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Thisisa peer-review report submitted for the paper “ In-hospital
Mortality and the Predictive Ability of the Modified Early
Warning Score in Ghana: Single-Center, Retrospective Sudy”

Round 1

General Comments

This paper [1] presents a comparison of the limited modified
early warning score (LMEWS) versus the standard MEWS in
their ability to predict in-hospital mortality in Ghana. The
authors demonstrate that LMEWS is a good predictor of
in-hospital mortality, especially in lower-resource health care
Settings.

The study is well executed and well written, but | am not sure
whether it alignswith the scope of IMIRx Med—thisisapurely
clinical study relevant to a public health or anesthesiology
journal.

Specific Comments

Major Comments
My main comments are about the methodology of the article:

1 Thereis no explanation on how the study size was arrived
at.

2. Itisnot clearly described whether there any missing data
and how they were handled.

3. It is not clear whether there was an attempt at a blind
assessment of the predictors.

4. Aflow chart of the patientsin the study is absent, including
the time of follow-up with patients.

https://xmed.jmir.org/2021/3/€30763

5. The ethics considerations were not sufficiently addressed.
What kind of approval was obtained for the retrospective
secondary use of data? Minors (patientswere aged 13 years
and older) were also included so the question of assent is
also relevant here.

Round 2

General Comments

This paper [1] presents an interesting observation on the
predictive ability of the modified early warning score on
in-hospital mortality among critically ill patients.

The revised manuscript addresses some of the concerns, but |
am not sure that all of them are satisfactorily answered.

Specific Comments

Major Comments

1. All reviewers expressed concerns about the sample size,
and it is still not clear whether the sample size was
calculated before the study. The response was that the
sample size was calculated to be 82 participants, but it is
not clear whether thiswasfor the whole study (all 4 groups
in the flow chart representing the flow of participants) or
for individual groups. Also, there was adishal ance between
the size of the 4 groups (81 with a nonsignificant MEWS
and 31 with a significant MEWS, and 79 with a
nonsignificant LMEWS and 33 with asignificant LMEWS).

2. The question about missing data was addressed, and there
was only a single case of missing data.
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3. Theblinding of the assessor was not performed. Although 4. | am not satisfied with the response regarding the ethics
the authorsarguethat it was not necessary, it isan important approval of the study. It isnot clear whether the patients or
methodological tool to address biases in analyses. their parents consented to the inclusion of data collected

during medical proceduresin aresearch study.
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Thisisa peer-review report submitted for the paper “ In-hospital ~ Specific Comments
Mortality and the Predictive Ability of the Modified Early )
Warning Score in Ghana: Sngle-Center, Retrospective Sudy” Major Comments
1. Oneof themain concerns about this study isthat the sample

Round 1 size is relatively small (N=112) for a national referral
hospital in Ghana. Authors should provide more evidence
General Comments on whether the sample and size were representative of the
This study [1] is about a measure of illness severity that can target population. Relatedly, since the authors state that
potentially promote the early detection of clinical deterioration they recruited practically all medical inpatients hospitalized
incritically ill patients. More specifically, the study investigated for aperiod of more than 2 years (January 2017 to March
in-hospital mortality and the predictive ability of a modified 2019), it would be good to provide the total recorded
early warning score (MEWS) in Ghana. By employing receiver number of in-hospital patients for that period.
operating characteristic (ROC) curves and other statistical 2 Inmaking the case for thevalidity of LMEWS, the authors
techniques, the authors validated a limited MEWS (LMEWS). have relied heavily on the afferent arm of clinical
Finding a promising measure of instances of clinical deterioration in critically ill patients, while not accounting
deterioration isvaluablefor the timely and proper management for the efferent arm of medical response. The afferent arm
of acute deterioration events in clinical settings. Though this identifies patients at risk of clinical deterioration and
paper seems to have made contributions to the medical field, activates the efferent arm if necessary. The efferent arm
there are some issues worthy of consideration. examines the patients and intervenes in the treatment. The

functioning of the efferent arm in the study settings ought
to have been discussed in drawing up the conclusion and
recommendation of the LMEWS.
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Thisisa peer-review report submitted for the paper “ In-hospital
Mortality and the Predictive Ability of the Modified Early
Warning Score in Ghana: Single-Center, Retrospective Sudy”

statements along with MEWS. In either case, “physiologic
measures currently monitored” should be carefully and
clearly defined before being used in a statement of
objectives.

Round 1 2. Severa dtatistical measures and testswere reported without
being described or explained. | am familiar with some of
General Comments them, such as the C-statistic, but areader who is not would
This paper [1] describes a study of the modified early warning need some context for the numbers 0.838 and
score (MEWS) and the limited MEWS (LMEWS) instruments 0.833—something along the lines of, “where 1.000 means
for predicting mortality in atertiary hospital in Ghana. perfect accuracy and 0.500 means perfectly random
. associations (or ‘the flip of a coin’).” | am not able to
Specific Comments suggest explanations for the Pearson chi-square value or
Major Comments the Hosmer-L emeshow goodness-of-fit te;t, or the P value
L Thet biecti t described i<l of the Hosmer—L_em&#mow goodn&ssrof—flt test because |
€ tWO ObJeclivVes Were not aescrl Precisely nor were am not familiar with this particular measure. Unfortunately,
they carefu_lly tied to the methodo_logy. For exampl & the the reporting of the results did not explain the measure at
first objective refers to both “prediction” and “ detection” all.
of “deterioration.” It is not clear whether the methodology 5 The order of MEWS and LMEWS results is completely

measures prediction or detection, and it is not clear how
deterioration is defined. Mortality is prominent in the
results, so this paper might be using mortality asasynonym
of deterioration, but that is not clear. In addition, both
objectives refer to MEWS, but the results give equal
attention to MEWS and LMEWS; it is not clear whether
LMEWS is a synonym for the “physiologic measures
currently monitored” in the second objective statement;
otherwise, LMEWS should be added to both objective

inconsistent; please always report LMEWS before MEWS
or always report MEWS before LMEWS.

Minor Comments

1

The grammar and punctuation should be edited throughout;
for example, the second sentence of the Abstract contains
an extraneous semicolon, and the third sentence of the
Abstract contains an extraneous comma.
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This is a peer-review report submitted for the paper “The
Exchange of Informational Support in Online Heath
Communitiesat the Onset of the COVID-19 Pandemic: Content
Analysis’.

Round 1 Review

General Comments
My comments are as follows:

1. The authors [1] did not review relevant existing works
carefully. A number of studies on online health communities

(OHCs) have been conducted already. You should compare
your results with these relevant works.

2. Although you have mentioned that one coder isalimitation,
it is an evitable limitation and needs to be overcome, or how
can you ensure the accuracy of the results? | suggest that the
authors recode the posts and responses by two coders (at |east)
who are familiar with thisfield.

3. What are the criteria by which you determine the name of
the coding and the definition of the coding?
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This is a peer-review report submitted for the paper “The
Exchange of Informational Support in Online Heath
Communitiesat the Onset of the COVID-19 Pandemic: Content
Anaysis’.

Round 1 Review

General Comments

This paper [1] describes an interesting and very important study
on the contents of an online health community (OHC) on
COVID-19. The authors conducted a content analysis of the
community posts in an online health information platform and
provide recommendations for public health responses during
this, and future, pandemics. | believe this is very important
work.

| provide some feedback that would potentially strengthen the
paper and improve its readability for the journal audience.

Specific Comments

Major Comments

1. There are some issues with the references. the order needs
to be revised, eg, the first reference is number 8.

2. In the fourth paragraph of the introduction (starting with
“Although socia support...”), there are no references to which
definitions of social support or information needs or information
seeking are used by the authors. In fact, there appears to be
some overlap between these three concepts in this paragraph,
while they are actually three distinct conceptsin the literature.
| would suggest the authors familiarize themselves with some
of the seminal work on information-seeking behavior by Wilson
and Bates and on social support by Tardy and Barrera:

https://xmed.jmir.org/2021/3/€31423

Barrera, M. Distinctions between social support
concepts, measures, and models. Am J Community
Psychol 1986; 14(4):413-445.

Bates, M. Toward an integrated model of information
seeking and searching. 2002 Presented at: Fourth
International Conference on Information Needs,
Seeking and Use in Different Contexts, September
11, 2002; Lisbon, Portugal p. 1-15.

Tardy, CH. Social support measurement. Am J
Community Psychol 1985; 13(2):187-202.

Wilson, T. Modelsin information behaviour research.
J Doc 1999; 55(3):249-270.
[doi: 10.1108/EUMO0000000007145]

3. The section titled Prior Work was difficult to read; it lacks
organization and coherence. | was unsure what pointsthe authors
weremaking sinceit seemed to bejust asummary of the existing
literature without any synthesis of the findings. Perhaps this
section can be divided into two subsections: “ Social support in
OHCs" and “Information needs during the pandemic,” or
something similar. The authors can identify the clear knowledge
gaps at the end that their study is addressing.

4. In the Methods section, can the authors provide some detail
on who did the coding and how the codebooksin Tables 1 and
2 were developed? It is only in the Limitations section that we
discover it was one coder; were other researchers perhaps
involved in the devel opment of the codebook, wasit tested and
revised, was the coding checked, etc?

5. In the Results section, the authors state “ Those who werein
a position to offer information had a significantly higher
percentage of responding more than once (P < 0.001).” Can
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they provide more explanation on how they defined “being in
a position to offer information” and how the information was
derived from the posts or user profiles?

6. Were there any incidences of emotional support in the posts?
Their presence (or lack thereof) would be an interesting point
to add if possible.

7. In the Discussion section, it may be interesting to contrast
these findings with those reported in other studies in different
contexts.

Minor Comments

8. The whole paper might benefit from professional editorial
revision. Inthefirst paragraph of the Introduction, for example,
| would suggest revising “trauma in the” to “trauma among
healthcare workers’ and revising “becomes’ to “become
increasingly important”.

9. On page 5, “namely sliding-ONMF and rolling-ONMF” is
used with no explanation.
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El Sherif
10. Inthe Methods section, ashort summary of MedHel p would
perhaps be helpful for the journal’s international readers.

11. Do the authors perhaps mean “ Types of information seeking
topics’ for Table 1?

12. Perhaps the authors can reference the method they used for
analysis (qualitative content analysis)?

Round 2 Review

General Comments

The authors have addressed all the previous comments made,
and the paper is much more coherent and relevant. | especially
appreciate the additional section on prior work and the detail
added to the methods section for clarity.

The manuscript may still require some professiona editing;
there are some minor grammatical errors that could be
addressed.
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This is a peer-review report submitted for the paper “ Impact
of Modifiable Risk Factors on the Occurrence of Cutaneous
Leishmaniasisin Diyala, Irag: Case-Control Study!”

Round 1 Review

General Comments

This paper [1] is very useful, as cutaneous leishmaniasis is a
neglected infectious diseasein the Eastern Mediterranean region.

Specific Comments

Major Comments

1. What isthe accurate definition of the controls, mentioned as
family members? If they are family members, could there be
risk factorsin most of the housing characteristicsthat they share,

Conflictsof Interest
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such as animals in the house, electricity, and distance from
animals?
Minor Comments

2. Inthe Background section, | suggest putting the epidemiol ogy
globally, followed by the Eastern Mediterranean region, then
Iraq (was interrupted).

3. | have a comment on mentioning the risk factors in the
Background section.

4. In the Results section, “usage of fogging and bed nets’ is
repeated twice in two paragraphs.

5. In the Methods section, the ratio of cases.controls should be
mentioned.

6. Some of the references need to be revised.
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This is a peer-review report submitted for the paper “ Impact
of Modifiable Risk Factors on the Occurrence of Cutaneous
Leishmaniasisin Diyala, Irag: Case-Control Study!”

Round 1 Review

General Comments

This paper [1] is about a leishmania outbreak, which is a very
important public health problem in devel oping countries.
Specific Comments

Major Comments
1. References need to be rewritten as per the IIMR guide.

2. There are grammar issues.

Minor Comments

3. In the Abstract and the Discussion section, | suggest you
merge the recommendations with the conclusion, and the same
inthe Discussion...try to make the recommendations bulletsin
the Discussion.

Conflictsof Interest
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4. Please don’t use “we" in the beginning of the Methodology
section.

Round 2 Review

General Comments

This paper about a leishmania outbreak in Irag [1] is talking
about a very important health problem in this region and other
developing countries.

Specific Comments

Minor Comments

1. Please change the title of the Background section to
“Introduction.”

2. All tables are not organized, so please del ete empty rowsand
use bold style for tabletitles.

3. | suggest that you group the references instead of writing
each reference separately, eg, (1-4), not (1) then (2) then....

