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Abstract
Background: There were geographical differences in the distribution of Helicobacter pylori (H. pylori) genotypes (cagA, vacA, iceA, oipA and dupA, et al). The
population in different regions in China have grant different patterns of gastroduodenal diseases which are associated with these genotypes, but the
geographical characteristics of H. pylori genotypes were still unknown.

Materials and Methods: Gastric biopsy specimens were obtained from 348 patients from �ve regions in China. The regional distribution was 89 patients from
Shandong, 91 from Guangxi, 57 from Hunan, 58 from Qinghai and 53 from Heilongjiang. DNA extracted from cultured isolates were analyzed by polymerase
chain reaction (PCR) to determine the presence of cagA, vacA, iceA, oipA and dupA genotypes.

Results: A total of 269 H. pylori isolates were obtained, of which 74 isolates were from Shandong, 78 from Guangxi, 46 from Hunan, 33 from Qinghai and 38
from Heilongjiang. The cagA gene was predominant in all the �ve regions (e.g. 100% in Hunan, Qinghai and Heilongjiang). The predominant vacA genotypes
in the 269 isolates were s1a (88.1%) and m1(72.1%). vacA s1b was not detected in our study. In strains from Guangxi and Hunan, s1c was dominant; in
contrast, s1a was dominant in Shandong, Qinghai and Heilongjiang. The prevalence of m1 strains in Heilongjiang (92.1%) was signi�cantly higher (P<0.001)
than in Shandong (60.8%) and Qinghai (51.5%). The dominant vacA subtype combination was s1a/m1 (62.8%) and detection of vacA s1a/m1 was
signi�cantly high 34 (89.5%) in Heilongjiang strains (P<0.001). The prevalence of iceA alleles in Hunan and Qinghai was much higher than that in the other
three regions, and the difference was statistically signi�cant. The oipA-positive strains were more prevalent in Guangxi (100%) and Hunan (100%) than in
Qinghai (78.8%) (P<0.001). Conversely, the dupA-positive strains were less than half in Guangxi (15.4%) and Shandong (32.4%), whereas it was 73.9% in
Hunan and 81.8% in Qinghai (P<0.001).

Conclusions: There are signi�cant geographic differences in the distribution of H. pylori genotypes. These datas may be used to explain the gastroduodenal
diseases patterns in different geographic regions of China.

Background
Helicobacter pylori (H. pylori) is a chronic infectious pathogen that can lead to gastroduodenal diseases such as chronic gastritis (CG), peptic ulcer disease
(PUD), gastric cancer (GC) and mucosa associated lymphoid tissue (MALT) lymphoma [1]. Owing to the carcinogenicity of H. pylori, it was classi�ed as a grade
I carcinogen in humans by the World Health Organization [2]. It has been proved that more than 50% of the world’s population are infected with H. pylori and its
prevalence rates range from 20–40% in developed countries and up to 90% in China and other developing countries [3]. H. pylori is characterized by genetic
diversity, but the clinical symptoms caused by different strains are variable and considered to be related to the genetic susceptibility and living environment of
the host, mainly due to the bacterial virulence factors [4].

Several H. pylori virulent factors have been identi�ed that play an important role in the pathogenicity of H. pylori such as cagA, vacA, iceA, oipA and dupA [5].
The cagA (cytotoxin-associated gene A) has been considered as an important carcinogen of H. pylori and cagA-positive strains can increase the risk of PUD or
GC. There are EPIYA repeat sequences in its 3’ variable region, which is the tyrosine phosphorylation site of CagA protein. According to the difference of the
amino acid sequences �anking the EPIYA motifs, CagA 3’ variable region can be divided into four different segments: EPIYA-A, EPIYA-B, EPIYA-C and EPIYA-D
[6, 7].

