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The present retrospective study provides an in-depth analysis of the maternal sepsis-related deaths
reported in Japan, and aims to guide future care regarding maternal sepsis. This is a nationwide, retro-
spective, descriptive cohort study. Data were retrospectively analyzed on all maternal death cases related
to sepsis reported in Japan from 2010 through 2016. A total of 7,347,727 births and 317 maternal deaths
were reported during the study period. The cause of maternal death was sepsis in 24 women (7.5%).
Causative bacteria were Streptococcus pyogenes (54.2%), Chlamydia psittaci (8.3%), Mycobacterium tuber-
culosis (8.3%), Escherichia coli (4.2%), Neisseria meningitidis (4.2%), Epstein-Barr virus (4.2%), and unknown
(16.6%). In maternal death due to S. pyogenes (13 women), onset periods ware antepartum in 10 women
(76.9%) and postpartum in 3 (23.1%); death within 24 h after hospital admission occurred in 7 women
(53.8%); and the median time from hospital admission to death was 12 h (6—744 h). The most common
causative bacteria in to maternal sepsis-related death were GAS. When encountering severe sepsis
during the peripartum period, we recommend considering severe GAS infection and early intervention.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

In pregnancy, infection has an impact on neonatal outcomes,
preterm birth due to intrauterine infection, and neonatal sepsis. At
the same time, infection also has an impact on maternal prognosis.
Recently, the rate of maternal death related to sepsis has increased in
the United States [1]. Those maternal death cases related to sepsis
in the USA were analyzed, leading to 3 improvements prompted
by obstetricians, namely: recognition of sepsis, administration of
appropriate antibiotics, and escalation of care [2]. Although sepsis is
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the most common direct cause of maternal death in the United
Kingdom, its rate has been decreasing 3 ]. Analysis of those maternal
death cases in the UK pointed to delayed diagnosis. Because the
clinical symptoms of sepsis are nonspecific, bundles such as the
“sepsis six” are recommended within 1 h of sepsis diagnosis [3]. The
sepsis six comprises the following steps: (1) take arterial blood
gas and give high-flow oxygen if required, (2) take blood cultures, (3)
commence intravenous antibiotics, (4) start intravenous fluid
resuscitation, (5) take blood for hemoglobin and lactate levels, and
(6) measure urine output hourly [3]. In Japan, sepsis is the sixth most
common cause of maternal death, and is responsible for one-sixth of
all maternal death cases [4]. However, analysis of those maternal
death cases related to sepsis, as was conducted in the United States
and United Kingdom, is still lacking in Japan [4]. The present retro-
spective study provides an in-depth analysis of the maternal death
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cases related to sepsis reported in Japan from 2010 through 2016
and aims to guide future care regarding maternal sepsis.

2. Materials and methods
2.1. Design and study population

This retrospective study was conducted on all cases of maternal
death related to sepsis reported to the Japan Association of Obste-
tricians and Gynecologists (JAOG) by Japanese healthcare in-
stitutions from January 2010 through December 2016. According to
the World Health Organization, maternal death is defined as the
death of a woman during pregnancy or within 42 days after the end
of pregnancy, due to any factor associated with or aggravated by the
pregnancy itself or its management but excluding any accidental or
incidental causes. The present study also included cases of late
maternal death, defined as the death of a woman from direct or
indirect obstetric causes occurring >42 days but <12 months after
the end of pregnancy. This study was approved by the Ethics Com-
mittee of the National Cerebral and Cardiovascular Center of Japan
under the title “Research on a model project regarding surveys and
evaluations on maternal mortality in Japan” (receipt No. N18-34).

Since 2010, the clinical information on nearly all cases of maternal
death occurring in Japan has been recorded by the JAOG. When a
maternal death occurs, the local medical facility documents the case
using a detailed standard survey that is submitted to the JAOG of each
prefecture [5,6]. Each case is then reviewed by the Maternal Death
Exploratory Committee (MDEC), which is chaired by Dr. T. Ikeda
(principal author of the present manuscript). This committee consists
of 15 obstetricians, 4 anesthesiologists, 2 pathologists, and 1 emer-
gency physician. In addition, several specialists attend monthly re-
view sessions to make annual recommendations that aim to reduce
the rate of maternal death in Japan. This study constitutes the first
investigation of the rate and characteristics of maternal sepsis-
related death in Japan that was conducted by the MDEC.

2.2. Outcomes

Demographic, clinical, and pathologic data available on all re-
ported maternal death cases related to sepsis from 2010 through
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2016 were collected from the JAOG database [5,6]. We investigated
the causative bacteria in each case. Parameters considered in the
analysis were maternal age, stage of pregnancy, reason for admis-
sion, body temperature on admission, intrauterine fetal death
(IUFD) on admission, and cause of maternal death. We also inves-
tigated maternal death cases related to group A Streptococcus (GAS).

