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1st Editorial Decision January 13,

2022
January 13, 2022

Dr. Junying Zhu

Department of Laboratory Medicine, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200127,
China

Shanghai

China

Re: mSystems01297-21 (An outbreak of ST859-K19 Carbapenem-Resistant Hypervirulent Klebsiella pneumoniae in a
Chinese teaching hospital)

Dear Dr. Junying Zhu:

Thank you for submitting your manuscript to mSystems. We have completed our review and will consider acceptance of your
manuscript if you adequately address the reviewer comments, which are detailed below.

Thank you for the privilege of reviewing your work. Below you will find instructions from the mSystems editorial office and
comments generated during the review.

Preparing Revision Guidelines

To submit your modified manuscript, log onto the eJP submission site at https://msystems.msubmit.net/cgi-bin/main.plex. Go to
Author Tasks and click the appropriate manuscript title to begin the revision process. The information that you entered when you
first submitted the paper will be displayed. Please update the information as necessary. Here are a few examples of required
updates that authors must address:

« Point-by-point responses to the issues raised by the reviewers in a file named "Response to Reviewers," NOT IN YOUR
COVER LETTER.

+ Upload a compare copy of the manuscript (without figures) as a "Marked-Up Manuscript" file.

« Each figure must be uploaded as a separate file, and any multipanel figures must be assembled into one file.

» Manuscript: A .DOC version of the revised manuscript

« Figures: Editable, high-resolution, individual figure files are required at revision, TIFF or EPS files are preferred

For complete guidelines on revision requirements, please see the journal Submission and Review Process requirements at
https://journals.asm.org/journal/mSystems/submission-review-process. Submission of a paper that does not conform to
mSystems guidelines will delay acceptance of your manuscript.

Corresponding authors may join or renew ASM membership to obtain discounts on publication fees. Need to upgrade your
membership level? Please contact Customer Service at Service@asmusa.org.

Thank you for submitting your paper to mSystems.

The ASM Journals program strives for constant improvement in our submission and publication process. Please tell us how we
can improve your experience by taking this quick Author Survey.

Sincerely,

Xiaoxia "Nina" Lin

Editor, mSystems

Journals Department

American Society for Microbiology
1752 N St., NW

Washington, DC 20036

E-mail: peerreview@asmusa.org
Phone: 1-202-942-9338

Reviewer comments:


https://www.asm.org/membership
https://www.surveymonkey.com/r/ASMJournalAuthors

Reviewer #1 (Comments for the Author):

In this study, the authors collected 11 ST859 Klebsiella pneumoniae isolates, and considered it as CR-hvKP. It is a novel ST of
CR-hvKP, and closely related to ST11. And it is the first report to depict the molecular and genomic characteristics of ST859 CR-
hvKP isolates. The comments on this research are as follows:

Major comments:

1. In this study, so many isolates were collected from one patient, for example, RJ9229 had another 17 isolates from sputum,
and only the first isolate was considered as CR-hvKP. How about the following isolates, and so as the other patients?

2. Lots of isolates were isolated from sputum, and the underlying diseases of patients included hypertension, cerebral
hemorrhage and tumor. Since hvKP usually caused liver abscess, endophthalmitis, meningitis, and metastatic infectious
diseases. How about your definition of hvKP, please discuss in the manuscript?

3. The analysis of lllumina and nanopore sequencing was different in this study, for example, in nanopore sequencing analysis,
fimbriae, enterobactin, and yersiniabactin were considered as virulence factors, but not in lllumina sequencing analysis.

4. In figure 3, the reference was pVir-CR-hvKP-RJ9299, and the pink ring represented pLVPK, the cyan ring represented pVir-
CR-hvKP4, and the blue ring represented the pVir-CR-hvKP-RJ9299. However, the coverage of pVir-CR-hvKP-RJ9299 was not
100%. The analysis had a mistake, please correct it.

5. Only 15 SNPs at most existed between these isolates, but the virulence level was different. It will be innovative to find the
reasons determining the diversity of virulence.

