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Abstract
AIM: To evaluate the efficacy of centralized culture and possible influencing factors.

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]METHODS: From January 2010 to July 2012, 66452 patients [with suspected Helicobacter pylori (H. pylori) infection] from 26 hospitals in Zhejiang Province and Jiangsu Province, China, underwent gastrointestinal endoscopy. The gastric mucosal biopsies were taken from the antrum for culture. These biopsies were transported under natural environmental temperature to the central laboratory in Hangzhou city and divided into three groups based on their transport time (independent 5 h, 24 h and 48 h transport groups). The culture results were reported after 72 h and the culture positive rates were analyzed by χ2 test. Another 5736 biopsies from H. pylori positive[5646 rapid urease test (RUT) positive and 90 14C-urease breath test (14C-UBT) positive] patients were also cultured as quality control in the central laboratory setting.

RESULTS: The culture positive rate was 31.66% (21036/66452) of the 66452 specimens and 71.72% (4114/5736) of the H. pylori positive specimens which were detected by RUT and 14C-UBT. In 5 h transport group, the culture positive rate was 30.99% (3865/12471) while it was 32.84% (14960/45553) in 24 h transport group. In contrast, the culture positive rate declined significantly in 48 h transport group (26.25%, P < 0.001). During transportation, the average natural temperature increased from 4.67℃ to 29.14℃ while the culture positive rate declined from 36.67% (1462/3987) to 24.12% (1799/7459). When the temperature exceeded 24℃, the culture positive rate decreased significantly, especially in 48 h transport group (23.17%).

CONCLUTION: Transportation of specimens within 24 h and under a low natural temperature (not exceeding 24℃) is reasonable and acceptable, indicating the centralized culture of multicenter samples is feasible. The results of this study can be promisingly applied in individualized medical use and clinical H. pylori eradication.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Helicobacter pylori (H. pylori), one of the most common human pathogens, can lead to gastric ulcer, gastritis, gastric cancer, and mucosa-associated lymphoid tumors (MALT)[1]. According to Maastricht IV and Chinese Consensus Report, two antibiotics combined with one proton-pump inhibitor (PPI) are recommended as standard first-line treatment to eradicate H. pylori[2,3]. However in recent years, the success rates have declined below 80% in most European and Asian countries[4-6]. There are many reasons accounting for eradication failure, such as poor patient compliance, resistant bacteria and low gastric pH. In fact, the main reason is the increasing H. pylori resistance to the antibiotics used[7,8]. 
In China, the resistance to clarithromycin, a key antibiotic in the triple therapy, has reached above 20% and should not be used in anti-H.pylori therapy without a susceptibility test[2,9,10,11]. In addition, accumulated evidences have suggested that culture-susceptibility test may improve the eradication rate of H. pylori[12-17]. 
However, H. pylori is a rather fastidious bacterium at culture, especially when a low bacterial load is present[18]. The ideal situation for culture-susceptibility test is not available in many clinical settings, since most endoscopic units do not have any direct access to a microbiology laboratory. Therefore, the gastric biopsy specimens from multicenter should be transported to a central laboratory for H. pylori culture. During transportation, time and temperature could influence the survivability of H. pylori and these issues are still in debate[19-23]. Some investigators emphasized the need for rapid transport at a low temperature[21]. Others demonstrated that H. pylori could survive at room temperature for 24 h without loss of the ability to recover[22]. If as a routine clinical application system, the transport of samples under natural temperature is demanded. In order to assess the factors, transportation test[24] and isolation test of thousands of H. pylori strains were performed in our lab, but the complexity of real large-scale clinical application couldn’t be represented accurately. The feasibility of centralized isolation of H. pylori in a large number of clinical samples from multicenter and its influencing factors need to be tested for real practice.
A central laboratory for H. pylori isolation was set up in Zhiyuan Medical Inspection Institute CO., LTD in Hangzhou city which provided personalized treatment strategy for H. pylori eradication recent years. In order to evaluate the efficacy of centralized culture and possible influencing factors, we conducted a research in the central laboratory to analyze culture positive rates of a large number of clinical samples collected from 26 hospitals in nine cities. 

