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Purpose: Bloodstream infections (BSIs) was an essential cause of morbidity and mortality in children. Empiric broad-spectrum 
treatment of BSIs may be costly and unable to effectively eliminate the correct pathogenic microbes, resulting in downstream 
antimicrobial resistance. The purpose was to provide evidence for diagnosis and treatment of bloodstream infections in pediatrics, 
by revealing the pathogen distribution and antibiotic resistance pattern of BSIs.
Methods: In this 5-year study, a total of 2544 pathogenic bacteria stains, isolated from 2368 patients with BSI, were retrospectively 
analyzed, to define the species distribution and the antimicrobial resistance pattern in Beijing.
Results: The most frequently isolated pathogenic bacteria were K. pneumoniae (12.1%), S. aureus (11.5%), E. coli (11.2%), and 
E. faecium (11.2%). Hematological malignancies were the most common disease among patients with underlying conditions. 
Methicillin resistance was detected in 30.0% of S. aureus and 81.7% of coagulase-negative Staphylococcus (CoNS), respectively. 
The detection rates of carbapenem-resistant-E. coli (CRECO) and carbapenem-resistant-K. pneumoniae (CRKPN) were 10.8% and 
50.8%, respectively. In terms of 122 isolates of S. pneumonia, 5 isolates (4.1%) were penicillin-resistant Streptococcus pneumoniae 
(PRSP); meanwhile, 50 isolates (41.0%) were penicillin-intermediate Streptococcus pneumoniae (PISP). Among the non-fermentative 
gram-negative bacilli isolates, 22.8% and 26.9% of the P. aeruginosa, were resistant to imipenem and meropenem. Furthermore, the 
resistance rates of A. baumannii to imipenem and meropenem both were 54.5%.
Conclusion: In the study, we demonstrated the characteristics of bloodstream infections and antimicrobial susceptibility pattern of 
pediatrics in Beijing. Gram positive bacteria were the main pathogens of BSIs. CoNS strains presented even higher resistance to 
multiple antibiotics, including methicillin, than S. aureus. K. pneumoniae and E. coli represent the most common isolated gram- 
negative bacteria and exhibited high resistance to a variety of antimicrobial agents. Therefore, it was of critical importance to 
implement appropriate antimicrobial medication according to pathogen distribution and drug susceptibility test.
Keywords: bloodstream infections, children, etiology, antimicrobial resistance, methicillin-resistant S. aureus, methicillin-resistant 
coagulase-negative staphylococci, S. pneumoniae, carbapenem-resistant Enterobacter

Introduction
Bloodstream infections (BSIs) are associated with high morbidity and mortality in children, especially in neonates. 
A recent review on pediatric sepsis demonstrated that bloodstream infections accounted for 26.5% of the global disease 
burdens and resulted in 25% of deaths in children all over the world.1 A systemic study on global burdens of bacterial 
infections shows that more than 2 million deaths were caused by BSIs.2 Many factors are associated with BSIs, such as 
prolonged skin rupture, extensive use of catheters and bone marrow transplantation.3,4

In many studies, a wide range of bacteria strains have been described to be mainly responsible for BSIs, such as E. coli, 
P. aeruginosa, K. pneumoniae, H. influenza, Coagulase negative staphylococci (CoNS), S. aureus, P. aeruginosa, and 
S. pneumoniae.5–7 The difference in distribution and antimicrobial resistance profiles of bacteria strains causing BSIs were 
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mainly associated with age, geographical alterations and physical conditions. In China, the causative pathogens of BSIs vary in 
different regions. Studies on BSIs from two provinces in China revealed that K. pneumoniae was the predominant pathogen in 
Chongqing, whereas, E. coli was the most prevalent pathogen in Henan and Hubei.8,9 BSIs requires emergent antimicrobial 
treatment, especially for the life threatening infections. Due to the particularity and complexity of blood culture, empirical therapy 
is predominately carried out prior to susceptibility report of antimicrobial agents. The most serious and common problem caused 
by empirical treatment is the resistance of antibiotics, especially in developing countries.10,11 Frequent and unreasonable use of 
antimicrobial agents is giving rise to antibiotic resistance in current clinical settings.10,12 Therefore, understanding bacterial 
epidemiology and antibiotic resistance patterns is critical.

