Pattern of antimicrobial resistance in bloodstream isolates from Chinese neonates
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INTRODUCTION

Antimicrobial resistance (AMR) is a public health problem worldwide, and increasing numbers of neonates and children with serious bacterial infections due to highly resistant bacteria are now being reported.1 In 2014, the World Health Organization (WHO) pointed out as the prevalence of multidrug-resistant (MDR) pathogens is under-reported in many areas of the world, especially in lower and middle-income countries (LMICs).2 In spite of the global halving of child deaths over the past two decades, neonatal mortality is still extremely high, with an estimated 2.9 million deaths every year, 23% of which directly due to infections.


3 ADDIN EN.CITE  In 2016, Laxminarayan et al. provided the first estimated number of neonatal deaths attributable to antimicrobial-resistant sepsis in five countries accounting for 52% of global neonatal sepsis deaths (India, Pakistan, Nigeria, the Democratic Republic of Congo, and China).


4 ADDIN EN.CITE  Based on this estimate, around 214,000 neonatal deaths due to MDR pathogens have been predicted every year globally, counting for 31% of all neonatal sepsis deaths worldwide.
 ADDIN EN.CITE 
4,5

China has made remarkable progress in reducing under-5 mortality rates in the past decades due to rapid economic growth, rising maternal education and empowerment, and enhancement of health policies (antenatal care, in-hospital birth, and immunisation programmes).


6,7 ADDIN EN.CITE  However, AMR is now a public health threat in China.


8 ADDIN EN.CITE  In 2015, the Chinese Academy of Sciences reported that the total antibiotic usage in China in 2013 accounted for about half of the antibiotic usage worldwide.9 WHO’s Pocketbook of Hospital Care for Children provides clinical guidelines for the management of suspected neonatal sepsis (0-2 months) in resources-limited countries with ampicillin (or penicillin) and gentamicin.10 Chinese national guidelines currently recommends ampicillin and cefotaxime as empiric regimen to treat neonates with suspected sepsis.11
There is very limited information on AMR rates in neonates in China. Data are often published in local databases, therefore hampering its global dissemination. The aims of this study were (i) to review the rates of AMR patterns for bloodstream isolates from Chinese neonates and (ii) to estimate the likely efficacy of WHO’s and Chinese national guideline’s first-line treatment recommendations on selected pathogens.

METHODS

Search strategy and selection criteria

Embase (Embase 1996 to 2016 Week 36), Medline (Ovid MEDLINE(R) without Revisions 1996 to August Week 4 2016), and the Chinese language only China National Knowledge Infrastructure (CNKI) databases were systematically searched using a strategy combining MeSH and free text terms for "China" AND "Neonates" AND "Antimicrobial resistance" AND "Blood Culture". The CNKI is a comprehensive national information platform and has become the largest and mostly used academic online library in China (www.cnki.net). The search was limited to the period between the 1st of January 2000 and the 28th of August 2016. The full strategy is available as Supplementary Material.

Studies published in English or Chinese languages were selected. Studies were included if reporting data on (i) blood culture (BC) isolates (ii) from neonates 0-28 days of life, and (iii) with antimicrobial susceptibility pattern. Studies reporting less than 20 isolates or data collected during outbreaks were excluded. Papers not providing data on neonates separately have been excluded. Data have been extracted for the following pathogens of interest: Staphylococcus aureus, Coagulase-negative Staphylococci (CoNS), Enterococcus spp, Klebsiella spp, Escherichia coli, Pseudomonas spp, and Acinetobacter spp. 

Data on study characteristics, Chinese region, total number of isolates and babies, number of BC taken and proportion of positive BC, proportion of resistance for selected antibiotics for the pathogens of interest was extracted by a single author (JZ), according to pre-specified criteria. In case of doubts, these were resolved in discussion with two other authors (LF and YH).

Statistical analysis

Proportions for the pathogens of interest, as well as median and interquartile (IQR) ranges of resistance rates for the selected pathogens to recommended antibiotics, have been calculated.


12 ADDIN EN.CITE  To facilitate the analysis, data for different CoNS have been grouped together. 

The susceptibility of individual pathogens to specific antibiotics, weighted for the number of isolates reported in each study, was calculated. Pathogens and antimicrobial susceptibility data have been combined together to estimate the efficacy of WHO’s and Chinese national guideline’s first-line recommended treatments.

