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Abstract
Background: Maternal sepsis results in poor outcomes such as fetal or maternal death. The incidence and mortality rates
of maternal sepsis are variable in different places because of differences in economic development, race, medical
conditions, etc. Identifying the clinical features and determining the possible mechanisms for avoiding morbidity and
preventing poor outcomes would bene�t committed patients. Therefore, this study was an epidemiological study at a
maternity transfer centre in Southeast China that aimed to identify local disease features of maternal sepsis.

Methods: This was a local epidemiological study in at a tertiary care center in Guangzhou, China, from 2015 to 2019. A
total of 74969 pregnant women experiencing childbirth were included in this study; of these women, 74 patients with
maternal sepsis were diagnosed by the sepsis criterion, and 118 patients without sepsis in the same period were selected
randomly as the control group to study possible reasons for postpartum sepsis. This experiment covers the whole period
from �rst trimester to puerperium. The clinical data were collected via the hospital electronic medical record system. Single-
factor regression and multivariate logistic regression were implemented to analyze the risk factors for maternal sepsis.

Results: The incidence of maternal sepsis was 0.099%, the maternal mortality ratio was 0.004% and the fetal mortality ratio
was 0.007%. For clinical manifestations, septic shock was associated with a higher severity of patient illness. All of the
poor outcomes (maternal or fetal death) occurred during pregnancy. Postpartum sepsis had the longest onset period, and
postpartum sepsis was associated with the premature rupture of fetal membranes and preeclampsia.

Conclusions: Maternal sepsis is an important cause of both maternal and fetal mortality. Here we described an
epidemiological study that evaluated the disease incidence, development and prognosis of local maternal sepsis.
Furthermore, the characteristics of maternal sepsis is likely due to unknown pathological mechanisms, and patients would
bene�t from the identi�cation of more effective treatments for maternal sepsis.

Background
Sepsis is de�ned as “a severe, potentially fatal, organic dysfunction caused by an inadequate or dysregulated host
response to infection” by the latest consensus [1], and it seriously threatens global human health because of its high
incidence and mortality [2]. According to ongoing epidemiological investigations, the incidence and mortality of sepsis
continue to decline yearly, and the severity of sepsis is associated with the economic development of the affected
population [2]. Maternal sepsis develops in women during pregnancy and puerperium, and poor outcomes include maternal
or fetal mortality. In the literature, the global epidemiological descriptions of maternal sepsis are lacking, the incidences in
different countries are similar (0.1–0.3%) [3, 4], and it is alarming that the incidences are consistently increasing yearly in
the United Kingdom [5] and the United States of America [6]. Compared with the case fatality rate of sepsis (nearly 20%) [7,
8], the mortality rate of maternal sepsis is extremely low. Epidemiological reports have suggested that future studies focus
on a long time period (minimum 5-year time span) to de�ne epidemiological characteristics [9], but the mortality rate was
reported to have decreased in the latest study [10]. At the same time, there are few data covering the whole pregnancy and
puerperium. However, complex factors that affect maternal sepsis initiation, development and prognosis, including race,
climate, economic development, and medical and healthcare conditions still need further study. Our retrospective
epidemiological study could bene�t local and regional populations.

For the analysis of maternal sepsis in our location, this retrospective study focused on characteristic and associated
factors of maternal sepsis. According to the latest de�nitions and classi�cations of sepsis, the diagnoses were sepsis and
septic shock [1], as well as maternal sepsis [11]. Sepsis-induced shock is characterized by severe clinical symptoms and
poor outcomes, and the clinical symptoms could be evaluated by the obstetric-modi�ed quick sequential organ failure
assessment (omSOFA) score [12] and the acute physiology and chronic health evaluation II (APACHE II) score [13].
Microbial culture and isolation could be obtained from body �uids [14], and the microbial isolates were the most concerning
factor in a previous maternal sepsis study [3]. The organisms varied during different onset times, leading to different
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disease outcomes. The most serious risk factor was caused by Group A Streptococcus [6, 15]. The whole maternal period
could be divided into three sections: intrapartum, antenatal and postnatal. The postnatal period is de�ned as the period
after the fetus is delivered, and the intrapartum and antenatal periods are the periods most associated with poor outcomes
affecting the fetus. Previous epidemiological research on maternal sepsis has focused on a single period in the pregnancy
(i.e., the intrapartum or antenatal period) [16] or on the puerperium (i.e., the postnatal period) [17, 18]. Some demographics
have also been statistically analyzed, such as age, obesity, mode of delivery and complications, which increase the
incidence of maternal sepsis [3, 19].

