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Abstract
The aim of the work was to summarize some specific characteristics of Helicobacter pylori strains 

and infection in Bulgaria according to our studies. Data of our studies, mostly those from the last decade 
are discussed. Infection seroprevalence dropped from 82.6% to 72.4% in adult blood donors over 18 years, 
being only 24.2% in children. Virulence genes were frequent (>80%) in strains from symptomatic patients 
for vacuolating cytotoxin (vacA) s1a and cytotoxin-associated gene A (cagA) and outer inflammatory pro-
tein (oipA) in active status. In  Bulgaria, vacA i alleles were more useful to determine the strain virulence 
compared with other vacA alleles. Using EUCAST breakpoints, overall H. pylori resistance rates were: 
metronidazole 33.8%, clarithromycin 28.1%, levofloxacin 19.4%, amoxicillin 4.0% and tetracycline 3.7%. 
Multidrug resistance was found in 4.2% of untreated and more often (15.4%) in treated adults, and in 1.2% 
of untreated children. Risk factors, resistance evolution and extended anamnesis are discussed. Lactoba-
cillus delbrueckii subsp. bulgaricus strains inhibited the growth of a portion of H. pylori strains, including 
those resistant to antibiotics. Neutralized filtrates of 7 strains suppressed the growth of >2/3 of H. pylori 
strains. There was an association between regular honey consumption and a lower infection rate, and an 
inverse association between honey and yoghurt intake and anti-CagA antibodies against virulent strains. 
In conclusion, although the infection prevalence decreases in younger people, still the high infection prev-
alence, common virulence genes, increasing resistance to clarithromycin and quinolones and multidrug 
resistance show that H. pylori infection problem in our country is not yet fully resolved.
Keywords: Helicobacter pylori, seroprevalence, virulence, antibiotic resistance, multidrug, non-antibiotic, 
dietary

Резюме
Цел на работата беше да се обобщят някои специфични характеристики на Helicobacter pylori 

щамовете и инфекцията в България според нашите изследвания. Обсъдени са данните от нашите 
проучвания, предимно тези от последното десетилетие. Серопревалирането на инфекцията спадна от 
82.6% на 72.4% при донори на възраст 18 г., като беше само 24.2% при децата. Гените за вирулентност 
бяха чести (>80%) при щамовете от симптоматични пациенти за вакуолизиращия цитотоксин (vacA) 
sla и цитотоксин-асоциирания ген А (cagA), както и на външния протеин на възпалението (oipA) 
в активен статус. В нашата страна, vacA i алелите бяха по-полезни за определяне на щамовата 
вирулентност в сравнение с другите vacA алели. С граничните стойности на EUCAST, общите 
честоти на резистентност на H. pylori бяха: metronidazole 33.8%, clarithromycin 28.1%, levofloxacin 
19.4%, amoxicillin 4.0% и tetracycline 3.7%. Множествена резистентност беше намерена при 4.2% 
от нелекуваните и по-често (15.4%) при лекуваните възрастни, както и при 1.2% при нелекуваните 
деца. Дискутирани са рисковите фактори, еволюцията на резистентността и разширената анамнеза. 
Щамовете Lactobacillus delbrueckii subsp. bulgaricus инхибираха растежа на част от Н. pylori 
щамовете, включително тези, резистентни към антибиотици. Неутрализираните филтрати от 7 щама 
потиснаха растежа на >2/3 от Н. pylori щамовете. Имаше връзка между редовната консумация на 
мед и по-ниската честота на инфекцията и обратната връзка между консумацията на мед и кисело 
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мляко и анти-CagA антителата срещу вирулентните щамове. В заключение, въпреки че честотата 
на инфекцията намалява при по-младите хора, все още нейното разпространение, честите гени на 
вирулентност, повишаващата се резистентност към clarithromycin и хинолони и множествената 
резистентност показват, че проблемът с H. pylori инфекцията у нас все още не е напълно решен.

