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We report the identification of a virulent Streptococ-
cus organism associated with fulminant endocarditis,
using 16S rRNA gene amplification, sequencing and
assembly from formalin-fixed, paraffin-embedded ar-
chival heart valve tissue, years after the autopsy of a
patient. (J Mol Diagn 2004, 6:145–148)

Case Report

A 55-year-old white female had a congenitally abnormal
aortic valve replaced with a porcine aortic valve to repair
an associated left ventricular out-flow obstruction 8 years
before her final illness. The same year the patient had a
permanent pacemaker implanted for complete heart
block. Several weeks before death the patient experi-
enced increasing fatigue and abdominal complaints. An
outpatient work-up, including an echocardiogram and
blood culture, was negative at that time. Fever, cutane-
ous or eye findings suggestive of endocarditis were ab-
sent. The day before her death she presented to the
Emergency Department with complaints of severe chest
pain associated with nausea and diaphoresis. On admis-
sion, the patient was in mild respiratory distress and had
bilateral rales. Her temperature was 99°F, pulse 85/
minute, respirations 18/minute, and blood pressure
123/34 mm Hg. Physical examination of her heart and
abdomen were normal. Her extremities showed no sign of
deep vein thrombosis. Her chest X-ray showed no pul-
monary edema and no evidence of a pneumothorax. An
EKG showed no acute changes. Lab studies showed a
white blood cell count of 13000/�l with a left shift, hemo-
globin (Hgb) 10.9 g/dl, hematocrit (Ht) 35.8, platelets
227,000/�l, normal electrolytes and a blood urea nitrogen

(BUN) and creatinine of 10 and 0.7. Creatin kinase (CK)
level was 7 and the troponin was 0.06. The patient re-
ceived multiple doses of nitroglycerin and metoprolol,
aspirin, morphine, and furosemide. She was transferred
to the Coronary Care Unit for further care. She was
started on heparin protocol. A ventilation-perfusion (V/Q)
scan ruled out pulmonary embolism. The following day
the patient’s respiratory status worsened with increasing
dyspnea, decreased oxygen saturation, and hypotension
requiring additional supplemental oxygen via face mask.
Subsequently the patient experienced respiratory and
cardiac arrest and died despite aggressive resuscitative
efforts.

At autopsy, the prosthetic aortic valve showed almost
complete dehiscence from its attachment to the aorta,
involving the middle and posterior leaflets. The valve
leaflets were thickened, partially nodular, and necrotic
with focal perforation. Microscopically intense valvulitis
characterized by necrosis and destruction of the aortic
valve substance was seen (Figure 1, A and B). This
process was contiguous with multiple vegetations con-
taining fibrin, neutrophils and numerous bacterial colo-
nies extending to the left ventricle endocardium. A gram
stain showed numerous gram-positive cocci in aggre-
gates and chains most consistent with streptococcal or-
ganisms (Figure 1C). Evidence of metastatic infection or
thrombosis was not seen in other organs examined at
autopsy. Neither blood nor valve culture was performed
at the time of the autopsy.

Three years after the autopsy, a medico-legal issue
raised questions about the identity of the apparent strep-
tococcal organisms, and we attempted to identify the
pathogenic bacterial strain from the paraffin-embedded
valve tissue using 16S rDNA sequence determination.
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Molecular Studies

We extracted total genomic DNA from three 20-�m thick
slices of the formalin-fixed, paraffin-embedded, infected
cardiac tissue (Figure 1) using a Puregene DNA purifica-
tion kit (Gentra Systems, Minneapolis, MN) in the protocol
as recommended by the manufacturer. The resulting total
genomic DNA was dissolved in 40 �l PCR-grade distilled
water. The same protocol was used to obtain genomic
DNA from formalin-fixed, paraffin-embedded human tis-
sue devoid of evidence of bacterial infection as a nega-
tive control for the subsequent PCR reactions. We also
extracted genomic DNA from a colonial growth of a
Moraxella species to serve as positive control. To amplify
fragments of the bacterial 16S rRNA gene, we used
primer pairs for the conserved regions of the 16S rRNA
gene and PCR reaction parameters as described by
Persing3 using a PTC 100 Programmable Thermal Con-
troller (MJ Research, Inc., Waltham, MA) and Ampli Taq
DNA polymerase (Applied Biosystems, Foster City, CA).

Our initial attempt to amplify a 800-bp fragment using
primer pairs 8FPL-806R was unsuccessful, perhaps be-
cause the formalin-fixed, paraffin-embedded tissue suf-

fered DNA degradation during the 3-year storage. We
therefore targeted short DNA fragments using primer pair
515FPL-806R. We were able to amplify an approximately
300-bp fragment using the template purified from the
paraffin block containing the colonized valve tissue (data
not shown). This PCR fragment was isolated and then
purified with a gel extraction kit and a PCR purification kit
according to the manufacturer’s instructions (Qiagen,
Germany). The nucleotide sequence of this 300-bp frag-
ment was determined using the 515FPL forward and the
806R reverse primers for direct sequencing of the iso-
lated and affinity-purified fragments by an ABI automatic
sequencer at the Dartmouth College Molecular Biology
Core Facility (Hanover, NH). The resulting sequence
(515FPL-806R) was compared to the GenBank database
using BLASTn.2 The result of the BLASTn search showed
100% homology of this 300-bp sequence to the corre-
sponding 16S rDNA sequences of several well charac-
terized (S. oralis, S. mitis, S. gordonii) and lesser known (S.
sp. 3170A, S. sp. 3097C, S. sp. 2056B, S. sp. 4093B) oral
Streptococcus species. To confirm the identity of the col-
onizing Streptococcus species we designed the following

