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Abstract

Background: Helicobacter pylori (H. pylori) is a Gram-negative bacterium capable of colonizing the human stomach, which can lead to various
gastrointestinal conditions. Several invasive and non-invasive methods exist for diagnosing H. pylori; however, none can be considered the
gold standard. This study aimed to evaluate the performance of three biopsy-based methods (rapid urease test - RUT, histopathology - HIST,
and polymerase chain reaction - PCR) in diagnosing H. pylori, and to assess their combined effect in confirming the infection.

Methodology: Eighty dyspeptic patients were recruited for this study, and gastric biopsies were collected from each of them using upper
digestive endoscopy. H. pylori was diagnosed using three biopsy-based methods: RUT, HIST, and PCR. RUT was performed using the
commercially available PYLO DRYTM Kit, HIST was conducted with Hematoxylin & Eosin and Giemsa staining, and PCR was performed
by amplifying the /65 rRNA and 23S rRNA genes. The patient had to test positive in at least two combined diagnostic methods to be confirmed
as a case.

Results: The three biopsy-based methods (RUT, HIST, and PCR) showed positivity rates of 100% (80/80), 35% (28/80), and 65% (52/80),
respectively. When all methods were combined to confirm H. pylori infection, 75% (60/80) of cases were confirmed, while the remaining 25%
(20/80) were classified as undetermined, as they were positive only for RUT.

Conclusions: Despite slight differences, RUT and PCR performed well in diagnosing H. pylori compared to HIST. However, when all three
methods were combined, they improved the accuracy of H. pylori diagnosis and infection confirmation.
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Introduction

Helicobacter pylori (H. pylori) is a Gram-negative,
microaerophilic, motile, spiral-shaped bacillus capable
of colonizing the human stomach. It represents a
significant  public  health  concern, affecting
approximately 4.4 billion individuals worldwide [1,2].

This pathogen is implicated in several
gastrointestinal conditions, including dyspepsia [3,4].
Dyspepsia has been highlighted by many studies as a
common and widespread condition of multifactorial
origin; however, H. pylori is considered one of its main

causes, as it is constantly found in the gastric mucosa of
these individuals than in healthy individuals [1,5,6].

H. pylori infection is usually acquired in childhood
and can persist throughout the host's life if not
diagnosed and treated. The prevalence of this infection
increases with age, low socioeconomic status,
overcrowding, and poor environmental sanitation, and
it can vary geographically [7-9]. Several
epidemiological studies indicate that the infection rate
is around 50% in developed countries, while in
developing countries it can reach up to 90% [1,10,11].
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For instance, higher rates of infection observed in many
African countries have been linked to conditions of
transmissibility [8,12]. However, this scenario is
changing in some countries due to improved sanitation,
rapid urbanization, and the implementation of
eradication regimens [1,13,14].

In 2012, the World Health Organization classified
H. pylori as a type | carcinogen due to its ability to cause
gastric cancer in humans, and it is currently believed to
contribute approximately 5.5% of the global cancer
burden. Therefore, accurate diagnosis and eradication
are crucial for altering this situation [8,15,16].

The available methods for diagnosing H. pylori
infection are categorized into two groups: invasive and
non-invasive. Invasive methods, often referred to as
biopsy-based, include histopathology, rapid urease test
(RUT), culture, and polymerase chain reaction (PCR).
Non-invasive methods include the urea breath test
(UBT), fecal antigen test, and serological test [16,17].

Among biopsy-based methods, microbiological
culture is generally regarded as the reference. However,
given the fastidious nature of H. pylori, it is advisable
to combine it with alternative methods, such as
histopathology and PCR, to achieve a reliable diagnosis
[16,18,19]. Nevertheless, none of these methods should
be considered the gold standard [20].

In developed countries, endoscopy is routinely
performed, allowing the use of all three biopsy-based
methods and comparing their results to achieve the most
accurate diagnosis [19,20,21]. Ideally, this approach
should be followed universally. However, in many
developing countries, the cost of testing often dictates
the choice of diagnostic method rather than its accuracy,
which may contribute to the lack of a consensus
approach for the diagnosis of H. pylori in these regions
[19,22,23].

Due to limited resources, serological methods are
commonly used for the routine diagnosis of H. pylori in
Mozambique. When endoscopy is performed,
histopathology is the preferred method rather than PCR.
Incorporating PCR into routine diagnosis is challenging
due to its cost and the shortage of trained professionals.
However, PCR is gradually gaining recognition as the
preferred diagnostic method in many sectors, especially
after its importance was highlighted during the COVID-
19 pandemic.

Thus, this study aimed to evaluate the performance
of three biopsy-based methods (RUT, histopathology -
HIST, and PCR) in diagnosing H. pylori and to assess
their combined effect in confirming infection in
dyspeptic patients at the Gastroenterology Unit of
Maputo Central Hospital (HCM) in Mozambique.