RESULTS

Study selection and description

Our search identified 551 papers. Among them, 108 papers fulfilling our inclusion and exclusion criteria were selected and included in the final analysis. 346 papers were excluded based on title or abstract, and 86 were excluded on full text (Figure 1).  Only two papers were published in English, the other 106 were retrieved and selected from the Chinese database. References for the included studies have been translated in English and are available as Supplementary Material. 86 studies were conducted in tertiary care centres (79.6%) whereas 22 published data collected in secondary care centres (20.4%). More than half studies (53/108, 49.1%) reported data from the Middle Region (including the provinces of Beijing, Tianjin, Hebei, Shanxi, Neimenggu, Hubei, Hunan, Henan, Jiangxi, Guangdong, Guangxi, and Hainan), 40 studies (37.0%) from the East (including Shandong, Jiangsu, Anhui, Zhejiang, Fujian, Shanghai, Liaoning, Jilin, and Heilongjiang), and 15 (13.9%) from the West Region (including Ningxia, Xinjiang, Qinghai, Shanxi, Gansu, Sichuan, Yunnan, Guizhou, Xizang, and Chongqing) (Table 1). 

Pathogens identification

Overall, data on 16,739 isolates were analysed. The total number of BC taken was reported only by 49 studies out of 108, for a total of 113,884. Among them, the median positive BC rate was 12.4% (IQR 7.1%-19.5%) (Table 1).

The distribution of pathogens is presented in Table 2. The proportion of Gram-positives outnumbered the Gram-negatives’ (86.4% vs 13.6%). This was mainly due to the high number of CoNS (11,906/16,739 isolates, 71.1%). Due to the lack of clinical data, it was not possible to establish the proportion of CoNS that were true pathogens from those that were contaminants. S. aureus was the second most frequently isolated Gram-positive, accounting for 11.2% of the reported isolates. Among Gram-negatives, E. coli was found to be the most common isolate (6.2%), followed by Klebsiella spp (5.1%) and Enterobacter spp (1.1%) (Table 2).

Resistance of isolated pathogens

Among Gram-positives, 60.5% of S. aureus (IQR 48.6%-75%) were oxacillin-resistant (MRSA) and  14.6% (IQR 7.7%-25.0%) were resistant to vancomycin (Table 3). Resistance for S. aureus was very high also to penicillin (100%, IQR 90.0%-100.0%), erythromycin (75%, IQR 60.0%-91.7%), amoxicillin-clavulanate (50.0%, IQR 11.1%-57.1%), and clindamycin (50.0%, IQR 26.4%-77.8%). Even higher resistance rate were reported for CoNS, with 81.7% oxacillin-resistance (IQR 69.2%-90.3%), 94% to penicillin and ampicillin (IQR 92.6%-100% and 88.2%-96.3%, respectively), and 80% of resistance to erythromycin (IQR 72.8%-88.3%). Resistance of Enterococcus spp. to vancomycin was reported in less than 3 studies, and it was not possible to calculate its median rate. However, 94.2% of the reported isolates were resistant to penicillin (IQR 58.8%-100%), 81.3% to ampicillin (IQR 43.5%-100%), and 73.9% to erythromycin (IQR 63.0%-88.4%). Resistance to linezolid was reported only from 2 studies and only for CoNS.

Resistance rates for Gram-negative bacteria are reported in Table 4. For Klebsiella spp., 69.2% of the isolates were resistant to cefotaxime (IQR 40.0%-88.9%), 68.3% to ceftriaxone (IQR 45.0%-83.0%), 60.8% to ceftazidime (IQR 42.0%-81.8%), and 69.0% to aztreonam (IQR 50.0%-81.8%). Resistance to meropenem was reported in 7.7% of the isolates (IQR 7.6%-54.5%). 64.3% of Enterobacter spp. were resistant to ceftriaxone (IQR 26.7%-75.0%), 50.0% to ceftazidime (IQR 38.7%-75.0%), and 40.0% to aztreonam (IQR 38.7%-75.0%). For E. coli, 87.5% of resistance to ampicillin (IQR 66.7%-100.0%), 52.8% to cefotaxime (IQR 35.4%-65.8%), and 50.0% to ceftriaxone (IQR 30.0%-64.2%). Less than 3 studies reported resistance of E. coli to meropenem, but resistance to imipenem was reported for 7.4% of the isolates (IQR 4.7%-23.8%). Only 4 studies reported data on A. baumannii; among them, 100% of resistance was reported to ampicillin, cefazolin, ceftazidime, and piperacillin-tazobactam. 39.2% of resistance to ceftazidime (IQR 27.3%-60.0%) was reported for P. aeruginosa, 53.8% to piperacillin-tazobactam (IQR 27.3%-66.7%), and 45.5% to aztreonam (IQR 20.0%-100.0%). None of the included studies reported resistance rates for tigecyclin or colistin for the selected Gram-negatives.

