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Although patients with certain cardiac valve abnormalities
have increased risk of infective endocarditis (IE), it is un-
known whether these abnormalities are associated with spe-
cific pathogens in IE cases. We report a strong association
between mitral valve prolapse and viridans group streptococ-
cal IE in a population-based cohort from Olmsted County,
Minnesota.
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Mitral valve prolapse (MVP) affects approximately 2%–3% of
the US population and can be familial or sporadic. It is diag-
nosed using 2-dimensional echocardiography with either single
or bileaflet prolapse of at least 2 mm beyond the long-axis an-
nular plane [1]. In a case-control study of infective endocarditis
(IE) and cardiac risk factors, patients with IE were significantly
more likely to have MVP, rheumatic carditis, history of congen-
ital heart disease, a prior episode of IE, cardiac valvular surgery,
or other valvular heart disease [2]. Findings from a descriptive
analysis of the literature performed more than 2 decades ago
suggest that there may be an association between MVP and
IE due to viridans group streptococci (VGS) [3]. We analyzed
data obtained from the Olmsted County, Minnesota, population,

a population that we have examined in the past to define unique
epidemiologic features in serial population-based surveys that
have included patients from 1970 to the present [4, 5].

METHODS

All Olmsted County residents aged ≥18 years with definite or
possible IE, as defined by the modified Duke criteria [6], be-
tween 1 January 1970 and 31 December 2013 were identified
using the Rochester Epidemiology Project and the Endocarditis
Registry of the Division of Infectious Diseases at Mayo Clinic,
which has been described previously [4, 5]. The entire medical
record was available for review.

It should be emphasized that between 1970 and 2013, the di-
agnostic criteria of MVP evolved as different modalities in car-
diac imaging became available—M-mode and 2-dimensional.
Therefore, each patient’s echocardiogram in our population-
based survey was reviewed by team members (C. V. D. and
N. S. A.) to determine if MVP was present based on the defini-
tion as described by Bonow et al [7]. These team members were
blinded to the microbiologic diagnosis of IE. Cases of MVP
occurred in the following years: 1973, 1983, 1986, 1987, 1991,
1992, 1993, 1995, 1996, 1997, 2001, 2003, 2004, and 2006. In
1973, M-mode was used in 1 case; thereafter, 2-D echocardiog-
raphy (transthoracic and/or transesophageal) was used.

The association of candidate predictor variables with VGS
pathogen in IE cases was analyzed with binary logistic regres-
sion, with model inputs based on a fixed, a priori selection of
valve abnormalities. To ensure reliable estimation of regression
coefficients, we limited the number of candidate predictors to be
in reasonable balance with the number of observed events (ie,
lesser of the 2 frequencies for those with and without VGS).
Based on the general guideline of at least 10–15 events per pre-
dictor degree of freedom, the availability of 65 events (ie, 65 of
197 IE cases with VGS pathogen) would permit at most about
4–6 predictor terms in the model to avoid overfitting. Five valve
abnormalities—MVP, bicuspid aortic valve, congenital heart
disease, rheumatic carditis, and previous IE—were selected
based on clinical relevance and review of descriptive statistics.

Using logistic regression analysis to assess their influence on
likelihood of a VGS pathogen, the 5 valve abnormality terms
were entered separately in univariable models and then jointly
in a full multivariate model, from which we reported the odds
ratios (ORs) and 95% confidence intervals (CIs). To ensure
there was no evidence of multicollinearity among the 5 valve
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abnormality variables, model diagnostics such as variance infla-
tion factor and condition index were inspected. As a secondary
analysis, we augmented the original multivariable model with
adjusting variables for age, sex, and year of diagnosis to assess
their potential confounding effects. Likewise, we compared the
effects of MVP on odds of VGS in multivariable models with
and without inclusion of venous insufficiency, as measured by
presence or degree of mitral regurgitation (MR). An alpha level
of .05 was used to determine statistical significance.

