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Abstract This study presents the pathological, immuno-

histochemical, and molecular findings associated with the

extra-intestinal detection of canine kobuvirus (CaKV) in a

5-month-old Chihuahua puppy, that had a clinical history

of bloody-tinged feces. Principal pathological findings

were interstitial pneumonia, necrotizing bronchitis, and

parvovirus-induced enteritis. Molecular diagnostic meth-

ods identified CaKV within the cerebellum, cerebrum,

lung, tonsil, and liver. CaKV and rotavirus were not

identified within the feces and intestine. Immunohisto-

chemistry (IHC) assays detected antigens of CDV and

CAdV-1 in the lungs. These results confirmed the extra-

intestinal detection of CaKV in this puppy and represent

the first extra-intestinal detection of CaKV in a dog.

Kobuviruses are officially classified into three species,

Aichivirus A (human kobuvirus), Aichivirus B (bovine

kobuvirus), and Aichivirus C (porcine kobuvirus) [15]. The

viral genome encodes a leader (L) protein, as well as a

structural polyprotein (VP0, VP3, and VP1) and non-

structural (2A-2C and 3A-3D) proteins [25]. The 3D seg-

ment of the kobuvirus genome is a conserved region, and

the VP1 protein is the most variable, similar to other

picornaviruses [21, 26].

Kobuviruses were identified in fecal samples from

diarrheic and asymptomatic humans as well as in several

animals. In Brazil, kobuviruses were initially detected in

the fecal samples of pigs and sheep, and viral RNA was

identified in the serum of pigs between 3 and 180 days-of-

age [2]. Thereafter, the presence of Aichivirus B and C was

identified in fecal samples of cattle [23] and pigs [22],

respectively.

Canine kobuvirus (CaKV) was first described in fecal

samples of dogs with gastroenteritis in the USA in 2011 [16],

with subsequent reports in the UK [3], Italy [4], Korea [19],

and China [17]. CaKV is frequently identified within fecal

samples of animals with or without clinical signs of diarrhea

[4]. There are few descriptions of coinfection due to CaKV

and other viral agents: a recent study identified CaKV in

association with a several agents including canine her-

pesvirus type 1 (CaHV-1), canine distemper virus (CDV),

canine parvovirus (CPV), and canine adenovirus A types 1

(CAdV-1) and 2 (CAdV-2) in diarrheic and non-diarrheic

dogs from Korea [19]. However, none of these studies have

identified CaKV in the tissues of dogs. Consequently, the

current study describes the first occurrence of CaKV in

multiple tissues of a puppy from Southern Brazil, which was

also coinfected with other infectious disease agents.

In early March, 2015, an outbreak of diarrhea occurred

at a kennel in the city of Colorado, Paraná State, Southern

Brazil. The owner reported that seven 50-60-day-old Chi-

huahua puppies developed diarrhea, anorexia, and apathy

with death occurring between 12-20 days after the onset of

clinical manifestations. A necropsy on one of these
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puppies, done elsewhere, revealed interstitial pneumonia

and necrotizing hepatitis associated with intranuclear

inclusion bodies in hepatocytes, and a diagnosis of infec-

tious canine hepatitis was established.

In late July, 2015, the carcass of a 5-month-old puppy

with a clinical history of abdominal pain, anorexia, and

blood-tinged feces was submitted for routine necropsy.

This puppy had received two doses of a commercial vac-

cine that contained eight immunogens (CDV, CPV-2,

canine parainfluenza virus, canine adenovirus 1 and 2,

canine coronavirus, and Leptospira canicola and grippo-

typhosa serovars.); the last dose being six weeks before

spontaneous death. Several tissue fragments (liver, spleen,

lung, cerebellum, cerebrum, mesenteric lymph node, kid-

ney, heart, and intestine) were collected and routinely

processed for histopathological evaluation. Selected for-

malin-fixed paraffin embedded (FFPE) tissue fragments of

the liver and lung were used in immunohistochemistry

(IHC) assays designed to detect the N protein of CDV

(VMARD, Washington, USA), and with a commercial

monoclonal antibody designed to identify CAdV-1 and

CAdV-2 (VMARD, Washington, USA), using a previously

described procedure [8]. Positive controls consisted of

FFPE tissues from previous studies [9]; negative controls

consisted of the diluents of the primary antibodies.

Duplicates of the tissues cited above, as well as feces, were

collected for parasitological and virological evaluations.

For virological investigation the tissues were processed

using the MagNaLyser Instrument (Roche Diagnostics,

Mannheim, Germany) and the fecal samples were sub-

mitted to nucleic acid extraction as described elsewhere

[1]. The nucleic acid was eluted in 50 ll of ultrapure

RNAse-free DEPC-treated sterile water. Negative (sterile

water) and positive controls, consisting of viral nucleic

acids (CAdV-1, CAdV-2, CDV, and CaHV-1) from pre-

vious cases [11, 12], as well as CPV2 commercial vaccine,

were included in all nucleic acid extraction procedures.

