


	

Diagnostic and therapeutic Studies of Helicobacter induced Gastric Mucosal Injuries in Canines

ABSTRACTS
Helicobacter spp. induces significant pathological alterations in the gastric mucosa, manifested clinically by acute haematemesis, anorexia, lethargy, depression, pallor of mucous membranes, tachycardia, tachypnoea, dehydration, and diminished responsiveness to external stimuli. The correlation between Helicobacter infection and gastric disorders in dogs remains incompletely defined, although growing evidence implicates these organisms in the pathogenesis of gastritis, peptic ulceration, and gastric neoplasia. Their identification has substantially refined contemporary concepts regarding the etiology, diagnosis, and clinical management of canine gastric diseases. Ultrasonographic assessment commonly demonstrates pronounced gastric wall thickening accompanied by reduced gastric motility, changes that correspond with significant disturbances in haemato-biochemical indices and elevated oxidative stress markers. Ultrastructural evaluation through electron microscopy reveals characteristic spiral-shaped bacteria adherent to or embedded within the gastric mucosa, consistent with Helicobacter-like organisms. Molecular confirmation using Polymerase Chain Reaction (PCR) enables detection of Helicobacter DNA in vomitus and fecal samples, providing reliable non-invasive diagnostic evidence. Therapeutic intervention employing triple therapy—comprising either three antibiotics or two antibiotics combined with a proton pump inhibitor or other acid-suppressive agent, supplemented with antioxidants has been associated with marked clinical improvement and successful recovery within approximately 30 days.
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INTRODUCTION
Helicobacter, the primary gastric pathogen, is a spiral-shaped bacterium predominantly localized within the canaliculi of parietal cells in the stomach (Patel et al., 2018a). In dogs, the major species implicated include H. felis, H. bizzozeronii, and H. heilmannii, although these organisms are infrequently detected as single infections and are more commonly reported in mixed populations (Patel et al., 2018a). H. pylori is known to suppress gastrokine gene expression and produce virulence factors such as urease and neutrophil-activating protein (NAP), which contribute to gastric mucosal injury and neoplastic transformation (Patel et al., 2018a; Fu, 2014; Choi et al., 2013). Infection has also been associated with elevated fasting gastric pH and the development of achlorhydria in affected dogs (Simpson et al., 1999). Diagnostic approaches for detecting gastric Helicobacter-like organisms (HLO) in dogs include rapid urease testing, touch cytology, and histopathological examination, which are regarded as highly reliable methods. Isolation through culture and identification by polymerase chain reaction (PCR) enable species-level confirmation (Neiger and Simpson, 2000). Owing to the increasing occurrence of antimicrobial resistance, triple therapy supplemented with ascorbic acid has demonstrated therapeutic efficacy. This regimen typically consists of either three antibiotics or two antibiotics combined with an acid-suppressive agent such as a proton-pump inhibitor or an H2-receptor antagonist (Bichard and Sherding, 2005; Pal et al., 2011). The present review summarizes current understanding of gastric infection and therapeutic strategies for managing Helicobacter-induced gastritis in dogs.
PATHOGENESIS
Limited information is available regarding differences in pathogenicity among strains within the same Helicobacter species (Fig. 1). Gastric inflammation is regarded as a primary manifestation of the organism’s pathogenic potential. Although gastric ulcers have been reported occasionally in dogs, no definitive association has been established between these lesions and Helicobacter infection (Haesebrouck et al., 2009).
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FIG 1. Pathogenicity between different strains of Helicobacter species
1. Gastrokines (GKNs) gene expression 