RESULTS

A total of 197 incident cases of IE in Olmsted County from 1970
to 2013 were identified; average age was 63 years and the major-
ity (65%) were male and white (92%). Of the pathogens identi-
fied, the causative etiology was VGS in 65 (33%) and non-VGS
in 132 (67%) cases. Presence of MVP was seen in 18% of VGS-
IE cases and 5% of non–VGS-IE cases, corresponding to an OR
of 4.04 (95% CI, 1.51–10.84; P = .005) in univariable analysis.
Adjusting for the other 4 factors in a multivariable model, the
odds of VGS as causative etiology remained 4-fold higher in IE
cases with MVP vs those without (OR, 4.22; 95% CI, 1.54–
11.55; P = .005). Also from this multivariable model, congenital
heart disease (OR = 2.18, .75–6.35, P = .152), bicuspid aortic
valve (OR 1.56, .52–4.70, P = .427), rheumatic carditis (OR
1.13, .37–3.41, P = .831), and previous IE (OR 0.69, .20–2.40,
P = .557) were not significantly associated with VGS-IE
(Table 1). In the model augmented with age, sex, and calendar
year as adjusting variables, each of the 5 valve abnormality var-
iables showed ORs and 95% CIs that were similar to those in the
original model, including the revised effect of MVP, which re-
mained significant (OR = 5.26; 95% CI, 1.73–15.98; P = .003).

The presence and degree of MR was also examined to deter-
mine if the perceived association between MVP and VGS was
due, in part, to the degree of valvular insufficiency, rather
than MVP itself. The incidence of MR in the VGS group was
36/65 (55.4%) vs 86/132 (65.2%) in the non-VGS group. In a

multivariable model that included presence (any degree) of
MR in addition to the 5 valve abnormality variables, the revised
effect of MVP was attenuated but had retained significance
(OR = 3.56; 95% CI, 1.28–9.95; P = .015). In those with MVP,
there was no significant difference in MR between the VGS
and non-VGS groups using χ2 testing (χ2 statistic 2.0781;
P = .15). Furthermore, there was no difference in the degree of
MR among the other 4 cardiac conditions. Although we did not
find a difference in the degree of MR, it is likely that our study
was underpowered to detect a difference of MR between the 2
MVP groups, and thus, a larger cohort will be needed to further
evaluate this postulate.

DISCUSSION

In this population-based study, we observed a strong association
of MVP and VGS-IE compared with non–VGS-IE cases. Inter-
estingly, in 1986, Baddour and Bisno [8] reviewed the published
literature that included 267 cases of IE complicating MVP; 110
cases had a bacteriologic diagnosis. VGS accounted for 46% of
IE cases, followed by 10% due to Staphylococcus aureus and 9%
caused by coagulase-negative staphylococci [8]. Weinberger
et al [9] reviewed 135 patients with proven or suspected IE be-
tween 1970 and 1987 and found that the bulk of patients with
MVP had VGS isolated from blood cultures. Castonguay et al
[10] retrospectively reviewed the surgical pathology of native
valve endocarditis from 310 specimens at the Mayo Clinic
from 1985 to 2004. Of the patients with positive microbiologic
cultures, VGS accounted for the majority of cases (28%) fol-
lowed by S. aureus (18%), with MVP present in 43% of IE
cases involving the mitral valve [10].

Over the study period, the taxonomy and microbiology of
VGS changed. From 1970 to 1979, VGS were identified with
negative bile esculin testing, while species-level identification
was not performed. From 1980 through 1991, Facklam’s scheme
[11] was used to determine VGS that identified Streptococcus
sanuis I & II, Streptococcus mitis, Streptococcus salivarius,

Table 1. Comparison of Cardiac Valve Abnormalities Between Viridans Group Streptococci (VGS) and non–VGS-Infective Endocarditis
Cases

Variable
Viridans
(n = 65)

Non-Viridans
(n = 132)

Univariable Resultsa OR
(95% CI) [P Value]

Multivariable Resultsa OR
(95% CI) [P Value]

