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Abstract

Obstetricians and gynecologists commonly encounter many differ-
ent infections. Early recognition and treatment of these infections is 
crucial. On many occasions, the use of antimicrobials alone is suf-
ficient; however, in some instances, even with antimicrobials, early 
surgical intervention is necessary to treat the source of infection and 
prevent further dissemination. This review article focuses on the 
epidemiology, diagnosis and management of some of the aggressive 
microorganisms encountered in obstetrics and gynecology. A full lit-
erature review of why early surgical intervention is critical to saving 
lives was conducted. Clostridial species, Streptococcus pyogenes and 
Staphylococcus aureus bacteria are outlined in this review, given their 
aggressive ability to progress into disseminating sepsis, toxic shock 
syndrome and necrotizing soft tissue infections. This review serves 
as a guide to assist obstetricians and gynecologists with making life-
saving decisions on early surgical intervention when encountering 
such critically ill patients. An algorithmic approach is also illustrated 
that an obstetrician gynecologist can follow when encountering such 
microorganisms.
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Recognizing Severe Infections in Obstetrics 
and Gynecology

In the field of obstetrics and gynecology, the majority of pelvic 
infections are recognized early, either in an office setting or 
after inpatient admission. The classical presentation of most 

of these infections facilitates prompt initiation of appropriate 
antimicrobial agents and resolution of the disease. Of concern, 
a subset of pelvic infections have atypical presentations, or are 
not well controlled with antimicrobial agents alone; thereby, 
the severity of the process may go unrecognized, leading to en-
dometritis, sepsis, septic shock, toxic shock syndrome (TSS), 
necrotizing soft tissue infections and even death. It is critical 
that this subset of infections be identified early so that appro-
priate, often surgical, interventions can be taken [1].

The typical scenarios that are associated with severe infec-
tions in obstetrics and gynecology include, but are not limited 
to, obstetrical procedures, such as abortions, vaginal deliveries 
with episiotomies or cesarean sections, as well as gynecologi-
cal procedures, such as abdominal surgeries for pelvic masses 
or vulvar infections, particularly in diabetic or immunocom-
promised patients.

In obstetrics, genital tract infections are strongly associ-
ated with preterm birth, premature rupture of membranes, low 
birth weight, intrauterine fetal demise and intrauterine infec-
tion [2]. In general, these bacterial, viral and protozoal infec-
tions ascend from the lower genital tract; however, additional 
sources include intrauterine infections, systemic maternal in-
fections, asymptomatic bacteruria, and maternal periodontitis 
[2]. Goldenberg and colleagues analyzed different infectious 
routes that lead to preterm birth [3]. They determined that in-
fection can culminate within the uterus and amniotic fluid via 
hematogenous spread, incidental introduction via a diagnostic 
or therapeutic amniocentesis or retrograde spread from the ab-
dominal cavity through the fallopian tubes. Ultimately, they 
found that infection ascending from the vagina had the highest 
risk factor for preterm birth.

In gynecology, genital tract infections are characterized 
by location, with lower genital tract infections involving the 
vagina, vulva and perineum and upper genital tract infections 
encompassing tissues above the level of the vagina, including 
the cervix, uterus, adnexa, ovaries and lower pelvis. In general, 
upper genital tract infections derive from ascending lower gen-
ital tract infections. Microorganisms from these infections can 
further disseminate, leading to bacteremia and subsequent sys-
temic inflammation that forms sepsis. If left untreated, sepsis 
can evolve into septic shock, a life-threatening condition asso-
ciated with hypotension (systolic blood pressure < 90 mm Hg 
or a reduction of 40 mm Hg from baseline) despite adequate 
fluid resuscitation, perfusion abnormalities and multi-organ 
dysfunction. These abnormalities can quickly lead to lactic 
acidosis, oliguria, obtundation and death [4]. This review arti-
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cle will focus on the most common microorganisms that cause 
life-threatening infections in obstetrics and gynecology (Ta-
ble 1). This article also argues that source control is the most 
important factor in combatting infection. On some occasions, 
particularly with necrotizing soft tissue infection, antimicro-
bial therapy alone is not sufficient to treat these critically ill 
patients [5]. In these cases, early surgical intervention must be 
employed to remove the necrotic infected tissue. For example, 
in patients with Clostridium sordellii infection, or postpartum 
or postabortal streptococcal TSS, hysterectomy needs to be 
considered early in patient management [6].

We review the most important clinical factors an obstetri-
cian gynecologist should consider when encountering a criti-
cally ill patient with a life-threatening infection. Most obstetri-
cian gynecologists are reluctant to perform aggressive surgery, 
particularly a hysterectomy, in young nulliparous patients; 
however, these surgical interventions can be necessary to save 
patient lives. This article specifically focuses on clostridial 
species, Staphylococcus aureus and group A streptococcal bac-
teria, given that these particular microbes have been associated 
with necrotizing soft tissue infections, TSS, sepsis and death in 
cases pertaining to obstetrics and gynecology. We also review 
the obstetric and gynecological procedures that place these 
patients at risk for the life-threatening infections caused by 
these microbes. Figure 1 illustrates an algorithmic approach an 
obstetrician gynecologist can follow when encountering such 
microorganisms.

Clostridial Species

The bacterial genus clostridium is recognized for its highly 
fatal gynecologic manifestations including endometritis, sur-

gical site infection and TSS. A family of large clostridial cyto-
toxins are responsible for many lethal effects of species such as 
C. sordellii, Clostridium septicum and Clostridium perfringens 
[7]. These cytotoxins exert their effects on varying GTPase 
subfamilies that control growth and cytoskeletal integrity. Al-
though many clostridial soft tissue infections are traumatic in 
origin, spontaneous clostridial myonecrosis represents a com-
mon manifestation of gynecological clostridial infection [8].

C. sordellii

Microbiology

The Gram-positive, spore-forming, obligate-anaerobe C. sor-
dellii is responsible for one of the most fatal TSSs known. The 
bacterium produces two major virulence factors called lethal 
toxin (TesL) and hemorrhagic toxin (TesH), which boast simi-
lar structures and mechanisms as toxins A and B of Clostrid-
ium difficile [9]. The two cytotoxins inactivate their protein 
substrates by adding UDP-glucose to threonine residues: TesL 
glycosylates Ras, Cdc42 and Rac subfamily GTP-binding 
proteins, while TesH glycosylates different substrates on the 
Rho, Cdc42 and Rac GTP-binding proteins. The inactivation 
of these important signaling molecules fundamentally changes 
cell activity and structure in mammalian hosts. For example, 
Ras subfamilies are responsible for growth control, and their 
inactivation can alter apoptosis and gene transcription, while 
Rho subfamily proteins maintain cytoskeletal integrity, and 
their inhibition compromises the microfilament cytoskeleton 
[7, 10].

