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SUMMARY

Endometritis and toxic shock syndrome associated with Clostridium sordellii have previ-
ously been reported after childbirth and, in one case, after medical abortion. We de-
scribe four deaths due to endometritis and toxic shock syndrome associated with C. sor-
dellii that occurred within one week after medically induced abortions. Clinical findings
included tachycardia, hypotension, edema, hemoconcentration, profound leukocyto-
sis, and absence of fever. These cases indicate the need for physician awareness of this
syndrome and for further study of its association with medical abortion.

LOSTRIDIUM SORDELLII 1S A GRAM-POSITIVE ANAEROBIC BACILLUS THAT
has been reported as a cause of infection in the female genital tract and fatal tox-
ic shock syndrome. Of 10 cases identified in the literature, 8 occurred after de-
livery of live-born infants,1-¢ 1 occurred after a medical abortion,” and 1 was not asso-
ciated with pregnancy.® We report four additional deaths due to C. sordellii toxic shock
syndrome that occurred among previously healthy women after abortions that were
medically induced with 200 mg of oral mifepristone and 800 pg of vaginal misoprostol.

CASE REPORTS

PATIENT 1
Patient 1 was a previously healthy 18-year-old woman who underwent a medically in-
duced abortion at 47 days of gestation by means of 200 mg of oral mifepristone fol-
lowed by 800 pg of vaginal misoprostol. Four days after receiving mifepristone, the pa-
tient presented to an emergency department with reports of abdominal cramping and
dysuria. She had taken acetaminophen with codeine after the abortion. On physical ex-
amination, she was afebrile with normal vital signs and no abdominal tenderness. Pel-
vic examination revealed no uterine tenderness or adnexal mass. No laboratory studies
or cultures were performed. She received hydromorphone and promethazine and was
discharged taking acetaminophen and codeine.

The patient returned three days later and reported nausea, vomiting, and weakness.
On admission, she was afebrile (temperature, 36.3°C), tachycardic (heart rate, 147 beats
per minute), and hypotensive (blood pressure, 78/53 mm Hg) and had dry mucous
membranes but unremarkable findings on abdominal and pelvic examinations. Labo-
ratory studies showed an elevated white-cell count 0f 45,600 cells per microliter, a platelet
count of 387,000 cells per microliter, and a hematocrit of 52 percent. Creatinine and
liver-function studies were normal. Blood cultures obtained before antibacterial thera-
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py were later found to be negative for bacteria; vag-
inal cultures grew gardnerella species. Ultrasono-
graphic examination of the pelvis showed a residual
gestational sac in the uterus and a large amount of
free peritoneal fluid. A chest radiograph showed
bilateral interstitial infiltrates.

Initial treatment included supplemental oxy-
gen, intravenous fluids, and antibacterial therapy
with vancomycin and piperacillin—tazobactam.
During the next few hours, the patient had respira-
tory distress and hypotension requiring mechani-
cal ventilation and vasopressor support. Initial ar-
terial blood gas measurements revealed severe
metabolic acidosis, with a pH of 7.15, a partial pres-
sure of carbon dioxide of 36 mm Hg, and a bicar-
bonate concentration of 13 mmol per liter. Within
seven hours after admission, the white-cell count
increased to 107,000 cells per microliter, with a
hematocrit of 58 percent and a platelet count of
158,000 cells per microliter. Urine output and the
serum albumin concentration decreased markedly,
but concentrations of hepatic enzymes, bilirubin,
and creatinine remained normal. Refractory brady-
cardia, hypotension, and hypoxemia developed, and
the patient died approximately 10 hours after ad-
mission.

PATIENT 2

Patient 2 was a previously healthy 21-year-old wom-
an who underwent a medically induced abortion
at 43 days of gestation by means of 200 mg of oral
mifepristone followed by 800 pg of vaginal miso-
prostol. Five days after receiving mifepristone, she
reported abdominal pain and vomiting. The follow-
ing morning she became unresponsive. When para-
medics arrived, she had no spontaneous respira-
tions or cardiac activity. She was transported to a
local emergency department while receiving ongo-
ing cardiopulmonary resuscitation. Physical exam-
ination showed a rectal temperature of 38.9°C, fixed
and dilated pupils, and mild abdominal distention.
The serum glucose concentration was 108 mg per
deciliter. Toxicologic evaluation was negative. No
other laboratory studies or cultures were performed.
The patient was intubated and received intravenous
fluids, epinephrine, and atropine. Resuscitation ef-
forts were discontinued 40 minutes after her arrival
at the emergency department.