The extracted nucleic acids were used in RT-PCR/PCR

assays designed to amplify specific genes from viral agents

known to infect dogs, including the: CDV N gene [5],

CaHV-1 glycoprotein B gene [24], CPV VP2 gene [13],

and the E gene of CAdV-1 and 2 [14].

The RT-PCR assay to detect CaKV is designed to

amplify a 216 bp region of the RdRp gene [20]. The partial

region of the VP1 protein CaKV was amplified by using

the primer pairs VP1-DogF (5’-CAAHCTKGAR-

AACTTCTTCTC-3’) and VP1-DogR (5’-GAAGTTKGA-

GAGCATCTGKC-3’), which were designed using the

complete sequences of human, canine, and feline kobuvirus

available in GenBank.

The intestine and the fecal samples were used in RT-

PCR assays designed to identify rotavirus species A, B, and

C [18]. All RT-PCR and PCR products were analyzed by

electrophoresis in a 2% agarose gel in TBE buffer, stained

with ethidium bromide, and visualized under UV light.

Two RT-PCR products of the RdRp gene and the VP1

region of CaKV were purified using the GFX PCR DNA

and Gel Band Purification Kit (GE Healthcare), quantified

in a Qubit� Fluorometer (Invitrogen Life Technologies),

and sequenced in an ABI3500 Genetic Analyzer sequencer

with the BigDye� Terminator v3.1 Cycle Sequencing Kit

using the forward and reverse primers used in the RT-PCR

assay (Applied Biosystems). The phylogenetic tree and the

nt identity matrix were developed using the MEGA 6.0 and

BioEdit 7.2.5, respectively. The analyses were based on the

neighbor-joining method and the Kimura 2-parameter

model. Bootstrapping was statistically supported with

1,000 replicates. The referenced sequences included in this

study were acquired from GenBank.

The most remarkable pathological alterations were

observed in the lungs and consisted of discrete necrosis of

bronchiolar and bronchial epithelial cells associated with

small basophilic intranuclear inclusion bodies within some

of these cells, severe diffused interstitial pneumonia, in

addition to pulmonary congestion and edema. The intesti-

nal lesions were suggestive of parvovirus enteritis. Other

significant pathological findings included necrotizing

myocarditis and lymphoid depletion of the spleen and

tonsils.

Immunohistochemistry revealed the detection of the

antigens of CDV within the bronchiole and bronchiolar

epithelium (Fig. 1A) and antigens of CAdV-1 within the

cytoplasm of endothelial cells (Fig.1B); antigens of CAdV-

1 and -2, and CDV were not identified in the liver.

Examples of Giardia spp. were identified by the floating

technique from the fecal sample of the puppy.

The distribution of the viral nucleic acids identified

within multiple tissues and the feces of the puppy are given

in Table 1. Specific fragments of the genes of CDV, CaKV,

CPV-2, and CaHV-1 were amplified from multiple tissues.

Mixed infections associated with CaKV were identified in

the cerebrum, lung, and tonsils. In addition, nucleic acid

from CPV-2 was identified within fragments of the small

intestine and a single infection associated with CaKV was

also detected in the cerebellum and liver. Further, the fecal

sample of the puppy contained CPV-2 DNA. The nucleic

acids of all other viral agents evaluated, including rotavirus

species A, B, and C, were not amplified.

The partial sequences of CaKV VP1 and RdRp genes

identified in this study have been deposited in GenBank

(Accession numbers: VP1: brain KX465093, lung

KX465094; RdRp: lung, KX465095; tonsil KX465096).

The phylogenetic analysis of the RdRp region (nt 201)

showed that the CaKV strains from the lung and tonsil of

this dog grouped with other strains of CaKV previously

described (Fig. 2A), and they exhibited higher nt sequence
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identity (95 to 96%) with canine than with mouse (88%)

and human (80 to 83%) kobuvirus strains.

Moreover, the phylogenetic analysis of the VP1 region

(nt 303) revealed that the CaKV strains identified in the

lung and cerebrum of this dog clustered with other strains

of CaKV and mouse kobuvirus. In addition, no phyloge-

netic difference was observed between strains of Aichivirus

A, since those derived from dogs, mouse, and humans,

clustered within the same group (Fig. 2B). Further, the

VP1 CaKV strains from the present study showed

85.2*92%, 91.5*100%, 71% nt identity; and 73.6%,

65.6*67.6%, and 62.1% amino acid similarity with dog,

mouse, and human kobuvirus strains, respectively.

