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Abstract
Helicobacter pylori (H. pylori)-induced inflammation increases the risk of developing various upper 
gastrointestinal conditions which may progress to gastric cancer (CA). Early prediction and detection 
of infection are crucial for reducing cancer-induced mortality rates. The present case-control study 
aimed to investigate the combination of serum and molecular markers and H. pylori-associated gastro-
duodenal conditions as risk factors for predicting CA development in dyspeptic patients. Consecutive 
gastric biopsies and blood samples were collected from 100 adult dyspeptic patients. Serum IgG antibody 
levels against H. pylori were determined, and receiver operating characteristic (ROC) analysis was 
performed. The expression of the virulence genes cagA and vacA was evaluated by polymerase chain 
reaction (PCR). A significant association was reported between the disease condition and the status 
of several risk factors, such as family history, serum IgG antibody concentration, and the virulence 
genes cagA and vacA. Among the 71 H. pylori-positive patients, 35.2% (25/71) had CA. Both cagA and 
vacA genes were found in 46 out of 71 (64.7%) patients, and 92% (23/25) of CA patients carried the 
cagA+vacA s1 gene. ROC analysis of the serum IgG concentrations revealed AUC values of 0.81 and 
0.78 for differentiating patients with non-ulcer dyspepsia from those with ulceration/inflammation 
and CA, respectively. The concordance between the IgG-positive and PCR-positive patients was 84% 
(k value=0.41). Patients who had a family history of CA with an increased serum IgG concentration 
and the presence of H. pylori cagA-vacA s1 genotypes may be considered strong predictors of future 
development of gastric pathologies, including CA.
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INTRODUCTION

 Helicobacter pylori (H. pylori)-induced 
inflammation has been significantly associated 
with the development of a spectrum of upper 
gastrointestinal diseases, such as chronic gastritis 
and peptic ulcer disease, which are precursors 
to gastric cancer (CA), one of the world’s most 
common types of cancer among humans. 
Geographically, CA is a common cancer type 
with the highest incidence in most parts of 
Asian countries, like India, China, Japan, Korea 
and Mongolia.1-3 This high impact of cancer is 
mainly due to factors such as lack of awareness, 
socio-economic factors, food/dietary habits 
and diverse environmental and genetic factors. 
The mechanism of H. pylori pathogenesis being 
related to host-bacteria interactions which is 
initiated by clinically important virulence genes 
has been documented in various studies.4-7 These 
include the cytotoxin associated gene A (cagA) 
and vacuolating cytotoxin gene (vacA) with allelic 
variants; the signal sequences s1/s2; and the mid 
region genes m1/m2, which have an association 
with an increased risk of developing CA.4-7 

 Diagnosis of CA is often delayed due to 
a lack of distinguishable clinical symptoms during 
the early stages of the disease until it advances 
to its later stages. Early detection and diagnosis 
are crucial for the prevention of CA. Therefore, to 
predict and detect this disease at an early stage, 
there is an urgent need for cancer biomarkers 
that greatly contribute to its early diagnosis and 
treatment and thereby decrease CA mortality 
rates.8,9

 Studies have shown that the CA patients 
have a significantly higher prevalence of H. pylori 
antibodies than non-cancer controls. Since H. 
pylori infection induces a local and systemic type 
of immune response, the serum IgG antibody 
concentration can be used as a potential predictor 
of the development of CA in patients.8-10

 Molecular methods such as PCR have 
been widely used for detecting cagA and vacA 
genes of H. pylori. These genotypes can be used 
as markers for infections since the specificity and 
sensitivity of PCR are similar to those of culture.11-13 

Primary isolation and culture of H. pylori are often 
difficult, as false-negative results may arise owing 
to a number of factors, such as its fastidious, 

microaerophilic nature and requirement of 
lengthy culture times.11,13,14 Therefore, an attempt 
was made to detect the virulent genotypes by 
PCR directly from gastric biopsy samples, and 
the serum IgG antibody levels were evaluated, 
as combined detection of these biomarkers is 
expected to increase the efficiency of diagnosis. 
 In view of the clinical and epidemiological 
importance of this gastric bacterium, the aim of our 
present study was to analyze the combination of 
serum and molecular markers and gastroduodenal 
conditions associated with H. pylori infection as risk 
factors for predicting gastric cancer development 
among dyspeptic patients.