Overall, resistance of Gram-positives ranged between 37%-63% for WHO and 39%-56% for Chinese empiric neonatal sepsis guidelines. Among Gram-negatives, the median resistance against ampicillin ranged between 87% and 100%, with resistance to gentamicin and cefotaxime ranging between 27%-37% and 52%-69%, respectively. 

DISCUSSION

This systematic review included 108 studies on AMR in bloodstream isolates from septic neonates in China. Among them, only two papers were published in English. A reasonable proportion of this data was collected in secondary care centres (20.4%). Data on 16,739 isolates were analysed. Among Gram-positives, 60.5% of S. aureus (IQR 48.6%-75.0%) were oxacillin-resistant (MRSA). Among Gram-negatives, resistance to meropenem was around 7%, with resistance to 3rd-generation cephalosporins ranging between 50% and 70%. Resistance rates for colistin have not been reported for the selected Gram-negatives in the included studies. Very high rates of resistance to first-line WHO and Chinese treatments have been identified. 

The amount of data published in Chinese local databases is considerable, and this study represents the most comprehensive analysis of AMR in neonatal bloodstream infections in China. So far, only few papers have been published on this topic in International journals, therefore limiting the spread of Chinese data in the scientific community worldwide. In 2016, a high rate of antibiotic resistant pathogens was detected in a cohort of 133 neonates admitted for neonatal sepsis to the largest mother and child hospital in southwest China.


13 ADDIN EN.CITE  As in our review, CoNS, E. coli, K. pneumoniae, and S. aureus were the most commonly isolated pathogens, with very high rate of resistance to methicillin/oxacillin (100% of MRSA and 87.5% of CoNS) and more than 70% of resistance to 3rd-generation cephalosporins among Gram-negatives. Another study, aiming to identify trends in the epidemiological changes and patterns of AMR in neonatal sepsis over a 25-year period in one of the largest neonatal units in China, highlighted a high-degree resistance to common first- and second-line antimicrobials (ampicillin, gentamicin, and cephalosporins) for the main causative neonatal sepsis pathogens.


14 ADDIN EN.CITE   Data published last year on about 25,000 blood isolates from the China surveillance of antimicrobial resistance programme in 2013, comprising 208 hospitals located in all seven administrative regions of China, showed as the highest prevalence of AMR was found in the paediatric and neonatal groups, especially for carbapenems.


15 ADDIN EN.CITE  
The main strengths of our review are that this is the first study that focussed on neonatal sepsis data published using Chinese language local databases, and represents the most comprehensive analysis of AMR in neonatal bloodstream infections in China. The large number of selected papers and included isolates make these findings robust, and underline how the publication in local languages of this data, critical at global level for policy makers and health organisations, strongly hamper their global dissemination and possible exploitation. On the other hand, this data has several potential biases and limitations. Firstly, 80% of the data was collected from tertiary care centres, where neonates have longer hospital stay and high complexity, often requiring prolonged antibiotic treatment. Secondly, most studies were laboratory-based, with virtually absent clinical information. The patient-level data and clinical presentations were not reported at all in the most of included studies. Moreover, antimicrobial efficacy in vitro may differ from efficacy in vivo in absence of clinical outcome data. Due to the lack of information provided by the authors, it was not possible to determine if these infections were community- or hospital-acquired. Third, as limited patient-level data were reported and most studies provided limited data on sample selection criteria we could not exclude reporting on repeated blood cultures from the same baby, Fourth, the aseptic techniques and blood culture collection procedures were not adequately reported in most studies. Also, the information on laboratory guidelines (i.e. EUCAST/CLSI) to define breakpoints were not reported (although Chinese microbiology laboratories usually follow CLSI methodology). Lastly, the high heterogeneity in data reporting and in the selection of antibiotics to which each pathogen was tested against could have affected our results.
The CHINET surveillance system was organized in 2005 to gather temporal trends on bacterial epidemiology and resistance from multiple laboratories in China, and indicates the importance of conducting long-term bacterial surveillance studies.


