
s12288‑012‑0166‑7.

20. Takahashi M, Koike T, Aizawa Y, Kashimura M, Hayatsu K, Nagai K, 
et al. Complete remission in three patients with acute myeloblastic 
leukemia by administration of G‑CSF without antileukemic agents. 
Am J Hematol 1997;56:42‑4.

21. Kang CI, Kim SH, Park WB, Lee KD, Kim HB, Kim EC, et al. 
Bloodstream infections caused by antibiotic‑resistant Gram‑negative 
bacilli: Risk factors for mortality and impact of inappropriate initial 
antimicrobial therapy on outcome. Antimicrob Agents Chemother 
2005;49:760‑6. doi: 10.1128/AAC.49.2.760‑766.2005.

22. Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S, 
et al. Duration of hypotension before initiation of effective 
antimicrobial therapy is the critical determinant of survival in human 
septic shock. Crit Care Med 2006;34:1589‑96. doi: 10.1097/01.

CCM.0000217961.75225.E9.
23. Gikas A, Samonis G, Christidou A, Papadakis J, Kofteridis D, 

Tselentis Y, et al. Gram‑negative bacteremia in non‑neutropenic 
patients: A 3‑year review. Infection 1998;26:155‑9.

24. Karanwal AB, Parikh BJ, Goswami P, Panchal HP, Parekh BB, 
Patel KB. Review of clinical profile and bacterial spectrum and 
sensitivity patterns of pathogens in febrile neutropenic patients 
in hematological malignancies: A retrospective analysis from a 
single center. Indian J Med Paediatr Oncol 2013;34:85‑8. doi: 
10.4103/0971‑5851.116184.

25. Bo SN, Bo J, Ning YZ, Zhao Y, Lu XL, Yang JY, et al. Relationship 
between time to positivity of blood culture with clinical characteristics 
and hospital mortality in patients with Escherichia coli bacteremia. 
Chin Med J 2011;124:330‑4.