PATIENT 3

Patient 3 was a previously healthy 22-year-old wom-
an who underwent a medically induced abortion at
53 days of gestation by means of 200 mg of oral

mifepristone followed by 800 pg of vaginal miso-
prostol. Five days after receiving mifepristone, she
presented to a local emergency department report-
ing nausea, vomiting, diarrhea, and severe abdom-
inal pain. The patient was afebrile (temperature,
36.2°C), with a heart rate of 104 beats per minute
and blood pressure of 115/76 mm Hg. Physical ex-
amination was unremarkable except for moderate
abdominal tenderness. Laboratory findings includ-
ed a white-cell count 0f 21,800 cells per microliter,
a platelet count of 256,000 cells per microliter, and
a hematocrit of 40 percent. Ultrasonographic exam-
ination of the pelvis showed a left adnexal mass and
fluid in the cul-de-sac. The patient received intrave-
nous fluids, promethazine, and morphine and was
admitted to the hospital to rule out an ectopic preg-
nancy.

The following day, persistent tachycardia (heart
rate, 130 to 140 beats per minute), hypotension
(blood pressure, 80/40 mm Hg), lethargy, decreased
urine output, and diffuse abdominal tenderness de-
veloped, and the patient was transferred to the in-
tensive care unit. Laboratory findings included a
white-cell count of 120,200 cells per microliter, a
platelet count 0f 91,000 cells per microliter, a hema-
tocrit of 45 percent, a creatinine concentration of
1.9 mg per deciliter (168 pmol per liter), an albu-
min concentration of 1.0 g per deciliter, and a pro-
thrombin time of 18.3 seconds with normal levels
of aminotransferases and bilirubin. Arterial blood
gas measurements showed severe metabolic acido-
sis, with a pH of 7.15, a partial pressure of carbon
dioxide of 29 mm Hg, and a bicarbonate concen-
tration of 10 mmol per liter. Antibacterial therapy
was initiated with piperacillin—tazobactam and met-
ronidazole; blood cultures obtained before anti-
bacterial therapy were subsequently found to be
negative for bacteria. Within three hours after be-
ing transferred to the intensive care unit, the patient
had a cardiopulmonary arrest requiring mechan-
ical ventilation and vasopressor support. Emer-
gency laparotomy showed generalized edema of
the abdominal and pelvic organs and 1000 ml of
serous peritoneal fluid. Gram’s stain and aerobic
and anaerobic cultures of peritoneal fluid obtained
intraoperatively were negative for bacteria. The pa-
tient died during the surgical procedure, approxi-
mately 23 hours after her initial presentation to the
hospital.

PATIENT 4
Patient 4 was a previously healthy 34-year-old wom-
an who underwent a medically induced abortion at
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45 days of gestation by means of 200 mg of oral
mifepristone followed by 800 pg of vaginal miso-
prostol. Four days after receiving mifepristone, she
presented to a local emergency department report-
ing nausea, vomiting, and severe abdominal pain.
She had taken ondansetron and acetaminophen
with hydrocodone after the abortion. The patient
was afebrile (temperature, 36.3°C), with a heart rate
of 89 beats per minute and blood pressure of 99/
63 mm Hg. Physical examination was unremarkable
except for moderate abdominal tenderness. Labo-
ratory findings included a white-cell count of 55,400
cells per microliter, a platelet count of 149,000 cells
per microliter, and a hematocrit of 59 percent. Ultra-
sonographic examination of the pelvis showed an
empty uterus. Initial treatment included intravenous
fluids, ondansetron, and hydromorphone.

After the patient received 2 liters of normal sa-
line, a repeated blood count showed a white-cell
count of 87,600 cells per microliter, a platelet count
0f 63,000 cells per microliter, and a hematocrit of
61 percent. Serum chemical analyses including liv-
er-function tests were unremarkable. Aerobic and
anaerobic blood cultures and a urine culture were
obtained but were subsequently negative for bacte-
ria; antibacterial therapy was initiated with piper-
acillin-tazobactam and metronidazole. A chest
radiograph was normal. Computed tomography of
the abdomen showed only a moderate volume of
free fluid. Although the patient received 5 liters of
intravenous fluids, worsening tachycardia and hy-

potension with minimal urine output developed.
Arterial blood gas measurements showed severe
metabolic acidosis, with a pH of 7.07, a partial pres-
sure of carbon dioxide of 10 mm Hg, and a bicar-
bonate concentration of 3 mmol per liter. Further
therapy included sodium bicarbonate and vasopres-
sor support, but refractory hypotension developed
and the patient died approximately 12 hours after
presentation.

