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ABSTRACT
Background  Necrotizing enterocolitis (NEC) is a 
serious intestinal inflammatory disease in neonates, and 
intravenous antibiotics constitute the main therapeutic 
strategy. Studies have shown that substantial variation 
in the selection of antibiotic regimens for NEC remains 
in many countries. The variability in antibiotic therapy 
selection in China is unclear.
Methods  A cross-sectional study using an online 
questionnaire regarding antibiotic regimens for NEC 
was conducted among pediatricians working in tertiary 
hospitals in China.
Results  A total of 284 pediatricians from 29 provinces 
completed the survey; 37.9% of them administered 
one antibiotic, 56.7% administered two antibiotics 
and 2.4% administered three antibiotics. The top three 
single-antibiotic regimens for NEC were beta-lactamase 
inhibitors (n=66, 41.5%), carbapenems (n=46, 28.9%) and 
cephalosporins (n=33, 20.8%). Twenty combinations of two 
antibiotics were identified, and the top three combinations 
were beta-lactamase inhibitors and antianaerobic agents 
(n=49, 19.6%), carbapenems and glycopeptides (n=42, 
16.8%), and cephalosporins and antianaerobic agents 
(n=37, 14.8%). Regarding the therapeutic duration of 
antibiotic treatment, 77.5% (n=220) of the pediatricians 
chose 5–10 days for stage II NEC, and 79.6% (n=226) 
chose 7–14 days for stage III NEC. Forty-three percent 
(n=122) of the respondents preferred to use carbapenems 
when NEC was diagnosed, and 83.3% (n=135) adjusted 
the antibiotics to carbapenems if a patient’s medical 
condition deteriorated or if the therapeutic efficacy was 
poor.
Conclusion  This survey revealed that carbapenems 
were the most common antibiotics selected when NEC 
was diagnosed or a patient’s condition deteriorated, but 
the duration of the course of treatment for NEC varied 
substantially among doctors.

INTRODUCTION
Necrotizing enterocolitis (NEC) is an 
acquired neonatal intestinal disease char-
acterized by severe inflammation attrib-
uted to a variety of factors.1 NEC is a major 
cause of morbidity and mortality in the 
neonatal period. The incidence rate of NEC 
is 7%–13% in preterm infants younger than 
28 weeks of gestational age.2 Overall mortality 
rates due to NEC range from 15% to 30%.3 

Survivors can have significant sequelae, 
including short-term outcomes, such as 
intestinal stenosis, short gut syndrome and 
intestinal failure,4 and long-term sequelae, 
such as growth retardation and severe behav-
ioral and neurodevelopmental delays.5 6 
The current treatment strategy for NEC is a 
combination of medical and surgical thera-
pies. Non-operative management typically 
includes bowel rest, gastrointestinal decom-
pression, broad-spectrum intravenous antibi-
otics, and intravenous nutrition.7 Antibiotic 
treatment is the most important therapeutic 
strategy. The selection of antibiotics differs 
in different regions despite the issuance 
of the American Surgical Infection Society 
Guidelines in 2010.8 In addition, a Cochrane 
systematic review indicated that there remains 
a lack of adequate evidence to recommend 
a particular antibiotic regimen for NEC,9 
and there is still high variability among the 

Summary box

What is already known about this subject
►► Necrotizing enterocolitis (NEC) is a serious intestinal 
inflammatory disease in neonates.

►► Intravenous antibiotics constitute the main thera-
peutic strategy.

►► The selection of antibiotic regimens for NEC varies 
in many countries, and the preferences of Chinese 
pediatricians are not clear.

What are the new findings
►► Carbapenems were the most common antibiotics 
selected if NEC was diagnosed or if a patient’s con-
dition deteriorated.

►► The duration of the course of treatment for NEC var-
ied substantially among doctors.

How might it impact on clinical practice in the 
foreseeable future

►► There is no unified antibiotic treatment regimen for 
NEC, and it is necessary to carry out multicenter re-
search to provide the basis for the formulation of rel-
evant guidelines for the antibiotic treatment of NEC 
in the future.
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antibiotic therapies administered.9–11 Blackwood’s single-
center survey showed that up to 22 different antibiotics 
were used before surgery for NEC.11 An international 
survey conducted in 29 countries indicated that the 
majority (67%) of surgeons chose to treat NEC with a 
combination of two or more antibiotics.10 A retrospective 
study found that infants with NEC treated with medical 
(vs surgical) therapy were more likely to be treated with 
metronidazole, whereas those treated with surgical (vs 
medical) therapy were more likely to receive vanco-
mycin.12 Selected antibiotic regimens vary widely among 
different specialties and geographic locations10–13; 
however, reports from China are rare, the preferences 
of Chinese pediatricians in the selection of antibiotics 
are not clear. Furthermore, there is no clear guideline 
outlining an optimal therapy strategy for NEC.

