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Purpose: Significant antibiotic overuse due to prolonged antibiotic duration has not draw enough attention in developing countries
with high antibiotic consumption. We aimed to describe the current status of prolonged early antibiotic duration in very-low-birth-
weight (VLBW) infants in a large regional multicenter cohort in China.
Patients and Methods: Institution-based prospective cohort study was conducted in all VLBW infants admitted to 16 Grade
A tertiary hospitals between January 1, 2019 and December 31, 2020. Early antibiotic use was defined as antibiotic initiation within
the first 3 days of life. Prolonged early antibiotic course was defined as early antibiotic initiation for more than 7 days in infants with
early-onset sepsis (EOS) or more than 3 days in infants with unlikely EOS. Antibiotic use was described as days of therapy (DOT) per
1000 patient days (PD).
Results: Among 1684 eligible VLBW infants, 1544 (91.7%) infants were prescribed with prolonged early antibiotic course, including
618 infants with EOS and 926 infants with unlikely EOS. The median duration of early antibiotic course was 13 (IQR 8;20) days, with
78.0% of courses >7 days and 43.6% of courses >14 days. Total early antibiotic use was 408.3DOT/1000Pd, of which prolonged
antibiotic courses accounted for 98.2% of all antibiotic use days. More than three antibiotics used, escalation antibiotic therapy,
antibiotics for special use and the use of third generation cephalosporins and carbapenems were significantly common in prolonged
courses compared to short courses in both infants with EOS and unlikely EOS group (P<0.05).
Conclusion: A large proportion of VLBW infants had excessively prolonged early antibiotic durations in the regional multicenter in
China. Timely discontinuation of antibiotics in VLBW infants according to standardized guidelines and limit on the use of third-
generation cephalosporins and carbapenems may be key drivers in reducing the antibiotic overuse in developing countries like ours.
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Introduction
Neonatal early-onset sepsis (EOS) is defined as a systemic infection occurring within the first 72h of life,1 causing
significant morbidity and mortality worldwide, particularly among very-low-birth-weight(VLBW) infants.2,3 However,
due to nonspecific clinical presentation, low predictive value of biomarkers and unreliable blood culture, it is difficult to
rule out EOS immediately therefore clinicians often initiate early antibiotic treatment in VLBW infants after birth.4

Especially in developing countries with overcrowding, high infection and antimicrobial resistance burden, clinicians
while more likely to prolong antibiotic use are often reluctant to stop it, often leading to prolonged duration of early
antibiotic use in VLBW infants, even in infants with unlikely sepsis.5

It is well documented that excessively prolonged antibiotic duration is the major reason for overuse of antibiotics in
preterm infants.6,7 Prolonged or unnecessarily early antibiotic use in VLBW infants can cause intestinal dysbiosis and has
been associated with increased risk of serious neonatal mortality, morbidities and neurodevelopmental impairment.8

Besides, overuse of third generation cephalosporin and carbapenems can increase the risk of infection with multi-
resistant bacteria and even ‘superbugs’, which is also an ongoing major global public threat.9

In recent years, antibiotic stewardship programs (ASPs) in neonates in high-income countries have made great effort
in reducing antibiotic duration by standardizing antibiotic use for infection.10 Common guidelines for EOS suggest
stopping antibiotic use in infants with unlikely sepsis within 36–72h hours after birth11,12 and limiting the antibiotic
course of EOS to 5~7 days.11,13 This has lead to a significant decrease in the rate of prolonged antibiotic duration for
VLBW infants over time.4 Only 26.5% of VLBW infants received early antibiotic use for more than 5 days in 297
hospitals across the United States from 2009 to 2015 and 55% of VLBW infants received early antibiotic use for more
than 4 days in Canadian Neonatal Network from 2010 to 2014.14 As the most priority focused antibiotic resistance region
in the World Health Organization (WHO), overuse of antibiotics is common in China, and is more serious in VLBW
infants. But data on early antibiotic use in VLBW infants is scarcely recorded in China. The objective of this study was to
comprehensively describe the prolonged early antibiotic duration for VLBW infants with EOS and unlikely EOS in
a large multicenter cohort of regional China so as to provide bench-marking data to promote the neonatal-specific ASP in
China and in countries with similar situations.

