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Background: Culture, rapid urease test (RUT) and smear examination have been used as reliable methods 

for diagnosis of H. pylori infection. Accurate performance of these tests requires good quality biopsies with 

considerable number of bacterial cells. However, consumption of proton pump inhibitors (PPIs) affects growth and 

urease activity of H. pylori, leading to false negative results. In this study the efficacy of culture, RUT and smear 

examination was assessed and the effect of PPI consumption was evaluated.

Methods: Two antral biopsies from 530 dyspeptic patients with and without PPI consumption were used for 

RUT, culture and smear examination. Statistical analysis was used to determine the association between results of 

culture, RUT or smear examination and PPI consumption. Sensitivity and specificity of three tests were calculated 

by standard methods. 

Results: H. pylori infection was detected in 40% of patients by culture, 48.3% by RUT and 21.1% by smear 

examination and the overall detection rate was 54%. A strong correlation was found between PPI consumption 

and negative results of culture and RUT (P<0.05) but not smear examination. The sensitivity of RUT was 

reduced as a result of PPI consumption. This reduction was more profound in 1-hr RUT (92.2% to 74.4%) 

compared with 24-hr RUT (93.9% to 81.6%).

Conclusions: Prevalence of H. pylori was declined, compared with previous studies. This decrement could be 

due to false negative results of H. pylori diagnostic tests, among which culture and RUT are mostly affected by PPI. 

Accordingly, PPI consumption should be stopped before performance of endoscopy.
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Introduction

H. pylori has been regarded as an important risk factor for 
development of chronic gastritis, peptic ulcers, gastric cancer 
and mucosa-associated lymphoid tissue lymphomas (1). H. 
pylori infection has been reported as 80% in developing and 
20-50% in developed countries (2). High prevalence of H. 
pylori in some regions of the world is associated with high 
incidence of severe gastric diseases such as peptic ulcers in 
China (17.2%) (3) or gastric cancer in developed (61.4%) 
and developing (64.4%) countries (4). According to previous 
studies in Iran, the prevalence of H. pylori ranges from 69% 

in the general population (5) to 89.2% in high-incidence 
areas of gastric cancer, Ardabil and Meshkinshahr in 
North-West of Iran (6,7). The high rate of mortality 
from gastric cancer, 18 per 100,000 (8) and considerable 
number  o f  r e f e r ra l s  to  endoscopy  un i t s  due  to 
complaint of dyspepsia indicate the need for appropriate 
antimicrobial therapies for cure of patients suffering from 
peptic ulcers (7) or those who are first-degree relatives 
of gastric cancer patients (9). Furthermore, considerable 
resistance rates of H. pylori to currently-used antibiotics 
(metronidazole: 55.6%, clarithromycin: 7.3%, amoxicillin: 
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7.3%, tetracycline 38.1% and furazolidone: 4.5%) (10) 
indicate the need for performance of antimicrobial 
susceptibility test. In this regard, endoscopy provides gastric 
biopsy samples for H. pylori diagnosis and antibiogram, while 
evaluating the degree of gastric lesions. 

Diagnostic tests for H. pylori infection have been 
classified into two groups; those that are performed before 
antimicrobial therapy and those performed after, for 
confirmation of eradication .The former includes culture, 
histology, rapid urease test (RUT), histopathology, PCR and 
serology and the latter; urea breath test (UBT) and stool 
antigen test (SAT) (11). Culture is the most specific method 
for detection of H. pylori infection (12). Growth of H. pylori 
from biopsy cultures was the turning point in etiology and 
treatment of gastric diseases (13). Culturing success depends 
on the quality of biopsy specimen, the gastric site of biopsy, 
appropriate transport of the biopsy to microbiology lab and 
it’s processing in a short time (14,15). The sensitivity and 
specificity of culture for diagnosis of H. pylori in experienced 
laboratories has been reported as 50-92% (16-21) and 100% 
(16,17), respectively. Culture of H .pylori from the gastric 
mucosa by string test has been reported, although with 
lower sensitivity (22). Positive results of H. pylori culture 
from feces have also been demonstrated (23). 

