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Abstract 

Helicobacter pylori (Hp) is a bacteria associated with gastritis and gastric cancer (GC). Its prevalence is higher than 80% 
in Mali and affects the incidence of GC, which is a major cancer in the department of digestive surgery. VacA and CagA 
toxins are responsible of Hp strain polymorphism. With prophage, they are also associated with a region depending 
diversity. The aim of this study was to identify the variants of Hp strains and their prophage identity in Bamako (Mali). 
A total of 61 gastric biopsies were isolated in patients with gastric diseases. The extracted DNA was amplified by PCR 
targeting cagA, vacA (s, m) and phage integrase (int) genes. cagA and int amplicons were sequenced according to Sanger 
method. Hp was detected in 23 (37.7%) samples. A predominance of housewives, commercial workers, farmers and 
students was observed, confirming the importance of socio-economic conditions and the associated factors in Hp 
infection. Carcinogenic vacAs1m1 was the second dominant polymorph. This would explain the prevalence of Hp's GC 
in the country. The phylogenetic tree from cagA sequences has revealed the specific variants strain of Hp that causes 
gastritis in Mali (HpML). Their prophage integration protein shares more than 90% of its sequence with species of the 
Schmidvirus genus. Like the HpML probable strains, Malian’s Hp prophage (HpMLpΦ) is geographically clustered with 
hspWestAfrica1 (hpAfrica1). These results confirm the existence of probable Hp and bacteriophage specific strains to 
Mali and suggest that using the molecular diagnostics method for effective pathogen identification and rapid patient 
management. 
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1. Introduction

Helicobacter pylori (Hp) is one of the causative agents of gastric diseases such as chronic gastritis, ulcers, GC and extra 
gastric diseases whose causal relationship remains controversial. It was first isolated by Marshall and Warren between 
1982 and 1983 [1-5]. The pathogen's diversity and virulence have changed during human migration [6, 7]. Globally, the 
prevalence averages around 50%. The infection rate can be higher than 90% in developing countries because the 
infection is strongly associated with socioeconomic conditions. In Mali, it varies between 21% and 89% in gastritis 
patients when serological or histological diagnostic method is used. The GC rate is estimated to be 20,2 per 100,000 
men population and Hp infection has been recognized as its second major cause in the country. As opposed to Asian 
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countries that have a very high GC incidence, African countries have less subjects that develop GC. This phenomenon is 
called the "African enigma" [8-12]. In addition, the prevalence of infection and GC is affected by factors like age, 
environment, ethnicity, region of origin, smoking, alcohol consumption, immune status, diet, and the performance of 
diagnostic methods [13-15]. The vacuolization cytotoxin (VacA), cytotoxin-associated gene (CagA) and other pro-
inflammatory proteins are responsible for regional polymorphism. They contribute to bacterial virulence [15-17]. Thus, 
strains with vacA s1m1 alleles are more carcinogenic than s1m2. The s2m2 are non-virulent and s2m1 have rarely been 
observed in the clinic. Because of this ability to develop GC, Hp was classified as a type I carcinogen by the WHO [18]. 
Their role in the evolution provides information on the geographic origin of strains, and consequently the carriers. They 
help identify native, nomadic and immigrant populations [15]. Therefore, Hp strains were grouped by geographical 
region. Groups can also include sub-populations: hpAfrica1 (includes hspWestAfrica1, hspSouthAfrica1, 
hspCentralAfrica1...) identified in West, South and Central Africa; hpNEAfrica identified in Northeast Africa, hpAfrica2 
identified in South Africa, hpEurope identified in Europe, hpEAsia and hpAsia2 identified in Asia (also Amerindians), 
hpSahul in Oceania... [19-20]. The prophages found in Hp's genome also contribute to this strain diversification and 
virulence by over-expressing the CagA toxin [21]. After the prophage excision, lytic bacteriophages are proposed to be 
used in therapy to combat the antimicrobial resistance problem [22-26]. 

