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Abstract
Introduction: Group A streptococcus (Streptococcus pyogenes) is one of the most le-
thal bacterial pathogens of humans, with increased risk of progression to septic shock 
and multiorgan failure in the pregnant population. The objective of this study is to 
systematically review the outcomes and management strategies for pregnancy and 
puerperal group A streptococcus infections in an effort to provide further guidance 
for prevention and treatment of a rare but lethal infection worldwide.
Material and methods: A comprehensive search using puerperium and streptococcus pyo-
genes terms was completed across several registered databases. A total of 902 articles 
investigating pregnancy and puerperal group A streptococcus infection were identified, 
with 40 studies fulfilling inclusion criteria of original research articles in humans published 
from 1990 onwards reporting four or more unique cases of group A streptococcus in 
pregnancy or postpartum. This study was registered in PROSPERO: CRD42020198983.
Results: A total of 1160 patients with pregnancy and puerperal group A streptococcus 
infection were identified. Most infections occurred postpartum (91.9%), with 4.7% 
reported antepartum and 0.6% intrapartum. Bacteremia was present in 49.0% of pa-
tients and endometritis in 45.9%. Puerperal sepsis was described in 28.2% of cases 
and progressed to streptococcal toxic shock syndrome in one-third of such cases. 
Overall, the case fatality ratio was 2.0%, with one-third of the deaths from antenatal 
cases including 3/22 (13.6%) cases of septic abortion and 10/46 (21.7%) antenatal 
cases of group A streptococcus infection.
Conclusions: Group A streptococcus infection remains an important contributor to 
pregnancy and puerperal morbidity and mortality. Early recognition, diagnosis and 
aggressive management are important for favorable outcomes given the serious risk 
of sepsis and streptococcal toxic shock syndrome.
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1  |  INTRODUC TION

Infection is the third most common cause of pregnancy-related mor-
tality worldwide, representing approximately 10.7% of pregnancy-
related deaths in low- and middle-income countries and 4.7% of 
deaths in high-income countries.1 Further, it is estimated that for 
every death, there are 50 pregnant people with life-threatening 
morbidity from sepsis.2 The incidence of puerperal sepsis has risen 
over the last decade, in some cases doubling,3 with increasing rates 
of severe sepsis contributing to mortality.3,4 Underlying this trend 
is increasing virulence of group A streptococcal infection, which 
contributed to 50% of direct sepsis deaths in two European stud-
ies.2,5,6 This is suspected to be due to the predominance of emm1 
and emm28 genotypes, which have higher associations with mortal-
ity, as well as increasing maternal risk factors for infection such as 
obesity and rates of cesarean section.2

Group A streptococcus (Streptococcus pyogenes) (GAS) is one of 
the most lethal bacterial pathogens of humans.7 It is a facultative, 
gram-positive coccus which has reservoirs in human skin and mu-
cous membranes.7 Outside of pregnancy, the case fatality rate of 
invasive GAS infection is 15%–20% which increases to 40%–60% 
with progression to septic shock.8–10 Pregnancy is a highly immuno-
modulated state which increases the risk of invasive GAS infection 
by 20-fold in comparison to the non-pregnant population.11 Most 
people develop invasive GAS from ascending infection of the genital 
tract and endometrium, which can quickly progress to septic shock 
and multiorgan failure within 48–96 hours as evidenced by multiple 
case reports in the literature.12

The objective of this study was to systematically review the 
pregnancy and puerperal outcomes and management strategies 
in cases of GAS infection in an effort to provide further guid-
ance for prevention and treatment of a rare but lethal infection 
worldwide.