Minor comments:

1. The authors identified the CR-hvKP with positive string test, so the first sentence "All eleven CR-hvKP outbreak isolates had a
hypermucoviscous phenotype with positive string test" is not necessary.

2. Figure 1: | cannot find "another two isolates were respectively from blood and drainage" in the figure 1. Please correct it.

3. Figure 2: "The eleven ST859-K19 CR-hvKP isolates were clustered into clade I. Six ST11-K64 KPC-2 producing isolates
which had positive string test, namely CR-hvKP, were clustered into clade Ill. Nine ST11-K64 KPC-2 producing isolates which
had negative string test, namely CRKP, were clustered into clade I1." | think the figure 2A had a mistake, and please clarify it.

4. Compared to pKPC-CR-hvKP-C789, RJ9299 had a deletion, please annotate the deletion region.

Reviewer #2 (Comments for the Author):

This is a description of an outbreak of K. pneumoniae ST859 (which is a single locus variant (SLV) of ST11) carrying a virulence
plasmid and blakPC-2, the latter in a separate plasmid to the former, among 11 patients, several of whom unfortunately died.
For me, | find the insistence on this being novel because it is a new ST (it is an SLV of ST11, with probably only a single
nucleotide change in the tonB gene) is overplayed and | would always exercise caution in describing an account as the first
description. The other thing that really strikes me about this is that the virulence plasmid is so like pLVPK, which is a non-
conjugative virulence plasmid associated with hypervirulent K2-CG43. So how did it get into this type? Usually, where you find
virulence plasmids in 'high-risk' clones such as ST11, ST15, ST147 etc., they are hybrid virulence/resistance plasmids that have
become conjugative through recombination (see for example Xie et al., 2020 A hybrid plasmid formed by recombination of a
virulence plasmid and a resistance plasmid in Klebsiella pneumoniae. J Glob Antimicrob Resist 23:466-470), which is actually a
more frightening prospect - with a non-conjugative plasmid the virulence plasmid is at least confined to that type. Maybe you
could discuss this?

| worry about your defining isolates as hypervirulent on the basis of the string test - it is at best just an indication. There is no
mention of how you did the nanopore sequencing; also did you use the fully assembled sequence of RJ9299 as reference, or
just the lllumina sequence? Is the sequence of RJ9299 on GenBank (or similar) - if not, it needs to be and an accession number
provided.

Other specific points

'CR-hvKP has been reported in an increasing number of STs, including

ST23, ST65, ST1797, ST43, ST231 and ST307' There are quite as few more - like ST147, ST15, ST383... The following review
paper may be helpful to include Yang X, Dong N, Chan EW, Zhang R, Chen S. Carbapenem Resistance-Encoding and
Virulence-Encoding Conjugative Plasmids in Klebsiella pneumoniae. Trends Microbiol. 2021 Jan;29(1):65-83.

'while ST258 was the main prevalent clone in North America, Latin America, and

several European countries (6-9). ' Can't help but think that this is outdated and overplayed - it certainly is not my experience in
the UK.

'All the patients

received antimicrobial treatment, including carbapenem alone or in the combination

with other alternative antibiotics when necessary' Why were patients treated with carbapenem alone for a carbapenemase
producing organism?

fosA is intrinsic in K. pneumoniae

'In terms of

virulence genes, they all carried aerobactin (iucABCDiutA) and salmochelin (iroE)

regulator of mucoid phenotype A (rmpA and rmpA2)' - but the virulence plasmid carried iroBCDN; surely that should be



mentioned here. Not sure about this chromosomal iroE.
Number of SNPs - please say how many bases were compared.

Reviewer #3 (Comments for the Author):

This study is the first to report the prevalence and dissemination of ST859 CR-hvKp strains. The characteristics of 11 CR-hvKp
strains were analyzed by DNA sequencing, and genome-wide analysis was performed, which has important reference value for
clinical anti-infection treatment and nosocomial infection control. | have some comments as follows.

