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Purpose: Bloodstream infections (BSIs) cause morbidity and mortality in postpartum 
patients, resulting in poor prognosis for both mother and neonate. Gram-negative bacteremia 
is a public health threat, with high mortality among vulnerable populations and significant 
global economic costs. Gram-negative bacteremia and antimicrobial resistance are increas-
ing. This study retrospectively analyzed the pathogen distribution and drug sensitivity among 
postpartum patients with BSIs to identify appropriate antibacterial agents for perioperative 
therapy.
Material and Methods: All bacteremia cases between January 2015 and December 2020 
from three Health Centers for Women and Children in Chongqing, China, were retrospec-
tively reviewed. Clinical data were collected from medical records and charts. Blood samples 
were cultured by BD BACTEC FX200. Bacterial and fungal species and bacterial suscept-
ibility were identified by a BD PhoenixTM M50 automatic detection machine.
Results: In total, 274 pathogenic strains were isolated from 272 blood samples. Excluding 
25 suspected contamination strains, 248 blood samples yielded 249 microorganisms, includ-
ing 214 gram-negative bacteria (85.9%), 34 gram-positive bacteria (13.6%), and 1 fungus 
(0.5%). Escherichia coli (E. coli) was the most frequently isolated pathogen, both overall and 
among gram-negative bacilli (73.5%). Streptococcus agalactiae represented 3.6% of gram- 
positive cocci (n = 9). Laboratory-confirmed anaerobic infections comprised 9.2% of cases (n 
= 23). Additionally, 47.4% of postpartum patients with BSIs suffered premature rupture of 
membranes (PROM), a suspected infection risk factor. Drug sensitivity levels remained 
unchanged for less commonly used drugs, but resistance increased against commonly used 
drugs. Specifically, E. coli resistance against fourth-generation cephalosporins increased 
during this study period.
Conclusion: E. coli is the most common gram-negative bacillus in postpartum patients with 
BSIs, and increased anaerobic bacterial detections suggest genital tract inflammation control 
before delivery is necessary. Effective drug resistance monitoring remains necessary to 
alleviate bacterial resistance, such as preventing inappropriate antibiotic applications.
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Introduction
Despite national and international efforts to improve maternal outcomes, infection- 
related maternal morbidity and mortality rates remain a large health care concern. 
Postpartum infections, a subset of maternal infections that occur between delivery 
and the 42nd day postpartum1 represent the fifth most common cause of maternal 
death, behind only hypertensive disorders, obstetric hemorrhage, abortion/ectopic 
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gestations, and obstetric embolism.2,3 Improved under-
standing of postpartum infection is a key to achieving 
sustainable development goals (SDGs) and executing stra-
tegies targeting the reduction of preventable maternal and 
neonatal mortality.

The most common postpartum infections include endo-
metritis, urinary tract infections, surgical site infections, 
bloodstream infections (BSI), and wound infections.1,4 In 
particular, BSIs represent common and serious clinical 
infections and are among the top seven causes of overall 
mortality in Europe and the 11th leading cause of death in 
the USA.5 The fatality rate of BSIs, based on the general 
population of mainland China, is approximately 20%.6 The 
early diagnosis and rational use of effective antibacterial 
drugs are key steps to treating patients with BSI. The 
delayed or inappropriate use of antibacterial drugs can 
lead to deterioration and complications.5 Additionally, 
the pathogenic spectrum and pattern of antimicrobial resis-
tance associated with BSIs often differ across affected 
regions due to differences in epidemiological and geo-
graphic features and the clinical use of antibacterial 
drugs in different regions over time.7,8 Understanding the 
prevalence of different types of microorganisms and their 
antimicrobial resistance characteristics will better guide 
physicians, improve infection control, and inform policy-
makers in various countries and regions when making 
evidence-based decisions to overcome antimicrobial 
resistance.9,10

This multicenter, retrospective study was performed to 
determine the distribution of pathogens and drug sensitiv-
ities in puerperal microbiologically identified BSI, focus-
ing on the antimicrobial resistance of Escherichia coli. 
This information can guide antimicrobial stewardship pro-
grams and infection control activities in hospitals.