J Infect Dev Ctries 2024; 18(11):1702-1708.

Methodology
Patient characteristics

This cross-sectional study was conducted at the
Gastroenterology Unit of HCM, the largest quaternary-
level teaching hospital and national reference center,
between 2017 and 2020. The study population consisted
of patients who attended gastroenterology consultations
during the study period, with inclusion based on a non-
probability sampling method. A total of 80 adult
patients (aged > 18 years) with symptoms of dyspepsia
and clinical indications for upper digestive endoscopy
were included. Furthermore, these patients had to meet
the following criteria: not had been treated with
antibiotics, proton pump inhibitors, or non-steroidal
anti-inflammatory drugs for at least 4 weeks before
endoscopy; absence of concomitant diseases; and a
positive RUT (a rapid method used to screen for H.
pylori infection).

Laboratory analysis
Clinical specimens’ collection by endoscopy and
execution of the rapid urease test

All patients were examined by a gastroenterologist,
and during upper digestive endoscopy, four biopsies
were taken from each patient: two from the antrum
region and two from the body region. During this
clinical procedure, endoscopic findings were recorded,
followed by the performance of the RUT. This involved
placing the biopsy in a test medium containing urea and
phenol red as a pH indicator. Due to the high production
of the urease enzyme by H. pylori, urea is broken down
into carbon dioxide and ammonia, increasing the pH
and causing a color change in the test. The RUT was
performed using a commercially available and
validated PYLO DRY™ Kit, following the
manufacturer's instructions, and the result was
considered positive when the color changed from
yellow to orange/red.

After obtaining the RUT result, gastric biopsies
from patients with RUT-positive results were sent to the
Department of Pathology at HCM for histopathological
diagnosis, and to the Microbiology Laboratory of the
Faculty of Medicine at Universidade Eduardo
Mondlane (UEM) for molecular confirmation of the
presence of H. pylori through PCR. Gastric biopsies
sent for histopathological analysis were preserved in
10% buffered formalin, while those sent for molecular
analysis were preserved in saline solution.

Histopathological analysis
This analysis was performed to confirm the
presence of H. pylori in biopsies and to characterize the
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morphology of gastric lesions in patients.
Histopathological samples were embedded in paraffin,
then cut into 4 micro sections and stained with
Hematoxylin and Eosin to determine the type of lesion,
and with modified Giemsa to identify H. pylori.
Histopathological evaluation was conducted according
to the recommendations of the Sydney system [24].

Molecular analysis

Molecular analysis began with extracting bacterial
genomic DNA from gastric biopsies using the QlAamp
DNA Mini Kit (Qiagen, USA) according to the
manufacturer's instructions, followed by DNA purity
assessment using a Nanodrop. All DNA samples were
then stored at -80 °C for subsequent molecular
confirmation of the presence of H. pylori. To confirm
the presence of H. pylori in the extracted DNA, two
conserved genes (/6S rRNA and 23S rRNA) were
amplified by PCR. The 23S rRNA gene, in addition to
detecting H. pylori, can provide information about its
resistance to macrolides [25,26], however, in this case,
it was used solely for detection purposes to prevent
false-positive  or  false-negative  results. The
amplification of these genes was performed using the
following primer sets: for 16S rRNA: forward -
GCGCAATCAGCGTCAGGTAAT and  reverse-
GCTAAGAGAGCAGCCTATGTCC [27]; for 23S
rRNA:  forward-AGGTTAAGAGGATGCGTCAGTC
and reverse-CGCATGATATTCCCATTAGCAGT [28].

Each PCR reaction was carried out in a 25 puL
volume containing 1% Flexi Buffer, 1.5 mM MgCl., 0.2
mM dNTPs, 1 uM of each forward and reverse primer,
0.1 U/uL of GoTaq® G2 Flexi DNA Polymerase
(Promega), 50 ng/ pL genomic DNA, and nuclease-free
water to reach the final volume. Genomic DNA from
the H. pylori strain 26,695, provided by the Pathogen
Genome Bioinformatics and Computational Biology
Lab, iMed-ULisboa.

PCR amplification was performed in a
thermocycler (Bio-Rad C1000™ Thermal Cycler)
under the following conditions: initial denaturation at
94 °C for 5 minutes, followed by 35 cycles of
denaturation at 94 °C for 1 minute, annealing at 60 °C
for 30 seconds, extension at 72 °C for 45 seconds, and

Table 1. Diagnosis of H. pylori by using three biopsy-based
methods.

Results
Positive, n =80 (%) Negative, n = 80 (%)
RUT* 80 (100.0) 0(0.0)
PCR 52 (65.0) 28 (35.0)
HIST 28 (35.0) 52 (65.0)
RUT: Rapid urease; HIST: Histopathological method; PCR: Polymerase
Chain Reaction; *Performed when recruiting patients.