1. The MIC data in Table 1 is the exact MIC value, or has the prefix "{less than or equal to}" or "{greater than or equal to}"?
which is inconsistent with the description of the data in the text. In the text, it shows "{greater than or equal to}64", "{greater than
or equal to}128" and "{less than or equal to} 0.25" etc. For example, not all 11 strains of imipenem have a MIC of "{greater than
or equal to}64", and the MIC range should be 32-{greater than or equal t0}128 mg/L according to table 1.

2. Table 2 shows 12 strains of CR-hvKP, but in the text and Table 1 show 11 strains of CR-hvKP, with one more strain of RJ
10091. Resistance genes should also describe the presence or absence of plasmid-mediated quinolone and aminoglycoside
resistance genes.

3. This study needs to supplement the clinical history of 11 patients, including patient demographic data, isolation date,
specimen source, antibiotic treatment, underlying diseases, and outcomes. The medical history data can also be preliminarily
compared with the virulence test results to observe whether strains with strong in vitro virulence are more likely to cause the
death of patients.



Reviewer #1

1. In this study, so many isolates were collected from one patient, for example, RJ9229 had
another 17 isolates from sputum, and only the first isolate was considered as CR-hvKP. How about

the following isolates, and so as the other patients?

Among the eleven patients, there were three patients from whom we also collected another
CR-hvKP isolate besides CR-hvKP in our study. RJ9950 had a ST859 CR-hvKP after RJ9950
isolate, RJ10129 had a ST412 CR-hvKP isolate before RJ10129 isolate. RJ9690 had a ST218
CR-hvKP isolate and a ST 859 CR-hvKP isolate before and after RJ9690. These information has
added to Figl. The other eight patients had no another CR-hvKP isolates before and after
CR-hvKP in our study.

2. Lots of isolates were isolated from sputum, and the underlying diseases of patients included
hypertension, cerebral hemorrhage and tumor. Since hvKP wusually caused liver abscess,
endophthalmitis, meningitis, and metastatic infectious diseases. How about your definition of

hvKP, please discuss in the manuscript?

Until today, there is no unified and standard definition of hvKP. In the present study, string test
was phenotypically used to screen hvKP, which was finally defined by aerobactin production.
CR-hvKP was defined by both aerobactin production and resistance to any of the carbapenems.
Please see the MATERIALS AND METHODS section which marked in blue in “Marked-Up

Manuscript ™.

3. The analysis of Illumina and nanopore sequencing was different in this study, for example, in
nanopore sequencing analysis, fimbriae, enterobactin, and yersiniabactin were considered as

virulence factors, but not in I[llumina sequencing analysis.

Sorry, we used PacBio platform, not nanopore for RJ9299 sequencing. We have corrected it. In
fact, the analysis of Illumina and PacBio sequencing was same. I only wrote some important
virulence factors in the eleven isolates sequenced by Illumina platform. Now, I have added all the
virulence factors in the “Marked-Up Manuscript ”. Please see the RESULTS section (Resistance
genes, virulence genes profiles and phylogenetic analysis) which marked in blue in “Marked-Up
Manuscript ™.

4. In figure 3, the reference was pVir-CR-hvKP-RJ9299, and the pink ring represented pLVPK,
the cyan ring represented pVir-CR-hvKP4, and the blue ring represented the
pVir-CR-hvKP-RJ9299. However, the coverage of pVir-CR-hvKP-RJ9299 was not 100%. The
analysis had a mistake, please correct it.

Sorry, it is a mistake. The reference was pLVPK. Please see the figure 3. We have corrected it.

5. Only 15 SNPs at most existed between these isolates, but the virulence level was different. It

will be innovative to find the reasons determining the diversity of virulence.



Yes, it is interesting that 15 SNPs at most existed between these isolates, but the virulence level

was different. We will investigate the mechanism of virulence difference between these isolates.

Minor comments:

1. The authors identified the CR-hvKP with positive string test, so the first sentence "All eleven
CR-hvKP outbreak isolates had a hypermucoviscous phenotype with positive string test" is not
necessary.

Thank you for your close examination. We have corrected it. Please see the RESULTS section

in “Marked-Up Manuscript ™.