The aim of the present study was to investigate the 
current status of antibiotic regimen selection for the 
treatment of NEC in China via an online questionnaire. 
The goals were to obtain expert consensus, to standardize 
treatment and to update therapeutic recommendations.

METHODS
Participants
The study objects included pediatricians in tertiary hospi-
tals in China, who were attending physicians or had more 
senior positions.

Questionnaire design
A cross-sectional study was conducted to design the 
NEC management questionnaire. The questionnaire 
was divided into three parts: baseline information, NEC 
diagnosis and NEC treatment. The diagnosis of NEC 
was based on Bell staging.14 The stage II NEC criteria 
include clinical manifestations, such as abdominal disten-
sion; vomiting or blood in the stool (with an absence of 
fissure); and pneumatosis intestinalis or portal vein gas 
on X-ray or ultrasound examination. Stage III NEC is 
diagnosed according to the above criteria plus imaging 
findings of pneumoperitoneum or a large amount of 
ascites or the need for surgery when medical therapy is 
not effective within 48 hours. We sent the questionnaire 
via a web-based tool (​www.​wjx.​cn) to participants. The 
questionnaire was completed online on mobile phones 
or computers, and each computer or mobile phone 
could only be used to complete the questionnaire once.

Data collection
Data were collected by an online questionnaire platform 
(​www.​wjx.​cn). A large-scale network academic confer-
ence on neonatal NEC was organized. The participating 
physicians from tertiary hospitals across the country 
voluntarily completed the questionnaire through the 
published links. Thirty-nine participants were excluded 
because the antibiotic treatment practices were not clear 
(the type of antibiotic used was not specified; thus, it 

could not be classified). We attempted to contact them 
all by email, but no one replied.

Statistical analysis
All analyses were performed with SPSS (V.17; SPSS). Cate-
gorical variables are expressed as number and percent-
ages (%). The χ2 test was used for comparisons between 
groups, and p<0.05 was considered statistically signifi-
cant. Data were plotted with GraphPad Prism (V.8.0).

RESULTS
Baseline information analyses
The survey was administered from March to April 2020. 
A total of 323 questionnaires were returned, of which 
39 were excluded because the use of antibiotics was not 
clear (the type of antibiotic used was not specified; thus, 
it could not be classified). A total of 284 questionnaires 
were finally analyzed (table 1). Participants included 284 
pediatricians from 182 tertiary medical units, 89 cities, 
and 29 provinces in China. Among the surveyed medical 
units, 96.7% were equipped with neonatal intensive 
care units (NICUs), 84.1% had a separate Department 
of Neonatology, and 56.0% had the capacity to perform 
neonatal surgery and were qualified to perform surgery 
for NEC. Among the 284 respondents, 28.5% were 
attending physicians, 29.2% were associate chief physi-
cians, and 42.3% were chief physicians; 55.6% of the 

Table 1  Demographic information of 284 pediatricians

Contents n Frequency (%)

Educational attainment

 � Undergraduate 1 0.4

 � Bachelor’s degree 125 44.0

 � Master’s degree 109 38.4

 � Doctor’s degree 49 17.3

Title

 � Attending physician 81 28.5

 � Associate chief physician 83 29.2

 � Chief physician 120 42.3

Duration of clinical experience (y)

 � <10 48 16.9

 � 10–20 85 29.9

 � >20 151 53.2

Number of NEC cases received per year in your hospital

 � <50 222 78.2

 � 50–100 39 13.7

 � 100–200 13 4.6

 � >200 10 3.5

Can NEC surgery be performed in your hospital?

 � Yes 109 38.4

 � No 175 61.6

NEC, necrotizing enterocolitis.
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respondents had a master’s degree or above. A total of 
236 (83.1%) pediatricians had more than 10 years of clin-
ical work experience, and 151 (53.2%) pediatricians had 
more than 20 years of experience.