The vacA (vacuolating cytotoxin gene) is associated with damaging epithelial cells by inducing the formation of vacuoles [8]. The vacA includes at least two
different parts: the signal (s) region (s1a, s1b and s1c, s2) and the middle (m) region (m1, m2a and m2b) [9, 10]. The combination of vacA s and m region
genotypes determines the production of cytotoxic activity and constitutes mosaic gene structure [11]. Strains with s1/m1 produce high levels of toxin in vitro,
followed by s1/m2, while s2/m1 strains produce low toxicity and s2/m2 strains produce little or no toxin [12]. Some studies have shown that s1/m1 subtype is
highly correlated with PUD and GC [13]. There are geographic differences in the distribution of vacA genotypes in different regions. Many researchers have
shown that vacA s1a and s1c are predominant in Asia, northern Europe and USA, whereas s1b is common in South America, USA, Southern Europe and South
Africa [10–16]. These differences may lead to the distinct prevalence of gastroduodenal diseases from different geographic regions. The iceA (induced by
contact with epithelium) has two different alleles: iceA1 and iceA2, which are distributed in different H. pylori strains [10]. Some studies have suggested that
the iceA1 may be related to PUD, whereas others have come to different conclusions [11]. This inconsistent conclusion may be due to geographical differences.
The oipA (outer in�ammatory protein) is closely related to the clinical symptoms, speci�cally manifested in the bacterial colonization density, severe
neutrophil in�ltration and high level of IL-8 [17]. Researches have shown that the prevence of oipA in duodenal ulcer (DU) and GC is higher, suggesting that oipA
is not only associated with in�ammation, but also the development of GC [18]. The dupA (duodenal ulcer promoting gene A), �rst recognized as a marker of H.
pylori speci�c disease, can induce DU and inhibit GC [19].

Studies have shown that H. pylori infection is very common in China where the incidence rate of GC is higher than that in the western countries. There are
many studies focusing on the detection of H. pylori, the prevalence and clinical outcomes at present. However, only a few studies regarded information on the
relationship between H. pylori virulence genotypes and different geographic regions. We therefore investigated the distribution of vacA, cagA, iceA, oipA and
dupA genotypes in different areas of China and compared the association among the genotypes.

Materials And Methods

Study subjects



Page 3/12

A total of 348 patients were involved in this study including 89 patients from Rushan People’s Hospital (Weihai, Shandong Province, China), 91 from the
Second Nanning People’s Hospital (Nanning, Guangxi Province, China), 57 from Yiyang Central Hospital (Yiyang, Hunan Province, China),58 from the People’s
Hospital of Huzhu Tu Ethnic Autonomous County (Haidong, Qinghai Province, China) and 53 from The First A�liated Hospital of Jiamusi University (Jiamusi,
Heilongjiang Province, China). Their gastric biopsy specimens were obtained during upper gastrointestinal endoscopy with informed consent. This study was
approved by the Research and Ethical committees. One gastric biopsy was used for H. pylori culture and two for pathological examination.

H. pylori culture and DNA extraction

Gastric biopsy specimens were homogenized thoroughly in brain heart infusion (BHI) broth and then streaked onto the Karmali blood agar base plates under a
biological safety cabinet (Thermo Scienti�c). The Karmali Agar base (Oxoid, CM 0935) was supplemented with 5% de�brinated sheep blood, and 1%
combined antibiotics comprising of TMP (150 mg/L), vancomycin (125 mg/L), amphotericin B (100 mg/L) and polymyxin B (100 mg/L). The plates were
incubated at 37 °C in a microaerobic atmosphere (5% O2, 10% CO2 and 85% N2) for 3–5 days. H. pylori colonies were identi�ed according to its morphological
characteristics, negative Gram staining and positive for catalase, oxidase, and urease. The con�rmed isolates were preserved in sterile BHI broth with 20%
glycerol and frozen at -80 °C until the genomic DNA was extracted with the QIAamp DNA Mini Kit (Qiagen, Germany) according to the manufacturer’s
instructions. The extracted DNA was stored at -20℃ and used directly for polymerase chain reaction (PCR).

PCR ampli�cation
The PCR reaction was carried out in a total volume of 25 µl containing 1 µl each of primer, 1 µl template DNA, 12.5 µl Go Taq® Green Master Mix (Promega,
USA) and 9.5 µl nuclease-free water. Each PCR ampli�cation was under the following conditions: initial denaturation at 94 °C for 5 min, 35 cycles of
denaturation at 94 °C for 30 s, annealing at (Tm ± 5) °C for 30 s, extension at 72 °C for 40 s, and a �nal extension at 72 °C for 10 min. The presence of the

cagA, iceA, oipA and dupA genes was determined by PCR as previously described [19, 22− 24]. The genotypes of vacA s1a, s1b, s1c, s2, vacA m1, m2a, m2b, and
cagA were also determined by PCR as previously described [4,19− 21]. The ampli�ed products were analyzed in 1% agarose gel containing 1 × TAE, stained with
GelStain and visualized by electrophoresis at 110 V for 30 min using the gel documentation system (Bio-Rad, USA). Positive PCR products were sequenced
using ABI 3730xl DNA sequencer and the sequences obtained were analyzed using MEGA (version 7.0.18, USA).