Materials and Methods
Data Collection
By reviewing the medical records of postpartum patients, 
we retrospectively collected data from the information 
systems of three hospitals and laboratories between 
January 2015 and December 2020. The basic information 
gathered included gestational age, obstetric history, labora-
tory values, delivery information, and maternal age, as 
shown in Table 1. Patients with acute pulmonary embo-
lism, amniotic fluid embolism, adverse drug reactions, 
drug fever, viral infection, autoimmune conditions, and 
transfusion reactions were excluded from this study. We 

reviewed the electronic medical records to determine 
whether the patient received any antimicrobial agents dur-
ing the 15 days prior to delivery or underwent any recent 
surgeries before the onset of bacteremia. The primary 
focus of infection was determined based on the clinical 
presentation and a final diagnosis made by the primary 
care clinician.

Ethics Statement
This study was performed as a multicenter, non-interven-
tional, retrospective study conducted at three Health 
Centers for Women and Children, in accordance with all 
relevant regulations in Chongqing, China. The study pro-
tocol was reviewed and approved by the Institutional 
Review Board/Independent Ethics Committee at each 
study site, including Chongqing Health Center for 
Women and Children, Wanzhou Health Center for 
Women and Children, and Yongchuan Health Center for 
Women and Children. Although informed consent was not 
obtained, patients were given the opportunity to decline 

Table 1 Demographic Details for Postpartum Women from 
2015 to 2020

Patient Characteristic No. of Cases

Age (years) 29.3 ± 3.7

<35 223 (89.9%)

≥35 25 (10.1%)

Gestational age (weeks) 37.5 ± 4.2

<37 60 (24.2%)
≥37 188 (75.8%)

Delivery mode

Vaginal delivery 26 (10.5%)

Cesarean section 220 (88.7%)
Abortion 2 (0.8%)

Fever onset (day) 2.1 ± 1.4

Temperature 38.6 ± 0.7

PROM 118 (47.4%)

Laboratory characteristics
WBC 12.9 (10.8–15.8)

CRP 91.8 (65.4–150)

PCT 0.34 (0.18–0.75)

Pathogens

Gram-negative bacteria 214 (85.9%)
Gram-positive bacteria 34 (13.6%)

Fungus 1 (0.5%)

Abbreviations: PROM, premature rupture of membranes; WBC, white blood cell; 
CRP, C-reactive protein; PCT, Procalcitonin.
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permission for their clinical records to be used for research 
(opt-out consent provision). Patient privacy and confiden-
tiality of data were maintained in accordance with the 
Declaration of Helsinki.

Microorganism Identification and 
Antimicrobial Susceptibility Testing
Two aerobic and two anaerobic blood samples (5 mL each) 
were collected aseptically from two different peripheral 
veins and incubated in the BD BACTECTM FX200 (BD 
Company, USA) automated blood culture system for 7 
days before reporting no growth. The detected positive 
strains were inoculated onto blood agar plates (BAPs) 
and chocolate agar plates (Pangtong Medical, Chongqing, 
China) and incubated aerobically for 18–24 hours in a 
humid chamber (Thermo Fisher Scientific, USA) contain-
ing 5% CO2 at 37 °C for subculture. Pure colonies of 
isolated bacteria were emulsified in 2 mL 0.85% normal 
saline. Bacterial suspensions with an optical density of 
0.5–0.6 at 600 nm wavelength were considered to have 
acceptable bacterial concentrations. Reagents were then 
immersed to the suspension and transferred to the BD 
PhoenixTM M50 (BD Company) identification system 
for bacterial identification and susceptibility testing.

Antibiotic breakpoints were defined using the European 
Committee on Antimicrobial Susceptibility Testing 
(EUCAST) guidelines version 5.0 and Clinical and 
Laboratory Standards Institute (CLSI) M100-S27th.11,12

Data Quality Control
All data collection and recording steps were monitored. 
The reagents were checked for expiration dates and main-
tained under appropriate storage conditions, including 
acceptable temperature and humidity. Standard operating 
procedures (SOPs) were prepared and strictly followed. 
The quality of the culture media and antimicrobial suscept-
ibility testing were verified by using standard quality con-
trol strains: E. coli ATCC 25922, Staphylococcus aureus 
ATCC 29213, Enterococcus faecalis ATCC29212, and 
Klebsiella pneumoniae ATCC700603. The inoculum den-
sities of the bacterial suspensions were standardized using 
0.5% McFarland standards for susceptibility testing.

