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Background: Nontyphoidal Salmonella spp. transmitted through various routes are a major concern of
food poisoning due to the consumption of contaminated food.

Objective: To establish a molecular-based protocol for simple and rapid subtyping of Salmonella isolates
from various sources.

Materials and methods: Sensitive High-Resolution Melting-curve analysis (S-HRMa) and Dynamic Time
Warping assessment (DTW) were applied for serotyping forty Salmonella spp. isolates from various
origins and locations in seven provinces in the north of Thailand; the results were compared to those
from conventional serotyping and ERIC- PCR.

Results: HRM serotyping of forty Salmonella spp. initially produced fourteen melting-curves with two
predominant clusters: C1 (n=18) and C2 (n=9). Applying S-HRMa and serogroups generated twenty-five
sensitive clusters. Conventional serotyping revealed that cluster C1 and C2 comprised of six different
Salmonella serotypes with S. Weltevradent (n=14) as the predominant one. The S-HRMa also suggested
the possible subtyping in some serotypes. In addition, DTW was performed to cluster those forty
Salmonella spp. into twenty-eight clusters, assigned into different four clades corresponding to S-HRMa.
The two clustering methods indicated that the S. Weltevreden was the predominant subtype (DTW4-S1,
n=6). Three ERIC clusters at 92% similarity index also corresponded to the results of those two clustering
methods. With important and related epidemiological data, S. Derby and S. Monophasic were suggested
to be related to the slaughterhouse and swine. In this study, the ERIC cluster 10 comprising two
Salmonella isolates of S. Weltevraden suggested the transmission route was likely to be farm-to-farm in
the same province.

Conclusions: The DTW assessment and S-HRMa effectively increased the discrimatory power of
clustering to the same level as that of ERIC - PCR and were a simple and rapid protocol to perform
Salmonella subtyping for the epidemiological research.
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Abstract
Background:

Nontyphoidal Salmonella spp. transmitted through various routes are a major concern of food
poisoning due to the consumption of contaminated food.

Objective:

To establish a molecular-based protocol for simple and rapid subtyping of Salmonella isolates
from various sources.

Materials and methods:

Sensitive High-Resolution Melting-curve analysis (S-HRMa) and Dynamic Time Warping
assessment (DTW) were applied for serotyping forty Sa/monella spp.isolates from various

origins and locations in seven provinces in the north of Thailand; the results were compared to
those from conventional serotyping and ERIC- PCR.

Results:

HRM serotyping of 40 Salmonella spp. initially produced 14 melting-curves with 2 predominant
clusters: C1 (n=18) and C2 (n=9). Applying S-HRMa and serogroups generated 25 sensitive
clusters. Conventional serotyping revealed that cluster C1 and C2 comprised of 6 different
Salmonella serotypes with S Weltevradent (n=14) as the predominant one. The S-HRMa also
suggested the possible subtyping in some serotypes. In addition, DTW was performed to cluster
those 40 Salmonella spp.into 28 clusters, assigned into different 4 clades corresponding to S-
HRMa. The two clustering methods indicated that the S. Weltevreden was the predominant
subtype (DTW4-S1, n=6). Three ERIC clusters at 92+ similarity index also corresponded to the
results of those two clustering methods. With important and related epidemiological data, S.
Derby and S. Monophasic were suggested to be related to the slaughterhouse and swine. In this
study, the ERIC cluster 10 comprising 2 Salmonella isolates of S. Weltevraden suggested the
transmission route was likely to be farm-to-farm in the same province.

Conclusions:

The DTW assessment and S-HRMa effectively increased the discriminatory power of clustering
to the same level as that of ERIC - PCR and were a simple and rapid protocol to perform

Salmonella subtyping for the epidemiological research.
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77 Introduction
78 Nontyphoidal Salmonella (NTS) is the major pathogen causing gastroenteritis to victims mostly
79 young children (Hohmann, 2001). Commonly, the victims were usually infected by their

80 exposure to Sa/monella-contaminated food or animals together with non-hygienic behaviour.

81 Various Nontyphoidal Sa/monella spp. were unique due to different cellular appearances of

82 somatic antigens (O antigens) combined with flagella antigens (H antigens) (Grimont and Weill,
83 2007).To initially determine Salmonella serogroups, only unique O antigens were diagnosed,

84 obtaining more than 50 distinct groups. For the complete serotyping, the determination of phase 1

85 and 2 H antigens was executed to derive Salmonella serotype according to the complete standard
86  Salmonella typing system (Kauffmann-White scheme).

87 The incidence of salmonellosis was documented through several epidemiological
88 research in Thailand (Hendriksen et al., 2009; Pulsrikarn et al., 2013). The epidemiological

89 survey showed that the prevalence of Salmonella serotypes significantly varied according to
90 different sampling locations, animal hosts and sources of samples, causing regional health
91 problems (Jackson et al., 2013). Salmonella contamination possibly occurred at any responsible

92  site through the entire food chain (Forshell and Wierup, 2006). Thus, the Salmonella surveillance

93 and monitoring systems were essentially established elsewhere by independent laboratories and
94 funded agencies from government to provide enough informative data to track the transmission
95 route of Salmonella isolates causing health problems (Herikstad, Motarjemi and Tauxe, 2002).

96 Some Salmonella serotypes were specifically linked to their preferred environmental niche such
97 as Salmonella Typhimurium and Rissen with swine (Arguello et al.,, 2012) and S. Kentucky with

98 poultry (Crespo et al,, 2016). On the other hand, some serotypes can adapt to various

99 environmental niche such as Salmonella Monophasic which is classified as the most ubiquitous
100 in several zoonotic reservoirs, responsible for the majority of human and animal infections.

101 (Davies et al,, 2018).

102 The conventional typing of Sal/monella serotypes is usually performed as the standard
103 protocol providing sufficient data to several epidemiological researches. The assay is based on

104  culture method using different selective media to identify Salmonella spp. and then the

105 serotyping is done by serological agglutination based on a different combination of O and H
106 antigens. However, these methods need qualified personnel to effectively complete the

107 complicated protocols. The molecular typing for Salmonella serovar identification is based on the
108 sequence polymorphism of 7/b locus and flagellar alleles as gene targets (Cardona-Castro et al.,
109  2009). Other molecular modifications such as High-resolution melting-curve analysis, coupled

110  with the multiplex PCR can be used for detection of polymorphisms of 16S rDNA, fIjB, gyrB and
111 ycfO (Athamanolap et al, 2014; Zeinzinger et al,, 2012).

