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Helicobacter pylori colonizes the gastrointestinal tract and can produce diseases leading to gastric problems
ranging from gastritis to peptic ulcers or macroadenomas. In these cases, treatment is critical. However, antibiotic
resistance could potentially reduce the antibiotic efficacy leading to disease progression. The present study aimed to
characterize the resistance profile of commonly used antibiotics in our community, including metronidazole, clarith-
romycin, amoxicillin, and tetracycline. Helicobacter pylori were cultured and characterised for identification and
virulence factor production. For H. pylori isolates from individuals with gastrointestinal illnesses, a set of drugs,
including clarithromycin, tetracycline, amoxicillin and metronidazole, was used in the disk diffusion and agar dilu-
tion procedures. 25 individuals with gastrointestinal illnesses out of 100 patients tested positive for H. pylori iso-
lates. After that, an antibiotic sensitivity test was performed, and the results showed that 9/25 (36%) of the isolates
were resistant to metronidazole (MICs > 6 pg/L), while 7/25 (28%) were resistant to amoxicillin (MICs <
1 pg/mL), while resistance rates were 6/25 (24%) to tetracycline and 3/25 (12%) to clarithromycin (MICs <
4 pg/mL). The present study confirmed that resistance exists with metronidazole being the highest while clarithro-
mycin, amoxicillin, and tetracycline have lower resistance than metronidazole.
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Introduction

One of the common causative agents of gastrointestinal tract
(GIT) infections is Helicobacter pylori (Ibrahim, 2024). This Gram-
negative bacterium is a spiral microaerophilic bacterium which settles
freely on the gastric mucous surface with negligible penetration ca-
pacity (Semino-Mora et al., 2003), although, slight adherence to the
gastric epithelial apex has been demonstrated (Bashir & Khan, 2023),
hence it can potentially induce mucosal breach (Semino-Mora et al.,
2003). One of the most frequent causes of numerous infectious dis-
orders is thought to be H. pylori. This bacterium's infection is esti-
mated to be 70% worldwide (Parra-Sepulveda et al., 2019). Many
times, H. pylori infections are asymptomatic and do not cause sto-
mach adenocarcinoma (Semino-Mora et al., 2003), mucosa-
associated lymphoid tissue (MALT) lymphoma (Hu et al., 2016), or
ulcers related to the infection (Ibrahim, 2024).

To prevent gastric and duodenal diseases and their associated
complications, the treatment aims to eradicate symptomatic H. pylori
infection through the use of multiple therapeutic regimens as well as
antimicrobial agents. H.pylori has a high ability to resist antimicro-
bials (Marshall & Warren, 1984; Bashir & Khan, 2023). The combi-
nation of tetracycline, metronidazole, amoxicillin, and clarithromycin
with a proton pump inhibitor (PPI) is one of the most effective ways
to eradicate H. pylori infection (Miendje Deyi et al., 2011; Ang et al.,
2016). The rates of resistance to antibiotics by H. pylori vary depend-
ing on the nature and method of use of the antibiotic because impro-
per and careless use has caused the establishment of many drug-
resistant strains in addition to the occurrence of genetic mutations and
the acquisition of genes that encode for many antibiotics (Liang et al.,
2020). The present study is designed to characterize the antibiotic
resistance to the commonly used antibiotics against H. pylori, includ-
ing metronidazole, clarithromycin, amoxicillin, and tetracycline.
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Materials and methods

Specimens collection. The collected stool samples (n = 100, age
25-50 years) from patients presenting with gastric upset were used
during the period February to April 2024 in Medical City Hospital
(Baghdad, Iraq).

Exclusion criteria. Patients presented to the gastroenterology de-
partment with gastric upsets were included in the present study. Pa-
tients with any chronic diseases or using chronic medication were
excluded. Patients aged less than 18 or older than 50 years were ex-
cluded. Overweight and obese patients were also excluded. Patients
with gastric upsets associated with diarrhoea were excluded. Pregnant
and lactating women were excluded.

Isolation and identification of H. pylori. The collected specimens
were directly cultured on Columbia Agar media containing 7-10%
blood suitable for H. pylori culture. Once H. pylori was isolated, they
were cultured in a selective and ideal medium for H. pylori and brain
heart infusion, to be used for subsequent experimentations.

Culture of H. pylori. The Petri dishes which showed growth
(25%) were further tested to confirm H. pylori isolates by conducting
biochemical tests, including catalase, oxidase, urease, methyl red,
indol test, and citrate utilization.

Antibiotic susceptibility testing. All positive isolates of H. pylori
were tested for bacterial susceptibility to antibiotics using the Kirby-
Bauer method for a group of antibiotics (ciprofloxacin, clarithromy-
cin, tetracycline, amoxicillin, and metronidazole) and minimum inhi-
bitory concentrations (MICs) on Muller-Hinton Agar containing 5%
sheep blood using the agar dilution method.