MATERIALS AND METHODS

Study design and study population
 A hospital-based case-control study was 
conducted from December 2022 to November 
2023 in the Microbiology laboratory in a tertiary 
care hospital situated in Guwahati, North eastern 
part of India. 
 The study population included 100 
consecutive patients who were referred for 
routine upper gastrointestinal tract endoscopy 
for suspected gastritis, peptic ulcers or gastric 
carcinoma in the Department of Gastroenterology 
of our hospital and State Cancer Institute, 
Guwahati, Assam, during our study period and 
suffered from dyspeptic symptoms like abdominal 
discomfort, vomiting, nausea, bloating or fullness 
of the stomach were enrolled in our study. Prior to 
endoscopy, a performed structured questionnaire 
was designed on paper to collect the self-reported 
information on the patients’ clinical history, age, 
sex, family history, smoking and alcohol history, 
intake of H2 blockers, etc. Informed written 
consent was obtained from all the patients 
included in the study or their guardians.
 Out of 100, 71 (71%) were male patients 
whereas 29 (29%) were female patients. The age 
range of the patients was 11-84 years, with a 
mean age of 51.98 years and a SD of 16.45 years. 
On the basis of age, patients were grouped into 
two groups: 0-40 years and >40 years. All patients 
were also categorized into three groups based on 
the type of clinical lesion visible during endoscopic 
procedures: Group 1, Non-Ulcer Dyspepsia (NUD); 
Group 2, Ulcer and Inflammation (UIN); and Group 
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3, Gastric Cancer (CA). Of these, 35 patients had 
NUD, 38 had UIN, which included inflammation, 
chronic/erosive gastritis, and peptic ulcer disease, 
and the remaining 27 patients had CA.

Selection of cases and controls
 The case (n=27) group included patients 
who had histopathologically confirmed lesions 
of CA, and the control group (n=73) included 
patients with signs other than CA, which included 
NUD (n=35) and UIN (n=38), during endoscopic 
procedures. 
 The present study was approved by the 
human ethics committee of our institution and was 
carried out according to the committee guidelines 
(Letter No. MC/190/2007/Pt-11/MAR-2020/23 
dated 4/6/2020).

Clinical sample collection
 Two gastric biopsy samples were obtained 
from each patient and placed in phosphate-
buffered saline, one for the rapid urease test 
(RUT) and another for polymerase chain reaction 
(PCR) analysis. Additionally, serum samples were 
collected from the same patients for anti-H. pylori 
IgG antibody determination. 

Detection of serum IgG antibody levels against 
H. pylori
 Anti-Helicobacter pylori IgG antibodies 
in the serum samples of patients were estimated 
using the H. pylori IgG assay kit (Vidas, BioMerieux, 
France). According to the kit instructions, a test 
value of ≥1 was considered as a positive result and 
a test value of <0.75 was considered as a negative 
result. Sample values between these cutoffs was 
designated as equivocal.15

DNA extraction and PCR amplification
 Genomic DNA was extracted from the 
biopsy samples using a Mini DNA extraction kit 
(QIAamp, QIAGEN, Germany) according to the kit 
instructions. After DNA extraction, the presence 
of H. pylori in the patients was confirmed by PCR 
targeting the urease gene of H. pylori (ureA) and 
16S rRNA gene. For samples positive for both of 
these genes, the H. pylori virulence genes cagA and 
vacA with alleles s1, m1, s2 and m2 were amplified 
by multiplex PCR for determination of virulence. 

Primers used for all the PCR assays were designed 
on the basis of our previous studies4 (Table 1).
 PCR assay was carried out in a reaction 
volume 20 µl containing 2X PCR master mix 
(Promega Corporation, Madison, WI), MgCl2, 
deoxynucleotides, Taq polymerase, 50 ng of 
template DNA and 10 µM of the corresponding 
primers. The mixture was amplified as follows: 
initial denaturation at 95°C for 5 min, followed 
by 35 cycles of denaturation for 1 minute at 94°C, 
1 minute of annealing (45°C for ureA gene, 55°C 
for 16S rRNA gene and cagA-vacA genes) and 1 
min of extension at 72°C. The final extension was 
continued at 72°C for 5 min. For all PCR assays, 
genomic DNA from H. pylori ATCC strain 26695 was 
used as a positive control, and nuclease-free water 
was used as a template for the negative control. 
The amplified DNA products were analyzed via 
agarose gel electrophoresis.

