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ABSTRACT

Aim: Investigation of Candida colonization of the esophagus and gastric mucosa in patients taking proton pump inhibitors in
comparison with those taking histamine-2 receptor antagonists.

Background: Candida species are normal flora of alimentary tract that can cause infection of the esophagus and gastro-intestinal tract
in immunocompromised patients. Consumption of proton pump inhibitors and histamine-2 receptor antagonists has been shown to
alter the gastric pH, which may predispose the esophagus and stomach to floral transmission and colonization

Methods: Two hundred and forty-five clinical specimens were obtained from 91 patients who underwent endoscopy from September
2019 to February 2020. Direct microscopy with KOH 10% and subculture on sabouraud dextrose agar containing chloramphenicol
was used as primary screening. PCR with ITS primers was performed to amplify the ITS1-5.8SrDNA-ITS2 region, and the Mspl
restriction enzyme was used for RFLP to identify clinical isolates.

Results: Seventy cultures out of 245 specimens were positive for Candida colonization (28.5%). Colonization of Candida species in
gastric acid and gastric tissue biopsies of patients who took PPIs and H2 blockers was significantly higher than in those in the control
group (p= 0.001). The use of ranitidine, pantoprazole, and omeprazole increased the risk of gastric candidiasis by 10.60, 9.20, and
12.99 times, respectively (p< 0.05).

Conclusion: The use of PPIs and H2 blockers, ageing, and consumption of vegetables were main risk factors for gastric colonization
in the present survey; other variables, such as Candida species, cigarette smoking, and alcohol consumption, were not implicated in
the development of gastroesophageal lesions. Further investigations are necessary to understand how these predisposing factors
change the host’s defense mechanisms and increase colonization of fungi at mucosal surfaces.
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Introduction

The genus Candida is a normal flora of the
alimentary tract. Candida infection of the esophagus
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and gastro-intestinal (GI) tract typically occurs in
immunocompromised hosts (1). In this population, the
esophagus is the most routinely involved organ,
followed by the stomach and small bowel (2). A
number of predisposing factors favorable to fungal
infections are diabetes, malnutrition, old age, burns,
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parenteral nutrition, trauma, surgical operations,
steroidotherapy, bladder or intravascular
H2-blocker

immunosuppressive treatment, and recurrent antibiotic

catheterization, therapy,
use (3). Patients who have three or more predisposing
factors are considered to be at high risk for fungal
infection (4). Candida esophagitis and gastritis have
been reported to be increasing in those consuming acid
suppressing therapy (AST) (5). AST, proton pump
inhibitors (PPIs), and histamine-2 receptor antagonists
(H2RAs) have been shown to be the most useful drugs
in patients with gastro-esophageal reflux disease
(GERD). These drugs are favorably efficient in treating
acid-mediated disorders of the upper digestive tract
such as peptic ulcers and acute nonvariceal bleeding,
and also for preventing nonsteroidal anti-inflammatory
drug (NSAID)-related injury and stress ulcers (6-8).
PPIs are also prescribed in combination with
antibacterials for Helicobacter pylori eradication;
however, they alter the gastric pH, which may
predispose a patient to floral transmission and
colonization of the esophagus and stomach by oral
yeasts (9). In this study, Candida colonization of the
esophagus and gastric mucosa was compared in
patients taking PPIs and those taking H2RAs.

Methods

The investigation protocol was reviewed and
approved by the Ethics Committee of Isfahan
University of Medical Sciences
(IRMULMED.REC.1398.236). The informed consent
form was completed and signed by each patient.

From September 2019 to February 2020, 245
clinical samples were obtained from 91 patients who
underwent endoscopy in Poursina Hakim Digestive
Diseases Research Center, Isfahan University of
Medical Sciences, Isfahan, Iran. Clinical samples were
gastric juices (n=89), gastric tissue biopsies (n=77), and
esophageal biopsy specimens (n=79).

Inclusion criteria: Patients who had taken PPIs or
H2RAs drugs.

Exclusion criteria: Patients who had taken antifungal
drugs for the prior 7 days and those taking PPIs and
H2RAs drugs simultaneously.

