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Abstract: Since the first evidence demonstrating the dramatically high incidence of  

H. pylori infection and the subsequent medical challenges it incurs, health management of 

H. pylori infection has been a high priority for health authorities worldwide. Despite a 

decreasing rate of infection in western countries, prevalence of H. pylori infection in 

developing and in some industrial countries is still very high. Whereas treatment and 

vaccination against H. pylori is a contemporary issue in medical communities, selective 

treatment and prior high-throughput screening of the subject population is a major concern 

of health organizations. So far, diagnostic tests are either elaborative and require relatively 

advanced medical care infrastructure or they do not fulfill the criteria recommended by the 

Maastricht IV/Florence consensus report. In this review, in light of recent scientific studies, 

we highlight current and possible future approaches for the diagnosis of H. pylori. We point 

out that novel non-invasive tests may not only cover the requirements of gold standard 

methods in H. pylori detection but also offer the potential for risk stratification of infection 

in a high throughput manner. 
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1. Introduction 

Helicobacter pylori is a gram negative microaerophilic fastidious bacterium which over centuries has 

successfully infected around 50 percent of human individuals throughout the world. Very often, infection 

occurs in childhood and persists lifelong if not treated. This human pathogen is known to induce several 

gastric disorders, but may also be associated with extragastric diseases like anaemia, dyspepsia, and 

some immunological disorders [1–3]. Almost all infected subjects develop chronic gastritis, and a 

considerable percentage of patients further develop ulcer disease or gastric cancer. Direct and indirect 

evidence suggests that the eradication of H. pylori or vaccination against it may decrease the risk of ulcer 

disease and gastric cancer. On the other hand, this approach is questioned by several scientists arguing 

that the co-evolution of H. pylori with the human population might imply beneficial effects of this 

bacterium for its host. Indeed, H. pylori infection has been shown to protect from childhood diarrhoea and 

asthma [4,5]. Here, the chronic infection leads to a constant stimulation of the immune system, the 

consequences of which might be more than local inflammation; it might lead to a persistent status of 

activation and induce a shift in immune regulation which could influence the course of many other diseases 

including asthma [6]. Therefore, prior to any treatment of H. pylori infection especially in larger 

populations and in asymptomatic individuals, exact diagnosis of the infection and characterization of the 

bacterium in the context of pathogenesis and virulence is necessary [7,8]. 

Soon after the initial discovery of H. pylori by Marshall and Warren in 1983 and the subsequent 

confirmation of its causal role in gastric diseases, means of correct diagnosis as well as the clinical 

management of infected patients became a challenge to medicine and related biological sciences. Despite 

numerous academic research projects and commercial approaches, a standard method uniformly 

applicable, especially for indigent risk populations, is still missing. This, together with the high infection 

incidence worldwide on the one hand and the increasing need for individualized treatment of this 

infection on the other, demonstrates the emerging need of highly competent diagnostic methods for  

H. pylori [9,10]. While these methods should fulfill the common standards of clinical diagnostics like 

accuracy, sensitivity, and specificity, they should also be applicable in developing countries (areas) 

where hygiene standards and medical support are low. Certainly, the costs, time, necessary equipment 

and human resources as well as the availability of point of care and high throughput application are 

important issues which must be considered in the development of such a method. Currently, there are 

increasing numbers of attempts for development and several routinely employed methods for the 

diagnosis of H. pylori. According to the guideline of the Maastricht IV/Florence consensus report for 

the management of H. pylori infection, while the majority of older but still gold standard methods belong 

to the invasive approaches, non-invasive methods are more desirable and could cover the requirements 

for the more suitable tests as described above more conveniently [11]. In this review we attempt to 

categorize these tests, briefly describe their advantages and disadvantages and finally provide some hints 

regarding a future oriented standard test. 

  



Diseases 2015, 3 124 
 

 

2. Invasive Methods 

2.1. Rapid Urease Test 

The Rapid Urease Test (RUT) is a popular invasive diagnostic H. pylori test that is relatively quick, 

cheap and simple to perform. It detects the presence of urease in or on the gastric mucosa. Best results 

for RUT are obtained if biopsies are taken from both the antrum and corpus. The biopsy used for RUT 

can also be used for other tests such as for molecular-based tests of microbial susceptibility or for host 

factors [12]. False positive results are rarely observed. However, treatment with proton pump inhibitors 

or antimicrobial agents, which prevent the growth of urease producing H. pylori prior to the RUT, may 

cause false negative results. Moreover, the sensitivity of the test in patients with peptic ulcer disease 

with bleeding as well as in patients with intestinal metaplasia is significantly lower [12,13]. Therefore 

in these cases a negative RUT result should be complemented by a second method. 

2.2. Histology 

The presence of typical spiral motile bacteria accompanied by inflammatory reaction in the histo-

pathological sections of stomach was the first described method used for the diagnosis of the H. pylori [14]. 

Along with routinely applied stainings like Giemsa, hematoxylin, and eosin, there are some more specific 

staining procedures which facilitate the diagnosis of H. pylori infection. However, the accuracy of the 

histo-pathological diagnosis of H. pylori always depends on the number and the location of collected 

biopsy materials. While H. pylori can be detected in even a single biopsy taken from the correct site, to 

achieve a higher sensitivity, multiple biopsies are recommended. Moreover, the possible presence of 

other bacterial species with a similar morphology to H. pylori in the stomach [15,16] can be another 

source of error which negatively affects the accuracy of the test. In addition, treatment with proton pump 

inhibitors (PPI) or antibiotics prior to sampling may transform the shape of H. pylori to a coccoid form. 

Although molecular biology techniques like in situ hybridization [15] or immunological methods [17] 

are helpful solutions for the pitfalls mentioned above, the long assay time of between three hours and 

three days and the requirement of a relatively complex infrastructure for these methods compromise 

routine application.  

