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Natural lymphatic (“atypical”)
actinobacillosis in cattle caused by
Actinobacillus lignieresii

Rubén D. Caffarena, Ana Rabaza, Laura Casaux,
Melissa Macias Rioseco, Carlos O. Schild, Cecilia Monesiglio,
Martin Fraga, Federico Giannitti, Franklin Riet-Correa'

Abstract. Bovine actinobacillosis is typically characterized by pyogranulomatous glossitis (wooden tongue). The
involvement of other tissues, generally the skin or lymph nodes, has been regarded as atypical or cutancous. We describe
herein 2 outbreaks of actinobacillosis affecting primarily the lymph nodes of the head and neck. The disease affected
40 of 540 lactating cows in a dairy herd, and 5 of 335 two-y-old steers in a beef herd. Multiple or single, occasionally
ulcerated nodules were observed in the region of the mandible, neck, and shoulder, including the parotid, submandibular,
retropharyngeal, and prescapular lymph nodes. The histologic lesions were multifocal pyogranulomatous lymphadenitis,
dermatitis, and cellulitis with Splendore—Hoeppli material. One steer had an exophytic pyogranuloma in the gingiva and
another died because of ruminal tympany secondary to oropharyngeal and esophageal obstruction by a pyogranulomatous
mass. Actinobacillus lignieresii was isolated from the lesions and identified by amplification, sequencing, and analysis of the
16S ribosomal (r)DNA gene. Seven of 8 cows recovered after treatment with sodium iodide. Lymphatic actinobacillosis is a
frequent disease in Uruguay, southern Brazil, and Argentina. Morbidity is 1-50%; mortality is <1%. 4. lignieresii apparently
penetrates the intact oral and pharyngeal mucosa, infecting primarily the regional lymph nodes. Later, lesions may extend
to the subcutaneous tissue and the skin, causing ulceration. Affected cattle with draining pyogranulomas contaminate the
environment, favoring disease transmission, and should be treated with sodium iodide or antibiotics and isolated from the
herd in order to control the disease.
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Introduction

Actinobacillosis, a disease with worldwide distribution, is
caused by Actinobacillus lignieresii, a natural inhabitant of
the upper respiratory and digestive tracts of ruminants.”>°
The bacterium, first recognized as a pathogen in South
America in the early 20th century,”” causes pyogranulomas
in various soft tissues, including the tongue, mouth, pharynx,
forestomachs, lymph nodes, lungs, skin, and subcutaneous
tissue.'?!1%%* Actinobacillosis in cattle typically involves
the tongue, causing an indurative pyogranulomatous glossi-
tis referred to as “wooden tongue.””*’ The involvement of
other organs, generally the skin or lymph nodes, has been
regarded as atypical or cutaneous actinobacillosis.>>!'%2!2
A common presentation of the disease, resulting in draining
nodular pyogranulomas in the region of the mandible and
neck, has been reported in beef and dairy cattle.">*!%1>202
We describe 2 outbreaks of actinobacillosis affecting primar-
ily the lymph nodes of the mandible and neck in a dairy and
a beef herd.

Materials and methods

Between October 2015 and July 2016, outbreaks of actino-
bacillosis were studied in a dairy herd in Florida and in a beef
herd in Colonia, Uruguay. In the dairy herd of 540 lactating
Holstein cows, 12 cows and 1 bull were examined clinically.
Core needle biopsies of the lesions were used for direct
microscopic observation of the exudate and for microbio-
logic and histologic studies. In one case, the affected pres-
capular lymph node and the surrounding subcutaneous tissue
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were excised surgically and processed for bacteriologic and
histologic examination.

The beef cattle herd included 335 two-y-old Hereford,
Aberdeen Angus, and crossbred steers. Five steers with nod-
ular lesions in the lymph nodes (3), gingiva (1) and orophar-
ynx, and the lung (1) were examined. Samples of the lymph
nodes were obtained by core needle biopsies, and samples of
the gingiva were obtained postmortem at the slaughterhouse
3 d after the first observation of the lesion. A steer with oro-
pharyngeal and pulmonary lesions died spontaneously of
ruminal tympany secondary to pharyngeal and esophageal
obstruction and was autopsied. Samples of the lesions in the
pharynx and the lungs were collected for bacteriologic and
histologic studies. Samples of other organs were also col-
lected for histologic examination.