2. Figure 1: I cannot find "another two isolates were respectively from blood and drainage" in the
figure 1. Please correct it.

RJ9337 was from drainage and RJ9690 was from blood. We have corrected it in the Figure 1.
Furthermore, We have supplemented the clinical history of eleven patients in Table 1. There is also

specimen source of the eleven isolates in Table 1.

3. Figure 2: "The eleven ST859-K19 CR-hvKP isolates were clustered into clade I. Six ST11-K64
KPC-2 producing isolates which had positive string test, namely CR-hvKP, were clustered into
clade III. Nine ST11-K64 KPC-2 producing isolates which had negative string test, namely CRKP,
were clustered into clade I1." I think the figure 2A had a mistake, and please clarify it.

Thank you for your close examination. We have corrected it. The right is “ST11-K64 KPC-2
producing isolates which had positive string test, namely CR-hvKP, were clustered into clade II.
Nine ST11-K64 KPC-2 producing isolates which had negative string test, namely CRKP, were
clustered into clade III.” Please see the RESULTS section which marked in blue in “Marked-Up
Manuscript ™.

4. Compared to pKPC-CR-hvKP-C789, RJ9299 had a deletion, please annotate the deletion

region.

We have annotate the deletion region in figure 4B.

Reviewer #2

1. This is a description of an outbreak of K. pneumoniae ST859 (which is a single locus variant
(SLV) of ST11) carrying a virulence plasmid and blaKPC-2, the latter in a separate plasmid to the
former, among 11 patients, several of whom unfortunately died. For me, I find the insistence on
this being novel because it is a new ST (it is an SLV of ST11, with probably only a single
nucleotide change in the tonB gene) is overplayed and I would always exercise caution in

describing an account as the first description.



Yes, it should be cautious for us to use the first time to describe ST859 (an SLV of ST11) isolates.
We use the first time because we blasted tonB gene in ST859 and tonB gene in ST11 and found
there were many nucleotide changes, but not a single nucleotide change, between the two tonB
genes. The image below (left) showed nucleotide blast results of tonB genes between RJ9860
isolate (in our study) and a ST11 isolate. Furthermore, we have searched PubMed by keywords
“Klebsiella pneumoniae and ST859”, there was no literature published in PubMed. The image
below (right) showed the PubMed search result. So I described ST859 isolates as the first
description

(13 SI8/538(98%) 2/538(0%) PheayPus

left: results of tonB genes between RJ9950 isolate and a ST11 isolate
Right: PubMed search result by keywords “Klebsiella pneumoniae and ST859”

2. The other thing that really strikes me about this is that the virulence plasmid is so like pLVPK,
which is a non-conjugative virulence plasmid associated with hypervirulent K2-CG43. So how did
it get into this type? Usually, where you find virulence plasmids in 'high-risk' clones such as ST11,
ST15, ST147 etc., they are hybrid virulence/resistance plasmids that have become conjugative
through recombination (see for example Xie et al., 2020 A hybrid plasmid formed by
recombination of a virulence plasmid and a resistance plasmid in Klebsiella pneumoniae. J Glob
Antimicrob Resist 23:466-470), which is actually a more frightening prospect - with a
non-conjugative plasmid the virulence plasmid is at least confined to that type. Maybe you could
discuss this?

Yes, it is a very good advice for us to discuss how the non-conjugative virulence plasmid get into
ST859 isolates. Regarding the question how a non-conjugative virulence plasmid was not
confined to 'high-risk' clones such as ST11, ST15, ST147 etc, but get into ST859 clone, it is
probably the non-conjugative virulence plasmid in ST859 isolates was mobilized by the
conjugative plasmid, such as incompatibility group F (IncF), from the hvKP strain into ST859
CRKP strains or by employing intermediate E. coli strains according to Xu et al., 2021
Mobilization of the nonconjugative virulence plasmid from hypervirulent Klebsiella pneumoniae.
However, this procession shuold be further validated. We have added this content in the

Discussion section marked inpurple in “Marked-Up Manuscript ”.