2.3. Culture 

Although it should be stated that H. pylori culture is not a routine procedure in initial diagnosis, in 

many bacteriology laboratories H. pylori isolation via the culture of biopsy samples is a routine second 

line approach [18,19]. Because of the demanding character of this bacterium, this method remains 

challenging. This technique, although highly specific, is not as sensitive as other tests like histology and 

the rapid urease test. As well as for purposes of scientific research, cultured live H. pylori is used for 

diagnostic approaches and for the detection of antibiotic resistance if treatment failure is suspected [20]. 

H. pylori requires a microaerophilic atmosphere (5% to 10% oxygen, 5% to 12% carbon dioxide and 

80%–90% nitrogen with humidity) and a complex culture media. The most commonly used media 

contains Brucella, Columbia Wilkins-Chalgren, brain-heart infusion or trypticase agar bases, 

supplemented with sheep or horse blood [21]. Because isolation of this microaerophilic organism from 
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gastric biopsy specimens takes a long time, up to 5–7 days, to overcome the problem of growth of other 

competitors that exist in the sample, the culture media is supplemented with specific antibiotics. 

Although H. pylori could be cultured from stool specimens [22–24] due to the presence and growth of 

numerous other bacteria and especially microorganisms phenotypically similar to H. pylori, colonies 

have to be further characterized by other methods. Moreover, it is possible that the bacterium goes into 

a viable form that cannot be cultured (coccoid form) which leads to false negative results [25]. 

2.4. PCR 

PCR based detection of H. pylori could be categorized under invasive as well as non-invasive methods. 

Molecular diagnostics have dramatically changed the clinical management of many infectious diseases 

in the past decades. PCR currently remains the best developed molecular technique as it provides a wide 

range of clinical applications, including specific or broad-spectrum pathogen detection, evaluation of 

emerging novel infections, surveillance, early detection of bio threat agents, and antimicrobial resistance 

profiling [26]. While PCR could be applied for the detection of H. pylori in biopsies, this technique is 

more qualified for its use in samples taken from the oral cavity or from stool. PCR-based techniques, if 

applied as a non-invasive approach (i.e., from stool samples) tend to be more cost effective than other 

traditional methods. In addition to the improved specifications of this technology like high sensitivity 

and specificity, simplicity, and automated procedures, there are several other advantages to be 

considered. Practically, regardless of genome size, any genomic material could be used as a template 

sample for PCR, which allows sampling from multiple origins [27]. The high efficiency of this method 

also achieves fast results. Since antibiotic resistance is currently the major challenge in microbiology, it 

has to be pointed out that the fast acquirement of results of not only the diagnosis of H. pylori but also 

of its susceptibility to the right antibiotics is extremely important. There are a couple of PCR methods 

like multiplex PCR which have been employed and recommended as an alternative to culture for 

resistance testing to antibiotics like clarithromycin [28–31]. However, a limitation lays in the fact that 

PCR cannot detect metronidazole resistance. Here, bacterial culture would still be necessary to cover 

this pitfall especially if a resistance to antibiotics is suspected or again in the case of second line therapies. 

The achievement of the criteria mentioned above with its advantages is possible through different 

PCR approaches. In addition to the conventional PCR methods, a new approach like the colorimetric 

detection of H. pylori DNA using isothermal helicase-dependent amplification is a valuable tool. The 

rapid application of the test is complemented by reasonably high (up to 95%) sensitivity and specificity 

of the assay [32].  

Despite the numerous advantages of PCR-based techniques, there are still some challenges regarding 

its appropriate application in diagnostics. While correct sampling and preparation of samples prior to 

assay is a common issue in diagnostic assay, sensitivity and specificity of PCR-based assay are strongly 

dependent on the design of the method. For instance, due to the extraordinary variability of H. pylori 

genome, the selection of the target gene and PCR primer pairs dramatically influence specificity and 

sensitivity of the test [33]. As the whole genome of most known pathogens including many H. pylori 

strains has been successfully sequenced in the last decade, it is very important to design and select the PCR 

primers based on a comprehensive bioinformatics analysis of relevant genomes. Here, it is mandatory to 

design primers according to genomic sequences that are highly conserved in all H. pylori strains.  
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3. Non-Invasive Methods 

3.1. Urease Breath Test 

The urease breath test (UBT) is one of the most common non-invasive tests used. This non-invasive 

test, available in different versions, has been evaluated in different studies, showing high sensitivity, 

specificity and accuracy [34,35]. The test is able to detect the infection indirectly by measuring the 

existence of bacterial urease produced by H. pylori in the stomach. There are different types of this test 

comprising 13C- or 14C-isotope labelled urea. If H. pylori is present, the urease hydrolyses the labelled 

urea and the exhaled isotope containing ammonia can be detected applying the samples to a measuring 

device. This test is recommended by the Maastricht IV/Florence Consensus Report as a valuable 

diagnostic tool for the detection of infection and for therapy control [11].  

It has been shown that UBT can distinguish an ongoing from a past infection; hence, it is able to 

detect the eradication progress after treatment [36]. A recent study was conducted comparing C13-UBT 

and a monoclonal H. pylori stool antigen test in infants and toddlers in South America [37]. The study 

suggests that both tests are reliable for H. pylori diagnosis in very young patients because of the high 

concordance between test results. In comparison, a study performed in Turkey evaluating C14-UBT in 

elderly patients also showed good diagnostic parameters with a sensitivity and specificity of 91.4% and 

93.8%, respectively, compared to histopathology [38].  

In recent years, different application protocols and detection devices were developed. A recently 

published study describes a residual gas analyser-based mass spectrometry approach with possible point-

of-care application [39]. A further study has evaluated a low dose capsule-based UBT approach 

compared to conventional UBT and invasive tests [40]. This approach seems to be superior to the 

conventional UBT in terms of sensitivity and specificity, resulting in 100% sensitivity and specificity 

but depending on the time of sample collection. 

One of the limitations is the presence of other urease producing bacteria in the stomach, e.g.  

