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Concurrent infection with Streptococcus equisimilis
and Leishmania in a dog
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Leishmaniasis in dogs, a common disease in the Mediter-
ranean basin, is caused by members of Leishmania donovani
complex, mainly L. leishmania infantum,17 that multiply in
cells of the mononuclear phagocyte system.16 The immune
system is important in the pathogenesis of the disease in
dogs18 and human beings. 9,11 In dogs, group C streptococcal
infections cause septicemia, bronchopneumonia, and urinary
tract infections. 13 The purpose of the present report is to 
describe concurrent group C (S. equisimilis) streptococcal
and Leishmania infection in a dog.

Tryticase soy agar plus 5% sheep blood.b Plates were incu-
bated aerobically and anaerobicallyc at 37 C for 24 hours.
Further identification was performed by Gram’s stain, cat-
alase activity, growth in Baird Parker agar, and biochemical
studies. Biochemical identification of the bacteria was done
using an automated system.d

A 5-year-old female mastiff with mucopurulent conjunc-
tivitis, anorexia, and ataxia of 3 day’s duration had elevated
blood urea nitrogen concentration (42 mg/dl) and low he-
matocrit (20%). The dog became hypothermic, with signs of
vascular collapse, and was euthanized. Two years earlier, this
dog had had epidermal scaling, periocular alopecia, pruritus,
conjunctivitis, enlarged popliteal lymph nodes, and increased
total serum proteins (12.2 g/dl) due to elevation of the beta-
gamma globulin fraction (8.2 g/dl). Bone marrow cytology
at that time showed numerous organisms within macro-
phages, consistent with Leishmania. The animal responded
to treatment with antimonials.

Serohemorrhagic fluid with fibrin distended the peritoneal
cavity. Similar fluid filled the pleural space and distended
the pericardial sac, which was focally adhered to the right
ventricular epicardium. Thrombi were attached to the left
atrioventricular valve (Fig. 1). The spleen and mesenteric,
hepatic, and cervical lymph nodes were enlarged. The liver
had an accentuated lobular pattern and an infarct in the left
lateral lobe (Fig. 2).

Numerous protozoal organisms in macrophages of the
spleen, lymph nodes, and liver were identified as amastigotes
of Leishmania by immunohistochemical techniques (Fig. 3)
and electron microscopy. Leishmania antigen was demon-
strated immunohistochemically in macrophages of these or-

Immediately after euthanasia, tissue samples were fixed
for routine histopathologic analysis. Immunohistochemical
evaluation to detect Leishmania antigen was done following
a previously described technique.20 The anti-Leishmania se-
rum was from naturally infected human beings. An avidin-
biotin-peroxidase complex (ABC) method was used to dem-
onstrate amyloid in the kidney.7 A monoclonal antibody
against amyloid Aa (reference M759) was used. Samples from
liver, kidney, spleen, and pericardial fluid were plated on
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Figure 2. Liver; dog. The dark area in the left lateral lobe (arrowheads) is an infarct.

gans and in small intestinal lamina propria and submucosa
and gastric submucosa. Macrophages in these tissues also
contained abundant hemosiderin. Gram-positive cocci oc-
curred in hepatic sinusoids, splenic red pulp, lymph nodes,
myocardial interstitium, and left atrioventricular valve and
in capillaries of the renal glomeruli, small intestinal lamina
propria, and brain.

Lymphocytes and plasma cells infiltrated the right ven-
tricular epicardium. Multifocal necrosis and mineralization

occurred in the ventricular myocardium, which was infil-
trated by neutrophils and lymphocytes. Valvular thrombi
contained numerous neutrophils and cocci. Splenic follicles
were hyperplastic, and increased numbers of reticulohistio-
cytic cells occurred in the splenic red pulp. The renal glo-
merular interstitium was expanded by amyloid deposits (Fig.
4), as confirmed by immunohistochemistry. Electron micro-
scopic examination of glomeruli (Fig. 5) revealed amyloid
fibrils in the mesangium and capillary basement membrane,

Figure 3. Spleen; dog. Numerous intracytoplasmic Leishmania (arrows) are stained with anti-Leishmania antiserum. Peroxidase-
antiperoxidase, 1,000 ×.
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Figure 4. Kidney; dog. Two glomeruli (circle) are almost destroyed and contain suppurative infiltrate. Other glomeruli (A) have
amorphous material in the mesangium and proteinaceous material in the Bowman’s space. HE, 400 ×.