Materials and Methods
Study Design, Period and Area
This multicenter, prospective cohort study was conducted in all VLBW infants admitted to 16 Grade A tertiary hospitals
between January 1, 2019 and December 31, 2020 from the Sino-northern Neonatal Network (SNN) database. Starting
from 2018, we established a prospective cohort of Chinese Adverse Prognosis of Very Preterm infants’ cohort based on
SNN database. SNN is a large, comprehensive administrative database of preterm inpatients with birth weight (BW)
<1500g or gestational age (GA) <32 weeks from tertiary hospitals across 6 provinces and autonomous regions in northern
China.15 Sixteen Grade A tertiary hospitals caring for more than 30 VLBW infants per year were included in this study.
Of these hospitals, 14 were located in Shandong province (from which 7 major cities were involved), one tertiary hospital
from Hebei province and the other from the Inner Mongolia Autonomous Region.

Study Population
Infants with BW<1500 g who were born in the participating hospitals were included in the study. The exclusion criteria
were as follows: infants without early antibiotic use; infants who were admitted to the participating hospital for less than
7 days.

Data Collection and Quality Management
The perinatal information, and information related to the demographics of the infants that have been associated with
neonatal infection and antibiotic use were all prospectively collected in SNN database, including GA, BW, Apgar score at 5
min of life, Neonatal Acute Physiology version II (SNAP-II) scores, perinatal risk factors, abnormal clinical presentation at
the start of antibiotic therapy, laboratory tests, diagnoses, ventilator support mode, drug data (drug names, classes, the
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reason(s) for its initiation and dates), length of stay, morbidity and mortality. The aforementioned data sets were collected
and transmitted by trained research staff utilizing a standardized manual of operations from each site to the coordinating
center in Jinan, Shandong Province, China, and was audited by senior physicians.

Operational Definitions
Antibiotics for systemic use except for anti-fungal agents were included in this study. Days of therapy (DOT) was defined
as accumulated days of systemic antibiotic therapy.16 DOT per 1000 Patient days (Pd) for early antibiotic use is
calculated by dividing DOT by the total patient-days of follow-up and multiplying it by 1000. Early antibiotic use
was defined as antibiotic initiation within the first 3 days of life.4 Prolonged early antibiotic course was defined as early
antibiotic initiation for more than 7 days in infants with EOS or more than 3 days in infants with unlikely EOS.11,17

Antibiotics for special use were antibiotics including fourth generation cephalosporins, carbapenems and glycopeptides,
based on their clinical effects and safety, which were predefined by the Chinese Ministry of Health.18 Perinatal risk
factors for EOS were defined according to the American Academy Pediatrics (AAP) guidelines regarding management
for suspected EOS: maternal cervical incompetence, preterm labor, GBS positivity, premature rupture of membranes
more than 18h, chorioamnionitis, acute onset of unexplained non-reassuring fetal status.12 Multidrug-resistant (MDR)
bacteria was defined as non-susceptibility to at least one agent in three or more antimicrobial categories.19

Our definition of neonatal sepsis was formulated with consideration to Chinese consensus of diagnosis.14,17 Neonatal
EOS is defined as a systemic infection occurring within the first 72h of life by the following simultaneous presence: 1)
clinical manifestations of newborn infection (according to≥1 items): respiratory distress, apnea; tachycardia or brady-
cardia; systemic hypotension or hypoperfusion; hypothermia or fever (T>38.5°C or <36°C); convulsion, hypotonia,
irritability or lethargy; feeding intolerance or intestinal obstruction; 2) Abnormal non-specific infection index (according
to ≥1 items): WBC<5×10^9/L, or WBC increased (>30×10^9/L); CRP≥10 mg/l; 3) antibiotics used or intended for use
≥5 days; If the blood or cerebrospinal fluid culture is positive, then it is diagnosed as proven EOS. Unlikely EOS is
defined as an infant with perinatal risk factors or abnormal clinical manifestations but who has not clinically met the
criteria for the definition mentioned above.11,17

Statistical Analysis
All the eligible infants were divided into infants with EOS group and infants with unlikely EOS group. Each group was
than divided into short antibiotic course group and prolonged antibiotic course group according to the antibiotic duration.
We compared the demographic characteristics and antibiotic metrics between infants with short antibiotic course and
prolonged antibiotic course using Chi-square, Students’ t-test and non-parametric test depending on the case. Categorical
variables were expressed as absolute and relative frequencies; continuous variables were expressed as mean (SD) or
median and inter-quartile range (IQR) when appropriate. All statistical analyses were conducted using a software
program (SPSS v.25.0 (SPSS Inc, Chicago, Illinois)), with statistical significance evaluated using 2-sided P values at
the 5% testing level.

