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Abstract

The coinfections by some microorganisms have been related to severe diseases in humans and animals, where immunosup-
pressive agents favor opportunistic behavior of other pathogens. A 4-month-old, female mixed-breed dog with a two-week
history of inappetence, prostration, emaciation, and respiratory distress was admitted at a veterinary hospital in Brazil.
Tachycardia, pale mucous membranes, severe respiratory distress, and a large number of ticks (Rhipicephalus sanguineus
s.l.) in different body regions were observed at clinical examination. Hematological examination of dog showed leukocytosis,
neutrophilia, mild anemia, and thrombocytopenia, whereas unremarkable values in biochemical tests. Thoracic radiogra-
phy revealed a pleural effusion image. Blood and the pleural fluid (purulent aspect) samples were subjected to qPCR (16S
rRNA and dsb genes) and sequencing, which identified Ehrlichia canis and Anaplasma platys coinfection. An aggregate of
coccoid-to-branching or long filamentous microorganisms, surrounded by pyogranulomatous inflammatory reaction was
seen at the cytology of the pleural fluid. Bacteriological culture of pleural effusion showed colonies compatible with the
genus Nocardia, which revealed gram-positive filamentous organisms with a tendency of fragmentation and were identi-
fied as Nocardia otitidiscaviarum in mass spectrometry (MALDI-TOF MS). Therapy of N. otitidiscaviarum isolate using
levofloxacin (supported by a previous in vitro susceptibility testing) and doxycycline for E. canis and A. platys resulted in
complete resolution of the clinical picture. Here, we report for the first time a triple coinfection by Nocardia otitidiscaviarum,
A. platys, and E. canis in a dog with pleural effusion, where debilitating or immunosuppressive conditions induced by A.
platys and E. canis coinfection probably contributed to the opportunistic behavior of N. otitidiscaviarum.
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Introduction mammalian host cells, particularly leukocytes, platelets, and
other bone marrow-derived cells, forming inclusion bodies
Members of the family Anaplasmataceae comprise vari-  or morulae [2]. They are characterized by a complexity of

ous species of obligate intracellular bacteria with human  life cycles in invertebrate and vertebrate hosts, and some of
and animal relevance, including the genera Anaplasma and  them have been considered emergent vector-borne pathogens
Ehrlichia [1]. These small coccoid-to-pleomorphic patho- to humans [1].

gens are found in cytoplasmatic vacuoles from a diversity of Ehrlichia canis and Anaplasma platys are the primary
causal agents of canine monocytic ehrlichiosis and canine
cyclic thrombocytopenia, respectively, with worldwide dis-
Responsible Editor: Maria Aparecida Scatamburlo Moreira tribution [3]. They are related to chronic multisystemic signs

in dogs, including anemia, hemorrhage, fever, inappetence,
lymphadenopathy, splenomegaly, and nonspecific hemato-
logical disorders (anemia, thrombo-to-pancytopenia), which
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can induce a debilitating or immunosuppressive condition
with a potential lethal course, although asymptomatic infec-
tions may also occur [3, 4].

In humans, A. platys infection in women from Venezuela
postulated the potential of this bacterium as a tick-borne
zoonotic pathogen [5]. Likewise, E. canis has been proposed
as a causal agent of human monocytic ehrlichiosis [6], and
isolated from human patients [7], which indicates a puta-
tive relevance of these tick-borne microorganisms as human
pathogens [8].

Nocardia species are a complex group of facultative intra-
cellular filamentous bacteria related to a set of opportunistic
clinical infections in humans, livestock, companion animals,
and wildlife [9, 10]. They are ubiquitous saprophytic soil-borne
organisms usually found in soil, water, dust, plants, degraded
organic matter, and other environmental sources [11].

PCR-based methods and 16S rRNA sequencing have
allowed taxonomic reclassification of Nocardia species [12].
At present, 119 species are known in the “List of Prokaryotic
names with Standing Nomenclature” [13], and it is estimated
that approximately 50 species are able to infect humans and/
or animals [10], including N. oftitidiscaviarum [14, 15].

