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Abstract
BACKGROUND
Maternal sepsis is a major cause of gestational morbidity and neonatal mortality worldwide and particularly in China. 

AIM
To evaluate the etiology of maternal sepsis and further identify its risk factors.

METHODS
In this retrospective study, we evaluated 70698 obstetric patients who were admitted to the Third Affiliated Hospital of Guangzhou Medical University between January 1, 2009 and June 30, 2018. Subjects were divided into sepsis group and non-sepsis group based on the incidence of sepsis. Data about medical history (surgical and obstetric history) and demographic information were collected. The Mann-Whitney U test was used to compare patient age, gestational age and duration of hospitalization between the two groups. Univariate and multivariate logistic regression models were used to analyze the etiology and the risk factors for maternal sepsis. Unadjusted and adjusted odds ratios (OR) are reported.

RESULTS
A total of 561 of 70698 obstetric patients were diagnosed with infection; of the infected patients, 492 had non-sepsis associated infection (87.7%), while 69 had sepsis (12.3%). The morbidity rate of maternal sepsis was 9.76/10000; the fatality rate in the sepsis group was 11.6% (8/69). Emergency admission (OR = 2.183) or transfer (OR = 2.870), irregular prenatal care (OR = 2.953), labor induction (OR = 4.665), cervical cerclage (OR = 14.214), first trimester (OR = 6.806) and second trimester (OR = 2.09) were significant risk factors for maternal sepsis. 

CONCLUSION
Mode of admission, poor prenatal care, labor induction, cervical cerclage, first trimester and second trimester pregnancy were risk factors for maternal sepsis. Escherichia coli was the most common causative organism for maternal sepsis, and the uterus was the most common site of infection.
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Core Tip: This study evaluated the etiology of maternal sepsis and identified its risk factors in Guangzhou, China. The results show that emergency admission or transfer, irregular prenatal care, labor induction, cervical cerclage, first trimester and second trimester were significant risk factors for maternal sepsis. The most common causative organism for maternal sepsis was Escherichia coli, and the most common site of infection was the uterus.



INTRODUCTION
Sepsis is the third leading cause of maternal mortality in the world[1]. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) define sepsis as life-threatening organ dysfunction caused by dysregulated host response to infection[2,3]. The World Health Organization definition (2017) refers to maternal sepsis as a life-threatening disease; it is defined as organ dysfunction resulting from infection during pregnancy, childbirth, post-abortion or postpartum period[4]. In the absence of timely diagnosis and treatment, sepsis may lead to maternal death, neonatal infection and other adverse outcomes.
Developing countries tend to have higher maternal mortality rates due to sepsis as compared to developed countries[1,5,6]. In China, the overall maternal mortality rate has declined from 141.7 per 100000 live births in 1990 to 17.2 per 100000 live births in 2013; however, sepsis related maternal morbidity and neonatal mortality remain high[1,7].
Studies conducted in Europe and the United States have identified several risk factors for maternal sepsis including multiparity, caesarean section, anemia, genitourinary infection and uterine infection[8-12]; however, few studies have investigated the risk factors for maternal sepsis in mainland China. Therefore, the aim of this study was to analyze the etiology of maternal sepsis and to identify the associated risks factors. Our findings may help strengthen perinatal health education, facilitate prompt recognition of maternal sepsis and improve maternal and neonatal outcomes.

MATERIALS AND METHODS
This study was approved by the ethics committee of the Third Affiliated Hospital of the Guangzhou Medical University. Written informed consent was obtained from all subjects prior to their enrollment.

Data source
Data were collected from the obstetric center at the Third Affiliated Hospital of Guangzhou Medical University. This hospital is a referral center for obstetric patients and caters to a catchment population of approximately 14.044 million. We selected the study population through the hospital electronic data system and perinatal medical database. All patients with a clinical diagnosis of sepsis or septic shock were identified from the database based on the International Classification of Diseases Tenth Revision, Clinical Modification codes; the definition of maternal sepsis was based on the World Health Organization statement[3].