The resulting cytoskeletal changes caused by TesL and 

Table 1.  Microorganisms Commonly Associated With Serious Infections in Ob-
stetrics and Gynecology

Gram-positive bacteria
  Staphylococcus aureus (including methicillin-resistant S. aureus)
  Streptococcus pyogenes (group A streptococcus)
Necrotizing soft tissue infections
  Mixed aerobes and anaerobes
  Staphylococcus aureus (including methicillin-resistant S. aureus)
  Streptococcus pyogenes (group A streptococcus)
  Clostridium perfringens
  Clostridium sordellii
  Clostridium septicum
Toxic shock syndrome
  Staphylococcus aureus (including methicillin-resistant S. aureus)
  Streptococcus pyogenes (group A streptococcus)
  Clostridium perfringens
  Clostridium sordellii
  Clostridium septicum

S. aureus: Staphylococcus aureus.
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TesH lead to altered growth and compromised endothelial in-
tegrity, which results in a myriad of symptoms, including mas-
sive third spacing of intravascular fluid. Table 2 [11-26] illus-
trates a summary of all the C. sordellii infection cases reported 
in the literature, pertaining to obstetrics and gynecology.

Pathophysiology of infection

At first, patients with C. sordellii infection develop non-specif-
ic symptoms including nausea, fatigue and lethargy; however, 
these symptoms quickly progress to a fulminant sepsis charac-
terized by refractory hypotension, tachycardia, capillary leak 
with marked pleural edema, hemoconcentration, substantial 
leukocytosis with white blood cell counts > 50 × 103 cells/mm3 
and an often-afebrile state [11-14]. The infectious source can 
be difficult to identify, as patients frequently lack abdominal 
pain [15]. This highly fatal clinical course is now referred to 
as C. sordellii-like TSS, with its ambiguous naming only due 

to the fact that it is difficult to distinguish C. sordellii from C. 
perfringens infections.

There are 27 reports of C. sordellii endometritis and TSS 
in the literature, including one spontaneous occurrence and 
several others following vaginal delivery, medical or sponta-
neous abortion, cesarean section or cervical procedures [11-
23]. Only one of 27 postpartum or post-abortive patients re-
ported in the literature has survived: the remaining infections 
proved fatal, despite efforts to medically resuscitate patients. 
This mortality rate stands in stark contrast to the 50% fatality 
rate of C. sordellii in injection drug users or the 53% fatality 
rate in post-traumatic or postoperative patients with culture-
proven C. sordellii infection [11]. This discrepancy has been 
attributed to the delay in diagnosis resulting from the ambigu-
ous presentation of gynecologic C. sordellii infection as well 
as the inability to visualize the infection, as is often possible in 
injection drug users or post-surgical patients.

The source of C. sordellii in gynecological infection re-
mains unknown; however, reports have described rectal colo-

Figure 1. Algorithm for diagnosing and managing suspected toxic shock syndrome in obstetrics and gynecology. 
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nization in 2.8% of surveyed women, which could represent 
an origin for vaginal, and subsequent uterine, contamination 
[27]. It has been suggested that vaginal misoprostol may facili-
tate the ascension of C. sordellii into the uterus by introducing 
the bacterium, dilating the cervix or loosening the mucus plug; 
however, C. sordellii infection with only buccal misoprostol 
has also been reported [16, 28]. Isolated reports describe iatro-
genic introduction of the bacterium, for example with retained 
vaginal sponges [15]. Once in the uterus, C. sordellii spores 
readily germinate: firstly, in vitro studies show that spores are 
more apt to germinate in response to progesterone, and second-
ly spores require a pH between 5.7 and 6.6 to germinate, which 
the amniotic fluid of the gravid uterus provides [29, 30]. Ad-
ditional studies suggest that the development of septic shock 
may be aided in part by the inhibition of anti-inflammatory 
cytokine IL-10 in post-abortive patients due to mifepristone’s 
blockade of glucocorticoid receptors [28]. It should be noted, 
however, that other experimental applications of mifepristone 

in the treatment of chronic diseases have failed to result in a C. 
sordellii-like toxic shock like syndrome [31].

Diagnosis and treatment

The ambiguous presentation of C. sordellii infection, the delay 
and difficulty of culturing anaerobes in bloodstream infection 
and the relative rarity of the infection substantially delay diag-
nosis and treatment. Studies suggest that 0.54% of deaths in 
women aged 14 - 44 are caused by C. sordellii TSS; however, 
even these numbers may be underestimated [20]. More recent 
studies of C. sordellii infection indicate that the most effective 
diagnostic mechanisms include immunohistochemical staining 
of uterine tissue samples with anti-Clostridium spp. antibody 
or PCR gene analysis of 16SrRNA and phospholipase C genes 
[20]. More recently, a duplex microsphere assay has been de-
veloped that expedites the identification of C. sordellii and C. 

Table 2.  Summary of Obstetric and Gynecologic C. sordelli Cases Reported in the Literature

Age Procedure Time from procedure 
to onset of symptoms

Time from symptom  
onset to death As reported in

32 Cervical cone 12 days 6 h Ho et al [20]
40 Cervical laser 3 days 2 days Ho et al [20]
16 Oral and vaginal mifepristone 5 days 18 h Reis et al [24]
21 Childbirth and vaginal laceration 4 days Aldape et al [11]
29 Cesarean section 2 days Bitti et al [18]
24 Childbirth and episiotomy 4 days Soper [22]
24 Childbirth and episiotomy 24 h 5 days Sosolik et al [13]
40 Childbirth 4 days 4 days Rorbye et al [19]
18 Oral mifepristone, vaginal misoprostol 4 days 7 - 8 days Fischer et al [14]
21 Oral mifepristone vaginal misoprostol 5 days < 24 h Fischer et al [14]
22 Oral mifepristone, vaginal misoprostol 5 days 23 h Fischer et al [14]
34 Oral mifepristone, vaginal misoprostol 4 days 12 h Fischer et al [14]
26 Medical abortion 7 days < 3 days Sinave et al [12]
39 Spontaneous endometritis Not applicable 18 h Hogan et al [23]

Hysterectomy Harvey et al [25]
29 Oral mifepristone, vaginal misoprostol 4 days 2 days Meites et al [17]
21 Oral mifepristone, vaginal misoprostol 6 days 6 days Meites et al [17]

