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Abstract

Molecular diagnosis of helicobacters by PCR is simpler, more accurate, and feasible compared to
other diagnostic methods. Validity and accuracy are highly dependent on the PCR primer design,
diffusion time, and mutation rate of helicobacters. This study aimed to design 16sTRNA -specific
primers for Helicobacter spp. and H. pylori. Application of comparative statistical analysis of the
diagnostic utility of the most available 16sTRNA genus-specific primers. The new primers were
designed using bioinformatics tools (MAFFT MSA and Gblocks command line). A comparative
study was applied on nine genus-specific 16srRNA primers in comparison to the ConsH using
Insilco and laboratory evaluation. The results demonstrated that the best specificity and
sensitivity of the primers designed for this study compared to other primers. The comparative
study revealed that the heminested outer/inner primers were the worst. Although
H276,16srRNA(a), HeliS/Heli-nest, and Hcom had acceptable diagnostic utility, false positive
and false negative results were obtained. Specificity testing on clinical samples indicated a
surprising result; that H. pylori was not the sole enemy that we were looking for, but the NPH
should be considered as a real risk prognostic for gastric diseases, consequently, a specific
diagnosis and treatment should be developed. This study concluded that our designed primers
were the most specific and sensitive in comparison with other primers. in addition, Insilco
evaluation is not accurate enough for primer assessment and that the laboratory evaluation is

mandatory.
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Introduction

Genus Helicobacter is a microaerophilic, helical, Gram-negative bacterium responsible
for gastrointestinal disorders [1]. Thirty-four Helicobacter spp. have been identified so far
according to LPSN (http://www.bacterio.net/h/helicobacter.html). It became evident that
Helicobacter spp. can infect humans and various animal hosts and colonize different anatomical

regions of the gastrointestinal tract [2].

Helicobacter pylori (H. pylori) was first recognized and considered a major cause of
gastrointestinal disorders, including gastritis and peptic ulcers. Chronic infections are associated
with gastric cancers and mucosal-associated lymphoid tissue lymphoma (type 1 gastric
carcinogen by the International Agency for Cancer Research) in addition to several extra-gastric

diseases [1, 3, 4].

Helicobacter spp. is assumed to be one of the most genetically diverse bacterial species
studied to date [5]. Its genetic variability contributes to adaptation to changing environmental
conditions via many approaches as antibiotic resistance development and the continuous surface
antigen variation [6]. A wide range of genetic variability is attributed to substitution mutations
[7], insertion elements [8], genetic rearrangement in the pathogenicity islands [9], the presence of
prophages that causes genetic variations [10], and natural transformability demonstrated by many
strains (11). Helicobacter spp. variability renders its diagnosis more challenging than many other

genera.

Molecular diagnosis by polymerase chain reaction (PCR) is simpler, more accurate, and
feasible compared to other invasive and non-invasive diagnostic procedures[12, 13, 14]. PCR is

used for the detection of H. pylori DNA in various samples including gastric mucosa, feaces,
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saliva, dental plaque, and other environmental samples [15]. It has succeeded in demonstrating
an actual correlation between H. pylori infection and extra gastric digestive carcinogenesis as

hepatic carcinoma, bile duct cancer, pancreatic cancer, and colon cancer [16, 17].

Molecular diagnostic methods using PCR especially nested PCR will be the gold standard
in helicobacter diagnosis [18]. Although their use is still mainly restricted to research, it is
gaining great popularity in the medical field [19]. It is noteworthy that the validity and accuracy
of results are highly dependent on the PCR design and the time of its publication as new

sequences are constantly submitted to databases [16, 20].

Certain target genes have been extensively used for the PCR detection of Helicobacter
spp. and H. pylori, including the 16S rRNA gene, the 26K species-specific antigen gene, the
glmM gene, the ureA gene, the ureB gene, the cagA gene, and the vacA gene [21-33]. The most
sensitive and widely used gene for the detection of Helicobacter infections is PCR that targets
the genus-specific and conserved region of the housekeeping gene, 16S rRNA [16, 34], which is
present in all bacterial species. This small ribosomal subunit gene contains conserved regions
that are used for the general amplification of bacterial DNA by utilizing universal primers.
Comparison of DNA sequences from these PCR products is widely used in taxonomy,
phylogenetic studies (35), and clinical microbiology [36]. In addition to the conserved regions,
16S rRNA contains hypervariable regions that are highly specific for biological species or genera

[37, 38].

Despite the various advantages of PCR, high mutation rates of Helicobacter spp., the
short primers, the low melting temperature, polymorphism in binding site at 3’end in protein-
coding genes, and high melting temperature difference between forward and reverse primers

(more than the recommended 4°C) affect amplification efficiency and may lead to false-negative
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results [18, 19, 39, 40]. False-positive results may be attributed to the usage of non-specific
primers and the detection of ¢cDNA from non-pyloric helicobacter strains (NPH), this is
particularly important in environmental samples which may contain previously uncultured

organisms or NPH [15, 41].

The present study aimed to design new sets of primers specific to Helicobacter spp. and H. pylori
using bioinformatics tools. Evaluation of these designed primers was performed by Insilico and
experimental testing. Comparative Statistical analyses were applied for most 16sTRNA primers

for Genus Helicobacter detection.

Material and Methods

1. Design new 16srRNA specific primers for G: Helicobacter and

Helicobacter pylori.