In this study, we focused on maternal sepsis in a maternity transfer centre. Clinical data on the affected cases were
collected and summarized to identify their characteristics, and the poor outcomes of maternal or fetal death occurred
mainly during the antepartum and intrapartum periods. Postnatal cases were the most common maternal sepsis cases in
our study but did not lead to poor outcomes. Statistical analysis was conducted to determine which factors increased the
incidence of sepsis (Fig. 1). Collectively, we demonstrated the clinical characteristics of maternal sepsis in Southeast China,
detailed the clinical features of poor outcome cases, and determined the possible reasons that could increase the incidence
of postnatal sepsis.

Methods

Study population
This study was conducted at Guangdong Women's and Children's Hospital. Ethical approval was acquired from the
Institutional Review Board of Guangdong Women and Children Hospital, Guangzhou, Guangdong, China. We con�rmed that
all research was performed in accordance with relevant guidelines/regulations, and informed consent was obtained from
all participants and/or their legal guardians. There were 74969 pregnant women treated as inpatients for labor and delivery
from 2015 to 2019 in the hospital. For this study, clinical data were collected during this period, including for all of the
pregnant women with microbial infection-induced sepsis (or septic shock) and randomly selected control patients. Patients
with acute pulmonary embolism, amniotic �uid embolism, adverse drug reactions, drug fever, viral infection, autoimmune
conditions, and transfusion reactions were excluded from this study.

Clinical data
Sepsis and septic shock were diagnosed according to the criteria of the Third International Consensus De�nitions for
Sepsis and Septic Shock [1]. Bacterial agents were con�rmed by cultures of the blood and other sites as clinically indicated,
including urine culture, vaginal swabs, episiotomy wound swabs, cerebrospinal �uid, respiratory swabs and cesarean
wound swabs. Onset timing was classi�ed into antepartum, intrapartum and postpartum. Antepartum was the time from
the con�rmation of pregnancy to the beginning of labor de�ned by contractions, intrapartum was the time from the onset
of labor to the delivery of the placenta, and postpartum was the 42-day period following the delivery of the placenta. The
obstetric information obtained included age, infection source, infection site, gestation/stage at delivery, mode of delivery,
maternal complications, maternal ICU (intensive care unit) admission time, and maternal outcome as well as neonatal data
including gestational age at delivery, fetal and neonatal outcomes and mode of delivery. The APACHE II score and the
obstetrically improved Sequential Organ Failure Assessment (omSOFA) score on the �rst day of ICU admission were
recorded to evaluate the severity of illness.

The factors associated with postpartum delivery after the statistical analysis included mode of delivery, age, body mass
index (BMI), primipara, in vitro fertilization (IVF), premature rupture of membrane (PROM), gestational diabetes and
preeclampsia/eclampsia. PROM refers to the disruption of fetal membranes before delivery and is characterized as a
painless surge of �uid that leaks out of the vagina. The diagnosis of gestational diabetes was based on the fasting 75 g
oral glucose tolerance test during pregnancy and was diagnosed if fasting glucose was ≥ 5.8 or 1-h glucose was ≥ 10
mmol/L or 2-h glucose was ≥ 11.1 mmol/L. The diagnosis of preeclampsia required the con�rmation of hypertension
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arising after 20 weeks of gestation on 2 or more occasions and one or more of the organ/system features related to the
mother and/or fetus.

Statistical analyses
Descriptive statistical analyses were performed using means with standard deviations and medians with ranges and
frequencies. Parameters were analyzed using the Fisher’s exact test, chi-square test, and t test. All P values were two-sided,
and P < 0.05 was considered statistically signi�cant. The risk factors were analyzed by multivariate logistic regression.
Statistical analyses were performed with SPSS version 22.0.