3. I worry about your defining isolates as hypervirulent on the basis of the string test - it is at best

just an indication.

Yes, as a phenotypic detection method, string test is just an indication for hypervirulent isolates. In

our study, hvKP was defined by aerobactin detection accoring to Zhang Y et al., 2016 High



Prevalence of Hypervirulent Klebsiella pneumoniae Infection in China: Geographic Distribution,
Clinical Characteristics, and Antimicrobial Resistance. Antimicrob Agents Chemother.
60:6115-20. doi: 10.1128/AAC.01127-16.

Please see the MATERIALS AND METHODS section which marked in purple in “Marked-Up

Manuscript ™.

4. There is no mention of how you did the nanopore sequencing; also did you use the fully
assembled sequence of RJ9299 as reference, or just the Illumina sequence? Is the sequence of
RJ9299 on GenBank (or similar) - if not, it needs to be and an accession number provided.

Sorry, we used PacBio platform, not nanopore for RJ9299 sequencing. We have corrected it.
this is our negligence for no mention of how we did the PacBio sequencing. We have added this
content in the MATERIALS AND METHODS section marked in purple in “Marked-Up
Manuscript ”.

We used the fully assembled sequence of RJ9299 as reference.

The complete whole-genome sequences of eleven CR-hvKP isolates have been deposited in the
GenBank database under BioProject accession no. PRINA799444. Please see the Data availability
section which marked in purple in “Marked-Up Manuscript ™.

5. ST23, ST65, ST1797, ST43, ST231 and ST307' There are quite as few more - like ST147, ST15,
ST383... The following review paper may be helpful to include Yang X, Dong N, Chan EW,
Zhang R, Chen S. Carbapenem Resistance-Encoding and Virulence-Encoding Conjugative
Plasmids in Klebsiella pneumoniae. Trends Microbiol. 2021 Jan;29(1):65-83.

Yes, it is a very good suggestion for us to refer to this review. We have supplemented ST147,
ST15, ST383, ST268, ST595, ST375, ST48 in this section which marked in purple in “Marked-Up
Manuscript ™.

6. 'while ST258 was the main prevalent clone in North America, Latin America, and
several European countries (6-9). ' Can't help but think that this is outdated and overplayed - it

certainly is not my experience in the UK.

Yes, we have searched PubMed and found: ST11 clone is predominantly found in China and South
America, ST258 is mostly reported in the United States, ST512 is endemic in Italy and Greece,
ST147 is mainly reported in India and Tunisia. Please see this section which marked in purple in
“Marked-Up Manuscript ”.

7. All the patients received antimicrobial treatment, including carbapenem alone or in the
combination with other alternative antibiotics when necessary’ Why were patients treated with

carbapenem alone for a carbapenemase producing organism?

In the case of severe infection, patients were empirically and prophylacticly treated with
carbapenem before the CRKP isolates were cultured. Furthermore, for infection caused by CRKP

which showed low level resistance to carbapenem, carbapenem in combination with other drugs is



also a good therapy in the case of limited available antibiotics.

8. fosA is intrinsic in K. pneumoniae

Sorry, because of the limited knowledge about fosA , we do not have a clear understanding about
fosA is intrinsic in K. pneumoniae. We will be very grateful if respectable reviewer can provide us

a reference article.

9. 'In terms of virulence genes, they all carried aerobactin (iucABCDiutA) and salmochelin (iroE)
regulator of mucoid phenotype A (rmpA and rmpA2)' - but the virulence plasmid carried iroBCDN;

surely that should be mentioned here. Not sure about this chromosomal iroE.

Sorry, it is a mistake. All the eleven isolates sequenced by Illumina carried aerobactin
(iucABCDiutA), salmochelin (iroE) and regulator of mucoid phenotype A (rmpA and rmpA2). For
RJ9299 sequenced by Illumina and PacBio, the chromosome carried iroE, not iroBCDN. There
were no iroBCDN genes in RJ9299. We have corrected it. Please see this section which marked in

blue in “Marked-Up Manuscript ™.