H. heilmannii, which might lead to false positive results. Moreover, acute bleeding and co-medication 

can lead to false negative test results [41]. For reasons of required fasting prior to taking the test, it might 

be onerous for the patient. In addition, because of the detection devices needed, costs tend to be higher 

compared to alternative tests used [42]. Furthermore, according to different protocols available, the 

accuracy of UBT test results depends on the amount of urea applied, the point in time in which samples 

are taken and the set point of the cut off value [43]. 

3.2. Fecal Antigen Test 

Fecal antigen tests detect antigens in stool samples. ELISA formats comprising monoclonal 

antibodies against H. pylori proteins showed improved results compared to polyclonal approaches [44]. 

The current guideline evaluates the use of the stool antigen test as equivalent to the UBT if a validated 

laboratory-based monoclonal antibody is used [11]. Korkmaz et al. compared the diagnostic accuracy of 

five different stool antigen tests in adult dyspeptic patients comparing monoclonal enzyme immunoassay 

tests (EIA) and rapid immunochromatographic assays (ICA). The sensitivity and specificity of the tests 

analysed had a high variation between 48.9%–92.2% and 88.9%–94.4%, respectively, depending on the 

test format. They conclude that EIA tests are more accurate compared to the currently available ICA-
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based test, that are fast and easy to use but provide less reliable results [45]. A recent meta-analysis 

conducted by Zhou and colleagues analysed forty-five studies, including 5931 patients and evaluated the 

test performance of a H. pylori stool antigen test in children. The average sensitivity and specificity was 

92.1% and 94.1%, respectively [46]. Furthermore, the available stool antigen tests have been shown to 

be able to distinguish infected from treated patients [47], enabling the confirmation of treatment. 

Degradation of antigens in the intestine and consequent disintegration of epitopes might lead to false 

negative results. Moreover, the process of sample handling could be fastidious for patients. False 

negative results may occur when the bacterial load is low, due to proton-pump inhibitors or the recent 

use of antibiotics or bismuth [41,48]. 

3.3. Serological Test 

Immune responses against H. pylori are utilized to detect infection by analysing patients’ blood or 

serum for IgG and IgA antibodies. Serology is the only test which is not affected by those local changes 

in the stomach that could lead to a low bacterial load and to false negative results [11]. According to 

guidelines proposed by the Maastricht conference, only IgG detection is considered and the favoured 

method is ELISA. Currently, different formats of serological tests are available, including simple 

ELISAs that use whole lysates or recombinant produced H. pylori proteins as antigens. More recently, 

immuno-blots [49], luminex-based bead assays [50] and line assays [51] were developed; these allow a 

more specific evaluation of the infecting H. pylori strain in terms of bacterial virulence factors and host 

immune responses towards the human pathogen. Moreover, they show improved sensitivity and 

specificity [51–53] because additional and highly purified antigens are included. These non-invasive 

tests are easy and cheap to perform. The potential for developing a rapid diagnostic test makes serology 

an interesting option for testing populations in areas with little or no access to medical facilities. Using 

an automated approach, large cohorts could be tested within a short time, allowing population based 

studies. Good diagnostic parameters in terms of robustness, sensitivity and specificity are given as shown 

in different studies [51,52]. These studies show that improved serological test formats lead to increased 

sensitivity of over 95% and specificity ranging from 85%–96%, making serology a preferable alternative 

to other non-invasive tests. However, there are also contradictory studies with low sensitivity and specificity 

values for the serological test [54], probably due to the test format applied or the antigens used. 

Risk stratification might be an interesting issue, detecting combined antibody responses to different 

virulence factors. Promising studies have analysed different H. pylori antigens, showing significant 

correlations between positive immune responses and clinical outcomes like chronic atrophic gastritis, 

intestinal metaplasia, dysplasia, and gastric cancer [55–57]. In particular, there have been great 

improvements by applying single defined recombinant H. pylori antigens; the well-characterised 

oncogenic protein CagA that has been shown to correlate with severe gastric disorders and VacA that 

are in clinical use [58,59]. The immune responses towards VacA could be even more specific by 

differentiating between m1 and m2 variants of VacA [60]. More recently, antigens like NapA, GroEL, 

HyuA have been shown to have the potential to be used as biomarkers to predict infected individuals 

having a higher risk of developing premalignant changes that are a hallmark of gastric cancer 

development [61]. The combination and evaluation of different biomarkers adapted to the region where they 

are used might be the future method for ruling out patients at higher risk of developing severe diseases. 
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Antibody responses towards antigens are sustained for a long period after eradication therapy, as 

shown in different studies [62–65]. These studies argue that a confirmation of treatment success by 

serology is not applicable for this reason. 

However, while some immune responses to certain antigens persist for a long period of time 

(especially CagA), for some antigens the antibody titre decreases within a short period, also depending 

on the Ig-class tested [66]. This phenomenon could also be utilized as clinical readout to confirm 

treatment success by analysing the decline of antibody responses, as shown in different studies [67]. 

Wang et al. conclude from their study that it would be the reasonable and even perhaps preferred method 

of monitoring H. pylori infections [68]. 

3.4. Rapid Diagnostic Test 

Despite numerous publications on rapid diagnostic testing (RDT) methodologies for infectious 

diseases, such testing has become neither commonplace nor an integral component of services offered 

by clinical microbiology laboratories [69]. However, because of the emerging need for rapid diagnosis 

and treatment of virulent strains of different viral and bacterial infections, discussions regarding routine 

application of RDT are increasing within current medical circles. Debate on the value of RDT has 

broadened and continues to increasingly encompass new infections. 

Results of RDT testing become available within a couple of minutes to a few hours. A clinical 

specimen is processed in a few steps (preferably in a single step) at the site where it is collected (point 

of care). The quality and value of the RDT is determined by its sensitivity and specificity, the time 

required for results, and its cost and availability. According to the guidelines set forth by the Maastricht 

conference, it appears that those antigens with either high or low molecular weight are more specific [11]. 

There are currently many H. pylori RDT kits commercially available. However, how far these tests 

fit in with standard clinical practice is still undetermined. 

