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INTRODUCTION

Helicobacter pylori infection is invariably related to inflammation and has been linked to be-
nign, premalignant, and malignant lesions of the digestive system, including chronic active 
gastritis, peptic ulcers, atrophic gastritis, intestinal metaplasia, gastric adenocarcinomas and 
lymphomas of mucosa-associated lymphoid tissue1. 

Humans are the primary reservoir and the most common modes of transmission are oral-oral 
and fecal-oral. Most infections are acquired early in life probably through close contacts with par-
ents, especially the mother and from other children2. In developing countries, the transmission via 
contaminated food or water might be a significant mechanism of primary infection in children and 
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of reinfection among adults3. Differences among various populations and among ethnic groups 
are likely related to differences in cultural practices as they relate to hygiene and sanitation4. 

Beside the established reservoir of the human stomach, several animals, mostly living in the 
human environment, have been reported to harbor H. pylori in their stomachs5. In addition, an 
indirect evidence for a zoonotic source comes for studies6-8 showing a higher prevalence of an-
tibodies against H. pylori in abattoir workers, such as butchers, slaughterers, and veterinarians. 
In previous studies, we suggested that sheep might also be a reservoir, at least in Sardinia, Italy. 
For example, we observed a very high prevalence of H. pylori infection in Sardinian shepherds9. 
The prevalence among shepherds was approximately 100% and was significantly higher than 
among household members with no direct animal contact. Similarly, in Polish children with 
sheep contact a prevalence of H. pylori significantly higher than those from urban area was 
detected10. Moreover, Helicobacter genus-specific 16S rRNA and H. pylori vacA gene DNA was 
amplified from raw sheep milk samples collected from different flocks in Northern Sardinia11. 
Further, we were able to isolate H. pylori from raw sheep milk and the amplified genotype was 
vacA s1b-m2, iceA2 allele positive, babA2-negative, and cagA-positive. The 5’ region positive, 
middle conservative region-positive and the 3’ repeat regions of cagA were of the type specific 
for Western countries (Italian type)11,12. Additional evidence demonstrated the presence of H. 
pylori in the stomach of sheep10,12, suggesting these ruminants as a possible ring in the epidemi-
ological model on the transmission chain of H. pylori infection, at least in certain circumstances, 
such as sheep-rearing. For example, in Sardinia the prevalence of Echinococcus disease was his-
torically one of the highest in the Mediterranean basin and still remains particularly high in ar-
eas where pastoralism is the main economic activity13,14. Accordingly, across countries, the high-
est prevalence (8.7%) was registered among Mongolian and Kazak pastoralist communities15. 

The life cycle of Echinococcus tapeworm includes a definitive host, usually sheep-
dogs, an intermediate host such as sheep, and human beings as incidental hosts. Because 
the transmission of Echinococcus eggs is closely related with the practice of sheep-rear-
ing, direct interactions between shepherds, sheep and sheep-dogs are important in the 
diffusion of the zoonosis16.

All these observations prompted us to confirm with further investigations (stool, serum, 
wool) the presence of H. pylori in sheep, lambs and sheep-dogs. 

MATERIALS AND METHODS 

Sample Collection

All samples were obtained from randomly selected sheep and sheep-dogs belonging to 
five different flocks located in the same geographical area of Northern Sardinia. The 
shepherds of the chosen flocks were previously identified as positive for H. pylori infec-
tion by 13C urea breath test. From each animal studied a stool sample was collected and 
stored at -20°C until assayed. Stool specimens were obtained directly from the rectum in 
aseptic conditions. In addition, the wool surrounding the mammary glands from adult 
sheep was collected and immersed into 50 mL of Brucella broth and stored at -80°C until 
used for molecular studies. In addition, blood samples were obtained from each animal 
studied. Blood was centrifuged and the serum frozen at -20°C until processed. All sam-
pling was done by a trained veterinarian (G.S.). 