Selected strains for multiple sequence alignment (MSA) and determination

of the G: Helicobacter and H. pylori conserved regions: Helicobacter pylori

(2017, 2018, 26695, 26695, 354, 51, 52, 83 908, 17, Aklavik86, B38, BS, BMO(124, 128),
Cuz20, ELS37, F(l6, 30, 32, 57), G27, Gambia94/24, HPAGI, HUP-BIl4, India7,
Lithuania75 OK113 DNA, OK310, P12, PeCan (18, 4), Puno(120, 135), Rif(1, 2), SIM180,
SNT49, Sat464, Shi(112, 169, 417, 470), South Africa(20, 7), UM(032, 037, 066, 298, 299),
XZ274, v225d, strain J99. Non-pyloric Helicobacter (NPH) as Helicobacter acinonychis str.

Sheeba, Helicobacter bizzozeronii CIII-1, Helicobacter cetorum (MIT 00-7128 and MIT 99-
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108 5656), Helicobacter cinaedi (ATCC BAA-847 DNA and PAGUG611). Helicobacter felis ATCC
109 49179, Helicobacter hepaticus ATCC 51449, Helicobacter mustelae 12198.

110 Multiple sequence alignment (MSA): All 16srRNA gene sequences of all selected
111 helicobacter strains were downloaded and saved in FASTA format to be used in MSA.
112 MAFFT online version https://mafft.cbrc.jp/alignment/server/ was used for MSA of all
113 16sTRNA gene sequences of the selected strains with a distance matrix by counting the
114 number of shared 6mers between every sequence pair. A guide tree was built, and the
115 sequences were aligned progressively according to the branching order, then the tree was re-
116 constructed, and finally, a second progressive alignment was carried out. MAFFT was
117 applied twice to obtain the outputs of Pearson/FASTA and Clustal.

118 Gblocks tool command line for the determination of conserved regions: To
119 detect the conserved regions of the alignment, the Gblocks tool was used to yield an htm file
120 that can be viewed using any browser. The MSA of all Helicobacter spp. 16srRNA gene
121 sequences were collected in a file named All strains 16s.aln and MSA of all H. pylori
122 strains 16sTRNA gene sequences were collected in a file named All_H_pylori.aln. both files
123 were used in The Gblocks command line in Terminal.

124 $ Gblocks All Strains_16s.aln -t=d -p=y

125 $ Gblocks All_ H pylori.aln -t=d -p=y

126 The design of new specific PCR primers for Helicobacter spp. (ConsH) and
127 nested primers for H. pylori (PyloA/PyloAN): The conserved regions of all

128 Helicobacter spp. and H. pylori were used in Thermofisher oligonucleotides design online
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129 version https://www.thermofisher.com/eg/en/home/life-science/oligonucleotides-primers-
130 probes-genes/custom-dna-

131 oligos.html?s_kwcid=AL!3652131506722412345!p!!g!!thermo%20primer&ef id=CjwKCA]
132 w_o-HBhAsEiwANqgYhp 8UC-

133 ah9JbbfiH6 [BwIt2XPuxGgihQjVGVIBB5Sny9X8hWAECQ3hxoCa70QAvD BwE:G:s&s_k
134 weid=AL!3652!31506722412345!p!!g!!'therm0%20primer&cid=bid_mol pch _r01 co_cpl35
135 8 pjt0000 bid00000 Ose_gaw_ bt pur con&gclid=CjwKCAjw_o-

136 HBhASEiwANqgYhp 8UC-

137 ah9JbbfiH6 [BwIt2XPuxGgihQjVGVIBB5Sny9IX8hWAECQ3hxoCa70QAvD BwE, Which
138 was used to design primers for PCR. Many probabilities were obtained for forward and
139 reverse primers. Every pair was tested to select the most suitable pair.

140 2. Evaluation of the newly designed primers:

141 Insilco evaluation by primer-Blast and Insilco PCR amplification:

142 ConsH and PyloA/PyloAN primers were examined by primer-Blast online software
143 https://www.ncbi.nlm.nih.gov/tools/primer-blast/. The primers were also subjected to Insilco
144 PCR amplification using online software http:/insilico.ehu.es/ against 62 Helicobacter
145 strains including 53 Helicobacter pylori strains and 9 non-pyloric Helicobacter strains.

146 Laboratory evaluation:

147 DNA extraction: The whole genome was extracted from three different samples, local

148 isolate, gastric biopsies, and stool samples. DNA extraction using different extraction Kkits,


https://doi.org/10.1101/2021.11.29.470340
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.11.29.470340; this version posted November 29, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

149 Thermo scientific GeneJET Genomic DNA Purification kit#K0722, QIAamp DNA stool
150 Mini kit#51604, and GF-1 Tissue DNA Extraction kit Vivantis cat.no:GF-TD-100

151 PCR: The PCR mixture included 1x master mix (amaR OnePCR™, Cat.No. SM213-0250,
152 GeneDireX, Inc.), 0.25 umol forward and reverse primers, 10 ng DNA, and up to 20 pl
153 nuclease-free water.