As generally in microbiology laboratories, H. pylori RDT kits could also be performed based on the 

following four approaches: (A) testing of H. pylori specific antigens; (B) molecular detection of the 

specific H. pylori nucleic acid sequence; (C) rapid biochemical reaction test and (D) serologic detection 

of H. pylori specific antibodies. 

Regardless of which approach is applied, these tests have to be validated based on gold standards. In 

addition to specificity and sensitivity, the value of the overall agreement with the gold standard (biopsy 

or culture) plays a crucial role in the evaluation of the kit. Although the majority of the approved RDTs 

for H. pylori reach a non-ideal sensitivity and specificity (in general < 90%), there are promising findings 

that lead to significant improvement of the assays. For instance, in the process of testing of H. pylori 

specific antigens, H. pylori specific antibodies are required. While antibodies produced by immunization 

with whole H. pylori lysate or a mixture of bacterial compartments are more prone to be sensitive, they 

reduce the specificity of the test. On the other hand, antibodies which are produced against single 

molecules are very specific, although they gain more false negative results. The same argument is also 

valid in other sero-immunology based approaches that aim at detecting H. pylori specific antibodies. 

While utilization of single conserved molecule of H. pylori leads to reasonable specificity, this assay 

may lead to higher false negative results compared to the application of a mixture of antigens, which in 

turn may cause higher false positive results. 
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As mentioned above, new promising studies have described new H. pylori antigens which have been 

successfully tested in preliminary assays. For example, FliD, a hook flagellar protein of H. pylori, is a 

highly conserved molecule in all H. pylori species. While this molecule has no or only low homology to 

other bacterial species which prevents cross reactivity, it has shown a strong antigenicity in animal 

studies. Assays which employ this protein as antigen in the diagnosis of anti H. pylori antibodies have 

shown high sensitivity and specificity [70]. 

Serologic tests should therefore include antigens for sensitivity, specificity testing, and antigens that 

identify infections by more pathogenic H. pylori strains, which might provide the basis for decisions 

about further treatment. 

4. Discussion 

Continuous developments in both invasive and non-invasive based methods for detection of H. pylori 

infection will greatly contribute to further improvement of the health management of H. pylori associated 

disorders. Although this mysterious bacterium has been unanimously declared a human pathogen, only 

a minority of infected individuals develop an associated disease, which seems mainly attributed to the 

armament of virulence factors of H. pylori. Therefore, individual identification of virulence factors of 

the bacterium for risk stratification is discussed for risk assessment in combination with 

histopathological evaluation of gastritis. There are common diagnostic methods for detection of the 

infection and verification of the virulence factors. However, while gold standard methods are still mainly 

derived from biopsy-based methods, the high prevalence of the infection especially in areas with low 

medical support suggests the urgent need for introducing non-invasive and preferably high throughput 

applicable procedures. The selection of such a test depends on the sensitivity, specificity, availability, 

complexity, costs, and rapidity of results [71]. Unfortunately, none of the currently used methods cover 

these criteria perfectly. Although biopsy-based methods have a very high specificity, only a moderate 

sensitivity is observed in these assays mainly due to factors that are difficult to control such as the 

sampling site. Even in spite of correct sampling, there are other factors such as PPI treatment prior to 

sampling that possibly affect the growth or presence of detectable curved bacteria. PCR-based tests have 

slight advantages compared to other tests [71,72]. PCR, as a highly sensitive and specific method, is 

applicable not only in the detection of infection with H. pylori but also in the monitoring of treatment 

and therapy efficiency. Our experience showed that with the proper design of PCR, a single copy of 

genomic DNA is sufficient to obtain a positive signal indicating the presence of H. pylori in the sample. 

Moreover, DNA samples isolated from different sources such as gastric biopsy, samples from the oral 

cavity, and stool specimens could be subjected to PCR assay. Accordingly, precluding the possible 

chances of contamination, PCR could be used as a gold standard. The main disadvantage of PCR in our 

opinion is the level of diagnostic facilities and implementation of this method in regions with poor 

medical support. Since other biopsy-based methods generally have disadvantages such as the 

requirement of endoscopic facilities or additional systems such as RUT, they are not altogether suitable 

as gold standards. Recently, most efforts to introduce an adequate gold standard are focused on non-

invasive methods. In addition to PCR, serological methods aiming at the detection of H. pylori specific 

antigens in different specimens have been significantly improved. Bioinformatics analysis greatly helps 

the selection of the optimal antigen applied in serological assays. Not only could the antigenicity of the 
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antigen be predicted in these analyses, more importantly the homology of the antigen to other relevant 

microorganisms can be comprehensively analysed. Through the choice of a suitable antigen and the 

application of advanced methods in nanotechnology in assay design, new serological tests have recently 

reached relatively ideal performance [70]. Although the report of the Maastricht conference emphasizes 

that antibodies against H. pylori and especially against its most specific antigen CagA, remain elevated 

for long periods, for months or even years, there is evidence that while CagA is a dominant virulence 

marker, it is only present in around 70% of H. pylori strains depending on their geographic origin [51,73,74]. 

Here, recent studies identified other antigens in all H. pylori strains which possess not only high 

immunogenicity but also elicit specific antibodies which will fade away after a relatively short time after 

eradication. Advanced and simplified specific antibody detection techniques like line assay and rapid 

diagnostic tests have greatly improved the application of serological tests for the detection of H. pylori. 

These approaches cover most of the criteria mentioned for H. pylori diagnostic assays. Not only are they 

applicable in high-through-put studies of large cohorts but they are also highly cost effective, bedside 

applicable, simple for analysis and intelligible for medical personnel. Less so, but still in an equally 

acceptable relevant context, specific antigen tracing tests are currently being developed. In particular, 

noticeable progression has been made in the area of stool tests. Indeed, when a study focuses particularly 

on children of a high prevalence area, antigen-tracing systems like the stool antigen test are advantageous. 