Definition
Patients who developed fever >38.0°C or hypothermia 
<36.0°C underwent blood cultures, procalcitonin, and 
C-reactive protein testing. In the case of potential common 

skin commensals, such as coagulase-negative staphylococci, 
Propionibacterium acnes, Clostridium, Corynebacterium 
diphtheriae, Acinetobacter bacilli, or other common bacteria 
in the environment, BSI was defined as the laboratory-con-
firmed growth of a potential pathogen in at least two con-
secutive positive blood cultures drawn on two separate 
occasions, to eliminate the possibility of contamination dur-
ing the collection or cultivation of blood samples.13

Data Analysis
All analyses were performed using SPSSTM software, ver-
sion 21.0 (IBM Corporation, Armonk, NY, USA). The 
frequencies and proportions of isolates resistant to the 
tested antibiotics and other categorical data were calcu-
lated. Continuous variables were analyzed by Student’s 
t-test or by the Mann–Whitney U-test, depending on the 
sample distribution. Normally distributed data are 
described as the mean ± standard deviation (M ± SD), 
whereas non-normally distributed data are described as 
the median and range.

Results
Patient Characteristics
For the study period from January 2015 to December 
2020, a total of 272 non-duplicate BSI-positive samples 
from postpartum patients were enrolled, and the patient 
characteristics are summarized in Table 1. In the overall 
cohort, all participants met the criteria for one or more 
postpartum infections. 274 pathogenic strains were iso-
lated from 272 blood samples. Excluding 25 suspected 
contamination strains, laboratory-confirmed BSI was diag-
nosed in 248 BSI samples, yielding 249 organisms. The 
isolated organisms were predominantly gram-negative 
bacilli, regardless of maternal age, gestational week, or 
delivery mode. According to the data, 220 participants 
(88.7%) delivered through cesarean section, and 106 
cases (48.2%) suffered from premature rupture of mem-
branes (PROM), with E. coli being the most commonly 
isolated pathogen. Additionally, the onset of fever among 
participants typically occurred within two days after deliv-
ery according to Table 1.

E. coli Dominates BSI in Postpartum 
Patients
Of a total 249 isolated microorganisms, excluding coagu-
lase-negative Staphylococcus (CoNS) strains that were 
suspected of representing contamination, 85.9% of isolates 
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(n = 214) were identified as gram-negative bacteria, 13.6% 
of isolated strains were gram-positive bacteria (n = 34), 
and 0.4% of strains were identified as fungus (n = 1; 
Table 1). E. coli (n = 183) was the most frequently identi-
fied gram-negative BSI-causative pathogen in postpartum 
patients, accounting for 85.5% of gram-negative strains, as 
presented in Figure 1A. Klebsiella pneumoniae (n = 11) 
contributed to 5.0% of patients with BSI. Morganell amor-
ganii, Burkholderia cepacia, Citrobacter kocher, and 
Citrobacter farmer each occurred in 0.5% of BSI-positive 
samples, with one sample that remained unidentified. 
Additionally, 7.0% of gram-negative strains isolation 
from blood culture-positive samples were anaerobes (n = 
15). As shown in Figure 1B, approximately 13.6% of 
isolated strains were gram-positive bacteria (n = 34), 
with the majority belonging to Streptococcus (n = 18), 
accounting for 52.9%, followed by Enterococcus faecalis 
(n = 6, 17.6%), anaerobes (n = 8, 23.5%), and 
Staphylococcus aureus (n = 2, 6.0%).