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27664v1 | CC BY 4.0 Open Access | rec: 19 Apr 2019, publ: 19 Apr 2019




112
113
114

115

116
117

118
119

120
121

122

123
124

125
126
127

128

129
130
131
132
133

134
135
136
137
138

139
140
141

142
143
144
145
146
147
148

Together with the above mentioned techniques for serotyping, High-resolution melting
(HRM) analysis and dynamic time warping (DTW) are rapid molecular techniques used in
species discrimination. High-resolution melting (HRM) analysis was established as the effective

method using single-nucleotide polymorphisms for Sa/monella typing. HRM data was effectively
assessed through the analysis of curve differences generated by subtraction of a reference curve
from the unknown curves after normalization with the temperature shifting. Visual assessment of
the curve differences was performed to discriminate many prevalent Sa/monella serotypes
despite its discrepancy in some serotypes. Previously, the sequentially ordered data of a melt
curve was analyzed with dynamic time warping (DTW) to produce DTW distances used to
correctly cluster 51 strains of 18 fungal species. In addition, the DTW analysis was applied to
rapidly and correctly identify 243 clinical fungal isolates (Lu et al.,, 2017).

The objective of this study was to use the rapid molecular techniques sufficient to suggest
the genetic relatedness of Salmonella isolates with various epidemiological data. The DTW

assessment and modified HRM analysis were first introduced to perform the post analysis of the
HRM serotyping to characterize 40 Salmonella isolates collected from seven provinces in the
north of Thailand during February 2018 to September 2019.

Materials & Methods

The sample collection and Salmonella isolation and identification

Samples in this study were randomly collected from various types of specimens, animals and
sources in seven provinces in the Northern Thailand during February 2018 to September 2019
under the approval by the IACUC of University of Phayao (project number 62-02-04-001). This

study had a total of 718 samples. The types of specimens were randomly selected within six

categories; organs, intestinal content, stool, cecal content, carcass and meat; the animals
consisted of chicken, goat, swine, cow, and rat; and the sample sources were randomly selected
within three categories: house, farm, slaughter house. The specimen collections were performed

at the collection sites under sterile technique i.e. all samples were collected in sterile plastic bag,

kept in sample holder filled with ice during transportation and carefully kept at 4 °C until further
isolation and identification process at the Veterinary Research and Development Center (Upper
Northern Region), Lampang, Thailand.

The samples were then transferred to buffered peptone water (BPW; Oxoid, Hampshire,
UK) with overnight incubation at 37 °C, and later transferred to both TT broth and RVS broth
(Oxoid, Hampshire, UK) with overnight incubation at 37 C° and 42 C° respectively. Both
overnight TT and RVS were separately plated on XLD agar and incubated overnight at 37 C°.
Black centre dot colonies, referred to suspected Salmonella colonies, were picked to perform 2
biochemical tests; triple sugar iron (TSI) slant, and motility indole lysine agar (MIL) (Biomedia,
Nonthaburi, Thailand). The determination of serotypes was performed on the positive colonies by
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149 biochemical and serum agglutination tests at the WHO national Salmonella and Shigella Center,
150 the National Institute of Health, Ministry of Public Health, Nonthaburi Province, Thailand.

151

152  Determination of Salmonella serotypes by HRM serotyping

153  Salmonella serotyping using the multiplex PCR coupled with HRM analysis was initially

154  performed with the genomic extracted DNA from Sa/monella isolates, as previously described
155 by McNerney et al (McNerney et al., 2017). Briefly, 1 ml of overnight culture was centrifuged,

156 and the pellet was washed twice with 400 pl of TE buffer (10 mM Tris HCL, pH 8.0, | mM

157 EDTA) and resuspended in 400 ul of TE buffer. The resuspended solution was heated at 80°C for
158 20 minutes. After cooling at room temperature, 50 uL lysozyme (10 mg/mL) was added to the

159  solution with occasionally shaking at 37°C for one hour and then 75 pL of 10% SDS/proteinase K
160 solution was added with vigorous vertex and incubated at 65 °C for10 minutes. A 100 uL of 5 M

161 NaCl and 100 pL of prewarmed (65°C) CTAB/NaCl solution were added, causing white
162 precipitate; then the solution was further incubated for 10 minutes at 65°C. A 750 pl of

163  chloroform/isoamyl alcohol (24:1) was added and then centrifuged for 5 minutes at 13,000 rpm at
164  4°C.The upper aqueous solution was collected to a fresh microcentrifuge tube whereby ethanol

165 precipitation was performed. Finally, the pellet was resuspended in a tube with 50 uL water and
166 the DNA solution was kept at -20°C until used.

167 Multiplex PCR coupled with HRM analysis using a combination of primers to amplify
168 fIjB (170 bps), gvrB (171 bps) and ycfQ (241 bps) (Table 1) were conducted in a BIORAD
169 CFX96™ Real-Time System (Bio-Rad, Hercules, CA, USA). First, multiplex PCR mixture was

170 prepared, containing 1 pL. of DNA, 0.1 uM of gyrB, 0.075 uM of fIjB and ycfQ primer pairs as
171 well as 2 uL of HOT FIREPol EvaGreen: no ROX Mix (Solis Biodye, Tartu, Estonia) adjusted to
172 10 pL with water. Thermocycling conditions were as follows: 95°C for 15 minutes, followed by
173 45 cycles of 95°C for 10 seconds, 60°C for 10 seconds and 72°C for 20 seconds. To perform the

174 HRM analysis, PCR mixtures were heated at 95°C for 1 minute and cooled to 40°C for 1 minute
175 and then continuously heated from 70°C to 95°C, rising at 0.2°C/second, with 25 acquisitions per

176  degree Celsius. HRM profile was generated using the Precision Melt Analysis software version
177 12 with a sensitivity setting at 0.30, a temperature shift at threshold 5, a pre-melt normalization
178 range from 80.4 °C to 81.1°C, and a post-melt normalization range from 89.2 °C to 89.6 °C. After

179 normalizing and temperature shifting of the melting curves, difference plots were generated
180 using S. Barille as reference.

181
182  The sensitive High Resolution Melting analysis S-HRMa) for Salmonella subtyping.