METHODS

We reviewed medical and autopsy records for each
patient. Formalin-fixed tissues were evaluated at
the Centers for Disease Control and Prevention.
Immunohistochemical assays were performed for
clostridium species, Staphylococcus aureus, group A
streptococcus, and neisseria species by means of
a two-step indirect staining technique with immu-
noalkaline phosphatase. The polyclonal anti-clos-
tridium antibody used in the immunohistochem-
ical assay cross-reacts with multiple clostridium
species. DNA was extracted from formalin-fixed
uterine tissue with the use of the QIAamp DNA Mini
Kit (Qiagen) and was evaluated with broad-range
and C. sordellii-specific polymerase-chain-reac-
tion (PCR) assays targeting the 16S ribosomal RNA
(rRNA) gene and with PCR assays targeting the
C. sordellii cytotoxin L and phospholipase C genes
(Table 1).10-14 Amplified PCR products were direct-
ly sequenced and, with the use of the Basic Local

Table 1. Primers Used in PCR Assays on Formalin-Fixed Tissues.
Product
Gene Target Primer Sequence (5' to 3') Size (bp) Reference
16S rRNA* F8 AGT TTG ATC CTG GCT CAG 330 Daly et al.2° and Stackebrandt
and Charfreitag!?
357R CTG CTG CCT CCCGTA
16S rRNATY C1SOR-F TCG AGC GAC CTT CGG 944 Kikuchi et al.22
C1SOR-R CACCACCTGTCACCAT
CytLx CLS-F1 ATG AAC TTA GTT AAC AAA GCC CAA 250 —5
CLS-R1 AAT ACT TCCATA GTT AGATAT TCT TTA
Cspq CLS-F2 TAA AGA TGC AGT AGC TAATAAGGATTT 223 —
CLS-R2 TTC CTG AAATTT GAT CTT CTG AAA CC

* A broad-range PCR assay was used to target the 16S rRNA gene.
7 A C. sordellii-specific PCR assay was used to target the 16S rRNA gene.

i CytL denotes the cytotoxin L-encoding gene of C. sordellii.

§ Primers were designed for this investigation from the published sequence of C. sordellii (GenBank accession number

X82638).13
9§ Csp denotes the phospholipase C gene of C. sordellii.

| Primers were designed for this investigation from the published sequence of C. sordellii (GenBank accession number

AB061868).14
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Alignment Search Tool (BLAST), compared with
sequences available in the GenBank database.

The National Center for Infectious Diseases
determined that this investigation was defined as
a public health response. Approval of the institu-
tional review boards and consent of the next of kin
were not required to evaluate and publish these
case reports.

RESULTS

Autopsy of Patient 1 revealed marked pleural, peri-
cardial, and peritoneal effusions. Histopathologi-
cal examination of the uterus showed inflamma-
tion of endometrium and myometrium, multiple
small abscesses, necrosis, and hemorrhage (Fig.
1A). There was no retained fetal or placental tis-

sue. Other organs were unremarkable. Mixed bacte-
ria, including numerous gram-positive bacilli, were
seen in the endometrium (Fig. 1B). Postmortem
cultures were not performed. Immunohistochemi-
cal testing of uterine tissue was negative for S. au-
reus, group A streptococcus, and neisseria spe-
cies. Clostridium immunohistochemical analysis
showed extensive staining of bacilli and granular
antigens associated with areas of inflammation
in the endometrium and myometrium (Fig. 1C).
Clostridial antigens were noted in blood vessels
of the uterus (Fig. 1D) but were not observed in
brain, heart, lung, liver, kidney, or adrenal tissues.
The 16S rRNA gene sequences amplified from
uterine tissue showed 98 percent identity with
C. sordellii. Cytotoxin L and phospholipase C gene
sequences amplified from the uterus showed
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Figure 1. Photomicrographs of the Uterine Tissue of Patient 1.

