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Abstract

Objective: To investigate the incidence and risk factors associated with uncomplicated maternal sepsis and progression to
severe sepsis in a large population-based birth cohort.

Methods: This retrospective cohort study used linked hospital discharge and vital statistics records data for 1,622,474 live
births in California during 2005–2007. Demographic and clinical factors were adjusted using multivariable logistic regression
with robust standard errors.

Results: 1598 mothers developed sepsis; incidence of all sepsis was 10 per 10,000 live births (95% CI = 9.4–10.3). Women
had significantly increased adjusted odds (aOR) of developing sepsis if they were older (25–34 years: aOR = 1.29; $35 years:
aOR = 1.41), had #high-school education (aOR = 1.63), public/no-insurance (aOR = 1.22) or a cesarean section (primary:
aOR = 1.99; repeat: aOR = 1.25). 791 women progressed to severe sepsis; incidence of severe sepsis was 4.9 per 10,000 live
births (95% CI = 4.5–5.2). Women had significantly increased adjusted odds of progressing to severe sepsis if they were Black
(aOR = 2.09), Asian (aOR = 1.59), Hispanic (aOR = 1.42), had public/no-insurance (aOR = 1.52), delivered in hospitals with
,1,000 births/year (aOR = 1.93), were primiparous (aOR = 2.03), had a multiple birth (aOR = 3.5), diabetes (aOR = 1.47), or
chronic hypertension (aOR = 8.51). Preeclampsia and postpartum hemorrhage were also significantly associated with
progression to severe sepsis (aOR = 3.72; aOR = 4.18). For every cumulative factor, risk of uncomplicated sepsis increased by
25% (95% CI = 17.4–32.3) and risk of progression to severe sepsis/septic shock increased by 57% (95% CI = 40.8–74.4).

Conclusions: The rate of severe sepsis was approximately twice the 1991–2003 national estimate. Risk factors identified are
relevant to obstetric practice given their cumulative risk effect and the apparent increase in severe sepsis incidence.
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Introduction

In countries with developed healthcare systems, sepsis remains a

leading cause of preventable maternal morbidity and mortality [1].

Over the past decade the incidence of maternal deaths from severe

maternal sepsis has increased in several European countries, most

notably the United Kingdom[1–3]. There has also been an

increase in the incidence and severity of sepsis morbidity in the

general US and European populations[4–8]. While the absolute

risk of maternal death from sepsis is small in the US (0.60 per

100,000 live births in the US; extrapolated from Berg et al [9]), the

risk of severe sepsis morbidity is substantially larger (20.9 per

100,000 deliveries; extrapolated from Callaghan et al [10]).

Pregnant and peripartum women represent a particularly

vulnerable population for developing sepsis because the maternal

immune system is modulated during these periods [11]. The

systemic inflammatory response syndrome (SIRS), an indicator of

uncomplicated sepsis, is usually recognized by specific biomarkers

[12]. However, physiological changes of pregnancy can mimic and

sometimes mask these biomarkers and thus the pathophysiology of

sepsis. Recognition of an infection can therefore be delayed until

progression to severe sepsis [13]. For this reason, an understanding

of the risk factors along the continuum of sepsis morbidity from

uncomplicated sepsis to severe sepsis is important for targeting

preventive strategies that could be implemented ‘upstream’ of

severe sepsis. A population-based study examining the risk factors

and outcomes of maternal sepsis morbidity has not been carried

out in the US. Further, although maternal sepsis, severe sepsis and

septic shock have been studied in isolation from one another in

other countries, there has not been a study assessing how risk

associated with these factors changes with the progression of

severity.
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The aim of this study was to investigate the incidence and risk

factors of uncomplicated maternal sepsis, severe sepsis and septic

shock as well as the probability of progression to severe sepsis,

among all births from 2005 to 2007 in California, where

approximately one in eight US births occur.

Materials and Methods

Data Source
This study was conducted using data linked from the California

Vital Statistics records and statewide hospital discharge data from

the Office of State Wide Planning and Development (OSHPD).

This linked dataset contains comprehensive demographic and

clinical information including mode of delivery and ICD-9-CM

diagnosis and procedure codes from the birth hospitalization of

essentially all inpatient live births in California. The dataset is

described in detail in a previous study [14]. Data were linked using

a probabilistic matching algorithm for large public health data sets

and is described by Jaro [15,16]. The linkage was performed by

the California Perinatal Quality Care Collaborative under grant

support from the March of Dimes. Linkage protocols and internal

validation are described in a previous study [14]. Hospital

identifiers were masked in order to anonymize the data.

Ethics Statement
Institutional Review Board approval with waiver of consent for

anonymous data was obtained from Stanford University and the

University of California San Francisco.

Study Design and Outcome Variables
This was a retrospective cohort study of maternal sepsis among

all in-hospital live births in California between 2005 through 2007.