154 The amplification cycle for ConsH, pyloA/PyloAN was as follow: initial denaturation at
155 94°C/3 minutes, 30 cycles of the following temperatures: 94°C/30 sec, annealing at 60°C/1
156 minutes, and cyclic extension at 72°C/2 minutes, final extension at 72°C/5 minutes. Half a
157 microliter of PCR product for the first nested PCR (PyloA) was amplified in the second PCR
158 (PyloAN) for 20 cycles. Gel electrophoresis of the PCR products was performed in 1.5%
159 agarose (Vivantis, cat.no: pco701) against a 100 bp DNA ladder (Vivantis, cat.no:NL1405).
160 Specificity testing: PCR application of newly designed primers using eight sequenced
161 Helicobacter strains (5 H. pylori and 3 non-pyloric Helicobacter, H. hepaticus, H. cinidiae,
162 and H. felis) and 10 non-Helicobacter bacteria present in GIT included E. coli, Klebsiella
163 pneumoniae, Salmonella spp., Proteus mirabilis, Enterococcus fecalis, Enterobacter spp.,
164 Staphylococcus aureus, Streptococcus mutans, Pseudomonas aeruginosa, and Candida
165 albicans. All bacterial strains were sequenced reference. The newly designed primers were
166 applied clinically as mentioned before on 243 gastric biopsies taken from dyspeptic patients
167 admitted to Ahmed Maher Hospital (180 samples), El-Maadi Military Hospital (38 samples),
168 and Military production Hospital in Helwan (25 samples). The patients were tested in the
169 hospital by different invasive methods like endoscopic pictures, histopathology, and rapid

170 urea test (RUT). This study was approved by the Research Ethics Committee process number
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171 (HAMOO0116). The PCR positive samples were confirmed by the different invasive methods
172 and sequencing of the PCR products.

173 Sensitivity testing:

174 Serially diluted DNA of the whole genome of H. pylori (Local isolate) was introduced into a
175 negative stool and biopsy samples in the following concentration (5 ng, 0.5 ng, 50 pg, S pg,
176 0.5pg/ul). The final concentration in total volume PCR mixture (250 pg, 25 pg, 2.5 pg, 0.25
177 pg, 25 fg) [42].

178 3. Comparative analysis between the newly designed primer
179 ConsH and different 16srRNA primers for Helicobacter spp.
180 detection:

181 The 16srRNA specific primers used in the comparative study: The
182 comparative study was performed on 9 primers for the detection of G: Helicobacter
183 compared to the newly designed primer in this study (ConsH) (Table 1).

184 Insilco comparative study: These primers were examined by primer-blast and
185 subjected to Insilco PCR amplification.

186 Laboratory comparative study (specificity testing): PCR application of the
187 comparable primers was performed on the sequenced Helicobacter strains and non-

188 helicobacter strains.
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189 4. Statistical evaluation of the diagnostic utility of different
190 16srRNA primers for G: Helicobacter detection in the
191 literature:

192 Gold standard primer selection: The selected gold standard primer for evaluation was
193 the most specific one which gave negative results with all non-Helicobacter strains and
194 positive results with all sequenced Helicobacter strains.

195 Statistical methodology:

196 The sensitivity (true positive rate, TPR), specificity (true negative rate, TNR), positive
197 predictive value (PPV) and negative predictive value (NPV), false-positive rate (FPR), false-
198 negative rate (FNR), positive likelihood ratio (LR+), negative likelihood ratio (LR-),
199 accuracy (ACC), balanced accuracy (BA) and diagnostic odds ratio (DOR) were calculated
200 for insilco and laboratory comparison of the nine comparable primers. Statistical analyses of
201 screening tests for Helicobacter spp. using different primers were performed using Chi-
202 square. Receiver Operating Characteristics (ROC) analysis for each screening test, the true
203 positive rate (TPR) against false positive rate (FPR) can be measured compared to the gold
204 standard. Values of p < 0.05 were considered statistically significant. Analyses were
205 performed via SPSS version 26 software (SPSS Inc, Chicago, IL, USA) and R version 4.1.1

206 (R Foundation for Statistical Computing), with the ‘epiR’ package [43, 44].
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207 Data availability: Helicobacter DNA sequences were submitted to NCBI Genbank
208 with the following accession numbers OL630959, OL631133, OL631225, OL631585,
209 OL634782, OL634838, OL631152, OL631161and, OL631249.

210 Results:

211 1. The newly designed 16srRNA specific primers for Helicobacter

212 spp. and H. pylori:

213 The conserved regions of the 16stRNA gene-specific to all helicobacters and all H. pylori
214 strains are demonstrated in Table 2; whereas the conserved regions used in the design of
215 highly specific primers are demonstrated in Table 3. The first conserved area of Helicobacter
216 spp. was used for designing the genus-specific primer (ConsH) and the second conserved
217 area of H. pylori was used for designing the H. pylori specific nested primer (PyloA/
218 PyloAN).

219 2. Evaluation of the newly designed primers:

220 Insilco evaluation by BLAST and Insilco PCR amplification: ConsH primer
221 corresponds to 383 H. pylori and 18 NPH by primer-blast analysis. The nested primer
222 (PyloA/PyloAN) corresponds to 281 H. pylori strains. Insilco PCR amplification revealed
223 that ConsH primer gave a positive band of 435 bp in 60 Helicobacter strains (96.8%). The
224 nested primer (PyloA/PyloAN) revealed positive bands of 1274 bp (first nested, PyloA) and

225 160 bp (second nested, PyloAN) in 61 Helicobacter strains (98.4%).
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226 Laboratory evaluation:

227 e Specificity testing: The ConsH obtained positive bands of 435 bp with all helicobacters
228 and negative results with all non-helicobacter strains. The H. pylori-specific nested
229 primer (PyloA/PyloAN) produced positive bands of 1274 bp in the first pair and 160 bp
230 in the second pair with all five H. pylori strains and negative results with all NPH and
231 non-helicobacter strains. The results of PCR application in 243 clinical biopsy samples
232 revealed 99 positive samples for Helicobacter spp. by ConsH primer (40.7%), from these
233 positive samples, 66% were H. pylori and 33% were NPH. The positive cases were
234 confirmed by sequencing (Fig 1).