Tissue samples were fixed in 10% neutral-buffered for-
malin, embedded in paraffin, sectioned at 4-5 pm, and
stained with hematoxylin and eosin for histologic examina-
tion. Selected sections were also stained with Gram and
Ziehl-Neelsen stains and processed with periodic acid—
Schiff (PAS) reaction for the identification of intralesional
microorganisms. Additionally, immunohistochemistry (IHC)
was performed on selected sections of lymph node and gin-
gival pyogranulomas using a rabbit polyclonal antibody
against bacille Calmette—Guerin (BCG; Dako, Carpinteria,
CA), an attenuated strain of Mycobacterium bovis that cross-
reacts with various other microorganisms, including bacteria
and fungi.’ Briefly, the slides were placed into a decloaking
chamber for 10 min at 121°C in citrate buffer for epitope
unmasking, an anti-rabbit horseradish peroxidase (HRP)-
labeled polymer (Envision+ System, Dako) was used as a
secondary antibody, and antibody binding was visualized
using 3-amino-9-ethylcarbazole (AEC) substrate chromogen
(AEC, Dako).

Exudates from lymph nodes, gingiva, pharynx, and lung
were observed microscopically for the presence of club-
shaped clusters, which are characteristic of bovine actino-
bacillosis. The samples were inoculated onto blood (Oxoid,
Basingstoke, Hampshire, England) and MacConkey (Oxoid)
agars and incubated microaerophilically at 37°C for 48 h.
Additionally, the samples were inoculated into brain-heart
infusion broth (Oxoid) and incubated under the same condi-
tions for 24 h. Aliquots of grown culture were then seeded
onto blood and MacConkey agars and incubated microaero-
philically at 37°C for 48 h. Bacterial colonies obtained from
the microaerophilic cultures that were morphologically simi-
lar to those of Actinobacillus spp.”* were selected and sub-
jected to standard biochemical tests for phenotypic
characterization. Afterward, DNA from selected colonies
was extracted using the GenElute bacterial genomic DNA kit
(Sigma-Aldrich, St. Louis, MO), and molecular identifica-
tion was performed by amplification and sequencing of the
almost complete 16S ribosomal (r)DNA gene using a com-
mercial sequencing service (Macrogen, Seoul, South Korea).
The sequences were assembled and edited using BioEdit

(Ibis Biosciences, Carlsbad, CA) and compared to sequences
deposited in the Ribosomal Database Project (RDP), as
described previously.** Maximum likelihood phylogenetic
trees were generated based on the Tamura—Nei model*® using
the sequences generated in this work and sequences depos-
ited in the RDP with commercial software."*

Eight affected cows from the dairy farm were treated
with a single intravenous dose of 60% sodium iodide solu-
tion (Windhoek, Munro, Buenos Aires, Argentina; 0.06 g/
kg body weight). One animal was treated simultaneously
with a single intramuscular dose of ceftiofur (Calier, Bue-
nos Aires, Argentina; 2 mg/kg body weight). Six of the 8
treated cattle were pregnant cows with gestational ages of
90-160 d. All affected steers in the beef herd were sent to a
slaughterhouse.

Results

From February to October, because of a forage shortage dur-
ing a dry season, the dairy herd was maintained in stables
and fed tall fescue (Festuca arundinacea, syn. Lolium arun-
dinaceum) hay, alfalfa (Medicago sativa), annual ryegrass
(Lolium multiflorum) haylage, and Sorghum sp. silage. The
herd also grazed in a tall fescue pasture for 3 h daily. The first
affected cows had cutaneous nodules in the region of the
mandible and neck in July 2015, nearly 3 mo before the ini-
tial veterinary consultation. At the time of the veterinary con-
sultation in October 2015, the practitioner mentioned that 40
(7.4%) animals showed similar lesions. Of the 13 cattle
examined during a visit to the farm (12 lactating cows and 1
bull), 7 had multiple nodules in the region of the parotid,
submandibular, and retropharyngeal lymph nodes (Fig. 1A),
5 had single lesions in the same region, and one had lesions
in the left prescapular lymph node. The nodules, 1-20 cm
diameter, were firm, occasionally with a fluctuant surface.
Most of the nodules were ulcerated, with granulation tissue
around the ulcers, or were covered by alopecic skin (Fig.
1A). The ulcers did not heal and occasionally had yellow
exudate overlying the surface. In 3 cases, small nodules, up
to 3 cm diameter, were arranged linearly along the lymphatic
vessels of the neck. Core needle biopsies yielded purulent
exudate and/or white or yellow tissue with an irregular sur-
face and a granular texture. The excisional biopsy of the
prescapular nodule in one cow had a lymph node in the cen-
ter of the nodule, surrounded by a white fibrous capsule. The
lymph node had lost its normal structure, and its cut surface
was yellow and contained numerous 1-2-mm granules (Fig.
1B). Small, yellow, round, pyogranulomas with irregular
surfaces were also observed in the lymph node capsule and
the subcutaneous tissue (Fig. 1B).