183  This analysis was performed by a modified protocol for clustering several closely related HRM
184 melting curves using the Precision Melt Analysis software version 1.2. All closely related HRM
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185 melting curves using S. Barille as reference were considered in a single panel. In order to increase

186 variation in the graphs, a distinct HRM melting curve from all members in the cluster was
187 selected as the new reference. Then, the new HRM melting curves were created which produced

188 some peaks with high variation of peaks’ patterns. The melting-curve analysis specified the
189 temperature range covering each peak. The difference of peaks’ patterns was observed visually
190 and each distinct pattern was assigned the alphabet A to L. The new HRM melting curves, named

191 the sensitive clusters, were assigned to the unique combination of all peaks’ patterns in this
192 analysis.

193

194 The hierarchical clustering of the normalized melting curves from HRM analysis using DTW
195 assessment

196 Normalized melt curves generated from HRM were used to construct a dendrogram of

197 hierarchical clustering, using DTW as a distance measure (Lu et al., 2017); all the dendrogram
198 construction steps were performed in Python (Rossum, 1995). First, a smooth spline

199 approximation was determined from each normalized melt curve using cubic splines of the
200 splrep function in scipy module; then, a rate curve was calculated from the negative first
201  derivative of the resulting spline using the splev function. The obtained curve was z-normalized

202 using the zscore function. Then, these z-normalized curves were used to calculate DTW distances
203 where only the region between 80 and 94 degrees Celsius was accounted for. The hierarchical
204  clustering based on neighbor-joining method, using a distance matrix of the DTW distances, was
205 performed by the linkage function. Finally, the dendrogram presenting the clustering was created
206 by the dendrogram function.

207

208 Molecular analysis of blaTEM and floR
209 Amplifications of two antibiotic determinants (b/aTEM and floR) were performed by Realtime
210 multiplex PCR using the primers (IDT, Singapore) listed in Table 1. The reaction mixture (10 pL)

211 contained 1 pL of DNA, primer set at concentration listed in Table 1 and 2 uL. of HOT FIREPol
212 Blend Master Mix Plus 10 mM MgCl, (Solis Biodye). In multiplex PCR 1 and 2, thermocycling

213  was as follows: 95°C for 15 minutes; 40 cycles of 95°C for 15 seconds; 60°C for 45 seconds and
214 72°C for 1 minute; and a final step at 72°C for 7 minutes. The HRM analysis was performed by

215 heating the PCR mixture at 95°C for 1 minute, cooled to 40°C for 1 minute and then
216 continuously heated from 60°C to 95°C, rising at 0.2°Css, with 25 acquisitions per degree

217  Celsius. A melt curve plot was created between the negative derivative of fluorescence versus
218 temperature. The melting temperature (T,,) values for each PCR fragments was observed as a
219  distinct peak at 81.9°C and 83.2°C from b/aTEM and fIoR, respectively.

220
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The genomic DNA fingerprinting assays using ERIC.-PCR

The DNA extraction of Sa/monella isolates followed the protocol of McNerney et al (Mcnerney
et al., 2017). To perform PCR reaction, the primers of repetitive element fingerprinting-based
PCR or ERIC-PCR were listed in Table 1. The 20 pL reaction mixture contained 0.2 uL of DNA,
primer concentration (25 uM) and 2 pL of HOT FIREPol Blend Master Mix Plus 10 mM MgCl,
(Solis Biodye). The conditions were as follows; 95°C for 15 minutes; 40 cycles of 95°C for 60
seconds, 54°C for 2 minutes and 72°C for 4 minutes; and a final step at 72°C for 10 minutes.
Amplicons were separated using 4% agarose gel electrophoresis with 1X TBE at constant DC
voltage of 60V for 3 hours at room temperature. DNA bands were stained with RedSafe dye
(INiRON, Washington, United States) and visualized under Molecular Imager (Gel DOC™ XR-,
Bio-RAD). The image of the gels were exported as JPEG images at 300 dpi resolution in which

the Image Lab™ software was used for further analysis.

The analysis of DNA fingerprint patterns and phylogeny tree construction

Analysis of the genetic fingerprint patterns and construction of phylogeny tree was performed by
a temporary BioNumeric evaluation license from Applied Maths, using curve based algorithm
(pearson correlation) to create similarity scale and unweight pair group method with arithmetic
mean (UPGMA) for cluster analysis.

The determination of Discrimatory index from different clustering protocols

The Discrimatory Power (D) was assessed to obtain the average probability that a clustering
method will assign a different type from two unrelated strains randomly sampled in the given
population of Salmonella isolates. The discrimatory power (D) of a clustering method was

evaluated using Simpson’s diversity index described by Hunter and Gaston (Hunter and Gaston,
1998) according to the equation:

1
D= 1_m2;=1xj(xj_1) (1)

where D is the index of discrimatory power, N the number of unrelated strains tested, S the

number of different types, and X; the number of strains belonging to the j th type. D value is in a

range of 0 (identical types) to 1 suggesting that the typing method was capable of distinguishing
each member of a population from all other members of that population.
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257 Results

258

259  The HRM serotyping of the 40 Salmonella isolates from various sources indicated 12 unique
260 clusters together with two groups of closely related clusters C1 and C2

261 In the preliminary project to develop the HRM serotyping protocol, all 40 Salmonella isolates in
262 this study were randomly selected from 201 Sa/monella-contaminated samples which were

263 initially collected from the total number of 718 samples from various sources, origin and
264 provinces in northern Thailand during February 2018 to September 2019 as illustrated in Figure
265 1.

266 Rapid Salmonella serotyping was performed by the real-time triplex PCR generating two
267 principal Ty, at 87 °C (gyrB and ycfQQ) and additional T, at 83 °C (fIjB). To generate HRM melt
268 curves for Salmonella typing, the HRM was performed upon normalized and temperature-shifted
269 view with pre-melt range 80.4 - 81.1°C and post-melt range 89.2 - 89.6°C (Figure 2). To cluster
270 HRM melt curves, auto-clustering was correctly assigned by the software-equipped machine to
271  most isolates with high confidence (> 97.0%); nevertheless, manual clustering was performed to

272 yield six Salmonella isolates in cluster 2 which generated percent confidence ranging from
273 50.1% to 95.1% due to variation in HRM melt curves (Table 2). In this analysis, twelve unique

274 HRM melt curves, easily differentiated by visual differentiation, were assigned as H3 to H14
275 while Cluster 1 (n=16) and 2 (n=9) were predominated in this study.

276
277
278 S-HRMa effectively differentiated closely related HRM melt curves of Cluster I and 2 based on

279  the curve analysis of high variation-based regions.