4. Proofreading is highly recommended.
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This is a peer-review report submitted for the paper “ Impact
of Modifiable Risk Factors on the Occurrence of Cutaneous
Leishmaniasisin Diyala, Irag: Case-Control Study!”

Round 1 Review

General Comments

This paper [1] is suitable for publication by this journal. The
importance of this study isthat it aimsto identify possible risk
factors and the impact of removing these factors on reducing
the number of cutaneous|eishmaniasis casesin Diyala, Iraqg, in
2018. It provides evidence-based information to be used for
prevention and control measures.

Specific Comments

Although this paper has alarge sample size, it is not clear how
the sample size is calculated.

Major Comments

There is no major comment.

Minor Comments
This paper needs some minor revisions.

Abstract

1. Results section: the word “persons’ in the sentence “Data
from 844 persons (cases=432, 51.2%) persons were analyzed.”
isrepeated. Therefore, it should be deleted.

2. Results section: | suggest the authors include quantitative
results in the Abstract (odds ratios with confidence intervals,
etc).

3. I suggest the authors merge the Recommendations under the
Conclusion section.

https://med.jmirx.org/2021/3/e31515

Introduction

4. The authors explained the abbreviation (CL) for cutaneous
leishmaniasis at the beginning of the introduction but sometimes
did not useit in the main text.

M ethods

5. “Further details on why we selected these two districts and
how the study was conducted were published elsewhere” The
authors should delete this sentence and explain why the two
districts were selected and how the study was conducted in the
Methods section of this manuscript. Also, delete reference 17.

6. “A total of 866 persons were interviewed within the 717
familiesvisited, 451 cases (292 from Al-MansuriyaDistrict and
159 from Al-Mugdadiya District) and 415 controls (182
Al-Mansuriya District and 233 from Al-Mugdadiya District).
However, we excluded 22 persons from the sample due to
incomplete information. The final sample size used was 844
persons (cases=432, controls=412)." Although the sample size
is large, there is no statistical method to estimate the sample
size.

Results

7. "Data from 844 persons (cases=432, 51.2%) persons were
analyzed.” As mentioned before, the authors must delete the
repeated word “ persons.”

8. The authors must mention the table in the correct positionin
the text.

9. Table 1: the number of cases and controls for the “use bed
net” and “ sleeping habits’ variablesaren’t similar to the sample
size. The authors need to review the numbers and calculate the
percentages. Moreover, the authors must explain the total
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(page number not for citation purposes)


https://preprints.jmir.org/preprint/28255
https://med.jmirx.org/2021/3/e31512/
https://med.jmirx.org/2021/3/e28255/
http://dx.doi.org/10.2196/31515
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED Nassar

number of cases and controls for the variable “distance of Discussion:
animals from house” in afootnote of instead in the table. 11. Theauthors need more references to compare these findings

10. Table 2: the attributable fraction for fogging iswrong (10.2  With previous literature reports.
and 28.2). Please change it; the correct fraction is (52.6 and
55.5).
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This is a peer-review report submitted for the paper “ Social
Media Polarization and Echo Chambers in the Context of
COVID-19: Case Sudy”

Round 1 Review

General Comments

This paper [1] addresses the issue of political polarization on
social media during the COVID-19 pandemic. The study
analyzes Twitter data, applying word content and socia network
analysis. The paper demonstrates the partisan polarity of users
and influencers and the presence of echo chambers.

The paper focuses on the political polarization of Twitter users
and makes an effective case for their presence and activities.
However, the paper could provide a stronger connection to
COVID-19 and public health implications. My thoughts are to
have asection on COVID-19 and Twitter inthe literature review.
There have been infodemiology studies that might be useful to
reference. It would be helpful to better situate the issue of
political polarization of social mediausersand how it contributes
to COVID-19. Why does it matter that political polarization
and echo chambersexist for COVID-19 public health concerns?
Similarly, thereisno rea connection to COVID-19 and public
health implications in the Discussion section. How can the
impressivefindings of partisan Twitter users and echo chambers
relate to COVID-19 hedlth implications? | would like to see
some connections made here to what we know about COV1D-19
health and Twitter users.

Another concern is the highly technical methods of the study
for Twitter data collection and analysis. | am familiar with
Twitter scraping methods/analysis and social network analysis.
However, the methodological techniques discussed are new to

https://med.jmirx.org/2021/3/e32267

me. | would like to see better clarification on how these methods
work.

Specific Comments

Major Comments

1. The research questions (RQs) are fine for the study. There
should be some connection between these 2 RQs and how
they represent a* case study of COVID-19."

2. On page 2, under “Related Work,” 1 would like to see an
explanation of word embedding, network embedding, and
transformers. | realize these are representation learning
techniquesto improvetopic classification. It would be very
helpful to have abasic explanation of what these techniques
are doing that would be suitable for someone not in the
computer sciencefield. Even providing real-world examples
would be helpful here. Since embedding and transformers
are key parts of the methodology section, these techniques
could use better explanation.

3. In the Methods section, | understand utilizing content
analysisof profilewordsand retweet interactionsto classify
polarization of Twitter users in the data set. However, the
specific techniques of average word embedding and
transformerswere hard to follow. | think it would be hel pful
to have amore layman’s definition of sentence embedding,
transformers, and how they work in this data set. Perhaps
a sample walkthrough of how a set of Twitter users is
classified would be really beneficial in my opinion.

4. Under section 5.1, thereisan analysis of bot scores (Figure
2B). Yet previously it was mentioned that the top 10% of
users with a bot score were removed. So, isit still helpful
to do this analysis? Can we dtill state that the presence of
bots is being controlled in the Twitter data set?
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Under section 5.2, thefollowing is stated: “ Figure 3 reveals
the proportion of usersin each decile of polarity score that

Buente

Minor Comments

: ; _ i 1. On the first page, there is a reference to “AUC” without
are influential. We show that, consistent with all of the definition. Please define the acronym here.
influence measures above, partisan users are more likely 5y the “Transformers’ paragraph, there is a reference to
to be found influential.” Looking at Figure 3, only A and “NLP” without definition. Please define the acronym here.
E redlly demonstrate this statement. Figure 3B, C, and D 3 | Figure 3, the caption states, “ (B) top 10% in the number
seem much more proportional (mild U shape). of followers”” but the graph heading shows the top 5%. |
6. In section 5.1, the classifications discovered are very suspect the Figure 3 caption is incorrect.
interesting. These visudizations on partisanship and 4 Rangom Walk Controversy isaninteresting datatechnique.
information dissemination are really nicely done. This | have never encountered it before.
finding is certainly astrength of the study. | also appreciate
the visualizations for the polarization of influencers in Round 2 Review
section 5.2. It ishel pful to see how partisanship contributes
to information and influence in this Twitter data set. General Comments
7. | particularly like the Figure 6 visualization since it is the | appreciate the authors explanations for the reviewer
8 most intuitive of the visualizations. comments. On reading the revised paper and the author

| would like to see the COVID-19 health implications of
these findings on the political polarization of Twitter users
in the discussion section.
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1.

feedback, | understand that this paper cannot address the
COVID-19 tweet content since it appearsthat it isaddressed in
another work. As a study on the aspects of information and
polarization in social media during COVID-19, | find the work
to be much improved and enjoyed being able to review it.
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This is a peer-review report submitted for the paper “ Social
Media Polarization and Echo Chambers in the Context of
COVID-19: Case Sudy”

Round 1 Review

General Comments

This paper [1] studies the polarization of COVID-19 discourse
on Twitter using natural language processing (the
Retweet-BERT method).

The authors are interested in whether partisan users interact
mostly with like-minded partisans and how polarized influential
users are. They estimate the partisan nature of users/accounts
by who a user retweets—with the assumption that users will
follow people who they agree with. The concern hereisthat in
estimating ideology from retweets and then looking at echo
chambers, aren’'t the authors building endogeneity into the
measures? The networks one belongsto and follows are certainly
ameasure of something, but it is not clear that this is separate
from the information environment or potential echo chamber.
Can the authors theoretically separate the network one belongs
to from the sharing of information if retweeting is the basis for
theideology of the respondent? The methods of finding ground
truth using hashtags and media retweets seem more appropriate
than the method that the authors propose given the theoretical
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similarity between a user’'s network and what they tweet or
share.

It would aso be helpful to have additional theoretical
justification for the decision to bin the polarity scores due to
the left-skewed nature of the left-leaning seed users. Are the
findings robust for thinking about the online space compared
to a benchmark of partisanship from national surveys rather
than compared to only people online? In other words, what
seemslike“ polarity” online might be extreme or might be only
asubset of the entireideol ogical spacein the United States, and
it is not clear whether the authors areinterested in only Twitter
users or want to say something about how people online
generaly share political information.

Thearticle saysthat it isabout COVID-19 information but there
is very little discussion of the content of that information and
why or how the authors might expect COVID-19 information
to be shared differently than other information. Is this a
demonstration of thistool in a particular time period or isthere
something about COVID-19 information that would make it
more likely to be shared? The evidence that right-leaning users
retweet right-leaning accounts is not necessarily an issue for
polarization or for public health unless the accounts have
different information from public health experts or
misinformation. Can the authors speak to that?
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Thisis a peer-review report submitted for the paper “ Finding
Potential Adverse Eventsin the Unstructured Text of Electronic
Health Care Records: Devel opment of the Shakespeare Method”

Round 1 Review

General Comments

This study [1] is trying to develop a new method to identify
attributed and unattributed potential adverse events (AEs) using
the unstructured text of electronic health records (EHRS).

1. After reading the manuscript, | feel thetitle does not match
the study contents. First, thetitle seemsto repeat afact that
isaready self-evident.

2. The core of the so-called Shakespeare method is still the
latent Dirichlet allocation (LDA) method; | cannot see that
any novel methods have been devel oped.

3. Thereisno related literature review, as many studies have
used LDA methods in EHR data. To really find any AE in
unstructured text, natural language processing (NLP) is
indispensable.

4. What isthe difference between the so-called “ Shakespeare
method” and L DA topic modeling?

5. What are the three partsin the following statement:

The Shakespeare method has three parts:

- Convert each document into a vector of n-gram
frequencies.

- Create two groups of vectors: target and comparison.

- Trim the n-gram vectors in the target group to those
that are significant for the target group.

- Apply topic analysis to the trimmed target group
vectors.

- Interpret the original documents with topic scores of
interest.

https://med.jmirx.org/2021/3/e31547

6. The description of the method is hard to understand. As
stated, “Crucially, events can be described in text but not
necessarily attributed to being medical care AEs[14,25,41];
we wanted to develop an unstructured method that would
identify them.” What is this unstructured method?

Round 2 Review

General Comments

Thisrevision provided more details of the Shakespeare method.
However, it seems the authors do not quite understand the
aternative method: NLP. This may lead to mistaken
conclusions. The questions below need reconsideration.

Specific Comments

Major Comments

1 Itisclamed that “Many methods for finding AEs in text
rely on predefining possible AEs before searching for
prespecified words and phrases or manua labeling
(standardization) by investigators.” The dictionary method
in the NLP tool could extract most terms, for example,
included in the Unified Medical Language System, which
can belimited to a“ disorder” semantic group asapotential
transfusion AE (PTAE) group.

2. ThePTAEtermsidentified through the Shakespeare method
actualy are a mixture of reasons for transfusion,
consequences of the reasons for transfusion, or aternate
reasons for PTAES. The Shakespeare method is not ableto
identify specific AEs with a causa relationship with
transfusion. Then, what is the difference between this
method and the NLP dictionary method?

3. It is advisable to include potential use scenarios of the
method (eg, will more manual reviews be needed for the
results?).

IMIRx Med 2021 | vol. 2 | iss. 3 [e31547 | p.27
(page number not for citation purposes)


https://www.medrxiv.org/content/10.1101/2021.01.05.21249239v1
https://preprints.jmir.org/preprint/27017
https://med.jmirx.org/2021/3/e31568/
https://med.jmirx.org/2021/3/e27017/
http://dx.doi.org/10.2196/31547
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

Conflictsof Interest
None declared.

Reference

1.  Bright RA, Dowdy K, Rankin SK, Blok SV, Palmer LAM, Bright SJ. Finding Potential Adverse Eventsin the Unstructured
Text of Electronic Health Care Records: Development of the Shakespeare Method. IMIRx Med 2021 Aug 11;2(3):e27017
[FREE Full text] [doi: 10.2196/27017)

Abbreviations

AE: adverse event

EHR: electronic health record

LDA: latent Dirichlet allocation

NL P: natural language processing

PTAE: potential transfusion adverse event

Edited by E Meinert; submitted 24.06.21; thisis a non—peer-reviewed article;accepted 24.06.21; published 11.08.21.