Outcome variables were: uncomplicated sepsis, severe sepsis and

septic shock. Women were grouped according to the most severe

outcome. Cases of uncomplicated sepsis were identified as those

with an ICD-9-CM code for septicemia (038.1–038.9) or sepsis

(995.91). Cases of severe sepsis were those with an ICD-9-CM

code for severe sepsis (995.92), or a sepsis code plus the

management indicators: length-of-stay $90th percentile for mode

of delivery (at least three days), or a postpartum transfer to

intensive care [10,14] or if the woman died. We adopted these

management criteria for severe sepsis in order to account for

potential misclassification of sepsis severity [10], since it was noted

that a proportion of women with codes for septicemia or sepsis and

no other severe morbidity had a long length-of-stay, other

management indicators of severe morbidity, or were either

transferred or died. These management criteria have been

established in other morbidity studies [10,14], as administrative

datasets do not usually contain clinical information (such as heart

rate, respiratory rate, white blood cell count, etc.), which would

otherwise be used as clinical indicators of severe sepsis. We also

regarded sepsis as severe if it was complicated by other acute co-

morbidity and the woman had the criteria for severe sepsis (as

defined above). Cases of septic shock were those with an ICD-9-

CM code for septic shock (785.52). Women with multiple codes

were categorized according to the most severe code; for example

women with uncomplicated sepsis and severe sepsis codes were

categorized as having severe sepsis, and women with uncompli-

cated or severe sepsis and septic shock codes were categorized as

having septic shock. Final outcome groups were mutually

exclusive.

Risk factors included demographic and clinical factors, other

acute co-morbidities as well as management-based indicators of

severe morbidity [17](Tables 1, 2, 3). When payor status was

analyzed, public insurance (Medi-Cal; California Medicaid) was

grouped together with no insurance in order to avoid under-

reporting, because previous studies have found that up to 20% of

women in California are uninsured during the first trimester of

pregnancy before being later enrolled in a public program [18].

Adequacy of prenatal care was defined according to the

Kotelchuck Adequacy of Prenatal Care Utilization Index;

adequate prenatal care was defined as initiation of prenatal care

within the first four months of pregnancy, and receipt of at least

80% of the expected number of prenatal care visits based on the

American Congress of Obstetricians and Gynecologists (ACOG)

prenatal care visitation standards for uncomplicated pregnancies

[14,19]. Other significant morbidities were identified according to

ICD-9-CM diagnostic and procedure codes in addition to birth

certificate diagnosis codes [14]. Chronic co-morbidities evaluated

were diabetes and chronic hypertension. These conditions were

identified according to ICD-9-CM codes for diabetes type I or II

(diabetes mellitus) or gestational diabetes (ICD-9-CM codes

648.01–648.04 and 648.80–648.84), and chronic/pre-existing

hypertension (essential hypertension, excluding preeclampsia/

eclampsia) (ICD-9-CM codes 401–405). Maternal deaths were

identified from OSHPD disposition data and Vital Statistics

records. These data however did not include direct cause of death,

and do not capture women who were readmitted with sepsis or

complications of sepsis and subsequently died; therefore case

fatality rates and risk factors for direct maternal death from sepsis

could not be assessed in this study.

Sample Size and Statistical Analyses
The sample size of this study was represented by the population

incidence of maternal sepsis among virtually all hospitals in

California; military hospitals and freestanding birth centers do not

report discharge data (which comprised 1.9% (n = 31,884) of

births). Data from these hospitals were therefore excluded, and the

final analysis included the 1,622,474 births with reported

discharge data. Frequencies of demographic and clinical variables

and other significant morbidities were tabulated for uncomplicated

sepsis, severe sepsis and septic shock case groups, and each group

was compared to the immediately less severe group in the

morbidity continuum [20]; uncomplicated sepsis was compared

with all other women who gave birth in California without a sepsis

code, severe sepsis was compared with uncomplicated sepsis and

septic shock was compared with severe sepsis. Comparisons were

made using chi square, Fisher’s exact and Wilcoxon rank-sum

(Mann-Whitney) tests where appropriate.

There were no statistically significant differences in the

proportion of a priori demographic and clinical factors (all factors

except for mode of delivery) between severe sepsis and septic

shock, and given that women with septic shock would have

progressed through the severe sepsis stage, women with either of

these outcomes were grouped together into a severe sepsis/septic

shock outcome category. In order to evaluate the initial risk for

developing sepsis, women with uncomplicated sepsis were

compared with all other women who gave birth in California

without a sepsis code. And in order to evaluate the risk for

progression of sepsis severity, women with severe sepsis/septic

shock were compared with women who had uncomplicated sepsis.

All factors were initially compared using univariable logistic

regression and then modeled using multivariable logistic regres-

sion. In the progression of severity model, with 783 cases of severe

sepsis/septic shock compared to 815 cases of uncomplicated sepsis,

and assuming a prevalence of exposure of at least 5.0% among

women with uncomplicated sepsis, the analysis had 90% power at

The Continuum of Maternal Sepsis Severity
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P,0.05 (two-sided) to detect a statistically significant odds ratio of

1.95 or greater.

Both multivariable models were constructed based on risk

factors identified in previous literature and plausible confounding.