Statistical Analysis
Statistical datas were analyzed by SPSS software (version 20, Chicago, USA). The chi-square test and Fisher’s exact test were used to assess the association
among the genotypes and between speci�c genotypes and geographic distribution. P-value < 0.05 was considered of a statistically signi�cant difference.

Results
A total of 269 H. pylori isolates out of 348 gastric biopsy specimens from �ve geographic regions in China were obtained, of which 74 isolates were from
Shandong, 78 from Guangxi, 46 from Hunan, 33 from Qinghai and 38 from Heilongjiang. As is shown in Table 1, the highest number of H. pylori positives
(85.7%) was obtained in Guangxi, followed by Shandong (83.1%), while Qinghai had the lowest H. pylori positives (56.9%). Virulence genes cagA, vacA, iceA,
oipA and dupA were detected by PCR in all H. pylori obtained from culture isolates and H. pylori genotypes results were summarized in Table 1.
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Table 1
Detection and distribution of cagA, vacA, iceA, oipA and dupA genes in Chinaa

  No. of isolatesb  

SD (n = 89) GX (n = 91) HN (n = 57) QH (n = 58) HL (n = 53) Total (n = 348)

H. pylori positive 74(83.1) 78(85.7) 46(80.7) 33(56.9) 38(71.7) 269(77.3)

cagA 66(89.2) 74(94.9) 46(100) 33(100) 38(100) 263(97.8)

vacA            

s1 69(93.2) 71(91) 44(95.7) 29(87.9) 38(100) 251(93.3)

s2 2(2.7) 0 1(2.2) 3(9.1) 2(5.3) 8(3)

m1 45(60.8) 56(71.8) 41(89.1) 21(63.6) 35(92.1) 198(73.6)

m2 66(89.2) 43(55.1) 39(84.8) 16(48.5) 30(78.9) 194(72.1)

s1m1 42(56.8) 49(62.8) 40(87) 14(42.4) 35(92.1) 180(66.9)

s1m2 62(83.8) 38(48.7) 37(80.4) 15(45.5) 30(78.9) 182(67.7)

s2m1 2(2.7) 0 1(2.2) 3(9.1) 2(5.3) 8(3)

s2m2 2(2.7) 0 1(2.2) 2(6.1) 2(5.3) 7(2.6)

iceA            

iceA1 59(79.7) 52(66.7) 44(95.7) 28(84.8) 29(76.3) 212(78.8)

iceA2 39(52.7) 66(84.6) 46(100) 31(97) 32(84.2) 214(79.6)

iceA1 + iceA2 27(36.5) 40(51.3) 44(95.7) 26(78.8) 23(60.5) 160(59.5)

oipA 73(98.6) 78(100) 46(100) 26(78.8) 35(92.1) 258(95.9)

dupA 24(32.4) 12(15.4) 34(73.9) 27(81.8) 25(65.8) 122(45.4)

aIsolates were from �ve regions of China: Shandong (SD), Guangxi (GX), Hunan (HN), Qinghai (QH) and Heilongjiang (HL).

bValues in parentheses are percentages.