Results
Sociodemographic Characteristics of Patients
In the two-year duration of this study, 2082 VLBW infants were admitted in the level 3 NICUs of 16 Grade A tertiary
hospitals. After excluding 398 infants who met the exclusion criteria, the remaining 1684 eligible VLBW infants were
enrolled in our study, with 700 (41.6%) VLBW infants with EOS and 984 (58.4%) infants with unlikely EOS. In the EOS
group, 618 (89.4%) infants received >7 days of early antibiotics, while in the unlikely EOS group, 926 (93.6%) infants
received >3 days of early antibiotics. Overall, 1544 (91.7%) eligible infants were prescribed with prolonged early
antibiotic course (Figure 1). The mean GA ±SD of all eligible infants was 29.6±2.0 weeks and the median BW was 1200
(IQR 1022;1340) g. In comparing socio-demographic characteristics between short and prolonged courses in each group,
we found that there was no significant difference in antepartum risk factors, clinical characteristics, laboratory abnorm-
alities and outcomes (P>0.05). (Table 1).

Infection and Drug Resistance 2022:15 https://doi.org/10.2147/IDR.S349478

DovePress
1923

Dovepress Hou et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Overall Antibiotic Use
The durations of early antibiotic use for all eligible infants are shown in Figure 2, and the median duration of early
antibiotic initiation was 13 (IQR 8;20) days. Only 4.3% of courses were ≤3 days while 78.0% of courses were >7 days
and 43.6% of courses were >14 days (Figure 2). The total DOT/1000Pd of early antibiotic use in our cohort was 408.3.
Prolonged early antibiotic courses accounted for 98.2% of all early antibiotic use days, including 190.0DOT/1000Pd
(46.5%) of prolonged courses coming from infants with EOS and 211.2DOT/1000Pd (51.7%) of prolonged courses
coming from infants with unlikely EOS (Table 2). When calculating the antibiotic use in each group, the maximum DOT/
1000Pd (480.4) was in VLBW infants with EOS with prolonged courses, while the minimum DOT/1000Pd (68.1) was in
VLBW infants with unlikely EOS with short courses (Figure 1).

A total of 21 different antibiotic agents were prescribed during the study period. The top 12 frequently used antibiotic
agents are listed in Supplementary Table 1. The most 3 commonly used antibiotics were Piperacillin/tazobactam (37.5%),
Cefoperazone/sulbactam (25.0%) and Meropenem (24.0%). The median duration of almost all antibiotic agents was more
than 7 days except for Amoxicillin/Clavulanate Acid. After normalizing our results by follow-up time, the most
commonly used antibiotic classes by percentage of total DOT were third generation cephalosporins (31.2%), followed
by penicillinase inhibitor (26.4%), carbapenems (20.1%), penicillins (15.4%) and glycopeptide (3.7%) (Figure 3).

Comparison of Early Antibiotic Use in Short and Prolonged Courses Among VLBW
Infants with EOS
The median duration of early antibiotic initiation in VLBW infants with EOS was 15 (IQR 10;24) days. Only 11.0% of
courses were ≤7 days while 53.0% of courses were >14 days (Figure 2). Within the EOS group, 39 patients were
diagnosed with proven EOS, 12 with purulent meningitis and the median durations of early antibiotic use in infants with
proven EOS and purulent meningitis were 18 (IQR 10;28) and 16 (IQR 15;29) days, respectively. The DOT/patient and
duration of antibiotic course were both significantly longer in prolonged courses compared to short courses. Similarly,
more than three antibiotics used, escalation antibiotic therapy and antibiotics for special use were all significantly
increased in prolonged courses (P<0.05). The escalated antibiotic therapy was mainly to upgrade to meropenem (92.1%),