In the experimental group, 22, 18, 11, and 6 patients
had taken omeprazole, pantoprazole, ranitidine
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(H2RAs), and other PPIs (such as: rabeprazole,
lansoprazole, and nolpaza), respectively. The control
group consisted of 34 patients who had not taken PPIs
or H2RAs.

Phenotypic Tests

Direct microscopy was applied for each specimen
using potassium hydroxide (KOH) 10%. Sabouraud
dextrose agar (SDA) (Biolife, Italy) with
chloramphenicol (Merck, Germany) (0.04 g/L) used for
culture. The specimens were incubated at 37 °C and
evaluated for fungal growth up to 4 days.

Molecular Identification
Polymerase chain reaction (PCR)

Genomic DNA from the clinical strains was
extracted using the boiling method (10). Briefly, a
loopful of fresh colonies was suspended in 80 pL of
double distilled water and boiled for 20 minutes, then
centrifuged for 6 minutes at 5000 rpm. The supernatant
containing DNA was kept for PCR. The PCR mixture,
comprising 5 pL of 10x reaction buffer, 0.4 mM
dNTPs, 1.5 mM MgCI2, 30 pmol of ITSI primer (5'-
TCC GTA GGT GAA CCT GCG G-3"), 30 pmol of
ITS4 primer (5'-TCC GCT TAT TGA TAT GC-3'), 2.5
U of Taq polymerase, and 3 pL of extracted DNA, was
applied in a final volume of 50 puL. The PCR cycling
conditions were an initial denaturation phase at 95 °C
for 5 min, followed by 30 cycles of denaturation at 95
°C for 1 min, annealing at 54 °C for 50 s, extension at
72 °C for 1 min, and a final extension phase at 72 °C
for 7 min. Five microliters of each PCR amplicon were
run on 1.5% agarose gel, stained with 0.5 pg/mL
ethidium bromide, visualized by gel documentation
system (UVITEC, UK), and then photographed.
Restriction fragment length polymorphism (RFLP)

PCR products were digested in a final volume of 15
pL containing 3 pL double distilled water, 1 U of Mspl
restriction enzyme (Fermentas, Vilnius, Lithuania), 1.5
pL buffer, and 10 uL PCR product at 37 °C for 2 hours.
RFLP products were run on 2% agarose gel, stained
with 0.5 pg/mL ethidium bromide, visualized by gel
documentation system (UVITEC, UK), and then
photographed.

Data Analysis

The variables were analyzed by chi-squared,
independent sample t-test, and logistic regression in the
SPSS version 23 (Armonk, NY: IBM Corp). The cut-
off point for statistical significance was set at p < 0.05.



Results

Seventy cultures out of 245 specimens were
positive for Candida colonization (28.5%) (Figure 1).
Male-to-female ratio was 40/51. The age of patients
ranged between 21 and 85 years, with a median age of
52.8 years. The most common predisTposing factors
were antibiotic consumption (8.8%), diabetes (6.6%),
cancer (6.6%), (5.5%),
hyperthyroidism (2.2%), and gastric bypass surgery
(2.2%). Cefixime (n=3), cephalexin (n=2), penicillin

hypothyroidism

(n=2), and ciprofloxacin (n=1) were used as antibiotic
therapies for patients. The majority of patients suffered
from gastritis (34%), dysphagia (26.4%), flatulence
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(19.8%), and acid reflux (19.8%). The pH of gastric
acid of patients was 1 (n=34), 2 (n=10), 3 (n=8), 4
(n=5), 5 (n=3), 6 (n=4), 7 (n=14), 8 (n=12), and 12
(n=1). All isolates were identified by PCR-RFLP
technique (Figure 2). Candida albicans was the most
prevalent Candida species (n=50, 71.4%), followed by
C. glabrata (n=15, 21.4%), C. parapsilosis (n=2,
2.8%), C. famata (n=2, 2.8%), and C. tropicalis (n=1,
1.4%). Colonization of Candida species in the gastric
acid of patients who took PPIs and H2 blockers was
significantly higher than those in the control group (p =
0.001). The average time of drug use in the case group
was 12 months + 26 days. Candida colonization in