Cutaneous-subcutaneous disorders [16], pneumonia [17],
and systemic dissemination, e.g., osteomyelitis [18] and
organ abscesses [19], represent the most common clinical
manifestations of canine nocardiosis.

Nocardia-induced infections in humans have been con-
sidered a neglected [20] or misdiagnosed disease [12]. The
pathogen affects particularly immunosuppressed patients,
and an increasing number of cases have been reported
around the world [15].

Concomitant infections by bacterial, viral, and protozoal
agents have been increasingly reported in companion ani-
mals [3, 17, 21, 22], where debilitating or immunosuppres-
sive agents favor coinfections by some opportunistic patho-
gens, which may result in difficulties on therapy approaches
and poor prognosis. In this scenario, we report the first case
of a triple coinfection by Nocardia otitidiscaviarum, A.
platys, and E. canis in a dog with pleural effusion signs.

Material and methods (Case report)

In March 2019, a 4-month-old, female mixed-breed dog with
a two-week history of inappetence, prostration, emaciation,
and respiratory distress was admitted to a veterinary hos-
pital in the central region of the State of Sdo Paulo, Brazil.
According to the owner, the dog lived with other puppies
in a house in the urban area. The animal had been recently
adopted, and there was no available history of vaccination
status. Previously, the animal had been treated with ceftriax-
one (30 mg/kg/12 h, for 5 days), and due to treatment failure,
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this antimicrobial was subsequently replaced by amoxicillin/
clavulanic acid (20 mg/kg/12h, for 7 days), also ineffective.

Upon arrival at the hospital, the dog showed inappetence
and severe respiratory distress. On clinical examination,
tachycardia, pale mucous membranes, and a large number
of ticks Rhipicephalus sanguineus sensu lato (s.l.) were
observed in different body regions of the dog. The animal
was submitted to complete blood cell count (CBC) [23] and
selected biochemical serum exams (alanine transaminase-
ALT, aspartate transferase-AST, urea, creatinine, albumin,
total protein) [24], thoracic imaging examination [25], asep-
tic pleural puncture for cytology and bacteriological culture
[9], and blood collection for molecular diagnosis of Ana-
plasmataceae species.

Bacteriological and mycological culture

Material collected from the pleural puncture was submit-
ted to conventional bacteriological culture on bovine blood
agar (5%) and MacConkey agar (Oxoid™, Sao Paulo, Bra-
zil), simultaneously under aerobic and microaerophilic
conditions (5% CO,), incubated for 5 days at 37°C. Pleural
material was also cultured on Sabouraud agar (Oxoid™,
Sdo Paulo, Brazil), and incubated aerobically for 15 days
at 37°C. In addition, a clinical sample of pleural puncture
was aerobically cultured in Lowenstein-Jensen (Oxoid™,
Sao Paulo, Brazil) for 90 days at 37°C. The microorganisms
were previously identified based on morphological features
of colonies and Gram staining [9].

Mass spectrometry and PCR

Diagnosis of bacteria in the species-level was carried out
using matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry-MALDI-TOF MS (Bruker and
Daltonics™, Bremen, Germany). The spectra of microor-
ganisms were analyzed between 2,000 and 20,000 m/z by
FlexControl 3.3 software. Identification at genus and species
levels was considered >1.7 and >2.0, respectively [26].

Genomic DNA was obtained from the Nocardia isolate
using the phenol-chloroform method [27]. The extracted
DNA was subjected to PCR of the 16S rRNA gene with
modifications [28, 29] using the primers 27F (5'AGAGTT
TGATCCTGGCTCAG3') and 1492R (5S'GGTTACCTTGTT
ACGACTT3'"), which amplify a 1,512 bp fragment.

