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We report the use of molecular techniques in the
diagnosis of a case of culture-negative necrotizing fas-
ciitis occurring in a 32-year-old female with no signif-
icant past medical history and who died within 36
hours of admission. Paraffin-embedded tissue sec-
tions from the popliteal fossa region obtained at au-
topsy showed hemorrhage, necrosis, and mild in-
flammation by hematoxylin and eosin staining.
Tissue gram stain showed numerous gram-positive
organisms arranged in clusters. The sequences of the
first 500 bp of bacterial 16S rRNA gene amplified from
the lesion were identical to a Lancefield group A �-he-
molytic Streptococcus pyogenes. Streptococcal pyro-
genic exotoxin A and B superantigen genes were de-
tected and an emm type 1 was determined by
polymerase chain reaction and sequencing from the
lesion. This confirmed the etiology of the patient’s
rapid deterioration with multisystem organ failure.
(J Mol Diagn 2005, 7:641–645)

Case History

The patient was a 32-year-old white female with no sig-
nificant past medical history other than a right groin en-
dometrioma diagnosed 4 years previously. She initially
presented to the emergency room with a 3-day history of
fever, chills, nausea, vomiting, nonbloody diarrhea, my-
algias, and severe right posterior leg pain in the region of
the popliteal fossa. She reported taking ibuprofen and
promethazine for pain and nausea, and there was no
reported history of exposure to children with a possible
group A streptococcal (GAS) infection.

On admission, the patient was a thin, awake, alert
female with normal mentation who was in moderate dis-
tress. The physical examination revealed a blood pres-
sure of 52/31 mmHg, temperature 36.4°C, supine heart
rate of 114 beats per minute, respiratory rate of 18
breaths per minute, and an oxygen saturation of 99% on
room air. Examination of the extremities showed a mark-

edly tender right calf and popliteal region with mild ery-
thema and mild edema. The skin was flushed.

Initial laboratory data showed a white blood cell count
of 11,200/�L, hematocrit of 40%, and a platelet count of
161,000/�L. The differential count was 86% neutrophils,
3% lymphocytes, 1% monocytes, 1% eosinophils, 8%
metamyelocytes, and 1% myelocytes. Prothrombin time
(PT) was 41.2 seconds and partial thromboplastin time
(PTT) was 73.4 seconds and liver enzymes were normal.
Chemistries showed a sodium of 125 mEq/L, potassium
of 4.4 mEq/L, chloride of 94 mEq/L, CO2 of 20 mmol/L,
blood urea nitrogen of 47 mg/dl, creatinine of 3.4 mg/dl,
and glucose of 93 mg/dl. Antistreptolysin O titer was 70
IU/ml (�125 � negative). Other antibody tests for strep-
tococcal enzymes were not performed. Blood cultures
before and after the administration of antibiotics were
negative. Two separate right knee aspiration cultures
preformed after administration of antibiotics were nega-
tive. X-rays of the right knee and right lower extremity
ultrasound showed only subcutaneous edema, and a
chest X-ray showed an accentuated interstitial pattern
suggesting hydrostatic edema.

In the emergency room, the patient was started on IV
fluids, vasopressors, and an antibiotic regimen consist-
ing of cefazolin, vancomycin, and gentamicin, and on
admission to the medical intensive care unit, this was
changed to include clindamycin. Throughout the course
of the following 24 hours the patient developed acidosis,
rapidly deteriorated, and developed ventricular fibrillation
at which point successful resuscitation was performed
without a return in baseline mental status. An electroen-
cephalogram showed general suppression of activity
with absence of reactivity. After further discussion with
the family, support was withdrawn and the patient died 36
hours after admission. Consent was obtained and a full
autopsy was performed.

Accepted for publication June 20, 2005.

This study was presented in part at the 105th General Meeting of the
American Society for Microbiology, Atlanta, GA, June 5 to 9, 2005.

Address reprint requests to Yi-Wei Tang, M.D., Ph.D., Molecular Infec-
tious Disease Laboratory, Vanderbilt University Hospital, 4605 TVC, Nash-
ville, TN 37232-5310. E-mail: yiwei.tang@vanderbilt.edu.

Journal of Molecular Diagnostics, Vol. 7, No. 5, November 2005

Copyright © American Society for Investigative Pathology

and the Association for Molecular Pathology

641



Materials and Methods

A postmortem tissue culture from the right popliteal fossa
lesion, as well as lung and blood cultures were per-
formed. Standard hematoxylin and eosin (H&E)-stained
sections of lesional material from the popliteal fossa and
other organs were prepared. Tissue gram stain was per-
formed to evaluate for bacterial organisms in tissue sec-
tions according to previously described methods by
Brown and Hopps with modifications using a 1% fast
green counterstain.1

Nucleic acid was extracted from the paraffin-embed-
ded tissues by using IsoQuick (Orca Research, Inc.,
Bothell, WA) according to the manufacturer’s instruc-
tions, as previously described.2 Polymerase chain reac-
tion (PCR) amplification of the first 500 bp of the 16S
rRNA gene was performed using the MicroSeq 500 16S
bacterial sequencing kit according to procedures de-
scribed previously.3 Bi-directional sequences of the PCR
amplification product were determined and a phyloge-
netic analysis was performed by online analysis at the
Ribosomal Database Project II site (http://rdp.cme.msu.
edu/html/index.html) and the MicroSeq Database Library
(Applied Biosystems, Foster City, CA).