Statistical data analysis
 Data analysis was performed using 
the Epi-Info software (version 7.1.3; Atlanta, 
Georgia, US). Chi-square test was used for the 
data analysis, and a p value ≤0.05 was considered 
to be statistically significant. ROC curve analysis 
was performed to investigate the sensitivity and 
specificity of the serum IgG concentration against 
H. pylori for the prediction of CA. The concordance 
between the serum IgG antibody concentration 
and PCR assay results among CA-positive patients 
was measured using Cohen’s kappa coefficient. A 
kappa value of >0.70 indicated high agreement, a 
value between 0.40 to 0.70 as moderate or good 
agreement, and <0.40 as poor agreement.16

RESULTS

Detection of H. pylori in gastric biopsy samples
 In this study, out of 100 gastric biopsy 
samples subjected to PCR and RUT, a total of 71 
(71%) samples were positive for H. pylori ureA 
and 16S rRNA genes, whereas a total of 62 (62%) 
samples gave positive results by RUT. All RUT 
positive (n=62) samples were positive for H. pylori 
ureA and 16S rRNA genes. And the remaining RUT 
negative samples (n=9) also gave positive results 
by PCR. 
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 Therefore, the overall rate of H. pylori 
positivity in our study was 71% (71/100) by PCR. An 
increased rate of H. pylori infection was observed 
in males (69%, 49/71) aged >40 years (80.2%; 
57/71) compared with those aged less than 40 
years. CA patients (case group) had a positivity 
rate of 35.2% (25/71), whereas the control group 

had a positivity rate of 64.7% (46/71) (UIN= 18/71; 
25.3%, NUD = 28/71; 39.4%) (Tables 2 and 3).

Seropositivity among H. pylori-positive patients
 The percentage of H. pylori-positive 
patients who were seropositive for anti-
Helicobacter pylori IgG antibodies in our study 

Table 2. Demographic profile and risk factors associated with H. pylori infection in the patients included in the 
study (n=100)

Variables  H. pylori positive H. pylori negative
  (n=71, %) (n=29, %)

Age grp (yrs) (n=100) 0-40 14 (19.7) 11 (37.9)
 >40 57 (80.2) 18 (62.0)
Sex (n=100) Male 49 (69.0) 22 (75.8)
 Female 22 (30.9) 7 (24.1)
Family history with Yes 18 (25.3) 4 (13.7)
infection (n=100) No 53 (74.6) 25 (86.2)
Smoking habit (n=100) Yes 26 (36.6) 9 (31.0)
 No 45 (63.3) 20 (68.9)
Alcohol habit (n=100) Yes 27 (38.0) 11 (37.9)
 No 44 (61.9) 18 (62.0)
H2 blocker (n=100) Yes 34 (47.8) 19 (65.5)
 No 37 (52.1) 10 (34.4)
Serum IgG status IgG seropositive 45 (61.9) 17 (58.6)
(n=100) IgG seronegative 26 (36.6) 12 (41.3)

CagA-VacA Status (n=100)
CagA-VacA genes CagA-VacA Positive 46 (64.7) 0
 CagA-VacA negative 25 (35.2) 29 (100)

VacA positive (n=46)
VacA gene VacA s1 45 (97.8) 0
 VacA m1 33 (71.7) 0
 VacA s2 1 (2.17) 0
 VacA m2 13 (28.2) 0

Table 1. PCR primers for amplification of UreA, 16S rRNA, CagA and VacA genes

DNA region Primer Sequence (5 ́-3') Amplicon
amplified name  size (bp)