In this study, we aim to demonstrate the prevalence and antibiotic resistance profiles of pathogens causing pediatric BSIs in 
Beijing. We hope that our findings will support rational use of antimicrobial agents, provide epidemiological information for 
development of surveillance measures, and further contribute to reduction of hospitalizing costs and antimicrobial resistance.

Experimental Materials and Methods
Study Population and Data Collection
This 5-year retrospective study on patients with positive blood culture was conducted in Beijing Children’s Hospital (BCH) 
affiliated to Capital Medical University, from January 2015 to December 2019. The BCH was a tertiary care children’s hospital in 
China, with more than 3 million outpatients and 80,000 inpatients admitted per year. A total of 2544 pathogenic bacteria stains 
isolated from 2368 patients, were collected as our research subjects. The inclusion criteria were as follows: (1) positive blood 
culture and (2) presence of bloodstream infection symptoms, such as fever, rash, rapid heartbeat and signs of inflammation. 
Definite pathogens which were known to cause diseases, such as Streptococcus agalactiae, Staphylococcus aureus, and gram- 
negative organisms were included in our study. If the pathogens were identified as coagulase-negative Staphylococcus, 
Corynebacterium, Bacillus, Propionibacterium or other potential skin contaminants, two or more separate blood cultures were 
required for reconfirmation. If the bloodstream isolate was a potential skin contaminant, we need to investigate case records to 
determine whether it is contaminated. We excluded duplicate strains, only the first strain was incorporated into our study, while 
two or more strains were isolated at the same time. The following information were collected, such as gender, age, symptom, 
diagnosis, underlying disease, and antimicrobial susceptibility. Our study was a retrospective study based on the clinical samples, 
which were part of the routine hospital laboratory procedures, and all the clinical samples in this study were not specifically 
isolated for this research. The Ethics Committees of Beijing Children’s Hospital affiliated to Capital Medical University and 
Children’s Hospital Capital institute Pediatrics exempted this study from review.

Strain Identification
Blood samples were collected from 2 different sites (avg. 3 mL per site) in every patient. It should be noted that patients 
under one-month old were drawn from only one site due to safety concerns. All the blood specimens were cultured on 
BD BACTEX FX for up to 5 days. Positive cultures were trans-inoculated into 3 types of blood culture plates: 
MacConkey agar, chocolate agar and blood agar (5% sheep blood). All the plates were incubated in microaerophilic 
conditions (5% CO2) for 16–18 hours. Microbial identification was performed by VITEK-MS (bio Mérieux, France).

Antibiotic Sensitivity Testing
Antibiotic sensitivity testing was performed on VITEK 2 (bio Mérieux, France), and results were interpreted in accordance with 
CLSI recommendations.13 The MIC method was used in Staphylococcus, Enterococcus, S. pneumoniae, Acinetobacter and 
carbapenem non-sensitive Enterobacteriaceae. Antimicrobial susceptibility testing of carbapenem-sensitive Enterobacteriaceae 
(out-patient), P. aeruginosa, S. pyogenes, S. lactis and Haemophilus were conducted by Kirby-Bauer (K-B) method. E-tests were 
applied for reconfirmation. When the method of K-B, MIC, and E-test were carried out at the same time, the results of E-test were 
preferred, followed by MIC and K-B. Since there was no CLSI breakpoint recommended for cefoperazone-sulbactam, we 
adopted the CLSI breakpoint of cefoperazone. S. aureus (ATCC 25923), E. coli (ATCC 25922), E. coli (ATCC 35218), 
S. pneumoniae (ATCC 49619), P. aeruginosa (ATCC 27853), E. faecalis (ATCC 29212), and H. influenza (ATCC 49247) 
were used as control strains for susceptibility tests.
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Statistical Analysis
Data were managed and analyzed with SPSS software (Version 17.0). Antibiotic susceptibility results were analyzed 
using WHONET 5.6 software. Results were expressed as number of the patients or bacteria isolates, as well as proportion 
of the total number. All figures were prepared with the GraphPad Prism 8.0 software (GraphPad Software, La Jolla, CA).

