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 Experimental Bacterial Endocarditis in the Opossum (Di del phis virginiana).
 II. Induction of Endocarditis with a Single Injection of Streptococcus viridans

 Javad Vakilzadeh, D. T. Rowlands, Jr.,
 B. F. Sherwood, and J. C. LeMay  From the Departments of

 Community Health Sciences,
 Pathology and Veterinary Medicine,

 Duke University Medical Center,
 Durham, North Carolina

 The high rate of occurrence of spontaneous bac-
 terial endocarditis in adult opossums (Didelphis
 virginiana) and its elimination under appropriate
 laboratory conditions suggested that this animal
 might be an excellent model for the study of
 experimental endocarditis [1-3]. This paper re-
 ports the induction of bacterial endocarditis in
 opossums by a single injection of Streptococcus
 viridans.

 Materials and Methods

 The adult male opossums (2.5-3.6 kg) used in
 this study were kept in individual stainless steel
 cages (22 inches X 20 inches X 15 inches) in a
 room with a constant temperature of 24 C and
 the humidity at a level of 5096-6096. Alpha-
 hemolytic streptococci isolated from a spontane-
 ous case of bacterial endocarditis in an opossum
 served as the infectious agent. The l-ml bacterial
 inoculum used in each animal was derived from

 a freshly grown culture and contained 52 X 106
 viable organisms. The cellular concentration was
 measured as total wet volume with a Hopkins
 tube, and viability of the bacteria was estimated
 by colony-counts.

 Twenty-one animals made up the test group,
 and 12 others were controls. The jugular vein
 was approached aseptically for the intravenous
 injection of bacteria and for collection of blood
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 samples. Phencyclidine HC1 (25 mg/kg) was
 used to facilitate handling of the opossums. Anti-
 biotics were not used.

 Blood samples for bacteriologic, immunologic,
 and hematologic studies were taken immediately
 before infection and twice weekly throughout the
 28-day experimentation. Aliquots of the blood
 were placed in trypticase soy broth, thioglycolate,
 and citrate tubes. Aerobic and anaerobic cultures

 were done in a routine diagnostic laboratory.
 Serum was prepared from clotted blood, and total
 proteins were measured by the biuret method,
 with BSA as a standard [4]. Zonal electrophoresis
 was carried out on the millipore apparatus with
 0.1 m barbital buffer (pH 8.6). Ponceau S was
 used to stain the proteins. Their relative con-
 centrations were then estimated by an analytrol.
 Levels of antibody were estimated by agglutina-
 tion, with serial 2-fold dilutions of serum as de-
 scribed by others [5]. Total counts of leukocytes
 were done with the Fisher autocytometer, and the
 packed cell volume was determined by the micro-
 method with capillary tubes and the Clay-Adams
 microcentrifuge. Smears of peripheral blood were
 made in each case, and differential cell counts
 were performed after Wright's stain. Represen-
 tative tissues from each animal were fixed in

 1096 buffered formalin, processed in the usual
 way, embedded in paraffin, and sectioned. Hema-
 toxylin and eosin was used as the routine stain,
 and the Brown-and-Brenn stain was used to iden-

 tify bacteria in valvular vegetations.

 Results

 Pathology. Changes were observed in the
 hearts, kidneys, and central nervous systems of
 both test and control animals (figure 1). Endo-
 carditis was found in 12 of the 21 test animals

 and in 2 of the 12 controls. The mitral valve was
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 Figure 1. Distribution of organ injuries in opos-
 sums following single inoculation of alpha-hemolytic
 streptococci.

 affected in each animal with endocarditis. The

 aortic valve was the next one most frequently
 involved. One opossum had mitral, aortic, and
 pulmonic valvulitis, and another had mitral,
 aortic, and tricuspid valvulitis. The morphology
 of these lesions has been described in detail [6];
 they were found to be identical to those observed
 in spontaneous bacterial endocarditis in this spe-
 cies [2]. Myocarditis either was characterized by
 lymphocytes in aggregates or was more diffusely
 distributed. There was no correlation between

 the occurrence or severity of myocarditis and
 endocarditis.