Smear examination or imprint cytology has been used 
as a simple, rapid and inexpensive method to diagnose H. 
pylori infection and decide for antimicrobial therapy in 
endoscopy room (19,24). The typical spiral H. pylori cells 
could be observed in stained smears of gastric biopsies when 
examined by light microscopy (25,26). Imprint cytology 
by Diff-Quick staining method has high sensitivity (82%) 
and specificity (100%) comparable with histopathologic 
methods (27). RUT is a highly specific, rapid and simple 
method with low cost. The time needed for obtaining 
the results ranges from few minutes to 24 hr, depending 
on the bacterial density in the biopsy and their urease 
activity (11). It has been proposed that for positive RUT 
result, more than 10,000 bacterial cells are required. False-
negative results of RUT could occur due to decrease or 
interruption of urease activity after consumption of proton 
pump inhibitors (PPIs), antibiotics or bismuth salts (28). 
Commercial RUT kits have the sensitivity of 85-90% and 
specificity >95-100% (29). 

Histopathology is an accurate method for H. pylori 
diagnosis (30). Microscopic examination of fixed and stained 
biopsy specimens provides critical information about the 
severity of inflammation and atrophic changes in gastric 
epithelium (11,19). However, good quality biopsy and 

highly experienced pathologist are needed for obtaining 
accurate results (31). Low bacterial number (32), bacterial 
absence (33) and uneven distribution of bacterial cells 
could lead to false-negative results (18). Accordingly, the 
sensitivity and specificity of this method vary between 
50-100%, depending on the quality of biopsy specimen 
and bacterial density (34). UBT is the measurement of 
exhaled CO2 released due to H. pylori urease activity in 
the gastric mucosa, with the sensitivity and specificity 
of >90%. It is easy to perform without the need for 
endoscopy (35). UBT has been regarded as an excellent 
method for detection of the moderate bacterial density with 
patchy distribution, which might happen after antimicrobial 
therapy. Post-treatment UBT can be performed 4-6 weeks 
after termination of antimicrobial therapy (36). UBT can 
also be used for H. pylori diagnosis in adults and children, 
using non-radioactive C13 (37). However, false-negative 
results could occur due to consumption of drugs such as 
PPI that affect H. pylori growth or urease activity (38). SAT 
is an enzyme-linked immunoassay method that detects 
H. pylori antigens in stool samples with the sensitivity and 
specificity of >90% (39,40). Diagnosis accuracy of SAT 
for active H. pylori infection in adults was similar to UBT, 
however, it showed lower detection rate when used for 
post-treatment diagnosis (41). SAT has been regarded as 
an accurate and non-invasive test for diagnosis of H. pylori 
infection in children before antimicrobial therapy (37) and 
for confirmation of eradication after therapy (40).   

Some authors believe that none of the diagnostic tests 
for H. pylori is the gold standard and results of more than 
one test could be acceptable for confirming bacterial 
infection (19). However, others propose that culture is 
the gold standard for diagnosis of H. pylori infection and 
is the only method that makes isolation of the bacterium 
and studying it in detail, possible (15). Culture, compared 
with other methods that are practically simpler, faster 
and easier to perform, needs experienced personnel and 
is time-consuming (42). However, it is clear that culture 
of gastric biopsies yields a great amount of H. pylori for 
further studies such as isolation and identification of the 
bacterium, performance of antimicrobial susceptibility test, 
establishment of a biobank for research and discovery of 
other possible gastric microorganisms. Several reports have 
indicated that although culture is an accurate method, false-
negative results could occur due to consumption of PPIs 
which have inhibitory effect on H. pylori growth (43) and 
urease activity (44). In this study the prevalence of H. pylori 
infection was determined in 530 dyspeptic patients; using 
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gastric biopsies for culture, RUT and smear examination. 
The efficacy of culture for diagnosis of H. pylori infection 
was compared with RUT and smear examination. The 
effect of PPI consumption on the results of three tests was 
also evaluated.