2  |  MATERIAL AND METHODS

This protocol was registered with PROSPERO (CRD42020198983). 
With the assistance of an information specialist, a comprehensive 
search of the Ovid MEDLINE, Embase, Cochrane Central Register 
of Controlled Trials (CENTRAL), Web of Science, Cumulative Index 
of Nursing and Allied Health Literature (CINAHL), Latin American 
and Caribbean Health Sciences Literature (LILACS) and PubMed 
(in-process and non-MEDLINE) databases was conducted. In ad-
dition, Clini​caltr​ials.gov, WHO International Clinical Trials Registry 
and the International Standard Randomized Controlled Trial Number 
Registry were reviewed along with the first 200 results from Google 
Scholar. Reference lists from relevant trials, reviews and commen-
taries were manually searched. Prior to manuscript submission, the 
search was updated on January 15, 2022. Subject headings and 
keywords were used to search for puerperium and streptococcus pyo-
genes terms. A detailed search strategy along with results is attached 
in Table S1.

Two authors independently reviewed non-duplicate titles and 
abstracts and retrieved full texts of eligible studies for further eval-
uation. Disagreements were resolved by consensus and adjudication 
by a third author. All studies meeting inclusion criteria of original 
research articles in humans published from 1990 onwards report-
ing four or more unique cases of GAS in pregnancy or postpartum 
were evaluated. Articles recording carrier or screening status for 
GAS were excluded. Conference abstracts were excluded. There 
were no language restrictions. Study characteristics, patient demo-
graphics, infection characteristics, management strategies, and pa-
tient outcomes were extracted. Statistics were grouped according 
to outcomes and reported in terms of frequency of outcome with 
percentages calculated according to the summed number of people 
meeting inclusion criteria within each study. Studies with missing in-
formation were not included in the calculations for that particular 
outcome.

Two authors evaluated the research quality of included stud-
ies using the Newcastle–Ottawa Scale for cohort and case control 
studies which was converted to meet the Agency for Healthcare 
and Research and Quality standards with thresholds supplied by the 
National Center for Biotechnology Information,13 and the National 
Institutes of Health assessment tool for case series (Table S2).14

3  |  RESULTS

A total of 982 articles investigating puerperal GAS infection were 
identified, with 40 studies fulfilling inclusion criteria (Figure 1). Study 
design and patient population characteristics of the included studies 
are described in Table 1. Sixteen prospective studies including 498 
patients across three cohort, three case–control and 10 case series 
were included in the review. Most of the studies were retrospec-
tive in nature, totaling 662 patients, with 20 case series, two cohort 
and two case–control studies meeting inclusion criteria.2,8,10,11,15–50 
Descriptive analysis was performed, as meta-analysis was not pos-
sible given the heterogeneity of the patient populations, dominant 
study design, and study outcome definitions.2,8,10,11,15–50

Figure  2 summarizes the reported patient outcomes by study 
(which are further detailed in Table S3). A total of 1160 patients with 
puerperal GAS infection were identified. Most infections occurred 
in the postpartum period (893/972; 91.9%), with 4.7% reported 
antepartum (46/972) and only 0.6% noted intrapartum (6/972) 

Key message

Group A streptococcal infection remains an important 
contributor to puerperal morbidity and mortality despite 
advances in infection control protocols. Early recognition, 
diagnosis and aggressive management are important for 
favorable outcomes given the serious risk of sepsis and 
toxic shock syndrome.
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(Figure  3). Septic abortion (pregnancy loss secondary to infection 
<20 weeks gestational age) and complications from elective ther-
apeutic abortion were both uncommon (22/972 [2.3%] and 5/972 
[0.5%], respectively).

When reported, the timing of antepartum infections was distrib-
uted across trimesters, with one infection in the first trimester, six 
in the second and six in the third. However, timing was not reported 
for more than two-thirds of the antepartum infections (33/46; 
71.2%). When details were provided, the majority of patients were 
described as healthy without pregnancy complications prior to in-
fection. Streptococcal toxic shock syndrome (sTSS) was specifically 
described in three patients; however, a study by Tanaka et al.41 re-
ported an additional seven patients who died within 24 hours of pre-
sentation, suggesting advanced infection. Intrauterine fetal demise 
was diagnosed in 39.5% of pregnancies (17/44; 38.6%) and when 
combined with septic abortions, 57.4% of all cases resulted in not 

achieving a live birth (39/68). Stillbirth was most often diagnosed at 
time of admission to hospital.