Please cite as:

Anonymous

Peer Review of “ Finding Potential Adverse Eventsin the Unstructured Text of Electronic Health Care Records: Development of the
Shakespeare Method”

IMIRx Med 2021;2(3):€31547

URL: https://med.jmirx.org/2021/3/€31547

doi:10.2196/31547

PMID:

© Anonymous. Originally published in IMIRx Med (https.//med.jmirx.org), 11.08.2021. Thisisan open-access articledistributed
under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIRx Med, is
properly cited. The complete bibliographic information, a link to the original publication on https://med.jmirx.org/, as well as
this copyright and license information must be included.

https.//med.jmirx.org/2021/3/e31547 IMIRx Med 2021 | vol. 2 | iss. 3 [e31547 | p.28
(page number not for citation purposes)

RenderX


https://med.jmirx.org/2021/3/e27017/
http://dx.doi.org/10.2196/27017
https://med.jmirx.org/2021/3/e31547
http://dx.doi.org/10.2196/31547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

Peer-Review Report

Peer Review of “Finding Potential Adverse Events in the
Unstructured Text of Electronic Health Care Records:
Development of the Shakespeare Method”

Anonymous

Related Articles:

Companion article: https://www.medrxiv.org/content/10.1101/2021.01.05.2124923%v1

Companion article: https:.//preprints.jmir.org/preprint/27017

Companion article: https://med.jmirx.org/2021/3/e31568/

Companion article: https.//med.jmirx.org/2021/3/e27017/

(IMIRx Med 2021;2(3):€31548) doi:10.2196/31548

Thisis a peer-review report submitted for the paper “ Finding
Potential Adverse Eventsin the Unstructured Text of Electronic
Health Care Records: Devel opment of the Shakespeare Method”

Round 1 Review

General Comments

This paper [1] described the “ Shakespeare method,” which was
designed to discover associations between adverse events (AES)
caused by blood transfusion from unstructured el ectronic health
record (EHR) notes. The authors applied this method on the
MIMIC-I1I data set and seemed to be able to find transfusion
AEs (TAEs) and potential TAEs (PTAES) that were unknown
when those EHR notes were devel oped.

Specific Comments

Major Comments

1. Isthere any plan to release all the code/scripts used in this
study? The method seemsto be complex involving multiple
steps; it will be very difficult to reproduce the resultsif the
codeis not available.

2. The manuscript should include more details on how the
transfusion and comparison groups were created.

3. The author mentioned that the latent Dirichlet allocation
(LDA) method they used in topic modeling requires the
number of topicsto be selected a priori. In this study, they
set it to 45. Some questions:

»  How robust is the “ Shakespeare method” with respect
to this value? If a different value is chosen, will the
method find similar topics? Similar notes for manual
document review? Similar TAES/PTAES?

+  How would you determine this value if the method is
applied to detect AEs for other treatments?

https://med.jmirx.org/2021/3/e31548

« A brief introduction to the LDA method should be
included in the manuscript.

4. In the Results section, the authors mentioned “ Despite the
inclusion of 1to5gramsinthevectorization, thetermsthat
we extracted during classification were unigrams.” That
seems to be quite a coincidence; is there any explanation?
If only unigrams are used in the bag-of-word representation,
will the results be different? Does it mean only unigrams
are needed in the future application of this method?

5. If possible, applying the method in other data sets or for
other types of treatment will help to understand how
generalizable the method is.

6.  On page 4, section The Shakespeare Method: “Trim the
n-gram vectors in the target group to those that are
significant for the target group.” How is the trimming
performed? How important isit for the final result?

Minor Comments

1 In the Abstract section, the authors wrote “We chose the
case of transfusion adverse events (TAEs) and potential
TAEs (PTAES) because real dates were obscured in the
study data, and new TAE types were becoming recognized
during the study data period.” The causal relationship here
isalittle confusing.

2. On page 3, the authors wrote, “ The Shakespeare method
has three parts,” but the following bullet-point list has 5
items.

3. On page 8 “The Shakespeare method would likely
generalize to other her notes and possibly other types of
medical texts” An additional “her” isinserted.

Round 2 Review

Therevision addressed my previous concerns. | have no further
comments.
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Thisis a peer-review report submitted for the paper “ Finding
Potential Adverse Eventsin the Unstructured Text of Electronic
Health Care Records: Devel opment of the Shakespeare Method”

Round 1 Review

General Comments

This concise manuscript [1] reports an exploratory study that
seeksto detect adverse events from the words within electronic
health records. By conducting a computational linguistic
analysis, the authors aimed to identify patterns of words that
can be used to classify such events. The methodology is novel
and has potential use cases that could benefit the automation
and scalability of applicationsin the future.

| have some minor comments for the authors to consider:

At the end of the Introduction section, it would benefit the
reader if the authors could provide some justification for
why the Shakespeare method might be useful, rather than
simply stating “We hoped.”

The methods are well described and the results are
straightforward.

In the Discussion section, there are some missing details
that should be added. In particular, it would be useful for
researchers seeking to follow up on thiswork to know what
lessons were learned during the course of conducting this
research. This could take the form of a short limitations
paragraph, and importantly, some recommendations to
guide future research. Relatedly, some additional details
concerning how this work could inform real-world
applications would also be welcome.
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Thisis a peer-review report submitted for the paper “ Finding
Potential Adverse Eventsin the Unstructured Text of Electronic
Health Care Records: Devel opment of the Shakespeare Method”

Round 1 Review

General Comments

This paper [1] investigated the new and increasing rates of
adverse events (AES) in unstructured text in electronic health
records (EHRS). The topic isinteresting. The authors used the
Shakespeare method to identify attributed and unattributed
potential AEs with EHRs. This method would be a useful
supplement to AE reporting and surveillance. Although | believe
that thetopic of the study isvery relevant, | have some concerns
related to the theoretical background of the study. Specific major
and minor comments are listed below.
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Specific Comments

Major Comments

1 What isthe accuracy of the new method, the Shakespeare
method, for identifying attributed and unattributed potential
AES?The previous study showed the process of thismethod
intheliterature[2]. This paper did not mention the accuracy
of the new method.

Minor Comments

1. Too many keywords. | would suggest that the authors
reduce some of the keywords.

2. In the “Conclusions’ subsection, | would suggest the
paragraphs be reorganized to improve them.
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[FREE Full text] [doi: 10.2196/27017]

2. Bright RA, Rankin SK, Dowdy K, Blok SV, Bright SJ, Palmer LAM. Potential Blood Transfusion Adverse Events Can be
Found in Unstructured Text in Electronic Health Records using the'Shakespeare Method. medRxiv Preprint published on
January 6, 2021 [FREE Full text] [doi: 10.1101/2021.01.12.21249674]

Abbreviations

AE: adverse event
EHR: éectronic health record

https://med.jmirx.org/2021/3/e31551 JMIRX Med 2021 | vol. 2 | iss. 3 |e31551 | p.33

(page number not for citation purposes)


https://www.medrxiv.org/content/10.1101/2021.01.05.21249239v1
https://preprints.jmir.org/preprint/27017
https://med.jmirx.org/2021/3/e31568/
https://med.jmirx.org/2021/3/e27017/
http://dx.doi.org/10.2196/31551
https://med.jmirx.org/2021/3/e27017/
http://dx.doi.org/10.2196/27017
https://www.medrxiv.org/content/10.1101/2021.01.05.21249239v1.full.pdf+html
http://dx.doi.org/10.1101/2021.01.12.21249674
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED Yu

Edited by E Meinert; submitted 24.06.21; thisis a non—peer-reviewed article;accepted 24.06.21; published 11.08.21.

Please cite as:

YuH

Peer Review of “ Finding Potential Adverse Events in the Unstructured Text of Electronic Health Care Records: Development of the
Shakespeare Method”

JMIRX Med 2021;2(3):€31551

URL: https://med.jmirx.org/2021/3/e31551

doi:10.2196/31551

PMID:

©Haiyan Yu. Originally published in IMIRx Med (https://med.jmirx.org), 11.08.2021. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIRX Med, is
properly cited. The complete bibliographic information, a link to the original publication on https://med.jmirx.org/, as well as
this copyright and license information must be included.

https://med.jmirx.org/2021/3/e31551 JMIRx Med 2021 | vol. 2 | iss. 3 [€31551 | p.34
(page number not for citation purposes)

RenderX


https://med.jmirx.org/2021/3/e31551
http://dx.doi.org/10.2196/31551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

Peer-Review Report

Peer Review of “The Influence of COVID-19 Vaccination on Daily
Cases, Hospitalization, and Death Rate in Tennessee, United

States: Case Study”

Anonymous

Related Articles:

Companion article: https://www.medrxiv.org/content/10.1101/2021.03.16.21253767v1

Companion article: https://preprints.jmir.org/preprint/29324

Companion article: https://med.jmirx.org/2021/3/e32459/

Companion article: https://med.jmirx.org/2021/3/e29324/

(IMIRx Med 2021;2(3):e32461) doi:10.2196/32461
KEYWORDS

COVID-19; pandemic; vaccination; vaccine; strategy; vaccination strategy; hospitalization; mortality rates; older adults; mortality

This is a peer-review report submitted for the paper “ The
Influence of COVID-19 Vaccination on Daily Cases,
Hospitalization, and Death Rate in Tennessee, United States:
Case Study”

Round 1 Review

General Comments

This paper [1] addresses an important subject pertaining to
vaccination and COVID-19, which has been a major public
health concern across the globe for the past year. However, |
have afew concerns and comments about the paper concerning
the content of the Introduction, Methods, and Results sections
as well as the Discussion.

Specific Comments

Major Comments

1. Thetitleshould berevised to reflect the analysis performed
by the author. The author should consider changing thetitle
to “COVID-19 Vaccination and the Daily Cases,
Hospitalizations, and Death Rates. A Case Study of
Tennessee in the United States.”

2. | suggest the author provide a brief overview of the
COVID-19 pandemic globally and localy in the
Introduction.

3. | suggest the author provide abrief description of the study
data and how the variables were derived and measured in
the Methods section.

https://med.jmirx.org/2021/3/e32461

4. The author should provide the analytical procedure of the
study by describing the statistical methods deployed in the
analysis together with the statistical software used. The
author did not state whether the analysis is descriptive or
inferential and the level of analysis being performed.

5. IntheResults section, the author did not provide resultsfor
2020 prior to the onset of vaccination but compared some
of the results with December 2020. Thiswill help uncover
any changes during the vaccination period.

Minor Comments

1. The author should take a critical look at the write-up and
provide athorough proofreading of the paper to correct the
severa typos and omissionsin the text in order to improve
clarity and understandability.

2. The vaccination onset in the Abstract section should be
2020, not 2021.

3. Theauthor should change the “mapping” mentioned in the
Discussion section to “charts.”

4. Based ontheanaysis, the author should be careful with the
use of “significantly influence” and “impact” throughout
the paper.

Round 2 Review

General Comments

The author has effectively addressed all my concerns about this
paper. The paper should be accepted for publication.
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This is a peer-review report submitted for the paper “ The
Influence of COVID-19 Vaccination on Daily Cases,
Hospitalization, and Death Rate in Tennessee, United States:
Case Study”

Round 1 Review

General Comments

This paper [1] demonstrates that vaccination affects different
age groups during the third wave of COVID-19. It shows that
vaccination changed transmission rates and resulted in a
reduction in hospitalization and death rate.

Specific Comments

This paper has used exciting data during a challenging time to
help other regions that are far behind the United States to set
their policies and see how prioritizing older people changes
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statistics. So, | think this paper adds significant points using
great data (around 3 months) to contribute to the COVID-19
literature.

Major Comments

1. In the Introduction, it is essential to use other studies to
compare different states or countries and other related
research. Hence, | suggest including asection that compares
other vaccination experiences.

2. | think the Data and Methods section is underdevel oped,
so the author should add more information about data
collection and statistical anaysis.

3. The Discussion section needs more information on policy
implications that can help other regions.

Minor Comments

1. Some sentences need to be rewritten, and the text needs to
be proofread.
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Thisisa peer-review report submitted for the paper “ Emergence
of theFirst Srains of SARS-CoV-2 Lineage B.1.1.7 in Romania:
Genomic Analysis’

Round 1 Review

General Comments

This paper [1] reports the identification and characterization of
the SARS-CoV-2 B.1.1.7 variant (the English variant) in
North-East Romania and a synopsis of the circulation of this
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variant in Romania. The manuscript istimely, straightforward,
and professionally crafted, and theresults are of interest for the
characterization of SARS-CoV-2 strains. Such routine surveys
are necessary to trace the emergence of new variants of interest
and are scarce in Eastern Europe.