235 e Sensitivity testing: The detection limit of ConsH primer was 250 pg and 25pg in stool
236 and biopsy clinical samples, respectively, while the detection limit of PyloA was 0.25 fg
237 and 0.25pg in stool and biopsy clinical samples respectively (Fig 2).

238 3. Comparative analysis between the newly designed primer
239 ConsH and different 16srRNA primers for G: Helicobacter
240 detection:

241 Insilco comparative analysis: Primer Blast revealed that H276 primer correlates
242 with 277 H. pylori and 56 NPH, whereas 16srRNA(b) matches 401 H. pylori, outer/inner
243 primers are compatible with 283 H. pylori and 48 NPH, HeliS-Helinest match 329 H.
244 pylori, and 115 NPH. 16srRNA(a) doesn’t match any Helicobacter. Hcom corresponds to
245 282 H. pylori and 13 NPH. BFHpyl matches 312 H. pylori and 3 NPH. Heid correlates
246 with 297 H. pylori and 2 NPH. The positive percent of Insilco PCR amplification is

247 explained as follows: H276 and outer/inner primers gave positive in 60 Helicobacters
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248 (96.8%), Hcom1 gave positive with 61 Helicobacters (98.4%). 16stTRNA (a) and BFHpyl
249 gave positive with only one Helicobacter (H. pylori 26695 and H. pylori G27,
250 respectively). 16stTRNA (b) and Heid didn’t produce any bands with all Helicobacters.

251 Laboratory comparative study: H276, outer/inner, Hcom1, Heli-nest/HeliS, and
252 16srRNA (a) yielded positive results with all eight Helicobacters, 16strRNA (b ) relented
253 positive results with six Helicobacters, BFHpyl revealed a positive band with only one H.
254 pylori while Heid primer gave negative with all Helicobacter spp. Nonspecific results
255 were obtained with other Non-helicobacters as follows: H276 (S. mutans), Heli-
256 nest/HeliS (Salmonella spp.), Hcoml and BFHpyl (K. pneumonae ), 16stTRNA (a) (E.
257 fecalis), Heid (E. coli) while outer/inner primer gave positive results with all non-
258 helicobacters.

259 Statistical evaluation of the diagnostic utility of different 16srRNA
260 primers for Helicobacter spp. detection: ConsH matched all criteria considered
261 for the gold standard selection. The statistical evaluation parameters according to Insilco
262 PCR amplification are described in Table 4. The outer/inner primers had 100%
263 specificity and sensitivity with a P-value of 0.0001. Hcom1, H276, and HeliS/Heli-nest
264 had 50% SP. The utility is measured also by the receiver operating characteristics (ROC)
265 analysis expressed by the area under the curve (AUC), the ROC analysis of the Insilco
266 evaluation is demonstrated in Fig 3. The laboratory evaluation showed 0.00% SP with
267 heminested outer/inner primers with P-value=1. The H276, 16srRNA(a), HeliS/Heli-nest,

268 and Hcom had 90% specificity with P-value= 0.001. Although 16srRNA(b) had 100%
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269 specificity, it had 75% sensitivity with a P-value=0.004. The ROC analysis of laboratory
270 comparison is demonstrated in Fig 4.

271 Discussion:

272 The present study demonstrated the whole process of designing novel sets of
273 highly specific primers targeting 16sTRNA conserved region by bioinformatics tools,
274 ConsH for detecting G: Helicobacter, and nested primers for H. pylori detection
275 (PyloA/PyloAN). The design process was followed by evaluation of the diagnostic utility
276 of the primers in comparison to a group of widely used 16srRNA primers in literature,
277 and statistical monitoring of the diagnostic utility of the comparable primers used in
278 Helicobacter spp. diagnosis.

279 Efficient PCR performance is highly dependent on PCR primer design,
280 consequently one must spend a notable effort on the primer design. Well-designed PCR
281 primers not only augment specificity and sensitivity but also reduce the effort spent on
282 the experimental optimization [45].

283 PCR diagnosis especially nested PCR may be regarded as the gold standard for
284 Helicobacter diagnosis through the construction of specific primers. Nested PCR
285 provides higher sensitivity by excluding false-negative results due to low bacterial counts
286 and PCR inhibitors [18]. PCR yielded a higher detection rate (40.8%) compared to histo-
287 pathology (36.7%) and can be suitable for patients unfit for endoscopic examination [46].
288 The choice of 16sRNA gene in PCR diagnosis of Helicobacter diseases was

289 supported by a systematic review and meta-analysis conducted on various sources,
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290 including MEDLINE, Web of Sciences, and the Cochrane Library from April 1, 1999, to
291 May 1, 2016. The most diagnostic candidate genes according to statistical parameters
292 were 23S rRNA, 16S rRNA, and g/mM [47]. The urgent demand for rapid accurate
293 Helicobacter detection puts an obligation for the construction of novel specific primers.
294 Both the ConsH and PyloA/PyloAN primers were synthesized according to the
295 bioinformatic tools with primer designs criteria which ensures efficient PCR
296 performance. The primer' lengths fall within the recommended 18-30 nucleotides,
297 shorter primers can produce non-specific results, and longer primers can form secondary
298 structures and reduce PCR efficiency. Primers GC contents are within 48-52 %, and the
299 difference between the melting temperatures of the forward and reverse primers was
300 within 4°C versus other compared primers as 16sTRNA (a), Hcom, and Heli-nest primers
301 which have larger than 4°C difference between the primers. This may cause false
302 negatives [48, 49].