Twenty-one septic abortions and one septic ectopic pregnancy 
were described across six studies. All septic abortions underwent 
dilation and curettage as part of management of the infection. 
Three cases of sTSS were reported (3/22; 13.6%) with two pro-
gressing to death (2/22; 9%) despite surgical management of septic 
abortion.

Of the studies reporting patient characteristics in postpartum 
GAS infections, 74.5% (213/286) were multiparous, with the major-
ity delivering vaginally (402/499; 80.6%) at term (238/273; 87.1%). 
Premorbid or delivery risk factors reported in studies were variable 
without a specific trend. However, the majority (81%) of patients 
in these studies had no reported risk factors for GAS infection. 
Approximately half (53%) of the studies reporting postpartum in-
fections detailed time from delivery to presenting signs, with 49.9% 

F I G U R E  1  PRISMA flow chart for included studies
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within the first 48 hours (212/425), 36.5% within 3–7 days (155/425) 
and only 13.6% more than 7 days post-delivery (58/425) (Figure 3).

Fever was the most common symptom associated with puerperal 
infection (297/333; 89.1%), with abdominal pain (106/333; 31.8%) 
and vaginal discharge (27/333; 8.1%) less frequently reported. 
Few details were given regarding presenting signs, but in a study 
by Kaiser et al.,30 comparing 71 patients with puerperal infection in 
terms of outcomes, they found that people presenting with tachy-
cardia (relative risk [RR] 1.08, 95% CI 1.01–1.15, p = 0.02), hypoten-
sion (RR 0.93, 95% CI 0.89–0.97, p = 0.002), and tachypnea (RR 1.03, 
95% CI 1.01–1.05, p ≤ 0.001) were more likely to experience adverse 
outcomes. In the two studies that detailed laboratory findings, leu-
kocytosis and elevated C-reactive protein (per laboratory criteria) 
were common, with leukocytosis reported in 81%–94% of patients36 
and elevated C-reactive protein in 96%–100%.38

Culture site was available for 682 patients (682/1160; 58.6%), 
with positive blood cultures in approximately half (338/682, 49.6%), 
genital tract (vaginal or cervical swab) in 43.7% (298/682) and posi-
tive cultures in more than one site in 15.4% (105/682). Positive urine 
(71/682; 10.4%) wound (21/682; 3.1%), intrabdominal (12/682; 
1.8%), throat (10/682; 1.5%), endometrial (8/682; 1.2%) and anal cul-
tures (2/682; 0.3%) were rare.

Of the studies reporting puerperal outcomes (Figure 2, Table S3), 
bacteremia was present in 49% of patients (382/780) and endome-
tritis in 45.9% (283/617). Puerperal sepsis was described in 28.2% 
of cases (276/979) and progressed to streptococcal toxic shock syn-
drome (sTSS) in one-third of such cases (92/942; 9.8%). Multiorgan 
complications included necrotizing fasciitis (n  =  13), acute respi-
ratory distress syndrome (ARDS) (9), acute liver failure (10), acute 
kidney injury (8), disseminated intravascular coagulopathy (10), 
pneumonia (3), septic embolization (1) and endocarditis (1).

Almost all studies (37/40) reported carrier death rate, with a case 
fatality rate of 2% (22 deaths among 1081 cases). Three case series 
only reported maternal deaths and therefore were not included in 
the case fatality ratio, given an unknown denominator of GAS in-
fections.19,41,49 However, they detailed another 24 deaths (including 
two septic abortions, nine antepartum, six postpartum infections, 
and seven timing unknown), which highlights the sinister nature of 
invasive GAS.19,41,49 Details surrounding these additional  cases  are 
presented in Table S4. A third of the deaths were reported in cases 
presenting in the antenatal period, including 3/46 (6.5%) cases of 
septic abortion and 10/46 (21.7%) antenatal cases of GAS infection 
(Figure 4). Rapid deterioration occurred in 72.7% (8/11) of the an-
tenatal cases, with death occurring within 36 hours of presentation. 
There were 18 deaths of the 866 postpartum cases reported (2.1%). 
Timing was not reported in 15 (15/46; 32.6%) cases of maternal death 
(Figure 4). There were strong themes of sepsis, sTSS and death within 
48 hours when cases were analyzed qualitatively (Table S4). Very few 
studies described neonatal infections, with only 29 cases among 10 
studies (29/427; 6.8%) and there were three reported neonatal deaths 
(3/427; 0.7%).

