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Abstract - Helicobacter pylori is infecting %70-80 of the 
world’s population and is assumed to cause gastric 
diseases. Diagnosis of the bacteria is crucial for the 
treatment of the bacteria related infections. Histology, 
culture, urea breath test, stool antigen test some of the 
diagnosis methods each having specific strength and 
weaknesses as sensitivity, specificity, cost, easiness, 
time, effectiveness in the treatment and laboratory 
requirements. In this study, three of the commonly 
used H. pylori diagnosis methods: histology, culture 
and urea breath test, are evaluated with Analytic 
network process (ANP) and the rank of the criteria and 
alternatives are obtained. The evaluation of the 
methods and the rank of the diagnosis methods can 
reduce time, cost, and validity of the test results.   
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1. Introduction 
 
Helicobacter pylori is a bacteria which is assumed 

to cause peptic ulcer, MALT,lenfumal gastric and 
gastric cancer. The world’s populationis %50 and the 
developing countries %70-80 is infected with this 
bacteria. The bacteria have around 20 different 
variants. Among these variants especially 3-4 types 
are hazardous[1]. 

 
In developing countries, the most common way of  

transmission of H. pylori is by either the oral-oral or 
fecal-oral route[2]. Commonly, H. pylori is 
transmitted person-to-person by saliva but the 
isolated bacteria from feces, saliva and dental plaque 
showed that bacteria can be more easily transmitted 
via gastric mucus than via salvia. No evidence could 
be found for the transmission of the bacteria from 
animals to humans [3], [4]. 

 
The diagnosis of the H.pylori can be done with 

methods as “rapid urease test, histology, culture, urea 
breathe test, stool antigen test, blood-based tests 
(serology) , each having different attributes and 
require specific technology and skills. The selection 

of the diagnosis method is a multi-criteria decision 
making method (MCDM).In order to make consistent 
comparisons among the alternatives, Analytic 
network process is applied to the selection process.  

 
2. Diagnosis of Helicobacter Pylori 

 
For the diagnosis of H. pylori infection there are 

several both invasive and non-invasive methods[5]. 
The choice between different methods is dependent 
on the clinical situation and if gastroscopy is 
needed[5]. No single method can be considered to be 
ideal for the detection of H. pylori infection. On the 
other hand, the cost-effectiveness of the different 
diagnostic strategies is based on the prevalence of the 
infection and on the price and accuracy of different 
tests[6]. 

 
The accuracy of all diagnostic tests described for 

the detection of H. pylori infection depends on the 
clinical situation in which they are used. Especially 
in settings with a low prevalence of H. pylori 
infection even tests with high sensitivity and 
specificity may turn out to give low positive 
predictive values and this should be taken into 
account when these tests are used [7]. 

 
2.1. Invasive Diagnosis Methods 

The methods need gastric biopsy material taken by 
gastroscopy from the antrum and corpus of the host 
which provides better chance of successfully 
culturing the organism [8].The possibility of false 
negative results due to sampling error can be 
minimized  by sophisticated experience. 

 
To access a better yield, the patient should have 

undergone several weeks without taking antibiotics 
or antisecretory drugs such as proton pump inhibitors 
(PPI) and omeprazole[9]. 

 
Invasive methods are suggested if the cancer 

prevalence is high and if the patient is over 45 years 
in order to detect degree and type of mucosal 
damage. 
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Invasive methods are “Rapid urease test, 
Histology, Culture and antimicrobial 
susceptibility and Molecular methods (PCR)”[10]. 

 
• Rapid urease testis done by the mucosa taken 

from the antrum of the stomach. The mucosa is 
placed in a medium containing urea enzyme where 
the H.pylori hydrolyzes the urea to ammonia and in 
turn changes the color of the specimen from yellow 
(NEGATIVE) to red (POSITIVE[11].The reading of 
the color should be done in 24 hours. False negatives 
are possible by urease producing bacteria from oral 
activity[12]. 

 
• Histology is the microscopic analysis of the 

gastriccells and tissues. The diagnosis of the gastric 
cancer requires histopathological examination. There 
is a need for sophisticated laboratory and trained 
physicians[13]. 