Rheumatic carditis 6 (9%) 10 (8%) 1.24 (.43, 3.58) [.690] 1.13 (.37, 3.41) [.831]

Bicuspid aortic valve 6 (9%) 9 (7%) 1.39 (.47, 4.09) [.550] 1.56 (.52, 4.70) [.427]

Mitral valve prolapse 12 (18%) 7 (5%) 4.04 (1.51, 10.84) [.005] 4.22 (1.54, 11.55) [.005]
Congenital heart disease 8 (12%) 8 (6%) 2.18 (.78, 6.09) [.139] 2.18 (.75, 6.35) [.152]

Previous infective endocarditis 4 (6%) 10 (8%) 0.80 (.24, 2.65) [.715] 0.69 (.20, 2.40) [.557]

Abbreviations: CI, confidence interval; OR, odds ratio.
a Each of the 5 a priori selected variables was analyzed for an associationwith viridans group streptococci–infective endocarditis status using logistic regression, both
individually (unadjusted) in univariable models and jointly in a multivariable model with all 5 valve abnormalities included as predictor variables.
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Streptococcus mutans, Streptococcus uberis, Streptococcus acido-
minimus, Streptococcus morbillorum, Streptococcus anginosus-
constellatus, and Streptococcus MG-intermedius. From 1992
through 1999, classification of VGS included 5 species: S. mutans,
Streptococcus milleri, Streptococcus sanguis, S. salivarius, and
Streptococcus mitior. From 2000 through 2011, minor categoriza-
tion changes of species within the reported species/groups were
made by a combination of conventional biochemicals and/or 16S
rRNA gene sequencing. From 2012 to the present, species iden-
tification with matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry was performed. The identity for all
65 VGS cases was confirmed.

The pathogenic mechanisms responsible for this unique as-
sociation between MVP and VGS as a cause of IE remain unde-
fined. On a molecular basis, there are numerous studies to
support the notion that VGS adhesins are important in the
pathogenesis of IE [12–15].Moreover, there is evidence that ex-
tracellular matrix proteins are abnormally expressed in MVP
and could be important in the predisposition of VGS-IE. How-
ever, this remains unproven, and whether other valvulopathies
express similar extracellular moieties that can serve as receptors
for VGS adhesins has not been examined. Based on the findings
of this study, further evaluation of host and organism factors is
warranted to better define the pathogenesis of VGS-IE.

Notes

Acknowledgments. We thank Emily A. Vetter for her assistance in de-
fining the detailed microbiological review.
Author contributions. D. C. D. had full access to all data in the study

and takes responsibility for the integrity of the data and the accuracy of the
data analysis. Design and conduct of the study. D. C. D., I. M. T., D. D. C. d.
S., W. R. W., L. M. B. Acquisition of data.D. C. D., C. V. D., J. M. S., N. S. A.,
I. M. T., D. D. C. d. S., L. M. B. Analysis and interpretation of data. D. C. D.,
C. V. D., M. R. S., I. M. T., D. D. C. d. S., B. D. L., W. R. W., L. M. B. Critical
revisions of the manuscript for important intellectual content. D. C. D.,
C. V. D., M. R. S., I. M. T., D. D. C. d. S., B. D. L., J. M. S., N. S. A.,
W. R. W., L. M. B. Drafting of the manuscript. D. C. D., C. V. D.,
W. R. W., L. M. B. Statistical analysis. D. C. D., B. D. L., L. M. B. Obtained
funding.D. C. D., W. R.W., L. M. B. Administrative technical, or material sup-
port.W. R. W., L. M. B. Study supervision.N. S. A., J. M. S., W. R. W., L. M. B.
Financial support. This study was supported by research grants from

the Edward C Rosenow III, M. D., Professorship in the Art of Medicine;
the Baddour Family Fund; the Mayo Foundation for Medical Education
and Research; and the National Institutes of Health (NIH) grant R01
AG034676 (REP grant). C. V. D. is supported by a NIH training grant
(grant number HL 007111).
Disclaimer. The funding organizations had no role in the design and

conduct of the study; the collection, management, analysis, and interpreta-
tion of the data; or the preparation, review, or approval of the manuscript.
Potential conflicts of interest. M. R. S.: TyRx Inc. (moderate, $ <10 000).