In terms of management, 11 studies reported admission to 
an Intensive Care or High Dependency Unit in 18.5% of invasive 
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puerperal GAS (91/492). Antibiotics were given in almost all cases 
(296/301; 98.3%) when management was described; however, there 
was a paucity of data on the time when antibiotics were adminis-
tered, class of antibiotics used, time to clinical response, and duration 
of antibiotic course. Intravenous immunoglobulin (IVIG) was only 
employed in seven cases in two studies,38 with Shinar et al.38 de-
scribing use for the management of cases with severe complications 
including acute liver failure, acute renal failure, acute respiratory 

distress syndrome and respiratory failure. The outcomes of these 
cases were not specifically reported. Transfusion, mechanical ven-
tilation and extracorporeal membrane oxygenation treatment were 
required in several cases. Surgical exploration occurred in 60 cases 
with 33 cases of hysterectomy (33/246; 13.4%), often with evidence 
of tissue necrosis on inspection (Table 2).

Attempts were made to track infection source in less than half 
of the studies reported (18/40). A community source was reported 

F I G U R E  3  Timing of presentation in cases of group A streptococcal infection in pregnancy and postpartum (%).
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F I G U R E  2  Carrier outcomes in puerperal group A streptococcal infections (%). sTSS: streptococcal toxic shock syndrome; ICU, intensive 
care unit; HDU high-dependency care unit.
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in 43.4% (190/438), nosocomial source was reported in 30.6% 
(134/438), and unknown source in 26% (114/438).

4  |  DISCUSSION

This systematic review aligns with previous literature in that the 
vast majority of GAS infections occur in the postpartum popula-
tion following uncomplicated vaginal birth in multiparous carriers 
at term. Half of the reported cases presented within 48 hours of 
delivery, with fever and uterine tenderness as common symptoms. 
Bacteremia (49%) and endometritis (45.9%) were common out-
comes, with blood cultures and genital swabs positive in 49.6% 
and 43.7% of reported cases, respectively. Sepsis developed in 
28.2% of patients and a third progressed to sTSS, totaling almost 
10% of cases. The case fatality rate in this review (2%) is slightly 
lower compared with previous population studies from the early 
2000s with rates of 3.5%23 and 4.3%.8 However, three of the 
case series detailing a substantial number of fatalities were not 
included due to unpublished data regarding total number of in-
fections. Although improved recognition and management have 
likely contributed to better survival, the burden of GAS infection 
continues to be significant. Historical challenges in surveillance 
and reporting of GAS puerperal infection at a population level are 
likely to contribute to an underestimation rather than a fall in case 
fatality rates.

A third of the deaths were antenatal cases and there was also 
a disproportionate number of stillbirths in the antenatal infections 

compared with both postpartum and non-GAS infections in the 
Tanaka et al. study.41 These findings are consistent with a review 
by Hamilton et al.51 of 10 antepartum case reports from 1974 to 
2009 which suggests that infections during the antenatal period 
result in more devastating consequences than infections occurring 
postpartum. Rates of septic abortion (pregnancy loss secondary to 
infection <20 weeks gestational age) and complications from elec-
tive therapeutic abortion were low, which as above, could be an 
underestimation secondary to historical challenges in reporting and 
labelling.