 
• Culture is the most specific method for 

diagnosis. The method is difficult since isolation of 
transportation and culture environment from external 
environment needs care. Culture is preferred for the 
determination of the antibiotic sensitivity of the 
H.pylori strains[14]. 

 
2.2. Noninvasive Diagnosis Methods 

Noninvasive methods are based on serum, stool, 
urine, or saliva specimens. “Ureabreathe test 
(UBT),stool antigen test, and blood-based tests 
(serology)” are noninvasive tests[15]. 

 
• Urea breathe test is the standard non-invasive 

test for H.pylori detection with highest accuracy. The 
method depends on the determination of the labeled 
carbon dioxide in the breath samples which is 
generated by the orally ingested 13C-urea. The 
treatment of the patient with antibiotics can cause 
false negative results[16].  

 
• Stool antigen test has high sensitivity and high 

specificity. The method depends on the detection of 
the antibodies in the stool. False negatives can be 
obtained due to the treatment of the patient with 
antibiotics as proton pump inhibitors(PPI)[17]. 

 
• Blood-based tests (serology) depends on the 

diagnosis of the antibodies formed in response to an 
infection in the serum[15].  

 
 
 
 

 

3. CriteriaTo Evaluate The Diagnosis Methods 
 
Among the various tests, the choice of test should 

be based on some criteria, such as sensitivity and 
specificity of the test, the cost, the prevalence of the 
infection in the population; the age, gender, 
signaling symptoms and the family history of the 
patient, the availability of the tests as laboratory 
equipment and trained skills. 

 
Sensitivity and specificity areknown as 

classification function in statistics[15]. Sensitivity is 
ameasure of the proportion of actual positives which 
are correctly identified. In statistics, type II error 
represents the “false negative rate” and it determines 
the sensitivity rate.  Sensitivity is calculated as  

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  

 
Specificity measures the proportion of negatives 

which are correctly identified. In statistics, type I 
error represents the “false positive rate” and it 
determines the specificity rate. 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝  

 
The prevalence of the H.pylori in the population is 

effective on the obtaining positive and negative 
results. If the prevalence of the gastric diseases as 
cancer is high, invasive tests are better for primary 
diagnosis [12]. 

 
The diagnosis methods’ specificity and sensitivity 

can be affected by the treatment of the patient with 
drugs as proton pump inhibitors (PPI),bismuth, etc. 
since the medicines can suppress the diagnosis and 
can give false negative results. Therefore the 
treatment needs to be stopped for a sufficient time 
interval (from 1 week to 4 week) depending on the 
dose and the duration of the treatment before 
testing[9]. 

 
The gastric symptoms observed in the family 

history of the patient and the signaling symptoms that 
affect the type of the diagnosis method. For the 
young patients with dyspepsia and without signaling 
symptoms noninvasive methods are suggested, but 
the patients older than 45 years and positive family 
history are suggested to be diagnosed with invasive 
methods[18]. 

 
 
 

http://en.wikipedia.org/wiki/Anatomy
http://en.wikipedia.org/wiki/Cell_%28biology%29
http://en.wikipedia.org/wiki/Tissue_%28biology%29
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The cost of the test change according to the 
country and the length of analysis for the test vary 
from 0.5 hour to 7 laboratory days[19]. 

 
 

4. Literature Review of the Diagnosis Methods 
 
The diagnosis methods of H. pylori are classified 

as invasive and non-invasive and their attributes in 
terms of sensitivity, specificity, cost, easiness, time 
and effectiveness have distinct values from each 
other. The attributes of the tests are summarized in 
Table 1.  

 
In the studies of Vaire et al. [20], 375 patients are 

considered in which 45.3% of them are H.pylori 
positive. The aim of the test was obtaining the 
sensitivity and specificity of rapid urease test(RUT). 
The values obtained for 1 min, 5 min and 60 min 
RUT are 90.3%, 94.5% 96.2% for sensitivity and 
98%, 95.6%, 95.6% for specificity. 