Introduction
Helicobacter pylori is an important and 

frequent pathogen for humans and is close-
ly associated with chronic gastritis, duodenal 
and gastric ulcers, gastric cancer and mucosa- 
associated lymphoid tissue (MALT) lymphoma 
(Kusters et al., 2006; Bagheri et al., 2013; Pelli-
cano et al., 2016). The bacteria have an arsenal of 
numerous virulence factors and associated genes 
such as cag pathogenicity island (cagPAI)- a com-
plex of many genes including cytotoxin-associat-
ed gene A (cagA) and cytotoxin-associated gene E 
(cagE), vacuolating cytotoxin (vacA), outer inflam-
matory protein (oipA), duodenal ulcer promoting 
(dupA) gene, blood group antigen binding adhesin 
(babA2), outer-membrane protein homB and others 
(Shiota et al., 2013; Kalali et al., 2014).

The bacteria infect more than half of the 
world’s population and the bacterial species is con-
sidered as a class I carcinogen (the group of most 
powerful carcinogens) by the World Health Organi-
zation (Wroblewski et al., 2010). 

H. pylori seroprevalence 
The prevalence of H. pylori infection has 

been found to widely vary, being higher in the de-
veloping countries compared with the developed 
countries (Mentis et al., 2015). High infection 
prevalence (>50-70%) was found in South Ameri-
ca, Africa and Asia, and lower prevalence has been 
reported in North America and northern Europe 
(30-40%), (Kusters et al., 2006, Eusebi et al., 2014; 
Garza-Gonzalez et al., 2014; Mentis et al., 2015). 
In Southeastern Europe, H. pylori prevalence has 
frequently been >50% and high (>82%) rates have 
been found in Portugal and Turkey (Eusebi et al., 
2014).

In Bulgaria, H. pylori seroprevalence has 
decreased, although rather slowly (from 82.6 to 
72.4%), over 18 years among adult blood donors 
(Fig. 1). The prevalence of both H. pylori antibodies 
and antibodies against cytotoxin-associated gene A 
protein (CagAIgG) indicating virulent strains (in 
about 2/3 of the donors) was high (Yordanov et al., 
2016). However, among the asymptomatic chil-
dren aged 1-17 years, only 24.2% were positive for 
the infection, and CagA seroprevalence among the 

positive was 40.0% (Yordanov et al., 2017a). This 
shows a decrease in the infection due to improved 
socio-economic conditions and frequent antibiotic 
use, but on the other hand, the problem of infection 
in our country remains not fully resolved. 

Seroprevalence was linked to age, female 
sex, number of siblings and mother’s educational 
level (Yordanov et al., 2016).

Oral H. pylori 
Given that oral-oral transmission is one of the 

most important transmission routes of the transmis-
sion of the infection, the increasing interest in oral 
H. pylori has been justified (Adler et al., 2014).

In our study, the frequency of oral H. pylori 
was very low (2.3%), however, in the oral cavity 
of a child with both gingivitis and gastritis, a high-
ly virulent (cagA+/vacA s1 type) H. pylori strain 
with a double resistance (to metronidazole and clar-
ithromycin) was isolated and evaluated by 4 meth-
ods: culture, immunofluorescent microscopy using 
monoclonal antibodies, PCR and antibiotic suscep-
tibility testing (Boyanova et al., 2013a). The oral 
strains can be a potential source of infection or rein-
fection with virulent and antibiotic resistant strains. 

Although the role of oral H. pylori is still a 
controversial topic, Bharath et al. (2014) have re-
ported the presence of the same strain simultane-
ously in the supragingival plaque and gastric muco-
sa. In a review article, it has been suggested that the 
oral cavity may be an important H. pylori reservoir 
and can be associated with the relapse of the infec-
tion (Adler et al., 2014). 

H. pylori virulence gene arsenal 
H. pylori is the causative agent of chronic 

gastritis, peptic ulcers, gastric cancer and MALT 
lymphoma (Wroblewski et al., 2010). The bacteria 
can display a huge number of virulence genes and 
mechanisms. A high frequency of H. pylori viru-
lence genes was detected in Bulgarian symptomatic 
patients such as: 

• �>88% for vacuolating cytotoxin (vacA) s1a 
allele, 

• �>80% for cagA (cytotoxin-associated gene A) 
and oipA (outer inflammatory protein) in ac-
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tive or “on” status, 
• �>68% for cagE (cytotoxin-associated gene E) 

and iceA1 (induced by contact with epitheli-
um) genes and 

• �>48% for babA2 (blood group antigen bind-
ing adhesin A) genes (Boyanova et al., 
2009b; Boyanova et al., 2010b; Boyanova et 
al., 2011; Markovska et al., 2011).