Results
The incidence of septic shock was associated with the clinical score when sepsis occurred in pregnant women

There were 74969 con�ned women included in this study from 2015 to 2019. According to the criteria for sepsis and septic
shock [1], 42 pregnant women were sepsis patients (the incidence was 5.6 per 10,000), and 32 had septic shock (4.3 per
10,000). There were no signi�cant differences between the sepsis and septic shock groups, including age, maternal ICU
admission (days), IVF and poor outcomes (Table 1). There were more cases of septic shock in the antenatal period than in
the puerperium sepsis group (p<0.05) (Table 1). The pregnant women with septic shock had higher APACHE II and
omSOFA scores than those with sepsis (p<0.05) (Table 1).

The pathogens were associated with period of onset

In all isolates, there were 33 postnatal (44.59% in all), 10 intrapartum (13.51%) and 31 antenatal (41.89%) isolates (Table
2). Regarding pathogens, two were detected in all periods of onset: Escherichia coli and Klebsiella pneumonia (Table 2).
The organisms causing sepsis differed over time. Four pathogens were detected in two periods, and the others were
detected in only one period. Five pathogens were detected only in the postpartum, two were detected in the intrapartum
period and eight were detected in the antepartum period, as the organisms of antenatal infection were more varied than
those in the postpartum and intrapartum periods (Table 2).

Poor outcomes of sepsis in pregnant women were associated with infection time and organism

The poor outcomes of pregnant women with antepartum infection-induced sepsis included maternal or fetal death. In our
study, there were three antepartum cases resulting in maternal death (maternal mortality ratio was 0.004%), which all
occurred after 28 weeks, and the fetuses survived by cesarean section. The infection sites and organisms were different in
these cases, and the organisms were unique in our study (Table 3). Five antepartum cases resulted in fetal death
(fetal mortality ratio was 0.007%), and infection occurred in the �rst and second trimesters. Three pregnant women with
blood infections had unique organisms cultured in our study, and the pathogens of two pregnant women with genital tract
infections all resulted in fetal surival (Table 3).

Postpartum sepsis cases did not result in maternal death and were associated with pregnancy factors

In our included postpartum sepsis cases, no maternal death occurred. Statistical analysis was conducted to interpret the
correlation between postpartum sepsis occurrence and pregnancy factors. The factors that showed no association were
cesarean section, age, body mass index (BMI), primipara, in vitro fertilization (IVF) and gestational diabetes. The factors
that showed a signi�cant association were premature rupture of fetal membranes (PROM) and preeclampsia/eclampsia
(Table 4).

Dicussion
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The incidence and mortality of maternal sepsis in different locations shared similarities but had differences. The maternal
mortality ratio has continued to decrease globally in recent decades, especially in Southeast Asia [20], but data on maternal
sepsis are lacking. Pregnant women who met the criteria for sepsis had a signi�cant increase in the mortality rate
compared with those without sepsis [10], and a previous study focusing on race and ethnicity and cases of maternal sepsis
indicated that disparities existed [21]. In this study, we documented the incidence (0.099%) and mortality ratio (0.004%).The
incidence was consistent with that of developed countries but higher than that of West China, and the mortality was the
highest [5, 6, 10, 22]. The differences in the clinical manifestations of sepsis in the population could be due to many
reasons. In our previous study, we indicated that genetics was an important factor affecting the incidence, development
and prognosis of sepsis [23], and genetic differences could be the primary reason for the difference in maternal sepsis by
race. China has the largest population in the world, but epidemiological studies covering the entire scope of maternal sepsis
are lacking. Maternal sepsis differences in various places exist due to differences in economic development, climate,
people’s habits and customs. Over seventy thousand clinical data points were collected over �ve years in our study, but this
study limited to a Transfer Center for pregnant women in Southeast China. More studies are needed in order to organize a
larger scope study.

