Journal of Visualized Experiments
A high-throughput platform for the screening of Salmonella spp./Shigella spp.

--Manuscript Draft--

Article Type: Invited Methods Article - JoVE Produced Video

Manuscript Number: JoVES58200R2

Full Title: A high-throughput platform for the screening of Salmonella spp./Shigella spp.
Keywords: acute gastroenteritis; Salmonella spp.; Shigella spp.; screening; Real-time PCR;

guided culture

Corresponding Author: Wang Haibo
State Key Laboratory of Diarrhea Disease Detection, Zhuhai International Travel
Healthcare Center
Zhuhai, Guangdong CHINA

Corresponding Author's Institution: State Key Laboratory of Diarrhea Disease Detection, Zhuhai International Travel
Healthcare Center

Corresponding Author E-Mail: WangHb1013@hotmail.com

Order of Authors: Ze Yang
Xin-Bin Chen

Cheng-Ning Tu

Ying Su
Wang Haibo
Additional Information:
Question Response

Please indicate whether this article will be Standard Access (US$2,400)
Standard Access or Open Access.

Please indicate the city, state/province, 7/F, No. 133, Qiaoguang Road, Zhuhai 519020, Guangdong, China
and country where this article will be
filmed. Please do not use abbreviations.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;58200_R2.docx =

1  TITLE:
2 A High-Throughput Platform for the Screening of Salmonella spp./Shigella spp.
3
4 AUTHOR AND AFFILIATION:
5 Ze Yang, Xin-Bin Chen, Cheng-Ning Tu, Ying Su, Hai-Bo Wang
6
7  State Key Laboratory of Diarrhea Disease Detection, Zhuhai International Travel Healthcare
8 Center, Zhuhai, Guangdong, P. R. China
9
10  Corresponding author:
11  Hai-Bo Wang
12 wanghbl1013@hotmail.com
13
14  Email Addresses of Co-authors:
15  Ze Yang (zhithc-lab@hotmail.com)
16  Xin-Bin Chen (13427755007 @163.com)
17  Cheng-Ning Tu (zhithcl@163.com)
18  Ying Su (zhithc3@163.com)
19
20 KEYWORDS:
21  acute gastroenteritis; Salmonella spp.; Shigella spp.; screening; real-time PCR; guided culture
22
23 SUMMARY:
24 Salmonella spp./Shigella spp. are common pathogens attributed to diarrhea. Here, we describe
25  a high-throughput platform for the screening of Salmonella spp./Shigella spp. using real-time
26  PCR combined with guided culture.
27
28  ABSTRACT:
29  Fecal-oral transmission of acute gastroenteritis occurs from time to time, especially when
30 people who handled food and water are infected by Salmonella spp./Shigella spp. The gold
31 standard method for the detection of Salmonella spp./Shigella spp. is direct culture but this is
32  labor-intensive and time-consuming. Here, we describe a high-throughput platform for
33  Salmonella spp./Shigella spp. screening, using real-time polymerase chain reaction (PCR)
34  combined with guided culture. There are two major stages: real-time PCR and the guided
35 culture. For the first stage (real-time PCR), we explain each step of the method: sample
36 collection, pre-enrichment, DNA extraction and real-time PCR. If the real-time PCR result is
37 positive, then the second stage (guided culture) is performed: selective culture, biochemical
38 identification and serological characterization. We also illustrate representative results
39 generated from it. The protocol described here would be a valuable platform for the rapid,
40 specific, sensitive and high-throughput screening of Salmonella spp./Shigella spp.
41
42  INTRODUCTION:
43  Diarrhea is still a common health issue with a high incidence rate globally®?. Though the
44  mortality is relatively low, some patients show various symptoms for weeks (such as loose and
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watery stools, an urgency to go to the bathroom), which make the socioeconomic impact very
high®*. More seriously, some patients may even develop irritable bowel syndrome if left
untreated®. There are various kinds of bacteria, viruses and parasites that can cause diarrhea®.
Salmonella spp./Shigella spp. are among the most common bacteria for the transmission of
acute gastroenteritis’*!. Therefore, many counties have issued laws or regulations for regular
Salmonella spp./Shigella spp. screening among people who would handle food and water. For
example, the Chinese government have issued laws for obligatory Salmonella spp./Shigella spp.
screening once a year.