Virulent cagA+ and vacA s1 strains were 
common in our country and the ulcer patients most 
often had strains with virulent genotypes.

Importantly, in contrast to vacA s1 and m1, 
vacA i1 was more frequent (75.0%) in patients with 
peptic ulcer versus non-ulcer patients (58.6%), and 
genotyping can be useful in the detection of virulent 
strains that require a much more aggressive therapy 
than the other strains (Yordanov et al., 2012). 

An association between vacA i1 and the ac-
tive “on” status of oipA gene was detected (Mar-
kovska et al., 2011). Other genes such as homB are 
not recommended for routine diagnostic purposes 
(unpublished data).

The severity and outcome of H. pylori-related 
diseases most often are associated with both pres-
ence and integrity of the cag pathogenicity island 
(cagPAI of about 30 genes), which injects CagA and 
peptidoglycan into the host epithelial cells, leading 
to high IL-8 release (Wroblewski et al., 2010). 

In our study, cagE+ was found to gradually 
increase with patient’s age, indicating either gener-

al or individual dynamics in strain virulence (Boy-
anova et al., 2011). Therefore, the clinical outcome 
of the infection is due to the cumulative activity of 
H. pylori virulence genes. Although both cagA and 
cagE genes were associated with the severity of the 
diseases, cagE was found to be more useful to dis-
tinguish the virulent strains from the less virulent 
strains compared with the cagA (Boyanova et al., 
2011).

For practical purposes, it is important to use 
an extra primer pair to increase cagA gene detec-
tion by >14%, which can be of benefit in coun-
tries where cagA positive strains are frequent  
(Boyanova et al., 2011).

H. pylori resistance to antibiotics
H. pylori resistance to all antibiotics used 

for eradication of the infection has been reported 
and higher primary resistance rates to clarithromy-
cin (≥20%) and quinolones (≥20%) has been de-
tected in developed countries compared with the 
developing regions, while higher rates to metroni-
dazole (>75%) have been observed in the develop-
ing countries (Megraud et al., 2013; Mascellino et 
al., 2017). Furthermore, post-treatment resistance 
(>50-80%) after unsuccessful therapy has been 
much higher than primary resistance (Van Zanten 
et al., 2010). 

Some reported factors associated with pri-
mary resistance rates have been national outpatient 

Fig. 1. Seroprevalence (%) of H. pylori and anti-CagA IgG antibodies (Yordanov et al., 2016, Yordanov 
et al., 2017a).
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antibiotic consumption; patients’ sex, age, ulcer or 
non-ulcer disease, strain virulence etc. (Megraud et 
al., 2013; Boyanova et al., 2016a).

In Bulgaria, using the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) 
breakpoints, the overall resistance rates were: amox-
icillin 4.0%, metronidazole 33.8%, clarithromycin 
28.1%, levofloxacin 19.4%, tetracycline 3.7%, and 
rifampin 8.3% (EUCAST, 2015; Boyanova et al., 
2016a), (Fig. 2). 

There was a constant increase in the total 
primary clarithromycin resistance (1.4-fold from 
2005-07 to 2010-15), (Boyanova et al., 2016a). 
Moreover, in 2010-2015, an increased  primary 
resistance to metronidazole (1.3-fold) and fluoro-
quinolones (2.4-fold) has been detected (Boyanova 
et al., 2016a). 

In elderly patients, the primary quinolone re-
sistance rate (30.0%) in 2011-2016 was much (3.4-
fold) higher than that (8.9%) found in the same age 
group of patients in 1996-2003 (Boyanova et al., 
2017b).

Post-treatment problems have been: frequent 
(≥50%) H. pylori resistance in adults to metroni-
dazole or clarithromycin; double (metronidazole + 
clarithromycin) resistance in 42.3% as well as mul-
tidrug resistance (Boyanova et al., 2016a).

An association was found between A2143G 
mutation for clarithromycin resistance (often pre-
dicting eradication failure of the triple clarithro-
mycin-based treatment regimens) and the less 
virulent vacA i2 strains, and vice versa, between 
the A2142G mutation and the more virulent vacA 
i1 strains, which may explain the reported more 
successful eradication of the more virulent strains 
(Boyanova et al., 2016b).