The gestation time of maternal sepsis was associated with sepsis severity and the pathogenic microorganisms that were
isolated. The maternal period was divided into the antepartum, intrapartum and postpartum periods, as bodily
changes in pregnant women may mask the signs of sepsis [24]. Rapid diagnosis and management are very important
in addressing maternal sepsis [25]. Antepartum was de�ned as the initial part of pregnancy before birth and was the
longest period of the three; furthermore, infections isolated in this period showed a diversity of affected sites and in the type
of microorganisms isolated [26]. In our study, patients with antepartum sepsis had a higher risk of septic shock, and
evidence showed that all of the maternal deaths and most of the fetal deaths occurred in this period. Puerperium includes
the intrapartum and postpartum periods, and this period is shorter than the antepartum period. Sepsis in this period could
be referred to as delivery-associated sepsis, and the risk of fatality to mothers with sepsis was highest in this period [10]. In
our study, the poor outcome of this period was the high loss of fetuses. Gram-negative bacteria are the most common
isolates during the whole maternal period, and Escherichia coli is a frequently isolated pathogenic microorganism in
maternal sepsis [3, 4]. The most common gram-positive bacteria isolated was Streptococcus[27], and Group A
Streptococcusis regarded as the top risk factor of maternal mortality [15]. In our study, the top three common isolates were
Escherichia coli, Klebsiella pneumoniae and Enterococcus faecalis. There were two Streptococcus isolates and
one fungal isolate in the three maternal mortality cases. Fetal loss was a more common issue in maternal
sepsis than maternal mortality, and microorganism isolation was diverse.

Postpartum sepsis was the most common scenario in our study. There were some reasons that maternal sepsis was high
in this period, and these included PROM [17], diabetes [28] and the mode of delivery [3]. The consistent results of this period
suggest a higher risk factor, such as diabetes, being a signi�cant risk factor associated with postpartum sepsis [17, 28], but
the opposite also existed, such as cesarean delivery [3, 17], a possible reason for the different populations. In the current
study, two factors were associated with postpartum sepsis: PROM and preeclampsia/eclampsia. PROM is one of the
common reasons for preterm birth, which can be caused by infection or as a consequence of infection [29]. PROM-
associated infection could be the reason for the high sepsis incidence. Preeclampsia/eclampsia and maternal sepsis were
both leading causes of near-miss mothers [30], and additional studies are needed to interpret the causal relationship
between them and develop management protocols to protect mothers against these conditions.

Pregnancy is a miraculous experience, and it is the process of birthing a new life; additionally, there could be a rejuvenating
effect on the mother [31]. Evidence to con�rm this includes the fact that fetal cells transfer to the mother [32] in humans,
and fetal cells participate in maternal wound healing [33] in animal studies. Maternal sepsis has a lower mortality rate
than other causes of sepsis, even in the matched controls [34]; however, due to the characteristics of affected individuals,
the precise mechanism is unknown. Materials from pregnancy and childbirth provide medical means to treat sepsis.
In a previous study, we demonstrated that mesenchymal stem cells (MSCs) derived from the amniotic �uid of the second
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trimester (AF-MSCs) and Wharton's jelly of the umbilical cord (UC-MSCs) showed a curative effect in an experimental sepsis
animal model [35]. In maternal sepsis, the hypothesis that the internal MSCs associated with the pregnancy and childbirth
process relieve the acute in�ammatory response needs more experimental evidence. MSC cytotherapy is widely accepted
as a potential therapeutic strategy to treat acute injury in�ammatory diseases, including COVID-19 [36]. Although AF-
MSCs have been indicated to improve the survival of neonatal sepsis in a rat model [37], evidence that MSCs from different
sources are effective in relieving maternal sepsis is lacking, and this would be necessary to further study before the clinical
usage of MSC cryotherapy to treat maternal sepsis.

Conclusions
In summary, we demonstrated the clinical characteristics of maternal sepsis in Guangzhou and isolated the organisms at
different infection times. Furthermore, some useful data were identi�ed, including poor outcomes during pregnancy and the
associated reasons for postpartum sepsis. This work would help affected patients by demonstrating the pathological
features of the local maternal sepsis process and identifying effective treatment options.
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Tables

Table 1. Clinical information of maternal sepsis

Sepsis
(n=42)

Septic shock
(n=32)

OR 95%CI P
value

Total (n=74)

Age (years) Mean±SD  30.76±5.63 30.41±6.549 0.99 0.916-
1.07

0.803 30.61±6.004

Range 18-44 18-49 18-49

Maternal ICU admission
(days)