Figure 5. Transmission electron micrograph. Kidney; dog. An extensive deposit of amyloid fibrils arising from the basement membrane
fills the Bowman’s space (circle). Foot processes of podocytes are fused (arrows) and the cytoplasm of endothelial cells appears severely
vacuolized (V). The basement membrane (BM) is folded and segmentally thickened with electron-dense deposits of probable immune
complex origin. 13,400 ×.
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beneath endothelium and epithelium, and in the urinary space.
Podocyte foot processes were fused and retracted, endothelial
cells had vacuolated cytoplasm, and the glomerular basement
membrane was folded and thickened. Multifocal necrosis and
neutrophil infiltration occurred in gray and white matter of
the brain. The leptomeninges were infiltrated with neutro-
phils and lymphocytes.

A pure culture of ß-hemolytic gram-positive cocci that
were catalase-negative was obtained (isolate FVM5811597).
No growth in Baird Parker agar was observed. Further typing
of the FVM5811597 isolate using biochemical tests led to a
final diagnosis of S. equisimilis (group C Streptococcus), with
99.3% agreement.

Our findings support a diagnosis of septicemic streptococ-
cosis and leishmaniasis. This is the first report of concurrent
group C streptococcal (Streptococcus equisimilis) and Leish-
mania infection in a dog. The diagnosis of leishmaniasis was
based on clinical, pathologic, immunohistologic, and elec-
tron microscopic studies. 20 Streptococcal infection was de-
tected by bacteriologic analyses. Group C Streptococcus spe-
cies, which include S. anginosus, S. zooepidemicus, S. equi,
and S. equisimilis as major human and animal pathogens3
are distinguished by their biochemical characteristics (Table
l).12 However, three reactions of FVM5811597 isolate were
not typical of S. equisimilis: the Voges-Proskauer, N-acetyl-
ß-glucosaminidase, and alanine-phenylalanine-proline-ar-
ylamidase reactions. Some lesions in this dog, such as the
reticulohistiocytic hyperplasia of lymphoid organs, plasma
cell proliferation in the spleen, hemosiderosis, and glomer-
ular amyloidosis, probably resulted from protozoal infec-
tion. 4,10,17,20 Glomerulonephritis with proliferation of mes-
angial or endothelial cells, or basement membrane
thickening, 15 apparently caused by immune complex depo-
sition, is common in canine leishmaniasis.14 Amyloid de-
position is unusual. 17 Amyloidosis in this dog could have
resulted from prolonged nonspecific polyclonal hypergam-
maglobulinemia, which occurs in most infected dogs.20

Streptococcus is commonly implicated in canine valvular
endocarditis.6 Although no attempts were made to isolate
bacteria from cardiac valves, the presence of numerous gram-
positive cocci attached to the thrombi and associated with
pyogenic inflammation and the isolation in pure culture from
various organs, including the heart, of S. equisimilis suggest
that the valvular cocci were S. equisimilis. Shedding of bac-
teria from the valve could explain colonization of organs
such as the liver and the kidney. Pericardial effusion has been
associated with leishmaniasis,8 but the absence of protozoa

by histopathology, the absence of Leishmania antigens in the
heart (including the epicardium) by immunohistochemistry,
and the isolation in pure culture of S. equisimilis from the
effusion in this dog implicate a bacterial cause.

The relationship of streptococcosis to leishmaniasis in this
dog is unclear. Although phagocytic abilities of macrophages
from Leishmania-infected animals are temporarily altered,1,5

a recent study18 demonstrated that immunodepression in
Leishmania-infected dogs is antigen specific, and affected
animals respond positively to other antigens. Streptococcus
equisimilis septicemia or endocarditis is also uncommon in
humans and has been related to underlying diseases, includ-
ing immunosuppression or neoplasia.2,19 We did not assess
the immune status of this dog, but Leishmania parasitism
of macrophages could have altered the phagocytic response
to other organisms, including bacteria.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Sources and manufacturers

Dako Corp., Carpinteria, CA.
Biomerieux España, Madrid, Spain.
Anaerocult P, Merck, Germany.
ATB system, Biomerieux España, Madrid, Spain.