Identification of subjects
All obstetric patients within 42 d of pregnancy, intrapartum, abortion and postpartum admitted to the Third Affiliated Hospital of Guangzhou Medical University between January 1, 2009 and June 30, 2018 were eligible for inclusion. According to the database, 565 of the total maternal patients (70698) were diagnosed as “infection.” Four cases were excluded due to incomplete data. Based on the type of infection, the total study objects were divided into the sepsis group (n = 69, 12.3%) and non-sepsis group (n = 492, 87.7%).

Exclusion criteria
Patients with ectopic pregnancy, hydatidiform mole and patients for whom complete data were not available were excluded.

Diagnostic criteria
There are two recommended approaches for the diagnosis of sepsis and septic shock[2]. The diagnostic criteria for sepsis and septic shock are shown in Table 1. Sepsis is defined as life-threatening organ dysfunction caused by a dysregulated host response to infection. The assessment of sequential organ failure (SOFA) was used for the clinical identification of sepsis. SOFA scores ≥ 2 were considered indicative of organ dysfunction. 
When laboratory data is not available or in emergency settings, adult patients with suspected infection can be identified using the quick SOFA method. According to this method, the presence of at least two of the following criteria is considered indicative of sepsis: Respiratory rate ≥ 22/min; altered mentation (Glasgow score < 13); and systolic blood pressure ≤ 100 mmHg. It is generally considered that the presence of two of the above three criteria is equivalent to SOFA score ≥ 2.
Patients with septic shock can be clinically identified by a requirement for vasopressor therapy to maintain a mean arterial pressure of ≥ 65 mmHg and serum lactate level > 2 mmol/L (> 18 mg/dL) in the absence of hypovolemia.
Infection refers to the invasion and multiplication of microorganisms such as bacteria, viruses and parasites that are not normally present within the body.
Regular prenatal care implies an obstetric checkup every 4 wk for 20-36 wk of gestation and every week after 36 wk of gestation. Irregular perinatal care implies a lack of adherence to the above protocol. Surgical history was an exposure factor. 

Statistical analyses
SPSS 24.0 software (IBM, Armonk, NY, United States) was used for statistical analysis. Normally distributed variables are presented as mean ± standard deviation, while non-normally distributed variables are presented as median and interquartile range. Between group differences were assessed using the Mann-Whitney U test with two independent samples, Pearson, likelihood ratio, continuous correction, Fisher’s exact and χ2 test (including the Monte Carlo method). Binary logistic regression analysis was used for analyzing risk factors. Univariate logical regression analysis was performed initially; variables that showed a significant association in univariate logistic regression analysis were included in the multivariate logistic regression model. P values < 0.05 were considered statistically significant difference.

RESULTS
Diagnosis of sepsis and incidence of maternal sepsis 
A total of 70698 obstetric patients were admitted to the Third Affiliated Hospital of Guangzhou Medical University during the study reference period. Of these, 561 patients with infection qualified the inclusion criteria. The incidence rate of infection was 79.35/10000. Out of 561 patients, 69 were diagnosed with sepsis; the incidence rate of sepsis was 9.76/10000. These included 37 patients with septic shock. Eight patients died due to sepsis, which corresponded to a fatality rate of 11.6 % (Figure 1). The diagnostic criteria for sepsis and septic shock are shown in Table 1.

Comparison of demographic data and identification of risk factors for maternal sepsis
There were significant differences between the two groups with respect to proportion of migrant population, employment status, marital status, insurance status, education level, type of admission, prenatal care status, uterus scar condition, proportion of primiparous women, pregnancy history, gestational age (< 14 wk and ≥ 28 wk), presence of fever during pregnancy, surgical history, prevalence of gestational hypertensive disorder and placenta previa or placenta accrete (P < 0.05 for all) (Table 2).
Emergency admission [odds ratio (OR) = 2.183] or transfer (OR = 2.870), irregular prenatal care (OR = 2.953), labor induction (OR = 4.665), cervical cerclage (OR = 14.214), first trimester (OR = 6.806) and second trimester (OR = 2.090) were found to be significant risk factors for maternal sepsis (Table 3).