The objective of this research is to identify the diversity of Hp strains implicated in gastric pathologies in Bamako (Mali), 
and determine the presence of prophage in their genomes. 

2. Material and methods 

2.1. The site and period of the study 

Gastric biopsies (antrum) were collected by clinicians from 61 patients in the gastroenterology department of two 
medical clinics in Bamako (“Clinique LA PROMENADE DES ANGEVINS” in Bagadadji and the “Polyclinique GUINDO” in 
Badala-Est). They were collected from January through December 2020. The 61 subjects included 31 men, 28 women 
and 2 whose gender was not disclosed. The two sites are frequented by the population category with higher or average 
incomes.  

2.2. Gastric biopsy DNA extraction 

The DNA was extracted in accordance with the protocol recommended by the manufacturer of the used kit (Wizard® 
Genomic DNA Purification Kit, Promega). They are summarized as follows: 30 mg of the gastric biopsy was crushed in 
600 µl of a nucleic acid lysis solution before incubation for 30 min at 65 °C in the water bath (cell lysis); RNA was 
degraded with by adding 3 µl of RNase for 30 min at 37 °C; protein debris was precipitated by adding 200 µl of the 
protein precipitation solution (vortexed for 20 sec) and incubated for 5 min at 4 °C; the DNA-containing supernatant 
was transferred to 600 µL of isopropanol after centrifugation at 14,000 × g for 3 min; the DNA was precipitated after 
centrifugation at the same speed for 1 min; the pellet is washed in 600 µl of 70% ethanol by centrifuging the product as 
before; the resulting DNA pellet is dried and re-hydrated in 100 µl of DNA rehydration solution for 60 min at 65 °C 
before being stored in the refrigerator. 

2.3. Amplification of target genes by the polymerase chain reaction (PCR) 

After DNA extraction, some Hp polymorphism genes were amplified by.  

The following reaction mixture was used in a final volume of 25 µl: 25-50 ng of template DNA, 0.5 ng of each primer 
(Table 1), 12.5 µl of GoTaqR G2 Hot Start Green Master Mix from Promega, and the necessary volume of water to obtain 
the 25 µl. The programs used for the PCR were: pre-denaturation 95 °C for 5 min; 30 cycles (denaturation 94 °C 1 min, 
annealing 52 °C 50 sec, extension 72 °C 50 sec) for cagA, 30 cycles (denaturation 95 °C 45 sec, annealing 57 °C 45 sec 
for s1b, 56 °C for s2, 58 °C for m1b and 48 °C for m2, extension 72 °C 70 sec) for vacA, 35 cycles of (denaturation 95 °C 
30 sec, annealing 58 °C 30 sec, elongation 72 °C 1 min) for int; final extension 72 °C for 7 min. PCR amplicons were 
migrated in 1% agarose gel [Agarose LE, Molecular Biology Grade, Ultrapure Thermo Scientific de Thermo Fisher; 
tampon TBE 0.5X (Tris-borate-EDTA 10X, Thermo Fisher); 0.5 µg/ml of ethidium bromure, Promega] for 75 min at 90 
volts.  

The BenchTop pGEM® DNA Markers (36 à 2,645 pb) was used to determine fragment size 
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Table 1 Forward and reverse primers to amplify the target gene [21, 27] 

 Gene Forward (5’-3’) Reverse (5’-3’) Size (bp) 

cagA   GAT AAC AGC CAA GCT TTT GAG G CTG CAA AAG ATT GTT TGG CAG A 350 

vacAs1b  AGC GCC ATA CCG CAA GAG CTG CTT GAA TGC GCC AAA C 187 

vacAs2 GCT AAC ACG CCA AAT GAT CC CTG CTT GAA TGC GCC AAA C 199 

vacAm1b GGC CCC AAT GCA GTC ATG GA GCT GTT AGT GCC TAA AGA AGC AT 291 

vacAm2  GGA GCC CCA GGA AAC ATT G CAT AAC TAG CGC CTT GCA 352 

int AAG YTT TTT AGM GTT TTG YG CGC CCT GGC TTA GCA TC 529 

cagA- cytotoxin-associated gene A, vacA- vacuolizing gene A (m- middle region and s- signal), int- phage integrase 