Minor Comments

The manuscript needs some revision of English. It isgenerally
well prepared, but there are several instancesin which it could
benefit from a professional revision.
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Thisisa peer-review report submitted for the paper “ Emergence
of theFirst Srains of SARS-CoV-2 Lineage B.1.1.7 in Romania:
Genomic Analysis’

Round 1 Review

General Comments

First of al, the authors presented an important work about the
new UK variant of COVID in Romania[1]. | havethefollowing
guestions.

Specific Comments

Major Comments

1

In the Methods section, the authors mentioned that “ Twenty
samples, collected from patients in the cities of Cluj,
Craiovaand Suceava countiesfrom Romaniawere selected
for analysis, including patients with possible contacts with
UK infected individuals” In the Introduction section, the
authors also described the first few possible UK variant
casesin Romania.

Are these 20 cases sequenced by authors related to those
cases mentioned in the Introduction? If not, can authors
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1.

https://med.jmirx.org/2021/3/€32299

provide some detail s about the subjects' past travel history?
For example, did they stay in UK for more than 2 weeks
before they traveled to Romania? And when were these
samples collected? The timelineisimportant to understand
how the disease spread and whether they arethefirst strains
of B.1.1.7 in Romania.

Theauthors claimed that “the Romanian strains bearing the
particular  ORF8 mutations described above clearly
originated in the UK, which is also supported by the fact
that the patient from Suceava county arrived in Romania
from the UK.” | have a similar question about the travel
details of the patient aswell as the timeline.

From a public health standpoint, how did the authors deal
with the “news’ of the new variant? Was there any
communication with local officials or support for contact
tracing?

In the Discussion section, the authors described that “ Many
European countries, including Romania, lag in genomic
sequencing”. Can the authors provide more details about
why Romanialagsin genomic sequencing for COVID? For
example, cost, equipment, access to labg/institutes. This
can help readers and other researchers to understand the
issue.
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Round 1 Review

Thank you for your submission [1]. | don’t have any suggestions
except that a lot has changed since late winter 2020; are you

Reference
1. BarlettaWA. Risk factors of SARS-CoV-2 infection: global epidemiological study. IMIRx Med 2021 Aug 18;2(3):e28843
[FREE Full text] [doi: 10.2196/28843]

Edited by E Meinert; submitted 09.07.21; thisis a non—peer-reviewed article;accepted 09.07.21; published 26.08.21.

Please cite as.

Anonymous

Peer Review of “ Risk Factors of SARS-CoV-2 Infection: Global Epidemiological Study”
JIMIRX Med 2021;2(3):e31926

URL: https://med.jmirx.org/2021/3/e31926

doi:10.2196/31926

PMID:

© Anonymous. Originally published in IMIRx Med (https://med.jmirx.org), 26.08.2021. Thisisan open-access article distributed
under the terms of the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIRX Med, is
properly cited. The complete bibliographic information, a link to the original publication on https://med.jmirx.org/, as well as
this copyright and license information must be included.

https://med.jmirx.org/2021/3/31926 JMIRx Med 2021 | vol. 2 | iss. 3 [€31926 | p.43
(page number not for citation purposes)

RenderX


https://www.medrxiv.org/content/10.1101/2020.09.30.20204990v1
https://preprints.jmir.org/preprint/28843
https://med.jmirx.org/2021/3/e31910/
https://med.jmirx.org/2021/3/e28843/
http://dx.doi.org/10.2196/31926
https://med.jmirx.org/2021/3/e28843/
http://dx.doi.org/10.2196/28843
https://med.jmirx.org/2021/3/e31926
http://dx.doi.org/10.2196/31926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

Peer-Review Report

Banik

Peer Review of “Risk Factors of SARS-CoV-2 Infection: Global

Epidemiological Study”

Palash Banik, MPhil, NCD

Department of Noncommunicable Diseases, Bangladesh University of Health Sciences, Darus Salam, Bangladesh

Related Articles:

Companion article: https://www.medrxiv.org/content/10.1101/2020.09.30.20204990v1

Companion article: https://preprints.jmir.org/preprint/28843

Companion article: https://med.jmirx.org/2021/3/e31910/

Companion article: https://med.jmirx.org/2021/3/e28843/

(IMIRx Med 2021;2(3):€31927) doi:10.2196/31927

This is a peer-review report submitted for the paper "Risk
Factors of SARS-CoV-2 Infection: Global Epidemiological
Sudy".

presents all the data appropriately and discusses the data
rationaly. It will be avery interesting and vital reference paper
to al those who are working on this topic. | want to see the

) paper published soon. Best wishes.
Round 1 Review

General comments

This paper [1] is nicely written by the author, and it is indeed
avery important work on SARS-CoV-2 infection. The author
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Round 1 Review

General Comments

The paper [1] isawell-structured piece of research. The authors
divided its content into several parts quite brilliantly. It is
beneficial and ancillary to the reviewersfor easy understanding
and commenting. Coming to the subject matter of it, | felt that
the content is extensively deep-rooted. The range and the
influential spectrum of the paper are indeed broadly scripted.
The distinct segmentation of each author’s contribution addsto
itsvision. To specify the research question beyond drafting the
entire write-up and adhering to the focused subject is
commendable. The English in useis not so enriched, although
the effortless and candid writing makes it suitable for an
international journal. In brief, the article is a potentially
demanding one. Only a few points can be brought to light for
its amelioration. Follow the comments listed below. | am
dividing the feedback into magjor and minor comments. It is
requested that you prioritize them.

Major Comments

1. Please compose the Objectives subsection under the
Abstract differently from the research question. The issue
is the same but write that portion in a distinguishable
manner.

https://med.jmirx.org/2021/3/e€31895

10.

Please discuss “reintubation” and “extubation” separately

under the Introduction section. It is the main requirement

for the paper.

The Methods section seems to be the weakest part of the

paper. Please try rewriting this section. | do not feel

attaching any information on “who has approved what” is

unimportant (within Methods). Please describe theissue of

design. If the “design” pertains to methods, the setup,

laboratory requirements, or anything else, mention it.

What is your unique contribution to respiratory treatment?

| am unableto figure it out.

To improve readability, the paper should emphasize:

+  Features

+  Modedsinuse

«  Specific methods (which is aready in use but the
outputs are dynamic)

- Tabular forms of data sets

» Relevant outcomes and accuracy

»  Uncertainty and biasedness

Induce a section on the limitations and strengths of the
article.

Please discuss the implication of the application.

The text mentions 6 figures, but | cannot find any of them.
Please be careful during submission.

The authors have discussed the statistical methodsin detail,
but thereis no mention of their application. Please enclose
agood deal of statistical analysis.

Thedescriptionisabit rigorous and difficult to follow. Use
some tabular representations of the data. This will allow
for lesstime-consuming and more effective interpretations
of the outcomes and results. | am not talking about the data
set, but | am emphasizing the outcomes.
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11. The Results, Outcome, and Conclusion sections have been
written quite well. Please try to improve the way they are
presented though. The mathematical sets are lucid enough
to understand the results and their nature. However, there
is no derivation or any supportive academic background.
It is contradicting to the viability aswell as the originality
of the paper. So, please ensure you have input al the
derivationsin the text.

12. The citations mentioned throughout the text are indeed
following the literature, so the authors' choice of citations
isacademically sound.

13. The tables are simple and easy to understand, which is
apprehensible.

Minor Comments

1. There are too many typos and grammatical issues.

2. Improve the modeling structure of the entire article.

3. Please conform to the authors' guidelines issued by the
publisher.
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Roy

4. Itisexpected to haveimages cited throughout, but the entire
text lacks this. Please insert them within the article since it
becomes strenuous to follow them otherwise.

5. Please upload supporting data sets in the supplementary
materials section.

6. | do not understand what distinguishes* demographics’ and
the “results’ appearing before it.

Round 2 Review

General Comments

There is nothing further to comment on the paper. It has been
redrafted with a good deal of care. Every bit of it is clearly
illustrated. The title is too descriptive but fine. The abstract is
clear enough and understandable. Flow charts, figures, and
tables have been intriguingly formatted. | enjoyed reading the
paper. As mentioned earlier, the article bears acclaimed content
along with suitable citations. The writing style and the English
in use are adequate.
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Round 1 Review

General Comments

This paper [1] isan important resource for the use of high-flow
nasal cannulain patientswith COVID-19 and providesimportant
insights on the current COVID-19 pandemic. Respiratory
support for patients with COVID-19 is an important topic for
critical patients.

Specific Comments

The paper can be improved in certain areas like methods and
design. Also, there is some duplication of the results in the
discussion.

Major Comments

1. Inclusion criterianeed to be well defined.
2. Initial HFNT (high-flow nasal therapy) settings: thereis a
discrepancy between the flow mentioned in the Method

Conflictsof Interest
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and Design section (35 L/min) and that mentioned in the
Results section (33.5, SD 11.7 L/min of flow). Can you
please clarify?

3. The discussion needs to be rewritten. It seems like a
duplication of the results, especially the first paragraph.

Minor Comments

1 The dose of methylprednisolone should read “ mg/kg.”

2. Screening criteria: were the patients identified with high
clinical suspicion based on computed tomography
COVID-19 negative? If yes, please mention that in the
paper.

3. Inthe sentence, “At initiation of HFNC, a ROX of <5 was
predictive of intubation (OR 2.137, P=.051),” what wasthe
confidence interval? The P valueis greater than .05.

4. Inthe sentence, “Any change in ROX of less than or equal
to zero after HFNT initiation over 24 hours was also
predictive of intubation,” what do you mean by changeless
than or equal to zero? This sentenceis alittle confusing.

5. Thereare multiplereferences of ROC=0.77 and ROC=0.86;
did you mean AUC (area under the ROC curve) or
C-statistic?
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can help the readers to contextualize the need to do the study
and the rationale to conduct the validation. The discussion is
too genera to raise awareness concerning the mental health of

) university students.
Round 1 Review

General comments

This paper [1] is timely given the situation in India
Unfortunately, the manuscript does not include information that

Reference

1. Chaudhary AP, Sonar NS, TR J, Banerjee M, Yadav S. Impact of the COVID-19 pandemic on the mental health of college
studentsin India: cross-sectional web-based study. IMIRx Med 2021 Sep 02;2(3):€28158 [FREE Full text] [doi:
10.2196/28158]

Edited by E Meinert; submitted 16.08.21; thisis a non—peer-reviewed article;accepted 16.08.21; published 02.09.21.

Please cite as:

Anonymous

Peer Review of “ Impact of the COVID-19 Pandemic on the Mental Health of College Sudents in India: Cross-sectional Web-Based
Sudy”

JIMIRX Med 2021;2(3):€32952

URL: https://med.jmirx.org/2021/3/€32952

doi:10.2196/32952

PMID:

© Anonymous. Originally published in IMIRx Med (https://med.jmirx.org), 02.09.2021. Thisisan open-access articledistributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIRx Med, is
properly cited. The complete bibliographic information, a link to the original publication on https://med.jmirx.org/, as well as
this copyright and license information must be included.

https://med.jmirx.org/2021/3/e32952 JMIRX Med 2021 | vol. 2 |iss. 3[e32952 | p.49

(page number not for citation purposes)

RenderX


https://www.medrxiv.org/content/10.1101/2021.02.07.21250695v2
https://preprints.jmir.org/preprint/28158
https://med.jmirx.org/2021/3/e32954/
https://med.jmirx.org/2021/3/e28158/
http://dx.doi.org/10.2196/32952
https://med.jmirx.org/2021/3/e28158/
http://dx.doi.org/10.2196/28158
https://med.jmirx.org/2021/3/e32952
http://dx.doi.org/10.2196/32952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

Peer-Review Report

Peer Review of “Impact of the COVID-19 Pandemic on the Mental
Health of College Students in India: Cross-sectional Web-Based

Study”

Anonymous"
NA, NA, ON, Canada

Related Articles:

Companion article: https://www.medrxiv.org/content/10.1101/2021.02.07.21250695v2

Companion article: https://preprints.jmir.org/preprint/28158

Companion article: https://med.jmirx.org/2021/3/e32954/

Companion article: https.//med.jmirx.org/2021/3/e28158/

(IMIRx Med 2021;2(3):€32953) doi:10.2196/32953
KEYWORDS

This is a peer-review report submitted for the paper “ Impact
of the COVID-19 Pandemic on the Mental Health of College
Sudentsin India: Cross-Sectional Web-Based Study” .