303 The evaluation of the newly designed primers was performed by Insilco tools and
304 laboratory test (PCR). The results of the Insilco evaluation were very promising as
305 ConsH matched with Helicobacters only and no mismatching with other bacteria, also the
306 nested primers for H. pylori (PyloA/PyloAN) matches only with H. pylori. Insilco PCR
307 amplification showed highly encouraging results. The advantages of Insilco evaluation
308 are low cost and timesaving for evaluation as it gives a preliminary decision about the
309 newly designed primer sets. Nonetheless, the Insilco evaluation is not a confirmatory
310 method for evaluation due to continuously submitting uncurated sequences into

311 GenBank, therefore, laboratory evaluation is mandatory [50].
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312 In the laboratory evaluation, the newly designed primers showed sufficient
313 results. The specificity testing revealed significant results as ConsH detected all
314 Helicobacters and the nested primer (PyloA/PyloAN) identified all five H. pylori strains
315 without mismatching with Non-pyloric Helicobacters. They did not select any non-
316 Helicobacter bacteria. The clinical precision testing by PCR was applied on gastric
317 biopsies from dyspeptic patients introduced to the endoscope unit in the mentioned
318 hospitals, revealing that all PCR results are consistent with the invasive methods applied
319 (RUT and Histopathology). The positive PCR by sequencing confirmed the presence of
320 Helicobacter DNA in the samples [51-53]. The ConsH detected 40.7% positive samples,
321 from the positive Helicobacter spp. PCR, the nested PCR detected 61.3% H. pylori and
322 39.7% NPH. These findings are concerning because there is an unexpected hidden
323 unexpected enemy in the form of NPH, hence, diagnosis and treatment guidelines should
324 be changed to consider the NPH beside H. pylori.

325 In the present study, the designed primers showed considerable sensitivity to low
326 concentrations of specific DNA in clinical samples, allowing sensitive detection in
327 different types of contaminated samples [54].

328 Here comes the answer to an important question about the need for a newly
329 designed set of specific primers instead of the primers used in the literature. Insilco and
330 laboratory comparative analysis should be established to determine the diagnostic utility
331 of 16srRNA primers for genus-level identification of Helicobacter spp. Insilco
332 comparison showed reasonable results for H276, 16srRNA(a), heminested outer/inner,
333 and nested HeliS-Helinest by primer-blast but did not achieve substantial findings with

334 16srRNA(b). Insilco PCR amplification gave promising results with H276(96.8%), Hcom
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335 (98.4%), nonetheless, the results were poor for 16srRNA(b), BFHpyl, 16sTRNA(a), and
336 Heid primers. From the mentioned results, the Insilco evaluation is not an accurate
337 method for a real evaluation of any primer but is only a preliminary step, so laboratory
338 evaluation is the confirmatory method for accurate evaluation. The specificity test
339 revealed that ConsH primer is the best one in this marathon, as it has all considerations to
340 be the gold standard primer for statistical evaluation of the comparable primers. The
341 results of the laboratory concluded that the comparable primers offered false-positive
342 results by non-specific binding to non-Helicobacter bacteria and some of them gave false-
343 negative results as BFHpyl, Heid, and 16stTRNA(b).

344 The comparative study was analyzed statistically to assess the diagnostic utility.
345 The diagnostic parameters and ROC analysis of Insilco and laboratory evaluation are
346 demonstrated in Tables 4, 5, and Figs 3, 4, which concluded that the Insilco evaluation is
347 not accurate enough to assess the diagnostic utility of any primer. That was evident in the
348 case of heminested outer/inner primer which showed excellent diagnostic significance (P-
349 0.0001), 100% in most diagnostic parameters, and the best score of AUC (1.00) in ROC
350 analysis. These results differ in the laboratory evaluation. This heminested primer
351 produced false-positive results because it achieved positive PCR with all non-
352 Helicobacter bacteria with 0.00% specificity (Table 5) and AUC (0.5) (Fig 4), which
353 demonstrated the unreliability of heminested outer/inner primer for G: Helicobacter
354 diagnosis. The aforementioned findings disagree with Qin et.al., who confirmed its
355 reliability for G: Helicobacter identification and that it is a powerful diagnostic tool [55].
356 Hcoml1, H276, and nested primer (HeliS/Heli-nest) indicated non-significant results for

357 their use in G: Helicobacter diagnosis by Insilco PCR amplification (Table 4) and
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358 considered insignificant tool for diagnosis, as they had AUC less than 0.8 in ROC
359 analysis tool. The laboratory evaluation of these primers demonstrated a major difference
360 with Insilco evaluation as the statistical analysis revealed that they had significant
361 diagnostic utility (P-0.001) and were considered reliable for Helicobacter spp. diagnosis
362 with AUC (0.950) in ROC analysis [56- 58]. However, the results of the current study are
363 incompatible with Flahou ef al, that Hcoml is suitable for the identification of
364 Helicobacter spp. [59], as it may give false-positive results with K. pneumonea. H276
365 may give positive results with S. mutans found in the buccal cavity [60]. The present
366 study disagrees with Riley et al., who developed this primer and concluded that it was
367 sensitive and specific to detect several numbers of Helicobacters and it was suitable for
368 routine diagnosis [57]. The nested primers (HeliS/Heli-nest) gave positive results with
369 Salmonella spp. which is alarming due to misdiagnosis of gastrointestinal disturbance of
370 Helicobacteriosis and Salmonellosis [58].