Detection and distribution of virulence genes

cagA
Overall, 263 (97.8%) patients were infected with cagA-positive strains (Table 1). Of these cagA-positive strains, 66 (89.2%) were isolated from Shandong, 74
(94.9%) from Guangxi, 100% from Hunan, Qinghai and Heilongjiang. The prevalence of cagA-positive strains was lower in Shandong and Guangxi than in
other three regions, but the difference was not statistically signi�cant (χ2 = 4.635, P > 0.05). The sequencing results showed that CagA type was mainly East
Asian type, accounting for 91.8% (236/257), whereas only 9 strains were Western type, and 55.6% (5/9) were isolated from Heilongjiang. Among 236 East
Asian type CagA, 234 were of the ABD subtype and 2 of the AABD subtype. The distribution of CagA sequence types is shown in Table 2. The CagA type was
mainly the ABD subtype, accounting for 91.1% and the ABD subtypes show a signi�cant association with different regional areas (χ2 = 19.772, P < 0.01). Most
of the Western strains were from Heilongjiang and there was a signi�cant difference between the ABC subtype and Heilongjiang isolates (χ2 = 15.512, P < 
0.01).

Table 2
Distribution of CagA types in different regions of Chinaa

Region EPIYA motif typesb Total

AB ABDc AABD ABCc ABCC

SD 9 55 1 1 0 66

GX 0 71 1 1 1 74

HN 0 46 0 0 0 46

QH 0 32 0 1 0 33

HL 3 30 0 5 0 38

Total 12(4.7) 234(91.1) 2(0.8) 8(3.1) 1(0.4) 257
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acagA-positive strains were from �ve regions of China: Shandong (SD), Guangxi (GX), Hunan (HN), Qinghai (QH) and Heilongjiang (HL).

bvalues in parentheses are percentages.

cindicating a signi�cant difference between different regional areas(p < 0.01).

vacA
The geographic distribution of vacA s- and m-alleles is shown in Table 1. In the 269 isolates, multiple vacA genotypes were detected in either the s-region
(80.7%), the m-region (25.6%), or both (17.1%). The prevalence of vacA s- and m- region genotypes varied between the �ve regions of China. The most
common vacA s-region genotype was s1 (93.3%): 93.2% of isolates from Shandong, 91% from Guangxi, 95.7% from Hunan, 87.9% from Qinghai and 100%
from Heilongjiang. For the vacA m-region, 198 patients (73.6%) were infected with m1 H. pylori strains. The prevalence of vacA m1 genotype from
Heilongjiang was the highest and that of Shandong was the lowest (92.1% and 60.8%). In the combination of vacA s and m region genotypes, s1m2 was
predominant and found in 182 (67.7%) of the H. pylori strains and the s1/m1 was detected in 180 (66.9%).

For the vacA s subtype, the dominant genotype in 269 isolates was s1a (88.1%). The vacA s1b was not detected in our study. Among the 74 vacA s1 strains
from Shandong, the prevalence of s1a (86.5%) and s1c (82.4%) was nearly similar. The distribution of s1a (85.9%) and s1c (89.7%) in Guangxi resembled that
of Shandong. Of the 46 s1 strains from Hunan, 40 (87%) were s1a and 43 (93.5%) were s1c. In Qinghai, 87.9% of the s1 strains were s1a and 69.7% were s1c.
Among strains from Heilongjiang, 37 (97.4%) of the 38 s1 strains were s1a, 33 (86.8%) was s1c. Of all the cultures, 252 (93.7%) could be genotyped as either
m1, m2a or m2b. Among the 152 s1 strains from Guangxi, Hunan and Heilongjiang, m1 (76.5%) was more prevalent than m2a (48.1%). Of the 69 s1 strains
from Shandong, the prevalence of m1 (55.4%) and m2a (59.6%) was about similar. Among the 29 vacA s1 strains from Qinghai, 14 (42.4%) contained m1 and
11 (33.3%) were m2a (Table 3 and Fig. 1).

Table 3
Geographic distribution of vacA subtypes of s- and m-region in Chinaa,b

Region Total s1a s1c s2 Multiple genotypes

m1 m2a m2b m1 m2a m2b m2a m2b s m s + m

SD 74 39(52.7) 39(52.7) 31(41.9) 35(47.3) 38(51.4) 30(40.5) 2(2.7) 2(2.7) 50(67.6) 5(6.8) 4(5.4)

GX 78 46(60) 28(35.9) 14(18) 49(62.8) 32(41) 16(20.5) 0 0 65(83.3) 9(11.5) 7(9)

HN 46 36(78.3) 22(47.8) 20(43.5) 39(84.8) 23(50) 21(45.7) 1(2.2) 0 39(84.8) 9(19.6) 8(17.4)