Analyses of the etiology of maternal sepsis
[bookmark: _Hlk78373449]Escherichia coli (E. coli) was the most common pathogenic bacterium, and intrauterine infection was the common cause of maternal sepsis (Table 4). Maternal sepsis occurred more often in patients with a history of manual removal of retained placenta, labor induction or cervical cerclage procedure. The proportion of patients who underwent labor induction was significantly different between the sepsis and the non-sepsis groups (P < 0.05).
The common pathogenic bacteria for maternal sepsis were E. coli, Group A Staphylococcus, Enterococcus faecalis, and Group B Staphylococcus. Patients with multi-bacterial infection had higher morbidity (P < 0.05). 

Maternal and neonatal outcomes
There was a significant between group difference with respect to the proportion of patients who underwent hysterectomy, intensive care unit (ICU) admission, tracheal intubation, transfusion of blood products, hemofiltration or plasma exchange (P < 0.01 for all). The duration of hospitalization and the morbidity were also significantly different between the two groups (P < 0.01 for all). Out of the 69 patients in the sepsis group, 2 patients received medication for abortion without doctors’ instructions and 5 patients gave birth outside the hospital. Four of these five patients who gave birth outside the hospital died, which accounted for 50% of the fatalities. Two patients died due to severe hepatitis, one died due to hematological disease, and one died due to severe pneumonia. The between group difference with respect to maternal mortality was statistically significant (P < 0.01).
A total of 76 babies died of infection during the perinatal period. Of these, 26 babies were born of mothers in the sepsis group while 50 babies were born of mothers in the non-sepsis group. The perinatal mortality rate in the sepsis and non-sepsis groups was 37.7% and 10.2%, respectively (Table 5).

DISCUSSION
Main findings
The description of sepsis can be traced back to the time of Hippocrates when it was referred to as the process of physical decay and wound ulceration[13]. Four components of sepsis have been described previously, i.e. systemic inflammatory response syndrome (SIRS), sepsis, severe sepsis and septic shock. Subsequently, systemic inflammatory response syndrome and severe sepsis have been removed from the “sepsis–3,” which only refers to sepsis and its subset septic shock[2,3]. There are no separate gold standard diagnostic criteria for maternal sepsis; the diagnosis is based on the criteria used for the diagnosis of sepsis in non-pregnant women. In this study, we used the definition in the World Health Organization statement[4]. Accordingly, 69 maternal patients were diagnosed with sepsis. Of these, eight died due to sepsis-related diseases. The most significant risk factors for maternal sepsis in the Guangzhou area were mode of admission, hospital transfer, irregular prenatal care, labor induction, cervical cerclage, and first and second trimesters. E. coli was the most common pathogenic bacteria for maternal sepsis, and intrauterine infection was the most common cause of sepsis.

Incidence of maternal sepsis and the associated maternal and perinatal outcomes 
The incidence of sepsis in previous reports shows much variability owing to the inconsistent diagnostic criteria. Most of the available sepsis-related data were collected from high-income countries, while there is a paucity of data from low- and middle-income countries, which account for 87% of the world’s population[1,6,13]. In high-income countries, the incidence of pregnancy-related sepsis is 9–49 per 100000 deliveries[14]. In New Zealand, obstetric sepsis is the most common cause of admission to the intensive care unit and high-dependent care unit; the reported incidence rate of severe sepsis among obstetric women is 1.4/10000–5.0/10000 with a fatality rate of 1/75[15]. The morbidity and mortality attributed to sepsis are on the rise in the United States, and sepsis is considered to be the main cause of intensive care unit deaths. Maternal sepsis was shown to be associated with a 2.81-fold higher risk of premature delivery and 5.78-fold higher risk of perinatal mortality[8]. In low- and middle-income countries, maternal sepsis is associated with a fatality rate of approximately 4%–50%; maternal fatality rate in septic shock varies between 20%–28%[9]. Based on the diagnostic criteria of Sepsis-3, the incidence rate of maternal sepsis in our study was 9.76/10000, which is consistent with previous reports. The maternal fatality attributable to sepsis and septic shock in the present study was 11.6% and 21.6%, respectively. Although the maternal and perinatal outcomes are consistent with those reported by previous studies, the actual incidence and mortality in the region may be lower since this medical facility is a referral center.