Cesarean section 2 months 37 h Cohen et al [16]
28 Vaginal mifepristone 11 h 2 days Cohen et al [16]
24 Oral mifepristone, vaginal misoprostol 1 day 7 days Cohen et al [16]
25 Spontaneous abortion Survived Cohen et al [16]
18 Oral mifepristone, vaginal misoprostol 5 days 3 days Cohen et al [16]
23 Childbirth and episiotomy 56 hours 2 days Golde [26]
27 Oral mifepristone, vaginal misoprostol 3 days 4 days Wiebe et al [21]
28 Childbirth and episiotomy with retained vaginal sponge 5 days < 24 h McGregor et al [15]
23 Cesarean section and cervical myoma degeneration 6 days Survived McGregor et al [15]
23 Childbirth 2 days 3 days McGregor et al [15]
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perfringens in formaldehyde fixed, paraffin-embedded tissues 
using smaller amounts of DNA [32]. This relative difficulty 
in diagnosing C. sordellii infection indicates that the infection 
may be more common than expected, as illustrated in a 2009 
retrospective analysis of cases suspicious for C. sordellii-as-
sociated toxic shock death in a California patient population 
[20]. Table 3 illustrates the pertinent laboratory findings that 
can assist with diagnosis of invasive clostridial infections.

The rapid progression of the infection from symptom 
onset to death also complicates the clinician’s ability to ad-
minister treatment in an impactful timeframe. Resistance stud-
ies suggest most C. sordellii strains are susceptible to several 
antibiotics including B-lactams, vancomycin, tetracycline, 
imipenem, linezolid, chloramphenicol, metronidazole, clin-
damycin and clindamycin-adjuvants [33]. Table 4 illustrates 
the recommended antibiotic treatment for invasive infections 
caused by clostridial species. Recent studies in murine models 
suggest that clindamycin may have unique efficacy in treat-
ing gas gangrene, as it can decrease toxin synthesis and the 
release of cytokines like TNF-alpha that lead to hypotension 
and other features of clinical toxic shock [34, 35]. At this time, 
C. sordellii antitoxins remain unavailable, although their de-
velopment would likely prove to be a great advancement in 
the treatment of C. sordellii infection [11]. In addition to the 
available antibiotic regimens, debridement of necrotic tissue 
remains a cornerstone of treatment, as it represents the most 

Table 3.  Pertinent Laboratory Findings Associated With Infections Resulting in Invasive Streptococcus pyogenes (Group A Strepto-
coccus), Clostridial Species and Staphylococcus aureus in Obstetrics and Gynecology

Complete blood count (CBC)
  White blood cells (WBC) are generally > 25,000/mL or < 4,000/mL.
  Marked bandemia (> 10%), independent of the total WBC
  Hemolysis: hemoglobin level < 11 mg/dL
  Massive hemoconcentration (hematocrit > 45%) secondary to fluid pouring into necrotic areas, resulting in third-spacing and edema and  
        an intravascular depletion of fluid
  Thrombocytopenia, as a result of disseminated intravascular coagulopathy
Complete metabolic profile (CMP)
  Serum sodium of < 135 mEq/L
  Creatinine level of > 1.6 mg/dL
  Glucose level of >180 mg/dL
  Anion gap metabolic acidosis
  Bicarbonate < 15 mg/dL
  Lactic acid > 2.2 mmol/L
Blood cultures
  Infrequently positive, but if present would note:
    Gram-positive cocci in chains indicate Streptococcus pyogenes
    Gram-positive anaerobic rods indicate clostridial species
    Gram-positive cocci in clusters indicate Staphylococcus aureus
Tissue diagnosis
  Isolation of microbe or its associated virulence factors from infected tissue
  Tissue should be sent to microbiology lab, or to a tertiary testing facility, such as the Center for Disease Control and Prevention (CDC),  
        for molecular microbiologic analysis.

mmol: millimole; dL: deciliter; mEq: milliequivalent; mg: milligram; mL: milliliter.

Table 4.  Antibiotic Treatment for Invasive Infections Caused 
by Invasive Streptococcus pyogenes (Group A Streptococcus), 
Clostridial Species and Staphylococcus aureus in Obstetrics 
and Gynecology

Recommended first line regimen
  Penicillin G 20 million units IV every 24 h
  Or
  Meropenem 1 - 2 g IV every 8 h
  If MRSA - vancomycin 15 mg/kg IV every 12 h
  Plus
  Clindamycin 600 mg IV every 8 h
Alternative therapy (penicillin allergy - not anaphylaxis)
  Cefazolin 1 - 2 g IV every 6 h
  If MRSA - vancomycin 15 mg/kg IV every 12 h
  Plus
  Clindamycin 600 mg IV every 8 h
Alternative therapy (penicillin allergy - anaphylaxis)
  Vancomycin 15 mg/kg IV every 12 h
  Plus
  Clindamycin 600 mg IV every 8 h

IV: intravenous; MRSA: methicillin-resistant Staphylococcus aureus.
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efficient means of source control [36]. In all autopsy reports 
of patients with postpartum or post-abortus C. sordellii infec-
tion, bacteria were found in immunohistochemical staining of 
uterine samples, suggesting that the prompt removal of this 
infectious source is key.

C. septicum

Microbiology

C. septicum is a Gram-positive bacterium that distinguishes 
itself from its relatives by its relative aerotolerance, a qual-
ity that allows it to infect tissues independent of trauma. C. 
septicum produces four toxins, called alpha, beta, delta and 
gamma toxins [37]. Of these, alpha toxin is responsible for the 
cytotoxic effects of C. septicum. First released as an inactive 
prototoxin, alpha toxin is later converted to an active cytolysin 
that vacuolates and lyses cells. The toxin forms ion-permeable 
channels in membrane lipid bilayers that induce rapid outflow 
in potassium, ATP depletion, and cell necrosis [38]. This alpha 
toxin is ushered into tissues by additional enzymes including 
a hyaluronidase, fibrinolysin, deoxyribonuclease and hemo-
lysins.

Pathophysiology of infection

The source of C. septicum remains unknown: previous studies 
have suggested that normal intestinal flora may include C. sep-
ticum, although several studies later contradicted these results. 
For example, one study failed to identify C. septicum among 
the 1,442 bacterial species found in the stool samples of three 
adult males over 5 months [39]. A different study, however, 
identified C. septicum in the stool of one of 33 patients fed 
both Western and Japanese diets, and an additional study iso-
lated C. septicum in the stool of two of 125 patients [40, 41]. 
Like C. sordellii, uterine C. septicum infection is likely intro-
duced from the vagina, even after a cesarean delivery [42, 43].