All demographic and clinical factors were included in the models

with the exception of metropolitan statistical area (MSA) and body

mass index (BMI). Metropolitan statistical area was not included

since it was found to be collinear with hospital volume. Body mass

index was also not included since these data were only collected for

one year, thus there was .60% missing data for this variable. The

morbidities or management indicators: wound complication,

coagulation disorder, organ system failures, blood transfusion,

hysterectomy, and ventilation were not included because these

factors were on the causal pathway of sepsis. Episiotomy, 3rd or 4th

degree laceration and pelvic trauma were included in initial model

iterations, but were removed because they were not significant in

either univariable or multivariable regression, and did not affect

the relationship between other predictor variables and the

outcomes. In addition, both models were re-run with the

‘public/uninsured’ health insurance group disaggregated to test

for any significant effects on the risk associated with other

predictor variables (such as prenatal care) and the outcomes; no

significant effects were detected. Likelihood ratio tests with a

significance level of P,0.01 were used to check for interactions

between demographic and clinical variables; no significant

interactions were identified in the final adjusted model. The final

models were adjusted for possible hospital clustering effect and

were calculated using robust standard errors. Adjusted odds ratios

(aOR) with 95% confidence intervals (CIs) are reported. Since all

variables with the exception of those discussed above were

included in the adjusted models, only results of the multivariable

analysis are shown. Differences in rates reported in the text are all

statistically significant. Stata SE statistical software 12.1 (Stata-

Corp, College Station, TX) was used for all analyses.

Table 1. Demographic characteristics of non-sepsis obstetric population compared to women with uncomplicated sepsis,
compared to severe sepsis, compared to septic shock in California (2005–2007).

Obstetric population
without sepsis P-value*

Uncomplicated
sepsis P-value*

Severe
sepsis P-value* Septic shock

n = 1620876 n = 807 n = 735 n = 56

Maternal age

Median years (IQR) 28 (23–33) 0.001** 29 (24–33) 0.826** 29 (24–34) 0.423** 32 (22.5–35)

Race 0.055 0.017 0.26

White 1265843 (78.1) 645 (79.9) 556 (75.7) 41 (73.2)

Black 86093 (5.3) 43 (5.3) 70 (9.5) 5 (8.9)

Asian 186749 (11.5) 70 (8.7) 66 (9.0) 9 (16.1)

Other/Multirace 82191 (5.1) 49 (6.1) 43 (5.9) 1 (1.8)

Ethnicity 0.032 0.049 0.768

Non-Hispanic 750807 (47.0) 403 (50.8) 329 (45.7) 24 (43.6)

Hispanic 848365 (53.1) 391 (49.2) 391 (54.3) 31 (56.4)

Education ,0.0001 0.152 0.884

High school or less 875186 (55.6) 491 (62.8) 427 (60.8) 29 (58.0)

Some college 556303 (35.4) 225 (28.8) 229 (32.6) 18 (36.0)

Some post-graduate 141612 (9.0) 66 (8.4) 46 (6.6) 3 (6.0)

Health insurance 0.761 0.005 0.313

Private 767519 (47.5) 375 (46.5) 280 (38.4) 27 (48.2)

Military/Other government 49426 (3.1) 24 (3.0) 25 (3.4) 1 (1.8)

Public/uninsured 798983 (49.4) 407 (50.5) 425 (58.2) 28 (50.0)

Hospital volume (deliveries per year) 0.081 0.857 0.808

,1000 116195 (7.2) 54 (6.7) 53 (7.2) 5 (8.9)

1000–3000 717022 (44.2) 332 (41.1) 303 (41.2) 21 (37.5)

$3000 787659 (48.6) 421 (52.2) 379 (51.6) 30 (53.6)

MSA population 0.727 0.127 0.679

Small (,250,000) 80856 (5.0) 44 (5.4) 28 (3.8) 3 (5.4)

Medium (250,000,1 million) 381495 (23.6) 183 (22.7) 146 (19.9) 13 (23.2)

Large (.1 million) 1157311 (71.5) 580 (71.9) 561 (76.3) 40 (71.4)

Figures are numbers (%) of women.
Categories are mutually exclusive.
MSA = Metropolitan Statistical Area.
*Difference in distribution between groups; x2 test; Fisher’s exact test for ,5 observations.
**Wilcoxon rank-sum (Mann-Whitney) test.
doi:10.1371/journal.pone.0067175.t001
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Results

During the study period from 2005 through 2007, there were

1,622,474 live births in California of which 1598 mothers

developed sepsis. The absolute risk of developing sepsis was ten

per 10,000 live births (95% CI = 9.4–10.3). Of all women who had

sepsis, 807 had uncomplicated sepsis, 735 had severe sepsis, and

56 had septic shock. The absolute risk of all severe sepsis including

septic shock was 4.9 per 10,000 live births (95% CI = 4.5–5.2). Of

all inpatient maternal deaths, 14 mothers had severe sepsis/septic

shock (11.5% of all maternal deaths over the study period).

The distributions of demographic and clinical characteristics

among the non-sepsis obstetric population and the three sepsis

outcome groups are shown in Tables 1–2 respectively. There were

significant differences in age, education, ethnicity, presence of

diabetes and mode of delivery between women with uncompli-

cated sepsis and the non-sepsis obstetric population. There were

significant differences between women with severe sepsis com-

pared to those with uncomplicated sepsis in race, ethnicity, health

insurance status, parity, plurality, diabetes, hypertension and

mode of delivery. However only mode of delivery differed between

women with septic shock compared to severe sepsis, with a higher

cesarean section rate for septic shock.