Risk factors for maternal sepsis
Pregnancy-related structural, physiological and immunological changes render pregnant women more vulnerable to infection, especially urogenital tract infection, health care-related infection and other non-reproductive infections. Some systemic infections may be more severe or occur more frequently during pregnancy. The known risk factors for sepsis include elderly pregnant women, poor nutritional status, low socioeconomic status, lack of medical insurance, ethnic minorities, smoking history, obesity, history of invasive procedures (e.g., amniocentesis, multifetal reduction, cervical cerclage and especially emergency cervical cerclage), gestational complications (e.g., multiple vaginal examinations, prolonged labor, vaginal delivery surgery, cesarean section, premature delivery, premature rupture of membranes, multiple pregnancy, postpartum hemorrhage, placental retention, hysterectomy, blood transfusion, postpartum infection), immune factors (immune impairment or use of immunosuppressive drugs) and other medical diseases (e.g., diabetes, anemia)[16-20]. Our study confirmed some of the above-mentioned risk factors including history of invasive procedures and gestational complications. Some other risk factors that are uncommon in other regions were also identified in our study; these included mode of admission, hospital transfer, lack of regular prenatal care and gestational age (first and second trimesters). Not many studies have indicated gestational age as a risk factor for maternal sepsis. 
Ethnic minorities are more likely to be a transient population in Guangzhou city. Pregnant women belonging to ethnic minority groups are at a high risk of sepsis due to unstable income, lack of medical insurance, low education level, poor awareness about health care, irregular prenatal care or even no prenatal care, lack of timely medical consultation when necessary and poor medical compliance. Women with high education levels tend to have a good knowledge of self-care. They actively seek information about perinatal health care and undergo prenatal examinations. This can facilitate early identification of infection symptoms and high-risk factors for sepsis, leading to timely intervention and improved prognosis of patients. Patients with sepsis are most likely to be referred due to the severity of the disease. The Third Affiliated Hospital of Guangzhou Medical University is a referral center for pregnant women. Therefore, the proportion of sepsis among referral patients was the largest, and referral was a high-risk factor for sepsis. 
First and second trimester was another risk factor for sepsis; this may be because invasive procedures (such as cervical cerclage, abortion and amniocentesis) are more likely to be performed during this period. In our study, pregnant women showed a higher risk of sepsis, especially during the first and second trimesters. In addition, septic patients have a higher probability of transfer due to their serious condition; this makes hospital transfer as one of the correlates of maternal sepsis. In our study, transferred patients accounted for the largest proportion of patients in the sepsis group as our hospital is the referral center for obstetric cases. 
In this study, 39.1% patients in the sepsis group had a history of intrapartum or postpartum invasive procedures. Although there was no significant between group difference with respect to cesarean section rate, labor induction and cesarean section accounted for most cases of maternal sepsis. Labor induction and cervical cerclage were identified as significant risk factors in our study, suggesting that sepsis may be related to intrauterine infection and ascending genital tract infection. Cesarean section has been reported to be associated with maternal sepsis as well as an increased risk for maternal sepsis-related death[11]. A large national cohort study in the Netherlands showed that 42.9% of women with postpartum sepsis applied cesarean delivery[12]. In addition, a multicenter study in the United States and Israel found that both prophylactic and urgent cervical exchange were risk factors for maternal sepsis[19]. The relative risk of labor induction in sepsis was 5.2[16]. However, in a study by Knowles et al[17], use of preventive antibacterial drugs was shown to reduce the incidence of infection related to cesarean section from 5% to 85%. Due to the retrospective nature of the study, complete data pertaining to the use of antibiotics were not available; thus we were unable to draw any definitive conclusions in this regard.
Several studies have found that socio-economic and healthcare insurance status are risk factors for maternal sepsis[8,21]. In this study, health insurance status did not appear to be a significant risk factor for maternal sepsis. However, we found that unemployment was a risk factor for maternal sepsis. Risk factors in this study are not completely consistent with previous studies; this may be attributable to: (1) Small sample size of patients with sepsis; and (2) Differences with respect to study population and definition of sepsis.