3. Results
3.1. Characteristics of maternal death cases related to infection

A total of 7,347,727 births and 317 maternal deaths (Rates per
100,000 maternities; 4.3 95%Cl 3.8—4.8) were reported in Japan
from January 2010 through December 2016. The cause of maternal
death was sepsis in 24 women (7.5%). The causative bacteria
are shown in Fig. 1. Most causative bacteria were Streptococcus
pyogenes (GAS), as in 13 cases (53.4%).

Maternal characteristics, including age, stage of pregnancy,
reason for admission, body temperature on admission, IUFD, and
cause of maternal death are shown in Table 1. Most patients were
aged 25—34 years (58.3%). Fever and lower abdominal pain
accounted for approximately half of the reasons for admission;
onset during hospitalization comprised one-fourth of all cases.
IUFD occurred in 45.8% of cases. Two cases with tuberculosis died
due to asphyxia by spitting up blood.

3.2. Characteristics of maternal death cases related to antepartum
group A Streptococcus

Characteristics of maternal death cases related to GAS are shown
in Table 2. Median maternal age was 33.5 years (range, 27—40
years). Two cases were primipara (20.0%). Delivery mode was
equally divided between vaginal and no delivery. Timing at onset
was antepartum in 77% and postpartum in 23%. Gestational age at
onset was second trimester in 50% of cases and third trimester
in 40%. Seven cases had death occur within 24 h from hospital
admission (53.8%). Death within 24 h from hospital admission was
significantly increased in the GAS group compared with the non-
GAS group (1/12; 9.0%). Death in the antepartum period occurred
in nine cases in the GAS group and ten cases in the non-GAS group.
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Fig. 1. Causative bacteria of maternal death cases related to infection.
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Table 1
Characteristics of maternal death cases related to infection.
Characteristic N =24
Age,y
<24 1(42)
25-34 14 (58.3)
>35 9(37.5)
Stage of pregnancy
Antepartum 18 (75.0)
Hospitalization for delivery 0(0)
Postpartum 6 (25.0)
Reason for admission
Fever 7 (29.2)
Lower abdominal pain 5(20.8)
Onset during hospitalization 6 (25.0)
Septic shock 1(4.2)
Disturbed consciousness 3(8.3)
Respiratory distress 1(4.2)
Criteria of gSOFA
Altered mental status 4(16.7)
Respiratory rate >22 breaths/min 11 (45.8)
Systolic blood pressure <100 mmHg 7 (29.2)
Body temperature on admission
Normal 6 (25.0)
>38 °C 18 (75.0)
<36 °C 0(0)
Intrauterine foetal death on admission 11 (45.8)
Cause of maternal death
Sepsis 22 (91.6)
Asphyxia 2(84)

qSOFA, quick sequential organ failure assessment.
Data are presented as n (%).

In the antepartum GAS group, nine cases experienced IUFD while
admitted to hospital (90.0%). In the antepartum non-GAS group,
there were two such cases (20.0%).

4. Discussion

We investigated maternal death cases related to sepsis in this
study. Three important new findings arose from the present study.
First, the most common cause of maternal death related to sepsis
was GAS. Second, in more than half of the maternal death cases
related to GAS, death occurred within 24 h of hospital admission.
Third, the maternal death cases with antepartum GAS had a
significantly higher rate of IUFD than did the antepartum non-GAS
group.

A recent investigation reported an increased rate of GAS infec-
tion in Japan [7]. Average incidence remained at 60 to 70 cases per

Table 2
Characteristics of maternal death cases related to group A Streptococcus.

year but gradually increased in the 2000s to 270 cases in 2014 [7].
In an analysis of genotype, emm 1 was most frequent, while
emm 89, emm 12, and emm 28 all increased [7]. GAS genotypes
mostly comprise emm 1, emm 89, emm 12, emm 28, emm 3, and
emm 9 [7].

Although incidence of GAS infection in Japan has increased
compared with the United States during the last 3 decades, it has
remained mostly level in recent years [8—12]. In non-pregnant
patients, the cause of sepsis is typically Escherichia coli, Staphylo-
coccus aureus, Pneumococcal organism, or Pseudomonas aeruginosa.
However, the most common cause of sepsis in pregnancy is GAS
[13,14]. Interleukins 4, 5, 10, and 13 produced by CD4-positive T
lymphocytes increase in pregnancy [15,16]. In streptococcal toxic
shock syndrome, the toxin has a direct action on the major histo-
compatibility complex class I molecule, causing the Th2 cell, as a
subtype of CD4-positive T lymphocytes, to activate and increase
cytokines [17]. Therefore, T lymphocytes are activated by lower
actin levels in pregnancy [17]. This is considered to be the mecha-
nism for having numerous cases of sepsis related to GAS in preg-
nancy [17].