2.4. Sequencing and data analysis 

The Chi-2 test, Anova test and Pearson correlation were used for statistical analyses using R 4.2.3 statistical software. 
The probability values were interpreted as follows: '***' p-value≤0.001 highly significant; '**' 0.001˂p-value≤0.01 very 
significant; '*' 0.01˂p-value≤0.05 significant; '.' 0.05˂p-value≤0.1 weakly significant; ' ' p-value>0.1 no presumption 
against H0 which is accepted, therefore the observed differences are not significant. The average, standard deviation, 
maximum, and minimum were also determined with the same software. 

Sequencing of PCR products (18 for cagA and 1 for int) was realized by Inquaba Biotec laboratory, Pretoria-South Africa, 
according to their internal protocols and with the materials sent: minimum 10 μl of primers with a concentration of 10 
μM (+1 μl for each reaction), minimum 15μl of PCR product. Sanger method was used for sequence reading (ABI 3500XL 
genetic analyzer, POP7™, BrilliantDye™ Terminator v3.1). 

The SnapGene 6.0.2 software was used for visualization and correction of the obtained sequences. The alignment of the 
cagA sequences with those of the South and West African, Europe, Asia and America regions (hspSouthAfrica1, 
hspWestAfrica1, hpEurope, hpEastAsia, hpAsia2, hspAmerind), the construction of the phylogenetic tree by the FastME 
method (same principle like NJ method: inclusion of the evolutionary distance), were realized at the following website: 
https://ngphylogeny.fr/ [28]. The prophage was identified by comparing the obtained sequence with others in the NCBI 
(National Center for Biotechnology Information) database (https://www.ncbi.nlm.nih.gov/). All the sequences used for 
the study are accessible with special codes in NCBI (Appendix 1 and Appendix 2). 

3. Results  

3.1. Frequency of infection and associated factors 

After DNA extraction, Hp was detected through amplification of vacAs1b and cagA. Result are summarized in Table 2.  

Table 2 Presence of polymorphism gene in samples 

  Age (year) Hp specific gene 

Sexe Hp+ (%) Min Aver (Sd) Max cagA vacAs1b vacAm1b vacAm2 Int 

M 11/28 (47.8%) 22 38.33 ±15.35 67 N: 43 

P: 18 

P: 22 

N: 39 

N: 16 

P: 6 

NA: 39 

N: 12 

P: 9 

NA: 40 

N: 13 

P: 7 

NA: 41 
F 12/31 (52.2%) 35 50.50 ±12.09 75 

Gene 23/61 (100%) 22 45.28 ±14.91 75 

 0.054. 0.06. 0.00137** 0.029* 0.033* 0.5 0.25 

 p-value 

'***' highly significant; '**' very significant; '*' significant; '.' weakly significant; ' ' not significant; cagA- cytotoxin-associated gene A, vacA- 
vacuolizing gene A (m- middle region and s- signal), int- phage integrase, Hp+ Helicobacter pylori positive, P- positive, N- negative, NA- non-acquired, 

Aver- average, Sd- standard deviation, Max- maximum, and Min- minimum. 

https://ngphylogeny.fr/
https://www.ncbi.nlm.nih.gov/
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In total, Hp was found in 23 of the 61 samples, or 37.7% of the subjects tested (p=0.054.). The average age of the subjects 
was 45.28 years (±14.91) (Table 2) with a predominantly under -45 age group (p=0.06.) (Figure 1). 