Finally, there is apparent evidence suggesting that not every strain of H. pylori is harmful and should be 

treated [8,75–77]. In addition, there are accumulating data on the beneficial aspects of infection with  

H. pylori for its human host [75]. Therefore, conduction of risk stratification according to the 

epidemiological data is highly recommended. The feasibility of such assessments is now exclusively 

conceivable through serological assays, which can indicate the infection with pathogenic strains of H. pylori. 

In conclusion, we feel that current available diagnostic systems cannot meet the requirements posed 

by such a widespread and prevalent infection as H. pylori, especially when more than simple detection 

of positivity is required (i.e. risk stratification, antibiotic resistance). We thus suggest a collaborative 

effort from experts and health organizations across the world to strive for the development, validation, 

and introduction of such multi-tasking diagnostic tools which could not only become a new 

recommended gold standard for the screening of large infected populations but would also assist in 

guiding the treatment strategies for each infected individual. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Kuo, C.H.; Chen, Y.H.; Goh, K.L.; Chang, L.L. Helicobacter pylori and Systemic Disease. 
Gastroenterol. Res. Pract. 2014, 2014, 358–494. 

2. Monzón, H.; Forné, M.; Esteve, M.; Rosinach, M.; Loras, C.; Espinós, J.C.; Viver, J.M.; Salas, A.; 
Fernández-Bañares, F. Helicobacter pylori infection as a cause of iron deficiency anaemia of 
unknown origin. World J. Gastroenterol. 2013, 19, 4166–4171. 



Diseases 2015, 3 131 
 

 

3. Smyk, D.S.; Koutsoumpas, A.L.; Mytilinaiou, M.G.; Rigopoulou, E.I.; Sakkas, L.I.; Bogdanos, D.P. 
Helicobacter pylori and autoimmune disease: Cause or bystander. World J. Gastroenterol. 2014, 
20, 613–629. 

4. Chen, Y.; Blaser, M.J. Inverse associations of Helicobacter pylori with asthma and allergy. Arch. 
Intern. Med. 2007, 167, 821–827. 

5. Rothenbacher, D.; Blaser, M.J.; Bode, G.; Brenner, H. Inverse relationship between gastric 
colonization of Helicobacter pylori and diarrheal illnesses in children: Results of a population-based 
cross-sectional study. J. Infect. Dis. 2000, 182, 1446–1449. 

6. Holtzman, M.J. Asthma as a chronic disease of the innate and adaptive immune systems responding 
to viruses and allergens. J. Clin. Invest. 2012, 122, 2741–2748. 

7. Holster, I.L.; Vila, A.M.J.; Caudri, D.; den Hoed, C.M.; Perez-Perez, G.I.; Blaser, M.J.; de Jongste, J.C.; 
Kuipers, E.J. The impact of Helicobacter pylori on atopic disorders in childhood. Helicobacter 2012, 
17, 232–237. 

8. Blaser, M.J. Equilibria of humans and our indigenous microbiota affecting asthma. Proc. Am. 
Thorac. Soc. 2012, 9, 69–71. 

9. Hojsak, I.; Kolacek, S. Is Helicobacter pylori always a “bad guy”? Curr. Pharm. Des. 2014, 20, 
4517–4520. 

10. Herrero, R.; Park, J.Y.; Forman, D. The fight against gastric cancer—The IARC Working Group 
report. Best Pract. Res. Clin. Gastroenterol. 2014, 28, 1107–1114. 

11. Malfertheiner, P.; Megraud, F.; O’Morain, C.A.; Atherton, J.; Axon, A.T.R.; Bazzoli, F.; Gensini, G.F.; 
Gisbert, J.P.; Graham, D.Y.; Rokkas, T.; et al. Management of Helicobacter pylori infection-the 
Maastricht IV/Florence Consensus Report. Gut 2012, 61, 646–664. 

12. Uotani, T.; Graham, D.Y. Diagnosis of Helicobacter pylori using the rapid urease test. Ann. Transl. 
Med. 2015, 3, 9. 

13. Lee, J.M.; Breslin, N.P.; Fallon, C.; O’Morain, C.A. Rapid urease tests lack sensitivity in 
Helicobacter pylori diagnosis when peptic ulcer disease presents with bleeding. Am. J. Gastroenterol. 
2000, 95, 1166–1170. 

14. Lee, J.Y.; Kim, N. Diagnosis of Helicobacter pylori by invasive test: Histology. Ann. Transl. Med. 
2015, 3, 10. 

15. Patel, S.K.; Pratap, C.B.; Jain, A.K.; Gulati, A.K.; Nath, G. Diagnosis of Helicobacter pylori: What 
should be the gold standard? World J. Gastroenterol. 2014, 20, 12847–12859. 

16. Patel, S.K.; Pratap, C.B.; Verma, A.K.; Jain, A.K.; Dixit, V.K.; Nath, G. Pseudomonas fluorescens-
like bacteria from the stomach: A microbiological and molecular study. World J. Gastroenterol. 
2013, 19, 1056–1067. 

17. Wang, X.I.; Zhang, S.; Abreo, F.; Thomas, J. The role of routine immunohistochemistry for 
Helicobacter pylori in gastric biopsy. Ann. Diagn. Pathol. 2010, 14, 256–259. 

18. Samuels, A.L.; Windsor, H.M.; Ho, G.Y.; Goodwin, L.D.; Marshall, B.J. Culture of Helicobacter 
pylori from a gastric string may be an alternative to endoscopic biopsy. J. Clin. Microbiol. 2000, 
38, 2438–2439. 

19. Jaup, B.H.; Stenquist, B.; Brandberg, A. Helicobacter pylori culture from a positive, liquid-based 
urease test for routine clinical use: A cost-effective approach. Helicobacter 2000, 5, 22–23. 

20. Taj, Y.; Essa, F.; Kazmi, S.U.; Abdullah, E. Sensitivity and specificity of various diagnostic tests 
in the detection of Helicobacter pylori. J. Coll. Physicians Surg. Pak. 2003, 13, 90–93. 