Mean±SD  5.48±2.391 6.22±6.656 1.035 0.932-
1.15

0.516 5.8±4.708

Range 2-11 1-40 1-40

IVF  n(%) 5 3 1.306 0.288-
5.923

0.518 8

APACHE II Score Mean±SD  10.5±6.05 14.22±5.999 1.111 1.02-
1.211

0.016 12.11±6.267

Range 1-35 2-27 1-35

omSOFA Score Mean±SD  1.48±1.851 2.44±1.848 1.339 1.016-
1.766

0.038 1.89±1.899

Range 0-10 0-6 0-10

Period of onset

Antenatal  n(%) 12 28.6 19 59.4 9.135 2.212-
8.207

0.004 31 41.9

puerperium n(%) 30 71.4 13 40.6

Poor outcome

Fetal death n(%) 3 7.1 6 18.8 3 0.688-
13.075

0.125 9 12.2

Maternal death n(%) 1 2.4 2 6.3 2.733 0.237-
31.555

0.398 3 4.1
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ICU: intensive care unit; IVF: in vitro fertilization; omSOFA: obstetric-modi�ed quick sequential organ failure assessment;
APACHE II: acute physiology and chronic health evaluation II 

Table 2. Pathogens of maternal sepsis

Organism Postpartum(n) Intrapartum(n) Antepartum (n) All isolates(n)

Escherichia coil 21 3 14 37

Klebsiella pneumonia 3 2 2 7

Hemolytic Staphylococcus 1 0 1 2

Streptococcus gallolyticus 1 0 0 2

Enterococcus faecalis 5 0 0 5

Enterococcus avium 1 0 0 1

Prevotella oralis 1 0 0 1

Listeria 0 1 1 2

Mycoplasma pneumoniae 0 1 2 3

Streptococcus agalactiae 0 1 1 2

Gardnerella vaginalis 0 1 0 1

Stenotrophomonas maltophilia 0 1 0 1

Morganella morganii 0 0 1 1

Enterobacter cloacae 0 0 2 2

Pseudomonas putida  0 0 1 1

Brucella Maltese 0 0 1 1

Streptococcus pneumoniae 0 0 1 1

Salmonella typhi 0 0 1 1

Pseudomonas aeruginosa 0 0 1 1

Aspergillus 0 0 1 1

Streptococcus haemolyticus 0 0 1 1

Total 33 10 31 74
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Table 3. Poor outcome of maternal sepsis

Maternal
outcome/Fetal
outcome

Infecting
time

Mode of
delivery

Delivery
weeks

Infecting
weeks

Infection
site

Infecting
bacteria

singleton/multiple
pregnancy

Died/Survival Antepartum CS 36+ 36+ Blood  Streptococcus
haemolyticus

singleton

CS 34+ 30+ Intracranial
infection

Streptococcus
pneumoniae

singleton

CS 32+ 32+ respiratory
tract

Aspergillus singleton

Survival/Died Antepartum Abortion 8+ 8+ Genital
tract

Escherichia
coil

twin

Abortion 24+ 24+ Blood  Pseudomonas
putida 

singleton

CS 22+ 21+ Blood  Morganella
morganii

singleton

CS 21+ 21+ Genital
tract

Streptococcus
agalactiae

singleton

Abortion 14+ 12+ Blood  Brucella
maltese

singleton

Intrapartum CS 25+ 25+ Blood  Streptococcus
gallolyticus

singleton

Abortion 35+ 36+ Blood  Enterococcus
faecalis

singleton

Postpartum Abortion 23+ 23+ Blood  Streptococcus
agalactiae

singleton

Abortion 13+ 13+ Blood  Escherichia
coil

singleton

CS: Caesarean section

Table 4. Correlation of pregnancy factors and Postpartum sepsis

Covariate Postpartum sepsis
n=33

Control population
n=118

Adjusted odds ratio (95
CI)

P
value

Caesarean section 25 75.8 46 39.0 1.747(0.684-7.041 0.186

Age≥34yearsc 10 30.3 24 20.3 1.094(-0.070-0.245 0.276

BMI≥30kg/m2 d 4 12.1 12 10.2 0.320(-0.182-0.252) 0.749

Primipara 22 66.7 34 28.8 2.107(0.688-6.449) 0.192

IVFe 3 9.1 10 8.5 0.111(-0.225-0.252) 0.912

PROMf 11 33.3 8 6.8 5.498(1.737-17.407) 0.004

Gestational diabetes 9 27.3 18 15.3 1.596(-0.033-0.313) 0.113

Pre-
eclampsia/eclampsia

2 6.1 5 4.2 3.326(1.099-10.072) 0.033
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CS: Caesarean section; PROM: premature rupture of fetal membranes; BMI: body mass index; IVF: In vitro fertilization

Figures

Figure 1

chematic representation of maternal sepsis