The gold standard method for Salmonella spp./Shigella spp. detection is bacteria culture.
Through bacteria culture and successive biochemical identification and serological
characterization, we can identify the species of bacteria, which could facilitate disease outbreak
management and antimicrobial profiling to aid the treatment of patients!?. It could also help
trace the source of infection during the Salmonella spp./Shigella spp. outbreak®3. However, this
method is labor-intensive (requiring manual operation) and time-consuming (taking several
days), especially for the testing of large numbers of samples’. Moreover, viable but non-
culturable (VBNC) Salmonella spp./Shigella spp. may exist in some stool samples*. In view of
these drawbacks, many laboratories have tried to develop new techniques for the detection of
Salmonella spp./Shigella spp.'>%. All these methods use the nuclear acid amplification test
(NAAT), among which the polymerase chain reaction (PCR) is the most common. One major
limitation of these NAAT based methods is that dead bacteria, even bacterial debris containing
incomplete genomic DNA, could show positive results?®, which could largely influence the
accurate diagnosis of disease. Blanco et al. showed that molecular assay is highly sensitive, not
only to viable Salmonella in cultures, but also to partial genomes and dead or unviable bacteria
from past infections or contamination?®. Therefore, new technology should be developed.

Here, we described a novel method that combines the NAAT based method and culturing. As
shown in Figure 1, this new method applies real-time PCR screening first and then positive
samples are sent for bacteria culture and identification.

PROTOCOL

The protocol follows the guidelines set by the human research ethics committee of Zhuhai
International Travel Healthcare Center. Please use standard sterile operation during the
experiment.

1. Culture Media Composition and Preparation

1.1.  Prepare Nutrient Broth: Dissolve 1% peptone, 0.3% beef extract, 0.5% sodium chloride,
0.1% glucose in H,0, adjust pH to 7.5 and autoclave it in 121 °C for 15 min.

1.2.  Prepare Selenite Cystine medium: Dissolve 0.5% peptone, 0.4% lactose, 1% Na;HCOs,
0.4% sodium hydrogen selenite, 0.001% L-Cystine in H,0, adjust pH to 7.0 and boil it for 5 min.
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1.3.  Prepare the Xylose, Lysine, Deoxycholate agar (XLD) plate: Dissolve 0.3% yeast extract,
0.5% L-lysine, 0.375% xylose, 0.75% lactose, 0.75% sucrose, 0.5% sodium chloride, 0.008%
phenol red, 0.68% sodium thiosulfate, 0.08% ammonium ferric citrate, 0.25% sodium
deoxycholate, 1.5% agar in H20, and adjust pH to 7.4. Then boil it for 5 min and pour it into 90
mm plates.

1.4.  Prepare the Salmonella chromogenic agar plate: Dissolve 1.5% agar, 0.7% peptone and
yeast extract, 1.29% selective reagent in H,O. Then boil it for 5 min and pour it into 90 mm
plates.

1.5. Prepare the Nutrient agar plate: Dissolve 1% peptone, 0.3% beef extract, 0.5% sodium
chloride, 1.5% agar in H;0, and adjust pH to 7.3. Then autoclave it in 121 °C for 15 min and pour
it into 90 mm plates.

1.6. Prepare the MacConkey agar (MAC) plate: Dissolve 2% peptone, 1% lactose, 0.5%
sodium chloride, 0.5% OX Bile Salt, 0.0025% Neutral Red, 1.5% agar, 0.0001% crystal violet in
H>0, and adjust pH to 7.2. Then autoclave it in 115 °C for 20 min and pour it into 90 mm plates.
2. Real-time PCR

2.1. Sample collection

2.1.1. Insert an anal swab into the patient’s anus 3-5 cm deep, and rotate it 360° around.

2.1.2. Putthe anal swab into a sterile collection tube. Mark sample ID.

2.1.3. Send the sample to laboratory as soon as possible.

Note: Samples could be stored at 4 °C for no more than 24 h.

