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Abstract: Wolinella spp. and Helicobacter spp. have been repeatedly reported in the oral cavity of 
dogs and are associated with periodontal disease. Wolinella strains predominate in the oral cavity of 
dogs. The only known species of this genus, Wolinella succinogenes, was considered non-pathogenic 
until sequence analysis of its genome revealed homologous genes resembling virulence factors in 
Helicobacter pylori. This has led researchers to question the nonpathogenic status of W. succinogenes. 
The cagA and babA genes are examples of crucial virulence factors in H. pylori pathogenesis; thus, 
the present study evaluated the prevalence of these genera and assessed  the  Wolinella strain genome 
in terms of the presence of these virulence factors. Multiple specific PCR tests were performed on 
oral secretion samples collected from 62 dogs by sterile cytobrush to evaluate the genera, species, 
and presence of virulence genes. The species-specific 16s rRNA genes from the Helicobacter and Woli-
nella genera were detected in 58.06% and 83.87% of the oral samples, respectively. H. pylori were not 
detected in the specimens. No cagA and babA genes were detected in the Wolinella spp. or non-pylori 
Helicobacter genomes. Our results confirmed that Wolinella spp. is the predominant population com-
pared to Helicobacter in the oral cavity of dogs. Apparently, the incidence of Helicobacter infections is 
generally associated with non-pylori Helicobacter organisms. Despite the hypothesis of genomic 
homology between W. succinogenes and H. pylori, cagA and babA virulence genes were not identified 
in any of the oral samples from the dogs. 
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1. Introduction 
Helicobacter organisms colonize the gastrointestinal tract of humans and other mam-

malians, particularly dogs and cats[1]. Unlike in humans, Helicobacter pylori is not the main 
organism responsible for chronic gastritis in cats and dogs, even though non-pylori Heli-
cobacter types also are associated with the occurrence of gastritis in humans[1]–[3]. Heli-
cobacter spp. have been detected in the oral cavity of dogs and it has been shown that the 
dental calculi and the oral cavity discharge of dogs are major reservoirs of Helicobacter-
aceae infections in the gastrointestinal tract[3], [4]. This means that oral secretion is a pos-
sible route of transmission and that the identification and treatment of diseased individ-
uals are important from the perspective of public health[5]–[7].  

In contrast to medical surveys, most veterinary reports have published negative re-
sults regarding the detection of H. pylori in the upper digestive tracts of dogs[8]–[11]. 
Nonetheless, it has been detected in other parts of their gastrointestinal tracts during gastric 
and colonic biopsies[12], [13]. In general, Helicobacter spp. are more widely distributed 
in other sections of the alimentary tract than in the canine oral cavity[9], [13].  
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It has been suggested that, in comparison with Helicobacter spp., Wolinella strains 
are the predominant organisms in the oral cavity of dogs[9], [10]. Sequencing of the 16S 
rRNA gene has shown that Helicobacteraceae in the oral cavity of dogs has been most 
closely identified with the genus Wolinella[8], [9]. Wolinella appears to prefer to colonize 
in the squamous epithelium of the upper parts of the alimentary tract and has not been 
detected in gastric biopsies of dogs[8]–[10], [14], [15]. A positive correlation has been ob-
served between the prevalence of Wolinella strains and the development of periodontal 
disease in dogs[10].  

Wolinella was introduced as a nonpathogenic bacterium until the analysis of com-
plete genome sequencing divulged that Wolinella succinogenes shares a large number of 
genes that encode the virulence factors present in H. pylori[16]. This announcement led 
researchers to question the non-pathogenic status of Wolinella and evaluate its nature 
more precisely. Because of the observed predominance of the Wolinella population over 
that of Helicobacter spp. in the oral cavity of dogs as well as the high genomic identity 
between W. succinogenes and H. pylori, the current study evaluated the prevalence of these 
genera in the oral cavity of dogs and assessed   the  genome of Wolinella spp. in terms of the 
presence of cagA and babA as crucial virulence genes found in H. pylori[17]. 

 

2. Materials and Methods 

2.1. Animals and sampling procedures 
Sixty-two client-owned or stray dogs over the age of 2 years of either sex that were 

referred to the hospital of the Faculty of Veterinary Medicine at the University of Tehran 
were evaluated. The samples were collected randomly, regardless of the incidence of 
known oral diseases, including periodontitis. Most of the dogs had been deprived  of ad-
equate oral health care such as regular brushing or periodic scaling.  