Considering E. coli (n = 183) and anaerobic bacteria (n = 
23) were the top two most frequently isolated pathogens in 
BSI among postpartum women; therefore, we analyzed the 
incidence rate of these two pathogens in patients suffering 
from PROM. As shown in Figure 2A, a total of 171 blood 
culture samples from postpartum patients who underwent 
cesarean section (n = 220) were identified as E. coli, 55.5% 
of which were from those who underwent cesarean section 
complicated by PROM (n = 95). The number of postpartum 
patients who underwent vaginal delivery (n = 26) who were 
infected with E. coli was 12, 41.6% of whom underwent 
vaginal delivery combined with PROM (n = 5). These 

findings suggest that E. coli is the most common organism 
in BSI among postpartum patients, regardless of delivery 
mode, and the mechanisms through which E. coli causes 
BSI require further elucidation. Similarly, Figure 2B reveals 
no significant difference in the incidence of anaerobes in BSI 
between the cesarean section group and the vaginal delivery 
group in the context of PROM.

Anaerobe Detection in BSI Among 
Postpartum Patients Increased Over the 
6-Year Study Period
The pathogenic spectrum can change in response to inap-
propriate antibiotic applications or the development of resis-
tance. We observed the trends in the pathogenic spectrum 
from 2015 to 2020. As shown in Figure 3A, the detection rate 
of both gram-negative and gram-positive microorganisms in 
BSI peaked in 2020 overall. In addition, the detection rate of 
E. coli peaked in 2018 and again in 2020, as shown in 
Figure 3B. A slight downtrend in Klebsiella pneumoniae 
infections and an uptrend in Streptococcus agalactiae infec-
tions were observed for BSI over the 6-year study period. An 
obviously increasing tendency for the detection of anaerobes 
was observed between 2015 and 2020, suggesting the addi-
tional attention should be paid to BSI caused by anaerobes 
among postpartum patients.

Higher Resistance Rate of E. coli Against 
Fourth-Generation Cephalosporin
We then examined the sensitivities of the gram-negative E. 
coli in response to commonly used antibacterial drugs, as 

Figure 1 Pathogenic spectrum and distribution of BSIs during the study period. The distribution and percentages of (A) gram-negative and (B) gram-positive pathogens 
isolated from blood culture samples in this study. 
Abbreviation: BSI, bloodstream infection.
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shown in Figure 4. Overall, E. coli exhibited general 
sensitivity to commonly used antibiotics, including 100% 
sensitivity in response to carbapenem antibiotics, over 
50% sensitivities in response to aminoglycoside antibiotics 
and quinolone antibiotics. The drug resistance rate of E. 
coli against cefepime was approximately 20%, whereas 
only an approximately 6% resistance rate was shown 
against ceftazidime.

We then specifically analyzed the sensitivity trends for E. 
coli in response to major, widely used antibiotics over the 
study period. As presented in Figure 5, the trend of resistance 
against ampicillin/subatan and cefazolin has been declining 
(Figure 5A and B), and a fluctuate trend of resistance against 
ceftazidime and cefepime was observed between 2015 and 
2019 (Figure 5C and D). The proportion of critical patients 
and the increasing diversity of diseases may have contributed 

to the increasing trend in resistance observed for the year 
2020. Notably, a higher resistance rate for E. coli against 
cefepime was observed during the 6-year period compared 
with the resistance to ceftazidime which warranted much 
attention.

Discussion
The present data showed that gram-negative microorgan-
isms (especially E. coli) dominated BSIs during the past 6 
years at our study centers. Additionally, an increasing 
trend in anaerobic bacteria detection in BSIs was observed 
among the postpartum patients in this study. Another point 
worthy of attention is the increasing resistance rate of E. 
coli against fourth-generation cephalosporins compared 
with resistance to third-generation cephalosporins during 
the study period.

Figure 2 Analysis of the incidence rate of E. coli and anaerobes isolated in BSIs from patients according to cesarean or vaginal delivery due to PROM. Cases of patients 
infected with E. coli (A) and anaerobic bacteria (B) under cesarean section (yellow) or vaginal delivery (purple) are shown. Cases of patients who underwent cesarean 
section or vaginal delivery due to PROM are shown. 
Abbreviations: BSI, bloodstream infection; PROM, premature rupture of membranes; E. coli, Escherichia coli.