The fragments generated by PCR were purified using a
GFX PCR DNA and Gel Band Purification Kit (GE Healthcare
Bio-Sciences™). Subsequently, the fragment was sequenced
using a Big Dye Kit (Applied Biosystems, Perkin-Elmer™) in
an ABI PRISM-310 Genetic Analyzer, following the manufac-
turer's instructions. The resulting sequences were edited using
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BioEdit software (Ibis Biosciences™) and analyzed using the
basic local alignment search tool (BLAST) to compare their
identity with other sequences available in GenBank.

Phylogenetic analysis of Nocardia

The sequence generated in the PCR was aligned through
the MUSCLE program (Geneious Prime™ software), with
14 sequences of different isolates of Nocardia species from
various countries around the world, available at GenBank:
N. africana (NR_117311), N. asiatica (NR_028644), N.
asteroides (AF430019), N. brasiliensis (NR115828), N.
brevicatena (NR041862), N. carnea (NR118200), N. con-
cava (AB126880 and NR040996), N. farcinica (NR115831),
N. higoensis (AB108778), N. nova (NR115835 and
NR117343), N. otitidiscaviarum (DQ659912), and N. pseu-
dobrasiliensis (NR119184). Then, 1,063 characters were
aligned. The phylogenetic tree for the isolate was inferred by
the neighbour-joining method, using a software (Geneious
Prime™) with the Jukes-Cantor substitution model. The val-
ues observed here represent the percentage of 1,000 resa-
mpling bootstraps. The homologous sequence of the HSP
gene of Mycobacterium fortuitum (AJ536039) was used as
an outgroup pathogen.

In vitro antimicrobial susceptibility test

Isolates were submitted to in vitro antimicrobial disk dif-
fusion testing based on Clinical and Laboratory Standards
Institute (CLSI) guidelines [30, 31] with some modifica-
tions. Briefly, isolates were cultured aerobically on sheep
blood agar (5%) at 37°C to ensure purity. After 48 h of incu-
bation, isolates were inoculated in brain heart infusion broth
and incubated aerobically at 37°C for 48 h. Then, sterile
glass beads were added to decrease the typical clump forma-
tion of actinomycetes and gently vortexed until an appropri-
ate optical density (OD) of 0.5 McFarland scale, to inoculate
an adequate number of colony-forming units (cfu). Inhibi-
tion zones and classification of susceptibility were inter-
preted after 48-72 h [32]. Nine antimicrobials from three
different classes were used: aminoglycosides (amikacin 30
pg, gentamicin 10 pg), beta-lactams (amoxicillin/clavulanic
acid 30 pg, cefuroxime 30 pg, ceftiofur 30 pg, ceftriaxone
30 pg, imipenem 10 pg), and fluoroquinolones (levofloxacin
5 pg, marbofloxacin 5 pg).

Hematological and cytological examination

Blood and serum of the dog were subjected, respectively, to
hematological examination [23] in an automated hematology
analyzer (Nihon Kohden™, Celltac alfa, MEK 6550J/K, Sao
Caetano do Sul, SP, Brazil) and biochemical tests (protein,

albumin, urea, creatinine, AST, ALT) using an automated
benchtop chemistry analyzer (BS 200E, Mindray™; Shenz-
hen, China) with commercially available reagents (Bioclin,
Belo Horizonte, Brazil) [24].

The material collected from the pleural puncture was sub-
mitted to cytological examination (Gram and Diff-Quick stain-
ing) [9].

