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Eosinophilic granuloma with Splendore-Hoeppli material caused by Mannheimia
granulomatis in a calf
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ABSTRACT. A large subcutaneous mass, formed on the left lower jaw of a 4-month-old Japanese Black male calf, was partially excised for
histological and bacteriological examinations. Antibiotic treatment resulted in a good prognosis. Bacteria isolated from the excised material
were characterized by weak hemolysis and positive reactions for catalase and oxidase, and were 99% identical to Mannheimia granulomatis
strains. The presence of the leukotoxin gene product was demonstrated by polymerase chain reaction amplification. Histological examina-
tion showed that the excised material was composed of dense fibrous connective tissue with sparsely distributed eosinophilic granulomas or
abscesses. These foci frequently contained Splendore-Hoeppli material with rod-shaped Gram-negative bacteria. Except for the absence of
lymphangitis and the presence of basophils and mast cells, the histology of this lesion resembled that of lechiguana associated with coinfec-
tion of M. granulomatis and Dermatobia hominis. Leukotoxin was demonstrated by immunohistochemistry within Splendore-Hoeppli

material and was judged to be responsible for its formation.
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The Splendore-Hoeppli phenomenon is caused by the
formation of intensely eosinophilic material around microor-
ganisms (bacteria, fungi and parasites) or biologically inert
substances in vivo [9]. Sulfur granules consisting of bacte-
rial colonies and surrounding Splendore-Hoeppli material
are usually encircled by neutrophils [10, 11]. No infectious
agent has been found in eosinophilic gastroenteritis with
similar material in ferrets [8], because this is caused by al-
lergic reactions, and allergens usually cannot be detected
by light microscoy. In contrast, either Corynebacterium
ulcerans or Nocardia spp. are commonly observed in bovine
nasal eosinophilic granulomas with Splendore-Hoeppli ma-
terial [13, 15].

Mannheimia granulomatis, which is one of the five
recognized species of the genus Mannheimia [2], mostly
infects rabbits and hares, rarely cattle, and is associated
with suppurative diseases [4, 5, 17]. However, eosinophilic
lymphangitis and microabscesses with Splendore-Hoeppli
material have been observed in bovine focal fibrogranulo-
matous proliferative panniculitis (lechiguana) associated
with M. granulomatis and Dermatobia hominis warble [1].
The current study reports a case of mandibular eosinophilic
granuloma in a 4-month-old calf, with particular emphasis
on the relationship between the Splendore-Hoeppli phenom-
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enon and leukotoxin produced by M. granulomatis.

In a farm in Hokkaido, the northern island of Japan, a 4
x 3 x 2 cm subcutaneous nodule was observed on the left
lower jaw of a 3-month-old Japanese Black male calf in No-
vember 2014. From the clinical characteristics, a bacterial
abscess was suspected, and antimicrobial treatment using
penicillin and streptomycin was initiated. However, the le-
sion enlarged to 40 x 25 x 25 cm and was therefore partially
excised for histological and bacteriological examinations
one month later. Tissues from the deep part were firm and
elastic, whereas those from the superficial part were soft and
relatively vascular. Yellowish white microabscesses contain-
ing sulfur granules were scattered throughout these tissues,
and some in the latter, softer, tissues were used for bacterial
culture. Despite intramuscular penicillin injection, the mass
became larger in size. Because of the penicillin and kanamy-
cin resistance but marbofloxacin and chloramphenicol sensi-
tivity of the isolated bacteria, the antibiotic was changed to
marbofloxacin, and the mass diminished somewhat in size
one month after surgery. Because an outbreak of pneumonia
occurred on the farm, prophylactic florfenicol and tylosin
were given to this animal 1.5 months after surgery. At the
age of 6 months, the animal no longer appeared to have any
lesions on the jaw, although several very hard nodules up to
2 cm in diameter were palpable.