After introduction, the effects of the uterine environment 
on C. septicum infection are poorly defined. Previous reports 
suggest that necrotic environments may promote C. septicum 
spore germination, such as those observed in necrotic colon 
cancers or enterocolitis [44]. Other studies, however, have 
demonstrated that C. septicum is significantly more tolerant 
of aerobic tissues, indicating that it can infect viable tissues as 
well [45].

As it stands, C. septicum is a rare source of gynecological 
infection. Instead, 72% of C. septicum bacteremia is associat-
ed with colorectal or hematologic disorders and malignancies, 
with diabetic patients being particularly susceptible [46, 47]. 
There are, however, a few reports of infection in post-cesarean 
and post-abortive patients as well as isolated cases of C. sep-
ticum infection in ovarian cancer and choriocarcinoma [42, 
48-50]. The clinical course of these patients mirrors other pub-
lished reports: C. septicum infection is abrupt in onset, quick 
to progress, and its mortality rates fall between 67% and 100% 
depending on rapidity of treatment [47].

Patients typically present with acute onset of severe pain 
and edema followed by skin discoloration, hemorrhagic bul-
lae, and crepitus [47]. Often, disseminated intravascular co-
agulation (DIC) and multiorgan failure follow. Accompanying 
laboratory signs can include leukocytosis > 25,000 cells/μL, 
anemia with hemoglobin < 11 mg/dL and bicarbonate levels 
below 22 mmol/L [42, 47, 50].

Diagnosis and treatment

The cornerstone of treatment in C. septicum necrotizing fascii-
tis is aggressive antibiotic treatment accompanied by debride-
ment of the infectious site to remove necrotic tissue and drain 
wound abscesses. Tissue removal prevents extension of the 
infection, removes sources of bacteria and improves survival. 
In cases of C. septicum necrotizing fasciitis, including those 
involving the bowel, 57% of patients undergoing operations 
survive versus 26% of those treated with antibiotic regimens 
alone [46]. Hence, aggressive and prompt surgical intervention 
is crucial for patient survival. Without treatment, 100% of pa-
tients with C. septicum bacteremia die within 48 h [51]. Surgery 
can be complemented by an antibiotic regimen including high-
dose penicillin and clindamycin as well as carbenicillin, cefa-
zolin, cephalothin, chloramphenicol or metronidazole. Table 4 
illustrates the antibiotic treatment of choice for invasive infec-
tions caused by clostridial species. Certain strains may also be 
sensitive to vancomycin, cefamandole and rifampin [52]. Re-
sistance to some antibiotics, however, including clindamycin 
and carbenicillin, has been demonstrated, and thus sensitivity 
testing is imperative [53, 54]. As with other clostridial species, 
identification of the bacterium in the bloodstream is difficult, 
and accurate diagnosis often requires molecular microbiologi-
cal analysis. Table 3 illustrates the pertinent laboratory find-
ings associated with invasive clostridial infections.

The benefits of hyperbaric oxygen therapy are question-
able in C. septicum infection, in light of its in vitro resistance 
to aerobic environments [45]. Certain cases, however, have re-
ported improved clinical course related to decreased extension 
of infection with hyperbaric oxygen therapy [45].

C. perfringens

Microbiology

Formerly known as Clostridium welchii, C. perfringens is a 
Gram-positive, spore-forming, obligate anaerobe. Although 
there are multiple types of C. perfringens, type A is responsible 
for gas gangrene, food poisoning and necrotizing enterocolitis, 
which represent the most common infectious manifestations 
of the bacterium in humans. In all conditions except food poi-
soning, an exotoxin underlies the diseases’ pathogeneses. For 
gas gangrene, the condition most commonly implicated in gy-
necologic C. perfringens infections, a phospholipase C and a 
thiol-activated hemolysin cause the condition. Phospholipase 
C, or α-toxin, also displays both sphingomyelinase activity and 
platelet aggregation that contribute to the local tissue necro-
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sis and cytotoxicity observed in C. perfringens infection [55, 
56]. Additional animal studies have demonstrated that α-toxin 
also decreases myocardial function, perhaps through inhibition 
of the calcium-magnesium ATPase in the cardiac sarcoplas-
mic reticulum [57]. These findings may suggest an additional 
mechanism for the shock symptoms observed in patients with 
C. perfringens septicemia. The hemolysin, or θ-toxin, targets 
cholesterol receptors in the cell membrane to form pores and 
subsequently hemolysis [55]. This toxin also plays a role in ad-
vancing tissue necrosis by downregulating polymorphonuclear 
leukocyte adhesion to endothelial cells [58].

Pathophysiology of infection

Although endometrial C. perfringens infections are rare, espe-
cially after the legalization of therapeutic abortion, there are 
numerous accounts in the literature describing episodes oc-
curring after cesarean section, amniocentesis, cordocentesis, 
endometrial ablation, abortion, molar pregnancy or vaginal 
delivery [59-70]. There is a particularly prominent role of C. 
perfringens in hospital-acquired gynecologic infection [70]. 
Furthermore, as with C. septicum, there are reported cases of C. 
perfringens infection in the setting of choriocarcinoma as well 
as endometrial or ovarian cancer [71-73]. Several reports have 
documented C. perfringens isolates from vaginal and cervi-
cal cultures, with some finding a 0.8-8% prevalence in normal 
vaginal flora, a 1-9% prevalence postnatally, and up to a 29% 
prevalence after abortion [63, 70, 74, 75]. These prevalence 
rates may even underestimate prevalence: culture-independent 
methods including high-throughput sequencing techniques of 
16S rRNA genes suggest that the vaginal microbiome is even 
more diverse than originally appreciated [76]. Regardless of 
the accurate prevalence rates, colonization with exotoxin-pro-
ducing C. perfringens strains occurs in a minority of cases.