Panel A shows hemorrhage, inflammation, and necrosis of the endometrium (hematoxylin and eosin). Abundant gram-
positive bacilli were observed in the necrotic endometrial tissue (Panel B, Gram’s stain). Clostridial antigens (red staining)
were seen inside inflammatory cells present in the necrotic endometrial tissue (Panel C, immunohistochemical assay
with the use of polyclonal anti—clostridium species antibody) and inside myometrial blood vessels closest to the necrotic
endometrium (Panel D, immunohistochemical assay with the use of polyclonal anti—clostridium species antibody).

N ENGL J MED 353;22 WWW.NEJM.ORG DECEMBER 1, 2005

The New England Journal of Medicine
Downloaded from negjm.org on March 21, 2019. For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.

2355



2356

The NEW ENGLAND JOURNAL of MEDICINE

99 percent and 97 percent identity with C. sordellii,
respectively.

The body of Patient 2 was initially embalmed,
and an autopsy was performed one week after
death. Histopathological examination of the uter-
us showed severe inflammation of endometrium
and myometrium, necrosis, and hemorrhage with
retained necrotic decidual tissue. Mixed bacteria,
predominantly gram-positive bacilli, were seen in
the endometrium. Immunohistochemical testing
of uterine tissue was negative for S. aureus, group A
streptococcus, and neisseria species. Clostridium
immunohistochemical analysis showed extensive
staining of bacilli and granular antigens associat-
ed with areas of inflammation in the endometri-
um and myometrium. Clostridial antigens were not
observed in brain, heart, lung, liver, kidney, or adre-
nal tissues. The 16S rRNA gene sequences ampli-
fied from uterine tissue showed 98 percent iden-
tity with C. sordellii. Cytotoxin L and phospholipase
C gene sequences amplified from the uterus showed
98 percent and 97 percent identity with C. sordellii,
respectively.

Autopsy of Patient 3 revealed pleural and peri-
toneal effusions. Histopathological examination
of the uterus showed extensive inflammation, ab-
scess formation, edema, necrosis, and hemorrhage.
There was no retained fetal or placental tissue and
no evidence of ectopic pregnancy. Mixed bacteria,
including numerous gram-positive bacilli, were
seen in the endometrium. Postmortem cultures
were not obtained. Immunohistochemical testing
of uterine tissue was negative for group A strepto-
coccus and neisseria species but showed S. aureus
antigens on the endometrial surface. Clostridium
immunohistochemical analysis showed extensive
staining of bacilli and granular antigens associated
with areas of inflammation throughout the en-
dometrium and myometrium. Clostridial antigens
were not observed in heart, lung, liver, or kidney
tissues. The 16S rRNA gene sequences amplified
from uterine tissue showed 97 percent identity with
C. sordellii. Cytotoxin L and phospholipase C gene
sequences amplified from the uterus showed 99
percent and 98 percent identity with C. sordellii, re-
spectively.

Autopsy of Patient 4 revealed pleural, pericar-
dial, and peritoneal effusions. Histopathological
examination of the uterus showed severe inflam-
mation of endometrium and myometrium, necro-
sis, and hemorrhage, with extensive inflammation
and edema. Abundant gram-positive bacilli were

seen in the endometrium. Postmortem cultures of
the endometrium grew Escherichia coli and an anaer-
obic gram-positive bacillus that was discarded be-
fore further identification. Immunohistochemical
testing of uterine tissue was negative for S. aureus,
group A streptococcus, and neisseria species. Clos-
tridium immunohistochemical analysis showed
staining of bacilli and abundant granular antigens
associated with areas of inflammation throughout
the endometrium and myometrium. Clostridial an-
tigens were not observed in heart, lung, liver, spleen,
pancreas, kidney, adrenal, or ovarian tissues. The
16S rRNA gene sequences amplified from uterine
tissue showed 98 percent identity with C. sordellii.
Cytotoxin L and phospholipase C gene sequences
amplified from the uterus showed 98 percent and
97 percent identity with C. sordellii, respectively.