All sample collection was performed with the full consent of the owners under the 
supervision of the Iranian Society for the Prevention of Cruelty to Animals (ethics # 
IR.UT.VETMED.REC.1401.005) and by avoiding any aggressive or cruel methods. A mix-
ture of saliva, biofilm, and oral secretions were collected using a sterile cytobrush from 
biofilm that had formed on the molar and premolar teeth of both the maxilla and mandi-
ble. This mixture of saliva, oral secretions, and dental biofilm were immediately trans-
ferred into a tube containing 1 mL of sterile phosphate-buffered saline and then were 
stored at a −20°C for further investigation.  

2.2. DNA extraction and PCR assays 
DNA was extracted from a mixture of saliva and dental plaque using a SinaPure 

DNA  tissue kit (Sinaclon; Iran) according to manufacturer instructions. Polymerase chain 
reaction (PCR) amplification was performed in a final volume of 25 μL containing 3 μL of 
extracted DNA, 2 μL of ×10 PCR buffer (Sinaclon; Iran), 0.5 μL of dNTP, 0.75 μL of MgCl2, 
1 μL of primer, 0.25 U of Taq DNA polymerase (Sinaclon; Iran), and 17.5 μL of dH2O. The 
primer sequences and PCR conditions are presented in Table 1.  The resulting PCR prod-
ucts were developed on electrophoresis gel (1.5% w/v with 0.3% ethidium bromide in 10% 
tris-borate ethylenediaminetetraacetic acid buffer) and were visualized under an ultravi-
olet transilluminator. The sizes of the expected fragments were compared with a 100 bp 
reference marker (Sinaclon; Iran).  

 
Table 1. Oligonucleotide primers and PCR protocols. 

Gene name Primer sequences TM 
Thermocycler protocols 

(°C, min) 
Repeat 

Size 
(bp) 

Ref. 

16SrRNA F: 51 Pre-denaturation: 94°C, 10 min 35 1200 [9] 
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(Helicobacter spp.) GCTATGACGGGTATCC Denaturation: 94°C, 1 min 
Annealing: 58°C, 90 s 
Extension: 72°C, 2 min 
Final: 72°c, 15 min 

R: 
ACTTCACCCCAGTCGCTG 

58 

16SrRNA 
(Wolinella spp.) 

F: 
AAAGAGCACGTAGGCGGC 

58 
Pre-denaturation: 95°C, 30s 
Denaturation: 95°C, 15 min. 
Annealing: 58°C, 30s 
Extension: 72°C, 45s 
Final: 72°C, 7 min. 

34 440 [9] 
R: 
CAGGATTCTATCAATGTCAAGCCC 

64 

ureC gene 
(H. pylori) 

F:  
GGATAAGCTTTTAGGGGTGTTAGGGG 

68 
Pre-denaturation: 94°C, 4 min 
Denaturation: 94°C, 1 min 
Annealing: 57°C, 1 min 
Extension: 72°C, 1 min 
Final: 72°C, 5 min 

37 293 [18] 
R: 
GCTTACTTTCTAACACTAACGCGC 

64 

cagA 

F: 
GATAACAGGCAAGCTTTTGAGG 

60 Denaturation: 95°C, 1 min 
Annealing: 56°C, 1 min 
Extension: 72°C, 1 min 
Final: 72°C, 7 min 

37 300 [19] 
R: 
CTGCAAAAGATTGTTTGGCAGA 

58 

babA 

F:  
AATCCAAAAAGGAGAAAAAGTATGAAA 

59 
Pre-denaturation: 95°C, 5 min 
Denaturation: 92°C, 1 min 
Annealing: 59°C, 1 min 
Extension: 72°C, 1 min 
Final: 72°C, 5 min 

34 832 [20] 
R:  
TGTTAGTGATTTCGGTGTAGGACA 

62 

2.3. Gene sequencing 
Because no positive control was available with which to confirm the detection of the 

Wolinella spp. genome by PCR assay, one positive sample for 16S rRNA specific primers 
that was purported to be Wolinella spp. was randomly subjected to the Sanger sequencing 
method. The sequences were analyzed in MEGA7 software. The BLAST result of a se-
quenced sample of Wolinella showed 94% similarity to other databases. The 16S rRNA 
gene has been recorded in the NCBI database under accession number ON845539. 