Round 1 Review

General comments

This paper [1] examined how the restrictions caused by
COVID-19 impact students mental health. A total of 324
students completed an online survey to report their fear of
COVID-19 and other relevant mental health status. Thefindings
indicate that more than half of the participants had strong fear
of COVID-19 and that the fear of COVID-19 was associated
with psychological distressof anxiety and depression. Ingeneral,
the sample size was adequate and the statistical analyses are
straightforward. However, the novelty of the present study is
not clearly presented.

Specific comments

Major comments

1 Asl mentionedinthe genera comments, the novelty of the
present study is not clearly presented. Specifically, ample
evidence shows that fear of COVID-19 is associated with
psychological distress, and such evidenceincludes samples
from university students. Indeed, Pakpour and his colleagues
have done alot on thistopic. Therefore, the authors should
justify why there is a need to add their findings to the
present literature.

2. Thereare many grammatical errorsin the manuscript, such
as “COVID-19 pandemic have created” and “This panic
have led to the strong mental impact onthem”. The authors

https://med.jmirx.org/2021/3/€32953

should have a native English speaker carefully edit the
submission to ensure the presentation quality.

3. Theauthorslist “Brief Health Questionnaire” as one of the
keywords; however, the present study does not use the Brief
Health Questionnaire.

4. Until the Methods section, one can identify that the present
study focuses on Indians. However, this information is
giventoolate. In addition, the authors should provide some
relevant information about COVID-19 in India during the
data collection period.

5. The literature review of the present study is thin. As |
mentioned earlier, there is ample evidence of the impacts
of COVID-19 on mental health. However, the authors did
not take references from the current evidence.

6. Additionally, many studies have reported the psychometric
properties of the Fear of COVID-19 Scale (FCV-19S). If
the authors want to report the concurrent validation of the
FCV-19S, they should compare their findings with prior
evidence on the psychometric properties of the FCV-19S.

Minor comments

1. Sometablesuse abbreviations, and the authors shoul d spell
out these abbreviations in a footnote.

2. Table 4 should have the correlation values in addition to
the P values.

3. P values should never be 0.000; if the P values are really
small, use P<0.001.

4. | cannot understand what the differences are between Table
4 and Table 5. Moreover, both tables are hard to understand.

5. Somereferences are not properly listed (eg, M.G H, Sonar
NS, Ray B.)
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Round 2 Review

General comments

This paper hasimproved according to the reviewers and editor's
comments. In genera, | think that the present form has some
meritsand is publishable. Although there are no major concerns
intherevised version, several minor issues should be addressed
in another round of revision.

Specific comments

Minor comments

mention Generalized Anxiety Scaleinstead of Generalized
Anxiety Disorder Scale; sometimes the authors used Brief
Patient Health Depression Questionnaire and sometimes
Brief Patient Health Questionnaire). Thisis confusing.

The authors should properly indicate that GAD-7 is the
Generalized Anxiety Disorder Scale and PHQ-9isthe Brief
Patient Health Questionnaire. The authors did not mention
that GAD-7 isthe Generalized Anxiety Disorder Scaleand
PHQ-9isthe Brief Patient Health Questionnairein themain
text. They only indicated thisin the footnotes of the tables.
Moreover, the authors sometimes used different terms to
indicate the two scales (eg, in the Abstract, the authors

1. In the Abstract, | think that using * and *** to indicate mention Generalized Anxiety Scale instead of Generalized
significancelevelsis unnecessary because the authors have Anxiety Disorder Scale; sometimes the authors used Brief
already provided the actual P values. Patient Health Depression Questionnaire and sometimes

2. The authors should properly indicate that GAD-7 is the Brief Patient Health Questionnaire). This is confusing.

Generalized Anxiety Disorder Scaleand PHQ-9isthe Brief
Patient Health Questionnaire. The authors did not mention
that GAD-7 isthe Generalized Anxiety Disorder Scale and
PHQ-9isthe Brief Patient Health Questionnairein themain
text. They only indicated thisin the footnotes of the tables.
Moreover, the authors sometimes used different terms to
indicate the two scales (eg, in the Abstract, the authors
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Thisisa peer-review report submitted for the paper “ Selection
of the Optimal L-asparaginase |l Against Acute Lymphoblastic
Leukemia: An In Slico Approach”.

Round 1 Review

General Comments

Baral and coworkers [1] conducted a screening of
L-Asparaginase Il (asnB) for selection of asnB with increased
asparagine depl etion efficiency and decreased unwanted immune
responsefor potentially improved efficacy of acute lymphocytic
leukemiatreatment in comparison to the commercially available
asnBs. In their work, the asparagine hydrolyzation efficiency
was assessed by the simulated asparagine binding energy, and
the immunogenicity was assessed by the phylogenetic tree
distance to the commercial asnB strains via molecular
evolutionary genetics analysis. The three best asnBs out of 101
candidates were sel ected via the screening process. | found the
overall work issomewhat of value. However, it can beimproved
by including some important specifications at each screening

step.
Specific Comments

Major Comments

1. The dissertation formatting is not the usual journal article
type. Please normalize the introduction and the literature
review section into one and make it concise and in a flow,
such as (1) introduce the field of the work, itsimportance,
and what has been done; (2) indicate a gap, a research
guestion, or achallenge; and (3) clearly outlinetheresearch
and its novelty.

2. Please specify the distance matrices used in phylogeny to
produce atree. Isit only sequence-based genetic distance
or does it aso include measured distance (ie, from

https://med.jmirx.org/2021/3/e33214

immunological studies)? Sequence-based filtering, if lacking
immunological factors, may bring in large inaccuracy in
your case. If itisnot included in the analysis, please suggest
some literature references that show sequence-only—based
filtering is sufficient to link to immunology. Otherwise,
please thoroughly discuss the limitations.

3. At each screening step, please specify, among XX
candidates, YY was selected, for ZZ reasons (eg, the
distances is greater than AA from E coli K12; percent of
residues in most favored regions is greater than BB%; the
binding energy isgreater than CC. Thishelpswith clarifying
and keeping track of the optimization.

Minor Comments

1. Thetree plot isabit hard to read. Please make it uniform
and enlarge the font size in the same column and make it
readable at 100% display. Please use squares rather than
circles to highlight the candidates in the tree for better
accuracy. Please explain what the numbers plotted on the
tree branches are (bootstrap confidence levels?).

2. P15, line 299. Isit at the “top” or at the “bottom” of the
tree? The current description does not match with the
description in the figure legend.

3. Pleaseinclude references in section 3.3 and in Table 1 for
those identified active cites of asnBs from E coli and from
other organisms.

4. In Table 2, do not use * as the multiplication sign (x).
(Please also do not simply usetheletter x for acorrection.)
In addition, please use a separate column for the references.

Round 2 Review

General Comments
All my comments have been addressed.
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Thisisa peer-review report submitted for the paper “ Selection
of the Optimal L-asparaginase |l Against Acute Lymphoblastic
Leukemia: An In Silico Approach”.

Round 1 Review

General Comments

This paper [1] aimed to investigate whether asnB from E Caoli
and Erwiniaisthebest asparaginase for the therapeutic treatment
of acute lymphoblastic leukemia by using asnB sequence of E
Cali to search for homologous proteins in other bacteria and
archaea phyla. The authors mention that asnB with the lowest
Michaelis Menten constant (Km) and the lowest immunogenicity
is to be considered the most suitable enzyme. A phylogenetic
tree was created, after which homology modeling was
conducted, followed by docking to identify the binding energies
to determine the relationship between binding energy and Km.
The technical aspects of the paper are adequately conveyed,
and the in silico method is appropriate to answer the question.
However, | have afew comments that need to be clarified.

Specific Comments

Major Comments
1. Perhaps, explain what blastp doesto provide more insight.

Conflictsof Interest
No conflict declared.

Reference

2. It would be beneficia to include afigure that displays the
seguence alignment of the query sequence along with the
similarity percentage.

3. Thediscussion iswell-written, although could benefit from
including other relevant studies/prior worksto support your
results.

4. Conclusion is relatively weak. Please consider revising it
and sufficiently summarizing the Methods and Results.

Minor Comments

1 Section 2.2: Please define DOPE and SOAP before
abbreviating.

2. Discussion: It ismentioned that only 6 of 10 species could
have a Km value assigned to a certain sequence, please
mention these 6 species.

3. Discussion: The sentence “ Thusit can be predicted that an
enzyme with better kinetics that currently commercially
available asparaginase can be cloned from Streptomyces
species’ isahbit ambiguous. Please rewrite this sentence.

Round 2 Review

General Comments

The authors have addressed all reviewer comments and
improved the manuscript. | have no further comments.

1. Bard A, Gorkhai R, Basnet B, KoiralaS, Bhattarai HS. Selection of the optimal L-asparaginase |l against acutelymphoblastic
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Thisisa peer-review report submitted for the paper “ Selection
of the Optimal L-asparaginase |l Against Acute Lymphoblastic
Leukemia: An In Silico Approach”.

Round 1 Review

General Comments

L-Asparaginase |l (asnB) derived from E coli and E
chrysanthemi is often used in the treatment of acute
lymphoblastic leukemia (ALL). The manuscript submitted by
Baral et a [1] outlines an in silico method to identify potential
asnB from different species with potentialy higher potency
against suppressing the tumor and lesser side effects. Using
over 100 asnB from a wide range of species, the authors
identified a group of potential candidates and have taken them
up for further analysis. Using homol ogy modeling, the structures
of these candidate proteins were built and were then used to
calculate binding energies with asparagine. The authors also
showed that the predicted binding energies have an inverse
relationship with the reported experimental Km values of asnBs.
This led authors to predict 3 asnBs from 3 different
Streptomyces species.

The manuscript has systematically presented the findings and
isnicely assembled. | have afew concerns.

Conflictsof Interest
No conflict declared.

Specific Comments

Major Comments

The figures need to be made compact and some should be
combined into one (see below).

Minor Comments

1. Page 3, Introduction,
article/review.

2. Page 3: Keep aspace between text and citation parentheses.

3. Page 3, paragraph 2: First sentence is abrupt. Rewrite the
paragraph, probably starting with the discovery of the
guineapig serum cure of ALL!

4. Pageb, line 1: Change “analyses’ to analyze.

5. Figure 2: Should be rearranged and each plot should be
labeled for species, and the unnecessary text should be
removed like postscript file indicator, plot number, etc.

6. Figures 3-5b: Use an arrow to show the point.

7. Figures 3-5: Combine the three figures into one.

8. Figure 7: Figure needs to be combined and made compact.
The insets are too big. Species name should be given on
individual panels.

9. Figure 8: Figure needsto be combined and made compact.

line 2. Cite peer-reviewed
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KEYWORDS

epidemiology; computational; model; COVID-19; modeling; outbreak; virus; infectious disease; simulation; impact; vaccine;

agent-based model

This is a peer-review report submitted for the paper “A
Full-Scale Agent-Based Model to Hypothetically Explore the
Impact of Lockdown, Social Distancing, and Vaccination During
the COVID-19 Pandemic in Lombardy, Italy: Model
Development” .

Round 1 Review

General Comments

The paper [1] describes an agent-based model for investigating
the COVID-19 spread in Lombardy. The importance of this
study is evident. Additionally, it isinteresting work. However,
this manuscript needs to be enhanced more before publication.
My main concerns are about the points below.

Specific Comments

Major Comments

1. The event of disease spread has been extremely simplified.
As you know, the outbreak of a disease is affected by lots of
factors.

2. The Introduction lacks enough references to previous
research.

3. Themodel has not been validated and verified, which arethe
most important tasks in proving the correct performance of the
model developed.

https://med.jmirx.org/2021/3/e32796

4. The movement of all agents has been considered randomly,
whilein reality, it does not happen in this way.

5. The materials and methods lack information about the way
the model was developed. All necessary information about the
model needs to be made known—attributes and behaviors of
the agents, interactions between the agents, etc.

6. Asyou know, one of the advantages of the agent-based model
approach is its consideration of the geography of the
environment and simulation of the exact locations of people
and places. The diversity of the population affects the spread
of the disease as well asinteractions. If the population density
remains constant, but people do not haveinteractionswith each
other, the disease does not spread.

Minor Comments
1. The manuscript needsto be thoroughly proofread by anative
English speaker.

2. The Abstract lacks results, which is an important part of the
Abstract. Innovations and aims of the manuscript have not been
expressed clearly aswell asthe contributions of the manuscript.