The surgically removed tissues were fixed in 10% neu-
tral buffered formalin, embedded in paraffin, sectioned at 4
um and stained with hematoxylin and eosin (HE), Giemsa
and Gram. Immunohistochemistry was carried out by the
streptavidin-biotin complex/horseradish peroxidase (SAB)
method on paraffin sections using a commercially available
kit (Nichirei, Tokyo, Japan). A mouse monoclonal antibody
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to tryptase (clone AA-1, 1:200) (Lab Vision, Fremont, CA,
U.S.A.) was used as the primary antibody. Immunostaining
was also performed using a biotin-conjugated rabbit poly-
clonal antibody to Mannheimia haemolytica leukotoxin (1:5)
(Cusabio, Hubei, China) as part of the kit. Antigen retrieval
was done by microwave heating in 10 mM citrate buffer, pH
6.0 at 90°C for 9 min (tryptase) or enzymatic digestion with
pepsin at 37°C for 25 min (leukotoxin).

Abscess material obtained from the excised tissues was
cultured on 5% sheep blood agar at 37°C. The dominant
strain was subcultured on MacConkey agar and used for
Gram staining. In addition to catalase and oxidase, other
biochemical characteristics of the strain were examined us-
ing the ID-test-HN-20 Rapid (Nissui Pharmaceutical Co.,
Tokyo, Japan), according to the manufacturer’s instructions.
A fragment of the 16S rRNA gene of the isolate was ampli-
fied by polymerase chain reaction (PCR) using the primers
27F and 1525R [12]. DNA sequencing was performed with
an automated DNA sequencer ABI 3130 using an ABI Prism
BigDye Terminator, version 3.1, Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, U.S.A.), according
to the manufacturer’s protocol. The consensus sequence
was imported into Genetyx, version 10.0 (Genetyx, Tokyo,
Japan). The 16S rRNA gene sequence was analyzed using
the BLAST search program. In order to detect the pres-
ence of the leukotoxin (IktA) gene product, the primers,
Mg-lktA-F  (5'-CAGGTTTATCTACWACAGG-3') and
Mg-lktA-R  (5-GCTGCAATTTCAGGTGGTG-3"), were
designed based on reported sequences (Accession number:
DQ301941, DQ301940 and DQ301939).

Although actinomycosis was macroscopically suspected,
the isolated rod-shaped bacteria, which grew poorly on Mac-
Conkey agar, were negative for Gram, weakly hemolytic on
bovine blood agar, positive for oxidase and weakly positive
for catalase. The ID-test HN-20 Rapid system classified the
bacteria as M. haemolytica complex. The 16S rRNA of this
isolate shared 99% identity with M. granulomatis strains,
W4672/1 and ATCC 49244. The 1ktA gene product was de-
tected by PCR in the isolate.

On histological examination, the submandibular mass
consisted of dense fibrous connective tissue, with sparsely
distributed eosinophils, lymphocytes, plasma cells and mast
cells. In some areas, collagenous fibers were calcified and
were surrounded or phagocytosed by multinuclear giant
cells. Cellular foci were detected in places. The majority
was composed of eosinophil abscesses surrounded by his-
tiocytes or epithelioid cells, frequently with eosinophilic
hyaline deposits of Splendore-Hoeppli material (Fig. 1A).
The presence of rod-shaped bacteria within the material was
readily recognized by Giemsa staining (Fig. 1B); these were
Gram-negative. Some deposits, which were full of necrotic
eosinophils, were surrounded by epithelioid cells (Fig. 1C).
Deposits encircled by well-developed epithelioid cells were
accompanied by lymphocyte accumulation (Fig. 1D) and
were rarely calcified. The presence of leukotoxin was dem-
onstrated by immunohistochemistry in these deposits (Fig.
2A). In general, necrotic eosinophils tend to be confused
with neutrophils, but in the abscesses, nearly all component

cells were eosinophils, and basophils, which stained purple
with Giemsa and positive for tryptase (Fig. 2B), were ad-
mixed with them.