Results
Clinical Characteristics of Children with BSIs
During the five-year study period, a total of 2544 pathogenic bacteria stains were isolated from 2368 patients. Of these 
patients, 59.9% (n=1399) were male, 40.1% (n=969) were female, 69.3% of these patients were less the one-year old. 
Among all the infection cases, 95.3% were monomicrobial. As shown in Table 1, according to the patients’ ward, the 
proportions of patients from emergency, out-patient, and in-patient were 15.0%, 19.9%, and 65.1%, respectively. In 

Table 1 Epidemiological and Clinical Characteristics of Pediatric 
Patients with Bloodstream Infections (BSIs)

Characteristics N (%)

Gender
Male 1399 (59.1%)
Female 969 (40.9%)

Ward
Out-patient 471 (19.9%)
Emergency 355 (15.0%)

Hematological-oncology 329 (13.9%)

Neonatology 305 (12.9%)
ICU 213 (9.0%)

Respiratory department 133 (5.6%)

Surgery 118 (5.0%)
Department of Gastroenterology 114 (4.8%)

Infections department 99 (4.2%)

Neurology Department 81 (3.4%)
Department of cardiology 69 (2.9%)

Others 81 (3.5%)

Monomicrobial infection 2257 (95.3%)
Age

≤ 1 month (Neonatal period) 781 (30.7%)

≤ 1 year (Infancy) 982 (38.6%)
1–3 year (Early childhood) 272 (10.7%)

3–6 year (Preschool age) 183 (7.2%)

6–14 year (School age) 326 (12.8%)
Symptom

Fever 1925 (81.3%)

Diarrhoea 422 (17.8%)
Jaundice 384 (16.2%)

Hyperspasmia 239 (10.1%)

Diagnosis
Sepsis 1693 (71.5%)

Pneumonia 931 (39.3%)

Purulent meningitis 602 (25.4%)
Urinary Tract Infection 50 (2.1%)

Underlying diseases
Hematological malignancies 355 (15.0%)
Congenital heart disease 133 (5.6%)

Pyelonephritis 20 (0.8%)

(Continued)
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hospitalized population, nearly one-third of patients were admitted in hematological-oncology (13.9%), neonatology 
(12.9%) and intensive care unit (9.0%). 21.4% of patients (n=508) had underlying diseases, mainly divided into the 
following three categories: hematological malignancy (n=355), congenital heart disease (n=133) and pyelonephritis 
(n=20) (Table 1).

Distribution of Pathogenic Bacteria
Among the 2544 bacterial isolates, gram-positive strains were the most prevalent pathogens, accounting for 54.6% 
(n=1389). In addition, 1155 strains were gram-negative. The most frequently isolated bacterial strains were 
K. pneumoniae (12.1%), followed by S. aureus (11.5%), E. coli (11.2%), E. faecium (11.2%) and CoNS (9.9%). 
95.3% of episodes of BSIs were monomicrobial. (Table 2).

Table 1 (Continued). 

Characteristics N (%)

Complication
Septic shock 161 (6.8%)
Acute respiratory distress syndrome 100 (4.2%)

Subdural effusion 90 (3.8%)

Disseminated intravascular coagulation 26 (1.1)
Leukocyte Count in Peripheral Blood (×109/L)

<4 50 (2.1%)

4–10 312 (13.2%)
>10 2006 (84.7%)

C-reactive protein elevation 2314 (97.7%)

Procalcitonin elevation 2207 (93.2%)