Diagnosis and treatment

Infection often onsets rapidly, with signs of hemolysis, throm-
bocytopenia, leukocytosis, jaundice, renal failure, tissue ne-
crosis and characteristic gas gangrene crepitis [60, 61, 63, 68, 
69, 73, 74, 77-82]. Initial presentation of clostridial endome-
tritis includes dizziness, abdominal or pelvic pain, vaginal 
bleeding and rapidly expanding uterine size due to air within 
the uterine wall and cavity [63, 66, 74, 83, 84]. Patients can 
present both with and without fever [61-63, 70, 74, 80]. Table 
3 illustrates the pertinent laboratory findings associated with 
invasive clostridial infections. Although some cases have re-
ported treatment success with local debridement and antibiotic 
regimens including high-dose intravenous (IV) penicillin with 
or without an additional macrolide or gentamycin, ceftriaxone 
and metronidazole, other reports have documented rapidly fa-
tal sepsis in clostridial endometritis despite debridement, an-
tibiotic therapy, and even hysterectomy [61, 74, 83, 84]. The 
most commonly reported resistance is to clindamycin, with re-
sistance rates between 3.2% and 14%, depending on the tested 
bacterial strain [71, 85]. Although antibiotic regimens differ 
depending on treatment team for conservative management of 

clostridial endometritis, various susceptibility testing suggests 
prominent responses to metronidazole, ampicillin/sulbactam, 
piperacillin, penicillin, gentamicin or cefoxitin [85, 86]. Table 
4 illustrates the optimal antibiotic treatment for invasive infec-
tions caused by clostridial species.

Despite extensive study, there is little demonstrable role 
for use of hyperbaric oxygen in treating C. perfringens, al-
though one case reports pain relief and infectious control with 
hyperbaric oxygen, when C. perfringens complicated that case 
requiring chemotherapy for choriocarcinoma [87]. The same 
report also proposed that presurgical treatment with hyperbaric 
oxygen could help delineate areas of myonecrosis.

Because of the rapid expansion of clostridial infection, an-
tibiotic administration or simple debridement is often insuffi-
cient to control disease progression, especially considering the 
mortality risk of clostridial sepsis. Recent analyses have found 
that the progression of endometrial infection to clostridial sep-
sis carries a 30-day mortality rate of 27-44% [85]. Researchers 
arguing for the operative control of infection with hysterec-
tomy first gained credence in the 1960s when 10 of 11 patients 
were successfully treated for C. perfringens endometritis and 
sepsis with hysterectomy [88]. An additional report review-
ing a diversity of surgical sources of C. perfringens infection 
demonstrated a relative risk of mortality associated with surgi-
cal intervention of 0.27 when compared to medical treatment 
(95% CI: 0.08 - 0.89) [89]. Nevertheless, some reports have 
advocated for more liberal treatment modalities [75, 86]. One 
report documented the successful treatment of five clinically 
stable women with rapidly administered, broad-spectrum anti-
biotics [86]. Although the extent of infection in these women 
included both intrauterine and blood stream infiltration by 
C. perfringens, prophylactic doxycycline prior to therapeutic 
abortion and prompt initiation of antibiotics within 1- 2 h of 
febrile presentation were adequate to control infection [86].

S. aureus

Although primarily associated with tampon use during men-
struation, TSS is a condition broadly implicated across many 
disciplines. In fact, TSS was first described in a pediatric pop-
ulation presenting with a shock characterized by desquamat-
ing rash, hypotension and multisystem dysfunction [90]. By 
the early 1980s, however, epidemiological studies tied TSS to 
menstruation, with one study finding that women accounted 
for 37 of 38 surveyed cases, and that almost all women pre-
sented during their menstrual cycle [91]. This hallmark study 
also discovered the connection between TSS and tampon us-
age: 34 of 35 cases of TSS in menstruating women occurred 
in tampon users [91]. Several public health measures emerged 
from these findings, including the removal of highly absorbent 
tampons with cross-linked carboxymethylcellulose from the 
market. Since that time, the share of TSS associated with men-
struation has declined. One study analyzing 61 TSS cases be-
tween 2000 and 2006 found that female patients accounted for 
48 of the cases; however, only 33 of these patients were men-
strual [92]. The same study found the incidence of menstrual 
TSS to be 0.69 per 100,000 women, with patients aged 13 - 24 
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years most affected at incidence rates of 1.41 per 100,000 [92].
Within obstetrics and gynecology, the greatest concern 

lies in staphylococcal infection as related to menstrual, post-
partum and post-surgical TSS [93]. Under the most commonly 
accepted definition created by the Centers for Disease Control 
and Prevention (CDC), TSS must occur within 3 days of the 
beginning or end of the menstrual cycle in order to be classi-
fied as menstrual [94]. Most postpartum TSS presents shortly 
after delivery; however, cases have been described up to 2 
months into the postpartum period [95]. There are a few ad-
ditional cases of septic abortion reported, although it should 
be noted that S. aureus can also be asymptomatic: one study 
demonstrated presence of S. aureus on two of 53 pre-abortive 
cervices and three of 53 sampled laminaria tents [96, 97]. 
Other rare presentations of TSS include those presenting after 
intrauterine device insertion [98, 99].

Microbiology

A multitude of strains of S. aureus have been identified; how-
ever, unlike other bacteria, the majority of S. aureus’s TSS is 
due to an exotoxin encoded by the tst gene, called toxic shock 
syndrome toxin-1 (TSST-1). In fact, 95% of menstrual TSS 
patients are colonized with tst-carrying S. aureus strains [100]. 
To induce menstrual TSS, TSST-1 traverses the stratified squa-
mous epithelium of the vaginal canal, simultaneously binding 
to CD40 on epithelial cells [101]. This action promotes the se-
cretion of interleukin-6 (IL-6), IL-8 and MIP-3α from the vagi-
nal epithelial cells as well as the production of norepinephrine. 
In turn, these factors recruit both T cells and macrophages to 
the vaginal submucosa and, in the case of norepinephrine, de-
crease the barrier capabilities of the vaginal epithelium to po-
tentiate cytokine secretion [101]. Once in contact with T cells 
and macrophages, TSST-1 induces macrophage production of 
IL-1 and tumor necrosis factor, which promote the systemic 
inflammatory response. Additionally, TSST-1 also bypasses 
monocyte processing to directly bind the T-cell receptor and 
major histocompatibility complex II and produce additional 
effects including NF-κB-mediated neutrophil migration, tissue 
factor, prostaglandin, and nitric oxide secretion, as well as cy-
tokine storm [102].

Pathophysiology of infection

Studies have demonstrated that although about 9% of the fe-
male population is vaginally colonized with S. aureus, only 
1% of women carry the toxigenic strain [103]. In fact, the pres-
ence of the bacterium is transient, often depending on menstru-
al timing and changes in oxygenation, iron saturation and pH 
[103]. This fluctuation in bacterial colonization is also thought 
to be due to the lack of binding sites for S. aureus; unlike the 
nasal passages, vaginal mucosa lacks cytokeratin 10 that S. 
aureus’s clumping factor B can bind [103]. Original associa-
tions between TSS and tampon use were tied to the initiation of 
tampon use: typically, the symptom presents toward the mid-
dle or end of the menstrual cycle after a brief period of tampon 
use [91]. Although the subsequent mechanism of disease pro-

gression is poorly understood, it has been suggested that this 
bacterial colonization is exacerbated by the aerobic exposure 
promoted by tampon presence and the medium provided by 
persistence of endometrial blood in the vaginal canal [104]. 
Additional factors associated with menstruation, including the 
suppression of IL-1 by the low levels of estrogen and proges-
terone observed during menstruation, further the inflammatory 
response [105].