The beef herd grazed in 2 alternating pastures: one of
alfalfa, tall fescue, and orchard grass (Dactylis glomerata),
and another of brome grass (Bromus catharticus) and red
clover (Trifolium repens). The farmer reported that the dis-
ease was endemic in the farm, affecting nearly 3% of the
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Figure 1. A. Cow with ulcerated, nodular lesions in the lower
jaw and neck. B. Excisional biopsy of the prescapular nodule from
a cow. The lymph node in the center has a yellow cut surface with
numerous 1-2-mm granules and is surrounded by dense fibrous
connective tissue. Small, yellow, round, pyogranulomas with
irregular surfaces are observed in the lymph node capsule (arrow),
suggesting that these lesions extend from the lymph nodes to the
neighboring tissues.

herd each year. Three steers had multiple nodular lesions,
similar to those observed in the dairy herd, in the region of
the parotid, submandibular, and retropharyngeal lymph
nodes. One steer had an exophytic ulcerated and bleeding
nodular lesion, 4 x 3 x 2 cm, in the gingiva below the right
incisors (Fig. 2A). This lesion, examined at the slaughter-
house, was firm and white with yellow granules distributed
on the cut surface. A few days after the first visit to the farm,
one steer was drooling, with foaming at the mouth, tachy-
pnea, and severe abdominal distention mainly in the left
paralumbar fossa, along with severe pain and an abdominal
tympanic sound. The animal remained recumbent and unre-
sponsive and died acutely. At autopsy, the mucous mem-
branes were severely cyanotic. An 11 x 7 X 3 cm mass was
observed in the dorsal portion of the oropharynx (Fig. 2B,
2C). The mass obstructed the lumen of the oropharynx and
the proximal esophagus (Fig. 2B) and had an irregular white
surface with hemorrhages and yellow nodules (Fig. 2C).
The cut surface was firm and multilobular. The tracheal and
bronchial lumens were occupied by a large amount of white

stable foam, and diffuse pulmonary congestion and edema
were observed. Two ovoid nodules of ~3 cm diameter, with
irregular yellow cut surfaces surrounded by a white fibrous
capsule, were observed in the left and right caudal pulmo-
nary lobes (Fig. 2D). In the esophagus, at the level of the
thoracic inlet, there was a well-demarcated line that sepa-
rated the congested cervical esophageal mucosa from the
pale thoracic esophageal mucosa (bloat line).

Direct microscopic examination of the exudate obtained
by core needle biopsies and autopsy showed the distinctive
club-shaped clusters observed in actinobacillosis. The histo-
logic lesions were multifocal-to-coalescing pyogranuloma-
tous lymphadenitis, dermatitis, and cellulitis with dermal
ulceration. Pyogranulomas had a necrotic center with cellu-
lar debris that occasionally contained gram-negative cocco-
bacilli surrounded by acellular, club-shaped, deeply
eosinophilic palisading material, typical of the Splendore—
Hoeppli reaction, which was further surrounded by an
inflammatory infiltrate of neutrophils, macrophages, and
occasional multinucleate giant cells (Fig. 3A). Fibrous con-
nective tissue separated the pyogranulomas. No microorgan-
isms were observed with Ziehl-Neelsen stain or PAS
reaction. Inflammatory lesions in the prescapular lymph
node extended perinodally to involve the adjacent adipose
tissue and skin, and showed pyogranulomas with Splendore—
Hoeppli material and diffuse fibrosis and granulation tissue
(Fig. 3B). In the gingival lesion, as well as the pyogranulo-
mas typical of actinobacillosis, a foreign body granuloma
was observed with palisading macrophages surrounding
birefringent vegetal material (Fig. 3C). Typical Actinobacil-
lus-induced pyogranulomas were observed in the oropharyn-
geal and pulmonary nodules in the steer that died acutely. In
the 2 cases processed by IHC, strong, finely granular immu-
noreactivity restricted to the necrotic centers of the pyogran-
ulomas was observed (Fig. 3D). No immunoreactivity was
observed in the areas occupied by Splendore—Hoeppli mate-
rial, inflammatory infiltrate, fibrosis, or granulation tissues.