Table 2 Distribution of Organisms Isolated from Patients with BSIs

Organisms No. of Isolates % of Isolates

Gram positive 1389 54.6
Coagulase-negative staphylococci 251 9.9

Staphylococcus aureus 293 11.5

Enterococcus faecium 284 11.2
Enterococcus faecalis 147 5.8

Streptococcus pneumoniae 122 4.8

Streptococcus lactis 102 4.0
Streptococcus mitis 70 2.8

Streptococcus sanguis 29 1.1

Streptococcus pyogenes 19 0.7
Others 72 2.8

Gram negative 1155 45.4
Klebsiella pneumoniae 309 12.1

Escherichia coli 286 11.2

Pseudomonas aeruginosa 145 5.7
Acinetobacter baumannii 124 4.9

Enterobacter cloacae 91 3.6

Salmonella 43 1.7
Klebsiella oxytoca 17 0.7

Serratia Marcescens 15 0.6

Burkholderia 15 0.6
Haemophilus influenza 9 0.4

Others 101 4.0
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Antimicrobial Susceptibility
For Staphylococcus, 30.0% of S. aureus isolates and 81.7% of CoNS isolates were resistant to methicillin, respectively. 
From 2015 to 2019, the detection rate of MRSA was fluctuated between 25.0% and 36.5%, with the lowest rate in 2017 
and the highest rate in 2018. However, the rate of MRCNS was relatively stable ranging from 80.1% to 83.5%. The 
annual detection rate of MRSA and MRCNS is shown in Figure 1.

As shown in Table 3, more than 80% of S. aureus strains were resistant to penicillin, erythromycin and clindamycin. 
However, the most effective antimicrobial agents against S. aureus were ciprofloxacin, moxifloxacin and levofloxacin. 
The resistance rates of S. aureus to these three antibiotics were less than 5%. Compared with MSSA (methicillin sensitive 
S. aureus), MRSA presented higher resistance to penicillin, clindamycin, erythromycin and tetracycline, and lower 
resistance to gentamicin and trimethoprim-sulfamethoxazole. The CoNS isolates exhibited higher resistance to penicillin 
and erythromycin, than S. aureus strains. All Staphylococcus isolates were susceptible to vancomycin and linezolid 
(Table 3).

In terms of Enterococci, more than 75% of E. faecium isolates were found to be resistant to penicillin, ampicillin and 
ciprofloxacin. Whereas the resistance rates of E. faecalis against penicillin, ampicillin, and ciprofloxacin were 2.0%, 
2.1% and 6.8%, respectively, much lower than that of E. faecium. One Linezolid-resistant strain was found in E. faecium 
isolates. In addition, two E. faecalis isolates were also resistant to Linezolid. None of the Enterococci strains were 
resistant to vancomycin (Table 4).

Among the 2544 isolates, there were 122 S. pneumoniae isolates, 5 of which were resistant to penicillin. The 
resistance rates of S. pneumoniae strains against amoxicillin, cefotaxime and cefepime were 16.4%, 13.1%, 19.7%, 
respectively. More than 89% of the S. pneumoniae isolates were resistant to tetracycline, clindamycin and erythromycin. 
However, nearly 95% of the S. pneumoniae isolates were susceptible to moxifloxacin, levofloxacin and chloramphenicol. 
All the S. pneumoniae strains were sensitive to linezolid and vancomycin (Table 5).

In terms of Enterobacteriaceae, K. pneumoniae was the most frequently identified pathogen, followed by E. coli and 
E. cloacae (Table 6). 72.7% of K. pneumoniae and 62.9% of E. coli were phenotypically characterized to be positive for 
ESBL (Extended-Spectrum β-Lactamases). Annual detection rates of ESBL+ strains in K. pneumoniae and E. coli are 

Figure 1 Detection rates of MRSA and MRCNS from 2015 to 2019.
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Table 3 Antimicrobial Resistance Rate of Staphylococcus Strains (%)

Antimicrobial Agents S. aureus (n=293) CoNS (n=251)

Pooled MSSA 
(n=205)

MRSA 
(n=88)

Pooled MSCNS  
(n=46)

MRCNS  
(n=205)

Penicillin G 92.9 89.8 100.0 96.3 58.7 100.0
Oxacillin 30.3 0.0 100.0 85.1 0.0 100.0

Gentamicin 11.6 14.1 5.7 10.4 2.2 11.7

Ciprofloxacin 4.1 3.9 4.5 29.4 2.2 34.1
Levofloxacin 4.1 3.9 4.5 29.0 0.0 34.1

Moxifloxacin 4.1 3.9 4.5 21.2 0.0 24.9

Trimethoprim- Sulfamethoxazole 17.0 22.9 3.4 53.9 13.0 60.5
Clindamycin 41.6 26.3 77.3 72.2 39.1 76.1