16 ADDIN EN.CITE  However, it is very important to differentiate these trends between rural and high-level care in order to design appropriate guidelines according to the local epidemiology. At the same time, data on clinical outcomes are mandatory to ensure the best management of these babies with easy-to-implement strategies. The optimal empiric treatment for neonatal sepsis in high AMR settings is currently unknown. Strategic trials of older antibiotics and regulatory trials of new antibiotics are required to define the best available and affordable treatment, especially in low-middle-income settings. 
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Figure 1: Flowchart and study selection
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Table 1: Summary of the characteristics of the included studies

	
	Number (%)

	Total number of studies
	108

	Level of Hospital Care
	

	Tertiary centre
	86 (79.6)

	Secondary centre
	22 (20.4)

	Studies by region
	

	East (E, NE)
	40 (37.0)

	Middle (N, M, S,)
	53 (49.1)

	West (NW, SW)
	15 (13.9)

	Total number of BC*
	16,739

	Total Gram-positives
	14,476

	Total Gram-negatives
	2,263

	Positive BC median rate % (IQR)
	12.4% (7.1%-19.5%)


Abbreviations: BC, blood culture; IQR, interquartile range. *Blood cultures were positive for the selected pathogens.

Table 2: Distribution of reported pathogens

	Pathogen
	Number of isolates (%)

	Gram positives
	14,476

	Coagulase negative Staphylococci
	11,906 (71.1) 

	Staphylococcus aureus
	1,888 (11.2)

	Enterococcus spp
	682 (4.0)

	Gram negatives
	2,263 

	Escherichia coli
	1,038 (6.2)

	Klebsiella spp
	862 (5.1)

	Enterobacter spp
	178 (1.1)

	Acinetobacter baumannii
	81 (0.5)

	Pseudomonas aeruginosa
	58 (0.3)

	Proteus spp
	39 (0.2)

	Citrobacter spp
	7 (0.04)

	TOTAL
	16,739


Table 3:  Antimicrobial susceptibility results of Gram-positive bacteria in Chinese neonates from the included studies
	 
	Staphylococcus aureus

(N 1,888)
	CoNS

(N 11,906)
	Enterococcus spp.

(N 682)

	Penicillin
	100% (90.0%-100.0%)

[n=71]
	94.5% (92.6%-100%)

[n=96]
	94.2% (58.8%-100%)

[n=27]

	Ampicillin
	98.2% (85.7%-100.0%)

[n=18]
	94.4% (88.2%-96.3%)

[n=26]
	81.3% (43.5%-100%)

[n=12]

	Erythromycin
	75% (60.0%-91.7%)

[n=66]
	80.0% (72.8%-88.3%)

[n=90]
	73.9% (63.0%-88.4%)

[n=32]

	Amikacin
	37.5% (15.0%-55.6%)

[n=13]
	22.6% (4.4%-88.3%)

[n=14]
	47.2% (28.8%-74.8%)

[n=4]

	Gentamicin
	47.4% (25.0%-57.7%)

[n=41]
	37.5% (26.9%-47.9%)

[n=75]
	63.2% (28.6%-81.8%)

[n=17]

	Cefotaxime
	47.6% (33.5%-74.0%)

[n=12]
	38.9% (24.1%-53.8%)

[n=15]
	55.6% (37.5%-68.2%)

[n=5]

	Ceftriaxone
	35.4% (29.4%-75.3%)

[n=10]
	40.2% (26.9%-87.8%)

[n=15]
	NA

	Cotrimoxazole
	46.6% (27.8%-60.0%)

[n=43]
	60.4% (45.4%-67.8%)

[n=73]
	50.0% (33.3%-78.6%)

[n=10]

	Ciprofloxacin
	30.0% (19.8%-50.0%)

[n=34]
	28.8% (18.3%-40.8%)

[n=55]
	29.3% (17.5%-50.0%)

[n=14]

	Amoxicillin-clavulanate
	50.0% (11.1%-57.1%)

[n=7]
	50.0% (21.7%-61.9%)

[n=8]
	NA

	Clindamycin
	50.0% (26.4%-77.8%)

[n=44]
	40.6%(28.4%-55.4%)

[n=62]
	59.2% (21.8%-71.6%)

[n=12]

	Vancomycin
	14.6% (7.7%-25.0%)

[n=3]
	6.2% (3.8%-6.5%)

[n=5]
	NA

	Teicoplanin
	5.7% (3.4%-10.3%)

[n=3]
	3.9% (1.8%-8.2%)

[n=9]
	NA

	Piperacillin/tazobactam
	20.8% (15.8%-66.7%)

[n=6]
	36.5% (15.6%-76.9%)

[n=6]
	48.3% (27.5%-83.3%)

[n=4]

	Oxacillin 
	60.5% (48.6%-75%)

[n=56]
	81.7% (69.2%-90.3%)

[n=83]
	59.1% (42.9%-87.5%)

[n=19]


*N: number of isolates; NA: not applicable (< 3 studies). Data is presented in the form median, (Inter quartile range: Q1-Q3), [n=number of studies].