280 Sixty-two percent of all forty isolates in this study, classified as Cluster 1 and 2, were further
281 analyzed by the S-HRMa (Figure 3). The assumption of this analysis was that different regions of
282 closely related HRM melt curves still contain unique and corresponding curve-variation which

283 was further analyzed specifically in their own region using a suitable reference capable of
284 promoting such variation. Containing the most closely related HRM melt curves (n=16), Cluster

285 1 showed less curve-variation across the temperature range from 77.0°C to 83.6°C except for

286 Salmonella isolate L35 and L40 although various references were performed (data not shown)
287 (Figure 3A). However, cluster 2 initially showed high curve-variation at two specific regions

288 which were at 79.6°C - 83.0°C region and 85.0°C - 87.3°C region using S. Barille as the reference
289 (Figure 3B). To increase such curve-variation, in-cluster reference was selected using Salmonella
290 isolate L16 as the new reference. Two further analyses assigned as low temp region (79.6°C -

291  83.0°C) and high temperature region (85.0°C - 87.3°C) were conducted separately using L16 as
292 reference (Figure 3C). The results showed nine novel HRM melt curves (A-G) using S-HRMa. The
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293 low and high temperature region generated three HRM melt curves (A-C) and six HRM melt
294  curves (G-L)respectively suggesting that two different regions apparently contain unique and
295 specific information enough for further and functional clustering of Sa/monella isolates. The S-

296 HRMa was performed to further assign the HRM melt curves in cluster 1 and 2 to 3 and 10
297 unique patterns including the reference (L16), respectively.

298
299 S-HRMa and serogroups practically provide both salmonella typing and subtyping compared

300 with conventional serotyping.

301 The rapid HRM serotyping initially classified 40 Salmonella isolates into 12 clusters with 0.7949
302 discrimatory index. The Salmonella serogroups and the S-HRMa were effectively performed to
303 increase the discrimatory index to 0.9603 comparable to the conventional serotyping and the

304 ERIC clusters (91% similarity) (Table 3). The informative serogroup of Salmonella isolates in

305 Cluster 1 was practically employed to adequately classify the identical 18 HRM melt curves in
306 the cluster 1 to S. Weltevraden (n=14, Group E), S. Agona (n=2, Group B) and S. Corvallis (n=2

307 Group C). For cluster 2, only S. Braenderup (n=2) was correctly classified to the distinct

308 serogroup C while both S. Monophasic and S. Derby were the same serogroup B. Moreover, the
309 informative serogroup and the S-HRMa effectively assigned thirteen novel clusters or the

310 sensitive clusters. The initial 12 clusters plus the novel 13 clusters increased the discrimatory
311  index of the rapid HRM serotyping of all 40 Sa/monella isolates to 0.9603, more than that of the
312 conventional serotyping (0.891). The subtyping capability of the HRM serotyping was evidently
313 observed with four serotypes: S. Kentucky, S. Corvallis, S. Stanlay and S. Enteritidis as indicated,
314  with two different HRM clusters assigned to each serotype (Figure 4A). After employing

315 serogroups and performing S-HRMa to HRM serotyping, more than one sensitive cluster were
316 assigned to some Sa/monella isolates in the same serotypes such as S. Weltevraden, S.

317 Monophasic S. Derby and S. Braenderup (Table 3). As a result, the capability of Salmonella

318 subtyping was observed in this study.

319
320 The hierarchical clustering assessment through DTW assessment effectively provided the rapid
321  protocol for constructing the phylogenetic tree with four clades and corresponded to S-HRMa.

322 The DTW analysis was performed to build a dendrogram, reflecting hierarchical clustering and
323 phylogenic relatedness of 40 Salmonella isolates (Figure 5). Applying the distance level of

324 clustering at 0.0003, 28 DTW clusters were generated with the high discrimatory index at 0.9679
325 compared to 0.9603 obtained from the S-HRMa (25 sensitive clusters) and 0.7949 from HRM
326 Serotyping (14 HRM clusters). In addition, the DTW clustering significantly corresponded to the

327 HRM serotyping with the majority of cluster 1 and cluster 2 observed in a separated clade 1 and
328 2, respectively. Compatible with the S-HRMa, DTW clustering located two distinct S.
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329 Weltevreden of sensitive cluster 2 and 3 (L35 and L40) at the clade 3 compared to all nine S.

330 Weltevreden of sensitive cluster 1, located exclusively at the clade 1. For these two methods,
331  Salmonella subtyping was observed in cluster 2 more than that in cluster 1. In addition, four S.

332 Monophasic isolates were effectively subtyped by the DTW clustering but those of S-HRMa
333 showed clonally related property. For two S. Derby, only S-HRMa indicated different subtypes. In

334 general, clade 3 and 4 contained several Salmonella serotypes generating visually differentiated
335 melt curves except two Salmonella isolates from two S. Stanley (L30, L22) and S. Typhimurium

336 (L17, L28) which were classified by these two clustering methods. However, the clonally related

337 property was assumed due only to the genetic similarity of only three genes: fIjB (170 bp), gyrB
338 (171 bp)and ycfQ (241 bp), targeted for the Salmonella clustering.

339

340 The molecular subtyping of salmonella serotypes indicated by the combined results of the
341  clustering assessment through DTW and S-HRMa

342 The HRM melt curves were generated to basically indicate information of amplified PCR

343 fragments through the sequence polymorphism; thus, the different patterns of HRM melt curves
344  were applied to Salmonella clustering by visual observation (HRM clustering), modified visual
345 observation (S-HRMa) and algorithm-based methods with DTW assessment. HRM serotyping

346 initially classified Sa/monella spp.to fourteen clusters, and later both the S-HRMa and DTW
347 clustering generated twenty-five sensitive clusters and twenty-eight DTW clusters, respectively.

348 Moreover, the combination of sensitive clusters and DTW clusters were applied to indicate the
349 serotypes and subtypes of forty Salmonella isolates. The plots of negative first derivative of

350 normalized HRM melt curves, indicating different Salmonella serotypes, are shown in Figure 6.
351 Twelve Salmonella isolates of S. Weltevreden in Cluster 1 were further characterized to five

352 different sub clusters or subtypes after performing the SSHRMa and DTW clustering. The

353 predominant Sa/monella isolates of S. Weltevreden subtype DTW4-S1 (n=6) was observed in the

354 following DTW clusters: DTW1-S1 (n=2), DTW5-S1 (n=1), DTW16-S2 (n=1)and DTW17-S3
355 (n=1).In addition, two subtypes of S. Covallis were observed in cluster 1 and H11 of HRM

356 cluster (DTW 21-S22) while two S. Agona isolates (DTW 5-S4) were observed to be clonally
357 related. The same analysis also suggested all nine Salmonella isolates in cluster 2 or S.
358 Monophasic (n=4), S. Braederup (n=2) and S.Derby (n=3) were of different Sa/monella subtypes.