QH 33 14(42.4) 10(30.3) 7(21.2) 11(33.3) 9(27.3) 6(18.2) 3(9.1) 2(6) 26(78.8) 8(24.2) 6(18.2)

HL 38 34(89.5) 22(57.9) 17(44.7) 30(79) 18(47.4) 15(39.5) 2(5.3) 2(5.3) 30(79) 27(71.1) 21(55.3)

Total 269 169(62.8) 121(45) 89(33.1) 164(61) 120(44.6) 88(32.7) 8(3) 6(2.2) 210(78.1) 58(25.6) 46(17.1)

aH. pylori isolates were from �ve regions of China: Shandong (SD), Guangxi (GX), Hunan (HN), Qinghai (QH) and Heilongjiang (HL).

bValues in parentheses are percentages.
The geographic distribution of vacA s and m subtypes was different in the �ve regions of China (Table 3 and Fig. 1). The prevalence of s1c in the isolates
from Hunan was 93.5%, signi�cantly higher (χ2 = 10.760, P < 0.05) than that in Shandong (82.4%), Guangxi (89.7%), Qinghai (69.7%) and Heilongjiang (86.8%).
In contrast, s1a was more frequent in isolates from Heilongjiang (97.4%) than the other four regions, but no statistical signi�cance was noted (χ2 = 3.718, P > 
0.05). The prevalence of m1 strains in Heilongjiang (92.1%) was signi�cantly higher (χ2 = 15.668, P < 0.001) than in Shandong (60.8%) and Qinghai (51.5%).
The frequency of the m2b subtype in Hunan (50%) was signi�cantly higher (χ2 = 10.714, P < 0.01) than in Guangxi (23.1%) and Qinghai (24.2%) and there was
no signi�cant difference in prevalence of vacA m2a (χ2 = 5.450, P > 0.05). We also examined s1a/m1, s1c/m1, s1/m2a, s1/m2b different combinations in
patients according to analysis of the vacA subtypes. The dominant vacA subtype combination in the �ve regions was s1a/m1 (62.8%) and detection of vacA
s1a/m1 was signi�cantly high 34 (89.5%) in Heilongjiang strains (χ2 = 32.218, P < 0.001).

iceA
Of the 269 isolates, iceA1 was found in 212 isolates (78.8%) and iceA2 in 214 isolates (79.6%). In these isolates 160 (59.5%) contained both iceA1 and iceA2,
which indicating mixed infection. The distribution of iceA varied considerably for isolates from �ve different geographic regions of China. The iceA1 was
present in 95.7% and 84.8% of H. pylori strains isolated from Hunan and Qinghai, respectively, whereas only 66.7% of isolates from Guangxi were infected with
iceA1 positive strains. This difference was statistically signi�cant (χ2 = 15.510, P < 0.001). The iceA2 frequency was signi�cantly more prevalent in Hunan
(100%) and Qinghai (97%) strains than in Shandong (52.7%) strains (χ2 = 42.147, P < 0.001). The prevalence rates of mixed iceA genotypes in Shandong,
Guangxi, Hunan, Qinghai and Heilongjiang were 36.5%, 51.3%, 95.7%, 78.8% and 60.5%, respectively and the mixed iceA was more prevalent in Hunan strains
than in the other four regions strains (χ2 = 48.502, P < 0.001) (Table 1).

oipA
258 (95.9%) patients were infected with oipA-positive strains (Table 1). The oipA-positive isolates were present in 100% of Guangxi and Hunan isolates and
the prevalence rates in Shandong, Qinghai and Heilongjiang were 98.6%, 78.8% and 92.1%, respectively. The oipA gene was more prevalent in Guangxi and
Hunan strains than in Qinghai strains (χ2 = 27.531, P < 0.001).
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dupA
122 (45.4%) patients were infected with dupA-positive strains (Table 1). The dupA-positive isolates were present in 73.9% of Hunan, 81.8% of Qinghai and
65.8% of Heilongjiang. In contrast, only 32.4% of Shandong and 15.4% of Guangxi isolates were infected with dupA-positive H. pylori (χ2 = 72.497, P < 0.001).