The unique finding of this investigation was the ampli-

fication of the nucleic acid of CaKV from multiple tissues

of this puppy, using two RT-PCR assays. These results

contrast with previous descriptions of CaKV, where

nucleic acids were detected exclusively in the feces of

diarrheic dogs [4, 16, 19]; however, these studies did not

evaluate the presence of CaKV in tissues. Surprisingly,

CaKV was not detected in the feces or the intestinal frag-

ment of this puppy using the RT-PCR assay applied during

this study. Alternatively, a more sensitive assay might be

required to detect this virus when there is concomitant

infection with other severe intestinal diseases, such as those

associated with CPV-2 and Giardia spp. Nevertheless,

these findings confirm the detection of CaKV in this dog,

and represent the first description of canine kobuvirus in

Brazil.

It must be highlighted that coinfections of CaKV with

other viral agents were identified in several tissues/organs,

including the cerebrum, lung, and the tonsils (Table 1); and

there was concomitant parvovirus enteritis and giardiasis.

Mixed infections in dogs have been previously related with

descriptions of simultaneous viral, bacterial, and parasitic

agents [10, 11], as well as mixed infections with multiple

viral agents [12].

Coinfections with CaKV and other infectious agents in

dogs, as observed in this investigation, have been described

in diarrheic outbreaks [19], although the pathogenic effect

of CaKV is unclear. Interestingly, we have identified CaKV

with concomitant infections related to CDV (by RT-PCR

and IHC) and CAdV-1 (only by IHC) in the lung of this

dog and associated with necrotizing bronchiolitis, intersti-

tial pneumonia, as well as pulmonary congestion and

edema. Interstitial pneumonia is a typical pulmonary

Fig. 1 Immunohistochemical demonstration of antigens of canine

adenovirus-1 (A) and canine distemper virus (B) in the lung of a

puppy infected with canine kobuvirus. Immunoperoxidase; Bar=10

lm

Table 1 Detection of viral

nucleic acids amplified from

multiple tissues and the feces of

a diarrheic dog

Tissues Viral agents

CDV CPV-2 CaHV-1 CAdV-1 CAdV-2 CaKV RV

Cerebrum ? - - - - ? n.d.*

Cerebellum - - - - - ? n.d.

Lung ? - - - - ? n.d.

Tonsil - - ? - - ? n.d.

Kidney - - ? - - - n.d.

Liver - - - - - ? n.d.

Small intestine - ? - - - - -

Feces - ? - - - - -

n.d.: not done
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manifestation of infection due to CDV and CAdV-1

[11, 12]. CDV produces interstitial pneumonia due to the

viral tropism for epithelial cells of the pulmonary alveoli,

while CAdV induces the same lesions due to alteration of

the integrity of the vascular endothelium of the alveolar

wall [7]. However, interstitial pneumonia was also descri-

bed in pigs experimentally infected with porcine kobuvirus

[27], so it is possible that CaKV could have been associated

with the pulmonary infection observed in this dog.

Additionally, the presence of kobuvirus is frequently

associated with an initial infection induced by other

infectious agents. In this case, there were concomitant

coinfections caused by CPV-2 and CDV; these are well

known immunosuppressive infectious pathogens [6] that

facilitate the entry and colonization of secondary agents.

Therefore, we believe that the multiple coinfections

observed in this puppy might be related to the immuno-

suppression induced by CDV and CPV-2, and worsened

with the concomitant giardiasis.

Furthermore, widespread viral dissemination was

demonstrated in multiple tissues as CaKV nucleic acids

were detected in the liver, lung, brain, and tonsils of this

Fig. 2 Phylogenetic analysis of

a partial nucleotide sequence (nt

201) of the RdRp gene (a) and

partial region of the VP1 protein

(nt 303) of canine kobuvirus

(CaKV) (b). The strains of

CaKV identified during this

study are marked with a filled

circle
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puppy. These findings complement a previous investigation

by our group, where kobuvirus was identified in the sera of

pigs of various ages with and without clinical signs of

diarrhea [2]. The phylogenetic analysis of the conserved

RdRp region of the CaKV described in this study revealed

higher nt sequence identity between canine (95%-96%),

mouse (88%), and human (80%-83%) kobuvirus strains.

The sequence analysis of the VP1 protein, considered the

most variable protein in this virus, obtained from the brain

and pulmonary fragments were identical to each other and

had 85.2*92%, 91.5*100%, 71% nt identity; and 73.6%,

65.6*67.6%, and 62.1% amino acid similarity with dog,

mouse, and human kobuviruses, respectively. Moreover,

these strains of kobuvirus grouped within the same cluster

during phylogenetic evaluation.

In conclusion, CaKV genomes were identified in multiple

tissues from a puppy that was coinfected with other viral and

parasitic agents, confirming the systemic distribution of kobu-

virus in this puppy. Although the role of CaKV in the

etiopathogenesis of disease is obscure, there is evidence that

pathological alterations might have occurred. Finally, the

phylogenetic analysis confirmed that the strains of CaKV

identified during this investigation are similar to those descri-

bed in other geographical locations. These findings represent

the first characterization of CaKV in the tissues of a puppy.
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