2.2. Pre-enrichment

2.2.1. Add 3 mL of Nutrient Broth into each sample in the collection tube.

2.2.2. Incubate at 36 °Cfor 6 hin an incubator.

2.3. Sample mixing (optional)

2.3.1. Collect 100 pL of each pre-enrichment culture and mix 8-10 samples of 1 specimen into
a 1.5 mL tube if there are more than 10 samples.

2.3.2. Mark properly.

2.4. DNA extraction
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2.4.1. Centrifuge the pre-enrichment culture at 800 % g for 2 min to allow large particles to
settle down, and transfer the supernatant to a new tube and centrifuge at 12000 X g for 5 min.
Discard the supernatant by aspiration.

2.4.2. Add 100 pL of DNA extraction solution (0.01 M pH 8.0 Tris-EDTA, 0.01% Nonidet P 40
(NP40)) to the pellet. Vortex vigorously for 1 min.

2.4.3. Boil at 100 °C for 5 min on a dry bath.

2.4.4. Centrifuge at 12000 x g for 5 min. Collect the supernatant using a new tube, which will
be the template for the succeeding real-time PCR analysis.

2.5. Real-time PCR

2.5.1. Setup the reaction mixture as follow: for each sample, add 12.5 pL of 2x reaction
mixture, 0.4 pM of each primer, 0.2 uM of each probe (sequences in Table 1)¥/, 5 uL of the
template as prepared in step 2.4.4, and use ddH;0 to add up to 25 pl total volume.

2.5.2. Setup the cycling program as follow: 95 °C for 3 min, followed by 40 cycles of 95 °C for
15 s, 55 °C for 30 s, 72 °C for 34 s. Collect fluorescent signals from 6-carboxy-fluorescein (FAM)
and Hexachlorofluorescein (HEX) channels at the elongation step (72 °C) automatically by the
fluorescent real-time PCR machine.

2.5.3. Perform real-time PCR on a fluorescent real-time PCR machine, according to instructions
of the instrument.

2.5.4. Go to Step 4 directly and issue negative reports if negative results occur on the
FAM/HEX channels, which means that samples are negative for Salmonella spp./Shigella spp.

2.5.5. Go to step 3.1 and/or 3.2 if positive results occur on the HEX and/or FAM channels,
which means that the sample may be positive for Salmonella spp. and/or Shigella spp.,
respectively.

Note: If sample mixing has been performed in step 2.3, then real-time PCR on individual
samples which made up the positive one should be performed to screen out the real positive
sample.

3. Guided Culture

3.1. Salmonella spp. PCR positive sample

3.1.1. Selective culture in medium
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3.1.1.1. Add 100 pL of pre-enrichment culture into 5 mL of Selenite Cystine medium in a
test tube. Incubate at 36 °C for 18-24 h in an incubator.

3.1.2. Separating culture on plate

3.1.2.1. Collect one loop of the culture with a micro-loop and spread onto a XLD plate or
Salmonella chromogenic agar plate. Incubate at 36 °C for 18-24 h in an incubator.

3.1.3. Biochemical identification
3.1.3.1. Select suspicious colony on XLD plate (pink colony with/without dark heart; dark
colony; yellow colony with/without dark heart) or Salmonella chromogenic agar plate (purple or

prunosus colony, smooth and round) (Figure 2).

3.1.3.2. Subject suspicious colony for biochemical identification on automated microbial
identification system, according to instructions of the instrument.

3.1.4. Serological characterization

3.1.4.1. O antigen characterization

3.1.4.1.1. Add one drop of the O antigen polyvalent sera onto a clean slide.

3.1.4.1.2. Collect one loop of the colony with a micro-loop and grind in the sera.

3.1.4.1.3. Go to step 3.1.4.1.4 if it looks like flowing sand, which means that the colony is

reactive to the sera (Figure 3). Otherwise, go to step 3.1.4.1.5.