359  Furthermore, the HRM cluster H3 to H14 were mostly correlated to different Salmonella
360 serotypes with the exception of S. Stanley (H4 and HS5), S. Enteritidis (H6 and H7) and S.

361 Kentucky (H10 and H13). However, two subtypes of S. Typhimurium were diagnosed within the
362 same H3 cluster as DTW26-S15 (n=2) and DTW27-S15 (n=1). In this study, the SSHRMa and

363 DTW assessment were considered to be the effective methods for rapid subtyping of Sa/monella
364  spp.
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365
366 The S-HRMa and DTW were observed to produce the clustering results corresponding to the

367 ERIC-PCR clusters.
368 All 40 Salmonella isolates were phylogenetically analyzed by performing ERIC-PCR to create

369 DNA fingerprint and its corresponded phylogeny tree with all related clustering and
370 epidemiological dataset (Figure 7). The ERIC-PCR gave exceptionally high discriminatory index

371 0f 09962 at 91+ similarity. Significantly, 27 Sa/monella isolates in clusters C1 and C2 were

372 observed to be clustered together in the phylogeny tree suggesting the phylogenetic related
373 properties of those Salmonella isolates in the two clusters especially in cluster 2 of which nine
374  Salmonella isolates of three serotypes arranged in close proximity. Evidently, the phylogeny tree

375 from ERIC-PCR revealed three clusters (E10, E18, E21) to be clonally related at 91%. In this

376 experiment, the S-HRMa and the DTW analysis were together applied to cluster Salmonella

377 isolates with the combined clusters of the sensitive and the DTW clusters. The combined clusters
378 of DTW4 and S1 effectively suggest the genetic relatedness property of E10 cluster. However, S6
379 or DTW7 sufficiently indicate the genetic relatedness property of E18 and E21, respectively. The

380 results revealed the possibility of applying those two clustering methods to perform Salmonella
381 subtyping to the level of 91% similarity from the ERIC-PCR. Further analysis of antibiotic

382 determinants, blaTEM and floR suggested only E18, possibly possessing clonally related

383 properties due to acquiring the same antibiotic determinants; on the contrary, the Salmonella
384 isolates in both E10 and E21 showed different antibiotic determinants and were classified as

385 different Sa/monella subtypes. In conclusion, the S-HRMa and DTW analysis could be applied to
386 indicate different subtypes of Salmonella isolates at the high level of 91% genetic similarity,

387 comparable to that performed by ERIC-PCR.
388

389
390 S-HRMa and DTW assessment suggested the distribution of the clonally related Salmonella

391 isolates in Northern Thailand.

392 All related epidemiological data of all 40 Sa/monella isolates including isolated locations,
393 sources, types of animals and samples of Salmonella isolates were provided for each Salmonella
394  strains in their corresponded serotypes in Table 4. Of all 40 Salmonella isolates in this study, S.

395 Weltevraden (n=12) was the most prevalent Salmonella serotype found in nearly all provinces in
396 Northern Thailand except Chaing Rai and showed that the most associated epidemiological data
397 was farm, chicken and stool sample, containing the group of eight Salmonella serotypes as

398 follows: S. Albany, S. Corvallis, S. Enteritidis, S. Kentucky, S.agona, S. Braenderup, S. Weltevraden

399 and S Stanley. Distinctively, S. Derby (n=3) and S. Monophasic (n=4) were mostly associated with
400 the slaughterhouse and swine while S. Typhimurium (n=3) associated with goats and house.

401  Salmonella isolates showing high similarity (>91%), effectively identified by the S-HRM analysis
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402 and the DTW clustering, were indicated in three Salmonella serotypes as S. Monophasic, S. Derby
403 and S. Weltevraden. From the associated epidemiological data, the transmission route of S.

404 Weltevraden was likely to be farm-to-farm in the same province while that of S. Derby and S.

405 Monophasic was predicted to be house-to-slaughterhouse and vice versa in different provinces.
406

407 Discussion

408 The HRM serotyping was well established to rapidly identify the frequently encountered

409 Salmonella serotypes associated with hospitalized patients and minced pork in the Northern

410 Thailand (Poonchareon et al., 2019). The capability of Salmonella subtyping in this study was
411  observed with S. Stanley, S. Enteritis and S. Kentucky, which exhibited two visually different
412 HRM patterns to each serotype. To explain, the underlying principle of this multiplex HRM

413 serotyping was the DNA polymorphism of three Salmonella gene targets; fIjB, gyrB, ycfQ, in
414  each Salmonella serotypes or subtypes (Zeinzinger et al., 2012). In this study, the sensitive high -
415 resolution melting - curve analysis (S-HRMa) was effectively established to differentiate two
416 clusters containing the majority of Salmonella isolates exhibiting closely related HRM patterns.
417 The S-HRMa was performed by using internal reference which effectively promoted unified

418 HRM patterns for further clustering. With the informative serogroup, the established protocol
419 effectively improved the discriminatory index from 0.7949 to 0.9679 with the good correlation to
420 the standard Salmonella subtyping by ERIC - PCR based phylogeny as observed in several

421 publications (Johnson et al., 2001). In comparison to the S-HRMa, the raw data set of normalized
422 melting curves from HRM analysis was performed to construct the hierarchical clustering by
423 using Dynamic Time Warping assessment (DTW) as shown to be the rapid and robust technique
424  capable of identifying 243 clinical fungal isolates (Lu et al., 2017). The results of the DTW

425 clustering was indicated with high discriminatory index 0.9679 together with the construction of
426 the dendrogram compatible with the ERIC - PCR based phylogeny. Furthermore, the

427 combination of the S-HRMa and the DTW clustering successfully subtyped eleven S.