Figure 1 Flowchart of the study and distribution of DOT/1000Pd for early antibiotic use.
Abbreviations: NICU, neonatal intensive care units; EOS, early onset sepsis; DOT, days of therapy.
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Table 1 Descriptive Characteristics Comparison of Short and Prolonged Early Antibiotic Course

Variables Total VLBW
Infants (n=1684)

VLBW Infants with
Unlikely EOS ≤3 d (n=58)

VLBW Infants with
Unlikely EOS >3 d (n=926)

P VLBW INFANTS with
EOS ≤7 d (n=82)

VLBW Infants with
EOS >7 d (n=618)

P

GA, w(SD) 29.6±2.0 29.9±1.8 29.8±2.0 0.73 28.9±1.7 29.3±2.0 0.08

BW, median

(IQR), g

1200(1022;1340) 1280(1120;1360) 1240(1050;1350) 0.18 1170(955;1350) 1150(980;1300) 0.68

Male, n (%) 475(51.4) 35(60.3) 427(46.5) 0.32 21(56.8) 211(56.1) 0.52

Cesarean section,

n (%)

891(52.9) 35(60.3) 463(50.0) 0.44 50(61.0) 338(54.7) 0.29

Antepartum risk

factors, n (%)

719(42.7) 24(41.4) 373(40.3) 0.79 36(43.9) 286(46.3) 1.00

SNAP-II, median

(IQR)

12(5;22) 7(5;20) 8(0;20) 0.88 10.5(5;20) 13(5;22) 0.42

5-min Apgar

score<7, n (%)

286(17.0) 10(17.2) 127(13.7) 0.58 15(18.3) 134(21.7) 0.57

Maximum ventilator support in first 72 h

Invasive
mechanical, n (%)

539(32.0) 21(36.2) 226(24.4) 0.06 40(48.8) 244(39.5) 0.12

Non-invasive,
n (%)

767(45.5) 28(48.3) 448(48.4) 0.60 33(40.2) 258(41.7) 0.81

Room air/NC
only, n (%)

381(22.6) 9(15.5) 247(26.7) 0.06 9(10.9) 116(18.8) 0.09

Laboratory
abnor–malities,

n (%)

694(41.2) 0(0.0) 0(0.0) - 81(98.7) 610(98.7) 1.00

Mortality at

discharge, n (%)

106(6.3) 1(1.7) 43(4.6) 0.36 5(6.1) 57(9.2) 0.25

Length of stay,

median (IQR), d

47(36;59) 42(35;51) 46(36;58) 0.07 43(31.5;57) 49(37;53) 0.24

Abbreviations: VLBW, very low birth weight; EOS, early onset sepsis; GA, gestational age; BW, birth weight; NC, nasal cannula; SNAP-II, Neonatal Acute Physiology version II.
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and it is significantly more common in the prolonged course, the remaining escalation antibiotic therapy was to upgrade
to third generation cephalosporins (8.9%). In the analysis of antibiotic agents, the third generation cephalosporins,
penicillins and carbapenems were more likely used in prolonged courses than in the short courses, but penicillins were all
combined with third generation cephalosporin or carbapenems.

In the infants with proven EOS, the most common Gram-positive isolated pathogens were coagulase-negative
staphylococcus, with 13 confirmed episodes, and a 20% resistance rate to oxacillin. In the Gram-negative group, the
most common bacteria were E. coli and Klebsiella pneumoniae, with a total of 23 cases and a 43.5% third generation
cephalosporins resistance rate, approximately 30% (3/23) of those isolates were MDR but all sensitivity to Piperacillin/
Tazobactam. 42.3% (11/26) of total Gram-negative group pathogen were resistant to third generation cephalosporins
(Table 3).