The distributions of other significant morbidities and maternal

death among the non-sepsis obstetric population and the three

sepsis outcome groups are shown in Table 3. The median length of

postpartum hospital stay was progressively longer with increasing

sepsis severity. The median length-of-stay for severely septic

women without other acute co-morbidity was also five days

(IQR = 4–10). Compared to women with uncomplicated sepsis, a

larger proportion of women with severe sepsis had preeclampsia,

postpartum hemorrhage and wound complications. The rate of

preeclampsia was also more than three times higher among

women with septic shock compared to women with severe sepsis

(37.5% vs. 10.2% respectively; p,0.0001). The proportion of

morbidities and management indicators of severe morbidity,

which occur along the causal pathway of sepsis (wound

complication, coagulation disorder, organ system failures, blood

transfusion, hysterectomy, and ventilation) increased significantly

with increasing sepsis severity. Nearly all wound complications

across the spectrum of sepsis severity were among women who had

a cesarean section. The case fatality of women with septic shock

was 14.3% (95% CI = 6.4–26.2).

In assessing the risk of developing sepsis, compared to the non-

septic obstetric population, women who were $25 years, who had

high school or less education, or who had public or no health

insurance were at significantly greater risk of developing uncom-

plicated sepsis, after adjustment for hospital clustering and all

factors in the model (Table 4). Primary and repeat cesarean

section were also associated with uncomplicated sepsis however

the temporality of cesarean section vis-à-vis uncomplicated sepsis

could not be determined. In assessing the risk of progression from

uncomplicated sepsis to severe sepsis/septic shock, women who

were of Black or Asian race, Hispanic ethnicity, who had public or

no health insurance, diabetes, chronic hypertension, who delivered

in low volume hospitals (,1,000 births per year), were primipa-

Table 2. Clinical characteristics of non-sepsis obstetric population compared to women with uncomplicated sepsis, compared to
severe sepsis, compared to septic shock in California (2005–2007).

Obstetric population
without sepsis P-value*

Uncomplicated
sepsis P-value* Severe sepsis P-value* Septic shock

n = 1620876 n = 807 n = 735 n = 56

Prenatal care 0.13 0.593 0.292

Adequate 1299448 (80.2) 630 (78.1) 582 (79.2) 41 (73.2)

Inadequate 321428 (19.8) 177 (21.9) 153 (20.8) 15 (26.8)

Parity 0.216 ,0.0001 0.575

Primiparous 625377 (38.6) 293 (36.5) 349 (47.6) 24 (43.6)

Multiparous 994185 (61.4) 510 (63.5) 385 (52.4) 31 (56.4)

Multiple pregnancy 0.626 ,0.0001 0.66

Singleton 1571423 (96.9) 780 (96.7) 657 (89.4) 49 (87.5)

Multiple 49453 (3.1) 27 (3.4) 78 (10.6) 7 (12.5)

Chronic Co-Morbidities

Diabetes 113014 (7.0) 0.014 74 (9.2) ,0.0001 112 (15.2) 0.381 11 (19.6)

Chronic hypertension 15850 (1.0) 0.266 11 (1.4) ,0.0001 37 (5.0) 1.00 2 (3.6)

Mode of delivery ,0.0001 0.001 0.006

Spontaneous vaginal 1037472 (64.0) 425 (52.7) 314 (42.7) 17 (30.4)

Primary caesarean 292114 (18.0) 232 (28.8) 272 (37.0) 34 (60.7)

Repeat caesarean 216915 (13.4) 120 (14.9) 123 (16.7) 4 (7.1)

Operative vaginal** 74375 (4.6) 30 (3.7) 26 (3.5) 1 (1.8)

BMI (2007 only) n = 481994 n = 250 n = 211 n = 17

Median (IQR) 24.3 (21.5–28.3) 0.642*** 24.5 (21.8–28.7) 0.298*** 25.6 (22.1–29.3) 0.379*** 24.2 (19.4–
29.2)

Figures are numbers (%) of women.
*Difference in distribution between groups; x2 test; Fisher’s exact test for ,5 observations.
**Forceps or vacuum extraction.
***Wilcoxon rank-sum (Mann-Whitney) test.
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rous or had a multiple pregnancy were at significantly increased

risk of progression to severe sepsis. Risk associated with a priori

demographic and clinical factors was significantly cumulative;

compared to women without sepsis, for every additional factor,

risk of uncomplicated sepsis increased by 25% (OR = 1.25; 95%

CI = 1.17–1.32), and risk of progression to severe sepsis/septic

shock increased by 57% (OR = 1.57; 95% CI = 1.41–1.74). The

absolute risks for uncomplicated and severe sepsis in groups of

women with multiple risk factors are shown in Figure 1.

Discussion

This is the first population-based cohort study of the continuum

of maternal sepsis severity in the US. We find that the rate of

severe sepsis is approximately twice the estimated national rate,

and that significant socioeconomic disparities exist among women

who develop sepsis compared to those that do not. In addition to

known clinical risk factors, public or no insurance, racial and

ethnic minority status, low hospital birth volume, diabetes and

chronic hypertension play a role in the risk of progression to severe

sepsis/septic shock. Importantly, risk associated with a priori

factors is significantly cumulative.