Figure 1. A and B: H&E-stained aortic valve slices obtained before and after three 20-�m thick slices cut for total genomic DNA purification (magnification, �4).
C: High-power magnification (magnification, �60) of the gram-stained bacterial colonies. The arrow shows gram-positive cocci in chains.
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interim primers based on the conserved regions of the 16
rRNA genes of these streptococci:

315FP;CAGACTCCTACGGGAGGCAGCAGTAGGG-
AATC:

369RP;GACTTCCGTCCATTGCCGAAGATTCCCTACT-
GCTGC:

520RP;CTCGCTTTACGCCCAATAAATCCGGACAAC:
750FP;CTGAGGCTCGAAAGCGTGGGGAGCAAAC-

AGG:
1110FP;CATCATTCAGTTGGGCACTCTAGCGAGAC:
1150RP;GGTTTATTACCGGCAGTCTCGCTAGAGTGC,

(FP-forward primer; RP-reverse primer). These primers
were then used along with the published conserved re-
gion primers (8FPL, 1492RPL)3 to amplify the entire 16S
rDNA in the form of four additional overlapping fragments
(8FPL-369R; 315F-520R; 750F-1150R; 1110F-1492RPL).
There were two separate PCR reactions performed for
each primer pair. The resulting PCR products were elec-
trophoresed in and isolated from 1.1% agarose gels,
affinity purified, and the nucleotide sequences were de-
termined as described above. The assembly of the se-
quences of the five PCR fragments resulted in a 1464-bp
near-complete 16S rDNA sequence (GenBank Acces-
sion Number AY256519).

Comparison of this sequence to the GenBank nucleo-
tide sequence database using BLASTn showed that this
16S rDNA sequence was closely related but not identical
to a group of Streptococcus species. The results of the
BLASTn search showed the highest homology to a re-
cently described Streptococcus species, sp 3170A
(99.795%) and less homology to S. mitis (99.658%) and
S. pneumoniae (99.454%). Streptococcus sp. 3170A has
recently been isolated from the human oral flora and has
been found to be similar to S. mitis, S. pneumoniae, and S.
oralis.4 Multiple alignment of these closely related 16S
rDNA sequences along with our query sequence using
the Jellyfish software (LabVelocity.com), showed the
clustering of the nucleotide differences at mutational “hot
spots” (not shown). The same sequences were used to
create a phylogenetic tree using the LaserGene software
(DNAStar, Inc., Madison, WI) (Figure 2).

Discussion

Bacterial endocarditis has been classified historically as
“acute” or “subacute” based on the rapidity of progres-

sion of the untreated disease. The acute form follows a
fulminant course, with death occurring within a few days
to a few weeks. Subacute endocarditis commonly occurs
in the setting of prior valvular disease, is characterized by
a slow, indolent course with vague systemic complaints
and cutaneous findings and is frequently associated with
viridans streptococci.1

Gram-positive organisms, mainly streptococci and
staphylococci, continue to cause the majority of cases of
infective endocarditis.5 A year-long population-based
survey conducted in France, identified members of the
genus Streptococcus as pathogens in 48% of infective
endocarditis cases.6 S. pneumoniae has been associated
with acute endocarditis, but the prevalence of this asso-
ciation has decreased in the antibiotic era from approx-
imately 15% to less than 1%.7,8 In a recent prospective
point prevalence study of oropharyngeal S. pneumoniae
carriage rates among outpatients, only 30% of isolates
presumed to be S. pneumoniae by standard identification
criteria (optochin and bile solubility testing) could be
confirmed by using a commercial DNA probe. More im-
portantly, the 70% DNA probe-negative isolates showed a
significantly reduced antibiotic susceptibility pattern com-
pared to the DNA probe-positive isolates. Four streptococ-
cus isolates, which were ambiguous by optochin and bile
solubility testing, were identified by their 16S rRNA se-
quences.4 The 16S rRNA gene sequence of one of these
isolates (sp 3170A) differed in only three nucleotides from
the sequence of the 16S rDNA obtained from the infected
cardiac tissue of our case report patient. Classification of
infective endocarditis by etiological agent can have impli-
cations for the course of disease and the selection of anti-
microbial agent(s). Several case reports have been pub-
lished about pathogen identification using 16S rDNA
sequence determination from resected colonized heart
valves of infective endocarditis patients (eg, 9–13), and the
method has recently been reported as a useful diagnostic
adjunct to culture methods.14

The organism implicated in this case of fulminant en-
docarditis belongs to a group of streptococci that are
very closely related and difficult to separate even by the
genetic means we have used. No other accepted genetic
or phenotypic differentiation method was available to us
without recovery of a live organism. The fulminant nature of
the disease, and the histological findings of an acute ne-
crotizing process that led to valve dehiscence indicate that
the organism likely to have phenotypic virulence character-
istics similar to S. pneumoniae. Organisms now described in
the literature as related to both S. mitis and S. pneumoniae
may be capable of highly virulent infections.

In summary, we have identified a virulent streptococcus
species by reconstructing its 16S rDNA sequence from a
years-old archival paraffin block containing cardiac valve
tissue from a patient with fulminant endocarditis.
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