Helicobacters are gram-negative, microaerophilic, motile, and curved or spiral bacteria with multiple terminal flagella (Simpson et al., 2000). Helicobacter spp. populations are commonlyfound in the body and fundusof the stomach (Anacleto et al., 2011). Gastrokines (GKNs) are bioactive molecules that contain the BRICHOS domain and are secreted from the mucous pit cells along the surface of both corporal and antral units of the gastric mucosa (Menheniott et al., 2013). Gastrokines (GKNs) generates cytoprotective and anti-inflammatory effect by suppresses the Helicobacter spp. colonies, promote gastric epithelial restoration, and enhance cellular differentiation (Patel et al., 2018a). Helicobacter pylori has been shown to suppress gastrokine (GKN) gene expression via methylation of trefoil factor 2 (Peterson et al., 2010), leading to deficiencies in Gkn1 and Gkn2 (Menheniott et al., 2013). The progressive loss of GKN expression is associated with the stepwise development of disease, beginning with chronic gastritis, progressing to gastric mucosal atrophy, and ultimately culminating in intestinal neoplasia due to complete loss of GKN gene function (Sharman et al., 2017; Menheniott et al., 2013). H. pylori suppress gastrokines (GKNs) gene expression, results in gastric inflammation, mucosal injury, and gastric mucosal atrophy followed by a neoplasm in the gastric mucosa (Patel et al., 2018a). 
2. Gastric hormones in serum 
The H. pylori-induced gastritis leads to decreased gastric acid secretion, consistently increased plasma gastrin concentrations from G cell due to positive feedback mechanism, the elevation of stress hormone (cortisol) level and an increased local concentration of histamine from adjacent enterochromaffin-like (ECL) cells mediated by IL-1β and Inflammatory and stress‐related mediators (Takashima et al., 2001; Elenkov et al., 2004). Hypergastrinemia and increased parietal cell mass due to inhibition of gastrin suppressing hormone somatostatin lead to hyperacidity and duodenal ulceration. The achlorhydria is reported after inhibition or destruction of parietal cells in Helicobacter infected dogs (Simpson et al., 1999).
3. Oxidative stress
H. pylori have neutrophil-activating protein (NAP) that leads to gastric lesions and neoplastic changes (Patel et al., 2018a; Fu, 2014; Choi et al., 2013). In addition, NAP released from these organisms leads to accumulation and activation of neutrophils cause the excessive generation of reactive oxygen species (ROS) marks in lipid peroxidation of the gastric epithelium (Fu, 2014).
4. Urease enzyme 
Helicobacter organism produces urease enzyme in the gastric lumen that hydrolyzes urea to ammonia and bicarbonate, lead to raises gastric pH in which bacterial populations survive (Leib et al., 2005).
DIAGNOSIS
1. Clinical Signs
Frequently documented manifestations include hematemesis, melena, anorexia, dehydration, pallor of the conjunctival mucous membranes, tachycardia, tachypnoea, and diminished responsiveness to external stimuli. These signs generally reflect gastric mucosal injury and systemic compromise.
2. Haemato-biochemical and Oxidative Stress Examinations
Characteristic haemato-biochemical alterations comprise a pronounced decline in haemoglobin (Hb), total erythrocyte count (TEC), packed cell volume (PCV), and serum albumin concentrations, accompanied by elevated serum levels of SGOT, blood urea nitrogen (BUN), and creatinine. Substantial increases in gastric hormones, including gastrin, histamine, and pepsinogen A and C, as well as stress-associated hormones such as serum cortisol, have also been reported. Concurrently, a marked depletion in antioxidant status with a corresponding rise in oxidant levels contributes to enhanced oxidative stress, further aggravating gastric mucosal damage.
3. Ultrasonographic Examinations
Ultrasonographic evaluation typically reveals significant gastric wall thickening exceeding 5 mm and markedly reduced gastric motility, often characterized by fewer than three peristaltic waves per minute. This imaging modality facilitates the identification of structural and functional gastric abnormalities associated with mucosal hemorrhages or lymphoplasmacytic gastritis (LPG), with or without lymphoid follicular hyperplasia and infiltration of lymphocytes and other inflammatory cells within the lamina propria of the gastric wall (Patel et al., 2018a). 