UreA HPU1 GCCAATGGTAAATTAGTT 411
 HPU2 CTCCTTAATTGTTTTTAC 
16S rRNA 16S-F GCTAAGAGATCAGCCTATGTCC 522
 16S-R TGGCAATCAGCGTCAGGTAATG 
CagA cag5c-F GTTGATAACGCTGTCGCTTC 350
 cag3c-R GGGTTGTATGATATTTTCCATAA 
VacA s1/ VacA s2 VAI-F ATGGAAATACAACAAACACAC 259 (s1)
 VAI-R CTGCTTGAATGCGCCAAAC 286 (s2)
VacA m1/ VacA m2 VAG-F CAATCTGTCCAATCAAGCGAG 567 (m1)
 VAG-R GCGTCAAAATAATTCCAAGG 642 (m2)
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was 61.9% (45/71) (Table 1). It was substantially 
common in CA patients (18/25, 72%) than in 
controls (27/46; 58.6%) (Table 3, Table 4). It was 
also found to be greater in patients with UIN than 
in NUD patients (OR 1.81; 95% CI, 0.63-5.18; p < 
0.001) (Figure 1). 

Molecular analysis of H. pylori virulence genes
 Among the 71 total H. pylori-positive 
patients, 46 (64.7%) had both the cagA and vacA 
genes. Out of 46 vacA gene positive, 45 (97.8%) 
belonged to vacA s1 allele and 33 (71.7%) belonged 
to vacA m1 allele. The prevalence of the vacA s2 
genotype was 2.17% (1/46), and the vacA m2 

genotype was found in 28.2% (13/46) patients 
(Table 2).

Association between status of H. pylori infection 
and its associated risk factors
 Our study revealed significant associations 
between disease status and several risk factors, 
such as family history, H2 blocker use, serum IgG 
status, and the virulence factors cagA and vacA 
(p < 0.05) (Table 3). Patients who had a family 
history of gastric cancer were associated with 
higher incidence of infection (48%) than controls 
(13%) (p < 0.001; OR= 6.15; 95% CI, 1.92-19.68)  
(Table 3, Table 4).

Table 3. Association and analysis of H. pylori associated risk factors with the disease conditions among 71 H. 
pylori-positive patients and controls

   Clinical Conditions 

Variables (Risk factors) Cases  Controls (n=46, %)  OR 95%  P value 
  (n=25, %)     CI (significant

  CA (a) UIN (b) NUD (c) Total (b+c)   at ≤0.05*)
  (n=25, %)   (n=28, %)   (n=18, %)  (n=46, %)
  
Age grp (yrs)  0-40 3 (12) 8 (28.5) 3 (16.6) 11 (23.9) 0.43 0.11-1.73 0.29
(n=71)  >40 22 (88.0) 20 (71.4) 15 (83.3) 35 (76.0)  
Sex (n=71) Male 18 (72.0) 19 (67.8) 12 (66.6) 31 (67.3) 1.24 0.43-3.62 0.91
 Female 7 (28.0) 9 (32.1) 6 (33.3) 15 (32.6)   
Family history Yes 12 (48.0) 5 (17.8) 1 (5.5) 6 (13.0) 6.15 1.92-19.68 0.003457*
(n=71)  No 13 (52.0) 23 (82.1) 17 (94.4) 40 (86.9)  
Smoking habit Yes 11 (44.0) 7 (25.0) 8 (44.4) 15 (32.6) 1.62 0.6-4.42 0.26049
(n=71)  No 14 (56.0) 21 (75.0) 10 (55.5) 31 (67.3)   
Alcohol habit Yes 11 (44.0) 7 (25.0) 9 (50) 16 (34.7) 1.47 0.54-3.99 0.174677
(n=71)  No 14 (56.0) 21 (75.0) 9 (50) 30 (65.2)  
H2 blocker Yes 7 (28.0) 17 (60.7) 10 (55.5) 27 (58.6) 0.27 0.1-0.78 0.04*
(n=71) No 18 (72.0) 11 (39.2) 8 (44.4) 19 (41.3) 
Serum IgG IgG 18 (72.0) 22 (78.5) 5 (27.7) 27 (58.6) 1.81 0.63-5.18 0.001*
status (n=71) sero-      
 positive
 IgG sero- 7 (32.0) 6(21.4) 13 (72.2) 19 (41.3)
 negative
    CagA-VacA status
 Positive 23 (92.0) 20 (71.4) 3 (16.6) 23 (50.0) 11.5 2.43-54.52 <0.00001*
CagA-VacA Negative 2 (8.0) 8 (28.5) 15 (83.3) 23 (50.0)