10. Number of SNPs - please say how many bases were compared.

5901 core genome SNPs between the 11 ST859 outbreak isolates and 15 genomes of ST11 K.
pneumoniae were identified and used to construct the maximum likelihood tree. We have added

this content in RESULTS section which marked in purple in “Marked-Up Manuscript .

Reviewer #3:

This study is the first to report the prevalence and dissemination of ST859 CR-hvKp strains. The
characteristics of 11 CR-hvKp strains were analyzed by DNA sequencing, and genome-wide
analysis was performed, which has important reference value for clinical anti-infection treatment
and nosocomial infection control. I have some comments as follows.

1. The MIC data in Table 1 is the exact MIC value, or has the prefix "{less than or equal to}" or
"{greater than or equal to}"? which is inconsistent with the description of the data in the text. In
the text, it shows "{greater than or equal to} 64", "{greater than or equal to} 128" and "{less than or
equal to} 0.25" etc. For example, not all 11 strains of imipenem have a MIC of "{greater than or
equal to}64", and the MIC range should be 32-{greater than or equal to} 128 mg/L according to
table 1.

The MIC data in Table 1 is the exact MIC value. We have corrected this section accoring to the
requirements of reviewer. Please see this section which marked in red in “Marked-Up

Manuscript ™.

2. Table 2 shows 12 strains of CR-hvKP, but in the text and Table 1 show 11 strains of CR-hvKP,
with one more strain of RJ 10091. Resistance genes should also describe the presence or absence

of plasmid-mediated quinolone and aminoglycoside resistance genes.



Thank you for your close examination. We have deleted the extra strain of RJ 10091 in Table 2.
We have described the presence of plasmid-mediated quinolone and aminoglycoside resistance
genes in text and in Table 2. Please see this section which marked in red in “Marked-Up

Manuscript ”.

3. This study needs to supplement the clinical history of 11 patients, including patient
demographic data, isolation date, specimen source, antibiotic treatment, underlying diseases, and
outcomes. The medical history data can also be preliminarily compared with the virulence test
results to observe whether strains with strong in vitro virulence are more likely to cause the death

of patients.

Yes, we have supplemented the clinical history of 11 patients in Table 1 of the new version.
Furthermore, we have compared the medical history data with the virulence test results to discuss
whether strains with strong in vitro virulence are more likely to cause the death of patients. Please
Please see DISCUSSION section which marked in red in “Marked-Up Manuscript ”.



1st Revision - Editorial Decision March 7,

2022
March 7, 2022

Dr. Min Li

Reniji Hospital, Shanghai Jiaotong University School of Medicine
Department of Laboratory Medicine

shanghai

China

Re: mSystems01297-21R1 (An outbreak of ST859-K19 Carbapenem-Resistant Hypervirulent Klebsiella pneumoniae in a
Chinese teaching hospital)

Dear Dr. Min Li:

Thank you for submitting your revised manuscript to mSystems. | have completed the review and discussed with a senior editor.
We concluded that you and your co-authors have adequately addressed most of the previous reviewer comments. However, the
reviewers have raised new issues (see details below). One major concern is that description of details for the methods is
lacking. Please address these issues carefully in your next revision.

Below you will find instructions from the mSystems editorial office and comments generated during the review.

Preparing Revision Guidelines

To submit your modified manuscript, log onto the eJP submission site at https://msystems.msubmit.net/cgi-bin/main.plex. Go to
Author Tasks and click the appropriate manuscript title to begin the revision process. The information that you entered when you
first submitted the paper will be displayed. Please update the information as necessary. Here are a few examples of required
updates that authors must address:

« Point-by-point responses to the issues raised by the reviewers in a file named "Response to Reviewers," NOT IN YOUR
COVER LETTER.

+ Upload a compare copy of the manuscript (without figures) as a "Marked-Up Manuscript" file.

« Each figure must be uploaded as a separate file, and any multipanel figures must be assembled into one file.