Figure 3 Changes in the pathogenic bacterial distribution in BSI from 2015 to 2020. (A) The overall distribution trend of pathogens isolated in BSIs from postpartum 
women between 2015 to 2020. (B) The detection of common pathogens in BSIs in recent years. 
Abbreviation: BSI, bloodstream infection.
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BSI represents an important cause of morbidity and 
mortality among postpartum patients and remains a sub-
stantial clinical problem. In this study, cases in which 
microorganisms were detected in at least two sets of posi-
tive blood cultures were defined as BSI, and the results 

suggested that E. coli has emerged as the predominant 
causative organism for BSIs, which is consistent with a 
recent study from China (BRICS report of 2016–2017), 
which identified E. coli as the major BSI-causing 
pathogen.14 However, reports from Malawi in Africa15 

Figure 4 Sensitivity analysis of E. coli to common antibiotics. 
Abbreviations: S, sensitive; I, intermediate; R, resistant; E. coli, Escherichia coli.

Figure 5 Sensitivity of E. coli to commonly used antibacterial drugs (%). (A) Sensitivity of E. coli against Ampicillin/Subatan during the past 6 years. Sensitivity of E. coli against 
cephalosporins including (B) Cefazolin, (C) Ceftazidime, and (D) Cefepime. 
Abbreviations: E. coli, Escherichia coli. S, sensitive; I, intermediate; R, resistant.
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revealed Salmonella typhi and Streptococcus pneumoniae 
as the major BSI-causing pathogens. Another report from 
Rwanda demonstrated a varying pathogenic profile for 
BSIs, with Staphylococcus aureus and Klebsiella pneumo-
niae reported as the leading causative organisms.16 These 
discrepancies might be attributable to cultural, health- 
seeking behaviors, health care coverage, the period during 
which the studies were conducted, and other socioeco-
nomic factors.

Although the most frequently detected pathogens 
remain consistent, their ranks may shift over time. In the 
present retrospective study, E. coli continued to rank the 
highest among detected bacteria, but the detection rate of 
anaerobic bacteria gradually increased to second place 
(23.9%), according to the data in the year 2020. 
Anaerobic bacteria remain an important cause of blood-
stream infections, and the detection rate of anaerobes in 
blood cultures ranges from 1–17% across all bacteremic 
episodes, depending on patient age, condition, and geo-
graphic location.17,18 Recently, a report on the evaluation 
of the gut bacterial community composition in pregnant 
women concluded that Prevotella is significantly more 
abundant in the guts of pregnant women compare with 
those of non-pregnant women based on 16S amplicon 
sequencing performed on stool samples.19 In this study, 
we found that 33.3% of anaerobic bacterial infections were 
identified as Prevotella bivia in BSIs, followed by 
Bacteroides fragilis (13.3%) and Gardnerella vaginalis 
(13.3%). Another study performed at a university hospital 
identified that Bacteroides fragilis (39.9%) and 
Clostridium species (32.8%) were the major anaerobic 
bacteria in BSIs.20 A different retrospective study revealed 
that 43.9% of anaerobic bacteria belong to the genus 
Bacteroides, 7% to the genus Fusobacterium, and 2.1% 
to the genus Prevotella.21 Currently, studies on the analy-
sis of anaerobic bacteria in postpartum infections with BSI 
are scarce, additional attention should be paid to BSI 
caused by anaerobes among postpartum women, and 
more efforts should be spent identifying the potential 
sources of anaerobe infections and guiding clinicians in 
rational drug use according to population characteristics in 
the future.

The vaginal microbiome composition changes when 
women become pregnant, and in this study, two postpar-
tum patients were confirmed with Gardnerella vaginalis 
infection, a well-organized colonizer of the female genital 
tract. Recent studies have shown that bacterial vaginosis 
(BV), which is dominated by Gardnerella vaginalis and 

can be caused by a number of anaerobic organisms, is 
linked with pelvic inflammatory disease, and BV-asso-
ciated bacteria have been related to an increased risk of 
spontaneous abortions, preterm PROM, postpartum endo-
metritis, and post-cesarean wound infections.22–25 Thus, 
effective diagnosis and treatment of BV may be significant 
for reducing the perinatal infection rate.