Diseases 2015, 3 132 
 

 

21. Ndip, R.N.; MacKay, W.G.; Farthing, M.J.G.; Weaver, L.T. Culturing Helicobacter pylori from clinical 
specimens: Review of microbiologic methods. J. Pediatr. Gastroenterol. Nutr. 2003, 36, 616–622. 

22. Namavar, F.; Roosendaal, R.; Kuipers, E.J.; de Groot, P.; van der Bijl, M.W.; Peña, A.S.; de Graaff, J. 
Presence of Helicobacter pylori in the oral cavity, oesophagus, stomach and faeces of patients with 
gastritis. Eur. J. Clin. Microbiol. Infect. Dis. 1995, 14, 234–237. 

23. Hänninen, M.L. Sensitivity of Helicobacter pylori to different bile salts. Eur. J. Clin. Microbiol. 
Infect. Dis. 1991, 10, 515–518. 

24. Thomas, J.E.; Gibson, G.R.; Darboe, M.K.; Dale, A.; Weaver, L.T. Isolation of Helicobacter pylori 
from human faeces. Lancet 1992, 340, 1194–1195. 

25. Azevedo, N.F.; Almeida, C.; Cerqueira, L.; Dias, S.; Keevil, C.W.; Vieira, M.J. Coccoid form of 
Helicobacter pylori as a morphological manifestation of cell adaptation to the environment. Appl. 
Environ. Microbiol. 2007, 73, 3423–3427. 

26. Yang, S.; Rothman, R.E. PCR-based diagnostics for infectious diseases: Uses, limitations, and 
future applications in acute-care settings. Lancet. Infect. Dis. 2004, 4, 337–348. 

27. Rimbara, E.; Sasatsu, M.; Graham, D.Y. PCR detection of Helicobacter pylori in clinical samples. 
Methods Mol. Biol. 2013, 943, 279–287. 

28. Oleastro, M.; Ménard, A.; Santos, A.; Lamouliatte, H.; Monteiro, L.; Barthélémy, P.; Mégraud, F. 
Real-time PCR assay for rapid and accurate detection of point mutations conferring resistance to 
clarithromycin in Helicobacter pylori. J. Clin. Microbiol. 2003, 41, 397–402. 

29. Lehours, P.; Siffré, E.; Mégraud, F. DPO multiplex PCR as an alternative to culture and 
susceptibility testing to detect Helicobacter pylori and its resistance to clarithromycin. BMC 
Gastroenterol. 2011, 11, 112. 

30. Schabereiter-Gurtner, C.; Hirschl, A.M.; Dragosics, B.; Hufnagl, P.; Puz, S.; Kovách, Z.; Rotter, M.; 
Makristathis, A. Novel real-time PCR assay for detection of Helicobacter pylori infection and 
simultaneous clarithromycin susceptibility testing of stool and biopsy specimens. J. Clin. Microbiol. 
2004, 42, 4512–4518. 

31. Smith, S.M.; O’Morain, C.; McNamara, D. Antimicrobial susceptibility testing for Helicobacter 
pylori in times of increasing antibiotic resistance. World J. Gastroenterol. 2014, 20, 9912–9921. 

32. Gill, P.; Alvandi, A.H.; Abdul-Tehrani, H.; Sadeghizadeh, M. Colorimetric detection of 
Helicobacter pylori DNA using isothermal helicase-dependent amplification and gold nanoparticle 
probes. Diagn. Microbiol. Infect. Dis. 2008, 62, 119–124. 

33. Lu, J.J.; Perng, C.L.; Shyu, R.Y.; Chen, C.H.; Lou, Q.; Chong, S.K.; Lee, C.H. Comparison of five 
PCR methods for detection of Helicobacter pylori DNA in gastric tissues. J. Clin. Microbiol. 1999, 
37, 772–774. 

34. Braden, B.; Duan, L.P.; Caspary, W.F.; Lembcke, B. More convenient 13C-urea breath test 
modifications still meet the criteria for valid diagnosis of Helicobacter pylori infection.  
Z. Gastroenterol. 1994, 32, 198–202. 

35. Epple, H.J.; Kirstein, F.W.; Bojarski, C.; Frege, J.; Fromm, M.; Riecken, E.O.; Schulzke, J.D.  
13C-urea breath test in Helicobacter pylori diagnosis and eradication, Correlation to histology, 
origin of “false” results, and influence of food intake. Scand. J. Gastroenterol. 1997, 32, 308–314. 

36. Gatta, L.; Vakil, N.; Ricci, C.; Osborn, J.F.; Tampieri, A.; Perna, F.; Miglioli, M.; Vaira, D. A rapid, 
low-dose, 13C-urea tablet for the detection of Helicobacter pylori infection before and after 
treatment. Aliment. Pharmacol. Ther. 2003, 17, 793–798. 



Diseases 2015, 3 133 
 

 

37. Queiroz, D.M.M.; Saito, M.; Rocha, G.A.; Rocha, A.M.C.; Melo, F.F.; Checkley, W.; Braga, L.L.B.C.; 
Silva, I.S.; Gilman, R.H.; Crabtree, J.E. Helicobacter pylori infection in infants and toddlers in 
South America: Concordance between [13C]urea breath test and monoclonal H. pylori stool antigen 
test. J. Clin. Microbiol. 2013, 51, 3735–3740. 

38. Atli, T.; Sahin, S.; Arslan, B.U.; Varli, M.; Yalcin, A.E.; Aras, S. Comparison of the C14 urea breath 
test and histopathology in the diagnosis of Helicobacter pylori in the elderly. J. Pak. Med. Assoc. 
2012, 62, 1061–1065. 

39. Maity, A.; Banik, G.D.; Ghosh, C.; Som, S.; Chaudhuri, S.; Daschakraborty, S.B.; Ghosh, S.;  
Ghosh, B.; Raychaudhuri, A.K.; Pradhan, M. Residual gas analyzer mass spectrometry for human 
breath analysis: A new tool for the non-invasive diagnosis of Helicobacter pylori infection.  
J. Breath Res. 2014, 8, doi:10.1088/1752-7155/8/1/016005. 