Common causes and etiology of maternal sepsis
In this study, uterine infection and urinary tract infection were the most common causes of infection in the non-sepsis group (incidence rate: 37.6% and 33.1%, respectively). The incidence of fever during the postpartal period was 2.9 times higher than that in the antenatal period. The most common cause of maternal sepsis was also uterine infection; among these, postpartum placental complications accounted for 14.5% of all cases; 97.1% of the cases had a fever before or after childbirth. 
E. coli was the most common pathogen in sepsis followed by Staphylococcus, Enterococcus faecalis, Group A Staphylococcus, Group B Staphylococcus and multi-bacterial infection. In a study by Lepine et al[15], Group A Staphylococcus-related septic shock was the most common manifestation of maternal sepsis with a fatality rate of 8%-23%. Multi-bacterial infections accounted for 18.8% of the total bacterial infections; the prevalence of multi-bacterial infection in the sepsis group was greater than that in the non-sepsis group. However, the causative organism was not investigated for three patients. According to Sepsis-3 guidelines, two or more sets of blood culture (aerobic and anaerobic) are recommended prior to any new antibacterial therapy for patients with suspected sepsis or septic shock[3]. Therefore, etiological tests should be performed routinely for patients with suspected sepsis.

Strengths and limitations
We analyzed the causes and risk factors of maternal sepsis in a fairly representative sample in Guangzhou area. We also identified some uncommon risk factors of maternal sepsis that are different from those reported from other regions. However, some limitations of our study should be acknowledged. All data in the pregnancy and perinatal medical database were entered manually, which may have introduced some errors. Second, all data were collected from a referral medical facility, which may have introduced an element of bias. Third, complete etiological test results were not available for three patients. Fourth, due to the relatively rare occurrence of maternal sepsis, some potential risk factors of sepsis could not be investigated. Fifth, data about the use of antibiotics was not included due to the retrospective nature of the study. Lastly, this was a single-center study. However, the sample size was relatively large and fairly representative of a large catchment area. Further multicenter clinical study is required to confirm our findings.

CONCLUSION
In conclusion, mode of admission, poor prenatal care, labor induction, cervical cerclage and gestational age (first trimester and second trimester) were risk factors for maternal sepsis. Improving residents’ health care awareness, standardization of the diagnosis of maternal sepsis and use of antibacterial drugs and timely identification of the risk factors are essential for the prevention of maternal sepsis and improvement of maternal and perinatal outcomes.

ARTICLE HIGHLIGHTS
Research background
Globally, sepsis is the third leading cause of maternal mortality. China has relatively high rates of sepsis-related maternal morbidity and neonatal mortality. However, the risk factors for maternal sepsis in mainland China are not well-characterized.

Research motivation
We aimed to analyze the etiology of maternal sepsis and to identify the associated risk factors using the new definitions of sepsis and septic shock. The identified risk factors can be used to develop prediction models for early intervention.

Research objectives
To analyze the etiology of maternal sepsis and to identify the associated risk factors.

Research methods
Data of obstetric patients with infection who were admitted to the Third Affiliated Hospital of Guangzhou Medical University between January 2009 and June 2018 were retrospectively analyzed. Patients were divided into the sepsis group and non-sepsis group based on the definition of sepsis. Patient characteristics, obstetric factors and duration of hospitalization were compared between the two groups. Risk factors for maternal sepsis were identified using multivariate logistic regression models.

Research results
The morbidity rate of maternal sepsis was 9.76/10000; the fatality rate in the sepsis group was 11.6%. Mode of admission, poor prenatal care, labor induction, cervical cerclage and first trimester and second trimester pregnancy were risk factors for maternal sepsis. Escherichia coli was the most common causative organism for maternal sepsis; the uterus was the most common site of infection.

Research conclusions
This study determined the incidence and fatality rate of sepsis in pregnant women and identified the risk factors for sepsis in infected pregnant women.