DISCUSSION

We describe four deaths associated with C. sordellii
endometritis and toxic shock syndrome that oc-
curred within one week after medically induced
abortions. The clinical and pathological findings
in these cases are similar to those in 10 other cas-
es of C. sordellii infection of the genital tract report-
ed in the literature1-8 (Table 2). Of the 10 previous
cases that we identified, all occurred in previously
healthy young women, and 9 occurred within one
week after delivery (8 women) or after abortion
(1 woman). Notable clinical features included ab-
sence of fever and rash, dramatic leukemoid reac-
tion, capillary leak and fluid sequestration with as-
sociated hemoconcentration, refractory tachycardia
and hypotension, and marked edema of infected
tissues without gas production or extensive myo-
necrosis. All the cases had a fulminant course and
fatal outcome. Eight of the previously reported cas-
es had evidence of a polymicrobial infection. Al-
though infections of the female genital tract often
include mixed bacteria, the role of other organisms
in toxic shock syndrome associated with C. sordellii
is unclear.

C. sordellii is an infrequent human pathogen
but has been reported as a cause of pneumonia,
endocarditis, arthritis, peritonitis, and myonecro-
sis.1:15-17 C. sordellii bacteremia and sepsis occur
rarely, primarily among patients with serious un-
derlying conditions.® Fulminant toxic shock syn-
drome among previously healthy persons has been
described in only a small proportion of cases of
C. sordellii infection, most often those associated
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Table 2. Characteristics of Women with C. sordellii Infections of the Genital Tract and Toxic Shock Syndrome.
Currently Reported Previously Reported
Characteristic Patients (N=4) Patients (N=10)*
Age —yr
Median 22 25
Range 18-34 23-40
Fatal outcome — no. (%) 4 (100) 10 (100)
Underlying medical conditions — no. 0 0
Preceding event — no. (%)
Childbirth 0 8 (80)F
Medical abortion 4 (100) 1(10)
None 0 1 (10)
Time course (days)
From event to onset of symptoms
Median 5 3
Range 4-5 2-5
From hospitalization to death
Median 0 0
Range 0-1 0-3
Clinical signs and symptoms — no. (%)
Temperature >38.0°C 1(25) 1(10)
Tachycardia 4 (100) 9 (90)
Hypotension 4 (100) 10 (100)
Pleural or peritoneal effusions 3 (75) 8 (80)
Vomiting or diarrhea 4 (100) 5 (50)
Abdominal pain 4 (100) 5 (50)
Rash 0 1(10)%
Laboratory findings — no. (%)
White-cell count >50,000 cells/microliter 3 (75) 8 (80)
Hematocrit =50% 3 (75) 7 (70)
Microbiologic findings — no. (%)
Evidence of polymicrobial infection 4 (100) 8 (80)
C. sordellii isolated from blood 0 1(10)
Focus of infection — no. (%)
Uterus 4 (100) 7 (70)
Site of episiotomy 0 3 (30)
Pathological findings at the focus of infection — no. (%)
Edema 3 (75) 10 (100)
Necrosis 4 (100) 8 (80)
Acute inflammation 4 (100) 8 (80)
Hemorrhage 3 (75) 2 (20)
Gas 0 0

* This information has been reported elsewhere.18
T Six deliveries were vaginal, and two were by cesarean section.16
I This rash was described as vesicles on the perineum that enlarged to bullous lesions and spread to the legs and trunk.¢
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with gynecologic infections and neonatal ompha-
litis.1-8:17 The distinctive clinical manifestations
of C. sordellii toxic shock syndrome result from the
production of specific exotoxins, as do those of oth-
er illnesses caused by clostridium species.15:16,19
In animal models, C. sordellii lethal toxin causes find-
ings similar to those described in these human cas-
es.15:19 Lethal toxin is expressed variably by differ-
ent C. sordellii strains,2° and its cytopathic effects are
markedly enhanced by a low pH.21

Although C. sordellii has rarely been identified
in the genital tract, other clostridium species col-
onize the vagina in 4 percent to 18 percent of healthy
women and commonly are associated with post-
partum endometritis and septic abortion.22-25 Vag-
inal flora vary with age, sexual activity, menstrual
cycle, pregnancy, medications, and surgery,22 and
the apparent association between C. sordellii toxic
shock syndrome and gynecologic infections may
be attributed to a rare confluence of events. Preg-
nancy, childbirth, or abortion may predispose a
small number of women to acquire C. sordellii in the
vaginal tract, with dilatation of the cervix allowing
for ascending infection of necrotic decidual tissue.
Furthermore, the acidic pH of the vaginal tract may
enhance the cytopathic effects of C. sordellii lethal
toxin and further potentiate systemic illness.