4. Endoscopic examination 
The findings on endoscopic examination of gastric mucosa were scored by an independent analysis of the videotapes as described in table 1.
Table 1: Scoring of gastric mucosa based on endoscopic findings 
	Gastric mucosal Lesions
	Score

	Normal healthy mucosa
	0

	Edematous rugae
	1

	Submucosal haemorrhages
	2

	Erosions
	3

	Ulcers
	4


(Source: Dowdle et al., 2003)

5. Urease test 
Helicobacter organisms produce urease enzyme that hydrolyzes urea to ammonia leading to an increase in the gastric pH in which bacterial populations were survived (Marshall et al., 1990). Therefore, rapid urease test (RUT) and modified rapid urease test (MRU) are used to diagnoseHelicobacter infection of gastric mucosa using thebiopsy samples (Katelaris et al., 1992).
6. Quantitative urease test
Gastric mucosal biopsies from the antrum, body, and cardia were placed into urea broth containing urea, sodium azide, phenol red, and phosphate-buffered saline (pH 6.5) and incubated at 37 °C for 24 hours. A colour change from yellow to pink/red within 24 hours was interpreted as a positive result, with the following gradations: colour change within the first 2 hours (+++), between 2 and 6 hours (++), and between 6 and 24 hours (+). Absence of any colour change within 24 hours was considered negative (0) (Ricci et al., 2007).
7.  Molecular characterization 
On the molecular characterization of Helicobacter organism gastric tissue sample, the culture of gastric contents, vomitus, and fecal samples of the dog is used for polymerase chain reaction (PCR) analysis. For PCR analysis, endoscopic biopsies were obtained from the pyloric antrum (incisura to pyloric sphincter), the body (greater curvature), and the cardia (Simpson et al., 1999). Helicobacter genus-specific PCR assay and Helicobacter species-specific PCR assay were performed for molecular characterization. It had been reported that the recent PCR assays developed for detecting Helicobacter infection had two targets, urease and 16S rRNA genes. It was found to bepromising because partial or whole sequence information is available for both (Hwang et al., 2002).
8. Histopathologic findings 
Impression smears were stained with Diff-Quik and evaluated by light microscopy for the presence of Helicobacter-like organisms (HLO). Samples collected for performing histopathology arefixed using 10% buffered formalin and embedded in paraffin. They aresectioned at 4–6 mm thickness for further processing. Serial sections of each block can bestained using hematoxylin and eosin (H&E) and modified Steiner’s stain (Simpson et al., 1999). Mild gastritis with infiltration of lymphocytes and plasma cells has been commonly reported in the naturally acquired Helicobacter infection (Neiger and Simpson, 2000). Most clinically infected dogs had gastric mucosal inflammation of different degrees consisting of scattered leukocytes. Still, a similar degree of gastritis was also detected in clinically normal uninfected dogs (Hwang et al., 2002) are tabulated as under Table.2 &3.
Table 2: The number of Helicobacter organisms was graded as follows 
	Organism/400 × field
	Results

	No organisms seen
	0

	≤1
	+

	1-10
	++

	> 10
	+++


                                                       (Source: Neiger and Simpson, 2000)


Table 3: The degree of inflammation was graded as follows 
	Degree of inflammation 
	Results

	Minimal to no mononuclear Inflammatory cell
	0

	Mild increase in mononuclear inflammatory cells
	+

	Moderate numbers of mononuclear inflammatory cells
	++


(Source: Neiger and Simpson, 2000)

9. Electron microscopy
The gastric Helicobacter-like organisms (GHLO) found in dogs are spiral-shaped organisms (0.5 3.5–10 mm) and cannot be distinguished by light microscopy. Electron microscopic examination of gastric mucosa showed spiral-shaped organisms in the stomach lumen and canaliculi of the gastric parietal cells (Simpson et al., 1999; Lee et al., 1992). However, because of variations in bacterial morphology in vivo and in vitro, electron microscopic appearance is not a definitive means of distinguishing different GHLO (Neiger and Simpson, 2000).
10. Differential diagnosis
Differential diagnosis may help to rule out the possibilities of infections like Leptospirosis and hemoprotozoa (Babesia gibsoni, Babesia canis and Ehrlichia canis) (Table.4). Serum samples will not be found antibody titer against Leptospiraand showing negative for LAT (Latex Agglutination Test; recently developed at IVRI) and Mucous Agglutination Test (MAT) (Patel et al., 2018b). Blood smear examination performed for hemoprotozoan infection that will be negative for hemoprotozoa (Patel et al., 2019a). Faecal smear examination is performed for gastrointestinal (GI) parasitic infestation will be negative for GI parasites (Bhatt et al., 2019).
Table 4: Differential diagnosis for Helicobacter organism and their possible results
	Differential diagnosis
	Results
	References