References

Al Mofleh IA: 1987, A macrophage immunosuppression in-
duced by Leishmania major in BALB/c mice. Trop Med Par-
asitol 38:93-96.
Andreu J, Falco V, Alegre J, et al.: 1990, Endocarditis aórtica
por Streptococcus equisimilis. Enf Infect Microbiol Clin 8:658-
659.
Barrow GI, Feltham RKA: 1993, The streptococci. In: Cowan
and Steel’s manual for the identification of medical bacteria, ed.
Barrow GI, Feltham RKA, 3rd ed., pp. 59-66. Cambridge Uni-
versity Press, Cambridge, UK.
Binhazim AA, Chapman WL Jr, Latimer KS, et al.: 1992,
Canine leishmaniasis caused by Leishmania leishmania infan-
tum in two Labrador retrievers. J Vet Diagn Invest 4:299-305.
Buchmüller-Rouiller Y, Mauël J: 1987, Impairment of the ox-
idative metabolism of mouse peritoneal macrophages by intra-
cellular Leishmania spp. Infect Immun 55:587-593.
Calvert CA, Dow SW: 1990, Cardiovascular infections. In:
Infectious diseases of the dog and cat, ed. Greene CE, pp. 97-
113. WB Saunders Co., Philadelphia, PA.
Ferrer L, Rabanal R, Domingo M, et al.: 1988, Identification
of leishmania amastigotes in canine tissues by immunoperox-
idase staining. Res Vet Sci 44: 194-196.
Font A, Durall N, Domingo M, et al: 1993, Cardiac tamponade
in a dog with visceral leishmaniasis. J Am Anim Hosp Assoc
29:95-100.
Ghalib HW, Piuvezam MR, Skeiky YAW, et al.: 1993, Inter-
leukin 10 production correlates with pathology in human Leish-
mania donovani infections. J Clin Invest 92:324-329.
Keenan CM, Hendricks LD, Lightner L, et al.: 1984, Visceral
leishmaniasis in the German shepherd dog. II. Pathology. Vet
Pathol 21:80-86.
Kemp M, Kurtzhals JAL, Bendtzen K, et al: 1993, Leishmania
donovani-reactive Th1- and Th2-like T-cell clones from indi-
viduals who have recovered from visceral leishmaniasis. Infect
Immun 61:1069-1073.
Lebrun L, Guibert M, Wallet P, et al.: 1986, Human Fc (gam-
ma) receptors for differentiation in throat cultures of group C
“Streptococcus equisimilis” and group C “Streptococcus mil-
leri.” J Clin Microbiol 24:705-707.



Brief communications 375

13. Ling GV, Biberstein EL, Hirsch DC: 1979, Bacterial pathogens 17. Poli A, Abramo F, Mancianti F, et al.: 1991, Renal involvement
associated with urinary tract infections. Vet Clin North Am in canine leishmaniasis. A light-microscopic, immunohisto-
[Small Anim Pract] 9:617-630. chemical and electron-microscopic study. Nephron 57:444-452.

14. Mancianti F, Poli A, Bionda A: 1989, Analysis of renal im- 18. Pinelli E, Killick-Kendrick R, Wagenaar J, et al.: 1994, Cellular
mune-deposits in canine leishmaniasis. Preliminary results. Pa- and humoral responses in dogs experimentally and naturally
rasitologia 31:213-230. infected with Leishmania infantum. Infect Immun 62:229-235.

15. Marcussen N, Vetner M, Kristensen HM: 1989, Interstitial 19. Salata RA, Lemer PI, Shalaes DM, et al.: 1989, Infections due
nephritis and glomerulonephritis in visceral leishmaniasis in a to Lancefield group C streptococci. Medicine 68:225-239.
dog. Acta Pathol Microbiol Immunol Scand 97:1137-1140. 20. Slappendel RJ, Green CE: 1990, Leishmaniasis. In: Infectious

16. Mauel J: 1990, Macrophage-parasite interactions in Leish- diseases of the dog and cat, ed. Greene CE, pp. 769-777. WB
mania infections. J Leukocyte Biol 47:187-193. Saunders Co., Philadelphia, PA.