Another issue worthy of attention is the seriousness of 
extended antimicrobial resistance among gram-negative 
bacteria, and gram-negative organisms have been identi-
fied as a critical priority on the World Health 
Organization’s global priority list of antibiotic-resistant 
bacteria.26 The limited ability to treat such infections and 
the lack of new antimicrobial agent development can make 
BSIs associated with antibiotic-resistant bacteria challen-
ging to treat. Better knowledge of antimicrobial resistance 
patterns will guide the actions of local and regional bodies 
as they work to counter antimicrobial resistance. Our data 
of antibiogram analysis indicated that E. coli isolates were 
generally susceptible to carbapenem antibiotics (100%), 
and over 80% of E. coli isolates showed sensitivity to 
piperacillin/tazobactam (98.4%), amikacin (94.0%), cefta-
zidime (89.1%), and amoxicillin/clavulanic acid (84.2%). 
An increase in the number of critical patients and preg-
nancy complications may have contributed to the 
increased resistance rate of E. coli against third/fourth- 
generation of cephalosporins in 2020.

Recently, phenomenologically heteroresistance, a phe-
notype in which the treated bacteria contain subpopulations 
with lower susceptibility to the antibiotic than the dominant 
population, has been detected in clinical isolates27,28 and 
found to mediate antibiotic treatment failure.29 Here in our 
study, the resistance rate of E. coli to third-generation 
cephalosporins was 6.0%, compared with the resistance 
rate of 20.8% against fourth-generation cephalosporins in 
the present study, pointing out the possibility of drug resis-
tance heterogeneity contributes to this phenomenon. 
Increasing efforts are warranted to determine and counteract 
the development of antibiotic heteroresistance in E. coli 
isolated from blood culture samples of postpartum women.

Another finding in our study is that the onset of fever 
among participants typically occurred within two days 
after delivery, driving us to wonder whether effective 
prophylactic antibiotic use might affect the incidence of 
BSI in the context of the continued rise in the cesarean 
birth rate and the increased risk of surgical site infections 
after cesarean birth compared with vaginal birth. Indeed, 
ACOG has recently released a Practice Bulletin on the role 
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of prophylactic antibiotics in labor and delivery. Timing is 
critically important because the goal is to achieve adequate 
tissue levels of antibiotics prior to pathogen exposure.30 

Smaill31 claimed that the incidence of wound infections, 
endometritis, and serious infectious complications would 
be reduced by 60% to 70% in response to the use of 
prophylactic antibiotics in women undergoing cesarean 
section. Previous study reported that the rate of infectious 
morbidity was similar among women who received pro-
phylactic antibiotics within 30 min and 30–60 min before 
skin incision.32 Prophylactic antibiotics might be benefi-
cial for women, but uncertainty regarding the conse-
quences for the baby remains, which should be examined 
in future prospective research studies.

One limitation of the study was that it analyzed antibio-
grams of BSI caused by gram-negative bacteria from multi-
center, which may not represent other populations, and the 
conclusions may therefore be difficult to generalize. Another 
limitation is the lack of molecular characterization for 
observed resistance. Due to the low-resource setting, resis-
tance analyses for anaerobic bacteria that can cause signifi-
cant puerperal sepsis were not performed. The results 
suggested that future research on BSI-causing pathogens 
should be expanded to cover other regions to obtain a more 
comprehensive understanding of the pathogenic profile and 
antimicrobial resistance patterns across regions, combined 
with the molecular characterization of the resistance mechan-
isms. Additionally, studies examining effective biomarkers 
capable of distinguishing infections caused by gram-negative 
or gram-positive organisms can facilitate the early initiation 
of appropriate antimicrobial therapy for better patient out-
comes and are warranted in the future.

Conclusion
Our data showed that E. coli has dominated BSIs among 
postpartum patients over the past 6 years. Attention should 
be paid to the increasing trend in the detection of anaero-
bic bacteria in BSIs among postpartum women, and 
improved methods for identifying anaerobic bacteria and 
performing drug sensitivity testing should be implemen-
ted. The increasing resistance rate of E. coli against fourth- 
generation cephalosporins in BSIs is also worthy of addi-
tional attention.
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