M. granulomatis has been isolated from cattle with sub-
clinical mastitis, oral cavity abscesses and suppurative bron-
chopneumonia [4, 5], and from roe deer with diseases, such
as pneumonia, stomatitis, glossitis, keratoconjunctivitis, and
neck phlegmon and abscess [6]. In contrast to the lesions
characterized by neutrophil infiltration or accumulation in
the above diseases, this organism is also associated with
eosinophilic lymphangitis and abscesses with Splendore-
Hoeppli material in lechiguana, which is a disease caused
by an interaction between the bacteria and D. hominis larvae
[1]. Unlike in this disease [19], lymphangitis was not ob-
served, but tryptase-positive basophils and mast cells were
detected in the current case. Considering that D. hominis is
not found in Japan and that human allergic bronchopulmo-
nary aspergillosis occurs most commonly in patients with
asthma or cystic fibrosis, especially those with coexisting
atopy [7, 16], the present animal may have had a constitu-
tional hypersensitivity to M. granulomatis [13].

In bovine nocardial eosinophilic granuloma, eosinophilic
deposits of Splendore-Hoeppli material are formed between
live epithelioid cells and intact filamentous bacteria, which
are considered to play important roles in its formation [15].
In the current case, the presence of leukotoxin [20] was
demonstrated at the transcriptional and protein levels, and a
similar situation has been reported in a case of eosinophilic
granuloma caused by C. ulcerans with diphtheria toxin
production [13]. Leukotoxin exerts cytolytic activity against
ruminant leukocytes, and also weak hemolytic activity [14],
which was observed here in the cultured bacteria. Because
eosinophils become incorporated into Splendore-Hoeppli
material in human allergic conjunctival granulomas [18], it
is highly probable that eosinophils undergoing coagulation
necrosis by leukotoxin or diphtheria toxin [13] are the source
of Splendore-Hoeppli material in the animals studied here
and previously. Similarly, neutrophils phagocytosing intact
bacteria underwent coagulation necrosis, with transforma-
tion to sulfur granules in a case of Trueperella pyogenes
abscess in a heifer [15], although the presence of hemolysin
(pyolysin) exhibiting cytotoxic effects on bovine neutrophils
was not determined [3]. Splendore-Hoeppli material in the
case of C. ulcerans was more abundant than in the current
case 13]; the amount produced may depend on the cytotoxic-
ity and quantity of the exotoxin produced by the bacteria in
each case.

In human eosinophilic pneumonia associated with As-
pergillus infection, steroid administration is effective in
suppressing allergic reactions, but aggravates aspergilloma
despite antifungal treatment [21]. Likewise, two heifers with
nasal eosinophilic granuloma caused by Nocardia spp. died
or had a poor prognosis, although antibiotic treatment with
or without steroid medication was given [15]. In contrast,
as in a case of Corynebacterium infection [13], the animal
studied here had a good prognosis. In the former, surgical
excision was very helpful in eliminating the majority of bac-
teria acting as pathogens as well as allergens [13]. Remission
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Fig. 1. Histology. (A) Eosinophilic hyaline deposits of Splendore-Hoeppli material are visible within eosinophilic abscesses, around which
histiocytes or epithelioid cells are seen. HE. Bar=100 um. (B) This Splendore-Hoeppli material is surrounded by many eosinophils, and
contains a bacterial colony, in which intact organisms are stained more intensely blue (arrows). Giemsa. Bar=5 um. (C) Eosinophils are
becoming incorporated into the Splendore-Hoeppli material. Giemsa. Bar=5 ym. (D) Well-developed epithelioid cells are observed around
a sulfur granule composed of hyaline material, bacteria and necrotic eosinophils, and are encircled by accumulated lymphocytes. Giemsa.
Bar=10 ym.

Fig. 2. Immunohistochemistry. (A) Staining for leukotoxin shows positivity within the same material as depicted in Fig. 1C. SAB. Bar=10
um. (B) Tryptase-positive basophils are scattered within an eosinophilic abscess and are smaller in size than mast cells located at its
periphery (arrows). SAB. Bar=10 ym.
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of the lesion was achieved by chloramphenicol treatment in
lechiguana [19] and also by injection of some antibiotics in
the current case. Thus, antibiotic treatment is recommended
for cattle with eosinophilic granuloma or abscesses caused
by M. granulomatis, irrespective of botfly larvae infestation
[19].
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