The fastidious anaerobic growth, variable stain-
ing characteristics, and complex biochemical pro-
files of clostridium species make them difficult to
isolate and identify, and additional cases of C. sor-
dellii infection of the genital tract in which the or-
ganism was not cultured, speciated, or reported
probably exist.26:27 In the four cases reported here,
evidence of C. sordellii infection was established with
the use of anti—clostridium species immunohisto-
chemical assay and both organism-specific and
broad-range PCR assays performed on fixed uter-
ine tissue. Identification of additional cases and
application of anaerobic culture techniques or new
diagnostic approaches are needed to define the true
burden of C. sordellii in gynecologic infections.

There are limited data regarding the optimal
therapy for C. sordellii toxic shock syndrome. As with
other severe histotoxic clostridial infections, ag-
gressive surgical wound débridement, removal of
infected organs (e.g., by means of hysterectomy),
and antibacterial agents with good anaerobic ac-
tivity are logical first steps to decrease the bacteri-
al load and minimize further production of tox-
ins.1:23 In vitro susceptibility testing on 24 C. sordellii
strains showed low minimal inhibitory concentra-

tions for penicillin, ampicillin, erythromycin, ri-
fampin, tetracycline, cefoxitin, clindamycin, and
metronidazole28; antibiotics that interfere with bac-
terial protein synthesis (such as clindamycin) may
have additional benefit. However, débridement,
surgery, and antibacterial therapy will not mitigate
the effects of preformed toxin. There are no clinical
data on the use of immunoglobulin or anti-lethal
toxin antibodies for treatment of C. sordellii infec-
tions.16:17

These cases demonstrate that serious infection
can occur after medically induced abortion, much
as it can occur after childbirth, spontaneous abor-
tion, and surgical abortion. However, available data
suggest that the risk of such infection is low.29:3°
In 2000, 600 mg of oral mifepristone plus 400 yug
of oral misoprostol was approved for use in the
United States to medically terminate a pregnancy
of up to seven weeks’ gestation. As of July 2005,
five deaths that occurred after medically induced
abortions had been reported to the Food and Drug
Administration (FDA). These include the four pa-
tients described here and one patient whose death
was attributed to a ruptured ectopic pregnancy.31
Since its approval, there have been an estimated
460,000 uses of mifepristone plus misoprostol in
the United States.32 It is not clear how many wom-
en this estimate represents. The 460,000 uses may
include the regimen approved by the FDA or other
dosages, such as 200 mg of oral mifepristone fol-
lowed by 800 pg of intravaginal misoprostol.

There are no available incidence data for preg-
nancy-related C. sordellii infections or toxic shock
syndrome. However, overall rates of infection-relat-
ed deaths after pregnancy are well described. From
1991 to 1999, 259 maternal deaths due to infec-
tion were identified after 35,701,875 live births in
the United States.33:34 From 1981 to 1991, 37 infec-
tion-related maternal deaths were associated with
9,279,100 spontaneous abortions at less than 20
weeks’ gestation.35 From 1988 to 1997, 25 mater-
nal deaths attributed to infection were reported af-
ter 13,161,608 surgical abortions at any point in
gestation.3¢ These data must be interpreted with
caution, however, because each estimate was ob-
tained with the use of different methods and over
different periods. Furthermore, the risk of maternal
death after surgical abortion increases with gesta-
tional age, and there are no published estimates for
the rate of maternal death after surgical abortion
performed during the first trimester.

In 2001, one additional death due to C. sordellii
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infection after medical abortion was reported in
Canada.” Although all four cases reported in the
present study occurred in California, there were
no epidemiologic links identified between the pa-
tients, and the medications received were from dif-
ferent lots. Some researchers have speculated about
the mechanisms by which oral mifepristone or in-
travaginal misoprostol could potentiate C. sordellii
infection or toxic shock syndrome.37 However, ad-
ditional data are needed to evaluate further the
possible association between medical abortion
and C. sordellii infections, define the spectrum ofill-
ness, and identify risk factors for toxic shock syn-
drome.

The side effects of misoprostol (e.g., vomiting,
diarrhea, and abdominal cramping) may be similar

to the initial symptoms of toxic shock syndrome
associated with C. sordellii.38 To improve diagnosis
and therapy, clinicians should be aware of the dis-
tinctive features of this potentially fatal entity, includ-
ing tachycardia, hypotension, edema, hemoconcen-
tration, profound leukocytosis, and absence of fever.
Health care providers should report to their state or
local health department any cases of toxic shock
syndrome occurring after an abortion or associat-
ed with pregnancy.