Methods

Patients

The study was performed on 530 unselected dyspeptic 
patients (male: 243, 45.5% and female: 291, 54.5%), aged 
14-92 years, who were referred to the endoscopy room of 
Digestive Disease Research Institute, Tehran University 
of Medical Sciences, Tehran, Iran. Informed consent 
obtained from each patient and the study was approved 
by the Research Ethics Committee of Tehran University 
of Medical Sciences. Patients were divided into two 
groups according to PPI consumption; patients with PPI 
consumption until 1-2 days before endoscopy and those 
consuming no PPI for at least 4 weeks before endoscopy. 
Two antral biopsy specimens were obtained from each 
patient. One for RUT and the second for culture and smear 
examination which was placed in sterile semi-solid transport 
medium (NaCl 0.9%, bacteriological agar 0.16%) and 
transferred to microbiology laboratory before 3 hr. 

Rapid urease test (RUT)

RUT was performed in endoscopy room by placing one 
antral biopsy into 0.5 mL urea solution in an Eppendorf 
tube, containing urea (2%) phosphate buffer (0.25 M) and 
phenol red (12 mg/L) as pH indicator (pH ≤6.8) (Bahar 
afshan Co., Iran). Positive result was recorded as change in 
color from yellow to pink and negative as no color change. 
The time for color change ranged from few minutes to 
24 hr. Accordingly, RUT results were interpreted as those 
which become positive within 1 hr and those up to 24 hr (45).

Culture and smear examination

Antral biopsies were surface inoculated on the selective 
brucella blood agar containing 7% defibrinated sheep blood, 
vancomycin (5 mg/L), trimethoprim (5 mg/L), polymyxin 
B (50 µg/L), and amphotericin B (4 mg/L). Cultured plates 
were incubated at 37 ℃ under microaerobic conditions 
with high humidity. Cultures were examined after 3-5 days 
of incubation for observing pinpoint glistening colonies. 

Negative cultures were further incubated and observed up 
to 2 weeks. Bacterial strains were identified as H. pylori on 
the basis of Gram stain and spiral microscopic appearance as 
well as positive activities of urease, oxidase, and catalase (10). 
After culturing, the remaining biopsy was evenly smeared 
on the glass slide. Biopsy smears were Gram-stained and 
visualized by light microscopy for observing Gram-negative 
spiral bacterial cells (19). Negative results were those in 
which H. pylori cells were not observed up to 60 min of 
microscopic searching.

Statistical analyses

Statistical analysis was performed using the Pearson’ chi-
square test and the Fisher’s exact probability test (IBM 
SPSS version.20) to determine the association between 
PPI consumption and results of culture, RUT or smear 
examination. A statistically significant level was defined 
as P≤0.05. Considering positive culture as gold standard, 
sensitivity, specificity, positive predictive values (PPV) 
and negative predictive values (NPV) and likelihood ratio 
for RUT was calculated. Due to considerable number of 
unexamined smears, sensitivity and specificity of culture 
were calculated only on the basis of positive result of RUT. 

Results

From 530 patients studied; 242 (45.6%) were male and 288 
(54.4%) female, 14-92 (mean age: 46±16.4) yr. Of total number 
of patients, 473 (89.3%) were diagnosed having gastritis and 57 
(10.7%) peptic ulcer. PPI was consumed by 326 (61.5%) and 
not by 204 (39.5%). Biopsy culture of 214 (40.4%) patients 
was positive and RUT of 256 (48.3%) turned positive within 
few minutes up to 24 hr. Out of 234 smears examined, H. pylori 
was observed in 112 (47.9%), mostly as clades of tens of spiral 
bacteria (Table 1, Figure 1). The overall H. pylori infection rate 
was estimated 54% when at least one positive test was taken as 
an indicator of H. pylori occurrence.