 Meningeal inflammation was found in 14 test
 opossums and 6 controls. This inflammation was
 mild and consisted of scattered lymphocytes. Brain
 abscesses were found in 8 test animals but in only
 1 of the controls. These lesions were not easily
 recognized on gross examination but appeared as
 small, poorly defined areas of necrosis and poly-
 morphonuclear leukocytes.

 Proliferative glomerulonephritis also appeared
 frequently in 19 test animals, but was present in
 only 5 of the 12 control animals. No differences
 between the morphologic features of glomerulo-
 nephritis in test opossums and those in the controls
 were observed.

 Bacteriology. Table 1 summarizes the bacteri-
 ologic and pathologic findings in all animals.
 There were 3 positive blood cultures in test ani-
 mals and 1 in the controls before the injection
 of bacteria; of the former group, only 1 oppos-
 sum developed endocarditis. The incidence of
 bacteremia was greatest during the first 3 weeks
 of the experiment, a finding corresponding to
 the highest rate of development of bacterial en-
 docarditis. Alpha-hemolytic streptococci were iso-
 lated from the vegetations in 9 of the 12 cases
 of endocarditis (75%). That alpha-hemolytic
 streptococci were not eliminated from control ani-
 mals is indicated by positive blood cultures, which
 were found in 8 of 41 samples (19%). How-
 ever, only 2 of these animals developed endo-
 carditis, the vegetations were small and confined
 to the mitral valve, and no bacteria were recov-
 ered from either vegetation. In only 1 control ani-
 mal were streptococci found in cultures of heart
 valves.

 Serology and hematology. Low levels of anti-
 streptococcal antibodies were common in both test
 and control animals, and infection was not fol-

 Table 1. Alpha-hemolytic streptococci cultured from blood samples and heart valves and pathologic evi-
 dence of endocarditis in opossums during 28-day experimentation following single inoculation of alpha-
 hemolytic streptococci

 Heart valve

 Blood cultures cultures Endocarditis

 Time (positive/total) (positive/total) (positive/total)
 (days) Tests Controls Tests Controls Tests Controls
 0-7 .......... 3/21* 1/12* 5/6 0/2 6/6 0/2
 8-13 ......... 6/15 2/10 3/3 0/2 3/3 0/2
 14-20 ......... 4/12 2/8 0/3 0/2 1/3 1/2
 21-27 ......... 3/9 3/6 1/3 0/1 1/3 1/1
 28 ............ 0/6 0/5 4/6 1/5 1/6 0/5

 * Blood culture taken before injection of bacteria.
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 lowed by a rise in antibody activity. Similarly,
 there was no difference between test and control

 animals with regard to total serum protein or its
 fractions as studied by zonal and immunoelectro-
 phoresis. The peripheral white counts were high
 compared with human values, and no change with
 infection was observed in total count, differential
 count, or packed cell volume.

 Discussion

 Bacterial endocarditis can be induced in most spe-
 cies of animals only after they have been sub-
 jected to hemodynamic alterations, other stress,
 or the injection of multiple doses of bacteria [7-
 11]. In contrast, bacterial endocarditis can be in-
 duced in opossums with ease. This was done in
 the present study without hemodynamic change,
 with stress minimized, and with the injection of
 only a single bacterial inoculum.

 It should be pointed out that adult opossums
 develop bacteremia readily, but the spontaneous
 occurrence of bacterial endocarditis can be all but

 eliminated in these animals under appropriate
 laboratory conditions. Although 19% of the blood
 cultures in our control animals were positive, only
 2 opossums developed endocarditis, and neither
 infection was thought to be due to streptococci.
 No bacteria were obtained from the endocardial

 lesions of these latter 2 animals. However, the di-
 rect participation of the injected organisms in the
 pathogenesis of valvulitis seems certain, since
 31% of blood cultures were positive in the test
 group, 12 of 21 animals developed endocarditis,
 and streptococci were easily recovered from 75 %
 of these vegetations. In the 25% of vegetations
 without alpha-hemolytic streptococci, beta-hemo-
 lytic streptococci were isolated from only 1 animal,
 and no growth was seen in the remaining 2 test
 opossums.