Diagnosis of Anaplasmataceae species

The blood and pleural puncture samples were subjected to
DNA extraction using Wizard Genomic DNA Purification
Kit (Promega™, Madison WI, USA). Genomic DNA was
processed by real-time PCR to detect E. canis and A. platys
rickettsia. Primers Dsb-330F (5'GATGTCGATTATGAAACA
TGAAGAAAT?3') [2] and Dsb-481R (S'TGCTTGTAATGT
AGTGCTGCAT?3') were used to amplify a 147-bp fragment
of the Ehrlichia dsb gene. The specificity for E. canis was
guaranteed by a fluorogenic probe (5’ABI-AGCTAGTGCTGC
TTGGGCAACTTTGAGTGAA-QSY3’) (Life Technology™,
Austin, TX, USA) used in the real-time reaction [33]. To detect
A. platys, the primers A.pla-F (5 CGGATTTTTGTCGTAGCT
TGCTAT3’) and A.pla-R (5’CCATTTCTAGTGGCTATC
CCATACTACT3’) were used to amplify a 147-bp fragment
of the A. platys 16S gene. The specificity for A. platys was
guaranteed by a fluorogenic probe (5’6FAM-TGGCAGACG
GGTGAGTAATGCATAGGA-QSY3’) (Life Technology™,
Austin, TX, USA) used in the real-time reaction. The reac-
tions were performed using Path-ID™ qPCR Master Mix (Life
Technology™, Austin, TX, USA) according to the manufac-
turer’s protocol. Cycle threshold (Ct) values below 40 were
considered positive.

Subsequently, to obtain an amplicon of 409-bp of the dsb
gene for sequencing analysis, the positive sample was sub-
jected to a conventional PCR assay, according to a protocol
previously described [2, 34], using DSB-330F and DSB-
728R primers (5’CTGCTCTATGTCACTTTCTCTTAA
AGT?3’). The products of amplification were purified using
Illustra GFX PCR DNA and Gel Band Purification Kit (GE
Healthcare™) commercial kits, according to the manufactur-
ers’ recommendations, and their sequences were determined
on an automated DNA sequencer (Applied Biosystems
3500/3500xL Genetic Analyzer™), following the manufac-
turer’s instructions. The sequences obtained were compared
by Blast Analysis with other Ehrlichia spp. sequences avail-
able on GenBank.

Results
The hematological examination revealed leukocyto-

sis (33.9 x 10° leukocytes/L), neutrophilia (30.3 x 10°
neutrophils/L), mild anemia (4.5 x 10° erythrocytes/L), and
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thrombocytopenia (67 x 10° platelets/pL), while biochemi-
cal tests showed unremarkable values. Thoracic radiography
revealed a pleural effusion image (Fig. 1). Pleural effusion
material collected revealed a purulent aspect.

Real-time PCR (Ct <40) identified E. canis and A. platys
DNA in the blood sample and the pleural fluid. Partial DNA
sequences of 250-nucleotide PCR-positive blood samples
were generated and were 100% identical to multiple cor-
responding E. canis sequences available on GenBank
(AF403710, CP000107, DQ460715, DQ460716). It was not
possible to obtain the nucleotide sequence of the A. platys
product due to the quality of the DNA template.

An aggregate of coccoid-to-branching or long filamen-
tous microorganisms, surrounded by an infiltrate of neutro-
phils, macrophages, lymphocytes, plasma, and multinucle-
ated cells was seen in the cytology of the pleural puncture
material, characterized as a pyogranulomatous inflammatory
reaction.

Bacteriological culture of pleural effusion revealed cir-
cular, convex, rough, odorless, nonhemolytic, firmly adher-
ent colonies, with white pigmentation, on bovine blood
and Sabouraud agar, after 48 h of incubation, compatible
with Nocardia species (Fig. 2). Gram staining of the colo-
nies revealed gram-positive filamentous organisms, with
coccoid-to-branching aspect (Fig. 3), and a tendency of
fragmentation, presumably identified as the genus Nocar-
dia. No growth was seen on the MacConkey and Loewen-
stein-Jensen media. Mass spectrometry (MALDI-TOF MS)

Fig. 1 Radiographic image of pleural effusion (arrow) in a dog caused
by Nocardia otitidiscaviarum
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spectra of the isolate was >2.0, and the microorganism
was identified as Nocardia otitidiscaviarum.

The interspecies similarities of N. otitidiscaviarum and
other Nocardia species identified in humans and domestic
animals are shown in the phylogenetic tree (Fig. 4). The
nucleotide sequences of the 16S rRNA genes of N. ofiti-
discaviarum were deposited in GenBank under accession
number ON157238.1.