MATERIALS AND METHODS
Sample collection
The sampling was conducted in Zhejiang Province and Jiangsu Province, China. Between January 2010 and July 2012, consecutive participants with suspected H. pylori infection underwent gastrointestinal endoscopy. The gastric mucosal biopsies were taken from the greater curvature of gastric antrum using sterile disposable biopsy forceps. Additionally, in order to assess the positive rate of H. pylori culture, specimens  from H. pylori positive patients[5646 rapid urease test (RUT) positive and 90 14C-urease breath test (14C-UBT) positive] were also collected as control. The H. pylori positive samples were all collected from Wenzhou city, including The First Affiliated Hospital of Wenzhou Medical College and The First People’s Hospital of Pingyang.  
This study was approved by the Ethics Committee of National Institute for Communicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention and the Ethics Committee of Zhiyuan Medical Inspection Institute CO., LTD in Hangzhou, and written informed consent was obtained from all patients.

Transport and culture procedure
The gastric mucosal sample from each patient was stored in sterile tube that contained 1ml brain heart infusion (BHI) with 20% glycerol and kept under 4 ℃ before transportation. All the fresh biopsy specimens were transported under external temperature to Zhiyuan Medical Inspection Institute CO., LTD in Hangzhou for centralized isolation. The 66452 specimens were divided into three independent groups based on transport time: 5 h, 24 h and 48 h transport groups. The first group (5 h group, 12471 cases) was collected from Hangzhou city at 9 am to 12 am and cultured at 2 pm on the same day. The second group (24h group, 45553 cases) was collected from other cities hundreds of kilometers away from Hangzhou at 9 am to 12 am and sent to Hangzhou for culture at 9 am next day. The third group (48 h transport group, 8428 cases) were collected from Jinhua city and transported to Hangzhou for culture 48 hours later because of the limitations of local hospital conditions. All samples were kept under 4 ℃ before transportation. Moreover, the H. pylori positive samples were transported as 24 h group.
These samples were grinding broken and cultivated on Columbia agar (Oxoid) plates supplemented with 5% defibrinated sheep blood, 3 μg/mL synergist, 2.5 μg/mL vancomycin, 2 μg/mL amphotericin B, and 2μg/ml bacillosporin B under microaerophilic conditions (5% O2, 10% CO2, 85% N2) for 72 h. Translucent colonies about 0.5-2 mm from the original agar plates were selected for gram stain and for urease, oxidase and catalase tests. Colonies with curved gram-negative rods resembling Helicobacter.spp and positive in three enzyme tests were identified as H. pylori.

Meteorological data 
[bookmark: OLE_LINK16]The information concerning daily measured maximum, minimum and average temperatures in each city related with this study in Zhejiang Province from January 1, 2010 to December 31, 2012 was supplied by Meteorological Bureau of Zhejiang Province. The daily average temperature was the average value of temperatures at four time points each day (2 am, 8 am, 2 pm and 8 pm). In our investigation, we used the meteorological data on regional level in six cities (Hangzhou, Jiaxing, Jinhua, Taizhou, Wenzhou, and Zhoushan) to calculate the monthly maximum, minimum and average temperatures and draw the temperature change curves.

Statistical analysis
The results of isolation and identification of H. pylori for all specimens were reported 72 h after culture and all calculations were done by using the software package SPSS 18.0(SPSS Inc., Chicago, IL). The culture positive rates were assessed with χ2 test. A probability (P) value equal to or less than 0.05 was considered to be statistically signiﬁcant. 

RESULTS
Sample collection 
The random 66452 samples were collected from 24 hospitals in nine cities: Hangzhou (6), Jiaxing (1), Jinhua (3), Shaoxing (1), Taizhou(3), Wenzhou (4), Zhoushan (3), Lishui (2) and Wuxi (1). The 5736 H. pylori positive specimens were collected from another two hospitals in Wenzhou city. Eight of the all 26 sampling hospitals are Class 2A hospitals, which provide medical services for communities and majority are County-level hospitals. The others belong to Class 3A which are regional hospitals and possess the highest medical level in Chinese hospital grading. The distribution and numbers of samples in each year and city are shown in Figure 1A. 

Culture results
Of the 66452 specimens, 21036 (31.66%，21036/66452) were H. pylori cultural positive. The culture positive rates of specimens in 2010, 2011 and 2012 were 28.64% (4897/17098), 30.28% (6513/21509) and 34.57% (9626/27845), respectively. The differences showed statistical significance (P < 0.001). The culture positive rate for Class 2A hospitals was 31.96% (8103/25350) and that of Class 3A hospitals was 31.47% (12933/41102).  
As Figure 1B displayed, the culture positive rates of samples from nine cities varied from 26.59% (2354/8852) in Jinhua city to 42.51% (332/781) in Lishui city. The culture positive rate of Hangzhou city, which was the culture center, was 30.99% (3866/12473).
Even in the same city, the culture positive rates of different sampling hospitals were different. We compared the culture positive rates of four hospitals in Hangzhou city, reaching the culture positive rates of 29.97% (3316/11064), 38.95% (298/705), 25.73% (79/307) and 47.66% (61/128), respectively (shown in Figure 2). 