3.1.4.1.4. Use O antigen monovalent sera to repeat steps 3.1.4.1.1 to 3.1.4.1.3 until the
specific O antigen is characterized.

3.1.4.1.5. Use Vi sera to repeat steps 3.1.4.1.1 to 3.1.4.1.3. Collect those Vi sera reactive
colonies in a tube and boil at 100 °C for 5 min in a dry bath. Centrifuge at 12000 X g for 5 min.
Collect the pellet and repeat steps 3.1.4.1.1 to 3.1.4.1.4 until specific O antigen is characterized.

3.1.4.2. H antigen characterization

3.1.4.2.1. Add one drop of the H antigen polyvalent sera onto a clean slide.

3.1.4.2.2. Collect one loop of the colony with a micro-loop and grind in the sera.

3.1.4.2.3. Go to step 3.1.4.2.4 if it looks like flowing sand, which means that the colony is

reactive to the sera.
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3.1.4.2.4. Use H antigen monovalent sera to repeat steps 3.1.4.2.1 to 3.1.4.2.3 until
specific H antigen is characterized.

Note: Sometimes serum induction may be needed to characterize the second phase H antigen.
If so, then the following optional steps should be performed.

3.1.4.2.5. (Optional) Add one drop of specific H antigen sera onto Nutrient agar plate. Wait
until all the sera are absorbed.

3.1.4.2.6. (Optional) Collect one loop of the colony with a micro-loop and spread onto the
plate where specific H antigen sera are absorbed. Incubate at 36 °C for 18-24 h in an incubator.

3.1.4.2.7. (Optional) Use H antigen monovalent sera to repeat steps 3.1.4.2.1 to 3.1.4.2.3
until second phase H antigen is characterized.

3.1.4.2.8. Go to step 4.
3.2. Shigella spp. PCR positive sample
3.2.1. Separating culture on plate

3.2.1.1. Collect one loop of the pre-enrichment culture with a micro-loop and spread
onto a XLD plate or MAC plate. Incubate at 36 °C for 18-24 h in an incubator.

3.2.2. Biochemical identification

3.2.2.1. Collect suspicious colony on XLD plate (smooth, round, transparent and red
colony) or MAC plate (smooth, round, transparent and colorless colony with 2-3 mmiin
diameter; Shigella sonnei may be bigger and turn to light pink as the elongation of incubation

time) (Figure 4).

3.2.2.2. Subject suspicious colony for biochemical identification on automated microbial
identification system, according to instructions of the instrument.

3.2.3. Serological characterization

3.2.3.1. Add one drop of the Shigella spp. polyvalent sera onto a clean slide.
3.2.3.2. Collect one loop of the colony with a micro-loop and grind in the sera.
3.2.3.3. Go to step 3.2.3.4 if it looks like flowing sand, which means that the colony is

reactive to the sera.

3.2.3.4. Use Shigella spp. monovalent sera to repeat steps 3.2.3.1 to 3.2.3.3 until specific
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Shigella spp. is characterized.

3.2.3.5. Go to step 4.
4, Report
4.1. Issue positive or negative reports according to the above results.

REPRESENTATIVE RESULTS
The protocol was applied for the screening of Salmonella spp./Shigella spp. in anal stool
samples from people who would handle food and water.

In the real-time PCR step, as shown in Figure 5A, there was a successful amplification in HEX
channel, which meant that the mixed sample was positive for Salmonella spp. Then a further
real-time PCR was conducted on individual samples which made up the positive one. As shown
in Figure 5B, sample 2 was positive. Therefore, sample 2 was chosen for the guided culture of
Salmonella spp. In Figure 5C, there was a successful amplification in the FAM channel, which
meant that the mixed sample was positive for Shigella spp. Then a further real-time PCR was
conducted and sample 10 was found to be positive (Figure 5D). Therefore, sample 10 was
chosen for the guided culture of Shigella spp.