Diagnostic method

J Infect Dev Ctries 2024; 18(11):1702-1708.

a final extension at 72 °C for 7 minutes.

Following amplification, the PCR products were
analyzed on a 2% agarose gel stained with ethidium
bromide (500 ng/ml) from Sigma-Aldrich (U.S.A.). The
products were visualized and analyzed using an
ultraviolet  transillumination system (VWR®-
CC003531, USA), considering the expected product
sizes for the 16S ¥rRNA gene (522 bp) and the 23S rRNA
gene (267 bp). A 100 bp ladder (New England
BioLabs®, Inc. - USA) was used as the molecular
weight standard. A PCR result was considered positive
when both target genes (165 ¥rRNA and 23S rRNA) were
detected.

Confirmation of H. pylori infection

The criteria to confirm infection required that the
patient had a positive test using at least two diagnostic
methods, rather than just one. Therefore, all patients
with positive results from TRU + HIST, TRU + PCR,
or TRU + HIST + PCR were classified as confirmed
cases. Patients with positive results from only one
method were considered undetermined.

Ethical approval

The study was approved by Mozambique's
National Bioethics Committee for Health (CNBS) with
the following registration: IRB00002657,
ref.224/CNBS /2017 & ref.411/CNBS/2020.

Statistical analysis

Statistical analysis was performed using
Microsoft® Excel version 2019 and SPSS version 20
(SPSS Inc., Chicago, IL, USA). Results were expressed
as absolute (n) and relative frequencies (%). The chi-
square test was employed to evaluate the relationship
between H. pylori infection and demographic variables
(sex and age) as well as clinical outcomes (endoscopic
findings and histopathological characteristics). The
significance level adopted was set at a p of < 0.05.

Results

Data from 80 dyspeptic patients included in the
study, comprising 58 females (72.5%) and 22 males
(27.5%), were analyzed. The patients' ages ranged from
18 to 79 years, with a mean age of 40 and a standard
deviation of 13 years. A positive result from the rapid
urease test (RUT) was one of the inclusion criteria; thus,
100% (80/80) of the analyzed samples were positive for
H. pylori by RUT. Among these, the histopathological
method showed a positivity rate of 35% (28/80), and the
molecular method (PCR) showed a positivity rate of 65%
(52/80), as shown in Table 1. The infection was
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confirmed when results from all diagnostic methods
were combined. Accordingly, 75% (60/80) were
confirmed as cases (infected with H. pylori), and 25%
(20/80) were considered undetermined (unconfirmed)
since they were positive only by a single method (RUT),
as shown in Table 2.

The analysis of confirmed cases revealed a
significant relationship between H. pylori infection and
the patient's gender (p = 0.044), with females being
more frequently infected (78.3%, 47/60) compared to
males (21.7%, 13/60). In contrast, no significant
association was observed between infection and age or
clinical outcomes (endoscopic and histological
findings), as shown in Table 3.

Discussion

Several methods have been developed for
diagnosing H. pylori infection; however, none can be
considered the definitive gold standard for detecting
this pathogen [29,30]. In this study, three biopsy-based
methods were employed to diagnose H. pylori and
evaluate their combined effect in confirming the
infection in dyspeptic patients. Based on the results, the
performance of these diagnostic methods can be ranked
as follows: RUT > PCR > HIST, as shown in Table 1.
These findings are consistent with those of a similar
study conducted in Iran [31]. For accurate diagnosis of
H. pylori, many studies recommend combining at least
two of the three biopsy-based methods, which allows
for precise determination of infected cases [29,30]. A
similar observation was made in our study, where the
combination of the three biopsy-based methods (RUT +
PCR + HIST) enhanced the ability to identify cases of
infection. However, when comparing the results of this
combined approach with those of the single RUT
method, there appeared to be a decrease in the number

J Infect Dev Ctries 2024; 18(11):1702-1708.

Table 2. Combination of diagnostic methods for confirmation of
infection.

. . P
Combined diagnostic methods Frequency Confirmation of infection

n = 80 (%) n = 80 (%)
RUT + HIST 8(10.0)
RUT + HIST + PCR 20 (25.0) Confirmed, 60 (75.0)
RUT + PCR 32 (40.0)
RUT (single method) 20 (25.0) Unconfirmed, 20 (25.0)

RUT: Rapid urease; HIST: Histopathological method; PCR: Polymerase
Chain Reaction; ** Confirmation of infection was based on the definition
in point 2.3.

of confirmed infection cases, raising suspicions of
false-positive results from the RUT method.