J Vet Diagn Invest 6:375-377 (1994)

Tonsil and turbinate colonization by toxigenic and nontoxigenic strains of
Pasteurella multocida in conventionally raised swine

Mark R. Ackermann, Mary C. DeBey, Karen B. Register,
David J. Larson, Joann M. Kinyon

Pneumonia and upper respiratory tract infections, such as
atrophic rhinitis, are common and insidious diseases of swine.
They are often considered causes of decreased rate of weight
gain, inefficient feed conversion, and increased time to mar-
ket, although these parameters do not absolutely correlate
with the severity of lesions. Pasteurella multocida is asso-
ciated with lower and upper respiratory infections, based on
results of lung cultures at necropsy and cultures from swabs
of the nasal cavity. 4,8,9,15 In the lung, one study showed that
nontoxigenic strains were most commonly isolated from acute
to subacute pneumonic areas, and toxigenic strains were most
commonly isolated from granulomas.9 In atrophic rhinitis,
toxigenic strains are associated with severe, progressive tur-
binate atrophy. 2-4,8,12 Experimentally, purified toxin induces
turbinate atrophy when aerosolized into the nasal cavity or
injected into the subcutis, muscle, or peritoneum. 1,6-8,11

Although isolation of P. multocida from pneumonic lungs
and nasal cavities reflects its etiologic importance, other an-
atomical locations, such as tonsil, may be a reservoir for P.
multocida in swine. 2,3,14,15 Pasteurella multocida can be iso-
lated from turbinate6,8 and tonsi1,2,3,14 however, one study in
gnotobiotic pigs and two studies in specific-pathogen-free
pigs demonstrated that tonsil is colonized to a greater degree
than turbinate. 2,3,13,14 The purpose of this study was to use
conventionally reared swine to investigate the relative affinity
of P. multocida for nasal turbinate mucosa and tonsil and
the prevalence of toxigenic strains in a random population
of Iowa swine.

Tonsil and turbinate were collected from 53 young and
growing swine (20-80 kg) submitted live for necropsy at Iowa
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State University’s Veterinary Diagnostic Laboratory and the
National Animal Disease Center (NADC), Ames, Iowa, and
from 21 sows killed following routine caesarean sections at
the NADC. Tissues were collected (washed and rinsed in-
struments) and stored frozen at -80 C for up to 2 months.
Clinical histories and necropsy findings of pigs from the Di-
agnostic Laboratory varied greatly, and some pigs had evi-
dence of turbinate atrophy according to visual inspection at
necropsy (Table 1). Sows from the NADC were clinically
healthy and had no evidence of turbinate atrophy as deter-
mined by gross examination.

Thawed tissues were ground in 0.02 M phosphate-buffered
saline (pH 7.0, 10% w/w), and 10-fold dilutions were inoc-
ulated onto duplicate blood agar (BA) plates (tryptose blood
agar base + 5% citrated bovine blood)a without or with an-
timicrobials (Kinyon P. muhocida type D protein [KPMD];
plate concentration = bacitracin, 3.75 U/ml; clindamycin, 5
µg/ml; gentamicin, 0.75 µg/ml; amphotericin B, 2.25 µg/ml)
to select for P. multocida. Suspect colonies on KPMD and
additional suspect colonies from BA were subcultured to
obtain single colonies on dextrose starch agara and identified
by standard methods. 5,15 Tests of over 200 tonsil and tur-
binate cultures by the Clinical Microbiology Laboratory at
Iowa State University demonstrated superior recovery of P.
multocida from KPMD when compared with BA. In addi-
tion, only a small decrease (roughly 10%) in numbers of
colony-forming units (CPU) of P. multocida were seen in
KPMD plates when equal bacterial suspensions were plated
onto KPMD and BA. Colonies identified as P. multocida
were transferred to duplicate nylon membranes and tested
for expression of toxin as described with a colony-blot as-
say.10 No differences in toxin expression, as determined by
the membrane-lift procedure, were seen in bacterial colonies
grown on KPMD or BA. Pasteurella multocida strains P1683
(toxigenic) and P4214 (nontoxigenic) served as positive and
negative controls, respectively, for the colony-blot assay.

Pasteurella multocida was isolated from 35 (66%) of 53