Out of 530 patients studied, results of H. pylori culture 
were consistent with those of RUT in 438 (82.6%). 
Among 189 (35.7%) patients with positive results of 
culture and RUT, 80 (15.1%) consumed PPI and 109 
(20.6%) did not. Among 249 (47%) patients with negative 
results of culture and RUT, 184 (34.7%) consumed PPI 
and 65 (12.3%) did not. A strong correlation was found 
between PPI consumption and negative results of both 
culture and RUT (P value =0). Among 189 patients with 
positive results of culture and RUT, smear of 171 (32.3%) 
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patients were observed and 97 (18.3%) indicated the 
presence of H. pylori cells. Among these patients, 46 (8.7%) 
consumed PPI and 51 (9.6%) did not. Among 249 patients 
with negative results of culture and RUT, 5 (0.9%) had 
positive smear, 3 (0.6%) consumed PPI and 2 (0.4%) did 
not. Results of H. pylori culture did not agree with those 
of RUT in 92 (17.4%) patients. Biopsy samples of 25 
(4.7%) patients were culture positive but RUT negative 
while 67 (12.6%) samples were culture negative but RUT 
positive. Among these patients 62 (11.7%) consumed PPI 
and 30 (5.6%) did not. In patients with disagreement of 
culture and RUT, 10 (1.9%) patients had positive smear, 
28 (5.2%) had negative and 54 (10.2%) were not examined  
(Table 2). Statistical analysis was performed for those 
patients with one positive results of at least one test. The 
number of patients with PPI consumption and negative 
results of culture or RUT was considerably high, showing 
significant correlation between negative results of culture 

(47, 16.4%) or RUT (21, 7.3%) and PPI consumption 
(P<0.05). This correlation was not observed in the analysis 
of smear results showing that PPI consumption could have 
a negative impact on the results of H. pylori culture and 
RUT but not on smear (Table 3). 

On the basis of RUT results, sensitivity and specificity 
of culture in patients who consumed PPI were 64.5% and 
91%, respectively, compare with patients who consumed 
no PPI (82.5% and 90.2%). Sensitivity and specificity 
of smear examination in patients who consumed PPI 
were 55.9% and 77.7%, respectively, compared with 
patients who consumed no PPI (50% and 69.2%) but 
the results were not reliable due to considerable number 
of unexamined smears. On the basis of culture results, 
sensitivity, specificity, PPV, NPV and likelihood ratio of 
24-hr and 1-hr RUT were calculated. In patients who 
consumed PPI, sensitivity, specificity, PPV, NPV, positive 
likelihood ratio and negative likelihood ratio of 1-hr were 
74.4%, 93.8%, 83.9%, 89.5%, 5.2 and 0.1 and those of  
24-hr RUT were 81.6%, 80.7%, 64.5%, 91%, 1.8 and 
0.1. In patients without PPI consumption, sensitivity, 
specificity, PPV, NPV, positive likelihood ratio and 
negative likelihood ratio of 1-hr RUT were 92.2%, 85.2%, 

Table 1 Classification of 530 dyspeptic patients according to 
gender, age, endoscopic findings and the results of H. pylori 
diagnosis by culture, RUT and smear examination 

Classification

With PPI 

consumption,  

n (%)

Without PPI 

consumption,  

n (%)

Total,  

n (%)

Patients

Gender

Male 144 (27.2) 98 (18.4) 242 (45.6)

Female 182 (34.4) 106 (20.0) 288 (54.4)

Age 47±16.3 45±16.5 46±16.4

Endoscopic finding

Gastritis 293 (55.3) 180 (34.0) 473 (89.3)

Peptic ulcer 33 (6.2) 24 (4.5) 57 (10.7)

H. pylori diagnosis

Culture

Positive 98 (18.5) 116 (21.9) 214 (40.4)

Negative 228 (43.0) 88 (16.6) 316 (59.6)

RUT

Positive 124 (23.4) 132 (24.9) 256 (48.3)

Negative 202 (38.1) 72 (13.6) 274 (51.7)

Smear examination

Positive 56 (10.6) 56 (10.6) 112 (21.1)

Negative 61 (11.5) 61 (11.5) 122 (23.0)

Not performed 209 (39.4) 87 (16.4) 296 (55.9)

RUT, rapid urease test; PPI, proton pump inhibitors.