The views expressed are those of the authors and do not necessar-
ily represent the views of the Department of Health and Human Ser-
vices.

We are indebted to L. Lepine, R. Zamary, J. Tam, F. Lessa, D.
Stephens, C. Paddock, J. Sumner, J. O’Connor, D. Jernigan, L.C. Mc-

Donald, and N. Rosenstein for their assistance with the investiga-
tion and review of the manuscript.

REFERENCES

1. McGregor JA, Soper DE, Lovell G, Todd
JK. Maternal deaths associated with Clostrid-
ium sordellii infection. Am J Obstet Gynecol
1989;161:987-95.

2. Bitti A, Mastrantonio P, Spigaglia D, et
al. A fatal postpartum Clostridium sordellii asso-
ciated toxic shock syndrome. J Clin Pathol
1997;50:259-60.

3. Golde S, Ledger WJ. Necrotizing fasciitis
in postpartum patients: a report of four cases.
Obstet Gynecol 1977;50:670-3.

4. Rorbye C, Petersen IS, Nilas L. Postpar-
tum Clostridium sordellii infection associated
with fatal toxic shock syndrome. Acta Obstet
Gynecol Scand 2000;79:1134-5.

5. Soper DE. Clostridial myonecrosis aris-
ing from an episiotomy. Obstet Gynecol
1986;68:Suppl 3:26S-28S.

6. Sosolik RC, Savage BA, Vaccarello L.
Clostridium sordellii toxic shock syndrome:
a case report and review of the literature.
Infect Dis Obstet Gynecol 1996;4:31-5.

7. Sinave C, Le Templier G, Blouin D, Lev-
eille F, Deland E. Toxic shock syndrome due
to Clostridium sordellii: a dramatic postpartum
and postabortion disease. Clin Infect Dis
2002;35:1441-3.

8. Hogan SF, Ireland K. Fatal acute sponta-
neous endometritis resulting from Clostrid-
ium sordellii. AmJ Clin Pathol 1989;91:104-6.
[Erratum, Am J Clin Pathol 1989;92:128.]

9. Sobel], Mixter CG, Kolhe P, et al. Necro-
tizing enterocolitis associated with Clostrid-
ium perfringens type A in previously healthy
North American adults. ] Am Coll Surg 2005;
201:48-56.

10. Daly JS, Worthington MG, Brenner DJ,
et al. Rochalimaea elizabethae sp. nov. iso-
lated from a patient with endocarditis. J Clin
Microbiol 1993;31:872-81.

11. Stackebrandt E, Charfreitag O. Partial
16S rRNA primary structure of five Actino-
myces species: phylogenetic implications and
development of an Actinomyces israelii-spe-

cific oligonucleotide probe. ] Gen Microbiol
1990;136:37-43.

12. Kikuchi E, Miyamoto Y, Narushima S,
Itoh K. Design of species-specific primers to
identify 13 species of Clostridium harbored
in human intestinal tracts. Microbiol Immu-
nol 2002;46:353-8.

13. Green GA, Schue V, Monteil H. Cloning
and characterization of the cytotoxin L-encod-
ing gene of Clostridium sordellii: homology with
Clostridium difficile cytotoxin B. Gene 1995;
161:57-61.

14. Karasawa T, Wang X, Maegawa T, et al.
Clostridium sordellii phospholipase C: gene
cloning and comparison of enzymatic and
biological activities with those of Clostrid-
ium perfringens and Clostridium bifermentans
phospholipase C. Infect Immun 2003;71:
641-6.

15. Browdie DA, Davis JH, Koplewitz MJ,
Corday L, Leadbetter AW. Clostridium sordellii
infection. J Trauma 1975;15:515-9.

16. Grimwood K, Evans GA, Govender ST,
Woods DE. Clostridium sordellii infection and
toxin neutralization. Pediatr Infect Dis ] 1990;
9:582-5.

17. Adamkiewicz TV, Goodman D, Burke B,
Lyerly DM, Goswitz J, Ferrieri P. Neonatal
Clostridium sordellii toxic omphalitis. Pediatr
Infect Dis J 1993;12:253-7.

18. Abdulla A, Yee L. The clinical spectrum
of Clostridium sordellii bacteraemia: two case
reports and a review of the literature. J Clin
Pathol 2000;53:709-12.