	Faecal smear examination
	Negative for GI Parasitic Infestation
	( Bhatt et al., 2019)

	Blood smear examination
	Negative for Haemoprotozoa
	(Patel et al., 2019a)

	Serum sample (LAT, MAT)
	Negative for Leptospirosis
	 (Patel et al., 2018b)





THERAPEUTIC MANAGEMENT
The effective therapeutic protocol for dogs against Helicobacter spp.is “Triple therapy,” whichcontains combinations of three antibiotics or two antibiotics and one acid-reducing drug along with antioxidants and supportive therapy.Some of the therapeutic combinations used for managing Helicobacter-induced gastric mucosal injuries in dogs are described in Table. 5.
Table 5: Therapeutic protocol against Helicobacter induced gastric mucosal injury in dogs
	Therapeutic Protocol
	References

	TREATMENT (Initial 2-4 weeks)

	(A) Triple Therapy
(Initial IV route, Oral rout after dogs will taking food)
1. Amoxicillin @ 20mg/kg BW, BID
2. Metronidazole @ 20 mg/kg BW, BID
3. Famotidine @ 2-4mg/ kg BW, BID
	(Patel et al, 2018a)

	(B) Antioxidant Therapy
	

	1. Vitamin C @ 20mg/ kg BW, PO, BID
	(Ulutas et al., 2006)

	2. Vitamin E @ 15-20 mg/kg BW, PO, OD
	(Deepak et al., 2018)

	3. N- acetyle cysteine @20mg/kg BW,  PO, BID
	(Huynh et al., 2000)

	(C) Supportive therapy
	

	1. Fluid therapy (for 5 days, BID)
a. Haemaccel @ 2-5 ml/kg BW
b. Ringers solution
	(Patel et al., 2018a)


	2. Haemacoagulase (Inj. Botropase, IM, BID)
	(Patel et al., 2018a)

	3. Antiemetics (Metaclopromide @ 0.5 mg/kg BW)
	(Patel et al., 2018a)

	4. Hematinic syrup
	(Bhatt et al., 2018)

	5. Liveril® syrup
	(Bhatt et al., 2018)

	TREATMENT (Next 10-14 days)