Comparison of Early Antibiotic Use in Short and Prolonged Courses Among VLBW
Infants with Unlikely EOS
The median duration of early antibiotic initiation in VLBW infants with unlikely EOS was 11 (IQR 7;18) days. Only
6.0% of courses were ≤ 3 days while 70.0% of courses were >7 days with 37.0% of courses being >14 days (Figure 2).
Similar to EOS group, DOT/patient and duration of antibiotic course were both significantly longer in prolonged courses
as compared to short courses (P<0.05). More than three antibiotics used, combination antibiotic therapy, escalation
antibiotic therapy and antibiotics for special use were all significantly increased in prolonged courses (P<0.05). All
escalation antibiotic therapy was found in prolonged courses and also tended to upgrade to meropenem (86.7%), the
remaining escalation antibiotic therapy upgrades were to third generation cephalosporins (7.8%) and to Piperacillin/
tazobactam (5.5%), respectively. In the analysis of antibiotic agents, the third generation cephalosporins, penicillins and
carbapenems tended to be used in prolonged courses more often than in short courses, but penicillins were combined with
the third generation cephalosporins or carbapenems except for mezlocillin.

Discussion
Antibiotic overuse is a common and serious issue in developing countries like China, while in preterm infants
excessively prolonged antibiotic duration is verifiably the major reason for that problem. Thus, our study is, to the
best of our knowledge, the first study to exhaustively describe the prolonged early antibiotic duration for VLBW infants
in a large-sample prospective cohort of regional China. We identified that more than 75% of enrolled VLBW infants were
prescribed with antibiotic therapy for longer than 7 days after birth and over 98% of total early antibiotic use days were
for prolonged courses. Besides, the escalation antibiotic therapy to third generation cephalosporins or carbapenems
increased significantly in prolonged courses although there were no significant difference in antepartum risk factors,

Figure 2 Distribution of duration of early antibiotic courses in VLBW infants.
Abbreviations: EOS; early onset sepsis. d, days.
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Table 2 Antibiotic Metrics Comparison of Short and Prolonged Early Antibiotic Courses

Variables Total VLBW
Infants
(n=1684)

VLBW Infants with
Unlikely EOS ≤3d
(n=58)

VLBW Infants with
Unlikely EOS >3d
(n=926)

P VLBW Infants
with EOS ≤7d
(n=82)

VLBW Infants
with EOS >7d
(n=618)

P

DOT/1000Pd, /total DOT (%) 408.3(100.0) 2.5(0.6) 211.2(51.7) 4.6(1.1) 190.0(46.5)

DOT/patient, d, median (IQR) 16(9;27) 3(2.5;3) 15(9;25) <0.00 7.5(5;13) 20(12;31) <0.00

Duration of AB course, d, median (IQR) 13(8;20) 3(2;3) 12(8;18) <0.00 5(4;6) 16(12;25) <0.00

Combination AB therapy, n (%) 519(30.8) 10(17.2) 293(31.6) 0.01 21(25.6) 195(31.6) 0.69

More than three antibiotics used, n(%) 298(17.7) 1(1.7) 137(14.8) 0.00 0(0.0) 160(25.9) <0.00

Escalation AB therapy, n (%) 372(22.1) 0(0.0) 145(15.7) <0.00 4(4.9) 223(36.1) <0.00

Escalation to meropenem, n(%) 326(19.4) 0(0.0) 117(12.6) <0.00 3(3.7) 206(33.3) 0.003

ABs for special use, n(%) 574(34.1) 0(0.0) 128(13.8) <0.00 33(40.2) 333(53.9) 0.03

AB classes, n (%)

Penicillinase inhibitors, n (%) 878(52.1) 34(58.6) 461(49.8) 0.35 61(74.4) 322(52.1) 0.08

TGC, n (%) 950(56.4) 17(29.3) 576(62.2) <0.00 16(19.5) 341(55.2) <0.00

Penicillins, n (%) 531(31.5) 10(17.2) 335(36.2) <0.00 9(11.0) 177(28.6) 0.03

Carbapenems, n (%) 421(25.0) 0(0.0) 128(13.8) <0.00 8(9.8) 285(46.1) <0.00

Glycopeptide, n (%) 39(2.3) 0(0.0) 8(0.9) 0.23 0(0.0) 31(5.0) 0.53

Others, n (%) 102(6.0) 2(3.4) 64(6.9) 0.52 0(0.0) 37(6.0) 0.33

Abbreviations: VLBW, very low birth weight; EOS, early onset sepsis; DOT, days of therapy; AB, antibiotic; TGC, third generation cephalosporins.
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clinical characteristics and laboratory abnormalities between short courses and prolonged courses in infants with EOS or
unlikely EOS, which is dramatically different than that in high-income countries.20 However, approximately half of
Gram-negative bacteria pathogen of proven EOS were resistant to third generation cephalosporins. This descriptive study
reflects a real-life situation and emphasizes the severity of antibiotic overuse and the urgent need for ASP in neonate.