Figure 1. A. Endoscopic finding of esophageal candidiasis; multiple thick and whitish plaques (black arrow); B: Presence of
Candida (pseudo) hyphae (black arrows) in a smear of esophageal biopsy stained by the PAS-method (original magnification:

x40).
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Figure 2. A. PCR products of four Candida species. Lane 1 is C. parapsilosis, lane 2 is C. tropicalis, lanes 3, 4 are C. albicans,
lane N is negative control, and lane M is molecular size marker; B: Agarose gel electrophoresis of RFLP products. Lanes 1, 2, 5
are C. albicans, lanes 3, 4 are C. glabrata, and M is 100 bp DNA size marker.

Gastroenterol Hepatol Bed Bench 2021;14(4):349-355



352 Candida colonization in patients taking PPIs and H2 blockers

gastric tissue biopsies between PPIs and H2 blocker
consumers and the control group was statistically
significant (p = 0.043); however, it was not significant
between Candida albicans and non-albicans Candida
species (p > 0.05). There was an association among
Candida colonization, ageing, and consumption of
vegetables (p < 0.05). Ageing and use of vegetables
increased the risk of colonization in gastric juices by
1.04 and 1.01 times, respectively. Furthermore, the use
of ranitidine, pantoprazole, and omeprazole increased
the chances of gastric candidiasis by 10.60, 9.20, and
12.99 times, respectively (p < 0.05). Regression
analysis detected that colonization of Candida spp. in
the esophagus of patients who took PPIs and H2
blockers was not significantly higher than in those who
were in control group (p > 0.05).

Discussion

Gastroesophageal candidiasis has been reported in 16%
of patients with mild gastric ulcers, 20% of those with
gastric cancer, and 27% of those with esophageal
cancer (11). The gastrointestinal microbiome could
play a substantial role in the pathogenesis of some
immune-mediated intestinal conditions. Gastric acid is
a main barrier for the inhibition of fungal and bacterial
overgrowth of the stomach and small bowel (12). AST
consumption has been reported to be connected to an
increased incidence of Candida infections such as
Candida esophagitis (CE) and gastric candidiasis (5,
13). CE is currently the most prevalent esophageal
microbial infection among patients with human
immunodeficiency virus (HIV), and its frequency in
HIV (-) patients has been reported to be increasing
(14). None of the patients in the present study were
HIV (+). CE is found in 20% of healthy individuals and
in 24-66% of patients using inhaled steroids (15, 16). In
accordance with the current findings, Candida albicans
is the most prevalent etiologic agent; however, some
species including C. krusei, C. glabrata, C. tropicalis,
and C. parapsilosis have also been implicated (17). The
main mechanism of AST connected to demolition of
the gastric acid barrier is associated with gastritis
because of Candida colonization in the esophagus and
gastric mucosa (5, 18). There are two types of yeast in
gastric mucosa: 1) as a true microflora of gastric
environment (19), and 2) as a transient colonizer of
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gastric epithelium (20). In general, it seems that both
groups are well-adapted to establish in the environment
of the gastric mucosa. PPIs have been revealed to be
the most useful drugs in patients with gastro-
esophageal reflux disease; however, they may boost the
survival of microorganisms by elevating the gastric pH.
In this regard, Husebye et al. (21) showed that an
increment of one pH unit correlated with an increase of
about 14% in microbial counts in the stomach and
small intestine. In the present study, an approximately
9% increase in the colony count in the stomach with an
increment of one pH unit was observed. Buhling et al.
showed a transient increment of Candida species in the
intestine in 50% of patients promptly after treatment
with omeprazole (22). Karmeli et al. (23) showed a
significantly rise in Candida colonization in gastric
mucosa 30 days after beginning omeprazole therapy,
while Goscimski et al. (24) reported similar findings
following one week of treatment with pantoprazole. In
the current study, 33.3% and 27.7% of patients showed
Candida colonization 7 days after treatment with
pantoprazole and omeprazole, respectively. Extended
use of PPIs can cause hypergastrinemia and
hypochlorhydria, food allergy, mineral and vitamin
deficiencies, increased risk of infections, and drug
interactions (25, 26). They have also been reported to
suppress anti-Candida macrophage activity (27). One
of the main limitations of this study was the lack of
immunological information of patients. PPI-induced
gastric acid decrement can develop the microbial
invasion by changing the gastrointestinal microbiome,
reducing gastric mucus viscosity, and suppressing
leucocyte activity (13, 28). PPIs might enhance
Candida colonization by inhibiting the growth of
Lactobacillus species as normal flora. By producing
lactic acid, Lactobacillus decreases the quantity of
Candida species. Therefore, the inhibition of
Lactobacillus population by PPIs could lead to Candida
colonization and infection (29). Another limitation of
the current investigation was the lack of data for
bacterial species and fungal-bacterial endosymbiosis.
Gastric acid suppression is considered an important risk
factor for nosocomial infections, particularly in patients
with defective immune systems and those using
indwelling catheters (30). Moreover, the use of H2RAs
has been linked to gastric acid suppression and
increased gastrointestinal tract colonization. Although