RUT is a fast, inexpensive, and simple method that
provides results in a short period, with sensitivity and
specificity reaching up to 95% [32,33]. However, this
method can occasionally produce false-positive results,
particularly in the presence of other urease-producing
bacterial species such as Staphylococcus aureus,
Klebsiella pneumoniae, Proteus mirabilis,
Enterobacter cloacae, and Citrobacter freundii, which
can be isolated from the oral cavity and stomach of
patients with hypochlorhydria [34,35]. This may be a
plausible explanation supporting our suspicion of false-
positive results from the RUT method, although it is
unlikely that these bacteria are present in sufficient
concentrations to produce a positive result [36].
However, to exclude this suspicion, it would be
necessary to retest these samples using PCR, targeting
genes specific to each bacterial species. Despite the
possibility of false-positive results in some cases, the
RUT method remains recommended as the most
effective screening tool for the infection, though not as
a gold standard method [36].

In our study, the histopathological method
demonstrated lower performance compared to the other
methods (RUT and PCR), as shown in Table 1. A similar
trend was observed in studies conducted on Sudanese

Table 3. H. pylori confirmation concerning gender, age, endoscopic, and histological findings.

Characteristic E():ng; I(I(I)Z()i
Gender

Female 47 (78.3)
Male 13 (21.7)
Age-group!

<40 29(48.3)
>40 31 (51.7)
Endoscopic findings

Normal Mucosa 10 (16.6)
Erythematous Gastritis 28 (46.7)
Erosive Gastritis 22 (36.7)
Histopathological features

Normal Mucosa 711.7)
Chronic Gastritis 48 (80.0)
Gastric Ulcer 5(8.3)

Unconfirmed Total
n =20 (%) n = 80 (%) p
11 (55.0) 58 (72.5) 0.0447% %
9 (45.0) 22 (27.5)
0.260

12 (60.0) 41 (51.3)
8 (40.0) 39 (48.8)
4(20.0) 14 (17.5) 0.866
8 (40.0) 36 (45.0)
8 (40.0) 30 (37.5)
4(20.0) 11 (13.8) 0.607
14 (70.0) 62 (77.5)
2 (10.0) 7 (8.8)

ok Statistically significant; "Minimum age =18, maximum age =79, mean + SD (40+ 13); Age groups were created based on the mean age.
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and Iraqi patients, although their findings differed
slightly from ours [19,37]. Historically, histopathology
has been considered the first diagnostic method for
detecting H. pylori and continues to be the primary tool
for diagnosing patients with severe gastrointestinal
symptoms. However, its accuracy is influenced by
various factors, such as the expertise of the pathologist,
the precision of the staining technique, and the careful
observation of the gastric biopsy [19,20,38]. Some of
these factors may have influenced the histopathological
results obtained; however, it is difficult to pinpoint
specific causes, as two pathologists were involved in
the diagnosis to minimize inter-observer variation.
Additionally, we suspect that the lower density of H.
pylori colonization may have impacted the performance
of the histopathological method in our study. Reduced
H. pylori colonization density was also identified as a
factor influencing the diagnostic results in a previous
study comparing the prevalence of H. pylori between

Mozambican and Portuguese dyspeptic patients [39,40].

Numerous studies suggest that histopathology is a
reliable method for the accurate diagnosis of H. pylori
infection, particularly in dyspeptic patients. However, it
should always be combined with another method, such
as PCR, to enhance diagnostic accuracy and detect the
coccoid form of this pathogen, which complicates
histopathological diagnosis [11,18,35]. PCR is the only
method that can accurately detect H. pylori strains in
this form [19,35,41]. The strategy of combining
diagnostic methods (HIST + PCR) has been widely
adopted in several African countries, not only because
it enhances the detection of infection[42,43], but also,
because it provides further insights into mucosal status
and allows for the genotyping of virulence and
resistance factors, facilitating effective eradication of
the infection [39].

Following RUT, the PCR method showed the
second-highest diagnostic performance, detecting H.
pylori in 65% (52/80) of cases. Although the difference
was small, our findings were consistent with studies
conducted in Saudi Arabia [44] and Iraq [45]. The
lower-than-expected performance of PCR in this study
was likely due to several factors, including the presence
of polymerase inhibitors and storage conditions (such
as repeated thawing and freezing), which are known to
hinder PCR performance [25,46,47]. While sample
storage issues are sometimes unavoidable, PCR
inhibition could have been mitigated by using
commercial kits designed to remove these inhibitors
during DNA preparation for PCR amplification [25,48],
however, this would have increased the overall cost of
the method..

J Infect Dev Ctries 2024; 18(11):1702-1708.

The analysis of confirmed cases revealed a
significant relationship between gender and infection (p
= 0.044), with females being more frequently infected
than males. This could be attributed to the gender
distribution in the studied population, where females
were the predominant group. A similar pattern was
observed in a study conducted in Yemen [49]. Some
studies suggest that gender should not be considered a
risk factor, as both females and males are equally likely
to be infected with H. pylori. Therefore, this topic
remains controversial, as the relationship between
gender and infection may vary depending on
geographic location and other specific factors [50-53].