 
F (female), M (male), + (positive). p=0.65 ; valeur-female p=0.09. ; male p=0.36 

Figure 1 Frequency of Helicobacter pylori (Hp) infection by age group and sex 

Housewives were the most represented (five positive cases), followed by farmers, commercial workers and students 
with three cases per occupation or profession (r=0.84; p=4e-9***) (Table 3-a). A predominance of multiple antral ex-
ulceration (12 cases) was observed in Hp+ subjects (r=0.97; p=3e-11***) (Table 3-b). 

Table 3 Helicobacter pylori (Hp) infectivity according to patients' profession or occupation (a); characterization of 
gastric lesions at endoscopy, and presence of Hp (b)  

a Profession or occupation Hp+ b Endoscopic examination conclusion Hp+ (%) 

 Administrator 1  Erythematous antral gastritis 4 

 Farmer 3  Erosive gastritis 4 

 Bank executive 1  Multiple antral ulceration 52 

 Commercial workers 3  Not acquired 9 

 Accountant 1  Peptic esophagitis 4 

 Student 3  Erythematous pangastritis 9 

 Doctor 1  Gastro-esophageal reflux 4 

 Housewife 5  Antro-fundic ulcer 4 

 Military 1  Pyloro-bulbar ulcer 4 

 Couturier 1  Large pre-pyloric ulcer 4 

 Not acquired 3  Total 100 

 Total 23  r=0.97; p=3e-11***  

 r=0.84; p=4e-9***   

3.2. Helicobacter pylori polymorphism, CagA sequence diversity  

vacA gene alleles (s2, m1b, m2) also implicated in polymorphism have been amplified. The results of vacAm1b and 
vacAm2 are summarized in Table 2. Six samples were vacAm1b+ (p=0.033*) and 9 vacAm2+(p=0.5). No samples were 
vacAs2-positive. The combination of polymorphic genes allowed the identification of 6/18 samples with cagA+ 
vacAs1bm1b genes (26%); 8/18 cagA+ vacAs1bm2 (35%); 3/18 samples cagA+ vacAs1bm1bm2 (13%) and 5/23 
samples cagA- vacAs1b+ (22%). 
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Internal scale=0.01, Bootstrap=100. ML (Mali)- sequences from this study, Per (Pérou), Ch (Chine), In (Inde), MS (Malaisie), SA (South Africa), GB 

(Gambia), Ger (Germania), Ven (Venezuela) and Hp (Helicobacter pylori). NCBI accession code, ML (OP574206- OP574216), GB1-GB3 (NC_017371.1, 
NZ_KB636623.1, NZ_KB642259.1 and KY366700.1), SA1-SA3 (NZ_CBOS010000014.1, NZ_CBNE010000001.1 and NZ_CBPU010000011.1), MS1 

(NZ_AUSN01000003.1), In1 (NZ_AJFA02000091.1), Ch2 (NZ_JH791774.1), Tai3 (NZ_JQNY01000023.1), Per1 (NC_017359.1), Ven2 (NC_017355.1), 
Ger3 (NZ_CP032908.1). The NGPhylogeny program was used to construct the tree [28]. 

Figure 2 Phylogenetic tree of partial cagA sequences based on the FastME method 

Based on the degree of sequence similarity, two groups and one isolate from Mali were observed: the first group 
(HpMLb) includes ML34, ML27, ML29, ML40, ML33, ML32, ML31, ML25, ML42, ML26, ML37, ML36 and ML39; the 
second (HpMLc) ML35, ML41, ML38, ML29, ML30; the third (HpMLa) ML28. In addition, sequence identity between 
samples ML40, ML42, ML33, ML31, and ML25 was noted, also between ML29 and ML38, as well as ML26 and ML37 
samples. This indicates that multiple patients have the same variants of HpML strain. It should be noted that South 
African strains form a different group. There proximities with Gambia strains indicate that ML variants are grouped 
with hspWestAfrica1, even if HpMLa remain very near of hspSudAfrica1 (Figure 2).  