Outside of the menstrual environment, the postpartum state 
can also foster S. aureus infection. Numerous cases of postpar-
tum TSS have been documented, with patients presenting up to 
2 months after vaginal delivery [95, 106, 107]. Often, cases are 
distinguished as early onset when occurring within 3 days of 
delivery and as late onset when occurring 2 or more weeks af-
ter delivery [108]. Isolated cases of concomitant neonatal TSS 
have also been documented [109]. It has been postulated that 
the trauma associated with delivery may facilitate diffusion of 
the TSST-1 across the vaginal epithelium and into the blood-
stream [95]. Additional reports, however, suggest the possibil-
ity of iatrogenic contamination, particularly in cases of methi-
cillin-resistant Staphylococcus aureus (MRSA) infection [107]. 
Few studies of endometrial environments after vaginal delivery 
have been conducted; however, one study did demonstrate the 
presence of S. aureus in one of 14 women sampled [110].

The vaginal environment promotes production of TSST-1. 
At sufficient levels, TSST-1 produces the symptoms observed 
in TSS: it is responsible for 95% of cases [100]. Although most 
carriers develop high titers to TSST-1, up to 3% of those with 
vaginal colonization of toxigenic S. aureus lack titers above 
1:4 [111]. In those populations lacking antibodies, the infection 
progresses rapidly to fulminant shock. Often, antibody titers 
will elevate independently of the colonization status: women 
who clear toxigenic S. aureus often experience persistent titer 
elevation [111]. For the 37% of women who fail to develop 
antibodies to TSST-1, recurrence of TSS is common [112].

Diagnosis and treatment

Both menstrual and non-menstrual TSSs present in similar 
manners, and for definite diagnosis patients must display the 
five CDC-designated criteria: fever > 38.9 °C, desquamation, 
rash, hypotension and multisystem dysfunction. For probable 
diagnosis, four of these criteria must be displayed. Additional 
symptoms often displayed include gastrointestinal abnormali-
ties, headache and weakness [113]. For most accurate diagno-
sis, these symptomatic criteria should be complemented with 
laboratory findings, including culture for S. aureus. Further 
testing for susceptibility is nearly universal, as it allows for the 
classification of the bacterium’s methicillin susceptibility and 
for the optimization of antibiotic treatment. Table 3 illustrates 
the pertinent laboratory findings associated with invasive S. 
aureus infections.

To best treat TSS, it is of utmost importance that patients 
are clinically stabilized in an efficient manner. At the present 
time, mortality rates in S. aureus TSS can approach 10%, with 
mortality most directly correlated to the duration and sever-
ity of ARDS [95]. Appropriate treatment, particularly of men-
strual TSS, can lower mortality rates to 0% [100]. Table 4 il-
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lustrates the antibiotic treatment for invasive infections caused 
by S. aureus.

In addition to initial treatment, antibiotic use, especially 
with B-lactamase resistant antibiotics, can sharply decrease 
recurrence rates [91]. Susceptibility of S. aureus strains de-
pend on the community, and all regimens should cross cover 
for S. pyogenes due to difficulty of differentiating S. aureus 
from S. pyogenes TSS. Previous reports have described high 
percentages of susceptibility to vancomycin, gentamicin, bac-
trim, quinolones, oxacillin and, in some cases, clindamycin 
[92]. Preliminary in vitro studies of clindamycin suggest that 
it may inhibit toxin production [114]. Unlike clostridial infec-
tions or streptococcal infections, staphylococcal TSS can often 
be treated with antibiotics alone. This is largely due to the fact 
that the clinical presentation is driven by an exotoxin as op-
posed to the bacteria itself.

In many cases, the S. aureus exotoxin has already dissemi-
nated throughout the body, and the inflammatory response into 
the exotoxin drives the clinical manifestations of the syndrome. 
Manifestations including DIC may necessitate the transfusion 
of fresh frozen plasma, cryopreciptate, or platelets, especially 
in the setting of hemorrhage. These additional manifestations 
require hemodynamic monitoring, and it is thus important that 
the patient be treated in an intensive care setting. Aggressive 
pulmonary treatments, including oxygen supplementation and 
even intubation, should be quickly instituted. Additional sup-
portive care should include fluid resuscitation with normal 
saline or lactated ringers as well as vasopressors, including 
dopamine or norepinephrine, in the case of prolonged hypo-
tension, tachycardia or end-organ damage. Electrolytes must 
be monitored closely, as should organ function. Preliminary 
studies in animal and human models have found benefits of IV 
immunoglobulin as well as IL therapy in blocking T-cell acti-
vation by the TSST-1 superantigen [115]. Therapeutic control 
of fever or inflammatory response is controversial, and results 
are conflicting regarding the advantages of cyclooxygenase in-
hibitors, non-steroidal anti-inflammatories or glucocorticoids 
[95]. Other studies are beginning to probe the possible addi-
tion of antioxidants, including N-acetyl cysteine, to decrease 
NF-κB activation [116]. Within the first several hours, if the 
patient is clinically deteriorating on antibiotics, surgical inter-
vention should be considered, as clostridial infection cannot 
be ruled out. There are numerous cases of infectious resolu-
tion with hysterectomy, particularly in the setting of recurrent 
MRSA-driven endometritis [107]. Any surgical-site infection, 
after cesarean section, episiotomy or other surgery should be 
immediately and aggressively debrided.

After treatment of the initial infection and eradication of 
the bacterium on culture, TSS can recur at rates between 25% 
and 50%, with lower recurrence rates demonstrated in patients 
treated with B-lactamase resistant antibiotics [95, 117]. Typi-
cally, recurrences present within 2 months; however, suscep-
tibility is increased for up to a year after initial infection [95].