    VacA status
VacA VacAs1 23 (92.0) 20 (71.4) 2 (11.1) 22 (47.8) 
 VacA m1 15 (60.0) 15 (53.5) 3 (16.6) 18 (39.1) 11.5 2.43-54.52 <0.00001*
 VacA s2 0 0 1 (5.5) 1 (2.17)  
 VacA m2 8 (32.0) 5 (17.8) 0 5 (10.8)
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 Regarding the association between 
virulence factors cagA and vacA and disease 
conditions, the vacA s1 genotype was highly 
prevalent in CA cases (92%) than in the control 
group (47.8%) (p < 0.00001). Highest positivity 
of the cytotoxic cagA+vacA s1 gene combination 
was detected in CA patients (23/25; 92%), with 
an odds ratio (OR) of 11.5 (95% CI, 2.43-54.52; 
p < 0.0001), compared with that in the control 
group (23/46; 50%). Patients with NUD and UIN 

had positivity rates of 16.6% (3/18) and 71.4% 
(20/28), respectively, for both the cagA and vacA 
genes (Table 3, Table 4 and Figure 2).
 The incidence of infection in patients 
with a history of consumption of alcohol was 
significantly greater (p < 0.05) in the NUD group 
(50%) than in the UIN group (25%). In contrast, 
this percentage was lower in patients with UIN 
(25%) than in patients with CA (44%). However, 
CA patients with a history of smoking and alcohol 

Table 4. Association between the significant risk factors (family history, Serum IgG and CagA-VacA status) and 
disease conditions in H. pylori positive patients

Positive Variables   Control group   Cases group P value
      (significant 
  NUD (a) UIN (b) Total (a+b) CA  at ≤0.05*)

Total   18 28 46 25 
Family history  1 (5.5%) 5 (17.8%) 6 (13%) 12 (48%) 0.003457*
Serum IgG positive  5 (27.7%) 22 (78.5%) 27 (58.6%) 18 (72%) 0.001*
CagA-VacA status CagA + VacA positive 3 (16.6%) 20 (71.4%) 23 (50%) 23 (92%) <0.00001*
 VacA s1 positive 2 (11.1%) 20 (71.4%) 22 (47.8%) 23 (92%) <0.00001* 
 VacA m1 positive 3 (16.6%) 15 (53.5%) 18 (39.1%) 15 (60%) (VacA)
 VacA s2 positive 1 (5.5%) 0 1 (2.17%) 0 
 VacA m2 positive 0 5 (17.8%) 5 (10.8) 8 (32%)

Figure 1. Anti-H. pylori IgG antibody titers according to the type of gastric lesion. A p value of ≤0.05 was considered 
to be statistically significant. NUD-Non-ulcer dyspepsia, UIN-Ulcer and inflammation, CA-Gastric cancer
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consumption had a significantly greater infection 
rate (p < 0.05) (56%) than in UIN patients (32.1%) 
(Table 3).

Agreement between the serum IgG antibody 
concentration and PCR assay results
 The concordance between the serum IgG 
positivity and PCR positivity among the CA patients 

was 84%, with a k-coefficient of 0.41 indicating 
moderate agreement (p < 0.05).

Receiver operating characteristic curve (ROC) 
analysis
 ROC curves were drawn for the patients 
with NUD, UIN and CA, and the area under 
the curve (AUC) was determined. According to 

Figure 2. Amplification of virulence genes of H. pylori - CagA, VacA s1, VacA m1, VacA s2 and VacA m2 by multiplex 
PCR; Lane 1: 100 bp DNA ladder; Lane 2 to 5: CagA VacA s1m1 genotype; Lane 6: CagA VacA s1m2 genotype; Lane 
7: CagA VacA s2m1 genotype; Lane 8: CagA VacA s2m2 genotype

Figure 3a. Comparison of ROC areas among patients 
with NUD and UIN

Figure 3b. Comparison of ROC areas among patients 
with CA and NUD
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standard values, an AUC value of >0.9 indicated 
high accuracy for the test, 0.7-0.9 indicated 
moderate accuracy, 0.5-0.7 indicated low accuracy 
and 0.5 indicated a chance result.17 A cutoff value 
of 0.215 was used to distinguish patients with NUD 
from those with UIN (AUC = 0.81), with a sensitivity 
of 89% and specificity of 72%. A cutoff value of 
0.26 was used to distinguish patients with CA from 
those with NUD (AUC = 0.78), with a sensitivity of 
92% and specificity of 66% (Figure 3a and 3b).