H. pylori Culture

Selective brain heart infusion (BHI)-agar plates, (Difco Laboratories, Detroit, MI, USA) contain-
ing 7% defibrinated horse blood (BHIB-agar plates; Cocalico Biologicals, Reamstown, PA, USA) 
and vancomycin (Sigma-Aldrich, St Louis, MO, USA), nalidixic acid (Sigma-Aldrich, St Louis, MO, 
USA), amphotericin B (Sigma-Aldrich, St Louis, MO, USA), trimethoprim (Sigma-Aldrich, St Lou-
is, MO, USA), were inoculated with 100 mL of Brucella broth containing the wool surrounding 
the mammalian glands of adult sheep. Plates were incubated at 37°C under 12% CO2 and 95-
99% relative humidity and observed daily for up to 3 weeks for H. pylori-like colony growth.
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ELISA Testing

Sheep and dog sera were evaluated for the presence of IgG antibodies against H. pylori by 
a homemade indirect enzyme-linked immunosorbent assay (ELISA). A crude sonicate extract 
from a pool of 15 H. pylori isolates was used as antigen. Briefly, 96-well microtiter plates 
(Nunc, Denmark) were coated with the antigen by incubating 100 µL of a 20-µg/mL antigen 
solution in 0.1 mol/L sodium carbonate buffer at pH 9.6 and kept overnight at room tempera-
ture. After washing in PBS, nonspecific sites were blocked with 200 µL of buffer (1% BSA in 
PBS) for 2 h. Blocking buffer was removed, and 100 µL of serum sample, diluted 1:200 in block-
ing buffer was incubated in duplicate for 1 h at room temperature. After three washes, the 
wells were incubated with 100 µL of horseradish peroxidase-conjugated rabbit Ig anti-sheep 
IgG and rabbit Ig anti-dog IgG (Dako, Spa, Milano, Italy), respectively, diluted 1:2000 for 30 
min. All incubations were performed at room temperature. After four washes, the bounding 
antibodies were detected with H2O2-tetramethylbenzidine (TMB) solution and A450 was quan-
tified with a Molecular Devices Corp. (San Jose, CA, USA) Vmax plate reader. The samples were 
run in duplicate. Lamb serum samples known as negative served as control12. On the base of 
previous results12, ELISA readings under a cut-off value of 0.400 OD were considered negative. 

HpSA

The HpSA ELISA (Premier Platinum HpSA, Meridian Diagnostics Inc., Cincinnati, OH, USA) was 
performed according to manufacturer’s recommendations. After addition of a stopping solu-
tion, the results were read by spectrophotometry at 450/620 nm double wavelength. Accord-
ing to the manufacturer’s guidelines, an OD <0.100 was defined as negative, between 0.100-
0.120 uncertain, and >0.120 surely positive. 

Molecular Studies

Genomic DNA was extracted from Brucella broth containing sheep wool. The Brucella broth 
in which the wool was suspended was put into new bottles and the wool was washed three 
times with 50 mL of PBS which was added to the original broth. Initially the broth was brown 
due to contamination by milk, stool, and dirt. The original broth and the wash fluids were cen-
trifuged at 12000 rpm for 10 min and the pellets were used for DNA extraction using a com-
mercially available kit (QIAamp Tissue kit; QIAGEN, Inc., Chatsworth, CA, USA). Polymerase 
chain reaction (PCR) was performed using primers specific for H. pylori [cagA, vacA (s and m 
region), iceA, babA2] and for Helicobacter species (16S rRNA) as previously described11,17. 

RESULTS

A total of 58 animals were studied (44 sheep, 8 lambs and 6 sheep-dogs). The sheep ranged in 
age from five months to 5-year-old. There were 19 adult sheep (> 3 years). The lambs ranged 
in age from 0 to 4-month-old. The majority (95% or 42/44) of sheep serum samples contained 
IgG that recognized the crude H. pylori antigens (Figure 1). IgG against H. pylori were not 
detected in six 4-month-old lambs, whereas they were present in the 2-day old lambs prob-
ably representing immunoglobulins transmitted from the dams (Figure 1). All six sheep-dogs 
demonstrated IgG against H. pylori (Figure 1).

The results of the HpSA stool antigen test were positive in 82% (36/44), indeterminate in 
11.4% (5/44) and negative in 2.3% (1/44) stool samples from sheep. The age of the sheep had 
no significant effect on H. pylori prevalence. Stool samples from lambs were typically in the 
gray zone. Stool samples from all 6 sheep-dogs were positive. 

No H. pylori organism from any wool samples stored in Brucella broth were cultured. A 
total of 8 wool wash sheep samples were used for PCR. No PCR products were obtained from 
DNA using primers specific for H. pylori (cagA, vacA, iceA, babA2) or with primers specific for 
Helicobacter species (16S rRNA). 
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DISCUSSION

In this study we confirmed the presence of H. pylori antigen in stools obtained from sheep 
and from sheep-dogs. In addition, a strong positivity for anti H. pylori IgG was detected in 
both animals and an active infection in the attending shepherds suggesting a vicious circle in 
the transmission of the infection composed by different rings.