» Manuscript: A .DOC version of the revised manuscript

« Figures: Editable, high-resolution, individual figure files are required at revision, TIFF or EPS files are preferred

ASM policy requires that data be available to the public upon online posting of the article, so please verify all links to sequence
records, if present, and make sure that each number retrieves the full record of the data. If a new accession number is not linked
or a link is broken, provide production staff with the correct URL for the record. If the accession numbers for new data are not
publicly accessible before the expected online posting of the article, publication of your article may be delayed; please contact
the ASM production staff immediately with the expected release date.

For complete guidelines on revision requirements, please see the journal Submission and Review Process requirements at
https://journals.asm.org/journal/mSystems/submission-review-process. Submission of a paper that does not conform to
mSystems guidelines will delay acceptance of your manuscript.

Corresponding authors may join or renew ASM membership to obtain discounts on publication fees. Need to upgrade your
membership level? Please contact Customer Service at Service@asmusa.org.

Thank you for submitting your paper to mSystems.

The ASM Journals program strives for constant improvement in our submission and publication process. Please tell us how we
can improve your experience by taking this quick Author Survey.

Sincerely,

Xiaoxia "Nina" Lin

Editor, mSystems

Journals Department

American Society for Microbiology

1752 N St., NW
Washington, DC 20036


https://www.asm.org/membership
https://www.surveymonkey.com/r/ASMJournalAuthors

E-mail: peerreview@asmusa.org
Phone: 1-202-942-9338

Reviewer comments:
Reviewer #1 (Comments for the Author):

There are some limited issues in this study, procedures are described so superficially that it is not possible to assess them.
There were several reasons as follows causing the phylogenetic results inconsistent with the virulence results, including the
choice of reference genome and infection model, and the recombination of genome.

Reviewer #2 (Comments for the Author):

Thank you for making changes to your paper. However, the following is incorrect and MUST be changed:

'‘As we know, non-conjugative

virulence plasmids were usually confined to 'high-risk’ clones such as ST11, ST15,

ST147 etc, but how did they get into ST859 clone?'

They are ABSOLUTELY NOT IN high-risk clones (which when they carry virulence plasmids are conjugative, hybrid
resistance/virulence plasmids and definitely not non-conjugative plasmids) but they are confined to the classical hypervirulent
types (such as K2-CG43 or K1-ST23); hence the clear association between virulence and those hypervirulent types.

How can a 'non-conjugative virulence plasmid in ST859 isolates were mobilized by

the conjugative plasmid' when the plasmid doesn't appear to be conjugative at all? That is the remarkable thing about your
description - if the plasmid is non-conjugative there is no obvious explanation as to how it has moved to a new type (the ST859)
and what you have written really doesn't make any sense.



Reviewer #1 (Comments for the Author):

There are some limited issues in this study, procedures are described so superficially that it is not
possible to assess them. There were several reasons as follows causing the phylogenetic results
inconsistent with the virulence results, including the choice of reference genome and infection

model, and the recombination of genome.

Thank you for your kind advice. We have revised the details of methods and results to make it
clear. Please see the section which was marked in red in “Marked-Up Manuscript ”. Furthermore, I

will explain some confusing issues below.

Why do we include ST11 K. pneumoniae isolates to generate phylogenetic tree?

As we know, ST859 was a single locus variant of ST11. However, no ST859 genome data was
available in GenBank, and we have to choose the ST11 isolates as well as ST859 isolates in our
study to generate phylogenetic tree.

Why do we choose the fully assembled sequence of RJ9299 as reference genome?

RJ9299 was isolated earlier and displayed higher virulence than other 10 CR-hvKP isolates in this
study. As we mentioned before, no ST859 K. pneumoniae genome data was available in GenBank.
Since the reference strain should have similar genetic backgrounds with those we want to
determine, RJ9299 was then employed as the reference to determine the phylogenetic relationship
with other ST859 CR-hvKP isolates. Therefore, RJ9299 was chosen as the reference genome.

Why do we choose G. mellonella infection model?