371 16sTRNA (a,b) were unreliable based on Insilco evaluation, but have a
372 significance for diagnosis of Helicobacters (P- 0.001 and 0.004, respectively) and an
373 acceptable AUC (0.875, 0.950, respectively) in ROC analysis. However, false-positive
374 results may be detected in 16srRNA (b) with E. fecalis. Low sensitivity obtained with
375 16srRNA(a) (Se 75%). Consequently, these results disagree with Idowu et al., and tiwari
376 et al., who concluded their specificity and sensitivity in Helicobacter spp. diagnosis [58,
377 61]. Finally, the worst primers that appeared in our study were clearly demonstrated in
378 BFHpyl and Heid which have the lowest significance in Insilco and laboratory evaluation
379 (P-1.00) and low AUC (0.513, 0.450, respectively) by ROC analysis (Table 5) (Fig 3, 4).

380 These results disagree with Flahou ef al., and Farshad [59, 62].
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381 Our study explained a suitable comparative analysis of different primers for
382 Helicobacters diagnosis by using ROC analysis and different statistical diagnostic
383 parameters. Use of bioinformatics tools and command line to extract conserved regions
384 of 16srRNA gene in Helicobacter spp. and H. pylori are used in the design of primers.
385 Considerable detailed evaluation of the newly designed primers by specificity using
386 sequenced Helicobacters and non-Helicobacters carefully selected from GIT microbes.
387 Application of the designed primers in clinical samples (gastric biopsies) using sufficient
388 representative sample size from dyspeptic patients introduced to three hospitals. The
389 results were compared with the routine diagnosis in the hospitals and sequencing of the
390 PCR products. Sensitivity testing was performed to find the detectable DNA
391 concentration in highly contaminated samples (Stool). However, more non-Helicobacters
392 and sequenced local Helicobacter strains should be used, and that will be considered in
393 our future studies.

394

395  Conclusion:

396 Our designed primers ConsH and PyloA/PyloAN are highly sensitive and specific
397 and can be used for accurate diagnosis of Helicobacter diseases from different clinical
398 samples. Moreover, PyloA/PyloAN indicated the abundance of non-pyloric Helicobacters
399 and their unrecognized role in Helicobacteriosis. It can also be concluded that Insilco
400 evaluation is not adequately accurate to assess the diagnostic utility of the primers and
401 must be accompanied by the laboratory evaluation.
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Primer Sequence Length GC% Tm°C PCR product Reference
H276 F 5'-CTA TGA CGG GTA TCC GGC-3' 18 61.1 55.4 376 bp (57)
H676 R 5'-ATT CCA CCT ACC TCT CCC A-3' 19 52.6 54.8
16S rRNA(b)-F 5-CTG GAG AGA CTA AGC CCT CC-3' 20 60 57.4 112 bp (59)
16S rRNA(b)-R 5°-ATT ACT GAG GCT GAT TGT GC-3' 20 45 52.8
16srRNA(a)-F 5°-TAA GAG ATC AGC CTA TAT GTC C-3° 22 40.9 50.1 534 bp (58)
16srRNA(a)-R 5-TCC CAG GCT TTA AGC GCA AT-3' 20 50 57.8
Hcoml 5'-GTA AAG GCT CAC CAA GGC TAT-3' 21 47.5 54.5 390 bp (56)
Hcom2 5'-CCA CCT ACC TCT CCC ACA CTC-3" 21 61.9 59.8
BHpyl_F 5-AAA GAG CGT GGT TTT CAT GGC G-3° 22 50 58.9 217 bp (59)
BHpyl_ R 5-GGG TTT TAC CGC CAC CGA ATT TAA-3’ 24 45.8 57.9
Heid F 5"-ATG GCT TAC AAC CCT AAA ATT TTA CAA-3’ 27 34.4 57.4 1278 bp (62)
Heid R 5'-TCA CAT GTT TTC AAT CAT CAC GC-3° 23 39.1 53.6
Outer forward 5'-CTG GCG GCG TGC CTA ATA C-3° 19 63.2 59.7 1054 bp (55)
Outer reverse 5'-CTC ACG ACA CGA GCT GAC-3' 18 61.1 56.2
Inner forward 5'-CTG GCG GCG TGC CTA ATA C-3° 19 63.2 59.7 256 bp (55)
Inner reverse 5"-ACC CTC TCA GGC CGG ATA CC-3° 20 65 62.1
Heli-nestS 5-ATT AGT GGC GCA CGG GTG AGT AA-3° 23 52.2 61.1 1315 bp (58)
Heli-nestR 5°-TTT AGC ATC CCG ACT TAA GGC-3' 21 47.6 54.7
Heli-S 5'-GAA CCT TAC CTA GGC TTG ACA TTG-3' 24 45.8 55.4 426 bp (58)
Heli-R 5'-GGT GAG TAC AAG ACC CGG GAA-3' 21 57.1 59.3
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Table 2: the conserved sequence of 16srRNA gene in G: Helicobacter and H. pylori

Genus/spp.