the consumption of H2RAs can increase the risk of
enterocolitis, sepsis and meningitis, and bloodstream
infections with the genus Candida (31-33), no
candidemia or systemic candidiasis cases were seen in
the present investigation. Ross et al. (34) showed that
H2RAs decreased gastric acidity less than that induced
by PPIs; nevertheless, 60% of patients in the current
study who took ranitidine had gastric acid pH levels <
2. Candida colonization in the oral cavity is potentially
considered for gastroesophageal candidiasis, especially
in immunocompromised patients. It is impressed by the
oral bacterial populations and immune system of the
host (35, 36). Only 4.3% of patients in the present study
were found to have oral candidiasis. It was proposed
that Candida species change phenotypically to hyphae
when colonizing human and animal tissues (Figure 1B).
Controversially, some reports have indicated that most
dimorphic yeasts can invade tissues by budding form
(37). Since C. glabrata cannot produce hyphae or
pseudohyphae, all C. glabrata isolates (n=15) showed
budding form in tissues in the present study. The
correlation between Candida colonization and diabetes
mellitus has also been controversial. Many
investigations have revealed severe colonization of
Candida spp. in patients with diabetes mellitus in
comparison to non-diabetic patients (38, 39); however,
other research has not showed a remarkable increase in
Candida in diabetic patients (40, 41). In the present
study, 6.6% of patients had diabetes mellitus with mild
colonization. The extent of Candida growth was
classified as none (0 colony), a few (<10 colonies),
mild (10 to 100 colonies), or severe (>100 colonies)
(42).

Antibiotic consumption can provoke Candida
colonization, particularly in those admitted to an
intensive care unit (43). According to this risk factor,
however, Candida colonization in esophagus and
gastric tissue biopsies between consumers of PPIs and
H2 blockers and the control group was not statistically
significant (p > 0.05). The most prevalent Candida
species isolated in the current investigation was
albicans, which is consistent with Delisle et al. (44) and
Garbino et al. (45). Candida glabrata was the most
frequently isolated non-albicans Candida in the current
study. This differs from surveys by Amiri et al. (43)
and El-Ebiary et al. (46) who reported C. tropicalis and
C. krusei, respectively, as the most prevalent non-
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albicans Candida species; however, it is consistent
with Garbino et al. (45). Some investigations have
found an association between Candida colonization and
invasion in mucosa and increased hospital mortality
(44, 47). No information about the mortality rate of
patients in the current investigation was available.

It was concluded that the use of PPIs and H2 blockers,
ageing, and consumption of vegetables were main risk
factors for gastric colonization in the present survey,
and Candida species, cigarette smoking, alcohol
consumption, gender, age, meat and bread consumption
were not implicated in the development of gastric
lesions. By analysis of the variables using logistic
regression, no significant factor for the incidence of
candidiasis in esophageal samples was found. Further
investigations are needed to understand how these
predisposing factors change the host’s defense
mechanisms and increase colonization of fungi at
mucosal surfaces. This data can lead to more
consideration related to chronic disorders, immune
responses, and appropriate medications.
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