S. pyogenes

S. pyogenes, also known as group A streptococcus (GAS), is 

a potentially lethal microorganism that is rarely encountered 
in obstetrics and gynecology. GAS was first reported by Ig-
naz Semmelweis in 1847, an obstetrician practicing in Vienna, 
France [118]. He described how the failure of obstetricians to 
wash their hands prior to operating resulted in a surge of deaths 
secondary to GAS. By encouraging hand-washing techniques, 
the cases of fatal puerperal fever decreased from 12% to 2% 
[118]. When encountered, however, this microorganism can 
quickly progress to sepsis, necrotizing soft tissue infections, 
TSS and death. The overall case fatality rate is approximately 
20%, with more than half of patients dying if septic shock de-
velops [119]. The CDC estimates that approximately 11,500 
cases (3.5 per 100,000 people) of invasive GAS disease oc-
cur annually in the United States. Bacteremia without a source 
(29%), pneumonia (15%), necrotizing fasciitis (7%) and strep-
tococcal TSS (6%) represent the most common causes of inva-
sive GAS infections [119].

Today, although invasive GAS infection is infrequent in 
developed countries, it still causes about 40% of septic deaths 
among patients with postpartum endometritis, necrotizing fas-
ciitis and TSS infection [120]. GAS is rarely present in the 
normal vaginal flora, and is generally secondary to inoculation 
from a woman’s own pharynx or from a close contact source. 
The colonization rate of GAS in the vagina is approximately 
0.03%, and colonization is highly transient [121]. Obstetri-
cians should be aware that if GAS is noted on a recto-vagi-
nal swab collection culture during pregnancy, a test routinely 
performed to check for group B streptococcus, it should be 
promptly treated given its very infectious nature. If left un-
treated, this microorganism can result in invasive GAS infec-
tion after delivery [122].

Microbiology

GAS is a Gram-positive coccus that can survive in both aero-
bic and anaerobic environments, hence its facultative nature. 
This microorganism has been associated with numerous infec-
tions in humans, particularly pharyngitis, tonsillitis, scarlet 
fever, erysipelas, cellulitis, lymphangitis, necrotizing fasciitis, 
myonecrosis and TSS. It also boasts post-infective complica-
tions including rheumatic fever and post-streptococcal glo-
merulonephritis. In obstetrics and gynecology, yet rare, this 
microorganism has been associated with severe postpartum 
endometritis and subsequent widespread invasive disease [5, 
6, 123]. Similar to other bacteria, GAS ascends from the va-
gina into the uterus after delivery. Given its facultative nature, 
the large amount of blood and necrotic decidual tissue within 
the uterus acts as an excellent medium for GAS growth [122].

Table 5 illustrates the different infectious conditions that 
ultimately arise from untreated, invasive GAS. There are a 
wide variety of infectious conditions that can result from this 
microbe, which are largely due to the culmination of complex 
interactions between the human host defense mechanisms and 
specific virulence factors of the streptococcus. In humans, the 
only known reservoir for GAS is the skin and mucous mem-
branes. It is very infectious and easily transmitted, either by 
respiratory droplets or by direct contact with the microorgan-
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ism. After gaining access to the human body, GAS can seed 
the bloodstream, resulting in bacteremia and sepsis. Unfortu-
nately, the pathogenic mechanisms underlying the more wide-
spread GAS infections remain poorly understood.

Pathogenesis of infection

The pathogenesis resulting from invasive GAS infections har-
bors from virulence factors associated with this microorgan-
ism. These factors enable GAS to attach to the host tissue, 
evade the immune response and spread by penetrating host 
tissue layers. There are several virulence factors, all of which 
have unique pathological features that result in invasive dis-
ease [124]. However, of these factors, M protein is considered 
the major somatic virulence factor. This protein allows GAS to 
adhere to endothelium of blood vessels, causing vascular leak-
age and hypercoagulability. Even with treatment, this protein 
can cause DIC, multi-organ failure and death. Additionally, 
M protein resists the human immune response by preventing 
macrophage phagocytosis.

It is not clear why some patients with GAS progress into 
widespread disseminated invasive disease while others do not. 
With the right environment and specific trigger, such as sur-
gery or a vaginal laceration after a delivery, GAS can release 

its virulence factors and quickly progress to an acute highly 
lethal state.

Diagnosis and treatment

As mentioned previously, the colonization rate of GAS in the 
vagina is approximately 0.03% [121]. Table 4 illustrates how 
aggressive GAS is; therefore, when found, this should be treat-
ed promptly. Although GAS can rapidly disseminate through-
out the bloodstream, blood cultures are frequently negative. 
Obtaining tissue from the infectious source to isolate the bac-
terium or its virulence factors is often the only reliable labora-
tory test. Although laboratory values are often non-diagnostic, 
in the context of a strongly suspected severe soft tissue infec-
tion, they can support the diagnosis of necrotizing fasciitis [5]. 
Table 3 illustrates the pertinent laboratory findings associated 
with invasive GAS infections: particular concern for necrotiz-
ing fasciitis should be paid to patients with a white blood cell 
count > 25,000/mL, a hemoglobin level of < 11 mg/dL, a se-
rum sodium of < 135 mEq/L, a creatinine level of > 1.6 mg/dL 
and a glucose level of > 180 mg/dL [5]. There may be marked 
hemoconcentration as fluid pours into the area of necrosis, as 
well as evidence of DIC and septic shock. Hypocalcemia is 
common as a consequence of the necrotic fat binding to cal-

Table 5.  Infectious Sequelae From Untreated Streptococcus pyogenes (Group A Streptococcus) in Obstetrics and Gynecology

Sepsis
  Presentation: sudden onset of high fever, generally > 102 °F, shaking chills, flushing and surprising minimal amount of abdominal or  
        uterine tenderness.
  Blood cultures are frequently positive.
Postpartum endometritis
  Presentation: influenza-like symptoms, chills, myalgia, nausea, vomiting, and diarrhea.
  Fever usually exceeds 102 °F.
  Pelvic organ tenderness or other physical findings may be minimal and not indicative of the severity of infection.
Wound infections
  Presentation: rapid onset of acute cellulitis (subcutaneous tissue inflammation with marked local pain, tenderness, swelling, and  
        erythema).
  Quickly progresses to involve both the upper and superficial lymph nodes.
  Generally occurs within hours of an abdominal incision for a laparotomy, cesarean delivery or in the perineum after an episiotomy or  
        vaginal laceration.
Necrotizing soft tissue infections
  Presentation: marked skin edema, bullae formation, local skin necrosis, and thrombosis of surrounding perforating vessels, ischemia and  
        devitalized tissue, which is noted when tissue fails to bleed when cut into.
  Severe local pain out of proportion to the observed abnormality with progression of erythema and edema are hallmark features.
  The death rate from necrotizing fasciitis of patients who do not undergo surgical debridement approaches 100%.
Toxic shock syndrome
  Presentation: initiates as an endometritis, cellulitis, or vulvar infection caused by GAS, non-focal abdominal pain that is out of  
        proportion to physical findings, associated with a fever, leukocytosis, bandemia, and metabolic acidosis.
  Progresses to fulminant multi-organ failure, shock and ultimately death within 48 - 96 h, if left untreated.
  Release of superantigens by GAS results in a massive inflammatory storm.