In the guided culture of Salmonella spp., there were pink colonies and purple colonies on XLD
plate and Salmonella chromogenic agar plate, separately, as shown in Figure 2. Then these
colonies were subjected to biochemical identification on automated microbial identification
system. Results showed that it was Salmonella spp., with species unknown. Therefore,
serological characterization was performed (Figure 3) and it was reactive to 04, 012, Hb, H1,2.
According to the White-Kauffmann-Le Minor scheme, sample 2 was finally reported as positive
for Salmonella paratyphi B. While for the guided culture of Shigella spp., there were pink red
and colorless colonies on XLD plate and MAC plate, separately, as shown in Figure 4. Then these
colonies were also subjected to biochemical identification on automated microbial
identification system. Results showed that it was Shigella sonnei. To confirm its specific
serotype, serological characterization was performed (Figure 3) and it was reactive to sonnei
phase Il. Therefore, sample 10 was finally reported as positive for Shigella sonnei phase Il.

FIGURE AND TABLE LEGENDS
Figure 1: The diagram of the protocol. Two major steps were shown and separated by dash line.

Figure 2: Representative culture results of Salmonella spp. on XLD plate and Salmonella
chromogenic agar plate. On XLD plate, there were pink colonies with/without dark heart, while
on Salmonella chromogenic agar plate, there were purple colonies.

Figure 3: Representative serological characterization result. If the colony was reactive to the
sera, it looked like flowing sand (left). Otherwise, it was turbid (right).
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Figure 4: Representative culture results of Shigella spp. on XLD plate and MAC plate. On XLD
plate, there were red colonies, while on MAC plate, there were transparent and colorless
colonies.

Figure 5: Representative real-time PCR results. A. HEX channel for mix samples. B. HEX channel
for individual samples. C. FAM channel for mix samples. D. FAM channel for individual samples.
PC, positive control. NC, negative control.

Table 1: Primers and probes used. The name and sequences of the primers and probes were
provided.

DISCUSSION

Since Salmonella spp./Shigella spp. are often associated with food poisoning and fecal-oral
transmission of acute gastroenteritis?®?° and the routine method is either labor-intensive or
time-consuming’, we describe a high-throughput platform for the Salmonella spp./Shigella spp.
screening, using real-time PCR combined with guided culture.

There are several steps that need consideration to maximize the capability of this platform. The
first one is the pre-enrichment step of samples in Nutrient Broth (step 2.2). Though no pre-
enrichment step is needed for stool samples collected from those patients with obvious
symptoms, such as diarrhea, etc., a general 6 h pre-enrichment step is still needed for anal
swab samples, when collected during the pre-employment physical examination for people
who would handle food and water, as those people were mainly healthy or at least
asymptomatic adults. If the protocol was only applied for the detection of Salmonella spp., then
pre-enrichment could be conducted in Selenite Cystine medium in order to increase the
sensitivity. The second critical step is the identification of suspicious colonies (step 3.1.3.1 and
3.2.2.1). There are many interfering background flora in the stool samples that may mask the
detection and isolation of target pathogens3°. Therefore, the characteristic of the suspicious
colonies as defined in step 3.1.3.1 and 3.2.2.1 should be kept in mind during the experiment.
The third critical step is the serological characterization of Salmonella spp. As a majority of
Salmonella spp. contain a second phase for H antigen3!, serum induction needs to be
performed. However, the serum induction is not always successful, and several rounds of
induction may be needed to determine the correct second H phase.