Culture results of different transport groups
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]The culture positive rates of 5 h group, 24 h group and 48 h transport group were 30.99% (3865/12471), 32.84% (14960/45553) and 26.25% (2211/8428), respectively. The culture positive rate of 48 h transport group was much lower than the other two groups (P < 0.001). We also compared the culture positive rate of 48 h transport group with that of samples from same city, which were identified as 24 h transport group. The results showed significant difference between them (26.25% vs 33.73% (143/424), P < 0.001). 

Culture results of different natural transport temperatures
The average natural temperature in Zhejiang province within one year was from 4.67 ℃ to 29.14 ℃. The average temperatures in January, May, June and July were 4.66℃, 20.85℃, 24.24℃ and 28.85℃, respectively. The change curves of average temperatures were similar in six cities, and the monthly average temperature, average maximum and minimum temperatures of the six cities during this study were showed in Figure 3A. 
As the temperature increased, the total culture positive rate declined from 36.67% (1462/3987) in December to 24.12% (1799/7459) in July. Although the average temperature elevated significantly from January to May, the culture positive rates were similar. When the average temperature exceeded 24℃ in June and July, the culture positive rates declined significantly (P < 0.001), especially in July with the lowest culture positive rate (24.12%, 1799/7459). This phenomenon was particularly evident in Wenzhou city whose culture positive rates changed from 38.44% (316/822) in January to 25.38% (389/1533) in July. 
The culture positive rates in the other months changed slightly even when the temperatures changed significantly (Figure 3B).

Culture results of H. pylori positive specimens
Of the H. pylori positive specimens, the isolation of H. pylori was successful in 4114 cases (71.72%). It indicated that the positive predictive value of H. pylori isolation in the central cultural platform was 71.72%. According to this data, the H. pylori infectious rate in the patients of random sample group was approximately 44%.

DISCUSSION
Isolation of all samples was conducted in the same laboratory to eliminate the intrinsic variability in multiple laboratories. The advantage of our study was its largest sample size to date, involving wide range of demographic characteristics, geographic areas and hospitals at different medical levels (as nearly all the gastrointestinal endoscopic tests were done in the Class 2A and Class 3A hospitals in China). Compared with previous studies[25], the limitations of small sample size or the data from different laboratories were certainly avoided in this study and more reliable information for the centralized culture of H. pylori was provided. 
The culture positive rate of H. pylori positive specimens was 71.72%. In the previous studies, estimated isolation rates ranging from 75% to 94% were reported[25,26]. Considering the differences between the H. pylori cultures used for clinic study and those for individual medical service, as well as on the amount of samples and the Time-efficient characteristics (a limited time of about seven days for clinical report was usually set in the latter), the culture positive rate of 71.72% for positive samples was acceptable.
In China, the total infectious rate of H. pylori was relatively high, reaching 40%-60% in adults. In this study, the culture positive rate of the suspected H. pylori infection group was 31.66%. Combined with the culture rate of positive samples, an approximate 44% infectious rate was calculated and agreed with the reported data, indicating the culture positive rate of random samples was reasonable. In addition, the cost of culture and sensitivity test for six antibiotics is totally $18, while the UBT test price is $29 in Zhejiang province. The random samples were collected without any H. pylori detection, leading to a lower cost (51.25% reduced) and economic burden in this population compared with detection strategy.
Factors influencing the isolation rates during transportation have been discussed by previous studies[18,23,27,28]. Use of dry ice and need for storage at a constant temperature of 4℃ were recommended, but they cannot be put into real practices in the H. pylori isolation for individualized medical need in a large number of cases, because dry ice is too costly and constant 4℃ preservation condition is hard to maintain. As repeated freezing and thawing was more harmful for the successful isolation of H. pylori, it was not recommended that the biopsy samples were transported on ice, even it appears as necessary conditions for the optimal diagnostic of Helicobacter infections by mean of bacteriological methods in small sample study[29]. Thus, in our study, transportation of biopsy specimens under ambient temperature was performed. Our results indicated that the samples could be maintained well without influencing the culture rates within 24 h, especially when the mean temperature was lower than 24℃. A prolonged or delayed transport time and the higher natural temperature (daily average temperature above 24℃) could influence the culture positive rates significantly, probably due to contamination and overgrowth of other bacteria. Based on these factors, the proper position of the culture center should be taken into account and transportation condition of low temperature measure should be taken in summer. 
Besides the two strong influencing factors, other factors such as sampling and operation levels should also be considered, since variability in the culture positive rates was observed among the four hospitals in Hangzhou city which shared the same sample population and transport conditions (Figures 2 and 4). In some study[30], low isolation rates were got in failed eradication therapy patients. The patients from Class 2A hospitals and Class 3A hospitals might have different background of antibiotics use. In this study, a novel design was to compare the culture rates between Class 2A and Class 3A hospitals. The results showed no obvious differences, indicating the medical levels of hospitals could be ignored. In addition, the culture positive rates significantly increased within three years, probably due to the improved skills of sampling and experience in the laboratory personnel. This indicated that the culture positive rate also has a large space to improve, even in H. pylori isolation platform for individualized medical need in a large number of cases. 
There were also some limitations in this study. First, in this study we further compared the culture positive rates of only four hospitals in Hangzhou city. The other two hospitals were excluded in the results, since the samples in the two hospitals were small and the sampling was not consecutive. Second, we selected six cities to assess the temperature effects on culture positive rates，because the samples collected in Lishui, Wuxi and Shaoxing for some months were missed, and the meteorological data was incomplete. Even these exclusions existed, the selected data accounted for majority and was enough to compare these differences. Third, the H. pylori positive group was available to assess the culture results, although there was no direct comparison or control group in this study for all samples, such as a non-culture based test, the culture positive rates in this study were considered acceptably.
In general, this study was the first large-scale one on centralized culture of H. pylori, confirming the feasibility of establishing a culture center for individualized medical use. We believe the findings of this study can be promisingly applied in clinical and public health practice. The resistance to clarithromycin often poses a challenge in clinical design making. Like ten years ago, when triple therapy was recommended since the eradication rate of two couplet therapeutics decreased, the doctors had to choose the quadruple therapy or sequential therapy. But this is just entering the next cycle, the eradication rate of quadruple therapy or sequential therapy will be reduced to unacceptable levels. Establishment of a personalized treatment strategy may potentially resolve the public health problem and reduce economic burden on the patients and community, especially in those populations with high resistance.