In vitro antimicrobial susceptibility testing showed that
the N. otitidiscaviarum isolate was susceptible to amika-
cin, gentamicin, imipenem, and levofloxacin. This finding
supported the treatment of the dog with levofloxacin (15
mg/kg/24h/40 days, IV), while the molecular diagnosis of
E. canis and A. platys coinfection supported the therapy
with doxycycline (10 mg/kg/24h/30 days, PO).

The animal was reevaluated weekly throughout treat-
ment period, including clinical examination, supported
by hematological and selected aforementioned serum bio-
chemical tests. After ~10 days of antimicrobial therapy, the
animal showed interest by food, gradual recovery of pulmo-
nary function, while complete resolution of the clinical pic-
ture and normal (unremarkable) hematological parameters
were observed after the treatment period.

Fig.2 Circular, rough, nonhemolytic, firmly adherent white colonies
of Nocardia otitidiscaviarum (arrow) in bovine blood agar, after 48 h
incubation, isolated from a dog with pleural effusion

Fig.3 An aggregate of gram-positive coccoid-to-branching filamen-
tous aspect (arrow) of Nocardia otitidiscaviarum isolated from a dog
with pleural effusion (Gram 1000x)
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Fig.4 Phylogenetic tree of Nocardia otitidiscaviarum showing spe-
cies similarities with other Nocardia identified in domestic animals
and humans, using 16S rRNA gene sequences and neighbor-joining
method. Bootstrap values greater than 50% significance are indicated.
The tree was rooted with Mycobacterium fortuitum (AJS36)

Discussion

In this study, we described pleural effusion caused by N.
otitidiscaviarum, where concomitant infection by tick-
borne pathogens E. canis and A. platys probably induced a
debilitating or immunosuppressive condition that favored the
opportunistic behavior of N. otitidiscaviarum.

Infection by Anaplasmataceae species trigger autoim-
mune processes that impair the host's immune response,
and E. canis infection even promotes the multiplication and
exacerbation of clinical signs resulting from A. platys infec-
tion [8]. In the present report, the E. canis and A. platys
coinfection likely contributed to the invasion and pleural
infection of N. otitidiscaviarum.

Ehrlichia canis is the primary agent of canine monocytic
ehrlichiosis. This tick-borne disease remains a problem
for veterinarians and owners from many countries [3, 4],
including Brazil [35] due to high mortality rates and eco-
nomic costs related to treatment. Most clinically infected
dogs show chronic multisystemic signs that include ane-
mia, hemorrhage, fever, lymphadenopathy, and splenomeg-
aly, in addition to nonspecific hematological disorders, e.g.,
mild-to-severe anemia, and thrombo-to-pancytopenia [3, 4,
36], which are consistent with the pale mucous membranes,
mild anemia, and severe thrombocytopenia found in the
dog of the present report.

Anaplasma platys is another vector-borne pathogen that
exhibits similar clinical signs to canine ehrlichiosis. None-
theless, A. platys is a platelet-specific microorganism that
causes mild-to-severe thrombocytopenia, but also asymp-
tomatic infections [8, 37]. The dog reported here revealed
severe thrombocytopenia and mild anemia that is compat-
ible with A. platys infections. Nonetheless, due to similar
clinical signs and hematological findings of both canine
ehrlichiosis and anaplasmosis, it is not possible to predict

in the dog reported which clinical features and erythrogram
abnormalities were caused by coinfection of these tick-borne
pathogens. In this report, the dog revealed leukocytosis and
neutrophilia that were probably caused by Nocardia-induced
infection [38].

Both E. canis and A. platys are tick-borne pathogens
transmitted mainly by Rhipicephalus sanguineus ticks [39].
In fact, upon arrival at the hospital, a large number of R.
sanguineus were observed in different body regions of the
dog, reinforcing the importance of this tick in the transmis-
sion of Anaplasmataceae species to dogs.