Antibiotic strategy selection
When NEC was confirmed, 37.9% of the physicians 
selected one antibiotic, 56.7% selected a combination of 
two antibiotics, and 2.4% chose three antibiotics. Sixty-six 
(41.5%) physicians chose beta-lactamase inhibitors, 
46 (28.9%) chose carbapenems, and 33 (20.8%) chose 
cephalosporins, followed by penicillins, oxacephems, 
and antianaerobic agents. The selection of antibiotics is 
shown in figure 1.

Figure  1 showed that beta-lactamase inhibitors and 
the two other antibiotics had relatively higher selection 
frequencies. Therefore, this study compared the selec-
tion of the top three most commonly selected antibiotics 
by pediatricians with different durations of clinical expe-
rience. The results indicated that there was no significant 
difference in the selection preferences among doctors 
with different durations of clinical experience (table 2).

A total of 20 combinations were reported. Forty-nine 
(19.6%) were combinations of beta-lactamase inhibi-
tors and antianaerobic agents, 42 (16.8%) were combi-
nations of carbapenems and glycopeptides, 37 (14.8%) 
were combinations of cephalosporins and antianaerobic 
agents, and 28 (11.2%) were combinations of cephalo-
sporins and penicillins. The top nine most common 
antibiotic combinations are shown in figure  2. The 20 

combinations of antibiotics are shown in online supple-
mental table 1.

Figure 2 showed that the selection frequencies of the 
top five antibiotics, such as beta-lactamase inhibitors 
and antianaerobic agents, were relatively high. Further 
comparison of the selections made by physicians with 
different durations of clinical experience showed no 
significant differences in the preferences for antibiotic 
combinations between the groups (table 3).

Some participants chose triple antibiotic therapy to 
treat NEC, including five reports of penicillins, ceph-
alosporins, and antianaerobic agents; three reports of 
carbapenems, glycopeptides, and antianaerobic agents; 
and one report of beta-lactamase inhibitors/glycopep-
tides, antianaerobic agents, and cephalosporins.

Antibiotic duration selection
The durations of antibiotic therapy selected by the 
284 participants for the treatment of stage II NEC are 
shown in figure  3. As shown in figure  3, 52.1% of the 
respondents chose 7–10 days, and similar proportions of 
the respondents chose 5–7 and 10–14 days. There was 
no significant difference in the duration of antibiotic 
courses selected by physicians with different seniority 
levels (online supplemental table 2).

The durations of antibiotic therapy selected for stage 
III NEC are shown in figure 3; 56.3% of the respondents 
chose 7–10 days, and 23.2% of the physicians chose 
10–14 days. There was no significant difference among 

Figure 1  Frequency of single agents. AAAs, antianaerobic 
agents; BLIs, beta-lactamase inhibitors.

Table 2  Comparison of single agents selected by pediatricians with different seniority levels

Medications, n (%) <10 y (n=28) 10–20 y (n=51) >20 y (n=66) χ2 P value

Beta-lactamase inhibitors 16 (57.1) 18 (35.3) 32 (48.5) 4.345 0.361

Carbapenems 6 (21.4) 19 (37.3) 21 (31.8)

Cephalosporins 6 (21.4) 14 (27.5) 13 (19.7)

Figure 2  Frequency of two-antibiotic combinations. AAAs, 
antianaerobic agents; BLIs, beta-lactamase inhibitors; GLPs, 
glycopeptides; PENs, penicillins.
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physicians with different seniority levels (online supple-
mental table 3).

Adjustment of antibiotic treatment strategies
This survey investigated the details of the choice of alter-
native antibiotics when the primary antibiotic was not 
effective (table 4). As shown in table 4, when NEC was 
confirmed, carbapenems were most commonly selected 
(43.0%, including single or combined use), followed by 
antianaerobic agents, including metronidazole, ornida-
zole and clindamycin. Only 1.4% used antifungal agents 
as the first choice. When a patient’s condition worsens 
or the treatment effect is unsatisfactory, most physicians 
switch to carbapenems.