Conserved area

Genus

Helicobacter

GTGGATTAGTGGCGCACGGGTGAGTAACGCATAGGTTATGTGCCTCTTAGTTTGGGATAGCCATTGGAAACGGTGATT
AATACCAGATATTCCCTACGGGGGAAAGATTTATCGCTAAGAGATCAGCCTATGCCCTATCAGCTTGTTGGTAAGGTA
ATGGCTTACCAAGGCTATGACGGGTATCCGGTCTGAGAGGGTGAACGGACACACTGGAACTGAGACACGGTCCAGAC
TCCTACGGGAGGCAGCAGTAGGGAATATTGCTCAATGGGGGAAACCCTGAAGCAGCAACGCCGCGTGGAGGATGAA
GGTTTTAGGATTGTAAACTCCTTTTGTCAGAGAAGATAATGACGGTATCTGACGAATAAGCACCGGCTAACTCCGTGC
CAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTACTCGGAATCACTGGGCGTAAAGAGCGCGTAGGCGGGATAGT
CAGTCAGGTGTGAAATCCTATGGCTTAACCATAGAACTGCATTTGAAACTGCTATTCTAGAGTGTGGGAGAGGCAGG
TGGAATTCTTGGTGTAGGGGTAAAATCCGTAGAGATCAAGAGGAATACTCATTGCGAAGGCGACCTGCTAGAACATG
ACTGACGCTGATTGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGAT
GCTAGTTGTTGGAGGGCTTAGTCTCTCCAGTAATGCAGCTAACGCCTTAAGCATCCCGCCTGGGGAGTACGGTCGCAA
GATTAAAACTCAAAGGAATAGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGATACACGAAGA
ACCTTACCTAGGCTTGACATTGAGAGAATCCGCTAGAAATAGCGGGGTGTCTGGCTTGCCAGACCTTGAAAACAGGT
GCTGCACGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCCTTTCTTAGTTG
CTAACAGGTCATGCTGAGAACTCTAAGGAGACTGCCTCCGTAAGGAGGAGGAAGGTGGGGACGACGTCAAGTCATC
ATGGCCCTTACGCCTAGGGCTACACACGTGCTACAATGGGGTGCACAAAGAGAAGCGATACTGCGAAGTGGAGCCAA
TCTTCAAAACATCTCTCAGTTCGGATTGCAGGCTGCAACTCGCCTGCATGAAGCTGGAATCGCTAGTAATCGCAAATC

AGCCATGTTGCGGTGAATACGTTCCCGGGTCTT

Helicobacter

GAGTTTGATCCTGGCTCAGAGTGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAACGATGAAGCTTTCTAGCTTG
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pylori

CTAGAAGGCTGATTAGTGGCGCACGGGTGAGTAACGCATAGGTTATGTGCCTCTTAGTTTGGGATAGCCATTGGAAA
CGATGATTAATACCAGATACTCCCTACGGGGGAAAGATTTATCGCTAAGAGATCAGCCTATGTCCTATCAGCTTGTTG
GTAAGGTAATGGCTTACCAAGGCTATGACGGGTATCCGGCCTGAGAGGGTGAACGGACACACTGGAACTGAGACAC
GGTCCAGACTCCTACGGGAGGCAGCAGTAGGGAATATTGCTCAATGGGGGAAACCCTGAAGCAGCAACGCCGCGTG
GAGGATGAAGGTTTTAGGATTGTAAACTCCTTTTGTTAGAGAAGATAATGACGGTATCTAACGAATAAGCACCGGCT
AACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTACTCGGAATCACTGGGCGTAAAGAGCGCGTAGG
CGGGATAGTCAGTCAGGTGTGAAATCCTATGGCTTAACCATAGAACTGCATTTGAAACTACTATTCTAGAGTGTGGGA
GAGGTAGGTGGAATTCTTGGTGTAGGGGTAAAATCCGTAGAGATCAAGAGGAATACTCATTGCGAAGGCGACCTGCT
GGAACATTACTGACGCTGATTGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAA
CGATGGATGCTAGTTGTTGGAGGGCTTAGTCTCTCCAGTAATGCAGCTAACGCATTAAGCATCCCGCCTGGGGAGTAC
GGTCGCAAGATTAAAACTCAAAGGAATAGACGGGGACCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGATA
CACGAAGAACCTTACCTAGGCTTGACATTGAGAGAATCCGCTAGAAATAGTGGAGTGTCTGGCTTGCCAGACCTTGA
AAACAGGTGCTGCACGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCCCTTT
CTTAGTTGCTAACAGGTCATGCTGAGAACTCTAAGGATACTGCCTCCGTAAGGAGGAGGAAGGTGGGGACGACGTCA
AGTCATCATGGCCCTTACGCCTAGGGCTACACACGTGCTACAATGGGGTGCACAAAGAGAAGCAATACTGCGAAGTG
GAGCCAATCTTCAAAACACCTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTGCATGAAGCTGGAATCGCTAGTAATC
GCAAATCAGCCATGTTGCGGTGAATACGTTCCCGGGTCTTGTACTCACCGCCCGTCAACACAGCGACTGGGGTGAAGT

CGTAACAAGGTAACCGTA
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Table 3: Sequence of the newly designed primers in the study