40. Mattar, R.; Villares, C.A.; Marostegam, P.F.F.; Chaves, C.E.; Pinto, V.B.; Carrilho, F.J. Low dose 
capsule based 13c-urea breath test compared with the conventional 13c-urea breath test and invasive 
tests. Arq. Gastroenterol. 51, 133–138. 

41. Bravo, L.E.; Realpe, J.L.; Campo, C.; Mera, R.; Correa, P. Effects of acid suppression and bismuth 
medications on the performance of diagnostic tests for Helicobacter pylori infection. Am. J. 
Gastroenterol. 1999, 94, 2380–2383. 

42. Masucci, L.; Blackhouse, G.; Goeree, R. Cost-effectiveness of the carbon-13 urea breath test for the 
detection of Helicobacter pylori: An economic analysis. Ont. Health Technol. Assess. Ser. 2013, 
13, 1–28. 

43. Gisbert, J.P.; Pajares, J.M. Review article: 13C-urea breath test in the diagnosis of Helicobacter 
pylori infection-a critical review. Aliment. Pharmacol. Ther. 2004, 20, 1001–1017. 

44. Paimela, H.M.; Oksala, N.K.; Kääriäinen, I.P.; Carlson, P.J.; Kostiala, A.A.; Sipponen, P.I. Faecal 
antigen tests in the confirmation of the effect of Helicobacter eradication therapy. Ann. Med. 2006, 
38, 352–356. 

45. Korkmaz, H.; Kesli, R.; Karabagli, P.; Terzi, Y. Comparison of the diagnostic accuracy of five 
different stool antigen tests for the diagnosis of Helicobacter pylori infection. Helicobacter 2013, 
18, 384–391. 

46. Zhou, X.; Su, J.; Xu, G.; Zhang, G. Accuracy of stool antigen test for the diagnosis of Helicobacter 
pylori infection in children: A meta-analysis. Clin. Res. Hepatol. Gastroenterol. 2014, 38, 629–638. 

47. Gisbert, J.P.; Cabrera, M.M.M.; Pajares, J.M. Stool antigen test for initial Helicobacter pylori 
diagnosis and for confirmation of eradication after therapy. Med. Clin. (Barc). 2002, 118, 401–404. 

48. Manes, G.; Balzano, A.; Iaquinto, G.; Ricci, C.; Piccirillo, M.M.; Giardullo, N.; Todisco, A.; 
Lioniello, M.; Vaira, D. Accuracy of the stool antigen test in the diagnosis of Helicobacter pylori 
infection before treatment and in patients on omeprazole therapy. Aliment. Pharmacol. Ther. 2001, 
15, 73–79. 

49. Veijola, L.; Oksanen, A.; Sipponen, P.; Rautelin, H. Evaluation of a commercial immunoblot, 
Helicoblot 2.1, for diagnosis of Helicobacter pylori infection. Clin. Vaccine Immunol. 2008, 15, 
1705–1710. 

50. Gao, L.; Michel, A.; Weck, M.N.; Arndt, V.; Pawlita, M.; Brenner, H. Helicobacter pylori infection 
and gastric cancer risk: Evaluation of 15 H. pylori proteins determined by novel multiplex serology. 
Cancer Res. 2009, 69, 6164–6170. 



Diseases 2015, 3 134 
 

 

51. Formichella, L.; Romberg, L.; Bolz, C.; Vieth, M.; Geppert, M.; Göttner, G.; Nölting, C.; Walter, D.; 
Schepp, W.; Schneider, A.; et al. A novel line immunoassay based on recombinant virulence factors 
enables highly specific and sensitive serologic diagnosis of Helicobacter pylori infection. Clin. 
Vaccine Immunol. 2013, 20, 1703–1710. 

52. Monteiro, L.; de Mascarel, A.; Sarrasqueta, A.M.; Bergey, B.; Barberis, C.; Talby, P.; Roux, D.; 
Shouler, L.; Goldfain, D.; Lamouliatte, H.; et al. Diagnosis of Helicobacter pylori infection: 
Noninvasive methods compared to invasive methods and evaluation of two new tests. Am. J. 
Gastroenterol. 2001, 96, 353–358. 

53. Rahman, S.H. Z.; Azam, M.G.; Rahman, M.A.; Arfin, M.S.; Alam, M.M.; Bhuiyan, T.M.; Ahmed, N.; 
Rahman, M.; Nahar, S.; Hassan, M.S. Non-invasive diagnosis of H pylori infection: Evaluation of 
serological tests with and without current infection marker CIM. World J. Gastroenterol. 2008, 14, 
1231–1236. 

54. Mahmood, S.; Hamid, A. Comparison between invasive and noninvasive tests in diagnosis of 
Helicobacter pylori infection. Pak. J. Biol. Sci. 2010, 13, 509–512. 

55. Song, H.; Michel, A.; Nyrén, O.; Ekström, A.M.; Pawlita, M.; Ye, W. A CagA-independent cluster 
of antigens related to the risk of noncardia gastric cancer: Associations between Helicobacter pylori 
antibodies and gastric adenocarcinoma explored by multiplex serology. Int. J. Cancer 2014, 134, 
2942–2950. 

56. Gao, L.; Weck, M.N.; Michel, A.; Pawlita, M.; Brenner, H. Association between chronic atrophic 
gastritis and serum antibodies to 15 Helicobacter pylori proteins measured by multiplex serology. 
Cancer Res. 2009, 69, 2973–2980. 

57. Pan, K.F.; Formichella, L.; Zhang, L.; Zhang, Y.; Ma, J.L.; Li, Z.X.; Liu, C.; Wang, Y.M.;  
Goettner, G.; Ulm, K.; et al. Helicobacter pylori antibody responses and evolution of precancerous 
gastric lesions in a Chinese population. Int. J. Cancer 2014, 134, 2118–2125. 