Some risk factors for resistance revealed by 
logistic regression were: birthplace in towns for 
metronidazole resistance, healthcare profession for 
metronidazole and metronidazole + clarithromy-
cin resistance, hospital centers for clarithromycin 
resistance, non-ulcer disease for metronidazole re-
sistance rate (28.3%) vs. ulcer disease (17%) and 
living in Sofia for metronidazole resistance vs. liv-
ing elsewhere, probably suggesting the influence 
of the population density (Boyanova et al., 2009a; 
Boyanova et al., 2013b). In the elderly patients, the 
factors associated with H. pylori resistance can be 
linked to the most frequent comorbidity and antibi-
otic treatment for non-pylori infections as well as 
with the national consumption of antibiotics (Boy-
anova et al., 2017b).

Prior (10 years ago) national tetracycline 
consumption evaluated as a resistance factor has 
demonstrated that the decrease in the resistance 
rates can take many years (Boyanova, 2009; Boy-
anova et al., 2016a). 

The benefits of a long-term analysis of the 
evolution of primary resistance of H. pylori were es-
tablished. The increase in quinolone resistance was 
predicted by extending the study period to 20 years 
(Boyanova et al., 2010a). Long-term follow-up can 
also be recommended for other infections.

Multidrug resistance 
Multidrug resistance that can be defined as 

resistance to three or more antibiotics belonging 
to different classes, and primary multidrug resis-
tance  have been infrequent (0.4-6%) in Europe and 
higher in countries  on other continents, e.g. 10% 
in China (Biernat et al., 2014; Mourad-Baars et al., 
2015; Shi et al., 2016).

Fig. 2. Changes in H. pylori resistance rates from 2005-07 to 2010-15 (Boyanova et al., 2008; Boyanova 
et al., 2016a)
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In our studies, an alarming multidrug resis-
tance was found in H. pylori as early as in 2000, 
and in 2005 to 2008, a worrying multidrug resis-
tance was observed in 4.2% of the untreated, and 
more often (15.4%), in treated adults and even in 
1.2% of the untreated children (Boyanova, 2009).  

In our recent study on primary H. pylori re-
sistance in elderly patients over 20 years (from 
1996-2003 to 2011-2016), either a double or a triple 
antibiotic resistance was detected in 21.0% of the 
subjects aged >65years (Boyanova et al., 2017b).

Complex reasons for multidrug resistance 
were found, involving the increased national con-
sumption of MLS (macrolide/lincosamide/strepto-
gramin) group of antibiotics in Bulgaria and that 
of quinolones since 2000, the increasing primary 
H. pylori resistance to clarithromycin, high tetra-
cycline consumption in 1994-1999 and, in some 
single cases, use of non-standard regimens, such 
as azithromycin-containing regimes, or nitroim-
idazole reuse (Boyanova, 2009; Boyanova et al., 
2016a). These results call attention to the need for a 
very strict application of the antibiotic policy, regu-
lar monitoring of resistance rates and correct choice 
of treatment eradication regimes.

It is alarming that a fivefold resistance (per-
haps linked to efflux pumps) to 5 antibiotics was 
found in a strain from a treated man with chronic 
gastritis and GERD (Boyanova et al., 2014). 

Pan-European Registry on H. pylori 
management: (Hp-EuReg) 

I have had the honor to be selected as a Local 
coordinator for Bulgaria in the Pan-European Reg-
istry on H. pylori management: (Hp-EuReg). Some 
important results of the huge study encompass-
ing 20000 patients were (McNicholl et al., 2014; 
McNicholl et al., 2015; McNicholl et al., 2016a; 
McNicholl et al., 2016b): 

• �overall H. pylori eradication success with the 
first and second line regimens was found to 
be unsatisfactory (74%), 

• �adding esomeprazole as a proton pump in-
hibitor (PPI) as well as the use of bismuth or 
non-bismuth quadruple (concomitant) thera-
pies resulted in improved eradication rate, 

• �acceptable eradication rates (90% by inten-
tion to treat- ITT analysis) can be achieved 
by non-bismuth concomitant therapeutic reg-
imens if they are optimized with a double PPI 
dose, 

• �after 3-4 eradication attempts, H. pylori re-
sistance to clarithromycin, metronidazole, 
clarithromycin plus metronidazole, and 
quinolone resistance was high, varying from 
48 to 67%, 

• �in the so-called rescue regimens (after several 
failed attempts), it may be useful to extend 
regimens up to 14 days and to use esomepra-

Fig. 3. Non-antibiotic agents showing potential in the control of H. pylori infection according to our studies: 
yoghurt, green/black tea and honey.
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zole as a PPI, 
• �side effects of the therapy were found in a 

proportion (17%) of the patients, but very 
few (only 4%) of them were discontinued. 