DISCUSSION
Selection of appropriate antibiotic regimens
Broad-spectrum antibiotic therapy is an important treat-
ment for all infants with NEC. However, the current 
status of antibiotic treatment of NEC in China remains 
unclear because there have been no previous reports. 
This study is the first to investigate the antibiotic use strat-
egies employed by Chinese physicians for the treatment 
of NEC. The questionnaire survey had a wide geograph-
ical distribution and high coverage. The respondents 
were 284 pediatricians working in 182 tertiary hospitals 
in 29 provinces of China, most of them had worked in 
clinical practice for over 10 years, and more than half of 
the subjects had worked for over 20 years. The respond-
ents have rich clinical experience, and their opinions are 
generally representative.

Based on the results of our questionnaire survey, 41.5% 
of the physicians chose beta-lactamase inhibitors, 28.9% 
chose carbapenems, and 20.8% chose cephalosporins to 
treat NEC among the single-antibiotic regimens. When 
combining antibiotics to treat NEC, beta-lactamase inhib-
itors and antianaerobic agents were the most frequently 
selected combination, followed by carbapenems and 
glycopeptides and cephalosporins and antianaerobic 
agents. There was no significant difference in the choice 
of NEC antibiotics by physicians with different dura-
tions of experience (p>0.05). In Europe and the USA, 
triple antibiotic regimens are often used to treat NEC, 
such as ampicillin, gentamicin, and metronidazole,9 12 
whereas in China pediatricians mainly select combina-
tions of two antibiotics, primarily those effective against 
Gram-negative bacilli and anaerobic bacteria, which 
means that the treatment of Gram-positive cocci may be 
inadequate. In addition, cephalosporins are still effec-
tive against anaerobic bacteria, and it is not entirely 
reasonable to combine cephalosporins with metronida-
zole. In this survey, although there were as many as 20 
reported combinations of antibiotics, the appropriate-
ness of these combinations deserves consideration. This 
suggests that further study on the optimal combination 

Table 3  Comparison of the combinations of two antibiotics selected by physicians with different seniority levels

Medications, n (%) <10 y (n=25) 10–20 y (n=50) >20 y (n=105) χ2 P value

BLIs+AAAs 9 (36.0) 16 (32.0) 24 (22.9) 8.246 0.410

Carbapenems+GLPs 8 (32.0) 9 (18.0) 25 (23.8)

Cephalosporins+AAAs 5 (20.0) 11 (22.0) 21 (20.0)

Cephalosporins+PENs 0 (0) 8 (16.0) 20 (19.0)

Carbapenems+AAAs 3 (12.0) 6 (12.0) 15 (14.3)

AAAs, antianaerobic agents; BLIs, beta-lactamase inhibitors; GLPs, glycopeptides; PENs, penicillins.

Figure 3  Duration of antibiotic therapy for stage II and 
stage III necrotizing enterocolitis (NEC) (days).

Table 4  Adjustment of the antibiotic strategies for the 
treatment of NEC

Group Antibiotic regimen
Frequency, n 
(%)

1 Carbapenems as a first choice 122 (43.0)

Step up to carbapenems after 
deterioration

135 (83.3)

2 Glycopeptides as a first choice 54 (19.0)

Step up to glycopeptides after 
deterioration

48 (20.9)

3 AAAs (metronidazole/
ornidazole/clindamycin) as a 
first choice

100 (35.2)

Add AAAs after deterioration 13 (7.1)

4 Antifungal therapy included in 
the initial combination

4 (1.4)

Add antifungal therapy after 
deterioration

5 (1.8)

AAAs, antianaerobic agents; NEC, necrotizing enterocolitis.
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of antibiotics is needed based on expert consensus or 
updated recommendations.

The American Surgical Infection Society and the 
Infectious Diseases Society of America issued guidelines 
in 2010 which suggest that broad-spectrum antibiotics, 
including ampicillin, metronidazole, and gentamicin; 
ampicillin, metronidazole, and cefotaxime; and mero-
penem, may be effective for the treatment of NEC 
in neonates.8 In addition, when methicillin-resistant 
Staphylococcus aureus or ampicillin-resistant infection is 
suspected, the guidelines recommend the use of vanco-
mycin instead of ampicillin.8 However, the use of genta-
micin is prohibited by law due to the adverse effects of 
ototoxicity and nephrotoxicity in children under 6 years 
old. In addition, according to the investigations into anti-
biotic resistance in recent years, the levels of resistance 
to penicillin and ampicillin are extremely high,15 16 and 
these antibiotics are not used for the treatment of NEC in 
China. Foreign retrospective studies have reported that 
antianaerobic therapy has no added benefit with regard 
to mortality due to NEC, nor can it prevent progression 
to surgical NEC.17 Researchers also retrospectively evalu-
ated the effect of broad-spectrum antibiotics combined 
with metronidazole in the prevention of the progres-
sion of NEC from stage II to III, eventually concluding 
that the addition of metronidazole did not prevent the 
progression of NEC.18 Therefore, whether metronida-
zole, ornidazole, clindamycin, and other antianaerobic 
agents should be routinely included in the treatment of 
NEC is still controversial, and a large-scale, multicenter, 
prospective study is needed.