IUFD during hospital admission was recognized in many
maternal death cases in the antepartum GAS group. Fetoplacental
circulation is primarily comprised of maternal circulation. There-
fore, fetoplacental circulation is greatly influenced by the break-
down of maternal cells, which may cause IUFD. Massive cytokines
(“cytokine storm”) may cause strong uterine contractions [18].
In streptococcal toxic shock syndrome, massive cytokines are pro-
duced by neutrophils and macrophages due to GAS infection, which
may lead to strong uterine contractions and subsequent IUFD. Thus,
many patients with GAS infection describe symptoms of abdominal
pain.

Despite early intervention for GAS infection in pregnancy, most
cases deteriorated quickly within 24 h from hospital admission.
Therefore, prevention of GAS infection may be essential in
decreasing maternal deaths related to GAS infection. One study
reported that GAS was isolated from vaginal swabs of adult women
in a hospital. However, isolation of GAS from the vaginal swabs of
adult females is uncommon [19].

We cannot be certain of the rationale underlying the decisions
made in the cases studied here because this study was conducted as
a retrospective analysis. Future research should investigate the
ratio of GAS sepsis in non-pregnant women to that of pregnant
women. In conclusion, GAS was the most common microorganism
responsible for maternal sepsis-related death in Japan. When
encountering severe sepsis during the peripartum period, we
strongly recommend a high index of suspicion for GAS infection.

Case Onset Periods Age Parity Mode of delivery Timing at onset (weeks) Death within 24 h IUFD at visiting
from visiting hospital hospital

1 antepartum 38 1 VD 34 gestational weeks No Yes

2 antepartum 36 2 Undelivery 36 gestational weeks Yes Yes

3 antepartum 40 1 Undelivery 9 gestational weeks Yes Yes

4 antepartum 35 1 Undelivery 18 gestational weeks Yes Yes

5 antepartum 31 0 Undelivery 27 gestational weeks Yes Yes

6 antepartum 32 3 D&C 15 gestational weeks Yes Yes

7 antepartum 27 0 VD 27 gestational weeks No Yes

8 antepartum 37 1 VD 32 gestational weeks No Yes

9 antepartum 28 3 Undelivery 22 gestational weeks Yes No

10 antepartum 32 2 VD 29 gestational weeks Yes Yes

11 postpartum 26 0 VD Postpartum 2nd day No —

12 postpartum 35 1 (& Postpartum 2nd day No -

13 postpartum 38 0 VD Postpartum 2nd day No -

IUFD, Intrauterine foetal death; VD, vaginal delivery; D&C, dilation and curettage; CS, caesarean section.



44 H. Tanaka et al. / ] Infect Chemother 25 (2019) 41—44

Funding source

No sources of funding to disclose.
Conflicts of interest

No potential conflicts of interest to disclose.
Acknowledgments

The authors thank all the physicians of the hospital facilities
who reported the maternal deaths and the academic committee
members of the Japan Council for Implementation of Maternal
Emergency Life-Saving System (J-CIMELS). This work was sup-
ported by the Japan Association of Obstetricians and Gynecologists.

References

[1] Bauer ME, Bateman BT, Bauer ST, Shanks AM, Mhyre JM. Maternal sepsis

mortality and morbidity during hospitalization for delivery: temporal trends

and independent associations for severe sepsis. Anesth Analg 2013;117:

944-50.

Bauer ME, Lorenz RP, Bauer ST, Rao K, Anderson FW. Maternal deaths due to

sepsis in the state of Michigan, 1999—2006. Obstet Gynecol 2015;126:

747-52.

Freedman RL, Lucas DN. MBRRACE-UK: saving lives, improving mothers' care -

implications for anaesthetists. Int ] Obstet Anesth 2015;24:161—73.

Hasegawa ], Sekizawa A, Yoshimatsu J, Murakoshi T, Osato K, Ikeda T, et al.

Cases of death due to serious group A streptococcal toxic shock syndrome in

pregnant females in Japan. Arch Gynecol Obstet 2015;291:5—7.

Sekizawa A. New the registry system of maternal death in Japan. Nihon-

sannfujinnkagakkaizassi 2011;63:240—6 (in Japanese).

[6] Japan Society of Obstetrics and Gynecology and Japan Association of Obste-
tricians and Gynecologists. Guidelines for obstetrical practice in Japan 2011
edition. 2011.