Callaghan and colleagues, in their study of severe morbidity

during delivery hospitalizations in the US from 1991–2003, found

that the rate of all severe morbidity was 5.1 per 1,000 deliveries, of

which sepsis accounted for 4.1% [10]; this extrapolates to a severe

sepsis rate of 2.1 per 10,000 deliveries. Using identical severity

criteria, we found that the rate of all severe sepsis including septic

shock in California from 2005 to 2007 was 4.9 per 10,000 live

births. Factors that may partially contribute to this significantly

Table 3. Other significant morbidity and maternal death among non-sepsis obstetric population compared to women with
uncomplicated sepsis, compared to severe sepsis, compared to septic shock in California (2005–2007).

Obstetric population
without sepsis P-value*

Uncomplicated
sepsis P-value*

Severe
sepsis P-value*

Septic
shock

n = 1620876 n = 807 n = 735 n = 56

Postpartum LOS (median days; IQR)

Median days (IQR) 2 (2–3) 0.005** 2 (2–3) ,0.0001** 5 (4–10) 0.0003** 9.5 (5–18.5)

Other significant morbidity

Preeclampsia 101575 (6.3) 0.252 57 (7.1) ,0.0001 155 (21.1) 0.491 14 (25.0)

Postpartum hemorrhage 45969 (2.8) 0.85 22 (2.7) ,0.0001 75 (10.2) ,0.0001 21 (37.5)

Wound complication 6031 (0.4) 0.562 2 (0.3) ,0.0001 68 (9.3) 0.219 2 (3.6)

Cesarean section 5093 (84.6)*** 2 (100.0)*** 65 (95.6)*** 2 (100.0)***

3rd or 4th degree laceration 37915 (2.3) 0.977 19 (2.4) 0.313 12 (1.6) 1.00 1 (1.8)

Pelvic trauma 51080 (3.2) 0.931 25 (3.1) 0.24 31 (4.2) 0.72 1 (1.8)

Coagulation disorder 2087 (0.1) 1.00 1 (0.1) ,0.0001 40 (5.4) ,0.0001 16 (28.6)

Respiratory failure 1107 (0.1) 0.019 3 (0.4) ,0.0001 77 (10.5) ,0.0001 32 (57.1)

Renal failure 437 (0.03) 1.00 0 (0.0) ,0.0001 30 (4.1) ,0.0001 16 (28.6)

Heart failure 5007 (0.3) 1.00 2 (0.3) 0.001 18 (2.5) ,0.0001 11 (19.6)

Management Indicators

Episiotomy 214552 (13.2) ,0.0001 66 (8.2) 0.119 45 (6.1) 0.329 2 (3.6)

Blood transfusion 11472 (0.7) 0.337 8 (1.0) ,0.0001 98 (13.3) ,0.0001 29 (51.8)

Hysterectomy 1344 (0.1) 0.488 1 (0.1) ,0.0001 14 (1.9) ,0.0001 6 (10.7)

Ventilation 762 (0.1) 0.009 3 (0.4) ,0.0001 56 (7.6) ,0.0001 29 (51.8)

Maternal death 108 (0.01) 1.00 0 (0.0) 0.012 6 (0.8) ,0.0001 8 (14.3)

Figures are numbers (%) of women.
*Difference in distribution between groups; x2 test; Fisher’s exact test for ,5 observations.
**Wilcoxon rank-sum (Mann-Whitney) test.
***Proportion of women who had a wound complication who had a cesarean section.
Incidence ,0.1% in obstetric population and women with sepsis for: phlebitis or thrombophlebitis, pulmonary embolism, uterine rupture, anesthetic complications,
dilation and curettage, and cerebrovascular disorders.
doi:10.1371/journal.pone.0067175.t003

Figure 1. Absolute risk (95% CI) of all sepsis and severe sepsis/
septic shock as a function of the number of a priori risk factors.
doi:10.1371/journal.pone.0067175.g001
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Table 4. Adjusted odds ratios for factors associated with uncomplicated sepsis and severe sepsis/septic shock.

Uncomplicated sepsis vs. no sepsis Severe sepsis/shock vs. uncomplicated sepsis

aOR* 95% CI P-value aOR* 95% CI P-value

Maternal age

,18 0.94 (0.59–1.50) 0.805 1.2 (0.61–2.35) 0.594

18–24 1 1

25–34 1.29 (1.08–1.54) 0.005 0.89 (0.68–1.18) 0.425

$35 1.41 (1.12–1.78) 0.003 1.00 (0.71–1.40) 0.978

Race

White 1 1

Black 0.78 (0.55–1.09) 0.148 2.09 (1.34–2.26) 0.001

Asian 0.61 (0.47–0.79) ,0.0001 1.59 (1.07–2.37) 0.023

Other/Multirace 1.1 (0.77–1.52) 0.659 0.73 (0.43–1.23) 0.237

Ethnicity

Hispanic 0.73 (0.61–0.88) 0.001 1.42 (1.09–1.83) 0.008

Non-Hispanic 1

Education level

High school or less 1.63 (1.35–1.97) ,0.001 0.79 (0.60–1.04) 0.089

More than high school 1 1

Health Insurance

Private 1 1

Military/Other government 1.02 (0.67–1.56) 0.933 1.52 (0.85–2.72) 0.162

Public/uninsured 1.22 (1.02–1.46) 0.03 1.52 (1.19–1.94) 0.001

Hospital volume (deliveries per year)