A

B

Figure 1 Photomicrograph of Gram-stained smears of antral 
biopsies, showing (A) typical spiral cells of H. pylori appearing 
with even or (B) patchy distribution (magnification ×1,250).
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89.1%, 89.2%, 8.2 and 0.1 and those of 24-hr were 93.9%, 
73.8%, 82.5%, 90.2%, 4.7 and 0.1 (Table 4). 

Discussion 

The prevalence of H. pylori among 530 patients was estimated 
as 40.4% by culture (sensitivity: 64.5-82.5%), 48.3% by RUT 
(sensitivity: 74.4-93.9%) and 21.1% by smear examination 
(sensitivity: 50-77.7%) and the overall H. pylori infection rate 
was 54%. Out of 234 Gram-stained smears, spiral bacterial 
cells were visualized in 112 (47.9%) samples; 97 culture and 
RUT (+), 5 culture (−) and RUT (+), 5 culture (+) and RUT (−) 
and 5 culture and RUT (−). Detection rate of culture was lower 

than those reported by others (50-70%) (20,21). Our results of 
Gram-stained smear examination were consistent with those 
from Kuwait in which 184/252 (67.4%) smears examined by 
imprint cytology method were positive for the presence of H. 
pylori cells. Furthermore, from 270 smears stained by Gram’s 
Method, 52.2% showed H. pylori cells. In the same study H. 
pylori culture was positive in 43.7% of 261 cultured biopsies 
and RUT turned positive in 56.4% of 264 biopsy samples (19). 
In Taiwan, H. pylori was detected in 30.4% of patients by 
culture, 28.9% by RUT and 36.2% by histopathology. The 
sensitivity of culture was 91.46%, histopathology 95.12% 
and RUT 64.63% (antrum) and 69.51% (corpus) (18). In a 
study from Bangladesh, H. pylori was detected in 49.5% of 
patients by smear examination (sensitivity; 86.2%), 45.6% by 
haematoxylin & eosin staining (sensitivity; 77.6%), 51.5% by 
modified Giemsa staining (sensitivity; 86.4%) and 56.4% by 
RUT (sensitivity; 96.6%) (26).

Out of 530 gastric biopsies studied, 80 biopsies were 
positive for culture and RUT despite PPI consumption, 
indicating that culture and RUT might not be affected by 
PPI consumption in some patients, although the number 
of patients with negative results of culture and RUT who 
consumed PPI (184, 34.7%) was 2.8 times more than those 
who did not (65, 12.3%) (P value =0). Statistical analyses on 
patients with at least one positive test showed a significant 
correlation between negative results of culture or RUT 
and PPI consumption (P value <0.05). This correlation was 
not observed in the analysis of smear examination results, 
showing that PPI consumption could have a negative 
impact on the results of H. pylori culture and RUT but not 
on smear examination. 

The sensitivity and specificity of RUTs have been 

Table 2 Results of H .pylori culture, RUT and smear examination of 530 patients with and without PPI consumption

H. pylori diagnosis
PPI consumption n (%)

Smear examination

Culture RUT Positive, n (%) Negative, n (%) Not performed, n (%)

+ + + 80 (15.1) 46 (8.7) 27 (5.1) 7 (1.3)

+ + − 109 (20.6) 51 (9.6) 47 (8.9) 11 (2.1)

− − + 184 (34.7) 3 (0.6) 15 (2.8) 166 (31.3)

− − − 65 (12.3) 2 (0.4) 5 (0.9) 58 (10.9)

+ − + 18 (3.4) 4 (0.7) 13 (2.5) 1 (0.2)

+ − − 7 (1.3) 1 (0.2) 5 (0.9) 1 (0.2)

− + + 44 (8.3) 3 (0.6) 6 (1.1) 35 (6.6)

− + − 23 (4.3) 2 (0.4) 4 (0.7) 17 (3.2)

RUT, rapid urease test; PPI, proton pump inhibitors.