Erythromycin 81.9 76.1 95.5 97.9 76.1 98.0

Tetracycline 18.8 11.7 35.2 59.3 39.0 61.0
Rifampin 1.7 0.0 5.7 18.6 30.4 15.1

Vancomycin 0.0 0.0 0.0 0.0 0.0 0.0

Linezolid 0.0 0.0 0.0 0.0 0.0 0.0

Table 4 Antimicrobial Resistance Rate of Enterococci 
Strains (%)

Antimicrobial 
Agents

E. faecium  
(n=284)

E. faecalis  
(n=147)

Penicillin G 95.4 2.0

Ampicillin 93.0 2.1

Gentamicin-high 60.2 39.0
Streptomycin-high 10.6 21.1

Ciprofloxacin 79.2 6.8

Levofloxacin 59.5 5.5
Tetracycline 67.6 74.0

Vancomycin 0.0 0.0

Linezolid 0.4 1.4

Table 5 Antimicrobial Resistance Rate of S. pneumoniae Strains (%)

Antimicrobial Agents Total  
(n=122)

PSSP  
(n=67)

PISP  
(n=50)

PRSP  
(n=5)*

Penicillin G 4.1 0.0 0.0 5
Amoxicillin 16.4 4.5 26.0 3

Cefotaxime 13.1 9.0 18.4 0

Cefepime 19.7 1.5 42.0 2
Meropenem 49.2 13.4 94.0 5

Levofloxacin 0.8 0.0 2.0 0

Moxifloxacin 0.0 0.0 0.0 0
Trimethoprim- Sulfamethoxazole 63.1 38.8 90.0 5

Clindamycin 98.3 97.1 100.0 5

Erythromycin 98.3 97.1 100.0 5
Chloramphenicol 4.1 5.9 2.0 0

Tetracycline 89.5 88.1 94.0 5

Vancomycin 0.0 0.0 0.0 0
Linezolid 0.0 0.0 0.0 0

Note: *Number of strains is presented instead of percentage when total number is less than 10.
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summarized in Figure 2. The resistance rate of K. pneumoniae to ceftazidime, cefatriaxone and cefepime were 70.2%, 
77.3% and 72.8%. The resistance rate of E. coli to ceftazidime, cefatriaxone and cefepime were 38.5%, 61.9% and 53.1% 
(Table 6). 50.8% of K. pneumoniae and 12.9% of E. coli were found to be resistant to carbapenems (imipenem and/or 
meropenem) (Table 6 and Figure 3). E. cloacae isolates were naturally resistant to ampicillin, amoxicillin-clavulanic 
acid, cefazolin, and cefoxitin. Among the non-fermentative gram-negative bacilli, P. aeruginosa (n=145) and 

Table 6 Antimicrobial Resistance Rate of Enterobacteriaceae Strains

Antimicrobial Agents Klebsiella pneumonia Escherichia coli Enterobacter cloacae

No. of Isolates % Resistant No. of Isolates % Resistant No. of Isolates % Resistant

Ampicillin 309 100.0 286 88.8 65 95.4

Amoxicillin-clavulanic acid 216 51.4 264 54.5 68 94.1
Piperacillin-Tazobactam 189 45.5 71 47.9 51 44.0

Cefoperazone-sulbactam 309 44.0 286 16.1 91 47.3

Cefazolin 309 79.8 286 64.7 91 96.7
Cefuroxime 183 76.1 257 60.7 65 76.9

Ceftazidime 309 70.2 286 38.5 91 51.6

Cefatriaxone 309 77.3 286 61.9 91 51.6
Cefepime 309 72.8 286 53.1 91 49.5

Cefoxitin 275 54.2 277 18.1 65 96.9

Meropenem 309 50.1 286 10.8 91 38.5
Imipenem 309 50.8 286 10.4 91 39.6

Amikacin 309 15.5 286 8.0 91 2.2

Gentamicin 309 40.7 286 38.5 91 27.5
Ciprofloxacin 309 49.2 286 52.4 91 14.3

Trimethoprim- Sulfamethoxazole 309 61.8 286 64.7 91 41.8

Figure 2 Detection rates of ESBL+ strains in Enterobacteriaceae isolates from 2015 to 2019.
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A. baumannii (n=124) were the most frequently observed pathogens. Regarding the antimicrobial resistance of 
P. aeruginosa, the resistance rates against imipenem and meropenem were 22.8% and 26.9%. Meanwhile, 
A. baumannii presented higher resistance rates to most of the test antimicrobial agents. The detection rates of CRPAE 
and CRABA were 26.9% and 54.5%, respectively (Figure 3 and Table 7).