Overall, only 4.3% of early antibiotic courses were ≤3 days but 88.0% of courses were >5 days with 78.0% of courses
being >7 days and 43.6% of courses being >14 days. Our findings were significantly longer than those in a similar cohort
study in a multicenter in the USA, which were about 40.0% for early antibiotic courses ≤3 days and about 26.5% of

Figure 3 Early antibiotic classes used by DOT/1000PD.
Abbreviations: TGC, third generation cephalosporins; SGC, second generation cephalosporins; FGC, fourth generation cephalosporins.

Table 3 Antibiotic Resistance Patterns of Isolated Pathogens

Pathogens Proven-EOS (n=39) n (%) of Resistance n (%) of Resistance

n (%)

Gram-positive bacteria 13 33.3 Oxacillin Vancomycin

Coagulase-negative staphylococci 5 10.2 1(20.0) 0

GBS 3 8.1 0 0

Enterococcus spp. 2 5.1 1(33.3) 0

Listeria monocytogenes 2 5.1 0 0

Staphylococcus aureus 1 2.0 1(100.0) 0

Gram-negative bacteria 26 66.7 Third generation cephalosporins Carbapenems

Escherichia coli 18 44.9 8(44.4) 0

Klebsiella pneumoniae 5 12.2 2(40.0) 0

Enterobacter spp. 2 6.1 1(33.0) 0

Serratia mucosa 1 2.0 0 0

Abbreviation: EOS, early onset sepsis.
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courses being >5 days.4 When we divided the VLBW infants into EOS group and unlikely EOS group according to
infection diagnosis, we found 93.6% infants in unlikely EOS group were prescribed with early antibiotic for more than 3
days and 89.4% infants in EOS group were given prescription for more than 7 days, which were only 68% of infants with
unlikely EOS for more than 2 days and 63% of infants with EOS for more than 7 days in Cantey’s survey in Dallas,
USA.21 In addition, the total antibiotic use for early antibiotic courses was 408.3DOT/1000Pd, which was dramatically
higher than that in the high-income countries, which were 233.8DOT/1000Pd in France and 250.0 DOT/1000Pd in
Canada.14,22 It is also striking that prolonged antibiotic courses accounted for 98.2% of all early antibiotic use days in the
further analysis. High proportion and antibiotic consumption of prolonged antibiotic courses could not be fully explained
by higher infection rates, because the incidence of confirmed infections was not significantly higher in our centers
compared with high-income countries.23 Besides, there was no significant difference in antepartum risk factors, severity
of illness and laboratory tests between short courses and prolonged courses in our study, which was different from similar
analysis in high-income countries,20 indicating that the prescribers’ subjective decision may be the major cause of
prolonged antibiotic duration rather than objective factors.

Guidelines in the UK have always recommended performing a blood culture before giving the first dose of antibiotic and
measuring C-reactive protein (CRP) at least twice within 24h after birth to assist diagnosis of infection. It suggested to stop
antibiotic use within 36–72h hours after birth in infants with unlikely EOS and monitor the levels and trends of CRP every
24h to help to judge the antibiotic duration in infants with EOS.11 Common guidelines for EOS suggest limiting the antibiotic
course of EOS to 5~7 days.11,13 The latest literature recommended the use of two bottles for aerobic and anaerobic cultures
with a volume of at least 0.5 mL in each one of them to increase the credibility of the results. Unfortunately, we did not
register the exact amounts of the blood culture samples. Only 55% of infants had at least two CRP within 3 days of life, and
the infection indicators were always measured only once a week after 3 days of life in most infants, which were much lower
than the recommended sample count. In addition, about 75% infants with prolonged courses were not presenting with
abnormal indicators at the same time. As a result, the lower credibility of blood culture and the limited infection indicators
may be the potential causes for prolonged treatment. Moreover, insufficient consciousness of adverse outcomes in antibiotic
overuse and tense doctor-patient relationships made the physicians in China more likely to continue antibiotics until infants
have no abnormal clinical presentation. However, persistent cardio-respiratory instability is common among VLBW infants
and should not alone an indication for prolonged empirical antibiotic use.12 Clinical practice guidelines have the potential to
improve decision making in antibiotic prescription, particularly important in areas with limited laboratory and specialist
capacity.24 Therefore, it is urgently needed to develop guidelines for management of EOS based on local characteristics,
meanwhile promoting an organizational culture on appropriate antibiotic use, strengthening education and supervising the
compliance of guidelines may be the primary target drivers to ASP in neonates.