19. Popoff MR. Purification and character-
ization of Clostridium sordellii lethal toxin and
cross-reactivity with Clostridium difficile cyto-
toxin. Infect Immun 1987;55:35-43.

20. Nakamura S, Tanabe N, Yamakawa K,
Nishida S. Cytotoxin production by Clostrid-
ium sordellii strains. Microbiol Immunol 1983;
27:495-502.

21. Qa’Dan M, Spyres LM, Ballard JD. pH-
enhanced cytopathic effect of Clostridium sor-

dellii lethal toxin. Infect Immun 2001;69:
5487-93.

22. Hammill HA. Normal vaginal flora in
relation to vaginitis. Obstet Gynecol Clin
North Am 1989;16:329-36.

23. Eaton CJ, Peterson EP. Diagnosis and
acute management of patients with advanced
clostridial sepsis complicating abortion. Am
J Obstet Gynecol 1971;109:1162-6.

24. Sweet RL, Ledger WJ. Puerperal infec-
tious morbidity: a two-year review. Am J
Obstet Gynecol 1973;117:1093-100.

25. Thadepalli H, Gorbach SL, Keith L.
Anaerobic infections of the female genital
tract: bacteriologic and therapeutic aspects.
AmJ Obstet Gynecol 1973;117:1034-40.
26. Ewing TL, Smale LE, Elliott FA. Mater-
nal deaths associated with postpartum vul-
var edema. Am J Obstet Gynecol 1979;134:
173-9.

27. Shy KK, Eschenbach DA. Fatal perineal
cellulitis from an episiotomy site. Obstet
Gynecol 1979;54:292-8.

28. Nakamura S, Yamakawa K, Nishida S.
Antibacterial susceptibility of Clostridium sor-
dellii strains. Zentralbl Bakteriol Mikrobiol
Hyg [A] 1986;261:345-9.

29. Hausknecht R. Mifepristone and miso-
prostol for early medical abortion: 18 months
experience in the United States. Contracep-
tion 2003;67:463-5.

30. Shannon C, Brothers LP, Philip NM,
Winikoff B. Infection after medical abortion:
areview of the literature. Contraception 2004;
70:183-90.

31. Clostridium sordellii toxic shock syndrome
after medical abortion with mifepristone
and intravaginal misoprostol — United
States and Canada, 2001-2005. MMWR Morb
Mortal Wkly Rep 2005;54:724.

32. Food and Drug Administration Center
for Drug Evaluation and Research. Mifeprex
(mifepristone) information. July 2005.
(Accessed November 3, 2005, at http://www.

N ENGL J MED 353;22 WWW.NEJM.ORG DECEMBER 1, 2005

The New England Journal of Medicine
Downloaded from negjm.org on March 21, 2019. For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.

2359



2360

fda.gov/cder/drug/infopage/mifepristone/
default.html.)

33. Chang]J, Elam-Evans LD, Berg CJ, et al.
Pregnancy-related mortality surveillance —
United States, 1991-1999. MMWR Surveill
Summ 2003;52(SS-2):1-8.

34. Vital statistics of the United States 1999:
natality. Table 1-1. Hyattsville, Md.: National
Center for Health Statistics, March 2001.

BRIEF REPORT

35. Saraiya M, Green CA, Berg CJ, Hopkins
FW, Koonin LM, Atrash HK. Spontaneous
abortion-related deaths among women in
the United States — 1981-1991. Obstet
Gynecol 1999;94:172-6.

36. Bartlett LA, Berg CJ, Shulman HB, et
al. Risk factors for legal induced abortion-
related mortality in the United States. Obstet
Gynecol 2004;103:729-37.

37. Miech RP. Pathophysiology of mifepris-
tone-induced septic shock due to Clostridium
sordellii. Ann Pharmacother 2005;39:1483-8.
38. Kruse B, Poppema S, Creinin MD, Paul
M. Management of side effects and compli-
cations in medical abortion. Am J Obstet
Gynecol 2000;183:Suppl 2:565-575.
Copyright © 2005 Massachusetts Medical Society.

N ENGL ) MED 353;22 WWW.NEJM.ORG DECEMBER 1, 2005

The New England Journal of Medicine
Downloaded from negjm.org on March 21, 2019. For personal use only. No other uses without permission.
Copyright © 2005 Massachusetts Medical Society. All rights reserved.