[7] Tanaka Y, Gotoh K, Teramachi M, Ishimoto K, Tsumura N, Shindou S, et al.
Molecular epidemiology, antimicrobial susceptibility, and characterization of

[2

[3

[4

[5

8

(9

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

macrolide-resistant Streptococcus pyogenes in Japan. ] Infect Chemother
2016;22:727-32.

Ikebe T, Tominaga K, Shima T, Okuno R, Kubota H, Ogata K, et al. Increased
prevalence of group A Streptococcus isolates in streptococcal toxic shock
syndrome cases in Japan from 2010 to 2012. Epidemiol Infect 2015;143:
864—72.

Nasser W, Beres SB, Olsen R], Dean MA, Rice KA, Long SW, et al. Evolutionary
pathway to increased virulence and epidemic group A Streptococcus disease
derived from 3,615 genome sequences. Proc Natl Acad Sci USA 2014;111:
E1768-76.

Anderson BL. Puerperal group A streptococcal infection: beyond Semmelweis.
Obstet Gynecol 2014;123:874—82.

Mason KL, Aronoff DM. Postpartum group A Streptococcus sepsis and maternal
immunology. Am ] Reprod Immunol 2012;67:91—-100.

Hamilton SM, Stevens DL, Bryant AE. Pregnancy-related group A streptococcal
infections: temporal relationships between bacterial acquisition, infection
onset, clinical findings, and outcome. Clin Infect Dis 2013;57:870—6.
Busowski MT, Lee M, Busowski JD, Akhter K, Wallace MR. Puerperal group
A streptococcal infections: a case series and discussion. Case Rep Med
2013;2013:751329.

Vincent JL, Bihari DJ, Suter PM, Bruining HA, White ], Nicolas-Chanoin MH,
et al. The prevalence of nosocomial infection in intensive care units in Europe.
Results of the European prevalence of infection in intensive care (EPIC) study.
EPIC international advisory committee. JAMA 1995;274:639—44.

Puskarich MA, Trzeciak S, Shapiro NI, Arnold RC, Horton JM, Studnek JR, et al.
Association between timing of antibiotic administration and mortality from
septic shock in patients treated with a quantitative resuscitation protocol. Crit
Care Med 2011;39:2066—71.

Jamieson DJ, Ellis JE, Jernigan DB, Treadwell TA. Emerging infectious disease
outbreaks: old lessons and new challenges for obstetrician-gynecologists. Am
] Obstet Gynecol 2006;194:1546—55.

Svensson-Arvelund J, Ernerudh J, Buse E, Cline JM, Haeger JD, Dixon D, et al.
The placenta in toxicology. Part II: systemic and local immune adaptations in
pregnancy. Toxicol Pathol 2014;42:327—38.

Linnér A, Darenberg ], Sjolin J, Henriques-Normark B, Norrby-Teglund A.
Clinical efficacy of polyspecific intravenous immunoglobulin therapy in pa-
tients with streptococcal toxic shock syndrome: a comparative observational
study. Clin Infect Dis 2014;59:851—7.

Upton A, Taylor S. Observational study of Streptococcus pyogenes isolated
from vaginal swabs of adult women in a hospital and community laboratory.
Pathology 2013;45:678—80.


http://refhub.elsevier.com/S1341-321X(18)30396-9/sref1
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref1
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref1
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref1
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref1
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref2
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref2
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref2
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref2
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref2
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref3
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref3
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref3
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref4
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref4
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref4
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref4
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref5
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref5
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref5
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref6
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref6
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref6
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref7
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref7
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref7
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref7
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref7
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref8
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref8
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref8
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref8
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref8
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref9
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref9
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref9
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref9
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref9
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref10
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref10
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref10
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref11
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref11
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref11
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref12
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref12
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref12
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref12
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref13
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref13
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref13
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref14
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref14
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref14
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref14
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref14
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref15
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref15
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref15
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref15
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref15
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref16
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref16
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref16
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref16
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref17
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref17
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref17
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref17
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref18
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref18
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref18
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref18
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref18
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref18
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref18
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref19
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref19
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref19
http://refhub.elsevier.com/S1341-321X(18)30396-9/sref19

	The most common causative bacteria in maternal sepsis-related deaths in Japan were group A Streptococcus: A nationwide survey
	1. Introduction
	2. Materials and methods
	2.1. Design and study population
	2.2. Outcomes

	3. Results
	3.1. Characteristics of maternal death cases related to infection
	3.2. Characteristics of maternal death cases related to antepartum group A Streptococcus

	4. Discussion
	Funding source
	Conflicts of interest
	Acknowledgments
	References