3. Figure 1 does not include any information.

4. The way the manuscript has been written is not appropriate.
It has not been developed like a manuscript. It needs to be
rewritten.
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This is a peer-review report submitted for the paper “A
Full-Scale Agent-Based Model to Hypothetically Explore the
Impact of Lockdown, Social Distancing, and Vaccination During
the COVID-19 Pandemic in Lombardy, Italy: Model
Development” .

Round 1 Review

General Comments

This paper [1] is a great effort to apply agent-based modeling
to the COVID-19 pandemic. The stated run times for this
application are really quite good for such a large number of
agents, and | believe that the publication of this paper, when
revised, will be very useful to the disease-modeling community.

Specific Comments

Major Comments

1. Though | fully understand how difficult it is to write a
scientific paper in alanguage that is not the primary language
of the researchersinvolved, | am afraid | have to point out that
this paper needs some seriousrevision initsusage of the English
language. This is vital to a full understanding of the science
applied and the knowledge gained as aresult of thiswork.

2. | would like to see more details about the actual modeling
simulation software, algorithms, mathematical functions, etc,
used and how it was paralelized/distributed to achieve the
efficiency stated in this work. | believe that these application
details, rather than its results, are of even greater importance.
It is fairly easy to make a model and simulation fit actual
outbreak data, so the result is not of much importance when
only applied to one set of data. Rather, what is important here
isthe application methods used to achieve your results as these
can be applied to many other epidemiological situations that
need to be modeled and simulated.

3. We need much more detail about parts of the model, such as
the collision detection algorithm. For example, what was used
to determine the result of this portion of the model (eg, what
algorithm or mathematical function, etc?)? Please describe the
model in detail.

Minor Comments

1. | do not believe that a 6-step-per-day model for the agentsis
too much, contrary to what the authors supposed might be
interpreted by the reader. The collision detection and spread
caused by an agent's movements throughout the day are likely
in great need of many, many steps per day. Further, these “ steps”
per day could be modified, in futurework, to illustrate the effects
of movement control or quarantine on the agents of the model.
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This is a peer-review report submitted for the paper “ Use of
Smartphone Apps for Improving Physical Function Capacity
in Cardiac Patient Rehabilitation: Systematic Review” .

Review Round 1

General Comments

This paper [1] reviews published studies on use of smartphone
apps for cardiac rehabilitation (CR). The authors reach
interesting conclusions about integrating devices for monitoring
physical activity and vital signs, which would be the main
contribution of this paper. However, there are significant issues
with the methods and a number of incorrect statements within
the manuscript that are of concern.

Specific Comments

Major Comments

1. Please justify your statement in the abstract that apps reduce
the cost of CR, or if unableto justify or cite areference, remove
this statement.

2. Would suggest citing newer references and original references
for outcomes and rates of participation in CR: Ritchey MD,
Maresh S, McNeedly J, Shaffer T, Jackson SL, Keteyian SJ,
Brawner CA, Whooley MA, Chang T, Stolp H, Schieb L, Wright
J. Tracking cardiac rehabilitation participation and completion
among Medicare beneficiariesto inform the efforts of anational
initiative. Circ Cardiovasc Qual Outcomes 2020;13(1):e005902.

3. Would suggest reading and referencing the Home-Based
Cardiac Rehabilitation Scientific Statement: Thomas RJ, Beatty

https://med.jmirx.org/2021/3/€33180

AL, Beckie TM, Brewer LC, Brown TM, Forman DE, Franklin
BA, Keteyian SJ, Kitzman DW, Regensteiner JG, Sanderson
BK, Whooley MA. Home-based cardiac rehabilitation: a
scientific statement from the American Association of
Cardiovascular and Pulmonary Rehabilitation, the American
Heart Association, and the American College of Cardiology.
Circ 2019;140(1):e69-e89.

4. Your search strategy appears rather limited. Would suggest
including additional terms, such as mobile app, mobile phone,
and digital health.

5. You should exclude studies that were not randomized per
your methods (eg, Forman [2], Layton [3], Worringham [4]).

6. You should distinguish between lack of improvement with
smartphone CR and lack of significant difference versus
CR—they are different things.

7. Your definition of CR phasesisnot how most view it—Phase
| istypically thought of asinpatient, and it is now recommended
that patients start Phase 2 within 21 days and participate for 12
weeks.

8. | suggest including “Phase of rehab” in your table rather than
in the text.

9. Inyour table, you should display the numbers of the outcome
measure rather than the word description of the comparison.

Review Round 2

The authors appropriately responded to comments and the
revised manuscript is significantly improved.
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This is a peer-review report submitted for the paper “ Use of
Smartphone Apps for Improving Physical Function Capacity
in Cardiac Patient Rehabilitation: Systematic Review” .

Review Round 1

General Comments

Thisis a systematic review [1] investigating the utilization of
smartphone apps for improving physical function capacity in
cardiac rehabilitation (CR). Please find below my
comments/suggestions.

Specific Comments

Major Comments

1. CR interventions seem to be quite different between studies,
making future comparisons inappropriate (ie, for CR programs

including exercise programs, | would expect improvementsin
cardiorespiratory fitness (CRF), while for programs including
diet, this outcome might not change).

2. It isnot clear how authors selected the papers. This process
makesit difficult to understand the results, asthe outcomes and
types of interventions are quite different between studies. As
themain outcomein CRis CRF, | would suggest making it your
primary outcome for selection of the studies.

Minor Comments

M ethods/Results

1. I would suggest including a PRISMA (Preferred Reporting
Itemsfor Systematic Reviewsand Meta-Analyses) flow diagram
for the study selection process. This is available at
http://prisma-statement.org/prismastatement/fl owdiagram.aspx.

2. Tables 2 and 3 are not clear.
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This is a peer-review report submitted for the paper
“Technologies to Support Assessment of Movement During
Video Consultations: Exploratory Sudy’

Round 1 Review

General Comments

Thank you for taking the time to submit this paper [1]. It isan
interesting area for health care practitioners. This was an
exploratory trial on the feasibility of video consultation with
some off-the-shelf technologies in the United Kingdom. This
manuscript is well structured and written, but the external
validity of the resultsislimited. | have included some feedback
on the different sections of the manuscript and hope the authors
will find these comments helpful.

Conflictsof Interest
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Specific Comments

Major Comments

1. Please consider that movement at least has four basic
parameters, including force, range of motion/distance, rate
(velocity/acceleration), and endurance (repeats until the mover
is fatigued). | think authors could tak more about the
shortcomings of their methods for comprehensive assessments
of the parametric abilities of movements.

2. To further discuss the limitations of your study, please note
that in resource-limited environments and devel oping countries,
these results cannot be generalized.

Minor Comments

3. Please correct the spelling of “CINHAL”.

4. Please explain why authors selected atime limit (since 2016)
for their literature search.

5. The specification of products/instruments should include
details (model, manufacturer company, country).
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This is a peer-review report submitted for the paper
“Technologies to Support Assessment of Movement During
Video Consultations: Exploratory Sudy’

Round 1 Review

General Comments

Thispaper [1] isan exploratory study on technologiesto support
video consultations assessing movement. It isnot clear whether
it explored the technology itself or the process of using various
technologies.

Conflictsof Interest
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Specific Comments

Major Comments

1. It isnot clear why 4 specific devices were chosen and there
is no explanation of the most widely used software. Is it
technology or device exploration?

2. | was unable to identify clearly whether the hypothetical
patients were physiotherapists or family members. Were the
hypothetical patients briefed on what they should present for
inference, or was the clinical condition identified as they
presented?

3. How many hypothetical patientstook part in the study?

Minor Comments
4. The experiences of the hypothetical patientswere not detailed.
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This is a peer-review report submitted for the paper Thetitleischosen correctly, and the abstract provides sufficient
“Technologies to Support Assessment of Movement During  information to give aclear ideaof what to expect from the paper.

Mdeo Consultations: Exploratory Study. The results are well highlighted, and the conclusions are

Round 1 Review: adequate.

_ _ _ _ The technical depth of the paper meets the requirements for a
The paper [1] is well organized, and the length is appropriate.  scientific article published in a quality journal.
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This is a peer-review report submitted for the paper “ Early
Experience With Neutralizing Monoclonal Antibody Therapy
for COVID-19: Retrospective Cohort Survival Analysis and
Descriptive Sudy”’

Round 1 Review

General Comments

In this paper [1], the authors study the effect of monoclonal
antibodies and their benefit in patients with COVID-19. The
authors concludethat, although thistherapy may be animportant
treatment option for early mild to moderate COVID-19 in
patients at high risk, further investigations are needed to define
the optimal timing of monoclonal antibody treatment to reduce
hospitalization and mortality.
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Although thistopic is not entirely new, the paper looks good to
me and confirms other previously published data.

Specific Comments

As Tables 1 and 2 are quite complex, they need a clear legend
and not just thetitle, as reported.

For greater clarity, the figures should also be better explained.

In the Introduction and Discussion when talking about
COVID-19, for the sake of clarity, we need to better explain
theinflammation that kills people and not just go straight to the
monoclonal antibodies. Therefore, to make this paper more
interesting for the readers of thisimportant journal, the authors
should expand the discussion on this subject a little to give a
wider view to the reader.

1. Jarrett M, Licht W, Bock K, Brown Z, Hirsch J, CoppaK, et a. Early experience with neutralizing monoclonal antibody
therapy for COVID-19: retrospective cohort survival analysis and descriptive study. IMIRx Med 2021 Sep;2(3):629638
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This is a peer-review report submitted for the paper
“ SARS-CoV-2 Vaccination Uptake in a Correctional Setting” .

Round 1 Review

General Comments

This paper [1] is an important addition to the literature. The
authors discussthe rollout of COVID-19 vaccinesin the Rhode
Island Department of Corrections.

Specific Comments

I ntroduction

Are you sure you were the first state to offer vaccines? You
might be the first to get a shot in the arm, but other states were
offering in February 2021, and since the jail kept on getting
new people, you never really completed offering testing. For
the study, your cutoff was February 5, but | am guessing the
first vaccineswere till given on February 6, 7, 8, etc. You might
want to specify that your study period of interest was from
December 22 to March 5. This helps me believe your
denominators as well.

| speak about this more in my review of the discussion, but |
think this does not add to your paper, and, in fact, draws away
from it. It gets braggy that you were the first. That is less
important than being the best, unlessyou think thefirst and then
best arerelated? Overall, | think the Introduction would be better
by changing the second-to-last sentence to be the last sentence
and removing the last sentence.

Methods

1. The first sentence of the Methods is
background/introduction information, not methodol ogy.

really

https://med.jmirx.org/2021/3/€31904

2. | would appreciate more information about the process of
deciding the phases, maybe a line about the stakeholders who
convened to make the decision and whether any evidence or
guidelines were used.

3. | recommend starting the Methods with “RIDOC is a
unified...,” then “SARS-CoV-2 vaccines offered...March 5,
and then, “ Staff... concurrently.”

4. “Rounds” is colloquial; | need to know what you mean by
this. Did you mean “rounding,” like you offered it at rounds on
the cellblock? Or was this another way to say phases?

5. The last paragraph, first line, needs rewriting.

6. More information on what type of education was provided
at roll call and by whom is needed.

7. What wasin the email? Could it beincluded as a supplement?
It seems super successful, and | would think the wording of the
email or the video should be shared to help other peopleinform
their efforts.

Results

1. | think theline about the flu vaccination is out of placein the
Results. It should be in the Discussion.

2. | do not think you need the word “ approximately” in front of
specific percentages (eg, 9.1).

3. Overdl, | think you canjust refer alot to the table rather than
writing out all of the numbers. Here, you use round 1 instead
of phase 1.

4. " Second-dose vaccines were administered...”: | don't think
you need to discuss these first 2 sentences. They are not really
results because you were not reporting on how well you kept

IMIRx Med 2021 | vol. 2 | iss. 3 e31904 | p.73
(page number not for citation purposes)


https://www.medrxiv.org/content/10.1101/2021.04.27.21252790v1
https://preprints.jmir.org/preprint/30176
https://med.jmirx.org/2021/3/e31900/
https://med.jmirx.org/2021/3/e30176/
http://dx.doi.org/10.2196/31904
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

to theintended timeline. You also do not let us know how many
doses. | recommend removing this.

5.1 recommend starting thiswith 3 incarcerated individuals and
6 who received thefirst dose but did not take their second. This
isamazing.

6. What is an overpull? | recommend taking this out. You have
enough for a different paper about how you did this process. It
draws away from your resultsto report this.

7. Should “Intake” be capitalized in “Intake facility”?

8. You do not report anywhere that part of your process wasto
track adverse events or what you defined as an adverse event.
If you want to retain this, | recommend aline in the Methods.
| feel like everything you report in the Results section should
be linked to something you said you would do in the Methods.