 The ready susceptibility of opossums to bac-
 terial infection has not been explained fully. Re-
 cent studies of their immune system indicate that
 they have 2 major classes of humoral antibodies
 [12]. However, opossums respond to antigenic
 stimulation more slowly than do more conven-
 tional mammals [12-14]. There is no evidence
 that cellular immunity is impaired in these animals.

 The relationships between bacterial endocarditis,
 brain abscesses, and glomerulonephritis in these
 animals are of particular interest. The adult opos-

 sum often has a minor degree of chronic menin-
 gitis. However, brain abscesses were observed only
 in those animals having bacterial endocarditis and
 can be attributed most likely to emboli arising
 from the infected heart valves. The pathogenesis
 of the renal lesions is less easily explained. Al-
 though proliferative glomerulonephritis was seen
 more often in the kidneys of the test animals, it
 was also present in several controls.

 Summary

 Bacterial endocarditis was induced in unmodified

 adult opossums (Didelphis virginiana) by admin-
 istration of a single intravenous injection of alpha-
 hemolytic streptococci. Animals were kept in in-
 dividual cages and in a controlled environment
 preceding and during the 28-day experimentation.
 Bacteriologic, immunologic, hematologic, and
 pathologic findings have been presented. The re-
 sults suggest that bacterial endocarditis can be
 induced successfully in this species by a single
 bacterial inoculum without subjecting animals to
 any cardiovascular stress or hemodynamic alter-
 ations.

 References

 1. LaPlante, E. S., and R. G. Burrell. 1966. Bacterial
 endocarditis in opossums. Bull. Wildlife Disease
 Assoc. 2:10-12.

 2. Sherwood, B. F., D. T. Rowlands, Jr., D. B. Hackel,
 and J. C. LeMay. 1968. Bacterial endocarditis,
 glomerulonephritis, and amyloidosis in the opos-
 sum (Didelphis virginiana). Amer. J. Path. 53:
 115-126.

 3. Sherwood, B. F., D. T. Rowlands, Jr., D. B. Hackel,
 and J. C. LeMay. 1969. The opossum (Didelphis
 virginiana) as a laboratory animal. Lab. Anim.
 Care 19:494-499.

 4. Gornall, A. G., C. J. Bardawill, and M. M. David.
 1949. Determination of serum protein by means
 of the biuret reaction. J. Biol. Chem. 177:751-
 766.

 5. Thomas, L., G. S. Mirick, E. C. Curnen, J. E. Zie-
 gler, Jr., and F. L. Horsfall, Jr. 1943. Serological
 reactions with an indifferent streptococcus in pri-
 mary atypical pneumonia. Science 98:566-568.

 6. Rowlands, D. T., Jr., J. Vakilzadeh, B. F. Sher-
 wood, and J. C. LeMay. 1970. Experimental bac-

 terial endocarditis in the opossum (Didelphis
 virginiana). 1. Valvular changes following a single
 injection of bacteria in unmodified adult opossums.
 Amer. J. Path. 58:295-304.

 7. Rabens, R. A., J. E. Geraci, J. H. Grindlay, and
 A. G. Karlson. 1955. Experimental bacterial en-

This content downloaded from 192.70.253.18 on Fri, 09 Dec 2022 21:19:51 UTC
All use subject to https://about.jstor.org/terms



 92  Vakilzadeh et al.

 docarditis due to Streptococcus mitis. 1. Methods
 of induction. Circulation 11:199-205.

 8. Highman, B., P. D. Altland, and J. Roshe. 1959.
 Staphylococcal endocarditis and glomeruloneph-
 ritis in dogs. Circulation Res. 7:982-987.

 9. Oka, M., A. Shirota, and A. Angrist. 1966. Experi-
 mental endocarditis. Endocrine factors in valve

 lesions on AV shunt rats. Arch. Path. (Chicago)
 82:85-92.