Association among the genotypes in H. pylori strains

The prevalence of cagA gene is relatively high in China and it was independent of iceA and dupA gene. The cagA was present in 204 out of 212 iceA1 genes
(96.2%), 209 out of 214 iceA2 genes (97.7%) and 117 out of 122 dupA genes (95.9%). Table 4 shows the association of vacA with dupA and iceA genotypes in
H. pylori strains. It was found that the infection rate of vacA s1c was higher than vacA s1a in dupA and iceA positives strains. Similarly, vacA m1 positive
strains detected a signi�cantly high dupA 91 (74.6%), iceA1 154(72.6%) and iceA2 162 (75.7%) genotypes. Furthermore, there was a high prevalence rate of
dupA 71.3% (87/122), iceA1 66.5% (141/212) and iceA2 77.1% (165/214) in the vacA s1a/m1 positive strains.

Table 4
Association of vacA with dupA and iceA genotypes

  SD n (%) GX n (%) HN n (%) QH n (%)

vacA dupA iceA1 iceA2 dupA iceA1 iceA2 dupA iceA1 iceA2 dupA iceA1 iceA2 du

s-region                          

s1a 19(25.7) 52(70.3) 33(44.6) 10(12.8) 42(53.8) 58(74.4) 28(60.9) 39(84.8) 40(87) 23(70) 23(70) 25(75.8) 24

s1c 19(25.7) 48(64.9) 28(37.8) 9(11.5) 47(60.2) 60(76.9) 32(70) 41(89.1) 43(93.5) 20(60.6) 18(54.5) 21(63.6) 23

m-
region

                         

m1 17(23) 32(43.2) 28(37.8) 7(9) 41(52.6) 47(60.3) 30(65.2) 39(84.8) 41(89.1) 14(42.4) 15(45.5) 17(51.5) 23

m2a 17(23) 31(41.9) 24(32.4) 3(3.8) 21(26.9) 28(35.9) 16(34.8) 23(50) 25(54.3) 6(18.2) 10(30.3) 12(36.4) 1

m2b 9(12.2) 29(39.2) 21(28.4) 3(3.8) 12(15.4) 17(21.8) 18(39.1) 23(50) 23(50) 7(21.2) 8(24.2) 7(21.2) 13

s/m
region

                         

s1am1 15(20.3) 26(35.1) 26(35.1) 9(11.5) 35(44.9) 40(51.3) 24(52.2) 35(76.1) 40(87) 11(33.3) 11(33.3) 13(39.4) 22

s1am2a 13(17.6) 28(37.8) 21(28.4) 4(5.1) 17(21.8) 25(32.1) 13(28.3) 20(43.5) 22(47.8) 6(18.2) 7(21.2) 9(27.3) 1

s1am2b 5(6.8) 27(36.5) 17(23) 3(3.8) 9(11.5) 13(16.7) 14(30.4) 20(43.5) 20(43.5) 6(18.2) 7(21.2) 5(15.2) 12

s1cm1 14(18.9) 26(35.1) 23(31.1) 9(11.5) 36(46.2) 41(52.6) 28(60.9) 36(78.3) 39(84.8) 9(27.3) 8(24.2) 11(33.3) 2

s1cm2a 16(21.6) 24(32.4) 20(27) 4(5.1) 19(24.4) 28(35.9) 14(30.4) 26(56.5) 23(50) 6(18.2) 4(12.1) 8(24.2) 1

s1cm2b 7(9.5) 24(32.4) 16(21.6) 3(3.8) 10(12.8) 15(19.2) 16(34.8) 21(45.7) 21(45.7) 6(18.2) 6(18.2) 5(15.2) 12

We examined different combinations based on the analysis of the vacA subtypes (s1a, s1c, m1, m2a, m2b), cagA and iceA (iceA1, iceA2) in patients. The most
prevalent combination s1cm1/cagA+/iceA2 was present in 51.7% (139/269) including 25.7% (19/74) of Shandong, 56.4% (44/78) of Guangxi, 84.8% (39/46)
of Hunan, 33.3% (11/33) of Qinghai and 68.4% (26/38) of Heilongjiang. The predominant common combination genotypes in Guangxi and Hunan was
s1cm1/cagA+/iceA2 (56.4% and 84.8%, χ2 = 5.409, P < 0.05) and that was s1am1/cagA+/iceA2 (42.4% and 73.7%, χ2 = 7.143, P < 0.01) in Qinghai and
Heilongjiang, while the most common in Shandong was s1am2a/cagA+/iceA1 (36.5%) (Table 5).
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Table 5
Combination genotypes of cagA, vacA and iceA in China