,1000 0.78 (0.58–1.04) 0.093 1.93 (1.15–3.23) 0.013

1000–3000 0.84 (0.72–0.98) 0.024 1.07 (0.85–1.35) 0.58

$3000 1 1

Inadequate prenatal care

Yes 1.12 (0.94–1.33) 0.197 1.01 (0.78–1.30) 0.956

No 1

Primiparous

Yes 0.84 (0.71–1.00) 0.044 2.03 (1.56–2.63) ,0.0001

No 1 1

Multiple pregnancy

Yes 0.76 (0.51–1.12) 0.169 3.5 (2.09–5.85) ,0.0001

No 1 1

Diabetes

Yes 1.22 (0.95–1.56) 0.124 1.47 (1.04–2.09) 0.014

No 1

Chronic hypertension

Yes 1.23 (0.61–2.07) 0.491 8.51 (1.92–37.7) 0.005

No 1 1

Mode of Delivery

Spontaneous vaginal 1 1

Primary caesarean 1.99 (1.68–2.34) ,0.0001 1.24 (0.97–1.59) 0.086

Repeat caesarean 1.25 (1.02–1.54) 0.035 1.33 (0.97–1.81) 0.076

Operative vaginal** 0.96 (0.66–1.41) 0.844 1.08 (0.62–1.90) 0.782

Preeclampsia

Yes 0.99 (0.75–1.29) 0.921 3.72 (2.52–5.44) ,0.0001

No 1 1

Postpartum hemorrhage
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higher rate are differing denominators (deliveries vs. live births), as

well as inclusion of ICD-9-CM codes for sepsis, severe sepsis and

septic shock, in addition to the ICD-9-CM code for septicemia. In

our study, the additional sepsis codes accounted for 12.3% of

severe cases. For comparison, even without these cases included,

and taking into account the 0.6% [21] national rate of stillbirths

(included in the ‘deliveries’ denominator), the severe sepsis rate

would be approximately 100% higher than the previous national

estimate. These results may therefore indicate a real increase in the

incidence rate of severe sepsis in the obstetric population.

Although we are unable to comment on whether there has been

an increase in California specifically due to the lack of previous

sepsis studies, there has been a significant increase in the rate of

severe morbidity [14] and maternal death in California [22],

indicating a likely increase in the rate of severe sepsis morbidity.

Additionally, national rates of hospitalization for sepsis in the

general population have more than doubled since 2000 [23].

Public or no insurance [24], racial and ethnic minority

status[22,25–27], and low hospital birth volume [14,28] as risk

factors for sepsis and progression to severe sepsis are consistent

with other morbidity studies. Women with diabetes are at

increased risk for maternal sepsis death [3], however the risk of

severe sepsis morbidity has not been quantified at the population

level. We found that diabetic women had 47% greater adjusted

odds of progressing to severe sepsis compared to septic women

without diabetes. This result represents the extension of previous

findings that diabetic compared to non-diabetic women are at

increased risk of infection during pregnancy and postpartum

[29,30].

The association between preeclampsia and certain types of

infection, particularly urinary tract infection has been well

established, however the mechanism of the association in still

unclear [31]. Several studies suggest that infection plays a key role

in initiation of preeclampsia or enhances the systemic inflamma-

tory response [32,33]. Although it is unclear whether infection is

causative of preeclampsia, results of this study and another recent

study from the UK [12], indicate a strong association between the

inflammatory process of sepsis and preeclampsia.

Interestingly, we also found that chronic (preexisting) hyperten-

sion, independent of preeclampsia, was a strong risk factor for

progression to severe sepsis. Chronic hypertension has not been

demonstrated to be a risk factor for maternal sepsis in previous

studies. This result may be attributed to the significant increase in

chronic hypertension in the obstetric population [34], however the

population prevalence was still very low. Although sparsely

described for the obstetric population, the pathogenesis of severe

sepsis and septic shock can differ between normotensive and

hypertensive women. A sign of severe sepsis is hypoperfusion

which is marked by hypotension, however women with chronic

hypertension may develop critical hypoperfusion at a higher blood

pressure, and therefore earlier, than normotensive women [35].

Established risk factors for developing sepsis supported by this

study include older maternal age and cesarean section [2,36].

Given that prophylactic antibiotics should have been in general

practice during the study period, it is possible that a proportion of

women undergoing a cesarean section may have had an infection

prior to delivery, although there was also a strong association

between cesarean section and wound complication indicating

postoperative infection as well. Changes in recommendations for

the timing of prophylactic antibiotics administration to pre-

incision, as apposed to intraoperative were implemented in 2010

by the ACOG; it is the standard practice in non-obstetric surgery

[37] and clinicians should adhere to this guideline as it has been

demonstrated to reduce the rate of postoperative infection [37].

Primiparity, multiple births and postpartum hemorrhage were all

associated with progression to severe sepsis and have also been

identified as risk factors for severe sepsis in previous studies [2,38].