L. M. B.: royalty payments, UpToDate, Inc.; editor-in-chief payments,

Massachusetts Medical Society (Journal Watch Infectious Diseases); co-editor-
ship payments, American College of Physicians (Physicians’ Information and
Education Resource). All other authors report no potential conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Delling FN, Vasan RS. Epidemiology and pathophysiology of mitral
valve prolapse: new insights into disease progression, genetics, and mo-
lecular basis. Circulation 2014; 129:2158–70.

2. Strom BL, Abrutyn E, Berlin JA, et al. Dental and cardiac risk factors for
infective endocarditis. A population-based, case-control study. Ann In-
tern Med 1998; 129:761–9.

3. Baddour LM, Bisno AL. Mitral valve prolapse: multifactorial etiologies
and variable prognosis. Am Heart J 1986; 112:1359–62.

4. Tleyjeh IM, Steckelberg JM, Murad HS, et al. Temporal trends in infec-
tive endocarditis: a population-based study in Olmsted County, Minne-
sota. JAMA 2005; 293:3022–8.

5. Correa de Sa DD, Tleyjeh IM, Anavekar NS, et al. Epidemiological
trends of infective endocarditis: a population-based study in Olmsted
County, Minnesota. Mayo Clin Proc 2010; 85:422–6.

6. Li JS, Sexton DJ, Mick N, et al. Proposed modifications to the Duke cri-
teria for the diagnosis of infective endocarditis. Clin Infect Dis 2000;
30:633–8.

7. Bonow RO, Carabello BA, Chatterjee K, et al. 2008 Focused update in-
corporated into the ACC/AHA 2006 guidelines for the management of
patients with valvular heart disease: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guide-
lines (Writing Committee to Revise the 1998 Guidelines for the Man-
agement of Patients With Valvular Heart Disease): endorsed by the
Society of Cardiovascular Anesthesiologists, Society for Cardiovascular
Angiography and Interventions, and Society of Thoracic Surgeons. Cir-
culation 2008; 118:e523–661.

8. Baddour LM, Bisno AL. Infective endocarditis complicating mitral valve
prolapse: epidemiologic, clinical, and microbiologic aspects. Rev Infect
Dis 1986; 8:117–37.

9. Weinberger I, Rotenberg Z, Zacharovitch D, Fuchs J, Davidson E,
Agmon J. Native valve infective endocarditis in the 1970s versus the
1980s: underlying cardiac lesions and infecting organisms. Clin Cardiol
1990; 13:94–8.

10. Castonguay MC, Burner KD, Edwards WD, Baddour LM,
Maleszewski JJ. Surgical pathology of native valve endocarditis in
310 specimens from 287 patients (1985–2004). Cardiovasc Pathol
2013; 22:19–27.

11. Facklam RR. Physiological differentiation of viridans streptococci. J Clin
Microbiol 1977; 5:184–201.

12. Nasuti JF, Zhang PJ, Feldman MD, et al. Fibrillin and other matrix pro-
teins in mitral valve prolapse syndrome. Ann Thorac Surg 2004;
77:532–6.

13. Bashore TM, Cabell C, Fowler V Jr. Update on infective endocarditis.
Curr Probl Cardiol 2006; 31:274–352.

14. Tart RC, van de Rijn I. Analysis of adherence of Streptococcus defectivus
and endocarditis-associated streptococci to extracellular matrix. Infect
Immun 1991; 59:857–62.

15. Lowrance JH, Baddour LM, Simpson WA. The role of fibronectin bind-
ing in the rat model of experimental endocarditis caused by Streptococ-
cus sanguis. J Clin Invest 1990; 86:7–13.

BRIEF REPORT • CID 2015:61 (15 August) • 625



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