Combination No. of isolates  

SD n (%) GX n (%) HN n (%) QH n (%) HL n (%) Total n (%)

s1am1/cagA+/iceA1 26(35.1) 33(42.3) 35(76.1) 12(36.4) 26(68.4) 132(49.1)

s1am1/cagA+/iceA2 22(29.7) 37(47.4) 36(78.3) 14(42.4) 28(73.7) 137(50.9)

s1am2a/cagA+/iceA1 27(36.5) 19(24.4) 21(45.7) 8(24.2) 18(47.4) 93(34.6)

s1am2a/cagA+/iceA2 19(25.7) 26(33.3) 22(47.8) 10(30.3) 17(44.7) 94(34.9)

s1am2b/cagA+/iceA1 23(31.1) 8(10.3) 20(43.5) 7(21.2) 11(28.9) 69(25.7)

s1am2b/cagA+/iceA2 15(20.3) 10(12.8) 20(43.5) 6(18.2) 14(36.8) 65(24.2)

s1cm1/cagA+/iceA1 24(32.4) 39(50) 37(80.4) 9(27.3) 24(63.2) 133(49.4)

s1cm1/cagA+/iceA2 19(25.7) 44(56.4) 39(84.8) 11(33.3) 26(68.4) 139(51.7)

s1cm2a/cagA+/iceA1 26(35.1) 23(29.5) 21(45.7) 6(18.2) 16(42.1) 92(34.2)

s1cm2a/cagA+/iceA2 19(25.7) 30(38.5) 23(50) 8(24.2) 15(39.5) 95(35.3)

s1cm2b/cagA+/iceA1 21(28.4) 11(14.1) 21(45.7) 6(18.2) 11(28.9) 70(26)

s1cm2b/cagA+/iceA2 13(17.6) 14(17.9) 21(45.7) 5(15.2) 14(36.8) 67(24.9)

Discussion
This study aims to investigate the distribution of virulence genes of H. pylori isolated from patients living in different geographical regions of China and the
association among these genotypes. H. pylori was detected for the presence of the genes for cagA, vacA, iceA, oipA and dupA. The present study
demonstrates that there was obvious geographical diversity of H. pylori genotypes within China, emphasizing that even within a country genetic diversity still
exists. The H. pylori isolates were cultured from �ve different geographic regions of China, Shandong in the east, Guangxi in the south, Hunan in the central,
Qinghai in the west and Heilongjiang in the north. As far as we know, this was the �rst comprehensive study on the distinct virulence genes of H. pylori in
different geographical regions of China and the association among genotypes.

Geographic distribution versus genotypes
In East Asia, more than 90% of H. pylori isolates carry cagA gene, which may be the reason why the incidence rate of GC in East Asian countries is higher than
that in western countries. In the present study, 97.8% patients were infected with cagA-positive strains. This result was similar to studies in other Asian
countries and some regions of China where the prevalence of cagA-positive strains was above 90% [25, 26]. However, this was different from reports in some
European and American countries where the prevalence of cagA-positive strains ranged from 50–70% (Fig. 2A) [14,27−30]. Furthermore, we found that the
majority of CagA types were East Asian type, only 3.5% were Western type.

The presence of the vacA genotypes was also different in distinct geographical regions. 93.3% of H. pylori carried the vacA s1 genotype similar to previous
studies in other regions of China [31, 32]. In the present study, there was a high prevalence of s1a 88.1% and s1c 85.5% in the vacA-positive strains. The result
was slightly different from some reports in which the prevalence of s1a and s1c was a little lower [14, 33]. The vacA s1b was not detected in our study, whereas
the prevalence of s1b subtype was almost 100% in South America, 80% in Spain and Portugal strains, very few in East Asia [14] (Fig. 2B). The vacA s2 was
prevalent in Africa [34] and consistent with studies in some European and American countries [14], but the s2 detected in this study was very low, further
revealing the geographic diversity of vacA gene (Fig. 2C). The presence of vacA m1 strains was signi�cantly higher in Heilongjiang, which may be the reasons
for the high incidence of gastric cancer. These �ndings were different from some countries such as Japan, Korean, Singapore and some European and
American strains [11, 14, 35] (Fig. 2D), suggesting the differences between Chinese strains and foreign strains. The vacA s1m1 genotype was predominant in
Heilongjiang and s1m2 strains in Shandong, which was consistent with other studies in China, such as Xi'an, Beijing, Taiwan and Hong Kong [33,36−38], but
different from studies in America, Netherlands and Germany [14, 28, 39]. The reason for the difference may be association with geographic diversity of vacA
genotypes.