The etiology of NEC remains unclear, and recent 
studies have reported that it is related to genetic suscep-
tibility, intestinal immaturity, hemodynamic instability, 
intestinal microbial imbalance and inflammation.19 
There are distinct microorganisms responsible for NEC 
outbreaks; thus, it is clear that NEC is not caused by one 
species alone.20 A wide range of pathogens are associ-
ated with NEC; among anaerobic bacteria, some toxi-
genic Clostridium strains, such as Clostridium perfringens, 
C. difficile and C. butyricum, are implicated as causative 
pathogens in NEC.21–23 Although the specific pathogens 
responsible for NEC may affect the selection of antibiotic 
regimens, there is no established standard to suggest a 
benefit from a wider range of antibiotics. Additionally, 
the intestinal microbiota in newborns are easily affected 
by the environment. Given the differences among NICUs 
and antibiotic strategies, the environmental flora are 
likely to differ,24 which may lead to different pathogenic 
bacteria causing NEC.

Duration of antibiotics
Antibiotic therapy is variable. The use of antibiotics 
may not be effective if the duration of treatment is 
insufficient, while the prolonged use of antibiotics may 
result in an imbalance in the intestinal microecology 
and adverse consequences.25–27 However, there is no 
uniform global standard for the appropriate duration 

of antibiotic therapy. The Infectious Diseases Society of 
America suggests a duration of 4–7 days with adequate 
source control for complicated intra-abdominal infec-
tions,8 while 10 days is the duration recommended by the 
WHO.28 Some studies have indicated that limiting anti-
biotic exposure to 7–10 days might be optimal.29 Among 
the participants in this study, most chose 7–10 days for 
stage II NEC and 7–14 days for stage III NEC. There 
was no significant difference in the selected duration 
of therapy among physicians with different durations 
of experience, suggesting that Chinese doctors have a 
consistent understanding of the appropriate duration of 
antibiotic treatment.

Adjustment of the antibiotic therapy strategies
Owing to the delay in receiving blood culture results and 
to low positive rates,30 the treatment of NEC in China 
is mostly empirical. This survey showed that when NEC 
was confirmed, carbapenems were the initial antibiotic 
therapy selected, followed by the addition of antianaer-
obic agents (including metronidazole, ornidazole or 
clindamycin) and glycopeptides. When the therapeutic 
effect was unsatisfactory, the proportion of doctors who 
chose to escalate therapy with carbapenems was 83.3%, 
and the proportion who chose glycopeptides was 20.9%. 
The proportion who selected antianaerobic agents as the 
initial antibiotic regimen was 35.2%; consequently, only 
7.1% chose a combination regimen when NEC was exac-
erbated. When the treatment was ineffective, many physi-
cians preferred to upgrade to carbapenems due to their 
stronger antibacterial effect on Gram-negative bacteria 
and due to their enhanced ability to act against anaerobic 
bacteria. In medical therapy for NEC in other countries, 
third-generation cephalosporins, carbapenems, and 
vancomycin are typically selected after empirical treat-
ment with metronidazole.12

According to the results of this questionnaire survey, 
the antibiotics selected for the treatment of NEC in China 
are most commonly effective against Gram-negative 
bacilli. When the therapeutic effect is poor, carbapenems 
are primarily selected, and some physicians choose to 
combine carbapenems with metronidazole, ornidazole, 
and other antianaerobic agents. At present, in China, 
due to the laws and various medication-prescribing pref-
erences, there is substantial variation in the empirical 
antibiotics selected for the treatment of NEC; in partic-
ular, the treatment of Gram-positive bacteria may be 
insufficient.

In conclusion, there is no unified antibiotic treatment 
program for NEC, and it is necessary to carry out multi-
center research to serve as the basis for the formulation 
of relevant guidelines for the antibiotic treatment of NEC 
in the future.
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