Furthermore, ML35, ML38, ML39, ML40, ML41 and ML42 are cagAvacAs1bm1b; ML30, ML31, ML32, ML33, ML37, ML39, 
ML40 and ML42 are cagAvacAs1bm2 polymorph. The ML39, ML40 and ML42 sequences are in cagAvacAs1bm1bm2 
polymorphism group. cagA+vacAs1bm1b is in majority HpMLc variant and cagA+vacs1bm2 the HpMLb. 

3.3. Identification of the isolated prophage integrase gene (int) 

Prophages are also associated with diversification of Hp and can be used clinically for phage treatment (if they are lytic 
after excision). The int gene fragment was identified in 7/23 samples (p=0.25) (Table 2). One of these amplicons was 
sequenced and a resulting “ML8 integrase” sequence was analysed and compared with others from the NCBI database.  

It shows more than 90% similarity with the prophage integrase isolated from Hp's DNA (Appendix 3). These prophages 
are classified in the Viruses superkingdom, the Duplodnaviria clade, the Heunggongvirae kingdom, the Uroviricota 
phylum, the Caudoviricetes class and the Schmidvirus genus. To determine the most evolutionary-related species, a 
phylogenetic tree (FastME method) was constructed with sequences of Gambia, Senegal (West Africa), Colombia 
(America) and Portugal (Europe) (Figure 3). 



GSC Biological and Pharmaceutical Sciences, 2023, 24(01), 360–372 

365 

 
Bootstrap=100. A: West Africa, B: Portugal, C: Columbia. Pt for sequences isolated in Portugal (Europe), Col and MT from Colombia (South America), 

Hp for the sequences isolated in Gambia, DAK sequence from Dakar (Senegal), ML8 from Mali and Hp for Helicobacter pylori. NCBI accession code, 
COL 33-PUJ, 23-PUJ, 6-PUJ, 5-PUJ, 4-PUJ and Hp MT5124 (MW160256.1, MW247147.1, MW247145.1, MW247144.1, MW160250.1 and CP071986. 
1); Pt22899, 5322, 1293U, 1846U, and 5771G (KX119175.1, KX119198.1, KX119202.1, KX119176.1, and KX119199.1); Hp104, 126, 264 and 269 
(KY366700.1, KY366706.1, KY366710.1 and KY366711.1); DAK 16, 34 and 56 (KM275907.1, KM275910.1 and KM275911.1); ML8 (OP697052). 

The NGPhylogeny program was used for tree construction [28].  

Figure 3 Phylogenetic tree of prophage integrase gene sequences constructed using the FastME method 

ML8 (HpMLpΦ) evolve in the same group of prophages that have been isolated in Senegal (DAK) and Gambia (Hp), but 
is closer to the Hp104 prophage identified in Gambia (hspWestAfrica1). In addition, the prophages of Portugal and 
Colombia form separates groups. 

4. Discussion 

4.1. HpML infection and associated factors 

In Africa, Hp infection prevalence is higher than the international average because it is strongly related to poor 
socioeconomic conditions, quality of daily food intake, family proximity, stress, and other predisposing factors [12]. As 
mentioned, in Mali, the prevalence varies between 21% and 89% in gastric patients when the diagnostic method is 
serologic or histologic [8, 10, 17]. The molecular method is the one used here. A prevalence of 37.7% was found in both 
medical clinics examined. These are frequented by a class of the population with higher income than the average. This 
can explain this low prevalence rate among the subjects tested. Housewives account for 21.7% of cases, in accord with 
the findings of earlier epidemiological studies. However, the number of cases increases for students (13%) and farmers 
(13%) [8, 29, 30]. This confirms the elevated risk of infection amongst the most vulnerable in terms of exposure and 
socio-economic conditions. The gastric microbiota serves as a protective barrier against pathogens. Its balance is 
negatively impacted by diet, the quality of which may depend on socio-economic conditions, as well as other factors 
such as stress (adrenaline), antibiotic therapy, anti-inflammatory drugs, smoking, alcohol consumption and immune 
status. Dysbiosis affects the gastric mucosa and favors the multiplication of Hp [31-33]. All these factors (stress, diet, 
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dysbiosis of the intestinal microbiota...) confirm the high risk of infection in the most vulnerable, both in terms of 
exposure and socio-economic conditions. The average age of the Hp+ population investigated was 45.28 years (±14.91). 
It is in the range of the mean previously seen in the country [8, 30]. In contrast to developed countries, those under 45 
were found to be the most affected. This is the case in a number of other African countries [34-36]. The difference can 
be explained by cohort effect and higher life expectancy in developed countries [34].  