3. Results 
The specific 16s rRNA genes of the genus Helicobacter and Wolinella were detected 

in 36 out of 62 (58.06%) and 52 out of 62 (83.87%) oral samples from dogs, respectively. 
Overall, 57 out of the 62 oral secretion samples (91.94%) were considered infected with 
the two  organisms and only 5 (8.06%) were appraised as healthy. Of the 57 cases that were 
considered infected, 31 (54.39%) showed concurrent infection with both Wolinella and 
Helicobacter, 5 (8.77%) were infected only with non-pylori Helicobacters, and 21 (36.84%) 
were infected only with Wolinella. The ureC gene of H. pylori was not detected in any of 
the samples. In the results of these samples, despite the genomic similarity between Woli-
nella and H. pylori stated in the reference articles[16], no cagA and babA genes were de-
tected in the genome sequence of the genus Wolinella or in non-pylori Helicobacter. (Table 
2, Figure1, Figure2) 

 
  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 September 2022                   doi:10.20944/preprints202209.0283.v1

https://doi.org/10.20944/preprints202209.0283.v1


 

 

Table 2. Prevalence of genes in experimental specimens. 

Gene name Number of detection (%) 
16S rRNA(Wolinella spp.) 52 (83.87%) 

16S rRNA(Helicobacter spp.) 36 (58.06%) 
ureC  (Helicobacter pylori) 0 (0%) 

cagA 0 (0%) 
babA 0 (0%) 
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(c) 

Figure. 1. Genus and species-specific PCR: (a) Wolinella genus (440 bp): 1 (negative control), 2-6 
(study samples), 7 (marker); (b) Helicobacter genus (1200 bp): 1 (negative control), 2-3 (positive con-
trols), 4-7 (study samples); (c) H. pylori (293bp): 1 (negative control), 2-3 (positive controls), 4 
(marker), 5-9 (study samples). 
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(a) (b) 

Figure. 2. PCR of H. pylori virulence genes: (a) babA (832 bp): 1 (negative control), 2-3 (positive con-
trol), 4 (marker), 5-7 (Helicobacter-positive samples), 8-10 (Wolinella-positive samples); (b) cagA (330 
bp): 1 (negative control) 2-4 (Helicobacter-positive samples), 5,10 (positive controls), 6-9 (Wolinella-
positive samples). 

 

4. Discussion 
The resident microbial flora of the canine oral cavity contains a wide variety of aero-

bic, facultative, and obligate anaerobic organisms.[21] Inflammation and recession in the 
margins of free gingiva are common findings in small animals.[22]  The oral cavity of dogs 
has been repeatedly reported to be positive for the presence of Helicobacter spp.[23] Mar-
shall et al.[24] first reported that the oral cavity is a point of entry for gastric H. pylori in 
humans and the possibility of the development of Helicobacterial gastritis.  

Dental plaque and secretions from the oral cavity of dogs play an important role in 
the conservation of Helicobacteraceae organisms, particularly Helicobacter spp. and Woli-
nella strains.[25] Oral cavity discharge from dogs has been suggested as a possible route 
of transmission of primarily non-pyloric strains of Helicobacter to humans.[26] W. suc-
cinogenes, which was originally isolated from the bovine rumen, also has been detected in 
the oral cavities of dogs.[27], [28] It seems that the only isolated and cultured species of 
this genus is W. succinogenes..[27]  

The prevalence of Helicobacteraceae in the oral cavity may not necessarily be a re-
flection of the gastric infection load in dogs.[11] The results of the current study indicate 
that, among Helicobacteraceae members in the oral cavity of dogs, Wolinella strains 
(83.87%) were predominant over Helicobacter spp.(58.06%). Note that only the specific set 
of primers designed by Craven et al.[9] to distinguish Wolinella strains from Helicobacter 
species were used in the current study. The results are in accordance with previous studies 
that have evaluated the prevalence of the same genera in the oral cavity of dogs.[8]–[10]  

Furthermore, as evidenced by earlier sequels for inspecting Helicobacteraceae organ-
isms in the gastrointestinal system of dogs, it seems that Wolinella spp. are more widely 
distributed in the oral cavity in comparison with other parts of the alimentary tract.[9] 
Moreover, there have been several reports of a novel uncultivated species of Wolinella 
known as Candidatus Wolinella africanus found in human patients with squamous cell car-
cinoma of the esophagus in a specimen of a mixture of the stomach, esophagus, and oral 
cavity of asymptomatic Venezuelans.[14], [29]  