	(A) Alternative therapy
	

	1. Tetracycline @ 20 mg/kg BW, PO, BID
2. Omeprazole @0.7 mg/kg BW, PO , OD
	(Happonen et al., 2000)

	(B) Antioxidant Therapy
	

	1. Vitamin C @ 20mg/ kg BW, PO, BID
	(Ulutas et al., 2006)

	2. Vitamin E @ 15-20 mg/kg BW, PO, OD, alternate days
	(Deepak et al., 2018)

	3. N- acetyle cysteine @20mg/kg BW, PO, BID
	(Huynh et al., 2000)

	(C) Supportive Therapy
	

	1. Hematinic syrup, PO, OD
	(Bhatt et al., 2018)

	2. Liveril syrup, PO, BID
	(Bhatt et al., 2018)



1. Fluid therapy
Following the diagnosis of the case, treatment was started with fluid therapy using plain Ringers solution according to dehydration. In hypovolemic condition, Haemaccel @ 2-5ml/kg body weight may be useful for maintaining the condition. 
2. “Triple therapy” along with Supportive therapy
Nowadays, due to the rapid development of drug resistance, single antibiotic therapy is less effective. So, the “Triple therapy” was used against the Helicobacter organism containing three antibiotic combinations or two antibiotics and one acid-reducing substance (Bichard and Shreding, 2005). The antimicrobial susceptibilities of Helicobacter spp. isolated from canine stomachs were evaluated against ten agents by Van den Bulck et al. (2005b) using the agar dilution method to determine minimal inhibitory concentrations (MICs). The isolates were highly susceptible to ampicillin, clarithromycin, tetracycline, tylosin, enrofloxacin, gentamicin, and neomycin, as indicated by low MIC values. In a related study, treatment with a combination of metronidazole, amoxicillin, and famotidine successfully resolved clinical signs in 90% of dogs and cats (Neiger and Simpson, 2000).
Triple therapy having combination of amoxicillin @ 20mg/kg BID, metronidazole @ 10 mg/kg BID and ranitidine @ 4 mg/ kg BID BW will be administered with vitamin C @ 20mg/ kg BW BID for initial 15 days followed by doxycycline @ 5mg/kg BID, omeprazole @ 1 mg/kg BW with vitamin C @ 20mg/ kg BW BID for the next 15 days. Supportive therapy with Haemacoagulase (Inj. Botropase 1 ml IM BID up to stoppage of hematemesis), antiemetics (Metoclopramide @ 0.5-2 mg/kg body weight up to stoppage of emesis), and hematinic syrup Haemup (PO OD for up to reach normal blood count) will be administered. “Triple therapy” with amoxicillin, metronidazole, and bismuth salt for two to four weeks or alternative eradication therapy with tetracycline 20 mg/kg BID and omeprazole 0.7 mg/kg OD for the next 14 days eradicate subsequent persisting Helicobacter organism (Happonen et al., 2000). Simpson et al., 2000 also reported successful eradication of gastric Helicobactor infection in the dog using “Triple therapy” with amoxicillin, metronidazole, and famotidine. Omeprazole and famotidine were significantly prevented gastric ulcerogenic and decreased the ulcer index (Patel et al., 2020; Yadav et al., 2018;  Sener-Muratoglu et al., 2001). Metoclopramide @1-2mg/kg/24hr acts as a dopamine-antagonist that inhibits the chemoreceptor trigger zone in the vomiting center and prevents vomiting (Patel et al., 2018a). The haematinic syrup containsiron preparations that are useful for alleviating Hb, TEC levels (Yadav et al., 2019).
3. Role of antioxidants along with “Triple therapy”
The role of ascorbic acid is preventive rather than curative (table 6). It protects gastric epithelium by reducing oxidative damage by scavenging reactive oxygen species (ROS), inactivating urease enzymes, regulation of serum cortisol and histamine level markedly decreases serum oxidants levels (like Malondialdehyde (MDA), thiobarbituric acid reactive substances (TBARS) level), increase serum antioxidant levels (like Glutathione peroxidase (GPx), total antioxidant capacity (TAC) level) and attenuating the inflammatory cascade leads to decreased incidence of gastric lesion formation leads to reduce the inflammation of the gastric wall causes decreasing the gastric wall thickness (Clemetson,1980; Pal et al., 2011; Hishiyama et al., 2006; Seravalli et al., 2009; Shayanpour et al., 2017; Gokalp et al., 2004). Vitamin C and silymarin markedly reduce to the malondialdehyde level (MDA) as an antioxidant in the liver and kidney (Bhatt et al., 2018). Vitamin C functions as a potent antioxidant, preventing oxidative stress and contributing to collagen synthesis and tissue repair (Patel et al., 2018c; Patel et al., 2019b; Patel et al., 2019c). It is the only antioxidant capable of providing complete protection of endogenous lipids from reactive oxygen species (ROS)-induced oxidative damage (Polidori et al., 2004). When serum vitamin C concentrations are depleted, other antioxidants are insufficient to confer full protection against ROS (Ulutas et al., 2006). The nutritional supplement Liveril®—a formulation containing choline, coenzyme Q10, D-panthenol, folic acid, L-carnitine, L-glutathione, L-ornithine L-aspartate, N-acetylcysteine, selenium, silymarin, vitamins B1, B2, B6, B12, C, D, E, and zinc—supports the conversion of fatty acids into energy for muscular activity, mobilises hepatic fat, stimulates growth hormone release from the pituitary, maintains glutathione levels, mitigates oxidative damage, and scavenges free radicals (Bhatt et al., 2018). Vitamin C also reduces oxidative stress in the gastric mucosa by neutralising carcinogenic N-nitroso compounds and ROS, while attenuating the H. pylori-induced inflammatory cascade (Aditi and Graham, 2012). Additionally, vitamin E (15–20 mg orally, alternate days; Capsule Evion) can serve as an antioxidant (Deepak et al., 2018). N-acetylcysteine exhibits both mucolytic and antioxidant properties and has been shown to reduce Helicobacter colonisation in the gastric mucosa (Huynh et al., 2000).
A combination of ceftriaxone, metronidazole, and doxycycline followed by a 14-days treatment with moxifloxacin and a 2-month treatment with azithromycin in an immunocompromized patient (Degand et al., 2017).
1. Preferred combinations include ranitidine bismuth citrate and metronidazole; ranitidine bismuth citrate and tetracyclin; ranitidine bismuth citrate and cefuroxime axetil; ranitidine bismuth citrate and amoxycillin; ranitidine bismuth citrate and clarithromycin; ranitidine bismuth citrate, metronidazole, and amoxycillin; ranitidine bismuth citrate, metronidazole, and tetracycline; and ranitidine bismuth citrate, tetracycline, and clarithromycin (McColm, 1997).
2.  For complete elimination of non-pylori Helicobacter spp. from the gastric mucosa of dogs, a combination of three-drug regimen is used with omeprazole (0.5-1 mg/kg), amoxicillin (20 mg/kg BW, BID), and clarithromycin (7.5 mg/kg, BID) for 21 days (Neiger and Simpson, 2000).
Table 6: Role of ascorbic acid along with “Triple therapy” for management of Helicobacter- induced gastric mucosal injuries
	Role of ascorbic acid
	Reference