In the present study, antibiotics were added to the medium at
multiple concentrations, varying from 0.016 to 256 pg/mL, which
were treated by cooling them to 45 °C. Suspensions of H. pylori were
prepared, and then 3 pL of these suspensions and 2 McFarland stan-
dards were inoculated to Mueller-Hinton Agar plates that contained
different concentrations of antibiotics. The MIC of each antibiotic
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was then ascertained after the culture plates were incubated at 37 °C
for three to five days in a microaerobic environment (5% O,, 10%
CO,, 85% Nj). Resistance to tetracycline was <4 and clarithromycin
< 4 pg/mL, while amoxicillin and metronidazole were < 1 and
>12 pg/mlL, respectively.

Phenotypic detection of some virulence factors among H. pylori.
The ability of H. pylori isolates to produce virulence factors such as
protease and lipase enzymes, in addition to biofilm production, in-
creases their ability to cause pathogenicity and resistance to various
antibiotics. Positive H. pylori isolates were cultured on Soyabean
Casein Digest Agar plates supplemented with 1% Tween 80 to de-
termine the ability of the bacteria to produce lipase enzyme through
the appearance of a turbid halo around the inocula. While the isolates
of H. pylori were grown on Muller-Hinton Agar containing 3%
skimmed milk as a supplement, the positive results of this test indi-
cated presence of a transparent zone around the inoculum spot.

To determine the ability of H. pylori to produce biofilm, isolates
of H. pylori were cultured on brain heart infusion broth with supple-
ment sucrose and Congo red and agar added into the media.

Congo red agar (CRA) plates were incubated at 37 °C for
48 hours. The ability of H. pylori isolates to produce biofilm through
the appearance of black dry crystalline colonies on the CRA plates
indicated biofilm production, while some of the isolates that showed

lase, urease and oxidase tests. Table 3 and Figure 1 provide details on
the routine biochemical tests, colony morphology, and microscopic
examination.

Table 1
Distribution of bacterial growth with gender
Gender Number, % Growth, % No growth, %
Male 60 (60%) 13125 (52%) 45/75 (60%)
Female 40 (40%) 12/25 (48%) 30/75 (40%)

Total 100 (100%) 25 (25%) 75 (75%)
Table 2
Distribution of bacterial growth with age

Growth, % No growth, %

Ages, years male female male female
25-35 4/13 (30.8%) 3/12(25.0%) 17/45(37.8%) 14/30 (46.7%)
35-45 6/13 (462%) 4/12(333%) 15/45(333%) 9/30 (30.0%)
45-50 3/13(230%) 5/12(41.7%) 13/45(289%)  7/30 (23.3%)

Total 13(100.0%) 12(100.0%)  45(100.0%)  30(100.0%)

Table 3
Identification results and some biochemical tests for H. pylori isolates

. e . Test Result
ink 1 1t f biofilm.
pink or red colonies indicated absence of bio Gramstain Gram negative
Growth on Columbia agar small, convex, translucent, non-hemolytic
Results media colony
o Catalase positive
Stool examination revealed 25% of samples to have H. pylori ~ Urease positive
growth, 52% of the patients being males and 48% females (Table 1). Oxidase positive
The growth was more prevalent in the middle age group (35-45) and ~ Motility motile
was mostly associated with H. pylori growth (Table 2). Indol production negative
The results of the present study showed that the H. pylori isolates ~ Methylred positive
. L . . Citrate Utilization positive
were gram-negative bacteria with spiral or rods that were typically Alkalin "
. . .. e Phosphatase positive
arranged singly. They were also motile, positive for methyl red, cata-
Colonies of H. pyiori on
Catalase positive Oxidase positive

Columbia agar

oy
%

Urease positive

Methyl red positive

Indol negative

e

AL
R
i e

i u*ﬂﬁl.

Citrate utilization positive

Fig. 1. Biochemical tests for H. pylori isolates showed positive results for catalase, oxidase, urease, methyl red, indol,
and citrate utilization when cultured on Columbia Agar media
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The sensitivity tests for those samples which showed H. pylori
growth (n = 25), indicated that the resistance percentage to metroni-
dazole (MICs > 6 pg/L) was 36%, amoxicillin MICs < 1 ug/mL was
28%, while resistance rates were 6/25 (24%) to tetracycline and 3/25
(12%) to clarithromycin (MICs < 4 pg/mL). The MIC values for
clarithromycin ranged from 0.12 to 4 pg/mL, while those for amox-
icillin and tetracycline were between 0.12 and 8 pg/mL and 0.125 to
> 32 for metronidazole as shown in Table 4, Figures 2 and 3.