 10. Highman, B., J. Roshe, and P. D. Altland. 1958.
 Endocarditis and glomerulonephritis in dogs with
 aortic insufficiency. Production by single bacterial
 inoculation and effect of cortisone. Arch. Path.

 (Chicago) 65:388-394.

 11. Highman, B., J. Roshe, and P. D. Altland. 1956.
 Production of endocarditis with Staphylococcus
 aureus and Streptococcus mitis in dogs with aortic
 insufficiency. Circulation Res. 4:250-256.

 12. Rowlands, D. T., Jr., and M. A. Dudley. 1968. The
 isolation of immunoglobulins of the adult opos-
 sum (Didelphys virginiana). J. Immun. 100:736-
 743.

 13. Taylor, D. C., and R. Burrell. 1968. The immuno-
 logic responses of the North American opossum
 (Didelphys virginiana). J. Immun. 100:1207-1216.

 14. Rowlands, D. T., Jr. 1970. The immune response
 of adult opossums (Didelphis virginiana) to the
 bacteriophage f2. Immunology 18:149-155.

This content downloaded from 192.70.253.18 on Fri, 09 Dec 2022 21:19:51 UTC
All use subject to https://about.jstor.org/terms


	Contents
	89
	90
	91
	92

	Issue Table of Contents
	The Journal of Infectious Diseases, Vol. 122, No. 1/2 (Jul. - Aug., 1970), pp. i-ix, 1-126
	Volume Information
	Front Matter
	Original Articles
	In-vitro Interaction of Shigella flexneri with Leukocytes and HeLa Cells [pp. 1-9]
	Equine Interferon: Absence in Equine Infectious Anemia and Kinetics of Induction in Equine Cells [pp. 10-15]
	Modification of an Outbreak of Influenza in Tecumseh, Michigan by Vaccination of Schoolchildren [pp. 16-25]
	Purified Influenza Vaccine: Clinical and Serologic Responses to Varying Doses and Different Routes of Immunization [pp. 26-32]
	Nephrotoxicity due to Cephaloridine: A Light- and Electron-Microscopic Study in Rabbits [pp. 33-44]
	Arboviral Infection of Voluntary Striated Muscles [pp. 45-52]
	A Comparative Study of the Pathogenesis of Western Equine and Eastern Equine Encephalomyelitis Viral Infections in Mice by Intracerebral and Subcutaneous Inoculations [pp. 53-63]
	Effect of Physical Stress on the Elementary Bodies and Colony-forming Units of Mycoplasmas [pp. 64-69]
	Characterization of Brucella Skin-Test Antigens [pp. 70-82]

	Notes
	The Effect of the Supply of Oral Antibiotic on the Fecal Flora and Mortality of Mouse Radiation Chimeras [pp. 83-88]
	Experimental Bacterial Endocarditis in the Opossum (Didelphis virginiana). II. Induction of Endocarditis with a Single Injection of Streptococcus viridans [pp. 89-92]
	Immune Inactivation of T-Strain Mycoplasmas [pp. 93-95]
	Tuberculosis in the Leopard Frog (Rana pipiens) [pp. 96-99]
	Antigenic Relationship between Escherichia coli and Neisseria meningitidis [pp. 100-103]

	Editorials
	Cephaloridine and the Kidneys [pp. 104-105]
	Recommended Criteria for the Identification of Trachoma and Inclusion Conjunctivitis Agents [pp. 105-107]

	Special Article
	Pandemic Influenza: An Unresolved Problem in Prevention [pp. 108-115]

	Committee on Immunization
	Guide to Immunization against Mumps [pp. 116-121]

	Surveillance for Botulism in the United States, 1968-1969 [pp. 122-123]
	Pertussis in the United States [pp. 123-125]
	Erratum: The Antigens of Vibrio cholerae Involved in the Vibriocidal Action of Antibody and Complement [p. 126-126]
	Book Received [p. 126-126]