Research perspectives
The identified risk factors can be used to establish prediction models for early intervention against maternal sepsis.
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Figure 1 Schematic illustration of study design, patient-selection criteria and outcomes of sepsis.

Table 1 The sequential organ failure assessment[1]
	　
	Score

	System
	0
	1
	2
	3
	4

	Breath
	
	
	
	
	

	PaO2/FiO2, mmHg (kPa)
	≥ 400 (53.3)
	< 400 (53.3)
	< 300 (40.0)
	< 200 (26.7) need breathing support 
	< 100 (13.3) 

	Clotting factor
	
	
	
	
	

	Platelets
	≥ 150
	< 150
	< 100
	< 50
	< 20

	Liver
	
	
	
	
	

	Bilirubin mg/dL (µmol/L)
	< 1.2 (20)
	1.2–1.9 (20–32)
	2.0–5.9 (33–101)
	6.0–11.9 (102–204)
	> 12.0 (204)

	Cardiovascular
	MAP ≥ 70 mmHg
	MAP < 70 mmHg
	Dopamine < 5.0 
	Dopamine = 5.1–15.0
	Dopamine > 15.0 

	
	
	
	Or dobutamine (any dose)1
	Or adrenaline ≤ 0.1
	Or adrenaline
> 0.1

	
	
	
	
	Or noradrenaline ≤ 0.11
	Or noradrenaline >0.11

	Central nerve system
	
	
	
	
	

	Glasgow
	15
	13–14
	10–12
	6–9
	< 6

	Kidney
	
	
	
	
	

	Creatinine mg/dL (µmol/L)
	< 1.2 (110)
	1.2–1.9 (110–170)
	2.0–3.4 (171–299)
	3.5–4.9 (300–440)
	> 5.0 (440)

	Urine output mL/d
	　
	　
	　
	< 500
	< 200


1The dosage of catecholamine is µg/kg/min for at least one hour. MAP: Mean arterial pressure. 

Table 2 Comparisons of demographic and clinical characteristics between the sepsis group and the non-sepsis group, n (%)
	　
	Infected maternal patients, n = 561
	Sepsis group, n = 69
	Non-sepsis group, n = 492
	Statistical value
	P value

	Demographic information

	Age [yr, (IQR)]
	29 (25, 33)
	28 (24, 33)
	29 (26, 33)
	z = -0.604
	0.546

	Migrant population

	Yes
	105
	21 (30.4)
	84 (17.1)
	 χ2 = 7.101
	0.008

	No
	456
	48 (69.4)
	408 (82.9)
	

	Employment status

	No
	105
	31 (44.9)
	74 (15.0)
	 χ2 = 35.529
	< 0.001

	Yes
	456
	38 (55.1)
	418 (85.0)
	

	Marital status

	Married
	524
	57 (82.6)
	467 (94.9)
	 χ2 = 12.954
	< 0.001

	Single or divorced
	37
	12 (17.4)
	25 (5.1)
	

	Ethnicity
	
	
	
	

	Han
	553
	66 (95.7)
	487 (99.0)
	 χ2 = 4.778
	0.063

	Minorities
	8
	3 (4.3)
	55 (1.0)
	

	Education level

	> 12 yr
	156
	11 (15.9)
	145 (29.5)
	

	7-12 yr
	365
	48 (69.6)
	317 (64.4)
	 χ2 = 9.656
	0.008

	≤ 6 yr
	40
	10 (14.5)
	30 (6.1)
	

	Insurance status

	Yes
	193
	14 (20.3)
	179 (36.4)
	 χ2 = 6.944
	0.008

	Self-pay
	368
	55 (85.1)
	313 (63.6)
	

	Type of admission

	Outpatient
	251
	15 (21.7)
	236 (48.0)
	

	ER
	75
	10 (14.5)
	65 (13.2)
	 χ2 = 18.369
	< 0.001

	Transfer 
	235
	41 (63.8)
	191 (38.8)
	

	[bookmark: OLE_LINK5]Prenatal care

	Regular
	310
	20 (29.0)
	290 (58.9)
	 χ2 = 22.257
	< 0.001

	Irregular
	125
	23 (33.3)
	102 (20.7)
	