Conclusions

Based on the results, we concluded that RUT and
PCR showed high performance in diagnosing H. pylori
compared to the histopathological method (HIST).
Although HIST showed lower performance, its
combination with other methods (RUT and PCR)
improved the accuracy of H. pylori diagnosis and
infection confirmation. Therefore, we recommend the
implementation of a combined biopsy-based approach
in routine clinical practice to enhance diagnostic
precision and the clinical management of
gastrointestinal diseases associated with H. pylori.

Authors’ contributions

Conception and design: NDM, MI, EB, CC, ET, JMBYV,
FFV, and JS. Administrative support: LM and JS. Endoscopic
and urease test analysis: RV, LD, SM, LM, and ML
Histopathological analysis: EB and CC. Molecular analysis
by PCR, collection, interpretation of data, and drafting of the
manuscript: NDM. Revision of the manuscript: MI, EB, CC,
FFV and JS. All the authors read and approved the submitted
version of the manuscript.

Acknowledgments

We thank the entire team of Departments of
Gastroenterology and Pathology of the Hospital Central de
Maputo, and the Microbiology Lab of the Faculty of
Medicine-UEM (in particular to Fabido Mausse and Darlenne
B. Kenga for having helped with the reception and storage of
samples).

Funding

Fundo Nacional de Investigagdo (FNI —ref.299) and Agéncia
Italiana de Cooperagdo para o Desenvolvimento (ref.
AID11096)  through  Biotechnology  Center-UEM,
Mozambique. NDM was the beneficiary of a master's
fellowship from the Instituto Gulbenkian de Ciéncia of the
Fundacdo Calouste Gulbenkian, Portugal (ref. 6/BI-M/21),
which partially supported the study. FFV is funded by
Fundac@o para a Ciéncia e a Tecnologia (FCT) by projects

1706



D. Majaliwa et al. — H. pylori infection in dyspeptic patients

PTDC/BTM-TEC/3238/2020, UIDB/04138/2020,
UIDP/04138/2020, UIDB/00211/2020 and
UIDB/04046/2020 (DOI 10.54499/UIDB/04046/2020).

References

1. Hooi JY, Lai WY, Ng WK, Suen MY, Underwood FE,
Tanyingoh D, Malfertheiner P, Graham DY, Wong VS, WuJY,
Chan FL, Sung JY, Kaplan GG, Ng SC (2017) Global
prevalence of Helicobacter pylori infection: systematic review
and meta-analysis. Gastroenterology 153: 420-429. doi:
10.1053/j.gastro.2017.04.022.

2. Thung I, Aramin H, Vavinskaya V, Gupta S, Park JY, Crowe
SE, Valasek MA (2016) Review article: the global emergence
of Helicobacter pylori antibiotic resistance. Aliment Pharmacol
Ther 43: 514-533. doi: 10.1111/apt.13497.

3. Miwa H, Oshima T, Tomita T, Fukui H, Kondo T, Yamasaki
T, Watari J (2019) Recent understanding of the
pathophysiology of functional dyspepsia: role of the duodenum
as the pathogenic center. J Gastroenterol 54: 305-311. doi:
10.1007/s00535-019-01550-4.

4. Fracasso P (2022) Dyspepsia in primary care medicine:
European prospective. Dig Dis 40: 266-269. doi:
10.1159/000517112.

5. Ford AC, Mahadeva S, Carbone MF, Lacy BE, Talley NJ
(2020) Functional dyspepsia. The Lancet 396: 1689-1702. doi:
10.1016/S0140-6736(20)30469-4.

6. Malfertheiner P, Camargo MC, El-Omar E, Liou JM, Peek R,
Schulz C, Smith SI, Suerbaum S (2023) Helicobacter pylori
infection. Nat. Rev. Dis. Primers 9:1-24. doi: 10.1038/s41572-
023-00431-8.

7. Nguyen J, Kotilea K, Bontems P, Miendje Deyi VY (2023)
Helicobacter pylori infections in children. Antibiotics 12: 1-16.
doi: 10.3390/antibiotics12091440.

8. Salama NR, Hartung ML, Miiller A (2013) Life in the human
stomach: persistence strategies of the bacterial pathogen
Helicobacter pylori. Nat Rev Microbiol 11:385-399. doi:
10.1038/nrmicro3016.

9.  Lupu A, Miron IC, Cernomaz AT, Gavrilovici C, Lupu VV,
Starcea IM, Cianga AL, Stana B, Tarca E, Fotea S (2023)
Epidemiological characteristics of Helicobacter pylori
infection in children in Northeast Romania. Diagnostics
(Basel) 13: 408. doi: 10.3390/diagnostics13030408.

10. Zabala-Torrres B, Lucero Y, Lagomarcino AJ, Orellana-
Manzano A, George S, Torres JP, O’'Ryan M (2017) Review:
prevalence and dynamics of Helicobacter pylori infection
during  childhood.  Helicobacter — 22:  12399.  doi:
10.1111/hel.12399.