Table 4: Antimicrobial susceptibility results of Gram-negative bacteria in Chinese neonates from the included studies 
	
	Klebsiella spp.

(N 862)*
	Enterobacter spp.

(N 178 )
	Escherichia coli

(N 1,038 )
	Acinetobacter baumannii

(N 81)
	Pseudomonas aeruginosa

(N 58)

	Ampicillin
	100% (100%-100%)

[n=36]
	86.7%(75.0%-100.0%)

[n=9]
	87.5%(66.7%-100.0%)

[n=40]
	100.0%(91.7%-100.0%)

[n=4]
	100.0% (91.7%-100.0%)

[n=4]

	Cefazolin
	75.0% (66.7%-88.9%)

[n=30]
	71.6% (49.2%-100.0%)

[n=8]
	59.0% (40.8%-76.4%)

[n=32]
	100.0% (66.7%-100.0%)

[n=4]
	95.5% (78.8%-100.0%)

[n=4]

	Cefotaxime
	69.2% (40.0%-88.9%)

[n=27]
	60.0% (35.7%-80.0%)

[n=7]
	52.8% (35.4%-65.8%)

[n=32]
	NA
	66.7% (66.7%-69.2%)

[n=5]

	Cefepime
	66.7% (45.0%-80.0%)

[n=25]
	50.0% (25.0%-60.0%)

[n=5]
	47.7% (25.0%-55.6%)

[n=26]
	NA
	27.3% (25.0%-60.0%)

[n=3]

	Ceftriaxone
	68.3% (45.0%-83.0%)

[n=16]
	64.3% (26.7%-75.0%)

[n=3]
	50.0% (30.0%-64.2%)

[n=21]
	NA
	100.0% (66.7%-100.0%)

[n=3]

	Cefperazone
	14.3% (6.3%-20.9%)

[n=12]
	NA
	20.0% (13.4%-23.9%)

[n=12]
	NA
	27.3% (25.0%-100.0%)

[n=3]

	Ciprofloxacin
	16.0% (11.6%-23.2%)

[n=20]
	26.8% (22.5%-34.3%)

[n=4]
	25.0% (16.7%-66.7%)

[n=30]
	NA
	NA

	Ceftazidime
	60.8% (42.0%-81.8%)

[n=36]
	50.0% (38.7%-75.0%)

[n=9]
	42.9% (25.0%-57.1%)

[n=39]
	100.0% (80.0%-100.0%)

[n=3]
	39.2% (27.3%-60.0%)

[n=6]

	Amikacin
	13.3% (8.4%-24.4%)

[n=12]
	NA
	25.0% (11.0%-33.6%)

[n=12]
	NA
	NA

	Gentamicin
	27.5% (16.7%-47.5%)

[n=28]
	37.5% (25.0%-64.3%)

[n=3]
	28.2% (17.4%-47.7%)

[n=32]
	NA
	NA

	Chloramphenicol
	NA
	NA
	33.3% (33.3%-33.3%)

[n=3]
	NA
	NA

	Piperacillin-tazobactam
	22.5% (14.3%-71.4%)

[n=22]
	9.7% (6.7%-50.0%)

[n=3]
	23.8% (12.5%-75.0%)

[n=13]
	100.0% (80.0%-100.0%)

[n=3]
	53.8% (27.3%-66.7%)

[n=5]

	Cotrimoxazole
	50.0% (31.3%-65.0%)

[n=22]
	46.7% (40.0%-50.0%)

[n=5]
	56.3% (46.7%-77.3%)

[n=25]
	NA
	NA

	Aztreonam
	69.0% (50.0%-81.8%)

[n=18]
	40.0% (38.7%-75.0%)

[n=5]
	30.0% (21.7%-63.6%)

[n=19]
	NA
	45.5% (20.0%-100.0%)

[n=3]

	Imipenem
	12.5% (3.8%-46.4%)

[n=4]
	NA
	7.4% (4.7%-23.8%)

[n=4]
	NA
	NA

	Meropenem
	7.7% (7.6%-54.5%)

[n=3]
	NA
	NA
	NA
	NA

	Amoxicillin-clavulanate
	26.7% (13.3%-37.5%)

[n=6]
	NA
	25.0% (17.9%-28.6%)

[n=5]
	NA
	NA


*N: number of isolates; NA: not applicable (< 3 studies). Data is presented in the form median, (Inter quartile range: Q1-Q3), [n=number of studies]. 
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