PCR amplification experiments for speA, speB, speC,
and human �-actin genes of the extracted DNA were
performed by adding 5 �l of the extracted tissue DNA
into 50 �l of master mix (0.5 �mol/L each primer, 2.5 U
Ampli Taq Gold DNA polymerase, 2.0 mmol/L MgCl2, 350
�mol/L total dNTPs, and 25 mmol/L KCl). The mixtures
were placed in a GeneAmp PCR system 9700 (Applied
Biosystems). Thermal cycling parameters included an
initial 10 minutes at 95°C, 50 cycles of 30 seconds at
95°C, 30 seconds at 45°C, and 45 seconds at 72°C, and
a final extension at 72°C for 10 minutes. The primer
sequences for speA, speB, speC, and human �-actin
genes were published previously.4,5 Amplified DNA frag-
ments were detected by an agarose gel electrophoresis.
Both speA-specific (specA-347P, 5�-CTG AAC TTA AGA
ACC AAG AGA TGG C-3�) and speB-specific (5�-CGC
ACT AAA CCC TTC AGC TCT T-3�), 5�-biotinylated cap-
ture probes were applied to confirm the amplification
products in a colorimetric microtiter plate.5 Two prototype
strains, ATCC12353 and BAA-572, were included as pos-
itive controls for speA/B and speC, respectively.6,7 A PCR
amplification followed by a sequencing method was used
to determine the emm type as described by Beall and
colleagues8 and the website at http://www.cdc.gov/
ncidod/biotech/strep/protocols.htm.

Results

The postmortem tissue culture from the right popliteal
fossa lesion, as well as lung and blood cultures were
negative. The most significant finding at autopsy was the
presence of focal hemorrhage, necrosis, and mild mixed
inflammation with a predominance of mononuclear cells
in the soft tissue of the popliteal fossa region (Figure 1; A
to C). Histological sections of this region showed that the
inflammation was not a prominent feature, was sparse

within the interstitium and associated adipose tissue, and
exhibited relative sparing of the skeletal muscle fibers
(Figure 1; A to C). Mild chronic inflammation of the small
arteries and arterioles with arteriole thrombosis was also
present (Figure 1C). Organisms were not identified on
routine H&E sections, but phenol green tissue gram stain
showed numerous large collections of gram-positive
cocci almost exclusively in clusters with rare gram-posi-
tive cocci in chains (Figure 1D).

In the liver, there was extensive hepatocyte necrosis
and, in the kidney, there was marked acute tubular
necrosis. These findings are consistent with the clinical
findings of multiorgan system failure. In the lungs there
were multiple areas of parenchymal hemorrhage and
patchy bronchopneumonia bilaterally. In the small and
large intestine, there were multiple regions of mucosal
hemorrhage and necrosis. The brain showed cerebral
edema, scattered ischemic pyramidal cells of the
bilateral hippocampal formation, and widespread
acute ischemic necrosis of Purkinje cells in the
cerebellum.

The human �-actin gene was detectable in the DNA
extracted from the paraffin-embedded tissues, indicating
these DNA samples were free of amplification inhibitors.
PCR amplification for the 500 bp of the bacterial 16S
rRNA genes was positive. Sequence of the PCR product
(GenBank accession number: AY850393) showed a
100% identity to a Lancefield group A, type 1 S. pyogenes
ATCC 12344 strain (Y. Mori, T. Takahashi, M. Katsumi, K.
Katoh, T. Hiramune, N. Kikuchi, unpublished; GenBank
accession number AB002521). An 818- and a 1106-bp
DNA fragment were successfully amplified from the ex-
tracted tissue DNA when the speA- and speB-specific
primer set was used (Figure 2). The fragments were
confirmed speA- and speB-specific through an internal
probe hybridization. In contrast, the primer set targeting
the speC gene was negative. A 997-bp fragment of the
emm gene corresponding to 28 to 1024 nucleotide posi-
tions was amplified by PCR. The sequence determined
(GenBank accession number: AY960591) was most
closely related to an emm type 1,9 diverging from the
published sequence at only three nucleotide positions
(99.7% identity). In summary, these findings demon-
strated that the patient’s rapid deterioration with multisys-
tem organ failure could have been the result of a SPE-A
and SPE-B superantigen-producing, emm type 1 S. pyo-
genes infection in the popliteal fossa region.