We certainly know that mice infection model was better when evaluating bacterial virulence.
However, we have 11 isolates to do virulence experiment. It is impracticable and unreasonable to
use so many mice. In contrast, G. mellonella has an advantage in accessibility and convenience for
a virulence experiment. Furthermore, G. mellonella infection model has been widely used to
evaluate bacterial virulence ( For example Yang X, et al. A conjugative plasmid that augments
virulence in Klebsiella pneumoniae. Nat Microbiol. 2019;4(12):2039-2043.). So we choose G.

mellonella infection model to evaluate the virulence of isolates.

The problems of phylogenetic results inconsistent with the virulence results?

The phylogenetic tree was generated for 11 ST859 isolates in our study and 15 STI1 K.
pneumoniae isolates (nine isolates from the First People's Hospital affiliated to Soochow
University in 2020 and six isolates from Renji Hospital in 2020). The virulence of 11 ST859
isolates in our study have been evaluated using G. mellonella infection model. However, for these
15 ST11 isolates, only string test has been performed. So we linked the phylogenetic results with
the STs, K-locus type, KPC-2 producing and string test of all the isolates (Fig 2A).

As Fig 2A showed, The population framework revealed a diverse population structure
containing three distinct clades (clade I, clade II, clade III). The eleven ST859-K19 CR-hvKP
isolates were clustered into clade 1. Six ST11-K64 KPC-2 producing isolates which had positive
string test, namely CR-hvKP, were clustered into clade II. Nine ST11-K64 KPC-2 producing

isolates which had negative string test, namely CRKP, were clustered into clade III. Furthermore,



the three clades could be markedly distinguished in the unrooted tree (Fig. 2B).
In this respect, the phylogenetic results were consistent with the virulence phenotypes.
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FIG 2 Phylogenetic structure and paired SNP distance of K. pneumoniae (A) Maximum likelihood tree
of ST859 and ST11 clonotype K. pneumoniae isolates. (B) Unrooted tree of ST11 and ST859 clonotype
K. pneumoniae isolates. Branches could be classified into three clades. (C) Paired SNP distance of
ST859 clonotype K. pneumoniae isolates.

Reviewer #2 (Comments for the Author):

1. Thank you for making changes to your paper. However, the following is incorrect and MUST
be changed:'As we know, non-conjugative virulence plasmids were usually confined to 'high-risk'
clones such as ST11, ST15, ST147 etc, but how did they get into ST859 clone?' They are
ABSOLUTELY NOT IN high-risk clones (which when they carry virulence plasmids are
conjugative, hybrid resistance/virulence plasmids and definitely not non-conjugative plasmids) but
they are confined to the classical hypervirulent types (such as K2-CG43 or K1-ST23); hence the

clear association between virulence and those hypervirulent types.

Thanks for the reviewer’s comments. We have corrected it in the Discussion section which was

marked in blue.

2. How can a 'non-conjugative virulence plasmid in ST859 isolates were mobilized by the
conjugative plasmid' when the plasmid doesn't appear to be conjugative at all? That is the
remarkable thing about your description - if the plasmid is non-conjugative there is no obvious
explanation as to how it has moved to a new type (the ST859) and what you have written really
doesn't make any sense.

As the reviewer mentioned, non-conjugative virulence plasmids were usually confined to the
classical hypervirulent K. pneumoniae (such as K1-ST23 or K2-CG43). However, they have been



widely spotted in carbapenem resistant K. pneumoniae (such as ST11, ST15 or ST147). A recent
study has demonstrated that the horizontal transfer of non-conjugative virulence plasmid could be
mediated through the recombination between the virulence plasmid and the helper conjugative
plasmid. Besides, the predicted oriT (origin of transfer) on virulence plasmid could also be
directly cleaved by the helper plasmid-encoded relaxase, and then the virulence plasmid is
mobilized through the T4SS (type 4 secretion system) of the helper conjugative plasmid. The
current study just displayed that a new resistant clone, ST859, has also acquired the
non-conjugative virulence plasmid and evolved into carbapenem resistant hypervirulent K.
pneumoniae (CR-hvKP). Generally, for this clone, the specific mechanisms of horizontal transfer
of the virulence plasmid remain to be further investigated. This part has also been added to the

Discussion section which was marked in blue.
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