4.2. HpML polymorphism and virulence 

The causal relationship between the presence of CagA and VacA in polymorphism and the severity of Hp-related 
pathologies is no longer in question. It is also known that vacAs1m1 strains are more virulent and likely to progress 
pathology to GC than vacAs1m2 and vacAs2m2. 78.3% of the Hp+ samples in the study are cagA+. According to several 
studies, the prevalence of cagA varies from one country to another and is estimated between 29 and 91%. Mali's case 
remains similar to those in West Africa (Senegal and Ghana) [17]. About 26% of the samples were vacAs1m1, and 34.8% 
vacAs1m2. These data, in addition to other factors, would explain why the country has a low GC prevalence relative to 
Asia. But may also justify Hp's second position in GC development in Mali [9, 11]. A national study with more samples 
can be realized to confirm these results. 

4.3. HpML diversity (cagA and int) 

Three variants of Hp probable strains (HpMLa, b and c) based on the divergence in their cagA sequences have been 
identified in this study (HpMLc are associated in ulcer symptom). These are classified in the sub-population of Hp strains 
from West Africa known as “hspWestAfrica1”. The majority of the sequences in the sub-population have been isolated 
in Gambia and Senegal [19-20]. Indeed, Mali and the Gambia have beyond the geographic proximity, various 
commonalities (culture, part of the history as well as culinary habits). The Gambia also includes several ethnic groups 
whose languages are considered national languages in Mali: The Malinke who represent 38% of their population, the 
Fulani 14%, the Soninke about 9% as well as other minorities such as the Bambara and the Khassonke [37-39]. All these 
factors contribute to the proximity of the strains in circulation in the two countries. Moreover, the hspWestAfrica1 
where the HpML resides, is of the same group (hpAfrica1) as the hspSouthAfrica1. Strains of this group have been 
isolated from individuals speaking Niger-Congo languages and the majority of Malian languages are of this family. This 
diversity in the cagA sequence can also generate various antibodies against CagA. Thus, besides the omission of cagA- 
variants, serology tests based on the detection of the CagA protein or its antibodies can be biased. These data support 
the Bamako prevalence study's hypothesis in 2013 [10]. The research was conducted with the serological identification 
of Hp CagA and the prevalence obtained was among the lowest in the country (21%). It was concluded that CagA 
diversity would account for the lowest prevalence in comparison with the national average [10]. 

Hp prophage inserts the integral protein into the host chromosome, evolves with it, and permits the identification of the 
origin of the host [40]. The results of the integrase sequence analysis in this study show that ML8 int shares over 90% 
of its sequence with those of the genus Schmidvirus. From an evolutionary point of view, it shares a common ancestor 
with the Gambia and Senegal prophage int. It is therefore geographically associated with hspWestAfrica1 prophages. 
This re-affirms the possibility of traceability of human migration. In addition to evolution, Hp diversity can be used to 
see the story of the mixture in a region. This is the case in Gambia, where hpNEAfrica (North-East Africa) has been 
identified, although the country is mostly colonized by hpAfrica1 strains [20]. In the United States, the diversity of 
strains is even more informative, because it retraces the nation's immigration history. For example, similar strains of 
hspWestAfrica1 have been found in Afro-American populations [15]. This method may be used to investigate the origin 
of the various ethnic groups present in Mali and to provide another element that will reduce the contradictions resulting 
from the oral. 