428 Weltevraden, four S. Monophasic and three S. Derby isolates to five, four and three subtypes

429 respectively. The evidence of S. Monophasic subtypes in this study was well correlated to the
430 continually evolving property of this virulent serotype during clonal expansion in many countries
431 (Petrovska et al., 2016) (Izumiya et al., 2018). In this study, the combination of S-HRMa and
432 DTW clustering was introduced to rapidly subtype Salmonella isolates with sufficient efficacy to
433 the level of Rep based PCR molecular typing compared with other standard protocols such as
434 PFGE or MLST which are costly and complicated protocols.

435 The most prevalent S. Weltevreden (n=12) isolates was observed in nearly all provinces
436 in the Northern Thailand with the highly associated pattern to chickens and their line of

437 production. S. Weltevreden was regarded as the prevalent serotype found in various

438 contaminated food as well as the-humans in Thailand (Bangtrakulnonth et al., 2004)

439 (Lertworapreecha, Sutthimusik & Tontikapong, 2013). After further analysis, S. Weltevreden
440 (n=12) isolates were rapidly subtyped by the combination of two clustering methods to five

441  different subtypes with the predominant subtype (DTW4-S1, n=6) significantly correlated with
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the stool samples of chickens from farms. The prediction of transmission route by this
Salmonella subtyping and related dataset was likely to be the spread of S. Weltevraden between
chicken farms in the same province possibly due to natural carriers (Skov et al., 2004). Thus, the
combination of two protocols were performed after the HRM serotyping to identify Salmonella
subtypes and the different transmission route of Salmonella contamination as previously
achieved by the subtyping of S. Weltevreden (n=22) isolates by ERIC - PCR fingerprints
(Kumar, Surendran & Thampuran, 2009). Additionally, S. Monophasic was found exclusively in
two populated provinces such as Chiang mai and Lampang in the Northern Thailand and
observed to be correlated to swine of which its line of industry is regarded as the main reservoir
of human infection in Thailand (Padungtod & Kaneene, 2006). Additionally, two S. Monophasic
isolates exhibiting 91.8 similarity of ERIC pattern also suggested their transmission route to
possibly be house-to-slaughterhouse and vice versa in different provinces. An interesting
observation was S. Typhimurium association with goats and houses raising concern of
Salmonella contamination in goat - associated products (Duffy et al., 2009).

Conclusions
In this study, we described the effective protocols that can be performed after HRM serotyping in
order to further subtype Salmonella spp. with high discrimatory index comparable to Rep PCR

fingerprints. The S-HRMa, informative serogroups and the DTW were firstly introduced to the
epidemiological research of Salmonella spp. as the simple and rapid molecular typing with the
high discrimatory index comparable to ERIC - PCR fingerprints together with our future prospect

of this protocol to rapidly serotype Salmonella samples directly from infected patients for
effective treatment and epidemiological concern.
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Figure 1 (on next page)

Geographic data of different sampling locations of 40 Salmonella isolates during
February 2018 to September 2019 from the northern part of Thailand.

(A) National Thai map is illustrated in green color and the dark red color represents Northern
Thailand, the focused area of sampling locations. (B) Seven provinces of Northern Thailand as
the different sites of sampling locations of 40 Salmonella isolates with different labeled colors

to each province. The sampling sites of 40 Salmonella isolates were shown as different

symbols in the map
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Figure 2 (on next page)

Sixteen HRM patterns assigned to 40 Salmonella isolates from different specimens,
animals, sources and provinces from the northern part of Thailand.

(A) Sixteen visually different HRM curves with their duplication using S. Barille as reference
was illustrated in different colors and labeled with the alphabet “C” or “H” followed by a
specified number with the number in parenthesis suggesting the number of Salmonella
isolates exhibiting the patterns. (B) The closely related similar clusters, assigned as Cluster 1

(blue color) and Cluster 2 (red color), were the dominant HRM patterns in this study.
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Figure 3(on next page)

The Sensitive High Resolution Melting analysis (S-HRMa) differentiated cluster 1 and
cluster 2 to various curve patterns patterns (A - L) used for further clustering.

(A) Cluster 1 was differentiated by performing HRM analysis with one temperature range
(77.0°C - 83.6°C) using S. Barille as reference. (B) Cluster 2 was differentiated by performing

HRM analysis ranging from 79.6°C to 87.47°C using S. Barille (Left) L16 (Right) as reference.
(C) Three (A to C) and six different colored HRM melt curves (G to L) were derived by

performing HRM analysis with two temperature range (79.6°C - 83.0°C) and (85.0°C - 87.3°C)

respectively with L16 as reference.
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Figure 4 (on next page)

The corresponded Salmonella serotypes to sixteen HRM melt patterns assigned to the
all 40 Salmonella from the northern part of Thailand.

(A) Eleven Salmonella serotypes assigned to ten different HRM curves, corresponded to the
majority of all Salmonella isolates(n=36, 90 percent). The associated information with each
HRM patterns was the cluster name, corresponded Salmonella serotypes and the number of
Salmonella isolates in parenthesis. (B) Four Salmonella serotypes assigned to four different

HRM curves, corresponded to the minority of Salmonella isolates (n=4, 10 percent)
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Figure 5(on next page)

The hierarchical phylogeny tree of 40 Salmonella isolates at the Northern Thailand
during February 2018 to September 2019.

This phylogeny was created by performing the Dynamic Time Warping assessment (DTW) of
the normalized melting curves from High - resolution melting - curve analysis using neighbor-
joining method for the tree construction. The right side of the phylogeny tree was the
illustration of four clades (black rectangular boxes) assigned at the phylogenic distance
0.0003. The associated clustering data from the HRM clusters, sensitive clusters, DTW
clusters and corresponded serotypes were provided in the table. The red and blue color
displayed in the table indicated the associated clustering data of Cluster 1 and Cluster 2
respectively. The Discrimatory power and number of types for each clustering was in the

bottom of the table in gray color.
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Figure 6(on next page)

The Salmonella serotypes illustrated as the negative first derivative of normalized HRM
melt graphs.

The HRM melting curves were normalized and negative first derivative (-dF/dt) was

performed between the temperature 80°C to 94°C to the normalized curves. Inside each
rectangular boxes. Each graph corresponded to each Salmonella isolates with the same
serotypes were displayed with the overlying fashion. The HRM clusters and the reference
were indicated at the bottom right as well as the top left, the subtyping signatures displayed
as the DTW (The DTW cluster), the Sensitive cluster (S) and “n” as the number of Salmonella
isolates. In addition, the top right, each number represents the strain number with their
corresponded color of graphs. Fifteen Salmonella Serotypes including reference were

displays in this figure.
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Figure 7 (on next page)

The phylogeny tree construction based on ERIC- PCR fingerprint patterns of 40
Salmonella isolates from different specimens, animals, sources and provinces from the
Northern part of Thailand during February 2018 to September 2019.