11. Reyes VE (2023) Helicobacter pylori and its role in gastric
cancer. Microorganisms 11: 1312. doi:
10.3390/microorganisms11051312.

12. Kayali S, Manfredi M, Gaiani F, Bianchi L, Bizzarri B,
Leandro G, Di Mario F, de’ Angelis GL (2018) Helicobacter
pylori, transmission routes and recurrence of infection: state of
the art. Acta Biomed 89: 72-76. doi: 10.23750/abm.v89i8-
S.7947.

13. Nagy P, Johansson S, Molloy-Bland M (2016) Systematic
review of time trends in the prevalence of Helicobacter pylori
infection in China and the USA. Gut Pathog 8: 8. doi:
10.1186/s13099-016-0091-7.

14. Ismail M, Majaliwa ND, Vale FF, Cumbana R, Sumbana JJ,
Muchongo A, Nassone E, Loforte M, Mondlane L, Botdo E,
Taviani E, Carrilho C, Vitor JB, Sacarlal J (2023) Molecular
detection of Helicobacter pylori and its genotypic antimicrobial

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

J Infect Dev Ctries 2024; 18(11):1702-1708.

resistance patterns in dyspeptic Mozambican patients.
Helicobacter 4: €13000. doi: 10.1111/hel.13000.

Mladenova I (2023) Clinical relevance of Helicobacter pylori
infection. J Clin Med 10: 3473. doi: 10.3390/jcm10163473.
Dore MP, Graham DY (2022) Modern approach to the
diagnosis of Helicobacter pylori infection. Aliment Pharmacol
Ther 55: S14-S21. doi: 10.1111/apt.16566.

Shetty V, Ballal M, Balaraju G, Shetty S, Pai G, Lingadakai R
(2017) Helicobacter pylori in dyspepsia: phenotypic and
genotypic methods of diagnosis. J Global Infect Dis 9: 131. doi:
10.4103/jgid.jgid_52_17.

Cosgun Y, Yildirim A, Yucel M, Karakoc AE, Koca G,
Gonultas A, Gursoy G, Ustun H (2016) Evaluation of invasive
and noninvasive methods for the diagnosis of Helicobacter
pylori infection. Asian Pac J Cancer Prev 17: 5265-5272.
doi:10.22034/APJCP.2016.17.12.5265.

Elnosh M, Altayb H, Hamedelnil Y, Elshareef W, Abugrain A,
Osman E, Albasha A, Abdelhamid A, Moglad E, Abdalla A,
Ismail A (2022) Comparison of invasive histological and
molecular methods in the diagnosis of Helicobacter pylori from
gastric biopsies of Sudanese patients: a cross-sectional study.
F1000Research 11: 113. doi:
10.12688/f1000research.75873.2.

Alfaro E, Sostres C, Lanas A (2023) Diagnosis and treatment
of Helicobacter pylori infection in real practice - new role of
primary care services in antibiotic resistance era. Diagnostics
13: 1-16. doi: 10.3390/diagnostics13111918.

Gallardo-Padilla M, Leén Falconi JL, Sanchez-Nebreda AR,
Goémez SC, Muiloz Egea MC, La Orden IE (2022) Impact of
the use of molecular techniques (PCR) on the detection and
eradication success against Helicobacter pylori. Anales de
Pediatria 96: 190-195. doi: 10.1016/j.anpedi.2020.11.016.
[Article in Spanish]

Itoua-Ngaporo NA, Ikobo LO, Mongo-Onkouo A, Monamou
IM, Apendi CA, Ngami RS, Mouakosso MN, Gassaye D, Ibara
BA, Ibara JR (2019) Helicobacter pylori infection in
Brazzaville: comparative study of two identification tests. J
Gastro 9: 223-227. doi: 10.4236/0jgas.2019.911025.
Kahraman EP, Kilbas I, Ciftci IH (2018) Test preferences for
the diagnosis of Helicobacter pylori infection in developing
countries: a systematic review. Ann Clin Cytol Pathol 4: 112.
Senocak Tasc1 E, Akbas T (2020) The relationship between the
Sydney classification and the first-line treatment efficacy in
Helicobacter-associated gastritis. Med Princ Pract 29: 551-557.
doi: 10.1159/0005082438.

Tongtawee T, Kaewpitoon S, Kaewpitoon N, Dechsukhum C,
Leeanansaksiri W, Loyd RA, Matrakool L, Panpimanmas S
(2016) Diagnosis of Helicobacter pylori infection. Asian Pac J
Cancer Prev 17: 1631-1635. doi:
10.7314/APJCP.2016.17.4.1631.