Antimicrobials from the tetracycline group, i.e., doxy-
cycline and minocycline, are considered of choice for E.
canis and A. platys infections given their therapeutic intra-
cellular concentrations in blood, tissues, and cells, with bet-
ter efficacy in acute infections. However, poor prognosis is
observed in the chronic phase, or when there are coinfec-
tions by these tick-borne pathogens [8, 37], probably due to
the development of multisystemic signs [3, 4]. In the cur-
rent report, the success of therapy could be credited to the
susceptibility of both E. canis and A. platys to doxycycline,
and to the fact that the animal was treated in acute phase
of infection [8].

Cutaneous-subcutaneous lesions [38], pneumonia [17], and
systemic dissemination [19] are seen as the most frequent clini-
cal forms of canine nocardiosis. The current report describes
pleural effusion in a dog, which can be considered an uncom-
mon clinical picture of Nocardia infections in dogs [38].

Traumatic inoculation through puncture wounds or inha-
lation represents the main route of transmission of Nocardia
species to dogs [18, 38]. In a retrospective study involving
28 cases of nocardiosis in cattle and dogs from Brazil, N. ofi-
tidiscaviarum had a higher prevalence among diseased dogs
(7/9=77.8%) [40], although the diagnosis at the species-level
of the pathogen was based on classical phenotypic methods.
In fact, our dog presented a pleural effusion caused by N. ofi-
tidiscaviarum, whose transmission could be related to inha-
lation of the pathogen from the environment, since Nocardia
species are ubiquitous saprophytic microorganisms, widely
distributed in soil, dust, degraded organic matter, water, and
other environmental sources [11].

In humans, nocardiosis have also been seen as an oppor-
tunistic disease [12, 15]. N. otitidiscaviarum identified in
the dog reported here has also been described in human
patients [15]. Besides no clear evidence of the transmission
of pathogenic Nocardia from pets-to-humans, the current
report describes pleural effusion-related N. ofitisdiscaviarum
that has been described in both people and dogs, a finding
that represents implications in human health due to the close
contact of dogs with their owners.

Nocardiosis in dogs are commonly unresponsive to conven-
tional antimicrobials, particularly among animals with systemic
dissemination, resulting in a poor prognosis, except for skin
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lesions [19, 38]. In turn, a prolonged antimicrobial therapy
using levofloxacin (a broad-spectrum fluoroquinolone), and
weekly clinical revaluation (including hematological and
biochemical tests) of the dog reported here with pleural effu-
sion resulted in complete recovery of the animal. Likewise,
cellulitis infection in a cat harboring a virulent Rhodococcus
equi (another actinomycetes as Nocardia species) revealed an
effective resolution of cutaneous lesion using also a prolonged
therapy protocol (40 days) with the fluroquinolone marbofloxa-
cin [40]. Therefore, the effectiveness of therapy in our dog may
be attributed, in part, to the intracellular action of levofloxacin,
and its widespread distribution in blood and tissues, includ-
ing pulmonary tract [41]. In addition, the in vitro antimicrobial
susceptibility profile of the N. otitidiscaviarum isolate revealed
sensitivity to levofloxacin, highlighting the importance of in
vitro susceptibility testing previous the therapeutic approaches.
Concomitant infections by bacterial, viral, and protozoal
pathogens in dogs have increasingly been reported around
the world [3, 21, 22, 42], and has emphasized that agents that
induce debilitating or immunosuppressive conditions may favor
coinfections by pathogens with opportunistic nature [22].
Missing epidemiological or/no information data of the
dog that had been recently adopted, and no sequencing of A.
platys may be considered limitations of the present report.
Overall, clinical and epidemiological aspects, hematological
and imaging examination, bacteriological and mycological cul-
ture, and different molecular approaches were assessed to diag-
nose purposes, and enabled report the first case of a triple coin-
fection by N. otitidiscaviarum, A. platys, and E. canis in a dog
with pleural effusion, where debilitate or immunosuppressive
conditions induced by A. platys and E. canis coinfection prob-
ably favored the opportunistic behavior of N. ofitidiscaviarum.
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