Phylogeny tree constructed using curve based algorithm as pearson correlation and UPGMA
for clustering fingerprints according to percent similarity was represented with the different
level of percent similarity from low similarity (light blue color) to high similarity (more intense
blue color). The dataset included the four clustering results from HRM clusters, sensitive
clusters from S-HRM analysis, DTW based clustering and ERIC patterns (91% similarity) as
well as general information of the salmonella isolates such as serotype, specimens, animals,

source and locations of collection.
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91% Similarity . HRM " ERIC -PCR | Antibiotic resistant :
Strain Sensitive DTW Conventional . . .
number clusters clusters | clusters Patterns genotype N —— Specimens Animals Sources Province Month
79-89 (91.8%) | blaTEM | floR o
. L27 DTW27 E1 P Organs Chickens . . June
3 128 H3 S14 E2 N S. Typhimurium House Chiang rai October
) DTW26 ’ Intestinal contents Goat
L17 E3 P Lampang May
N Chiang mai June
P p Stool sample Chicken Farm Lampang May
Chiang mai
- June
_ N cecal contents Swine Slaughterhouse Phayao
P Stool sample Chicken Farm Lampang July
N S. Weltevreden | Intestinal contents Cow House June
Lamphun
- {n, : : Stool sample Chicken Farm phu July
l N Cecal contents Swine Slaughterhouse* Nan May
! P Phrae June
\ P N S. Kantuck Lamphun Jul
. l - fantuc _y Stool sample Chicken Farm P 4
3 . p S. Corvallis
i S. Kantucky Chiang mai June
! N S. Stanley Lamphun July
p N 5.1.4,5,12:i: Intestinal contents Chlc.ken House La-mpang : August
Cecal contents Swine Slaughterhouse Chiang mai Feburary
' P N S. Braenderup Stool sample Chicken Farm !’hrae - June
I P Chiang mai
! *
3 P P s. Derby Cec?I contents Swine Slaughterhouse .Nan :
P N Intestinal contents House Chiang rai May
| S. Agona Stool sample Chicken Farm Lampang
N - "
5.1.4,5,12:i:- Swine C:uang mai Fejburary
Cecal contents Slaughterhouse ampang une
I d P S. Derby Nan May
1 P N S. Agona Chicken Chiang mai June
L8 H8 519 DTW3 E27 S. Krefeld Intestinal contents . House December
- Swine Lampang
L9 H9 S20 DTW24 E28 P S. Give Cecal contents Slaughterhouse Feburary
2 { L36 H5 516 DTW25 E29 N S. Stanley
RS 8 | 138 H14 $25 DTW15 E30 S. Albany Lamphun
e ot —— Stool sample Farm July
PR I iR 137 H7 518 DTW23 E31 P S. Enteritidis
l L18 H11 S22 DTW21 E32 N S. Corvallis Chicken Phayao
K i L25 p S. Weltevre-den Organs House Chiang mai Augu.st
% L26 N S. Corvallis Carcess April
122 H4 P15 DTW28 E35 N S. Stanley Stool sample Farm Lampang May
| 123 H12 P23 DTW20 E36 P S. Uganda Organs Rat House Nan
l . L24 H6 P17 DTW22 E37 P N S. Enteritidis Meat Chicken Chiang rai August
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Table 1l(on next page)

Primers used in this study
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Primer Genes Sequence 5° —P 3 Size of PCR- Primer Reference
product (bps) Concentration
(pmolul
HRM Multiplex f1B,, gyrB and ycfQ genes HRM-1t PCR)
flijB_f fijB GTGAAAGATACAGCAGTAACAACG 170 0.1 (Zeinzinger et al,, 2012)
fliB r CAAAGTACTTGTTATTATCTGCG 0.1
gyrB_f arB AAACGCCGATCCACCCGA 171 0.075 (Zeinzinger et al., 2012)
gyrB r TCATCGCCGCACGGAAG 0.075
yefQ f yefo GCCTACTCTCTATGCGGAATTCAC 241 0.075 (Zeinzinger et al., 2012)
yefQ r GATATCGCGCGAGGAGGCG 0.075
Multiplex 1 5/aTEM and floR
blaTEM_f blaTEM CAGCGGTAAGATCCTTGAGA 323 0.15 (Singh & Mustapha,
2014
blaTEM_r TTACATGATCCCCCATGTTG 0.15
Chl F floR GGCAGGCGATATTCATTACT 197 0.12 (Singh & Mustapha,
2014)
ChlR CGAGAAGAAGACGAAGAAGG 0.12
Molecular typing
ERIC f ERIC-PCR ATGTAAGCTCCTGGGGATTCAC 25 (Versalovic, Koeuth & Lupski, 1991)
ERIC r AAGTAAGTGACTGGGGTGAGCG 25
"Y-TorC;R-A orG; S-GorC; D-AorGorT
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Table 2(on next page)

HRM serotyping of 40 Salmonella isolates from different specimens, animals, sources
and provinces during February 2018 to September 2019.

The HRM clusters derived from automatically and manually clustering using the Precision

Melt Analysis software V 1.2.
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HRM Serotyping
Isolate no. Isolate name
Tm Peak Clustering | HRM clusters Percent confidence
1 L5 1(87.5) Auto 99.5
2 L13 1(87.3) Auto 97.5
3 L15 1(87.5) Auto 99.5
4 L19 1(87.5) Auto 99.6
5 L20 1(87.3) Auto 99.4
6 L21 1(87.4) Auto 99.0
7 L25 1(87.3) Auto 98.5
8 L33 1(87.4) Auto 98.3
Cluster 1