The iceA1 gene was common in Japan and Korea while the iceA2 gene was predominant in the America, Colombia, Brazil, Europe and South Africa [9, 40, 41].
The prevalence of iceA1 was 78.8% in all studied strains, consistent with studies reported from Thailand, Korea and Tunisia [42–44]. The oipA is closely related
to severe in�ammatory response and the induction of IL-8 secretion. In the present study, oipA was present in most strains, which was similar to previous
studies [45]. The dupA is considered as a marker of duodenal diseases but in some studies the relationship is not linked [46]. The presence of dupA gene was
also different in different geographical regions (e.g. 84.8% in the South Africa, 43.7% in the Belgium and 70% in the United States) [47]. Similarly, in the present
study, the prevalence of the dupA was different in different regions in China. We detected 81.8% dupA positive isolates in Qinghai, while the lower prevalence
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of dupA (15.4%) was in Guangxi and 32.4% in Shandong. The reasons for the difference in prevalence of dupA gene in the �ve geographic regions in China is
unclear.

Gastroduodenal diseases versus genotypes
Studies have shown that more than 50% of the world’s population are infected with H. pylori, but not all people develop gastrointestinal diseases, which is
associated with living environment, host factors and bacterial virulence genes. cagA, as an important carcinogen, was reported to be closely related to PUD
and GC as previously described. There are obvious regional differences in the incidence of GC, mainly in northeast China, Shandong, Henan and other regions.
According to the data of the national disease surveillance system in 2018, the mortality rate of GC was the highest in eastern China, accounting for 22.71%,
while in central and western China, the mortality rate of gastric cancer was 18.97% and 16.06%, respectively.

In the present study, the majority virulent genotypes of H. pylori isolated from Shandong were vacA s1m2/cagA/iceA1 positive. This genotype combination
may be responsible for the high incidence of gastrointestinal diseases in Shandong Province. Some studies showed that vacA s1m1 and cagA positive strains
were more frequently isolated from GC patients than from PUD and MALT patients [48]. Among all the �ve regions studied, detection of vacA s1m1/cagA was
signi�cantly higher in Heilongjiang than in other regions. This may be the reason for high incidence of GC in Heilongjiang. Some researchers considered that
the iceA1 was more common in patients with PUD while the iceA2 was most frequently isolated from CG patients [49]. Hussein proved that dupA gene was a
high risk factor for DU by detecting dupA gene from 2358 samples [24]. In this study, the presence of iceA and dupA was signi�cantly higher in Hunan and
Qinghai where the incidence rate of CG and PUD may be higher.

Conclusions
The present study demonstrated that there were signi�cant geographic distribution differences of H. pylori genotypes in China, which can lead to
gastroduodenal diseases differences in different regions. The next step is to clearly reveal the relationship between H. pylori genotypes and clinical outcomes.
Researches on H. pylori virulence factors in China are important for a clinical and epidemiological survey to better understand the pathogenic mechanism.
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Figure 1

Geographic distribution of vacA s- and m-region genotypes of H. pylori strains from China. The prevalence of vacA subtypes (s1a, s1c, s2, m1, m2a and m2b)
are given as a percentage of the total number of strains (shown in parentheses). Note: The designations employed and the presentation of the material on this
map do not imply the expression of any opinion whatsoever on the part of Research Square concerning the legal status of any country, territory, city or area or
of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been provided by the authors.
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Figure 2

Distribution of vacA and cagA genotypes of H. pylori from different regions of the world. (A) cagA; (B) vacA s alleles; (C) vacA s2 allele and (D) vacA m alleles.