	Lack of prenatal care 
	126
	26 (37.3)
	100 (20.3)
	

	Gestational age[14]
	32.00 (26.15, 38.00)
	29.20 (21.05, 38.35)
	32.00 (27.23, 38.00)
	Z = -2.296
	0.022

	Gestational age
	
	
	
	
	

	< 14
	18
	5 (7.2)
	13 (2.6)
	

	14–27+6
	144
	27 (39.1)
	117(23.8)
	 χ2 = 11.652
	0.003

	≥ 28
	399
	37 (53.6)
	362 (73.6)
	

	Premature rupture of membranes

	No
	422
	51 (73.9)
	371(75.4)
	 χ2 = 0.072
	0.788

	Yes
	139
	18 (26.1)
	121 (24.6)
	

	Surgical history

	No
	406
	42 (60.9)
	364 (74.0)
	 χ2 = 5.205
	0.023

	Yes
	155
	27 (39.1)
	128 (26.0)
	

	Fever

	Antepartum
	272
	38 (55.1)
	234 (47.6)
	

	Intrapartum
	31
	2 (2.9)
	29 (5.9)
	 χ2 = 55.986
	< 0.001

	Postpartum
	111
	29 (42.0)
	82 (16.7)
	

	No
	147
	0 (0)
	147 (29.9)
	

	Gestational complications

	[bookmark: OLE_LINK10]Multiple pregnancy
	
	
	
	
	

	No
	494
	63 (91.3)
	431 (87.6)
	 χ2 = 0.789
	0.374

	Yes
	67
	6 (8.7)
	61 (12.4)
	

	Gestational diabetic or diabetes

	No
	498
	65 (94.2)
	433 (88.0)
	 χ2 = 2.329
	0.127

	Yes
	63
	4 (5.8)
	59 (12.0)
	

	Gestational hypertension

	No
	479
	65 (94.2)
	414 (84.1)
	 χ2 = 4.904
	0.027

	Yes
	82
	4 (5.8)
	78 (15.9)
	

	Placenta previa or accrete

	No
	513
	54 (78.3)
	459 (93.3)
	 χ2 = 17.476
	< 0.001

	Yes
	48
	15 (21.7)
	33 (6.7)
	

	Thyroid disease

	No
	539
	65 (94.2)
	474 (96.3)
	 χ2 = 0.277
	0.391

	Yes
	22
	4 (5.8)
	18 (3.7)
	　


IQR: Interquartile range; ER; Emergency.

Table 3 Risk factors for maternal sepsis
	　
	OR
	95%CI
	P value

	　
	
	Lowest
	Highest
	

	Immigrant population
	1.380
	0.698
	2.729
	0.355

	Single/divorced
	2.347
	0.958
	5.748
	0.062

	Ethnic groups
	2.888
	0.504
	16.556
	0.234

	Education level
	
	　
	　
	0.540

	> 12 yr
	Control
	　
	　
	　

	7–12 yr
	0.961
	0.426
	2.168
	0.924

	≤ 6 yr
	1.615
	0.523
	4.985
	0.405

	Employment
	0.212
	0.112
	0.399
	< 0.001

	Insured
	0.889
	0.421
	1.877
	0.758

	Mode of admission
	
	　
	　
	0.025

	Outpatient
	Control
	　
	　
	　

	ER
	2.183
	0.834
	5.715
	0.112

	Transfer
	2.870
	1.336
	6.167
	0.007

	Prenatal care
	
	　
	　
	0.029

	Regular
	Control
	　
	　
	　

	Irregular
	2.953
	1.324
	6.586
	0.008

	No prenatal care
	1.950
	0.885
	4.295
	0.098

	Manual removal of placenta 
	2.518
	0.333
	19.059
	0.371

	Labor induction
	4.665
	1.984
	10.966
	< 0.001

	Cervical cerclage
	14.214
	2.201
	91.808
	0.005

	Placenta previa or accrete 
	2.158
	0.931
	5.003
	0.073

	Gestational age
	
	　
	　
	0.002

	≥ 28
	Control
	　
	　
	　

	14–27+6
	2.090
	1.094
	3.995
	0.026

	< 14
	6.806
	2.021
	22.919
	0.002


CI: Confidence interval; ER: Emergency; OR: Odds ratio.