Small sticky colonies of gram-negative rods were isolated
on MacConkey and blood agar after 48 h of incubation. Col-
onies were non-hemolytic; positive for oxidase, urease, and
lysine decarboxylase; fermented glucose, lactose, xylose,
and mannose; and did not produce hydrogen sulfide or
indole, a biochemical profile compatible with Actinobacillus
spp. The phylogenetic analysis allowed for classification of
the isolates as A. lignieresii (Fig. 4). Sequences were depos-
ited in GenBank under accessions KX196156-KX196159,
KY492332, and KY492333.

Seven of the 8 cattle in the dairy farm recovered within 90
d of treatment. The nodules regressed, and the ulcers healed.
Five days after treatment, one of the cows aborted a fetus
with a gestational age of 160 d. One cow with severe ulcer-
ated cutaneous lesions showed transitory improvement after
treatment, but later relapsed and was therefore sent to slaugh-
ter. Other affected cattle were treated by the practitioner with
sodium iodine and recovered.
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Figure 2. A. Ulcerated exophytic nodular pyogranuloma in the gingiva of a steer. B, C. A nodular pyogranuloma on the dorsal portion of
the oropharynx obstructs the lumen of the esophagus of a steer (B). The 11 x 7 X 3 cm nodule expands the oropharynx (C). D. A pulmonary
pyogranuloma in the steer with the lesion in the oropharynx.

Figure 3. A. Necrotic center of the prescapular lymph node of a dairy cow, with club-shaped clusters and Splendore—Hoeppli material
surrounded by neutrophils and macrophages. H&E. Bar = 50 um. B. The presence of pyogranulomas in the parenchyma and in the outer part
of the capsule (arrow) of a prescapular lymph node suggests that lesions in the subcutaneous tissue are an extension from the lymph node
lesion. H&E. Bar = 50 um. C. In addition to the Splendore—Hoeppli material in the pyogranuloma (arrow) in the gingiva of a beef steer, plant
material is present within the lesion (arrowhead), suggesting that this lesion originated from a contaminated wound. H&E. Bar = 50 um. D.
Strong, finely granular immunoreactivity (arrow) in an extracellular location within the necrotic center of the pyogranuloma in the gingiva
of a beef steer. Anti-BCG immunohistochemistry with hematoxylin counterstain. Bar =20 um.
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Figure 4. A phylogenetic tree constructed using sequences of different species type strains by the maximum likelihood method. The
Actinobacillus lignieresii sequences corresponding to isolates obtained in our work are marked with black dots.

Discussion

The outbreaks reported herein and in previous reports from
Uruguay,"”'" Brazil,” and Argentina'> suggest that lym-
phatic actinobacillosis is significant in the southern regions
of South America. In previous outbreaks in Uruguay'”'® and
in other countries,>”?° the disease was associated with the
feeding of dry fibrous forage that may injure the mucous
membranes of the oral cavity, favoring the colonization of
deeper tissues by A. lignieresii, which is a commensal of the
upper digestive tract. In contrast, in the beef cattle outbreaks
reported herein, the disease occurred in a herd that grazed in
green, lush pastures, and the affected dairy herd ingested a
typical diet for lactating cows. In southern Brazil, the fre-
quency of actinobacillosis lesions in the lymph nodes of the
head and neck in slaughterhouses was similar in cattle from
different production systems.'’ This information, associated
with the absence of lesions in the mouth, suggests that feed-
ing with fibrous foods that may cause trauma to the oral
mucosa represents a risk factor for lymphatic actinobacillo-
sis, but it does not occur in all outbreaks and other factors