In our study, more than three antibiotics used and escalation antibiotic therapy were significantly common in prolonged
course in both infants with EOS or unlikely EOS group, and most escalation antibiotic therapy was escalated to third
generation cephalosporins or carbapenems. As a result, the third generation cephalosporins and carbapenems use rate were
significantly higher in prolonged course. Ampicillin and gentamicin (93%) are the most frequent used antibiotics for
infection in high-income countries,21 but prescription of gentamicin is forbidden for children younger than 8 years in
national antibacterial guidelines due to possible risk of hearing loss. So, third generation cephalosporins are commonly
recommended as the first-line antibiotics for neonatal EOS. However, in the current study, E. coli and Klebsiella pneumoniae
accounted for the majority of pathogen in proven EOS with an almost 50% third generation cephalosporins resistance rate,
while the total MDR rate was only 7.7% (3/39). Therefore, empiric antibiotics with third generation cephalosporins or
meropenem for EOS may be one major reason for irrational antibiotic use. Additionally, long-term use of third generation
cephalosporins in neonate may disrupt the establishment of microbiome in early life and lead to a higher incidence of
antibiotic resistance, NEC, invasive candidiasis, even death. In particular, overuse of meropenem can lead to growing of
MDR bacteria, which is a significant global health problem.9 In 2017, the WHO has classified antibiotics into three groups
(Access, Watch, and Reserve, AWaRe) according to use priority and agent spectrum. Cefoperazone/sulbactam belongs to the
“not recommended” group, while other broad-spectrum antibiotics in our study all belong to “watch group” that should be
restricted to use according to the WHO guidelines.25 Thus, limiting exposure to third generation cephalosporins and
carbapenems should be prioritized as key targets of stewardship programs because of their higher resistance potential.
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The strength of our study lies in the large number of participating VLBW infants included, as well as the fact that we
comprehensively reported the description of antibiotic use, including combination use, switching patterns and antimicrobial
sensitivity data, which were scarcely presented in the previous study. Furthermore, due to defined daily dose (DDD) usually used
as adult doses which limits its applicability to pediatric populations, we choseDOTas the antibiotic consumptionmetric, which is
main benchmark for most ASP nowadays, and can best represent the degree of antibiotic exposure and thus the impact on the
infant’s microbiome than length of therapy (LOT) or DDD in previous study. However, our study has several limitations. First,
incidence of proven sepsis in this study is relatively lower than reported in previous reports.24 We speculate that cultures may be
falsely negative because of inappropriate sampling practices such as obtaining insufficient blood volume and performing cultures
after antibiotics have been started.26 Therefore, we have focused on standardizing blood culture collection in future practice.
Besides, we did not analyze variations of antibiotic use among NICUs. We are planning to implement a survey on antibiotic use
strategies in multicenter NICUs to identify additional possible reasons for prolonged antibiotic exposure while exploring
optimized practices in the center with the lowest antibiotic consumption to develop more effective clinical guideline.

Conclusion
A large proportion of VLBW infants had excessively prolonged early antibiotic duration at regional multicenter of China,
whose antibiotic consumption accounted for the majority of total early antibiotic use. In addition, the use of third generation
cephalosporins and carbapenems increased significantly in prolonged courses although approximately half of Gram-negative
bacteria pathogen of proven EOS were resistant to third generation cephalosporins and no significant difference was found in
illness severity in infants with EOS or unlikely EOS. Physicians and policymakers should focus their efforts to standardize
clinical guidelines for timely antibiotic discontinuation and limit use of third generation cephalosporins and carbapenems to
decrease the burden of antibiotic use, and further reduce the rising bacterial resistance in developing countries like ours.
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