From a diagnostic perspective, recto-vaginal carriage rates of 
GAS in pregnant women are low at 0.03%.52–54 This is compared 
with skin and throat swabs which reveal colonization of GAS in 5%–
30% of the population.55 At this time, screening for asymptomatic 
women in pregnancy is not recommended; however, given the ex-
cessive risk during this period, further studies on necessity, modal-
ity and cost analysis of screening are needed.56 People presenting 
with postpartum fever and/or abdominal pain deserve a high level of 
suspicion for GAS. and investigation with blood and vaginal cultures 
should be strongly considered and is recommended per the most 
recent International Society for Infectious Disease in Obstetrics and 
Gynecology (ISIDOG).56 Given the potential for severe disease and 
rapid deterioration, the development of rapid assays for detection 
of GAS from vaginal specimens could allow for timely diagnosis and 
appropriate antibiotic therapy. Further studies on the necessity and 
modality of screening and treatment are needed. Positive swab re-
sults should be interpreted seriously and managed swiftly given the 
potential for severe disease and complications.

The optimal management strategy for puerperal GAS infection 
remains unclear. Most patients in this review received antibiotics; 
however, the timing, type and duration were not often reported 
and cannot be linked to outcomes. The typical regimen for inva-
sive GAS is intravenous penicillin with clindamycin to inhibit pro-
tein production in GAS bacteria in order to avoid superantigens 
and M proteins.56 Penicillin and first-generation cephalosporins 
are used routinely in pregnancy for prophylaxis in preterm pre-
mature rupture of membranes, group B streptococcus carriage, as 
well as surgical and instrumental births. However, a prophylactic 
course of antibiotics for group B streptococcus is insufficient for 
eradication of GAS (a 10-day course of amoxicillin plus clavulanic 
acid or a first-generation oral cephalosporin is recommended) and 
spontaneous clearance occurs in only half of patients.56 Therefore, 
this practice is unlikely to change GAS prevalence rates, but it 
should be considered in future population surveillance studies. At 
present, resistance to penicillin in GAS organisms is non-existent; 
however, resistance to macrolides is upwards of 25% in some 
populations with increased use of these antibiotics.57 Given that 
macrolides are used as an adjuvant to penicillin in managing GAS, 
stewardship should be employed with antibiotic use in this popu-
lation to avoid developing further resistance.

The benefit of IVIG in cases of sTSS remains unknown as the few 
studies exploring this intervention have conflicting results.58–61 In 
this review, IVIG was employed in seven complicated cases across 

F I G U R E  4  Maternal deaths by gestation at presentation (%).

6.5

21.7

39.1

32.6

Sep�c abor�on Antepartum Postpartum Not reported



154  |    HARRIS et al.

two studies; however, different outcomes were reported and there-
fore results could not be summarized.36,38 Hysterectomy was not 
required in the majority of GAS cases (213/246; 86.6%), even in the 
context of puerperal sepsis and sTSS. In the described cases where 

hysterectomy was performed, there was often evidence of nec-
rotizing fasciitis in addition to sepsis, sTSS and multiorgan failure. 
Most experts agree that a confirmed GAS infection in the presence 
of organ dysfunction should be managed surgically;7,51,62 however, 

TA B L E  2  Studies reporting hysterectomy as management in puerperal group A streptococcal infections

Study, Year
Hysterectomy 
n (%) No hysterectomy n (%)

Total patients 
included in study Details surrounding procedure

Alexander, 2018 0 5 (100) 5 - No information on specific cases

Anteby, 1999 0 47 (100) 47 - No information on specific cases

Aronoff, 2008 0 7 (100) 7 - No information on specific cases

Bauer, 2015 0 4 (100) 4 - No information on specific cases

Bengner, 2019 0 5 (100) 5 - No information on specific cases

Busowski, 2013 2 (50) 2 (50) 4 - 24yo 2 days postpartum from 
uncomplicated SVD presenting with 
sTSS and NF requiring ICU admission. 
Blood and endometrial swab positive for 
GAS. Hysterectomy completed. Survived 
with multiple disabilities and limb 
amputations -27yo 7 days postpartum 
from uncomplicated SVD presenting 
with sTSS, NF, multi-organ failure, 
thrombocytopenia and acute liver failure, 
requiring ICU admission. Hysterectomy 
on admission day 2. NF to abdominal wall 
following procedure requiring additional 
debridement. Survived and discharged 
after lengthy admission.