The results of the Hp-EuReg are of great 
benefit to the treatment of the H. pylori infection, 
since the eradication success has decreased (to 50% 
in some countries) over the years (Fakheri et al., 
2014).

Non-antibiotic agents
Some dietary factors have shown anti-H. py-

lori effects and can influence the frequency of the 
associated infection and perhaps the disease out-
come. Among the potentially beneficial non-antibi-
otic agents have been green tea, probiotics, honey 
and propolis, cranberry juice, garlic, liquorice and 
broccoli sprouts, while  high-salt and meat con-
sumption have been deemed unfavorable factors 
(Lin and Koskella, 2015; Mousavi et al., 2016; 
Bakal et al., 2017).

Probiotics such as Lactobacillus spp. can 
provide different benefits for the control of H. py-
lori infection, involving direct growth inhibition, 
release of lactic acid and other organic acids and 
bacteriocins or bacteriocin like inhibitory substanc-
es, decrease of bacterial urease activity and bacte-
rial density in the gastric mucosa as well as immu-
nomodulation, and thus can be used to obtain an 
increase (although slight) in eradication rates and 
a significant reduction of side effects of the eradi-
cation therapy (Lesbros-Pantoflickova et al., 2007; 
Boltin, 2016).

In our studies, Lactobacillus delbrueckii sub-
sp. bulgaricus inhibited the growth of a portion of 
H. pylori strains, including those resistant to anti-
biotics (Boyanova et al., 2009c; Boyanova et al., 
2017a). The most active strains suppressed 53% of 
H. pylori strains even at neutralized pH. Bacterio-
cin-like substances of 7 strains were able to suppress 
the growth of >2/3 of H. pylori strains (Boyanova 
et al, 2017a). Bacteriocins offer a strong advantage 
in choosing probiotics for H. pylori infection.

Both black and green teas (prepared from 
Camellia sinensis leaves) are frequently consumed 
beverages and also are favorable non-antibiotic 
agents with potential in the control of H. pylori in-
fection due to the polyphenolic catechins, including 
epigallocatechin gallate (Boyanova et al., 2015). In 
our study, logistic regression analysis revealed that 
the risk of H. pylori positivity in green/black tea 
consumers is lower (OR, 0.45; 95% CI, 0.21-0.95) 

compared with that in the other patients (Boyanova 
et al., 2015).

Honey has also been a topic of interest. Afri-
can honey has demonstrated anti- H. pylori activity 
associated with its osmotic effect, hydrogen per-
oxide and other active substances (Mousavi et al., 
2016).

In our study performed with 13C urea breath 
test, a beneficial effect (OR 0.38; 95% CI, 0.19-
0.78) of regular honey consumption (≥1 day/week) 
on H. pylori infection prevalence in untreated dys-
peptic patients was observed and confirmed by lo-
gistic regression (Boyanova et al., 2015).

The benefits of Bulgarian honey were addi-
tionally evaluated and confirmed in  another of our 
studies: evaluating seroprevalence, there was an 
association between honey consumption (>5 days/
week) and a lower infection rate (OR, 0.68, 95% 
CI, 0.473-0.967), and an inverse association be-
tween honey (OR, 0.65; 95% CI, 0.486-0.859) and 
yoghurt (OR, 0.56; 95% CI, 0.341-0.921) intake 
and CagA IgG antibodies indicating virulent strains 
(Yordanov et al., 2017b). 

Therefore, regular and frequent yoghurt, 
green/black tea and honey consumption may be 
recommended as a not only useful but also pleas-
ant habit for additional control of this common and 
hronic human infection (Fig. 3).

Conclusion 
Although the infection prevalence decreases 

in younger people, still the high infection preva-
lence, common virulence genes among the strains 
as well as their constantly increasing resistance to 
clarithromycin and quinolones and multidrug re-
sistance show that H. pylori infection is a problem 
that is not yet fully resolved.
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