Figure 3 Detection rates of carbapenems-resistant strains from 2015 to 2019. 
Abbreviations: CRKPN, Carbapenem-resistant K. pneumoniae; CRECO, Carbapenem-resistant E. coli; CRABA, Carbapenem-resistant A. baumannii; CRPAE, Carbapenem- 
resistant P. aeruginosa.

Table 7 Susceptibility of Non-Fermentative Gram-Negative Bacilli to Antimicrobial Agents

Antibiotics P. aeruginosa A. baumannii

No. of Isolates % Resistant No. of Isolates % Resistant

Piperacillin 145 11.7 84 42.9

Cefoperazone-sulbactam 145 5.6 – –

Piperacillin- Tazobactam 145 7.5 124 51.6
Ceftazidime 145 13.8 124 54.0

Cefepime 145 12.4 124 53.2

Aztreonam 145 13.8 – –
Imipenem 145 22.8 124 54.5

Meropenem 145 26.9 124 54.5

Amikacin 145 1.4 124 33.1
Gentamicin 145 9.0 124 58.1

Ciprofloxacin 145 2.1 124 36.0

Tobramycin 145 6.2 – –
Ampicillin-sulbactam – – 124 46.8
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Discussion
BSIs can cause serious diseases with high morbidity and mortality all over the world. The global incidence of BSIs 
ranged between 113 and 220 per 100,000 population.6 Data from a recent retrospective study in a tertiary hospital 
indicated that the proportion was as high as 0.65% in China.14 The incidence of BSIs was 2.5% in neonatal patients, 
which was much higher than adults, reported by a children’s medical center in China.15 Since BSIs can lead to systemic 
sep sis and severe multiple organ dysfunction, empirical therapy should be carried out promptly. With the frequent use of 
antibiotics, antimicrobial resistance is becoming more and more serious. Inadequate mastery on bacterial etiology and 
antibiotic resistance patterns may lead to misjudgment in prescribing decisions and further give rise to increased 
healthcare and economic burdens.16 Therefore, surveillance studies focusing on etiology of BSIs and antimicrobial 
susceptibility of corresponding causative microorganisms could provide critical information for physicians.

Our surveillance data revealed that K. pneumoniae (12.1%) was the most prevalent pathogen causing BSIs in 
children, followed by S. aureus (11.5%), E. coli (11.2%), E. faecium (11.2%), and CoNS (9.9%) in our hospital from 
2015 to 2019. These results were different from observations by other studies, in which CoNS was the predominant 
pathogen causing pediatric BSIs.15,17,18 Diagnosis of CoNS dominated BSIs was challenging because of the possible 
contamination of these strains during the process of blood sample collection. In particular, only single blood culture was 
conducted for precarious infants. In this study, CoNS isolates considered as contaminants were excluded, especially for 
those without clinical symptoms of sepsis. Therefore, compared with previous findings of other investigators,15,19 the 
proportion of CoNS strains causing BSIs was relatively lower in our study. In spite of this, the pathogen spectrum of 
major bacterial strains in our study was consistent with the results reported in other literature.19,20 However, due to 
differences in economic, climate, and medical conditions, the distribution of pathogens causing BSIs varied from region 
to region across the whole world.5,21

Our results demonstrated that gram-positive bacteria were the most common pathogens, accounting for 54.6% of BSIs 
episodes. Most of the gram-positive organisms causing BSIs were staphylococci. The proportions of MRSA and MRCNS 
were 30.0% and 81.7%, respectively. Both MRSA and MRCNS were associated with substantial morbidity and mortality, 
leading to severe hospital and community acquired infections.22,23 In our study, the proportion of MRSA was 30.0%, 
which was consistent with the data reported by China Antimicrobial Resistance Surveillance System. However, in North 
America and Switzerland, the MRSA proportions were much lower than our results.17,24 The high resistance of MRSA to 
antimicrobial agents has brought significant challenges to clinicians. Antimicrobial resistance surveillance and sufficient 
precautions should be strictly carried out in treating MRSA-infected patients, in order to prevent the spread of MRSA.25 

Additionally, we found that CoNS strains presented even higher resistance to multiple antibiotics than S. aureus. Based 
on our data, all of the staphylococcus isolates were sensitive to vancomycin. Therefore, it was effective for vancomycin 
in dealing with MRCNS and MRSA cases.