Hussein RA, Al-Ougqaili MS, Majeed YH (2022) Detection of
clarithromycin resistance and 23S rRNA point mutations in
clinical isolates of Helicobacter pylori isolates: phenotypic and
molecular methods. Saudi J Biol Sci 29: 513-520. doi:
10.1016/].5jbs.2021.09.024.

Idris AB, Hassan HG, Ali MS, Eltaher SM, Idris LB, Altayb
HN, Abass AM, Ibrahim MA, Ibrahim EM, Hassan MA (2020)
Molecular phylogenetic analysis of 16S rRNA sequences
identified two lineages of Helicobacter pylori strains detected
from different regions in Sudan suggestive of differential
evolution. Int J  Microbiol 2020: 1-12.  doi:
10.1155/2020/8825718.

Nyi KN, Soe AM, Htut ZM (2021) Molecular detection of
genotypic clarithromycin-resistant strains and its effect on the

1707



D. Majaliwa et al. — H. pylori infection in dyspeptic patients

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

eradication rate of concomitant therapy in Helicobacter pylori
infection. GastroHep 3: 372-378. doi: 10.1002/ygh2.476.
Wang YK, Li C, Zhou YM, Zeng L, Li YY, Huang SL, Zhu
CY, Wang Y, Wang SN, Chen XD (2022) Histopathological
features of Helicobacter pylori infection in gastric mucosa. J
Inflamm Res 15: 6231-6243. doi: 10.2147/JIR.S383075.
Godbole G, Mégraud F, Bessede E (2020) Review: diagnosis
of Helicobacter pylori infection. Helicobacter 1: €12735. doi:
10.1111/hel.12735.

Khalifehgholi M, Shamsipour F, Ajhdarkosh H, Daryani NE,
Pourmand MR, Hosseini M, Ghasemi A, Shirazi MH (2013)
Comparison of five diagnostic methods for Helicobacter
pylori. Iran J Microbiol 5: 396-401.

Favian Bayas-Morejon I, Angélica Tigre-Leon R, Rivelifio
Ramon-Curay E, Alberto Nuilez-Torres D (2019) Helicobacter
pylori: a pathogen of ample risk to health. Intechopen 3: 1-13.
doi: 10.5772/intechopen.86789.

Uotani T, Miftahussurur M, Yamaoka Y (2015) Effect of
bacterial and host factors on Helicobacter pylori eradication
therapy. Expert Opin. Ther. Targets 19: 1637-1650. doi:
10.1517/14728222.2015.1073261.

Danila, C, Cardos IA, Pop-Crisan A, Marc F, Hoza A., Chirla,
R, Pascalau A, Magheru C, Cavalu S (2022) Correlations
between endoscopic and histopathological assessment of
Helicobacter pylori-induced gastric pathology - a cross-
sectional retrospective study. Life 12: 2096. doi:
10.3390/1ife12122096.

Sabbagh P, Mohammadnia-Afrouzi M, Javanian M,
Babazadeh A, Koppolu V, Vasigala VR, Nouri HR,
Ebrahimpour S (2019) Diagnostic methods for Helicobacter
pylori infection: ideals, options, and limitations. Eur J Clin
Microbiol Infect Dis 38: 55-66. doi: 10.1007/s10096-018-
3414-4.

Uotani T, Graham DY (2015) Diagnosis of Helicobacter pylori
using the rapid urease test. Ann Transl Med 1: 9. doi:
10.3978/j.issn.2305-5839.2014.12.04.

Salman KD, Al-Thwaini AN, Askar BA (2019) Evaluation of
glmM gene in diagnosis of Helicobacter pylori with another
invasive methods. Iraqi Journal of Biotechnology 3: 16-25.
Malfertheiner P, Mégraud F, Rokkas T, Gisbert JP, Liou JM,
Schulz C, Gasbarrini A, Hunt RH, Leja M, O’Morain C, Rugge
M, Suerbaum S, Tilg H, Sugano K, El-Omar EM (2022)
Management of Helicobacter pylori infection: the Maastricht
VI/Florence consensus report. Gut 71: 1724-1762. doi:
10.1136/gutjnl-2022-327745.

Carrilho C, Modcoicar P, Cunha L, Ismail M, Guisseve A,
Lorenzoni C, Fernandes F, Peleteiro B, Almeida R, Figueiredo
C, David L, Lunet N (2009) Prevalence of Helicobacter pylori
infection, chronic gastritis, and intestinal metaplasia in
Mozambican dyspeptic patients. Virchows Arch 454: 153-160.
doi: 10.1007/s00428-008-0713-7.

Lunet N, Peleteiro B, Carrilho C, Figueiredo C, Azevedo A
(2009) Sensitivity is not an intrinsic property of a diagnostic
test: empirical evidence from histological diagnosis of
Helicobacter pylori infection. BMC Gastroenterol 9: 98. doi:
10.1186/1471-230X-9-98.

lerardi E, Losurdo G, Mileti A, Paolillo R, Giorgio F, Principi
M, Di Leo A (2020) The puzzle of coccoid forms of
Helicobacter pylori: beyond basic science. Antibiotics 9: 293.
doi: 10.3390/antibiotics9060293.