Discussion
1. | do not think “efficient” is correctly used in the first line.

We do not know if it was efficient. You were able to vaccinate
the majority of people.

2. Lines2 and 3 of the Discussion are separate thoughts. | would
make them two separate thoughts and two separate statements.
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3. What do you mean regarding the RIDOC being the first to
offer? | think this statement draws away from the importance
of the paper and makesit alittle weirdly competitive. Thefirst
inmate to get a shot was in Rhode Island? | am not sure about
that... | would take that statement out. If you highlight how
amazing you are, then you take away from the goal that
everyone should be able to do this, even the last state that is
vaccinating.

4. Why the high decline rate in the Minimum and Women’s
facilities. Are they younger?

5. They are not difficult to reach. | think calling them “ difficult
to reach” has been refuted and is sort of elitist. We know where
they are. They are poor and in jail. They are not difficult to
reach.

6. The comment about switching to 1-dose vaccines seems
totally out of line with what you said before. You were able to
do this very successfully. | would argue, especially with the
issues with Johnson & Johnson, that your study shows it is
possible to use 2 doses effectively. | recommend highlighting
your low second-dose refusal rate. Why was that?

1. Berk J, Murphy M, Kane K, Chan P, Rich J, Brinkley-Rubinstein L. SARS-CoV-2 Vaccination Uptake in a Correctional
Setting: Cross-sectional Study. IMIRx Med 2021 Sep 27;2(3):€30176 [FREE Full text] [doi: 10.2196/30176]
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This is a peer-review report submitted for the paper
“ SARS-CoV-2 Vaccination Uptake in a Correctional Setting” .

Round 1 Review

General Comments

Thisisan important manuscript [1] describing the efforts of the
Rhode Island Department of Corrections (RIDOC) to roll out
a vaccine program in their unified state correctiona system.
First, | would be careful in describing this as an “evaluation.”
It is a description of the rollout of the vaccine program, and |
did not find any elements of an evaluation. Second, the
manuscript could be much improved with increased clarity in
thewriting. Even asareader who knows more about the RIDOC
correctiona system than the average reader, | got confused at
times about what the authors were referring to. Adding more
detailson the RIDOC (and how it comparesto other correctional
systems) will aid generalizability, and also adding more details
about the RIDOC vaccination program will help readers
contextualize their findings. | recommend rewriting this
manuscript with amore general public health audiencein mind
(who will likely know less about correctional systems).

Specific Comments
Major/Minor Comments

Introduction

1. “Correctional outbreaks have substantially contributed...”
While | agree that is likely true, this statement relies on the
citation of one study that describes county-level infection rates
based on infection ratesin one (very large) county jail. | would
hedge more with the language here as done in the Discussion
section.

https://med.jmirx.org/2021/3/€31905

2. “The goa of this study was to evaluate...” As mentioned
above, | would not call this an “evaluation” per se. Even as a
largely descriptive piece, the data reported here are important,
so | do not think the authors need to oversell it as an
“evaluation.” Evaluation implies that they attempted to figure
out differences in vaccine acceptance rate or why/how the
program worked/did not work or something like that. Thereis
none of that here.

M ethods

1. “From the beginning...” What makes RIDOC procedures
around testing and isolation “aggressive’?

2. “The RIDOC is...” First, the authors should be consistent
using “RIDOC” or “The RIDOC.” Second, | think thisiswhere
more work can be done to explain the RIDOC to general public
health audiences. For example, the term “security facilities”
will likely be opague to many. Third, the authors used
“sentenced...individuals’ here, but in the next sentence refer
to the same people as “incarcerated people who had received a
sentence after acriminal trial,” which is confusing.

3. “This includes individuals...” Thisis vague, and | believe
this is included to make the results from the RIDOC
generalizable to other states, but more clarification of why this
sentence is included would be helpful. The authors could also
use this section to describe where atypical “jail” populationis
housed in the RIDOC system (ie, the Intake facility).

4. “Among incarcerated people, a general system of
“Rounds’...” Is“Rounds’ hereasynonym for what isdescribed
as “phases’ in the next paragraph? It is unclear what is meant
by thisterm. Also, they should be clearer about what they mean
by “opt-out.” More descriptions of how this process was rolled
out will be helpful for readers hoping to implement similar
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programs. How did they approach individuals who were
incarcerated? What education was provided?

5. More details in the paragraph on phases would be helpful,
for example, in the sentence beginning “In phase 2...” If more
description of the RIDOC facilities is given, they can refer to
that here. To people unfamiliar with the RIDOC, what a“smaller
facility” means would be confusing. Thisis also the case with
the next sentence and the reference to “Medium Security.”

6. “Among corrections staff...” Asabove, | think being clearer
about what is meant by “opt-in” here would be helpful,
especialy as it contrasts with the “opt-out” system described
for incarcerated individuals.

Results
1. The sentence oninfluenzadoes not need to bein parentheses.

2."...declined the offer of vaccine.” Thisis awkward—may be
missing an indefinite/definite article or needs to be phrased
differently (ie, “declined the offer of avaccine” or “declined to
be vaccinated”).

3.“Atotdl... did not opt-in for theinitial vaccine offering.” The
authors mean “did not opt in for a vaccine during the initial
vaccine offering,” not opting in for the vaccine offering.

4."Duetologistics...dueto vaccine delivery timesand staffing
availability” The sentence is awkwardly structured. The
“logistics’ are the “delivery times and staffing availability,” or
are they referring to something else?

5. “At thetime...” The reference to the Intake facility will be
confusing to people who are not aware of the structure of the
RIDOC. The authors may want to flag “Intake” as being
equivalent to a“jail” population in other states that has a mix
of “awaiting-trial” and “sentenced” individuas. If the Intake
facility only hasawaiting-tria individuals, this should be clearer.
Asitisreferred to here, it is vague and confusing.

Discussion
1. “Vaccination was efficient...” What about it was efficient?
| think the authors mean that they vaccinated 70% of the

population within 4 months, but this should be more explicitly
stated if that is what they meant.

2. “This digns...” | would break this sentence into two
sentences. There are two important points being made here and
they should highlight both: (1) the RIDOC ison target to achieve
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herd immunity and (2) concerns about vaccine hesitancy in
incarcerated populations may be overstated. Also, this second
point makes a description of how they structured the education
and approach to incarcerated individuals that much more
important.

3. “The pandemic has devastated correctional settings...” This
sentence is awkward, and the use of devastated needs to be
qualified (asis, it feels too subjective).

4. “Similarly...” This sentence is awkward. The authors mean
to say that both mass incarceration and COVID-19 have
disproportionately impacted communities of color, but they
should say it more clearly. Also, they should be consistent using
“Covid-19” or “COVID-19"

Tables

1. Table 1: Alignment of the “group description” here and what
is described in the text. For example, phase 2 here refers to the
specific facility but in the text, these are referred to as“ smaller
facilities,” requiring the reader to make thislogical connection.
Phase 3 here includes “individuals awaiting transfer,” which is
not referred to in the text.

2. Table 1: There is no attached asterisk to where the footnote
isreferring to.

3. Table 2: It should be made clearer that general individuals
inthe Intakefacility (asbeing an awaiting-trial population) were
not included in the vaccinerollout phases (or wasthis not true?).

4. Table 2: The population on what day? These populations
probably change every day (or even every hour). The authors
should flag thisin thetitle of the table when these numberswere
collected.

Round 2 Review

General Comments

The authors have addressed all my concerns with this revision
of their manuscript. My only suggestion is to rereview for
typographical or grammatical errors. This revision introduced
acouple of errorsthat | think should be fixed before this paper
isfully accepted. For example: in the Abstract/Objective section,
“...to describe the a state-wide vaccination...” and in the first
sentence of the second paragraph of the Introduction, “From
the beginning of the pandemic, the Rhode Idland collaborated...”

1. Berk J, Murphy M, Kane K, Chan P, Rich J, Brinkley-Rubinstein L. SARS-CoV-2 Vaccination Uptake in a Correctional
Setting: Cross-sectional Study. IMIRx Med 2021 Sep 27;2(3):€30176 [FREE Full text] [doi: 10.2196/30176]
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Reviewer AK

Major Comments

1

Thank you for your suggestion. We have simplified the
statement of the objectives and have clarified the motivation
for the study in the background, including explaining why
both the modified early warning score (MEWS) and the
limited MEWS (LMEWS) are included. We have revised
the objectives both in the Abstract and in the main text.
Mortality has been specified as the measured outcome of
clinical deterioration and MEWS and LMEWS as the
predictors. The Methods section has been clarified to explain
the relationship between MEWS and LMEWS.

Thank you for your suggestion. We have modified the
Methods section to make the statistical approach clearer to
readers.

Thank you for your valuable suggestion. In all instances
where comparisons are made, we have proceeded with
MEWS followed by LMEWS, in that order.

Minor Comments

1. Thank you for your suggestion. We have addressed all
grammatical errors.
Reviewer BO

Major Comments

1

Thank you for your suggestion. We have included a power
and sample size calculation in the statistical analysis (see
above response to Reviewer AK [2]). Typically, patients
are discharged in possession of their paper health records
(electronic health records are not used, limiting study size),
accounting for the smaller number of available records; we
clarified this as well. However, the power calculation puts
the number we were ableto review in context as being 50%
more than would have been needed for a significant result.
Thank you for drawing our attention to the lack of emphasis
on the efferent arm in the study. In fact, there is no rapid
response team and therefore response to deterioration is not
standardized. Thus, there may be biasesin the survival (eg,
sicker patients getting less attention because of their
perceived poor prognosis). We have now included thisin
the discussion of the limitations of the study.

Reviewer CM

Major Comments

1

Thank you; please see the response to reviewer AK [2] as
we have now included the power calculation in the Methods
section.

Thank you for your observation. Missing data were only
seen for the variable “organ system” and accounted for
<1%. We have now included thisin the Satistical Analysis
section.

Thank you for your comments about blind assessment.
Blind assessment of the predictors was not carried out as
these are measured values retrospectively extracted from
the record. Therefore, MEWS and LMEWS are not
subjective—in real time when consciousness is assessed,
there may be observer bias, but we did not have any such

https://xmed.jmir.org/2021/3/€30790

Abbey et d

data. Since our data is randomly interpolated based on
published population proportions, lack of blinding should
not be an issue. We did perform a sensitivity analysis on
thethreshold for MEWS and LM EWS o test the published
parameters in this population in case there was a source of
bias that might make such cut-points variable.

Thank you for your observation. The maximum duration
of follow-up was 32 days (included in the first paragraph
of the Methods). We have included aflow chart of how the
cohort was generated (Figure 2).

Thank you for your concern. The confidential nature of
patient information, the protection of anonymity, and
consent are paramount in record reviews; as such, ethical
approva was obtained from the Ingtitutional Review Boards
(IRB) of Johns Hopkins University and the Korle-Bu
Teaching Hospital (KBTH), and clearance was obtained
from the Scientific and Technical Committee of the KBTH.
Although reporting was anonymous, patients’ recordswere
not, so the researchers involved in data collection and
handling needed to sign a confidentiality clause. This is
now captured in the Methods section. Dataaccessislimited
to me; | abstracted the data and ran the study analysis for
alimited duration.

Round 2

Reviewer CM

Major Comments

1

Thank you for alowing us to clarify the sample size
guestion. The study proposal submitted to the IRB required
a mandatory sample size calculation. As such, this was
calculated apriori based on a publication by Kyriacos et a
[5]. Based on this study, a power of 80% to detect clinical
deterioration in postoperative inpatients, with asignificance
level of .05 and a delta value of 0.45, will give us a
minimum sample size of 46. A post—data collection power
analysis was also performed, based on a chi-sgquare test
comparing two independent proportions. Based on the
resulting analytic sample of 112 participants, with 3Linthe
significant MEWS category and 81 in the nonsignificant
MEWS category, our study achieves a power of 95% to
detect a difference in outcome percentages of at least 37%
between these two groups.

Thank you.

Thank you for your suggestion. As with all retrospective
study designs, the measurement of outcomes occurred prior
to the start of the study; as such, we had no control over
how assessments were made including choice of
measurement tools, whether tools were valid and reliable,
and how resultswere interpreted and recorded. Blinding of
outcome assessors serves to limit detection bias, but this
was unemployable in our retrospective chart review, and
the determination of which predictorsto usein our analysis
is based solely on the conceptual framework described in
Figure 1.