In our 5-year study, the annual isolation rate of Enterococcus in blood was relatively stable. The annual isolation rate 
of E. faecium was 12.2%, 11.2%, 10.4%, 11.0%, and 8.2%. Meanwhile, the annual isolation rate of E. faecalis was 6.0%, 
5.2%, 6.2%, 5.4%, and 5.4%, respectively. E. faecium had distinct antibiotic resistance patterns compared with 
E. faecalis. Therefore, clinicians should select appropriate antibiotics on the basis of identification and results of the 
antimicrobial susceptibility test.

S. pneumoniae, one of the main etiological agents causing infections in children, accounted for 4.8% of the BSIs 
episodes. In our study, the detection rates of PRSP and PISP in S. pneumoniae, were 4.1% and 41.0%. Several factors 
contributed to the high rate of PRSP and PISP in our hospital. Many hospitalized children with complex and severe 
clinical symptoms had experienced empiric therapy in primary or secondary hospitals before admitting to our hospital. 
Inappropriate antibiotic therapy in primary and secondary hospitals potentially precipitated the emergence of multi-drug 
resistant bacteria prior to clinical treatment by tertiary hospitals. Therefore, the unsusceptibility of S. pneumoniae to 
penicillin and other β-lactam antibiotics has been increasing in recent years, exhibiting severe multiple drug resistance.26

In our research, K. pneumoniae was the most commonly identified pathogen. In a recent study on mortality caused by 
bloodstream infections in Korea, K. pneumoniae was found to be the leading frequently isolated pathogen, emphasizing 
the importance of this microbe in provoking BSIs.27 The frequencies of ESBL-producing K. pneumoniae and E. coli 
isolates were increasing all over the world.28–30 As shown in our surveillance data, both the frequencies of ESBL- 
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producing K. pneumoniae and ESBL-producing E. coli moderately decreased in recent years, which was similar with the 
result from other medical units in China,8 and the data from China Antimicrobial Resistance Surveillance System 
(CARSS).31 This finding may be associated with the strategies of China implemented to controlling the transmission of 
MDR infections. Medical institutions have actively implemented national policies on the rational use of antibiotics and 
strengthened hospital infection control. Among K. pneumoniae and E. coil isolates, the resistance rates of ESBL- 
producing stains to the antibiotics tested were significantly higher than those bacilli without producing ESBL, especially 
for carbapenems and third-generation cephalosporins. Interestingly, in terms of E. coli isolates, the resistance rate to 
cefepime (the fourth generation) was significantly higher than to ceftazidime (the third generation). The specific 
molecular mechanism for this phenomenon was not clear and further studies were being carried out in progress.

With the increase of infections caused by ESBL-producing Enterobacter, carbapenems were extensively used in 
clinical settings, resulting in the emergence of carbapenem-resistance-Enterobacter (CRE). The infection of CRE has 
become one of the top serious problem in the global anti-infection area due to limited therapy options. In an EuSCAPE 
study, the incidence of CRKPN and CRECO increased from 0.124 per 1000 admissions in 2013 to 0.223 per 1000 
admissions in 2014.32 In our study, the incidence of CRE was increasing from 21.6% to 41.4% steadily, meanwhile, 
CRKPN exhibited substantial increase from 31.3% to 56.2%. Our retrospective data showed that the total proportion of 
CRE isolated from ICU, hematology department and infection department had amount to 78.0% (data not shown). The 
patients in these departments were associated with poor physical conditions, prolonged use of broad-spectrum antibiotics, 
indwelling catheters, and deep venous intubation. All of these were risk factors of CRE acquisition.33 The highest 
resistance rate to carbapenems (91.7%) was observed in A. baumannii in 2018 (Figure 3). Fortunately, our results 
demonstrated a sharp decrease in the proportion of CRPAE, from 50.0% in 2015 to 9.1% in 2019 (Figure 3). Horikoshi 
et al reported that the stable reduction of carbapenem utilization in pediatric patients was associated with the significant 
decrease in resistance of P. aeruginosa to meropenem.34,35 Although most of the E. coli strains were still susceptible to 
carbapenems, the resistance of CRECO has been increased, from 5.8% in 2015 to 15.9% in 2019 (Figure 3). 
Conclusively, the frequency of CRE has been greatly increasing, leading to high hospitalizing costs and poor therapeutic 
outcomes. Therefore, much more attention should be paid to medical care of CRE-infected patients, such as screening, 
quarantine, strict disinfection of every aspect of medical treatment, and limited use of certain antimicrobial agents.28,36