 
For histology, Lunet et al.[21] compared 

Portuguese and Mozambicanpatients. It is found that, 
among those classified as positive byPCR, sensitivity 
of histology was 96.2% in Portugal and 66.3% in 
Mozambique. 

 
Marusić[22]investigated 276 patients with 

dyspeptic symptoms. The sensitivity and specificity 
of culture from biopsies are found as 90-95%and 
100% respectively. Judith Weiss [23]has done a 
study on 95 patients and found sensitivity and 
specificity of culture from biopsies as 94% and 100% 
respectively.  

 
PCR method has types as RAPD, RFLP and REP 

and Evans D.J. [24]and Weiss [23]found the 
sensitivity and specificity of PCR as greater than 
95%.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Analytic Network Process 
 
Analytic network process (ANP) is a decision 

making method [25]. Decision making needs analysis 
and break down of the problem into its constituent 
parts to study their effect on the hypothesis [26]. 
Decision making can be either traditional deductive 
method which starts with the assumptions and makes 
deductions derived from them. The alternative 
method is holistic approach in which all factors and 
criteria are considered in advance in a hierarchy or in 
a network to analyze the dependencies [27]. The 
factors and criteria effecting the decision making 
process can be physical (tangible) and psychological 
(intangible) events as subjective ideas, feelings, and 
beliefs[28]. 

 
ANP is a more general form of the analytic 

hierarchy process (AHP) which consists of a goal, 
criteria, and alternatives used in multi-criteria 
decision analysis [29]. 

 
ANP structures a decision problem as a network 

and does not require independence among elements 
in the hierarchy, i.e. goal, criteria and alternatives 
since in many real-world cases there is 
interdependence among the items[26].  

 
ANP analyses the elements in the interactive 

environment by grouping them as benefits (B), 
opportunities (O), costs (C) and risks (R). The 
interdependencies of the elements in the interactive 
environment are quantified with the weights. ANP 
develops a supermatrix by considering these weights 
and lists the feedback relationship between the 
elements at different layers and interdependence 
between elements at the same layer (Figure 2) [28].  

 
5.1. The Supermatrix 

 
All priority matrices in the network can be 

combined into a “supermatrix”, in which each entry 
indicates the influence of the “row element i” on the 
“column element j” (Wij) and each cluster contains 
its own elements (ei) (Figure 1)[30]. 
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Table 1 : Comparison of Invasive and Noninvasive Methods 
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Figure 2 : ANP Network 

The fundamental requirement for developing the 
supermatrix in the ANP is the control element for 
these pairwise comparisons that can be the element at 
the upper or lower layers of the network structure. 

For the purpose of pairwise comparison, a scale of 
measure from 1 to 7 is developed, denoting 
indifferent to absolutely important, respectively. 
Reasonably, the reciprocal scale of measure from 1 
to 1/7 will denote indifferent to absolutely 
unimportant, respectively[26]. 

The relative weights of importance 
is represented by 
the number cij = wi/wj indicating the strength of 
behavior i when compared with behavior j will be 
derived from the subjective judgment of pairwise 
comparison. In the pairwise comparisons the 
diagonal of this comparison matrix C consists of 
ones. The relative weight vector must satisfy the 
equation Cw = nw provided that we can make a 
perfect comparison and create a nxn comparison 
matrix[25]. 

The comparison is made by subjective judgment. 
Based on the theory of matrix, the small variations of 
the comparison of cij will keep the largest eigenvalue 
close to n. Consequently, the relative vector of 
weight w is computed as the unique solution of 
Cw=λmaxw where C is the comparison matrix and 
λmax is the largest eigenvalue of C. There are several 
algorithms available for approximating vector w[31]. 

There are three supermatrices associated with each 
network:  

• UnweightedSupermatrix,
• Weighted Supermatrix and
• Limit Supermatrix[25].

In order to compute the final limit matrix, the 
supermatrix, which has been ensured of column 
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stochastic, has to raise to high power until weights 
have been converged and remain stable[25]. 