Discussion

Our patient initially presented with a history of acute onset
of leg pain along with clinical symptoms of a flu-like
syndrome with fever, chills, nausea, vomiting, diarrhea,
and myalgias. The severe leg pain is characteristic of
necrotizing fasciitis, and flu-like symptoms are reported
in up to 20% of patients with GAS toxic shock-like syn-
drome.10,11 The marked hypocalcemia (3.2 to 6.2 mg/dL)
seen in this patient is also a characteristic finding in GAS
necrotizing fasciitis secondary to extensive adipocyte
necrosis.12 Histologically, the overall sparsely cellular
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mononuclear cell-predominant inflammatory infiltrate of
fascia and adipose tissue, hemorrhage, necrosis, and a
sparing of the muscle are characteristic findings in GAS
necrotizing fasciitis. The predominantly mononuclear cell
infiltrate is consistent with previously published data in
cases of necrotizing fasciitis showing superantigen in-

volvement as well as bacterial production of proteases
that degrade interleukin-8 and C5a that recruit polymor-
phonuclear leukocytes to the site of infection.13,14

GAS necrotizing fasciitis has shown a marked increase
throughout the past 20 years and has a reported inci-
dence of 3.5 to 20 cases/100,000 persons.10,12,15 The
toxin-producing bacteria release superantigens that con-
tribute to the development of fascial necrosis with relative
limited involvement of the skin and underlying muscle. As
previous authors have noted, necrotizing fasciitis due to
any organism results in severe systemic toxicity and can
be rapidly fatal secondary to refractory hypotension and
multiorgan system failure.12,16–19 It most commonly oc-
curs in the abdominal wall, extremities, and perineum.
The introduction of a pathogen into the subcutaneous
space can occur via disruption of the overlying skin such
as a cut or abrasion or surgical incision, but most often
the pathogen is bloodborne.12

Multiple factors seem to be involved in the relative
severity of GAS necrotizing fasciitis and these include low
antibody levels to cell-wall attached proteins, bacterial
protease destruction of interleukin-8 and C5a recruitment

Figure 1. Photomicrographs of lesional tissue isolated from the popliteal fossa at autopsy. A: Hemorrhage and necrosis (H&E). B: The overall sparsely cellular
inflammatory infiltrate with necrosis in the fascia and associated adipose tissue (H&E). C: Portion of adipose tissue with the predominantly mononuclear
inflammatory infiltrate, associated vasculitis, and a thrombosed vessel (H&E). D: Gram-positive cocci in clusters (Phenol Green gram stain). Original magnifi-
cations: �20 (A); �40 (B); �200 (C); �400 (D).

Figure 2. Streptococcal pyrogenic exotoxin gene detection by PCR. Three
spe genes and a human �-actin gene were detected by individual PCR,
respectively. Lanes 2 to 5 contained tissue DNA specimens amplified by
speA-, speB-, speC-, and �-actin-specific primer sets. Lanes 6 and 7 contained
a DNA specimen extracted from ATCC123536 amplified by speA- and speB-
specific primer sets. Lane 8 contained a DNA specimen extracted from
BAA-5727 amplified by a speC-specific primer set. Molecular sizes (lane 1)
are in bp.
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of neutrophils, and the presence of superantigens such
as SPE-A, SPE-B, SPE-C, SME-Z.13,14,20 It has also been
shown that patients who have neutralizing antibodies to
these superantigens are protected against developing
severe disease.21,22 Recent data suggests that SME-Z
may be the most important of these superantigens in
eliciting the severe immunological response.23

These superantigens interact with MHC II class recep-
tors on antigen-presenting cells and T cell receptors on
T cells simultaneously to cause massive production
in proinflammatory cytokines such as interleukin-1�,
interleukin-2, tumor necrosis factor-�, tumor necrosis fac-
tor-�, and interferon-� that lead to the rapid clinical de-
terioration with toxic shock syndrome, refractory hypoten-
sion, multiorgan system failure, and death.24 Therefore,
early treatment with intravenous antibiotics including
both a �-lactam agent and clindamycin as well as intra-
venous IgG, and aggressive surgical debridement
have been shown to be important in improving patient
outcomes.25–28

SPE-A and SPE-B are the most common superantigens
involved in severe GAS infections seen in the United
States.12 In our patient, PCR amplification and detection
of a portion of the speA and speB genes were positive,
illustrating the possible cause of this patient’s rapid clin-
ical deterioration with a toxic shock-like syndrome.6,7 The
presence of speA and speB also confirms the work of
Norrby-Teglund and colleagues,14,22,28,29 and others that
implicates superantigens as playing a central role in the
pathogenesis of necrotizing GAS soft tissue infections.

In select culture-negative patients who have surgical
debridement, PCR detection of streptococcal 16S rRNA
and spe exotoxin DNA may be helpful in solidifying the
diagnosis from paraffin-imbedded tissue. These methods
have been used effectively to aid in the diagnosis of the
etiological agent of culture-negative endocarditis at au-
topsy and could also be easily applied to paraffin-imbed-
ded tissue blocks from routine surgical pathology spec-
imens and would be particularly useful in patients who
are repeatedly culture-negative.2,30
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