Our results should be considered in light of several limitations.

First, data used in this study are subject to possible inaccuracies

inherent in administrative datasets. Although it was impossible to

audit potential misclassification, it is likely that the large sample

size mitigates random errors, while adjustment for hospital

clustering accounts for systematic reporting errors at the hospital

level. As body mass index was only available for one year, it was

not possible to adjust for the potential confounding effect of obesity

[12], particularly with regards to diabetes and hypertension.

Additionally, it was not possible to assess the temporality of factors

such as mode of delivery and acute comorbidities with respect to

sepsis, or to comment on the effect of labor induction on

comorbidities with respect to sepsis because we did not have access

to this variable. There was also insufficient power to exclude the

role of chance in the lack of association between maternal age $35

with the odds of progression to severe sepsis. Lastly, elements such

as Hispanic ethnicity may not be representative of the wider US

population.

Results of the study have significant implications for heath

policy and obstetric patient care, particularly in light of an

apparent increase in incidence and the significantly cumulative

effect that a priori factors have on the risk of progression along the

sepsis severity continuum. Clinical risk factors such as primiparity,

multiple birth, diabetes and cesarean section have been incorpo-

rated into obstetric guidelines for sepsis in other countries [39,40],

however, there are currently no national obstetric clinical

guidelines for prevention and management of obstetric sepsis in

the US. Risk of deterioration associated with these factors, which

may complicate management, must also be considered. Chronic

hypertension with possible early hypoperfusion, and high risk for

preeclampsia must also be considered in obstetric sepsis guidelines.

Lastly, socioeconomic and racial disparities associated with the risk

Table 4. Cont.

Uncomplicated sepsis vs. no sepsis Severe sepsis/shock vs. uncomplicated sepsis

aOR* 95% CI P-value aOR* 95% CI P-value

Yes 1.00 (0.67–1.53) 0.967 4.18 (2.46–7.11) ,0.0001

No 1 1

*Results adjusted for hospital clustering and for all factors listed in the table. Age, education level, hospital volume and parity treated as continuous linear terms in the
analysis, but presented as categorical terms.
**Forceps or vacuum extraction.
doi:10.1371/journal.pone.0067175.t004
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of progression to severe sepsis clearly exist and must be addressed

at public health policy and patient care levels.
Author Contributions

Analyzed the data: CDA. Wrote the paper: CDA. Contributed to the data

interpretation and analysis: MK HCL JJK AL. Contributed to writing of

the paper: MK HCL JJK JBG AL. Conceived and designed the study:

CDA. Supervised the analysis: MK JJK AL.

References

1. van Dillen J, Zwart J, Schutte J, van Roosmalen J (2010) Maternal sepsis:

epidemiology, etiology and outcome. Curr Opin Infect Dis 23: 249–254.
doi:10.1097/QCO.0b013e328339257c.

2. Kramer HMC, Schutte JM, Zwart JJ, Schuitemaker NWE, Steegers EAP, et al.

(2009) Maternal mortality and severe morbidity from sepsis in the Netherlands.
Acta Obstet Gynecol Scand 88: 647–653. doi:10.1080/00016340902926734.

3. Cantwell R, Clutton-Brock T, Cooper G, Dawson A, Drife J, et al. (2011) Saving
Mothers’ Lives: Reviewing maternal deaths to make motherhood safer: 2006–

2008. The Eighth Report of the Confidential Enquiries into Maternal Deaths in
the United Kingdom. BJOG 118 Suppl 1: 1–203. doi:10.1111/j.1471-

0528.2010.02847.x.

4. Martin GS, Mannino DM, Eaton S, Moss M (2003) The epidemiology of sepsis
in the United States from 1979 through 2000. N Engl J Med 348: 1546–1554.

doi:10.1056/NEJMoa022139.
5. Dombrovskiy VY, Martin AA, Sunderram J, Paz HL (2007) Rapid increase in

hospitalization and mortality rates for severe sepsis in the United States: a trend

analysis from 1993 to 2003. Crit Care Med 35: 1244–1250. doi:10.1097/
01.CCM.0000261890.41311.E9.

6. Esper A, Martin GS (2007) Is severe sepsis increasing in incidence AND severity?
Crit Care Med 35: 1414–1415. doi:10.1097/01.CCM.0000262946.68003.21.

7. Padkin A, Goldfrad C, Brady AR, Young D (2003) Epidemiology of severe sepsis

occurring in the first 24 hrs in intensive care units in England, Wales, and
Northern Ireland. Crit Care Med 31: 2332–2338.

8. Vincent J-L, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, et al. (2006) Sepsis in
European intensive care units: results of the SOAP study. Crit Care Med 34:

344–353.
9. Berg CJ, Callaghan WM, Syverson C, Henderson Z (2010) Pregnancy-related

mortality in the United States, 1998 to 2005. Obstet Gynecol 116: 1302–1309.

doi:10.1097/AOG.0b013e3181fdfb11.
10. Callaghan WM, Mackay AP, Berg CJ (2008) Identification of severe maternal

morbidity during delivery hospitalizations, United States, 1991–2003.
Am J Obstet Gynecol 199: 133.e1–.e8. doi:10.1016/j.ajog.2007.12.020.