The distribution of pathogens causing BSIs and their antibiotic resistance patterns were very complicated and serious 
in our hospital, probably due to more admissions of pediatric patients with serious conditions. As for sepsis or septic 
shock, delayed medical treatment was associated with a significant increase in mortality rate.37 Therefore, emergent 
adequate antimicrobial therapy was crucial to improve the patient’s physical conditions and prognosis. The initial 
antimicrobial agents selected should cover all the potential pathogenic microbes.38,39 In our hospital, the combination 
of vancomycin and meropenem/cefoperazone-sulbactam was the possible choice for empirical medication on patients 
with sepsis or septic shock. For suspected BSIs, clinicians would first evaluate potential sources of infection and then 
select the initial antibacterial agents. In emergency and ward, clinicians gave priority to ceftriaxone, cefoperazone- 
sulbactam, and meropenem. It was important for clinicians to keep track of the results of bacterial identification and drug 
sensitivity test, to further choose appropriate narrow-spectrum antibiotics.

This study had several limitations. First, it was a retrospective study on etiology and drug resistance patterns of 
pediatric bloodstream infections based on data collected from a single tertiary pediatric hospital, inapplicable to other 
situations in community settings or in primary and secondary hospitals. Second, detailed clinical data and treatment 
before enrollment was not fully and accurately collected in this study. Therefore, comparison between community- 
acquired and hospital-acquired infections was not carried out in our study. Third, only one site of blood was collected 
from children under one-month-old, some suspicious strains could not be determined as contaminated bacteria or 
pathogenic bacteria. In this situation, whether it was bloodstream infections could only be diagnosed by clinicians.

Conclusions
Our 5-year study revealed the characteristics of bloodstream infections and antibiotic resistance patterns in a tertiary 
pediatric hospital in Beijing. K. pneumoniae was the most important pathogens causing pediatric BSIs in gram-negative 
bacteria, followed by E. coil, P. aeruginosa and A. baumannii. At the same time, S. aureus represented the major 
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pathogen in gram-positive bacteria followed by Enterococcus faecium, Coagulase-negative staphylococci and 
Enterococcus faecalis. In resistance patterns, all the gram-positive bacteria (including MRSA, MRCNS, enterococcus 
and PRSP) were susceptible to vancomycin. Only one E. faecium and two E. faecalis were resistant to linezolid. In 
Gram-negative bacteria, the resistance rates of E. coil, K. pneumoniae, P. aeruginosa and A. baumannii to carbapenems 
were 10.8%, 50.8%, 26.9% and 54.5%, respectively. Disclosure of the distinct resistance profiles could help to avoid the 
irrational use of antibiotics and reduce antimicrobial resistance.

Abbreviations
BSIs, bloodstream infections; CRECO, Carbapenem-resistant E. oli; CRKPN, Carbapenem-resistant Klebsiella pneumo-
niae; PRSP, penicillin-resistant Streptococcus pneumoniae; PISP, penicillin-intermediate Streptococcus pneumoniae; 
CoNS, Coagulase negative staphylococci; MRSA, Methicillin resistant Staphylococcus aureus; MRCNS, Methicillin 
resistant coagulase negative Staphylococcus; ESBL, Extended-Spectrum β-Lactamases; CRABA, Carbapenem-resistant 
A. baumannii; CRPAE, Carbapenem-resistant Pseudomonas aeruginosa.
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