The protocol is highly specific and sensitive as verified by our previous study?’. The high
specificity of the protocol is demonstrated by its ability, in which Salmonella spp./Shigella spp.
could be distinguished from other related pathogens?’. The lower limit of detection of the
protocol is 10* CFU/mL and 103 CFU/mL for Salmonella spp. and Shigella spp., respectively?’,
which are comparable to previous reports’3%34 As we stated above, the sensitivity of
Salmonella spp. detection could be further increased by Selenite Cystine pre-enrichment if the
protocol was only applied for the detection of Salmonella spp. Moreover, the protocol could
increase the positive rate by two folds and decrease the workload/median turnaround time
significantly?’.
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Similar to other NAAT assays, one major limitation of the protocol, when compared to classic
bacteria culture method, is that the protocol could only identify Salmonella spp./Shigella spp.,
while other common diarrhea-causing bacteria are omitted’. In contrast, during classic bacteria
culture, those bacteria could be identified in parallel if they existed. Another limitation of the
protocol is that some of Salmonella spp./Shigella spp. could not be identified by the real-time
PCR due to sequence variations?’. However, if negative real-time PCR results appear for those
samples from patients with obvious clinical symptoms, laboratory technicians should pay
attention and may conduct other experiments to confirm the results. During a large outbreak,
we may use a single sample instead of pooled samples for the first round of PCR screening.

In conclusion, the protocol provided here could serve as a valuable platform for the screening
of Salmonella spp./Shigella spp.
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Table 1 Primers and probes used

Pathogen ~ Name Sequence(5'-3")
Sal-F gctcatattaattccggcatttac

Salmonella Sal-R caggtcaatagccagaaagg
Sal-probe  HEX-ataagtaatccaatccgaaatgcctgegt-Eclipse
Shi-F ccggoataaagtcagaactc

Shigella Shi-R cagtggagagctgaagtttc

Shi-probe  FAM-aggccaggtagacttctatctcatccac-Eclipse

Click here to access/download;Table;Table 1.xIsx %
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Name of Material/ Equipment Company Catalog Number Comments/Description
Tris Sigma 10708976001
EDTA Sigma 798681
NP40 Sigma 11332473001
ddH,0 Takara 9012
PrimeSTAR HS (Premix) Takara R0O40Q
Nutrient Broth LandBridge CM106
Nutrient agar LandBridge CM107
Selenite Cystine medium LandBridge CM225
XLD LandBridge CM219
MAC LandBridge CM908
Salmonella chromogenic agar CHROMagar SA130
Salmonella diagnostic serum Tianrun SAL60
Shigella diagnostic serum Tianrun SHI54
anal swab (collecting tube plus) Huachenyang
slide Mingsheng 7102
micro-loop Weierkang W511
incubator Jinghong DNP-9082
autoclave AUL SS-325
dry bath Jinghong KB-20
automated microbial identification
system bioMérieux VITEK2 other equivalent system could be used
fluorescent real-time PCR machine ThermoFisher ABI7500 other equivalent machine could be used
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at
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.| Open Access

:._.,..i: ' The Author is NOT a United States government employee.
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___| The Author is a United States government employee and the Materials were prepared in the

course of his or her duties as a United States government employee.
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___ The Author is a United States government employee but the Materials were NOT prepared in the

course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JOVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
"Materl‘:li means the Article and / or the Video; “Parties”

~ means the Author and JoVE; “Video” means any video(s) made

by the Author, alone or in conjunction with any other parties,

or by JoVE or its affiliates or agents, individually or in

e tif,?n with the Author or any other parties,
incorpor iting all or any portion of the Article, and in which the
\uthor mw or may not appear.

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
() to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and iInclude the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JOVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website Is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and

to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in

Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
- requirements set forth in, the CRC License.

/erNme es. If the Author is a United States
gwemmen-t emplavee and the Article was prepared in the
E:ﬂum of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
- scope of the 17 U.S.C. 403, then the rights granted hereunder
~shall be limited to the maximum rights permitted under such

6125426
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JOVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research

involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
Independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
In Its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have




JUURNAL OF |
VISUALIZED CAPERIMENTS  — WWW.jove.com

full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

dem ion. The Author agrees to indemnify JOVE
a.m,fm rl:s successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
~of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
O‘ﬁ'ﬁer losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JOVE its employees, agents or
independent contractors. All sterilization, cleanliness or
‘decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

Dve SR e g0
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmiess shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JOVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

d copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Letter

Click here to access/download;Rebuttal Letter;reply to

comment.docx

Reply to comments on JoVE58200R1

We thank the editor and reviewers for their valuable comments and suggestions. All

the changes are tracked in the revised manuscript.