11. Lucas DN, Robinson PN, Nel MR (2012) Sepsis in obstetrics and the role of the

anaesthetist. Int J Obstet Anesth 21: 56–67. doi:10.1016/j.ijoa.2011.11.001.
12. Acosta CD, Bhattacharya S, Tuffnell D, Kurinczuk JJ, Knight M (2012)

Maternal sepsis: a Scottish population-based case-control study. BJOG 119:
474–483. doi:10.1111/j.1471-0528.2011.03239.x.

13. Paruk F (2008) Infection in obstetric critical care. Best Pract Res Clin Obstet
Gynaecol 22: 865–883. doi:10.1016/j.bpobgyn.2008.06.011.

14. Lyndon A, Lee HC, Gilbert WM, Gould JB, Lee KA (2012) Maternal morbidity

during childbirth hospitalization in California. J Matern Fetal Neonatal Med.
doi:10.3109/14767058.2012.710280.

15. Jaro MA (1995) Probabilistic linkage of large public health data files. Stat Med
14: 491–498.

16. Herrchen B, Gould JB, Nesbitt TS (1997) Vital statistics linked birth/infant

death and hospital discharge record linkage for epidemiological studies. Comput
Biomed Res 30: 290–305.

17. Kuklina EV, Meikle SF, Jamieson DJ, Whiteman MK, Barfield WD, et al.
(2009) Severe obstetric morbidity in the United States: 1998–2005. Obstet

Gynecol 113: 293–299. doi:10.1097/AOG.0b013e3181954e5b.
18. Egerter S, Braveman P, Marchi K (2002) Timing of insurance coverage and use

of prenatal care among low-income women. Am J Public Health 92: 423–427.

19. Kotelchuck M (1994) An evaluation of the Kessner Adequacy of Prenatal Care
Index and a proposed Adequacy of Prenatal Care Utilization Index. Am J Public

Health (N Y) 84: 1414–1420. doi:10.2105/AJPH.84.9.1414.
20. Geller SE, Rosenberg D, Cox SM, Brown ML, Simonson L, et al. (2004) The

continuum of maternal morbidity and mortality: factors associated with severity.

Am J Obstet Gynecol 191: 939–944. doi:10.1016/j.ajog.2004.05.099.
21. ACOG Practice Bulletin No. 102: management of stillbirth (2009) ACOG

Practice Bulletin No. 102: management of stillbirth. Obstet Gynecol 113: 748–
761. doi:10.1097/AOG.0b013e31819e9ee2.

22. The California Pregnancy-Associated Mortality Review (2011) The California

Pregnancy-Associated Mortality Review. Sacramento: California Department of
Public Health, Maternal Child and Adolescent Health Division. Available:

http://www.cdph.ca.gov/data/statistics/Pages/CaliforniaPregnancy-

AssociatedMortalityReview.aspx. Accessed 2012 Feb 9.

23. Hall MJ, Williams SN, DeFrances CJ, Golosinskiy A (2011) Inpatient care for

septicemia or sepsis: a challenge for patients and hospitals. NCHS Data Brief: 1–
8.

24. Vitale MA, Arons RR, Hyman JE, Skaggs DL, Roye DP, et al. (2005) The

contribution of hospital volume, payer status, and other factors on the surgical

outcomes of scoliosis patients: a review of 3,606 cases in the State of California.

J Pediatr Orthop 25: 393–399.

25. Miniño AM, Murphy SL, Xu J (2011) Deaths: final data for 2008. [Natl Vital

Stat Rep. 2011] - PubMed - NCBI. National vital statistics.

26. Tucker MJ, Berg CJ, Callaghan WM, Hsia J (2007) The Black-White disparity
in pregnancy-related mortality from 5 conditions: differences in prevalence and

case-fatality rates. Am J Public Health (N Y) 97: 247–251. doi:10.2105/

AJPH.2005.072975.

27. Bryant AS, Worjoloh A, Caughey AB, Washington AE (2010) Racial/ethnic

disparities in obstetric outcomes and care: prevalence and determinants.
Am J Obstet Gynecol 202: 9–9. doi:10.1016/j.ajog.2009.10.864.

28. Birkmeyer JD, Siewers AE, Finlayson EVA, Stukel TA, Lucas FL, et al. (2002)

Hospital volume and surgical mortality in the United States. N Engl J Med 346:

1128–1137. doi:10.1056/NEJMsa012337.

29. Stamler EF, Cruz ML, Mimouni F, Rosenn B, Siddiqi T, et al. (1990) High

infectious morbidity in pregnant women with insulin-dependent diabetes: an

understated complication. Am J Obstet Gynecol 163: 1217–1221.

30. Takoudes TC, Weitzen S, Slocum J, Malee M (2004) Risk of cesarean wound
complications in diabetic gestations. Am J Obstet Gynecol 191: 958–963.

doi:10.1016/j.ajog.2004.05.063.

31. Conde-Agudelo A, Villar J, Lindheimer M (2008) Maternal infection and risk of

preeclampsia: Systematic review and metaanalysis. Am J Obstet Gynecol 198:

16–16. doi:10.1016/j.ajog.2007.07.040.
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