The oral cavity of dogs as well as the esophagus and rumen of cattle are lined with 
squamous epithelia; thus, Wolinella may prefer to colonize in this area.[9] However, some 
reports discuss the detection of a new putative Wolinella in gastric biopsies of a sea lion 
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with gastritis and in thoroughbred horses with gastric ulcers.[30], [31]  Nucleotide se-
quencing and BLAST results have identified Wolinella spp. in the dogs of the current study 
as being more closely associated with W. succinogenes than with Candidatus W. africanus. 

By contrast, published reports state that H. pylori was more detectable in other parts 
of the alimentary tract, including the stomach and colons. Abdi et al.14 and Torkan et al.15 

detected H. pylori in colonic and gastric biopsies of Iranian dogs, respectively., Elhelw et 
al.[32] performed PCR tests and reported that 62.5% of Egyptian dog stool samples were 
positive for H. pylori. Kubota-Aizawa et al.[33] reported that gastric biopsies collected 
from two dogs in Japan were infected with the same H. pylori strain detected in gastric 
biopsies from their owners.  

H. pylori was not detected in the oral cavity specimens collected in the current study. 
The  helicobacter organisms detected in our specimens were totally associated with non-
pyloric species, which is in line with the results of Craven et al.11 and Nowroozilarki et 
al.,12 The exact reason why Wolinella has a greater propensity to colonize in the squamous 
epithelium of the oral cavity of dogs instead of Helicobacter spp. is not well known. How-
ever, it may relate to subtleties in the oral microenvironment, such as pH, reduction-oxi-
dation potential, and nutrient availability. It has been suggested that the presence of spe-
cific species such as Streptococcus mutans and Prevotella intermedia in the bio-film could 
inhibit the growth of H. pylori strains.[34]–[36] It also has been shown that Porphyromonas 
spp and Fusobacterium nucleatum can adhere to and trap H. pylori.[35]  

In addition to its effect on health, the incidence of Wolinella spp. has been significantly 
associated with the development of periodontitis in dogs.[10] This has led researchers to 
question the nonpathogenic status of W. succinogenes. Baar et al.18 revealed that according 
to the analysis of the sequence of the W. succinogenes (DSM 1740 [ATCC 29543]) 
2,110,355bp genome, this bacterium belongs to the epsilon-proteobacteria and is Helico-
bacteraceae based on 16S rRNA phylogeny. In their comparison of the complete predicted 
set of W. succinogenes proteins with the NCBI database, 32% of pairs were H. pylori and 
30% of pairs were C. jejuni.  

The closest hit for 655 proteins were in H. pylori.[16] W. succinogenes shares numerous 
homologous genes with its two closest relatives that encode virulence factors (eg, type IV 
secretory pathway, adhesins, invasins, hemolysins, proteases, and cytotoxins) in 
them.[16], [37]–[39] The cagA gene has been detected in the genome of H. pylori in gastric 
biopsies of Iranian dogs, particularly those with gastric ulcers.[13] In patients with gastric 
carcinoma associated with H. pylori infection, cagA and babA2 were the most common 
genes among the virulence factors.[20]  

We sought to evaluate the detected genomes of the Wolinella strains found in the cur-
rent study for the presence of cagA and babA as crucial virulence genes of H. pylori. We 
also evaluated the presence of these virulence genes in the genome of our Helicobacters. 
The results presented here show that, despite the genomic identity between Wolinella and 
H. pylori noted in the reference articles, cagA and babA virulence genes were not detected 
in any of the Wolinella strain samples or in the non-pyloric Helicobacters. 

 

5. Conclusions 
The current study found that, among members of the Helicobacteraceae family, Woli-

nella spp. was the predominant population over genus Helicobacter organisms in the oral 
cavity of dogs. Additionally, no Helicobacter pylori was detected in any of the samples. The 
incidence of Helicobacter infections in the current study was generally associated with non-
pylori Helicobacters. These results were corroborated by the results of published reference 
articles. The results clearly show that, despite the great genomic homology between W. 
succinogenes and H. pylori discussed by Baar et al.18, the cagA and babA virulence genes 
were not identified in any of the oral samples taken from dogs in the current study. 

6. Patents 
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