COMMENTS 
Background
The centralized culture of Helicobacter pylori (H. pylori) in a large number of clinical samples from multiple centers was established. The effiency of centralized culture and possible influencing factors was evaluated. 

Research frontiers
The antibiotic resistance is a worldwide problem that prevents the H. pylori eradication. Personalized treatment strategy based on culture and antimicrobial susceptibility test is one of the most promising ways to solve the problem.  

Innovations and breakthroughs
Previous studies had discussed the factors influencing the isolation rates during transportation. Our study was the first large-scale one on centralized culture of H. pylori, confirming the feasibility of establishing a culture center for individualized medical use.  

Applications
The findings of this study can be promisingly applied in clinical and public health practice. Establishment of a personalized treatment strategy may potentially resolve the public health problem and reduce economic burden on the patients and community, especially in those populations with high resistance.

Terminology
Clarithromycin is one of the core antibiotics of triple regimen for H. pylori eradication. If the clarithromycin resistance rate of H. pylori is up to 15-20% in a population, this antibiotic should not be used without susceptibility test.

Peer review
In this study, the authors evaluated the effiency of centralized culture and disscussed the possible influencing factors. It revealed that centralized culture of multicenter samples is feasible. The results of this study can be promisingly applied in individualized medical use and clinical H. pylori eradication.
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Figure 1 Samples and the related Helicobacter pylori cultural positive rates. A: Distribution of 26 hospitals and sample numbers from 2010 to 2012 in each city; B: The positive rates in nine cities in Zhejiang and Jiangsu Provinces. The map was drawn by ARCGIS. 9.3. software.
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Figure 2 Culture positive rates in four different hospitals in Hangzhou.
[image: E:\投稿文章\lancet投稿\Figure 2.tif]

Figure 3 Temperatures and related culture positive rate in six cities within three years. A: The maximum, minimum and average temperatures in Hangzhou, Jiaxing, Jinhua, Taizhou, Wenzhou and Zhoushan in three years. Tmax: maximum temperature; Tmin: minimum temperature; T: average temperature. B: The culture positive rate curves of six cities in three years.
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Figure 4 Culture positive rates of six cities in Zhejiang Province in January, May, June and July.
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