Table 4
Distribution of antibiotics resistance among H. pylori isolates
L .. . MIC 50, MIC90, MIC range
Antibiotics Sensitive ~ Resistance ’ ’ ?
pg/ml  pg/mb pg/mL
Metronidazole 16/25 (64%) 9/25(36%) 6.0 12 0.13—>32
Clarithromycin  22/25 (88%) 3/25(12%) 0.8 4 0.124
Amoxicillin 18/25 (72%) 7/25(28%) 0.5 1 0.12-8
Tetracycline 19/25 (76%) 6/25(24%) 1.0 4 0.12-8
100% 1 m Resistance O Sensitive

i

Tetracycline

90%
80%
70%

A
60%
50%
40%
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Metronidazole Clarithromycin

Resistance %

Amoxicillin

Antibiotic tested

B1

Fig. 2. Result of antibiotic sensitivity test of the tested drugs (4)
antimicrobial susceptibility pattern of H. pylori isolates;
(B) representative images of the tested drugs

Phenotypic detection of virulence factors among H. pylori isola-
tes. The bacteria were tested for the production of virulence factors in-
cluding the production of protease, lipase, and biofilm production
(Table 5 and Fig. 3).

Table 5
The outcome of reactions of virulence factors

Virulence Positive Negative
Protease 18/25 (72%) 7/25 (28%)
Lipase 16/25 (64%) 9/25 (36%)
Biofilm 21/25 (84%) 4/25 (16%)
Discussion

The present study confirmed that one-quarter of patients visiting
the gastroenterology department in the hospital were positive for
H. pylori and most often included middle-aged patients. The isolates
were resistant to tested drugs (metronidazole, clarithromycin, amoxi-
cillin and tetracycline), confirmed by antibiotic sensitivity and viru-
lence factors produced by the isolated bacteria. Previously, H. pylori
isolates were susceptible to a wide range of antibiotics, but over time,
many bacterial isolates have become resistant to many antibiotics on a
large scale, making it difficult to obtain appropriate treatment for the
bacteria. Therefore, it is very important to conduct research to deter-
mine the extent of the bacteria's sensitivity or resistance.

Earlier studies agreed with this study regarding the percentage of
H. pylori positive sample in the general population, since Saber & Ali
(2022) reported nearly one-third distribution in their tested samples
and the distribution in their study was higher in the middle-aged (40—
50 years) group than the younger (<40 years) and older group

(>50 years). Conversely, Fabricio Guaman et al., (2018) reported that
the prevalence was similar in the middle-aged group and the younger
group (<40 years). This could be explained partially in terms of the
higher stress exposure in the middle age group, which might reduce
immunity and hence the presence of infection (Martin et al., 2001).
Nonetheless, pollution, social status, lifestyle, food types, smoking,
rural residency, inadequate family income should not be ruled out
(Kouitcheu Mabeku et al., 2018; Kotilea et al., 2019; Bashir & Khan,
2023; Tbrahim, 2024).

Lipase Positive Protease Positive

P

@,
|

/

y

Biofilm Strong  Biofilm Moderate
Fig. 3. Representative images for the virulence factor tests conducted
on isolated H. pylori showing phenotypic detection of protease, lipase
enzymes, and biofilm production by Congo red agar

among H. pylori

Gender has shown no contribution to the prevalence of H. pylori
between males and females. Similarly, Seyda et al. (2007) reported
non-significant differences between males and females. Nonetheless,
the percentage of H. pylori distribution in females was higher than in
males with prevalence increasing in females with aging.

Despite that, it has been reported that the prevalence of H. pylori
is more prevalent in developed countries compared to developing
countries (Hu et al., 2016). In this study, only one-third of positive
isolates were resistant to metronidazole and this result has been repor-
ted with previous studies, for instance, in studies conducted in Morro-
co (Bouihat et al., 2017), Indonesia (Miftahussurur et al., 2016), Sin-
gapore (Ang et al., 2016), Spain (Alarcén et al., 2017), Italy (Di Gi-
ulio et al., 2016), Bulgaria (Boyanova et al., 2016), Poland (Karpinski
et al., 2015) and Germany (Regnath et al., 2017). Nevertheless, very
low resistance (1%) was reported in Iceland (Gunnarsdottir et al.,
2017) and very high resistance (75-95%) was reported in Iran (Gou-
darzi et al., 2016), China, and the USA (Chen et al., 2017). The me-
chanism of resistance by metronidazole is not fully elucidated, al-
though several reports have confirmed that H. pylori offered metroni-
dazole resistance in four aspects, including increased antibiotic efflux,
decreased antibiotic uptake through the bacterial wall, decreased me-
chanisms that are necessary for metronidazole activation, increased
free radical production leading to DNA damage (Hanafi et al., 2016;
Huetal,, 2016).