As indicated, other prophages have been identified in Hp. Some of them (HP1, KHP30, PhiHp33, HPy1R...), after 
excitation can infect and induce Hp lysis, even under conditions similar to those of the gastric environment [21, 41]. The 
question remains whether Malian prophages (HpMLpΦ) are genetically diverse on all genes and if after excision of the 
bacterial genome the virions produced have lytic activity on the HpML strains in the extreme conditions of the stomach. 
A complementary study will be required to further investigate these preliminary data. 

5. Conclusion 

In conclusion, Hp infection remains a public health issue in Mali. The presence of carcinogenic strains in the country can 
explain the incidence of GC. This study report that there are at least four variants of the probable HpML strain which are 
involved in the development of gastric pathologies in Mali (3 cagA+ and 1 cagA-). Some of them have a prophage in their 
chromosome. Boths HpML and HpMLpΦ are geographically associated with hspWestAfrica1 (hpAfrica1) sub-group. 
Their diversity might be a key to tracing the history of the origins of populations in the country. Thus, detection by the 
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molecular method must be adapted and favored in the Malian context, for an accurate diagnosis of Hp and an effective 
management of patients. 
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Appendix 

Appendix 1 

Table 4 Cytotoxin associated gene (cagA) sequence and their references 

NCBI reference Helicobacter pylori (strain or isolate) Region Gene 

OP574206.1 Helicobacter pylori CagA24 hpAfrica1 cagA 

OP574207.1 Helicobacter pylori CagA27 hpAfrica1 cagA 

OP574208.1 Helicobacter pylori CagA28 hpAfrica1 cagA 

OP574209.1 Helicobacter pylori CagA29 hpAfrica1 cagA 

OP574210.1 Helicobacter pylori CagA30 hpAfrica1 cagA 

OP574211.1 Helicobacter pylori CagA34 hpAfrica1 cagA 

OP574212.1 Helicobacter pylori CagA35 hpAfrica1 cagA 

OP574213.1 Helicobacter pylori CagA36 hpAfrica1 cagA 

OP574214.1 Helicobacter pylori CagA37 hpAfrica1 cagA 

OP574215.1 Helicobacter pylori CagA39 hpAfrica1 cagA 

OP574216.1 Helicobacter pylori CagA41 hpAfrica1 cagA 

NZ_CBOS010000014.1 Helicobacter pylori SA162A hpAfrica1 cagA 

NZ_CBNE010000001.1 Helicobacter pylori SA35A hpAfrica1 cagA 

NZ_CBPU010000011.1 Helicobacter pylori SA168A hpAfrica1 cagA 

NC_017371.1 Helicobacter pylori Gambia94/24 hpAfrica1 cagA 

NZ_KB636623.1 Helicobacter pylori GAM260ASi Scfld161 hpAfrica1 cagA 

NZ_KB642259.1 Helicobacter pylori HP116Bi (Gambie) Scfld185 hpAfrica1 cagA 

NZ_AUSN01000003.1 Helicobacter pylori UM067 contig11 hpAsia2 cagA 

NZ_AJFA02000091.1 Helicobacter pylori NAB47 contig091 hpAsia2 cagA 

NZ_JH791774.1 Helicobacter pylori HLJHP193 Scaffold1 hpEastAsia cagA 

NZ_JQNY01000023.1 Helicobacter pylori Taiwan-47_contig4B hpEastAsia cagA 

NC_017359.1 Helicobacter pylori Sat464 hpAmerInd cagA 

NC_017355.1 Helicobacter pylori v225d hpAmerInd cagA 

NZ_CP032908.1 Helicobacter pylori strain 23-A-EK1 hpEuropeN cagA 
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Appendix 2 