Nguyen TH (2017) Prevalence and risk factors of Helicobacter
pylori infection in Muong children in Vietnam. Annals of
Clinical and Laboratory Research 5: 159.

Smith SI, Ajayi A, Jolaiya T, Onyekwere C, Setshedi M,
Schulz C, Otegbayo JA, Ndip R, Dieye Y, Alboraie M, Ally R,

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

J Infect Dev Ctries 2024; 18(11):1702-1708.

Gunturu R, Hyasinta J, Ugiagbe R, Ndububa D, Arigbabu A
(2022) Helicobacter pylori infection in Africa: update of the
current situation and challenges. Dig Dis 40: 535-544. doi:
10.1159/000518959.

Akeel M, Elmakki E, Shehata A, Elhafey A, Aboshouk T,
Ageely H, Mahfouz MS (2018). Prevalence and factors
associated with H. pylori infection in Saudi patients with
dyspepsia.  Electron Physician 10: 7279-7286. doi:
10.19082/7279.

Sowaid YI, Ali KM, Hussian SA (2022) Detection of
Helicobacter pylori by rapid urease test and PCR technique
from gastric biopsies. Teikyo Med J 45: 4231-4246.

Rimbara E, Sasatsu M, Graham DY (2013) PCR Detection of
Helicobacter pylori in clinical samples. Methods Mol Biol 943:
279-287. doi: 10.1007/978-1-60327-353-4_19.

Pokhrel N, Khanal B, Rai K, Subedi M, Bhattarai NR (2019)
Application of PCR and microscopy to detect Helicobacter
pylori in gastric biopsy specimen among acid peptic disorders
at tertiary care center in Eastern Nepal. Can J Infect Dis Med
Microbiol 2019: 1-6. doi: 10.1155/2019/3695307.

Menoni SF, Bonon SA, Zeitune JR, Costa SB (2013) PCR-
based detection and genotyping of Helicobacter pylori in
endoscopic biopsy samples from Brazilian patients.
Gastroenterol Res Pract 2013: 1-8. doi: 10.1155/2013/951034
Almashhadany DA, Mayas SM, Mohammed HI, Hassan AA,
Khan IH (2023) Population and gender-based investigation for
prevalence of Helicobacter pylori in Dhamar, Yemen. Can J
Gastroenterol Hepatol 2023: 1-10. doi:
10.1155/2023/3800810.

Agah S, Akbari A, Heshmati J, Sepidarkish M, Morvaridzadeh
M, Adibi P, Mazidi M, Farsi F, Ofori-Asenso R, Talley NIJ,
Feinle-Bisset C (2020) Systematic review with meta-analysis:
effects of probiotic supplementation on symptoms in functional
dyspepsia. J Funct Foods 68: 1-7. doi:
10.1016/].jf£.2020.103902.

Ibrahim A, Morais S, Ferro A, Lunet N, Peleteiro B (2017)
Sex-differences in the prevalence of Helicobacter pylori
infection in pediatric and adult populations: systematic review
and meta-analysis of 244 studies. Dig Liver Dis 49: 742-749.
doi: 10.1016/j.d1d.2017.03.019.

Kirubakaran R, Ooi CY, Su KP, Izhar NA (2016) Prevalence
of Helicobacter pylori infections among patients referred for
endoscopy at Hospital Sultan Abdul Halim. Asian Pac J Trop
Dis 6: 358-360. doi: 10.1016/S2222-1808(15)61047-7.

Wu'Y, Zeng H, Zhang M, Li C, Tang Y, Li X, Yuan S, Wei Q,
Wang J, Ning X, Zhang X (2022) Sex-specific risk factors
associated with Helicobacter pylori infection among
individuals undergoing health examinations in China. Int J Gen
Med 15: 5861-5868. doi: 10.2147/1JGM.S367142.

Corresponding author

Nashon D. Majaliwa

MSc - Biomedical Researcher.

Department of Microbiology, Faculty of Medicine,
Universidade Eduardo Mondlane

Salvador Allende Avenue n. 702,

C.P 257, Maputo - Mozambique

Tel: (+258) 21 428076

Fax: (+258) 21 325255

Email: dussmany@gmail.com

Conflict of interests: No conflict of interests is declared.

1708



	Introduction
	Methodology
	Patient characteristics
	Laboratory analysis

	Clinical specimens’ collection by endoscopy and execution of the rapid urease test
	Histopathological analysis
	Molecular analysis
	Confirmation of H. pylori infection
	Ethical approval
	Statistical analysis

	Results
	Discussion
	Conclusions
	Authors’ contributions
	Acknowledgments
	Funding
	References
	Corresponding author