Table 3 Correlation between the results of H. pylori diagnosis 
tests; culture, RUT and smear examination and consumption of 
PPI for those patients with at least one positive test

Diagnosis 

test

With PPI 

consumption,  

n (%)

Without PPI 

consumption 

n (%)

Total n of 

patients

P 

value

RUT (≤24 h) 286 0.025

Positive 124 (43.3) 132 (46.2)

Negative 21 (7.3) 9 (3.2)

Culture 286 0.004

Positive 98 (34.3) 116 (40.6)

Negative 47 (16.4) 25 (8.7)

Smear examination 214 0.473

Positive 56 (26.2) 56 (26.2)

Negative 46 (21.4) 56 (26.2)

RUT, rapid urease test; PPI, proton pump inhibitors.
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reported as a range of 88-93% and 99-100%, respectively. 
It has been indicated that at 1hr, the sensitivity of CLO test 
reduced to 66-71%. However, reading the results longer 
than 1 hr increased the accuracy of the test, proposing 
that increasing the incubation time may improve the 
sensitivity of RUT but decreases its specificity (45,46). 
Good performance of urease test has been demonstrated 
with the sensitivity of 89.6%, specificity 100%, PPV 
100% and NPV 84.1% (18). In this study, on the basis 
of culture results, the 24-hr RUT had higher sensitivity 
than 1-hr RUT in patients who consumed PPI. There 
was no significant difference between the sensitivity of 
24-hr and 1-hr RUT in patients without PPI consumption. 
The sensitivity of 24-hr RUT was reduced from 93.9% to 
81.6% as the result of PPI consumption. This change in 
sensitivity was more profound in 1-hr RUT, which showed 
a reduction from 92.2% to 74.4% due to PPI consumption. 
Our results showed that in patients who consumed no PPI, 
1-hr RUT has the best performance with the sensitivity 
of 92.2%, specificity 85.2%, PPV 89.1%, NPV 89.2%, 
positive likelihood ratio 8.2 and negative likelihood ratio 0.1. 
These results are consistent with those of other study which 
showed the sensitivity of 1-hr RUT as 39% in patients with 
PPI consumption and 78% in those without. Moreover, 
the 24-hr RUT was found as 62% in patients with PPI 
consumption and 89% in those without (47).

It has been demonstrated that PPIs and bismuth exhibit 
bactericidal activity against H. pylori (43). PPIs cause rise 
in the stomach pH, leading to accumulation of ammonia 
produced by H. pylori urease and suppression of bacterial 
viability (48). PPIs and antibiotics cause spiral forms of H. 
pylori to turn into coccoid with lower urease activity (49). 
Chen et al. found no difference in diagnosis accuracy of 
H. pylori infection by multiplex-PCR in patients with 

(74%) or without (75%) PPI consumption and indicated 
that in patients with PPI consumption, PCR had higher 
detection rate (74%) than RUT (18%) and histology 
(50%) (50). In vitro studies showed the concentration-
dependent inhibitory effect of PPI on H. pylori growth (43) 
and its virulence properties (51). Lansoprazole exhibited 
bactericidal activity at ≤0.625 µg/mL which was 4-fold 
and 16-fold higher than omeprazole and pantoprazole, 
respectively. The inhibitory effect of lansoprazole on 
RUT was twice more than omeprazole and 6 times than 
pantoprazole (52). These results indicate that the effect of 
PPI on H. pylori culture and RUT could depend on the kind 
and dosage of PPI consumed by patients. 