Table 5 Phage integrase gene (int) sequence and their references 

NCBI reference  Helicobacter pylori (strain or isolate) Continent or country Gene 

OP697052 Helicobacter phage ML-8 Mali int 

KY366700.1 Helicobacter pylori Hp104 prophage integrase (int) gene Gambia int 

KY366706.1 Helicobacter pylori Hp126 prophage integrase (int) gene Gambia int 

KY366709.1 Helicobacter pylori Hp264 prophage integrase (int) gene Gambia int 

KY366711.1 Helicobacter pylori Hp269 prophage integrase (int) gene Gambia int 

KM275907.1 Helicobacter pylori DAK16 prophage integrase gene Senegal int 

KM275910.1 Helicobacter pylori DAK34 prophage integrase gene Senegal int 

KM275911.1 Helicobacter pylori DAK56 prophage integrase gene Senegal int 

MW160256.1 Helicobacter phage COL 33-PUJ South America  int 

MW247147.1 Helicobacter phage COL 23-PUJ South America int 

MW247145.1 Helicobacter phage COL 6-PUJ South America int 

MW247144.1 Helicobacter phage COL 5-PUJ South America int 

MW160250.1 Helicobacter phage COL 4-PUJ South America int 

CP071986.1 Helicobacter pylori MT5124 chromosome South America int 

KX119176.1 Helicobacter phage Pt1846U Europe int 

KX119199.1 Helicobacter phage Pt5771G Europe int 

KX119202.1 Helicobacter phage Pt1293U Europe int 

KX119198.1 Helicobacter phage Pt5322G Europe int 

KX119175.1 Helicobacter phage Pt22899G Europe int 
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Appendix 3 

Table 6 Specific Helicobacter pylori prophage sequences with the highest percentage of similarity to ML8 integrase 

Description Scientific Name Max 
Score 

Total 
Score 

Query 
Cover 

E 
value 

Per. 
Ident 

Acc. Len Accession 

Helicobacter phage 
COL 23-PUJ, 
complet genome 

Helicobacter phage 
COL 23-PUJ 

644 644 100% 8e-179 91.28% 28622 MW247147.1 

Helicobacter phage 
Pt22899G, complet 
genome 

Helicobacter phage 
Pt22899G 

617 617 100% 4e-172 90.43% 30078 KX119175.1 

Helicobacter phage 
COL 6-PUJ, 
complet genome 

Helicobacter phage 
COL 6-PUJ 

617 617 100% 4e-172 90.41% 26487 MW247145.1 

Helicobacter phage 
COL 5-PUJ, 
complet genome 

Helicobacter phage 
COL 5-PUJ 

617 617 100% 4e-172 90.41% 26486 MW247144.1 

Helicobacter phage 
Pt5322G, complet 
genome 

Helicobacter phage 
Pt5322G 

608 608 99% 2e-169 90.17% 28341 KX119198.1 

Helicobacter pylori 
strain phage 
Hp104 prophage 
integrase (int), 
complet genome 

Helicobacter pylori 601 601 85% 4e-167 93.75% 442 KY366700.1 

Helicobacter phage 
Pt1293U, complet 
genome 

Helicobacter phage 
Pt1293U 

601 601 99% 4e-167 89.94% 30071 KX119202.1 

Helicobacter phage 
COL 23-PUJ, 
complet genome 

Helicobacter phage 
COL 23-PUJ 

595 595 100% 2e-165 89.60% 1661144 CP071986.1 

Helicobacter phage 
Pt22899G, complet 
genome 

Helicobacter phage 
Pt22899G 

592 592 99% 2e-164 89.51% 27960 KX119176.1 

Helicobacter phage 
COL 6-PUJ, 
complet genome 

Helicobacter phage 
COL 6-PUJ 

586 586 99% 1e-162 89.32% 29801 KX119199.1 

Col (Colombia), Pt (Portugal), Hp104 (Helicobacter pylori 104, Gambian strain) 