Editor:

Q1: Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues.

Al: We have sent the manuscript to a native English-speaking scientist again for
proofreading. The manuscript has now been amended to ensure that there are no

spelling or grammar issues.

Q2: JoVE cannot publish manuscripts containing commercial language. This includes
company names of an instrument or reagent. Please remove all commercial language
from your manuscript and use generic terms instead. All commercial products should
be sufficiently referenced in the Table of Materials and Reagents.

A2: We have deleted all commercial language related to instrument and reagents,
such as VITEK2, ABI7500, PrimeStar HS. The information could be found in the Talbe

of Materials and Reagents.

Q3: Step 1.1-1.6: Please write each step in complete sentences and in imperative
tense.
A3: Steps 1.1-1.6 have been re-written in complete sentences and in imperative

tense. For example, in Step 1.1, we now say “Nutrient Broth: Dissolve 1 % peptone,

0.3 % beef extract, 0.5 % sodium chloride, 0.1 % glucose in H>0, adjust pH to 7.5 and

autoclave it in 121 °C for 15 min”.

Q4: 2.5.4: Please ensure that all text is written in imperative tense.

A4: 2.5.4 has been re-written in imperative tense. We now say “Go to Step 4 directly

and issue negative reports if negative results occur on the FAM/HEX channels, which

I+
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means that samples are negative for Salmonella spp./Shigella spp.”.

Q5: 2.5.5: Please ensure that all text is written in imperative tense.

A5: 2.5.5 has been re-written in imperative tense. We now say “Go to step 3.1 and/or

3.2 if positive results occur on the HEX and/or FAM channels, which means that the

sample may be positive for Salmonella spp. and/or Shigella spp., respectively”.

Q6: 3.1.4.1.3: Please ensure that all text is written in imperative tense.
A6: 3.1.4.1.3 has been re-written in imperative tense. We now say “Go_to step

3.1.4.1.4 if it looks like flowing sand, which means that the colony is reactive to the

sera (Figure 3). Otherwise, go to step 3.1.4.1.5.”.

Q7: 3.1.4.2.3: Please ensure that all text is written in imperative tense.
A7: 3.1.4.2.3 has been re-written in imperative tense. We now say “Go to step

3.1.4.2.4 if it looks like flowing sand, which means that the colony is reactive to the

sera”. We also changed other similar sentences into imperative tense, such as 2.3.1,

3.14.1.4,3.14.1.5,3.1.4.2.4,3.2.3.3,3.2.3.4.

Q8: There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less
of the Protocol (including headings and spacing) in yellow that identifies the essential
steps of the protocol for the video, i.e., the steps that should be visualized to tell the
most cohesive story of the Protocol. The highlighted steps should form a cohesive
narrative with a logical flow from one highlighted step to the next. Remember that
non-highlighted Protocol steps will remain in the manuscript, and therefore will still
be available to the reader.

A8: A 2.75 page of the protocol has been highlighted in yellow. It includes steps 2.2,

24,251t02.53,3.1t03.1.4.1.4,3.14.2t03.1.4.2.4and 3.2t0 3.2.3.4.



Reviewer #4:

Q1: Regarding the sensitivity and specificity, the authors report that there is some
concern about the limitation of the primers/probes to detect all Salmonella
spp/Shigella spp. due to sequence variations as they have reported previously. My
question is why the primer/probe sets are not updated to compensate for this?