One of the main causes of the enhanced resistance to metronida-
zole that H. pylori isolates exhibit is genetic drift in addition to adapta-
tion to different environmental conditions (Kim et al., 2009; Shokrza-
deh et al., 2011). Other causes may be the common usage of metroni-
dazole for the management of bacterial and parasitic infections,
diarrheal illnesses, as well as gastritis, and environmental conditions
in terms of incubation period, dosage of vaccines, age of bacterial
colonies, and choice of medium. All of these factors cause a notable
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rise in the metronidazole resistance by H. pylori isolates (Landstedt
etal., 2017; Mollin et al., 2022).

Clarithromycin has increasingly reported as exhibiting low levels
of H. pylori resistance, as was the case with our study which reported
up to 12% resistance, which does agree with previous reports in Chi-
na (Wang et al., 2019), Taiwan (Liang et al., 2020), France (Mégraud
et al, 2021), Russia (Dekhnich et al., 2018), Spain (Botija et al.,
2021), Chile (Parra-Sepulveda et al., 2019), and Columbia (Alvarez
etal.,, 2009; Bedoya-Gomez et al., 2020). Nevertheless, increased
resistance has been reported in other areas of the world, including Iran
(Sholeh et al., 2020), South East Asia (Savoldi et al., 2018), Australia
(Schubert et al., 2022), Belgium (Miendje Deyi et al., 2011, 2019),
Bulgaria (Boyanova et al., 2016), and Italy (Saracino et al., 2020).

The resistance mechanism against clarithromycin is multifactori-
al, including the wide spectrum use of macrolide for treatment of
various diseases, such as upper and lower respiratory tract infections
and sexually transmitted infections; this makes it highly susceptible to
resistance.However, this could be overcome by triple therapy eradica-
tion of H. pylori (Bedoya-Gomez et al., 2020; Mégraud et al., 2021).
Moreover, the frequent application of macrolides for the treatment of
COVID-19 has been cited as a cause of macrolide resistance (Dar-
weesh et al., 2021), a situation which is exacerbated by the frequency
of transportation between countries of high macrolide resistance to
low macrolide resistance (Schubert et al., 2022). At the molecular
level, clarithromycin resistance was most often linked to A2142C,
A2142G and A2143G mutations in the V domain of 23S rRNA, and
some minor mutations outside the domain (Tshibangu-Kabamba &
Yamaoka, 2021).

Helicobacter pylori has shown a high rate of amoxicillin resis-
tance reaching up to 28%. Similarly, increased amoxicillin resistance
has been reported in Iran (Sholeh et al., 2020), China (Wang et al.,
2019), Vietnam (Tran et al., 2022), and Bulgaria (Boyanova etal.,
2022). Conversely, no resistance was reported in Taiwan (Liang et al.,
2020), Australia (Schubert et al., 2022), Belgium (Miendje Deyi et al.,
2011), France (Mégraud et al., 2021), Russia (Dekhnich et al., 2018),
Chile (Parra-Sepiilveda et al., 2019), and Columbia (Alvarez etal.,
2009). Mutations have been reported in penicillin-binding protein-2
(PBP2) or PBP3 and mutations leading to diminished binding of the
agent to penicillin-binding protein PBP1A (Tshibangu-Kabamba &
Yamaoka, 2021).

Moreover, amoxicillin resistance also developed from the fre-
quent use of amoxicillin in treatment of different infectious diseases
(Tshibangu-Kabamba & Yamaoka, 2021). Amoxicillin resistance is
mainly associated with mutations of the penicillin-binding protein 1A
gene (Hu et al., 2016).

Helicobacter pylori has shown high rate of tetracycline resistance
reaching up to 24%. Similarly, increased tetracycline resistance has
been reported in Iran (Sholeh et al., 2020). Conversely, no resistance
was reported in China (Wang et al., 2019), Taiwan (Liang et al.,
2020), Australia (Schubert et al., 2022), Belgium (Miendje Deyi et al.,
2011), Bulgaria (Boyanova et al., 2016), France (Mégraud et al.,
2021), Russia (Dekhnich et al., 2018), Spain (Botija et al., 2021),
Chile (Parra-Sepilveda et al., 2019), Columbia (Alvarez et al., 2009).
Helicobacter pylori resistance to tetracycline was associated with
single, double and especially simultaneous triple point mutations
within both copies (rmA/B genes) of 16S rRNA (Seriki et al., 2018).
Tetracycline resistance is mainly associated with mutations in the 16S
rRNA gene (Hu et al., 2016).

Conclusion

The resistance profile of the antibiotics used in the present study
demonstrated that the resistance was highest with metronidazole at
36%, while the resistance rate was lower with clarithromycin, amox-
icillin, and tetracycline, showing 12%, 28%, and 24% resistance,
respectively. Proper use of antibiotics should be advised by pharmac-
ists and physicians to avoid further decline in antibiotic sensitivity.

Many thanks and appreciation to Al-Bayan University for its great support and
sponsoring in completing this valuable scientific research.
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