Result of this study showed an overall detection rate of 
54% by culture, RUT and smear, which was considerably 
lower compared with results of previous studies from Iran, 
obtained by serology, 69-89% (5,6) or histopathology 
and RUT, 89.2% (7). Several reports indicate decrease in 
the prevalence of H. pylori in some parts of the world. It 
has been proposed that this decline could be the result of 
public awareness, improvement of personal hygiene, living 
conditions and diagnostic methods as well as effective 
eradication of H. pylori (53). However, others suggest 
that one important reason for reported decrement of H. 
pylori prevalence could be false negative results of H. pylori 
diagnostic tests due to failure in bacterial growth and urease 
activity after PPI consumption (43,51). 

Decline in the positive results of culture, RUT or smear 
examination could be due to several other factors such as: 
wrong site of biopsy sampling, small size of the biopsy, 
destruction of biopsy during endoscopy, low bacterial 
density in biopsy, consumption of alcohol or histamine H2-
receptor blockers (54) or antibacterial compounds released 
from neutrophils during tissue processing (55). Several 

Table 4 Sensitivity, specificity, PPV, NPV, likelihood ratio (+/−) of H. pylori 1-hr RUT, 24-hr RUT of patients with or without PPI 
consumption

Group No. of patients Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Likelihood ratio

+ −

1-hr RUT 530

With PPI 73/98 (74.4) 214/228 (93.8) 73/87 (83.9) 214/239 (89.5) 5.2 0.1

Without PPI 107/116 (92.2) 75/88 (85.2) 107/120 (89.1) 75/84 (89.2) 8.2 0.1

≤24-hr RUT 530

With PPI 80/98 (81.6) 184/228 (80.7) 80/124 (64.5) 184/202 (91.0) 1.8 0.1

Without PPI 109/116 (93.9) 65/88 (73.8) 109/132 (82.5) 65/72 (90.2) 4.7 0.1

PPV, positive predictive value; NPV, negative predictive value; RUT, rapid urease test; PPI, proton pump inhibitors.
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recommendations for improving the results of culture, RUT 
and smear examination have been proposed. Using multiple 
biopsies (56), mincing and homogenizing biopsies before 
culturing (57), longer incubation time (58), maintaining high 
level of humidity during incubation (59), wiping the anaerobic 
jars with 70% alcohol (59) or using copper sulfate solution in 
water tray of incubators to postpone the fungal growth. 

Although culture is a tedious and time-consuming 
method for recovery of H. pylori from gastric epithelium, 
it provides plenty of bacterial cells for studying their 
phenotypic and genotypic characteristics while allowing 
evaluation of antimicrobial resistance. Furthermore, 
culture provides the opportunity for discovery of new 
microorganisms that inhabit the stomach. We have isolated 
two unique mucoid H. pylori stains with high resistance 
to antibiotics that could withstand exposure to O2 for a 
long time, compared with the control H. pylori strain (60). 
We also isolated Candida yeasts from gastric biopsies and 
studied the intracellular occurrence of H. pylori inside the 
vacuole of yeast (61,62). Several reports indicate isolation of 
different microorganisms from human stomach, including 
Streptococci (63), Lactobacilli (64) and yeast (65).

Culture, RUT and smear examination are the most 
accurate methods used for H. pylori diagnosis when good 
quality biopsies with moderate to high bacterial density 
are recruited. However, among the diagnostic tests for 
H. pylori infection, culture and RUT are mostly affected 
by PPI consumption, yielding false negative results. PPI 
prescription has been reported considerably high in some 
countries (66), even for mild dyspepsia (67). PPIs are 
also highly prescribed in Iran, mainly for subclinical to 
mild gastritis, leading to false negative results of H. pylori 
diagnostic tests, including RUT in endoscopy room. 
Accordingly, consumption of PPIs should be stopped at 
least 2-4 weeks before performing the endoscopy (68).
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