Al: This comment is well-taken. As reported previously, we admit that some of the
Salmonella spp., such as S. Wandsworth, S. Koessen, and etc, could not be identified
by Sal-probe while some of the Sh. boydii could not be identified by Shi-probe due to
sequence variation. When we designed the method, we tried to design a set of
primers and probes which could amplify all the serotypes of Salmonella spp./Shigella
spp.. However, it failed. Therefore, with the aim to maximize the power of the
method, we designed the primers/probes which majority of the Salmonella
spp/Shigella spp. could be detected and several strains (the above mentioned ones)
were sacrificed. However, as these serotypes were not the circulating ones in China
[1-3], the protocol was still powerful for the screening of Salmonella spp./Shigella
spp.. Ran et al showed that S. Enteritidis (31%) and S. Typhimurium (26%) were the
most common in China[2] while Liang et al showed that S. Typhimurium
(30%), S. serotype 4,5,12:i:- (14%), and S. Enteritidis (13%) were the most common in
Guangdong Province where our laboratory located[1]. Results from Qiu et al
indicated that the most common Shigella spp. was Sh. flexneri (55.3%), followed
by Sh. sonnei (44.1%) in China[3]. We have discussed this in the manuscript by saying

“if negative real-time PCR results appear for those samples from patients with

obvious clinical symptoms, laboratory technicians should pay attention and may

conduct other experiments to confirm the results”.

Q2: | have one minor concern regarding the authors' statement in the discussion that
PCR directly from stool specimens does not require enrichment to obtain high
sensitivity. In my own experience, for Salmonella spp. pre-enrichment in Selenite
broth increases the sensitivity from 90% to 100% for both culture and PCR, with the

last 10% of the specimens only positive after selenite enrichment. In addition, from



my own experiments | have been able to reach sensitivities as low as 18 CFU/gr of
stool for Salmonella spp by both PCR and culture, which is about 2-3 log more
sensitive compared to what the authors report, assuming 1 gram of stool equals 1 ml
of stool.

A2: We agree with the reviewer that pre-enrichment in Selenite broth would
increase the sensitivity for both culture and PCR for Salmonella spp.. However, as
these protocol was used for the simultaneous detection of Salmonella spp./Shigella
spp., pre-enrichment in Nutrient Broth was applied. If PCR positive results occur on
the HEX channels, which means that the sample may be positive for Salmonella spp.,
then Selenite Cystine medium was applied to selectively enrich Salmonella spp. for
the purpose of increasing sensitivity. The difference between the reviewer and us
regarding the initial pre-enrichment medium used could also explain the different
sensitivities obtained. As Nutrition Broth was used, there were more interfering
background flora cultured which may mask the detection and isolation of target

pathogens[4]. To make the protocol more powerful, we added “If the protocol was

only applied for the detection of Salmonella spp., then pre-enrichment could be

conducted in Selenite Cystine medium in order to increase the sensitivity”.




Reviewer #5:

Q1: There is a lack of references for various statements throughout the manuscript.
Al: This comment is well-taken. We have added a total of ten references (three
existing and seven new references) to the Introduction and Discussion to backup

various statements in the manuscript.

Q2: Provide more details in the introduction. e.g. why is it important to identify those
pathogens at the species level?

A2: This suggestion is well-taken. The aim of identifying those pathogens to the
species level is to facilitate the disease outbreak management and antimicrobial
profiling for better treatment of the patients. We have added this to the Introduction.
More other details have also been added in the Introduction part in track-change

mode.

Q3: Species of Shigella are commonly seen in the human gut microbiota, both as
colonizers and/or remnants of past infections. With that in mind, it is highly unlikely
that the pooling strategy will reduce the workload for that pathogen, as most of the
mixes composed of several samples will probably be positive, provided the gPCR is
sufficiently sensitive.

A3: Indeed the sensitivity of gPCR for the detection of Shigella spp. was as low as
10'CFU/mL. However, in our previous paper, we tested 20664 stool samples but no
Shigella spp. was detected during the PCR stage [5]. The reason may be due to the
target of PCR. When we designed the primers and probe for the detection of Shigella
spp., we chose invasive plasmid antigen H (ipaH) gene as target, which is one of the
virulence genes of Shigella spp.. Therefore, the common Shigella without ipaH gene

in the human gut micobiota would not be detected.
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