Table 4 Analysis of the causes of maternal sepsis, n (%)
	　
	Infected maternal patients, n = 561
	Sepsis group, n = 69
	Non-sepsis group, n = 492
	Statistical value
	 P value

	Surgical history

	Placenta previa or accrete
	6
	3 (4.7)
	3 (0.6)
	 χ2 = 7.991
	0.027

	Labor induction
	57
	15 (21.7)
	42 (8.2)
	 χ2 = 11.555
	0.001

	Amniocentesis
	12
	3 (4.3)
	9 (1.8)
	 χ2 = 0.828
	0.363

	Cervical cerclage
	7
	3 (4.3)
	4 (0.8)
	 χ2 = 6.136
	0.043

	Cesarean section
	72
	9 (13.0)
	63(12.8)
	 χ2 = 0.003
	0.956

	Number of bacterial infections

	0
	68
	19 (27.5)
	49 (10.0)
	
	

	1
	345
	34 (49.3)
	311 (63.2)
	 χ2 = 23.873
	< 0.001

	2
	53
	9 (13.0)
	44 (8.9)
	
	

	≥ 3
	16
	4 (5.8)
	12 (2.4)
	
	

	Without bacterial test
	79
	3 (4.3)
	76 (15.4)
	
	

	Category of bacterial

	Escherichia coli
	101
	25 (36.2)
	76 (15.4)
	 χ2 = 17.709
	< 0.001

	Staphylococcus
	32
	8 (11.6)
	24 (4.9)
	 χ2 = 3.903
	0.048

	GAS
	9
	3 (4.3)
	6 (1.2)
	 χ2 = 2.032
	0.154

	GBS
	10
	1 (1.4)
	9 (1.8)
	 χ2 = 0.000
	1

	Enterococcus faecalis
	29
	4 (5.8)
	25 (5.1)
	 χ2 = 0.000
	1

	Site of infection

	Other or unknown
	15
	2 (2.9)
	13 (2.6)
	
	

	Uterine
	217
	32 (46.4)
	185 (37.6)
	
	

	Respiratory
	133
	12 (17.4)
	121 (24.6)
	 χ2 = 24.395
	< 0.001

	Urinary tract
	176
	13 (18.8)
	163 (33.1)
	
	

	Placental complications
	20
	10 (14.5)
	10 (2.0)
	　
	　


GAS: Group A Staphylococcus; GBS: Group B Staphylococcus.

Table 5 Comparison of maternal and perinatal outcomes between the sepsis group and non-sepsis group, n (%)
	　
	Infected maternal patients, n = 561
	Sepsis group, n = 69
	Non-sepsis group, n = 492
	Statistical value
	P value

	Maternal outcomes

	Hysterectomy
	21
	13 (18.8)
	8 (1.6)
	 χ2 = 45.106
	< 0.001

	Intubation
	44
	31 (44.9)
	13 (2.6)
	 χ2 = 149.697
	< 0.001

	Transfusion
	56
	39 (56.5)
	17 (3.5)
	 χ2 = 189.643
	< 0.001

	Blood infiltration
	17
	16 (23.2)
	1 (0.2)
	 χ2 = 101.117
	< 0.001

	ICU admission
	108
	58 (84.1)
	50 (10.2)
	 χ2 = 212.564
	< 0.001

	Death
	8
	8 (11.59)
	0
	 χ2 = 57.869
	< 0.001

	Duration of hospitalization[14]
	8.0 (5.0, 11.0)
	11.0 (8.0, 14.5)
	8.0 (5.0, 10.0)
	z = -4.971
	< 0.001

	Perinatal outcomes

	Survive
	309
	37 (53.6)
	272 (55.3)
	
	

	Death
	76
	26 (37.7)
	50 (10.2)
	 χ2 = 46.753
	< 0.001

	Not yet delivered
	176
	6 (8.7)
	170 (34.6)
	　
	　


ICU: Intensive care unit.
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