Based on the final limit matrix alternatives can be 
ranked.  

The steps that must be followed during the solution 
of problem with ANP can be summarized as follows. 

Steps of ANP [31] 

• Understand the decision problem in detail,
including its objectives, criteria and sub criteria, 
actors and their objectives and the possible 
outcomes of that decision. 
• Determine control criteria and sub criteria in the

four control hierarchies’ one each for the benefits, 
opportunities, costs and risks of that decision and 
obtain their priorities from paired comparison 
matrices. 
• Determine a complete set of network clusters

(components) and their elements that are relevant to 
each and every control criterion. 
• For each control criterion or sub-criterion,

determine the appropriate subset of clusters of the 
comprehensive set with their elements and connect 
them according to their outer and inner dependence 
influences. 
• Determine cluster or elements influencing or

being influenced by other clusters and elements. 
• Perform sensitivity analysis on the final

outcome to see if the final answer is stable to changes 
in the inputs. 

6. The application of the ANP

Sensitivity , specificity, cost and time of the test, the 
age, gender, signaling symptoms and family 
history of the patient and the prevalence of the 

infection in the population, the availability of the 
tests as laboratoryequipment and trained skills are 
the criteria to select the diagnosis method of 
H.pylori.

The weight of the test effectiveness criteria are based 
on the diagnosis methods’ attributes of the patient 
and the technical equipment’s. The alternatives that 
are compared in this study histology, culture from 
gastric biopsies, 13C urea breath test have almost the 
same sensitivity and specificity values (Table 1), 
therefore the weight of these criteria are altered. 

7. Conclusion

Helicobacter pylori is a bacteria causing
gastroduodenal diseases. The diagnosis of the 
bacteria is vital for the treatment and prevent ulcer 
and gastric cancer. The diagnosis methods are 
classified as invasive and noninvasive and in each 
group there are tests as rapid urease test, histology, 
culture from gastric biopsies, molecular methods, 
serology, urea breath test and stool antigen tests 
(HpSA).  

The methods are differentiated from each other 
according to their sensitivity, specificity values in the 
literature. There are also other criteria as 
cost,easiness, time to get result for the tests and also 
there are criteria related to the patients as age, clinic 
evidences symptoms, family history and prevalence 
in the community. 

For the diagnosis methods, three commonly used 
alternatives histology, culture and carbon-13 urea 
breath test are selected and compared with ANP 
according to the mentioned criteria. 

In the limit matrix obtained from 
Superdecisionsprogram, carbon-13 method is ranked 
in the first place according to the weights of the 
criteria, then it comes culture and histology (Table 
2).  

Table 2.The limit matrix values for diagnosis methods. 
  Criteria Weights 

1. C-13 urea breath test 0.10380 

2. Culture 0.09104 

3. Histology 0.09087 

The attributes of the diagnosis methods are 
compared and according to the results specificity has 
the highest rank, then it comes sensitivity, cost and 
time. The reason that specificity is highest is due to 

Figure 3.ANP structure in Superdecisions program 
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the importance of the diagnosis of the true 
negatives.(Table 3) 

Table 3. The limit matrix values for criteria 
  Criteria Weights 

1.Specificity 0.16367 
2.Sensitivity 0.13612 
3. Cost 0.07371 
4. Time 0.05507 

In selection of the diagnosis methods, the patients 
age, clinical evidence, symptoms, family background 
and prevalence of the H. pylori in the population that 
the patient is living are factors that should be 
considered. Among these factors, the most important 
is found as clinical evidences, then symptoms, age, 
family background and prevalence (Table 4) 

Table 4. The limit matrix values for patients’ properties 
  Criteria Weights 

1. Clinical evidences 0.06969 

2. Symptoms 0.03867 

3. Family background 0.01933 

4. Prevalence 0.00967 

5. Age 0.00551 

Diagnosis is vital for the treatment and prevention 
of the bacteria related illnesses. The alternatives 
given in this study can be expanded in future studies 
and more criteria can be added to the model to find 
out which methods are efficient for a certain 
combination of criteria and attributes of the patients.  
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