DISCUSSION

 This current study examined the ability of 
markers and gastroduodenal conditions associated 
with H. pylori to predict disease outcome, which 
may help in identifying individuals regarding 
their risk of future occurrence of gastrointestinal 
pathology, including gastric cancer.
 High prevalence of CA among family 
members or relatives may be attributed to the 
fact that CA patients and members of the same 
family may share potential factors associated with 
risk of infection, such as environmental exposure 
to infection, a common diet and the genetic aspects 
that may play a crucial role in regulating various 
immune mechanisms to H. pylori infection.18 

Previous studies conducted in China, Korea and 
other western regions have reported that a 
family history of CA in a first-degree relative, for 
example, having a cancer-affected member of the 
same family, is associated with a 10-fold increased 
risk of upper gastrointestinal tract cancer.18-22 

Various H. pylori genotype characterization 
studies revealed the vacAs1 genotype to be 
associated with high levels of cytotoxic activity 
than other allelic variants.4,23,24 Numerous studies 
from India and other parts of the world have 
demonstrated that both the vacA s1 and cagA 
genes are significantly associated with CA.5,7,24-26 

Our results were consistent with those of a study 
performed by Andreson et al., in which there 
was a 99% correlation between the presence of 
the cagA gene and the vacA signal sequence type 
s1a.27 The reason for this difference in expression 
is unclear, but both the cagA and vacA genotypes 
may be structurally or functionally interrelated and 
may play a putative role in the clinicopathological 
manifestations of this disease.28,29 Early detection 

of strains harboring such virulence determinants 
could be helpful in providing information on 
patient groups at high risk for gastric cancer.
 Our analysis indicated near high or 
moderate accuracy of serum IgG as a diagnostic 
biomarker for detecting the presence of infection, 
thus differentiating between individuals with 
NUD, UIN or CA. However, in endemic countries 
such as India, where the CA incidence is high, only 
the serum IgG concentration is not sufficient to 
determine the presence of H. pylori in detecting 
high-risk CA population; therefore, family history 
combined with molecular data should always be 
taken into consideration.
 Although the serum IgG status of the 
infected patients in our study was greater in the 
CA patients than in the controls, the H. pylori 
positivity rate in the CA patients was lower than 
that in the controls (64.7%; 46/71). A North Indian 
study also found greater prevalence of H. pylori 
in the control group than in the cases group (80% 
vs 78%).30 The presence of serum IgG antibody in 
the blood is indicative of bacterial invasion, due to 
which there is a decrease in colonization. This can 
be considered indirect evidence that even if the H. 
pylori positivity rate in CA patients was lower than 
that in controls in our study, the mere absence of 
infection cannot be ruled out without accessing 
serum IgG levels. 
 During our course of study, H. pylori 
infection was generally assessed after the 
patient presented with onset or development 
of cancer. This may also explain why there was 
more positivity in the control group than in the 
case group, possibly reflecting the fact that the 
development of CA with the onset of severe 
atrophy and intestinal metaplasia may lead to the 
loss of colonization of this gastric pathogen in the 
stomach mucosa.31

Study limitations
 A major limitation of our study is that a 
limited number of clinical samples were analyzed. 
Therefore, a definite strategy that could guide 
clinicians in the evaluation of definite cutoff 
values for disease prediction and discrimination of 
diseased and non-diseased populations could not 
be achieved. For these reasons, the cutoff values 
achieved need to be considered representative 
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values and thus need to be further authenticated 
in larger clinical samples. Additionally, no healthy 
subjects were included in the study as controls.

CONCLUSION  

 In conclusion, a family history of CA, 
an increased serum IgG concentration and the 
presence of the cagA-vacA s1 genotype of H. 
pylori may be considered strong predictors of 
future gastric pathologies, including cancer. NUD 
patients and patients with UIN infected with 
virulent genotypes may require more attention 
for treatment and eradication to prevent the 
risk of developing further gastric complications. 
We believe that this study provides a foundation 
for the prediction and analysis of the course of 
gastric adenocarcinoma development as well as its 
prevention and will facilitate future and ongoing 
research in this field.
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