should be considered. In numerous outbreaks in Argentina in
1900-1902," a relationship was not found between the dis-
ease and the type of forage that the animals were being fed.
These authors suggested that the high frequency of the dis-
ease may have been associated with previous outbreaks of
foot-and-mouth disease, probably because the virus-induced
oral lesions favored the bacterial infection, or as a result of
the stress and immunosuppression caused by the viral dis-
ease. In an outbreak in suckling calves in Uruguay, actinobac-
illosis was associated with the presence of mud on the cows’
udders as a consequence of high environmental humidity.'® In
all of our cases, only a single lesion in the gingiva, in a steer
without lesions in the lymph nodes, was associated with
intralesional plant material in the pyogranuloma.

Because some of the previously reported outbreaks
involved young cattle,"”'" incomplete permanent dentition
was suggested as a risk factor for this form of the disease.'
However, other authors reported outbreaks in cattle of differ-
ent ages, including adults,'*** or exclusively in cows.” Of
the outbreaks in our report, one outbreak affected adult cattle
in a semi-intensive system and the other affected 2-y-old
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steers in grazing pastures, indicating that the disease occurs
in cattle of different ages, including adults with complete
dentition, in different production systems. The affected ani-
mals in our report did not show significant weight loss,
despite the presence of open, draining cutaneous pyogranu-
lomas for several months. The continuous contamination of
the environment by affected animals may have contributed to
the transmission of the disease, highlighting the importance
of isolating and treating the affected animals as soon as pos-
sible after initial diagnosis. Additionally, in other outbreaks,
the long clinical course was associated with the occurrence
of newly affected animals for periods of 1-6 mo.®”'%!!

Data from slaughterhouses showed that actinobacillosis
affecting the parotid, submandibular, and retropharyngeal
lymph nodes is one of the main causes of granulomatous
lesions in southern South America. In southern Brazil, 1.15%
of the slaughtered cattle showed gross lesions compatible
with actinobacillosis, which was confirmed histologically in
82.4% of the cases.'® In Argentina, 14% of the lesions diag-
nosed macroscopically as tuberculosis by meat inspectors at
the slaughterhouses were actually actinobacillosis or actino-
mycosis.® This indicates the significance of actinobacillosis
as a differential in the diagnosis of tuberculosis and the
importance of pursuing histologic and microbiologic exami-
nations of compatible gross lesions for pathologic and etio-
logic confirmation. In Uruguay, no statistics are publicly
available, but an estimated 1-2% of slaughtered cattle have
actinobacillosis-like gross lesions in the parotid, subman-
dibular, and retropharyngeal lymph nodes (F. Riet-Correa,
unpublished data). The relatively high frequency of lesions
at slaughterhouses suggests that actinobacillosis is wide-
spread in the region, causing numerous subclinical cases
and, occasionally, outbreaks with a variable incidence of
clinically affected animals.

As suggested by the location of the lesions and as
observed in the prescapular lymph node obtained surgically,
the primary lesion is most likely located in the lymph nodes
and later extends to the subcutaneous tissue and skin to
cause ulceration. This form of actinobacillosis has been
referred to as atypical,*'""* unusual,’ or cutaneous.""”
Because the primary lesion seems to occur in the lymphatic
system, the correct designation for this form of the disease
should be lymphatic actinobacillosis. A similar localization
of the lesions in the parotid, submandibular, and retropha-
ryngeal lymph nodes is observed at slaughterhouses'’ and
hasbeenreported in other outbreaks ofthe disease. '#?—!1:13:15
The designation of cutaneous actinobacillosis should be
used preferentially in cases in which the lesion is associated
with infection of skin wounds by 4. lignieresii and may
occur in different anatomic locations.™'*'*'® Numerous
reports and information from slaughterhouses suggest that
lymphatic actinobacillosis is much more frequent than other
forms of the disease and may occur with high incidence. The
clinical signs and lesions and the absence of concurrent

lesions in the oral mucosa in most affected animals suggest
that A. lignieresii penetrates through the intact mucosa of
the mouth or the oropharynx and localizes primarily in the
regional lymph nodes. Occasionally, the agent lodged in the
lymph nodes of the head and neck disseminates through the
lymphatic vessels, causing lymphangitis and reaching other
lymph nodes, as observed in our report in one animal with a
lesion in the prescapular lymph node and in some animals
with small nodules arranged linearly along the lymphatic
vessels of the neck.