GAS: group A streptococcus.
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cium to form soap [5].
Once a presumptive diagnosis of invasive GAS is sus-

pected, all patients should be hospitalized; blood, urine, and 
endometrial cultures should be obtained; and IV antibiotics 
should be immediately started. The cornerstone of GAS antibi-
otic therapy is penicillin, as GAS remains exquisitely sensitive. 
Carbapenems, such as meropenem, can be used as an alterna-
tive. In addition, toxin release is highly dependent on protein 
synthesis; therefore, antibiotics such as clindamycin that inhibit 
protein synthesis should be started. Furthermore, clindamycin 
performs better than penicillin when bacteria are in the station-
ary phase of their growth cycle [125, 126]. Table 4 illustrates 
the antibiotic treatment for invasive infections caused by GAS.

Clinical Approach/Management: Considera-
tions for Hysterectomy

In most scenarios, women with serious gynecologic infections 
present to the emergency department and are shortly thereaf-
ter admitted to the intensive care unit by emergency practi-
tioners, given the life-threatening severity of their condition. 
A multidisciplinary team involving an obstetrician gynecolo-
gist, intensivist and an infectious disease specialist should be 
the first consulted to these critically ill patients. In addition, a 
gynecological oncologist or a general surgeon should also be 
consulted early in the management of these patients, as aggres-
sive surgical intervention is often crucial to preserve patient 
life. After collection of multiple cultures, including blood, cer-
vical and vaginal swabs, and urine, broad-spectrum antibiot-
ics should immediately be initiated. Postpartum or postabortal 
patients should also have a uterine aspirate sent for aerobic and 

anaerobic culture. Imaging studies may be ordered, depending 
on the clinical prognosis of the patient; however, surgical in-
tervention should not be postponed until after imaging or cul-
tures are made available, as these patients can rapidly deterio-
rate. Tissue should be collected and sent for polymerase chain 
reaction (PCR) testing to isolate these microorganisms when 
the conventional cultures are negative. Surgical intervention 
should be performed in any patient that is failing medical ther-
apy, has worsening laboratory results, or has clinical signs of 
worsening sepsis despite appropriate antibiotic therapy.

In these critically ill patients, clostridial species, GAS 
or S. aureus should be considered early [1]. The treatment 
of these serious infections involves a combination of anti-
microbial agents, supportive care, hemodynamic monitoring 
and most importantly, source control. Antimicrobial therapy 
should include coverage against Gram-positive, Gram-nega-
tive and anaerobic microorganisms. Most clinicians agree that 
a combination of vancomycin to cover MRSA, meropenem, to 
cover Gram-negative microbes, and clindamycin, to cover an-
aerobes and provide anti-toxin effects, is the most appropriate 
initial regimen. These antibiotics should be tailored once the 
susceptibility panel is made available. Table 4 illustrates the 
antibiotic treatment for these invasive infections.

Source control is the biggest factor that will set the fate 
of patient lives. In particular, antimicrobial therapy alone is 
not sufficient to treat necrotizing soft tissue infection [5]. In 
these cases, early surgical intervention is critical to remove the 
necrotic infected tissue. For example, in patients with post-
partum or postabortal streptococcal TSS, hysterectomy needs 
to be considered early in patient management [6]. Table 6 il-
lustrates the indications for surgical intervention with serious 
infections in obstetrics and gynecology. In patients with vulvar 

Table 6.  Indications for Hysterectomy in Women With Invasive Streptococcus pyogenes (Group A Streptococcus), Clostridial Spe-
cies and Staphylococcus aureus in Obstetrics and Gynecology

Major indications
  Failure to respond to antimicrobial therapy alone in the first 24 h
  Rapid deterioration in clinical status with medical therapy intervention
  Evidence of necrotizing soft tissue infection
  Evidence of intraabdominal or pelvic fluid collection concerning for abscess collection
  Evidence of gas within the uterine myometrial tissue, concerning for necrotizing soft tissue infection with clostridial species
Source expected to be the uterus
  Postpartum (cesarean or vaginal delivery)
  Postabortal or septic abortion
Worsening laboratory signs of TSS and/or tissue necrosis, despite medical therapy
  Refer to Table 3.
Systemic signs of sepsis
  Septic shock
  Adult respiratory distress syndrome
  Disseminated intravascular coagulation
  Hemolysis

TSS: toxic shock syndrome; WBC: white blood cell; mmol/L: millimole per liter.
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or incisional necrotizing soft tissue infections, early wide local 
debridement is critical. All necrotic tissue, including the over-
lying skin, should be resected until healthy bleeding tissue is 
encountered. On many occasions, these patients require serial 
surgical procedures to remove all the necrotic tissue [5].

Summary

Invasive infections caused by S. pyogenes (GAS), clostridial 
species and S. aureus in obstetrics and gynecology are seri-
ous and potentially fatal in both pregnant and non-pregnant 
women. Increasing your index of suspicion will allow you to 
consider the diagnosis and order the appropriate laboratory 
tests that can lead you to early diagnosis and intervention.

Combination antibiotic therapy with penicillin is recom-
mended to treat the described bacteria; however, if S. aureus 
is suspected, then vancomycin should be empirically started 
until a susceptibility panel is available. In addition, clindamy-
cin should be added to the above regimen, to not only treat the 
underlying infection, but to also limit toxin production and the 
resultant inflammatory response. Carbapenems, such as mero-
penem, also provide excellent coverage and can be substituted 
for penicillin.

Surgical therapy to remove the source of infection and its 
toxin production is crucial to the effective therapy of necrotiz-
ing soft tissue infections and TSS. Surgical intervention should 
not be delayed in patients not improving to aggressive medi-
cal therapy within the first 24 h, as early surgical intervention, 
such as a hysterectomy, is necessary and is often lifesaving 
in women with either pregnancy-associated or gynecological-
associated necrotizing soft tissue infections as well as those 
with TSS.

A multidisciplinary approach in an intensive care setting 
is recommended for women with the serious clinical manifes-
tations of invasive infections caused by S. pyogenes (GAS), 
clostridial species and S. aureus in obstetrics and gynecology.

Synopsis

When antimicrobials alone are insufficient to control an in-
fection, early surgical intervention is often needed to treat the 
source of infection and prevent further dissemination.
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