9 L34 1(87.3) Auto 99.2
10 L39 1(87.4) Auto 99.1
11 L35 1(87.3) Auto 98.0
12 L40 1(87.3) Manual 92.0
13 L14 1(87.4) Auto 99.0
14 L10 1(87.4) Auto 98.3
15 L26 1(87.3) Auto 98.5
16 L32 1(87.3) Auto 97.8
17 L1 1(87.2) Manual 77.4
18 L29 1(86.9) Manual 71.6
19 L4 1(87.0) Manual 54.1
20 L7 1(87.0) Auto 94.6
21 L2 1(87.3) Auto Cluster 2 82.0
22 L3 1(87.2) Auto 90.2
23 L6 1(87.3) Manual 95.1
24 L12 1(87.2) Manual 75.0
25 L16 1(87.3) Manual 51.3
26 L17 2(87.1,83.2) Auto 98.1
27 L27 2(86.9,83.0) Auto H3 99.8
28 L28 2(87.0,83.1) Auto 99.4
29 L22 2(87.4,83.2) Auto ha 98.4
30 L30 2(87.3,83.1) Auto 98.8
31 L36 1(87.3) Auto H5 99.6
32 L24 2(87.5,86.1) Auto H6 99.3
33 L37 2(87.3,86.0) Auto H7 99.8
34 L8 1(87.4) Auto H8 98.1
35 L9 2(87.6,82.5) Auto H9 98.5
36 L11 1(87.0) Manual H10 97.5
37 L18 1(87.2) Auto H11 97.0
38 L23 1(87.4) Auto H12 98.7
39 L31 1(86.9) Auto H13 89.3
40 L38 1(87.2) Auto H14 97.0

Reference 1(87.4) Auto REF 99.6
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Table 3(on next page)

S-HRMa of 40 Salmonella isolates from different specimens, animals, sources and
provinces during February 2018 to September 2019.

The Sensitive clusters was further assigned to all Salmonella isolates especially those in
cluster 1 and 2 using serogroups and S-HRMa. The molecular analyzation of two antibiotic
resistant genes, their conventional serotypes, and ERIC clusters (91%) were conducted and

compared in this study.
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Clustering of Salmonella isolates (n=40)

Antibiotic
HRM S-HRM analysis Sensitive resistent
Strain number | clusters | Serogroup clusters genes Conventional Serotypes ERIC clusters (91%)
79-83 | 85-88 blaTEM | floR
79-89 °C °C °C
L5 N S. Weltevreden El
L13 P S. Weltevreden E2
L15 b N S. Weltevreden E3
L20 S. Weltevreden E4
S. Weltevreden E5
. Weltevreden
1E E6
L34 N N S. Weltevreden
L39 S. Weltevreden E7
Cluster 1 ND P
L19 P S. Weltevreden ES
L25 S. Weltevreden E9
L35 E S2 N S. Weltevreden E10
L40 F S3 N S. Weltevreden E11
S. Agona E12
L10 1B S4 &
L14 b S. Agona E13
S. Corvallis E14
L26 1C S5 -
L32 P S. Corvallis E15
L1 S .1.4,5,12:i:-
G S6 - E16
L29 P N S .1.4,5,12:i:-
L4 A | S7 S .1.4,5,12:i:- E17
L7 2B K S8 S .1.4,5,12:i:- E18
5 Cluster 2 - > S Derb
. Der
H y E19
L3 B S10 N S. Derby
L6 J S11 P S. Derby E20
L12 2C C L S12 N S. Braenderup E21
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L16 REF REF S13 S. Braenderup E22
L17 P S. Typhimurium E23
L27 H3 3B S14 S. Typhimurium E24
L28 S. Typhimurium E25
L22 S. Stanley E26
L30 "4 48 >15 N S. Stanley E27
L36 H5 5B S16 N S. Stanley E28
L24 H6 6D S17 S. Enteritidis E29
L37 H7 7D ND S18 P S. Enteritidis E30
L8 H8 8E S19 P N S. Krefeld E31
L9 H9 9E S20 P S. Give E32
L11 H10 10C S21 S. Kantucky E33
L18 H11 11C S22 N N S. Corvallis E34
L23 H12 12E S23 P S. Uganda E35
L31 H13 13C S24 P N S. Kantucky E36
L38 H14 14E S25 P S. Albany E37
D'Sc';:’v:,':tmy 0.7949 | 0.8795 0.9603 0.891 0.9962
ND ND ND
N“t'c'::: of 14 17 25 14 37

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27664v1 | CC BY 4.0 Open Access | rec: 19 Apr 2019, publ: 19 Apr 2019




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27664v1 | CC BY 4.0 Open Access | rec: 19 Apr 2019, publ: 19 Apr 2019




Table 4(on next page)

The associated epidemiological data of 40 Salmonella isolates derived from DTW and S-
HRMa

The associated data of Salmonella isolates was classified to four categories and
subcategories as provinces/types displayed in the first two columns on the left and the next
fourteen column displayed the corresponded Salmonella serotypes in this study. The total
number of Salmonella isolates displaying each associated data was indicated in the
outermost, left column while the total number of Salmonella isolates in each serotype was
provided at the row labeled in orange color. Two Salmonella isolates showing high similarity

(>91%) or in the same ERIC clusters were in the yellow column.
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Cartigories Province Salmonella serotypes
s/Types
/Typ Albany Corvallis Derby Enteriti Kantucky Agona Braenderup Give 1.4,5,12:i:- Krefeld Typhim Ugan Weltevreden Stanley Total
dis urium da
Provinces Chiang L26 L11 L10 L16 L1 L4 L19,20 9
mai /25
Chiang 13 L24 127,28 4
rai
Lampang L14 L9 L29 L8 L17 121,39 L22 9
Lamphun L38 L32 L37 L31 L33,L 135,40 L36,30 10
34
Nan L2 L6 123 L5 4
Phayao L18 L15 2
Phrae L12 L13 2
Total 1 3 2 1 2 2 2 2 1 2 1 3 1 2 10 3 40
Sources Slaughter L2 L6 L10 L9 L1 L4 L5,15 9
house
Farm L38 132,18 L37 L11,31 L14 L12,16 L33,L L13,19 L22,36,3 20
34 ,20,21 0
,39,35
House 126 L3 124 129 L8 117,27, 123 125,40 11
28
Animals Chicken L38 L32,18,26 124,37 111,31 110,14 L12,16 L9 L29 L27 L33,L L13,19 L22,36,3 27
34 ,20,21 0
,39,25
,35
Swine L3 L2 L6 L1 L4 L8 L5,15 9
Goat 127,28 2
Rat L23 1
Cow L40 1
Samples Stool sa L38 132,18 L37 L11,31 L10,14 L12,16 L33,L L13,19 L22,36,3 21
mple 34 ,20,21 0
,39,35
Intestinal L3 L29 L8 L17, 28 L40 6
contents
Cecal L2 L6 L9 L1 L4 L5,15 8
contents
Carcess L26 1
Organs L27 L23 L25 3
Meat L24 1
1
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