We previously reported that the prevalence of H. pylori infection in Sardinian asymptom-
atic shepherds was closely associated with direct contact with sheep and sheep-dogs9, and 
the prevalence remains, even now, very high, especially in shepherds still practicing manual 
milking process (almost 100%, personal observation). Similarly, in a study conducted in Polish 
shepherds, a prevalence of H. pylori infection by 13C-UBT of 97.6% and of 86% was detected18. 
In subjects without direct contact with sheep the prevalence was significantly lower (65.1%). 
Accordingly, in children from families living in Polish Tatra Mountains and having contact with 
sheep, H. pylori infection was significantly higher compared with age- and gender-matched 
urban controls10. In a previous study12 we were able to culture H. pylori from smears collected 
from the abomasum mucosa of sheep belonging to flocks reared by shepherds identified to 
be positive for H. pylori infection. Infection was confirmed as H. pylori on the basis of colony 
morphology, biochemical reactions, Gram stain and genomic sequence analysis12. Similarly, in 
a total of 1,150 gastric specimens randomly collected from humans, cows, sheep and goats 
Ranjbar et al19, were able to isolate the bacteria from 78% of adult patients and 70% of 
sheep. The results were confirmed using molecular analysis. Interestingly, in this study, H. 
pylori isolates from sheep showed a very high rate of antibiotic resistance against antimi-
crobials used for bacteria eradication in clinical practice for humans19. Moreover, sheep from 
Iran were found to be positive for H. pylori with a prevalent vacA s1a/m1a genotype and 
homology between samples from sheep and human ranging from 92.9% to 98.5%20. In the 
same geographic area, a considerable association was found between s1b allele from hu-
man gastric tissue and sheep raw milk21. However, in our study the wool collected from the 
sheep mammalian glands did not appear contaminated by H. pylori. It has been repeatedly 
reported that H. pylori is able to survive in dairy food22. Especially milk may act as a possible 
vector for the transmission of the bacteria in different circumstances21,23. According to that, 
we were able to culture the bacteria from raw sheep milk samples11, and confirmed as H. py-
lori through molecular analysis by PCR with Helicobacter genus-specific rRNA and vacA gene 
subtype products amplification. The presence of H. pylori in milk from clinically healthy ovines 
was also confirmed by Rahimi et al24 through culture and molecular methods. Furthermore, 
H. pylori strains were cultured from stool and milk samples obtained from sheep previously 
resulting positive for the bacteria presence by nested PCR and genotyping25. More interest-
ingly, the authors demonstrated that laboratory mice fed with ultra-high temperature (UHT) 
milk, artificially contaminated with isolates previously cultured, showed high numbers of H. 

Figure 1. Values of the optical 
density of the serum in the 
sheep (circles), in the lambs 
(triangles) and in the sheep 
dogs (squares) collected from 
five different flocks. The line 
marks the cut-off at OD 0.4.
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pylori in the gastric mucosa25. In this study the genotypes of H. pylori strains isolated from 
stool and milk obtained from the same animal were identical suggesting a fecal contamina-
tion of milk25. 

Among animals, dogs have also been repeatedly demonstrated to be able to harbor H. py-
lori infection in their stomach26,27, suggesting a role of this animal in the transmission of infec-
tion. In Sardinia, a region where sheep-rearing is highly diffuse, lives the largest community 
of sheep-dogs with a ratio of dogs to sheep of 1:20. In a previous sero-epidemiological study 
among approximately 95% of the pediatric population living in Northern Sardinia, it was 
found that children from rural villages had a significantly higher prevalence of H. pylori infection 
compared to those living in the adjoining urban area (35% vs. 13%; p<0.005)28. The variable that 
most closely associated with H. pylori infection was the presence of dogs in the home. In rural 
areas of Sardinia, most dogs are sheep-dogs. In the present study all sheep-dogs demonstrat-
ed IgG against H. pylori.

CONCLUSIONS

Although cross-reactivity could not be excluded, the presence of H. pylori antigen in stools ob-
tained from sheep and from sheep-dogs and the high positivity for anti H. pylori IgG strongly 
suggest that interaction between species may enhance the spread of the bacteria, in heavily 
contaminated settings. This underlines the need to interdict some traditional practices, in-
cluding clandestine butchery, drinking raw sheep milk or manual milking process in order to 
prevent or reduce transmission of pathogens in the communities of sheep-rearing attenders.
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