Primer name Sequence GC ™ Product size bp
content
ConsH Forward primer TCG CTA AGA GAT CAG CCT ATGTCCT 48 65.8 435
Reverse Primer ATT CCA CCT ACC TCT CCC ACA CT 52 64.7
PyloA Forward primer TTG ATC CTG GCT CAG AGT GAA CG 52 64.7 1274
Reverse primer TGC AGC CTA CAA TCC GAA CTG AG 52 64.7
PyloAN Forward primer GGT GGA ATT CTT GGT GTA GGG GT 52 64.7 160
Reverse primer TAG CAT CCA TCG TTT AGG GCG TG 52 64.7

Table 4: Screening primers test results of insilico PCR for detection of 62 Helicobacter strains.
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Gold Screening SEN SPC PPV NPV FPR FNR Acc BA LR+ LR- DOR X2 P value

standard Primers (%) (%) (%) (%) (%) (%) (%) (%)
Primer
Hcoml 100 50 98.4 100 50 0.0 98.4 75 2.0 0.0 - 7.12 0.01
H276 98.3 50 98.3 50.0 50.0 1.7 96.8 74.2 1.97 0.033 59 3.140 0.076
Z
% Outer + Inner 100 100 100 100 0.0 0.0 100 100 NA 0.0 - 34.10 0.0001
&)
Heli-nestS + 8.3 50 83.3 1.8 50 91.7 9.7 29.2 0.17 1.83 0.09 0.555 0.456
Heli

SEN.: sensitivity; SPC: specificity; PPV: Positive predictive value; NPN: Negative predictive value; FPR: False positive rate; FNR: False-negative rate; ACC: Accuracy; BA: Balanced accuracy; LR+:

Positive likelihood ratio; LR-: Negative likelihood ratio; DOR: Diagnostic odds ratio. 16S rRNA, hspG, and Heid primers tested negative in the detection of all 62 Helicobacter species. 16S rRNA and

BFHpyl primers tested negative in the detection of 61 Helicobacter species.
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Table 5: Screening primers results for detection of Helicobacter spp. (n=8) and Non-Helicobacter spp. (n=10)

Gold Screening SEN SPC PPV NPV FPR FNR Acc BA LR+ LR- DOR X2 P value
standard Primer (%) (%) (%) (%) (%) (%) (%) (%)
Primer
H276 100 90.0 88.9 100.0 10.0 0.0 94.4 95 10.0 0.0 - 11.025 0.001
16 XF 100 90.0 88.9 100.0 10.0 0.0 94.4 95 10.0 0.0 - 11.025 0.001
Heli-nestS + 100 90.0 88.9 100.0 10.0 0.0 94.4 95 10.0 0.0 - 11.025 0.001
Heli
Hcoml 100 90.0 88.9 100.0 10.0 0.0 94.4 95 10.0 0.0 - 11.025 0.001
CONSH
16S rRNA 75.0 100 100 83.3 0.0 25 88.9 87.5 - 0.25 - 8.128 0.004
Outer + Inner 100 0.0 44.4 - 100 0.0 444 50 1.0 - - - -
BFHpyl 12.5 90 50 56.3 10 87.5 55.6 51.3 1.25 0.97 1.29 0.00 1
Heid 0.0 90 0.0 52.9 10 100 50.0 45 0.0 1.11 0.0 0.00 1

SEN: sensitivity, SPC: specificity;, PPV: Positive predictive value; NPN: Negative predictive value; FPR: False positive rate; FNR: False-negative rate; ACC: Accuracy; BA: Balanced

accuracy, LR+: Positive likelihood ratio; LR-: Negative likelihood ratio; DOR: Diagnostic odds ratio.
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Figure 1. Gel electrophoresis of PCR products of A. ConsH amplified products(435bp) B. PyloA amplified products

(1274bp) C. PyloAN amplified products (160 bp) in reference to 100 bp DNA ladder.

Figure 2. A, Sensitivity testing of primers ConsH and C, Sensitivity testing of PyloA using Stool clinical sample DNA with
different concentrations. B, Sensitivity testing of Primers ConsH and D, Sensitivity testing of PyloA using biopsy clinical

sample DNA with different concentrations.

Figure 3 ROC curve of Insilco comparison by PCR amplification. Null hypothesis: true area = 0.5, AUC: A, ROC curve of
ConsH and Hcoml primers for detection of 62 Helicobacter strains, AUC represents the accuracy of the screening test
(0.750). B, ROC curve of ConsH and H276 primers, AUC represents the accuracy of the screening test (0.742).C, ROC

curve of ConsH and Outer + Inner primers, AUC represents the accuracy of the screening test (1.00).

Figure 4 ROC curve of laboratory comparison of all primers using Helicobacter spp. (n= 8) and non-Helicobacter spp.
(n=10). Null hypothesis: true area = 0.5, AUC: Area under the curve. A, ROC curve of ConsH and H276 primers, AUC
represents the accuracy of the screening test (0.950). B, ROC curve of ConsH and 16srRNA (a) primers, AUC represents
the accuracy of the screening test (0.950). C, ROC curve of ConsH and Hcoml primers, AUC represents the accuracy of
the screening test (0.950). D, ROC curve of ConsH and Heli-nestS + Heli primers, AUC represents the accuracy of the
screening test (0.950). E, ROC curve of ConsH and 16S rRNA primers, AUC represents the accuracy of the screening test
(0.875). F, ROC curve of ConsH and Outer + Inner primers, AUC represents the accuracy of the screening test (0.500). G,
ROC curve of ConsH and Heid primers, AUC represents the accuracy of the screening test (0.450). H, ROC curve of

ConsH and BFHpyl primers, AUC represents the accuracy of the screening test (0.513).
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