58. Adamsson, J.; Lundin, S.B.; Hansson, L.E.; Sjövall, H.; Svennerholm, A.M. Immune responses 
against Helicobacter pylori in gastric cancer patients and in risk groups for gastric cancer. 
Helicobacter 2013, 18, 73–82. 

59. Janulaityte-Günther, D.; Kupcinskas, L.; Pavilonis, A.; Valuckas, K.; Wadström, T.; Andersen, L.P. 
Combined serum IgG response to Helicobacter pylori VacA and CagA predicts gastric cancer. 
FEMS Immunol. Med. Microbiol. 2007, 50, 220–225. 

60. Ghose, C.; Perez-Perez, G.I.; Torres, V.J.; Crosatti, M.; Nomura, A.; Peek, R.M.; Cover, T.L.; 
Francois, F.; Blaser, M.J. Serological assays for identification of human gastric colonization by 
Helicobacter pylori strains expressing VacA m1 or m2. Clin. Vaccine Immunol. 2007, 14, 442–450. 

61. Liu, J.; Liu, H.; Zhang, T.; Ren, X.; Nadolny, C.; Dong, X.; Huang, L.; Yuan, K.; Tian, W.; Jia, Y. 
Serum Helicobacter pylori NapA antibody as a potential biomarker for gastric cancer. Sci. Rep. 
2014, 4, 4143. 

62. Ho, B.; Marshall, B.J. Accurate diagnosis of Helicobacter pylori. Serologic testing. Gastroenterol. 
Clin. North Am. 2000, 29, 853–862. 

63. De Giacomo, C.; Lisato, L.; Negrini, R.; Licardi, G.; Maggiore, G. Serum immune response to 
Helicobacter pylori in children: Epidemiologic and clinical applications. J. Pediatr. 1991, 119, 
205–210. 



Diseases 2015, 3 135 
 

 

64. Kist, M.; Strobel, S.; Kirchner, T.; Dammann, H.G. Impact of ELISA and immunoblot as diagnostic 
tools one year after eradication of Helicobacter pylori in a multicentre treatment study. FEMS 
Immunol. Med. Microbiol. 1999, 24, 239–242. 

65. Veenendaal, R.A.; Peña, A.S.; Meijer, J.L.; Endtz, H.P.; van der Est, M.M.; van Duijn, W.; 
Eulderink, F.; Kreuning, J.; Lamers, C.B. Long term serological surveillance after treatment of 
Helicobacter pylori infection. Gut 1991, 32, 1291–1294. 

66. Kato, S.; Furuyama, N.; Ozawa, K.; Ohnuma, K.; Iinuma, K. Long-term follow-up study of serum 
immunoglobulin G and immunoglobulin A antibodies after Helicobacter pylori eradication. 
Pediatrics 1999, 104, 22. 

67. Yunoki, N.; Yokota, K.; Mizuno, M.; Kawahara, Y.; Adachi, M.; Okada, H.; Hayashi, S.; Hirai, Y.; 
Oguma, K.; Tsuji, T. Antibody to heat shock protein can be used for early serological monitoring 
of Helicobacter pylori eradication treatment. Clin. Diagn. Lab. Immunol. 2000, 7, 574–577. 

68. Wang, D.; Chiu, T.; Chiu, K.W. Clinical implication of immunoglobulin G levels in the 
management of patients with Helicobacter pylori infection. J. Am. Board Fam. Med. 2014, 27,  
682–689. 

69. Lennox, K.A. Rapid Diagnostic Testing of Infectious Diseases: When Should RDT Be Used? 
Available online: http://www.medscape.com/viewarticle/748139_4 (accessed on 29 April 2015). 

70. Khalifeh, G.M.; Kalali, B.; Formichella, L.; Gottner, G.; Shamsipour, F.; Zarnani, A.H.; Hosseini, M.; 
Busch, D.H.; Shirazi, M.H.; Gerhard, M. Helicobacter pylori FliD protein is a highly sensitive and 
specific marker for serologic diagnosis of H. pylori infection. Int. J. Med. Microbiol. 2013, 303, 
618–623. 

71. Mégraud, F. Advantages and disadvantages of current diagnostic tests for the detection of 
Helicobacter pylori. Scand. J. Gastroenterol. Suppl. 1996, 215, 57–62. 

72. Patel, S.K.; Mishra, G.N.; Pratap, C.B.; Jain, A.K.; Nath, G. Helicobacter pylori is not eradicated 
after triple therapy: A nested PCR based study. Biomed Res. Int. 2014, 2014, 483136. 

73. Trujillo, E.; Martínez, T.; Bravo, M.M. Genotyping of Helicobacter pylori virulence factors vacA 
and cagA in individuals from two regions in Colombia with opposing risk for gastric cancer. 
Biomedica 2014, 34, 567–573. 

74. De Oliveira, J.G.; Ferreira, C.H.T.; Camerin, A.C.S.; Rota, C.A.; Meurer, L.; da Silveira, T.R. 
Prevalence of infection with cagA-positive Helicobacter pylori strains among children and 
adolescents in southern Brazil. Arq. Gastroenterol. 2014, 51, 180–185. 

75. Engler, D.B.; Reuter, S.; van Wijck, Y.; Urban, S.; Kyburz, A.; Maxeiner, J.; Martin, H.; Yogev, N.; 
Waisman, A.; Gerhard, M.; et al. Effective treatment of allergic airway inflammation with 
Helicobacter pylori immunomodulators requires BATF3-dependent dendritic cells and IL-10. Proc. 
Natl. Acad. Sci. USA 2014, 111, 11810–11815. 

76. Chen, Y.; Blaser, M.J. Helicobacter pylori colonization is inversely associated with childhood 
asthma. J. Infect. Dis. 2008, 198, 553–560. 

77. Cover, T.L.; Blaser, M.J. Helicobacter pylori in health and disease. Gastroenterology 2009, 136, 
1863–1873. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 