	1. Reducing oxidative damage by scavenging ROS, 
	(Aditi and Graham, 2012)

	2. Inactivating urease enzymes,
	(Zhang et al., 1997)

	3. Inhibits colonization of H. pylori in the gastric mucosa,
	(Zhang et al., 1997)

	4. Regulation of serum cortisol and histamine level, 
	(Seravalli et al., 2009)

	5. Regulation of serum histamine level,
	(Clemetson et al., 1980)

	6. Markedly decreases serum oxidants level, 
	(Ulutas et al., 2006)

	7. Increase antioxidants level,
	(Ulutas et al., 2006)

	8. Attenuating the gastric inflammatory cascade.
	(Aditi and Graham, 2012)




ZOONOTIC IMPORTANCE
[bookmark: _GoBack]Mostly, Humans have close relations with companion animals, and they sharemany zoonotic diseases such as infections in humans that originate from animals, including dogs, through direct contact (Haesebrouck et al., 2009).  Helicobacter organisms can be present in the gastric lumen of dogs without causing clinical signs of gastritis (Simpson, 2010). Similarly, in humans, non-pylori Helicobacter species have been reported to induce mild gastric disorders (De Groote et al., 2005; Duquenoy and Le, 2009). While gastric Helicobacter-like organisms (GHLOs) in humans often produce relatively mild gastric changes, more severe manifestations—including gastric erosions, ulcers, and neoplastic transformations—can also occur (Yoshimura et al., 2002; Alon et al., 2010). Consequently, the eradication of these infections in animals that are in close contact with humans should be considered as a strategy to control potential zoonotic transmission. Unlike H. pylori, various Helicobacter species commonly colonize the stomachs of domestic animals, particularly posing a risk to immunocompromised individuals in close contact with dogs and cats (Alon et al., 2010).

CONCLUSION
Molecular characterization through PCR can be exploited for confirmative diagnoses of Helicobacter infection in dogs. Helicobacter organism can be eliminated from the gastric mucosa of the infected dog by initially treating with triple therapy (amoxicillin, famotidine, and metronidazole) along with high doses of vitamin C for the initial 15 days followed by doxycycline, omeprazole,andvitamin C therapy for the next 15 days. Evaluation of re-infection must be required after treatment because dogs can be a reservoir host for Helicobacter and can transmit the disease to other dogs in the future. However, further studies are required in this field concerningchronic and secondary gastritis or to exclude the possibility of mixed infection and secondary infection of helicobacter after the animal is suffering from an underlying condition.
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Helicobacters are gram-negative, microaerophilic, motile, and curved or
spiral bacteria with multiple terminal flagella
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