Davis, 2010 5 (17.9) 23 (82.1) 28 - No information on specific cases

Dietz, 2003 0 5 (100) 5 - No information on specific cases

Gustafason, 2017 2 (50) 2 (50) 4 - 34yo 36 hours postpartum from 
SVD. Pregnancy complicated by 
cardiomyopathy. Presents with sTSS 
and NF requiring ICU admission. Blood 
and vaginal cultures positive for GAS. 
Multiple cardiac arrests. Hysterectomy. 
Survived with brain damage secondary to 
cardiac arrests

- 35yo 5 days postpartum from 
uncomplicated SVD. Presents with 
sTSS, NF and multi-organ failure. 
Hysterectomy and resection of external 
genitalia due to NF. Blood cultures 
positive for GAS. Cardiac arrest requiring 
ECMO. Maternal death.

Kaiser, 2018 21 (29.6) 50 (70.4) 71 - Patients undergoing hysterectomy had 
significantly increased risk of capillary 
leakage (RR 21.77, 95% CI 3.09–153.54, 
p = 0.002)

Knowles, 2015 0 12 (100) 12 - No information on specific cases

Lev-Sagie 2017 0 11 (100) 11 - No information on specific cases

Shinar, 2016 3 (8.1) 34 (91.9) 37 - Postpartum following uncomplicated SVD, 
no evidence of NF

Thewessen, 1999 0 6 (100) 6 - No information on specific cases

Total 33 (13.4) 213 (86.6) 246

Abbreviations: NF, necrotizing fasciitis; sTSS, streptococcal toxic shock syndrome.
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severe clinical presentations have not necessarily been shown to be 
predictive of severe adverse outcome in the literature.30 In a case 
report by Dehaene et al., a sharp rise in creatinine kinase was sug-
gested to be a marker of tissue destruction and indicator for hyster-
ectomy.63 Moving forward, active registries should include initiation 
and duration of antibiotic administration, adherence to the Surviving 
Sepsis guidelines,64 employment of IVIG therapy, and clinical and/or 
laboratory predictors for risk stratification for escalation to surgical 
management as well as outcomes following hysterectomy including 
duration of antibiotics, length of hospital stay, and carrier morbidity 
and mortality.

Historically, GAS infection has been considered a hospital-
acquired infection; however, in our study only 30.5% were con-
firmed nosocomial infections. Therefore, acquisition of GAS in the 
community is increasingly important and could be considered a tar-
get for prevention, intervention and screening.65

The strengths of this review include the extensive search across 
international databases, inclusion of articles in all languages and 
combining more than 1000 cases. Further, international definitions 
for infection and sepsis were employed consistently across all stud-
ies (Table S5). Recent studies were often explicit in defining cases; 
however, older studies may have used common terms such as “puer-
peral sepsis” more loosely, which would overestimate cases of sepsis. 
This review was limited by the inability to perform a meta-analysis 
due to dominant study design and heterogeneity. Further, the spe-
cific outcomes of interest were not universally reported across all 
studies and therefore the denominator for assessment is variable in 
studies reporting that outcome only. This review is also limited by 
the quality of the older studies, which were mostly large case series. 
Lastly, all of the studies included were performed in high-income 
countries, which limits our ability to generalize the findings and rec-
ommendations to low- and middle-income countries. Further study 
with broader geographical representation is important to guide na-
tional and international recommendations for management and pub-
lic health intervention.

5  |  CONCLUSION

GAS infection remains an important contributor to pregnancy and 
puerperal morbidity and mortality despite advances in infection 
control protocols. There continues to be a paucity of data to guide 
management strategies; however, early recognition and diagno-
sis, aggressive management with fluid resuscitation and antibiotic 
therapy, and consideration of source control are expected to be im-
portant for favorable outcomes given the serious risk of sepsis and 
progression to sTSS.
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