In various reports of lymphatic actinobacillosis, the inci-
dence of the disease is variable, ranging from 1-10%,'*!"*
10-20%,"%% 20-50%,”"* and even up to 73%.° In the out-
breaks reported herein, the incidence was 7.4% in the dairy
herd and 1.5% in the beef herd, with only 1 death (0.3%) that
was attributed to ruminal bloating secondary to esophageal
and oropharyngeal obstruction by an extensive compressive
pyogranuloma. In general, deaths do not occur or are rare, up
t0 0.5%."

In the dairy herd, the response to treatment with sodium
iodide was very good. The majority of the animals recov-
ered, and no new cases were observed. These results suggest
that the treatment, especially when applied early in the course
of the disease, is effective. Similar responses to treatment
with iodides or antibiotics have been reported previously.®”'%!!
Five days after treatment, one cow aborted. Treatment with
sodium iodide has been associated with abortion rarely;'’
although, the experimental administration of sodium iodide
to 10 pregnant cows at double the recommended dose did not
induce abortion.!” In our case, because the fetus was not sub-
mitted to the laboratory for diagnostic investigation, the
cause of the abortion remained undetermined. None of the
other 5 pregnant cows that received a therapeutic dose of
sodium iodine aborted. If iatrogenic abortion is a concern,
cows may be treated with antibiotic formulations that are
indicated for pregnant animals.

In the outbreak in beef cattle, in addition to the lymphatic
form of the disease, 2 cases did not have obvious lymphatic
or cutaneous involvement. One was a case of gingival acti-
nobacillosis associated with the presence of penetrating plant
material that was observed histologically. The other was a
case of oropharyngeal and pulmonary actinobacillosis. In
these 2 outbreaks and in other outbreaks of lymphatic actino-
bacillosis, no cases involved the tongue,"'?** suggesting
that this latter form of the disease is sporadic and possibly
associated with lesions in the mucosa of the tongue that facil-
itate the invasion of the agent into the submucosa.

The THC technique of using a polyclonal primary anti-
body against BCG has been used previously for the intrale-
sional detection of several microorganisms in animal tissues
based on its cross-reactivity with various bacterial, fungal,
and some protozoal agents.>*” We used this technique to suc-
cessfully detect 4. lignieresii in the necrotic foci of the pyo-
granulomas. This antibody has been used to identify other
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species within the genus Actinobacillus, including 4. pleuro-
pneumoniae, A. suis, and A. equuli.>*’

With the aid of molecular and classical microbiological
approaches, it was possible to affiliate the isolates obtained
from the cases in our report with the species A. lignieresii.
All of the isolates clustered with A. lignieresii type strain
NCTC 4189. This species is closely related to A. pleuropneu-
moniae, the etiologic agent of contagious porcine pleuro-
pneumonia, as displayed in the phylogenetic tree.
Phenotypically, these 2 species are very similar, and 4. pleu-
ropneumoniae differs from A. lignieresii in its ability to
induce hemolysis,” somewhat limiting the biochemical dif-
ferentiation of these 2 species. Although A. lignieresii has
been recognized for more than a century, only 3 A4. lignieresii
16S ribosomal (r)DNA gene sequences that had good quality
and were more than 1,200 base pairs in length were available
in the RDP database at the time that the sequences generated
in our report were released. One of the available sequences
corresponded to A. lignieresii type strain NCTC 4189; how-
ever, the other 2 previously available sequences (AF247722
and AF247723) did not cluster with the type strain or with
the sequences generated in our work, suggesting that they
probably do not belong to the species A. lignieresii. This
demonstrates the importance of conducting phylogenetic
analyses of Actinobacillus spp. isolates, particularly those
that are difficult to classify phenotypically. The 16S rDNA
sequences generated in our work have been released and are
publicly available in GenBank, broadening the spectrum of
available sequences for this agent.
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