Thank you for your ethical concerns and the effort to
maintain the highest standards in clinical research. The
confidential nature of patient information, protection of
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anonymity, and consent are paramount in record reviews,
as such, ethical approval was obtained from the IRB of
Johns Hopkins University and the KBTH, as well as
clearance from the Scientific and Technical Committee of
the KBTH. In addition, we received a “waiver of
documented (signed) permission,” which waives the
requirements to obtain documented (signed) parent or
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This is the authors' response to peer-review reports for “The  Reviewer AB [2]
Exchange of Informational Support in Online Heath .
Communities at the Onset of the COVID-19 Pandemic: Content Specific Comments

Analysis’. Major Comments
. 1. Addressed.
Round 1 Review '
_ 2. Addressed.
Responsesto Editors 3. Addr '
M. Addressed [1].
4. Addressed.
Q. Addressed.
5. Addressed. What we were trying to convey is that people
U. Addressed. who offered information were more likely to post more than
oncejudging by their action of responding to others' information
requests.
6. Emotional support is an interesting topic, but it is out of the
scope of this study.
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7. We are unable to address this comment at this moment, as  12. Addressed.
studies on other public health emergencies with comparable A 3
findings are limited. nonymous [3]:

Minor Comments General Comments

8. Addressed. 1. Addressed.

9. Addressed. 2. We are unable to address this comment at this moment.

10. Addressed. 3. Please refgr to the Methodol ogy ;ection, wher(_a previous
studies on which our coding ontology is based are cited.

11. Addressed.
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This is the authors' response to peer reviews of “Impact of
Modifiable Risk Factors on the Occurrence of Cutaneous
Leishmaniasisin Diyala, Irag: Case-Control Study!”

Round 1 Review

Reviewer O

1. Thanks for raising this issue [1]. Being a control does not
mean that they should not share therisk factors. A control here
[2] isaperson with no current lesions or history of lesions.

https://med.jmirx.org/2021/3/e31512

4. Would you please highlight the repeated paragraph, as we
reviewed it more than once but did not find it.

Reviewer T

2. Because we have so many risk factors to talk about, we did
not put the odds in the Abstract.

6. Because this study was part of an outbreak investigation, we
did not use the traditional methods for sample size calculation.
Instead, we included as many as possible of both cases and
controls to have more insight into the risk factors.
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8. If thereviewer can kindly point out whichtablehemeant [3], we will correct it accordingly.
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Thisisthe authors' response to peer-review reportsfor “ Social
Media Polarization and Echo Chambers in the Context of
COVID-19: Case Sudy”

Round 1 Review

Reviewer L

General Comments

First, wewould liketo thank thisreviewer [1] for their insightful
comments on our paper [2]. Although endogeneity may be an
issue of concern for these types of framings, our methodol ogy
builds on numerous studies (now cited in the revised paper)
that—after controlling for many correlated variables—show
how the emergence of online echo chambers is partly due to
contagion dynamics, partly due to homophily, partly due to
influence effects, and is not simply explained by one single
mechanism (eg, political ideology alone). Nevertheless, our
strategy has been proven effective to separate network structure

https://med.jmirx.org/2021/3/e32266

from information spread dynamics. In the revised manuscript,
we explained the various assumptions of the model, some
potential limitations related to endogeneity, and referred to work
illustrating the robustness of the adopted approach.

Thereviewer isabsolutely correct in that the real-world political
ideology distribution may not match the one on Twitter. In fact,
in the revised manuscript, we now refer to various studies that
confirmed the same skewed online ideology distribution we
observed in our study of Twitter. Since the data we observed is
heavily left skewed, we used binning to facilitate comparison
between left- and right-partisan users. This approach is
consistent with prior work, which we now cite in the revised
paper. We should note that as our study is restricted to Twitter,
any insightswe gleaned should only be assumed to be applicable
to this platform—an important limitation that we now
underscore in the revised manuscript, which, however, we do
not think takes away from the importance of our work given
the prominence of Twitter in political and public health
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discourse. The findings of how people share political
information on Twitter may not necessarily generalize to other
online platforms (or real-world offline networks). In the future,
we will study the cross-platform dynamics of political
information sharing. We clarified theselimitationsin the revised

To clarify, we are not hypothesizing or postulating that
COVID-19 (mis)information spreads differently from other
infformation. We believe that studying the spread of
(mis)information in the case of COVID-19 specifically is
paramount due to the fact that it can have tangible effects on
public health and how people behave in the offline world, with
respect to health behaviors (eg, mask wearing, etc). We have
illustrated some of these specific examples in the work we
recently published (cited and further detailed in the revised
manuscript). As for this specific paper, to avoid duplication,
we limited the amount of discussion on specific content.
Conversely, we wanted to concentrate specifically on the
interplay between political ideology and COVID-19 online
discourse to characterize how pre-existing polarization due to
political divide may further exacerbate the spread of
misinformation or potentialy alter the dynamics of (factual
and/or incorrect) information in the presence of echo chambers.
To our knowledge, our study is the first to characterize this
interplay and its effect on COV1D-19 online discourse.

Reviewer R

General Comments
We would like to thank this reviewer [3] for their feedback.

The motivation of the paper is to understand the role social
media polarization playsin contributing (mis)information spread
regarding COVID-19. Thisisof particular importance currently
asinaccurate information may undermine public health efforts.
Since prior works show that attitude toward COVID-19islinked
to political ideology, understanding the extent of polarization
will be helpful for relaying information and debunking
misinformation. In the revised manuscript, we added to the
Introduction to strengthen our mativation for the paper, aswell
as to the Discussion for an in-depth discussion of the
implications of our work.

We added more detailed explanations for al the models
mentioned in the paper, including word embeddings,
transformers, S-BERT, and network embeddingsin the M ethods
section.

Specific Comments

Major Comments

1. Thank you for this comment. In our revised manuscript,
we clarified the research questions to better reflect their
relevance to COVID-19.

References

Jang et d

2. Thank you for this comment. In “Related Work,” we have
added explanations of word embeddings, transformers, and
network embeddings so that readers can have a high-level
understanding of these models.

3. Thank you for this comment. In our revised manuscript,
we have added more layman explanations of each model
when we introduce them in the M ethods section. We believe
this helps give readers a more intuitive understanding of
word embeddings, transformers, etc.

4. Thank you for thiscomment. We removed the most bot-like
usersasis customarily done when dealing with potentially
bot-infused data. If bots infiltrated users of different
partisanship equally, then we expect to find a similar
distribution of bot scores across all users. Since thisis not
what Figure 2B shows, it suggests there may be more
right-leaning bots. In our revised manuscript, we clarified
what we expect to find to highlight what we observed in
terms of bot score distributions.

5. Wethank thereviewer for thisinsight. In our paper, we use
the term “partisan users’ to refer to users who are strong
supportersof aparty, which could be very left or very right.
As such, this is corroborated precisely by the U-shaped
distributionsin Figure 3B, C, and D. Figure 3A and E only
shows that left-leaning users are influential, which could
be attributed to Twitter's left bias as a platform (giving
more verified status to left-leaning users) and the larger
left-leaning user base. In our revised manuscript, we added
a suggestion that the phenomenon could be attributed to
the large left-leaning user base.

6. Thank you!

7. Thank you!

8. We agree with the reviewer’s comment. We have added a
paragraph on the implications of our work for health and
wellness.

Minor Comments

1. Wedefined “AUC” aong with a short explanation of why
it was chosen (over accuracy, €etc).

2. “NLP" has been replaced with “natural
processing.”

3. Thereviewer isright; this mistake in the caption has been
corrected.

4. Thank you. You can find out more about this from:
Garimella K, De Francisci Mordes G, Gionis A,
Mathioudakis M. 2017. Quantifying controversy on social
media. ACM Trans Soc Comput, 1 (1) Article 1. DOI:
10.1145/3140565
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This is the author’s response to peer-review reports for the
paper “ Finding Potential Adverse Events in the Unstructured
Text of Electronic Health Care Records: Development of the
Shakespeare Method”

This paper [1] first underwent review as two separate
manuscripts: one on transfusion adverse events and the other
on time-based adverse events.

In addition to responding to the reviewers' comments[2-5], we
made the following changes:

https://med.jmirx.org/2021/3/e31568

Round 1 Review: Transfusion Adverse
Events

Anonymous [2]

General Comments

1. Webelieve our title matches the study contents. We do not
understand how the results of using a new method, applied
inanew area (blood transfusion adverse events[AES)]), are
“self-evident.” We prefer to keep the title unchanged.

2. Please see the new subsection “Comparison of the
Shakespeare Method to Other Applications of LDA Topic
Modeling” at the end of the Discussion section:

“We were unable to find published instances of LDA topic
modeling applications for adverse event detection.
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Furthermore, we found nonethat apply L DA topic modeling
to words or phrases in documents in the group of interest
that are filtered to terms that most significantly
distinguished a patient group of interest from acomparison
group. This filtering process was essentia for identifying
topics describing the unique qualities of transfused vs
nontransfused groups. Also, to our knowledge, we are the
first to check the interpretation of documents with large
numbers of topics with nontrivial scores.”

Please see the new subsection “Comparison of the
Shakespeare Method to Other Applications of LDA Topic
Modeling” at the end of the Discussion section for a
summary of the use of latent Dirichlet allocation (LDA)
topic modeling in el ectronic health record (EHR) data and
how the Shakespeare method compares.

We agree that natural language processing (NLP) is
indispensableto finding potential AEsin unstructured text.
Please see the new subsection “Comparison of the
Shakespeare Method to Other Applications of LDA Topic
Modeling” at the end of the Discussion section for the new
text:

“LDA topic modeling has been used for a variety of NLP
tasks [6,7] (although it can also be used on other
high-dimension data) such astext classification and filtering
(8]

We state in the Conclusions section that the final step,
manual interpretation of selected original notes, could
benefit from adaptation of more sophisticated NL P methods.
As described, LDA topic modeling is one step in the
Shakespeare method.

In the Discussion section, “ Comparison of the Shakespeare
Method to Other Applications of LDA Topic Modeling
subsection, we now say:

“We were unable to find published instances of LDA topic
modeling applications for adverse event detection.
Furthermore, we found nonethat apply L DA topic modeling
to words or phrases in documents in the group of interest
that are filtered to terms that most significantly
distinguished a patient group of interest from acomparison
group. This filtering process was essentia for identifying
topics describing the unique qualities of transfused vs
nontransfused groups. Also, to our knowledge, we are the
first to check the interpretation of documents with large
numbers of topics with nontrivial scores.”

Thank you for pointing out this error. We have made the
correction to five steps.

We have clarified this sentence in the Introduction section,
“EHRs for Postmarketing Surveillance” subsection, and
made a similar change to the Background section in the
abstract. The new paragraph is:

“Many methods for finding AEs in text [9-34] rely on
predefining possible AEs before searching for prespecified
words and phrases or manual labeling (standardization) by
investigators. Crucially, events described in text may not
necessarily be attributed to AEs[19,35,36]. We wanted to
develop amethod to identify possible AES, evenif unknown
or unattributed, without any prespecifications or
standardization of notes.”

https://med.jmirx.org/2021/3/e31568
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Anonymous [3]

General Comments

We have clarified our statements in the Introduction section,
“Selection of Case of Blood Transfusion” subsection, to indicate
that some transfusion AEs were established in the literature by
2002 while others were gaining recognition over thetime of the
data set (2001-2012).

Specific Comments

Major Comments

1

We arein the process of publishing the code and expect to
have a permanent citation in a few weeks. We now cite it
as reference 54 in the Methods section, “ The Shakespeare
method” subsection.

The details are in another paper we cited (reference 57).

We added some explanation to the Methods section, “ Step

4. Model Topics” subsection:

1 “An important consideration for LDA is that the
number of topics must be selected a priori. The results
of topic modeling change depending on the number of
topics assigned to a corpus—this is an iterative
(hyperparameter tuning) process that requires human
judgment to interpret the topi cs (based on the top terms
in each topic) and determine which number of topics
best fitsthe corpus. With too few topics assigned, topics
are not cohesive and do not add any clarity or
information to an analysis. With too many topics
assigned, “incoherent” topicsthat do not captureterms
common to the member documents proliferate; also,
useful topics are likely split among smaller, more
specific topics, athough that does not limit the ability
to analyze true clusters in the corpus.

To tune the hyperparameters of the LDA model, we
calculated modelswith the following numbers of topics:
25, 35, 45, 55, 65, 75, 85. We observed (data not
shown):

In the Discussion section, “Comparison of the
Shakespeare Method to Other Applications of LDA
Topic Modeling” subsection, we added:

“The chosen number of topics was effective for
identifying arange of PTAEs. Evaluation of the overlap
of topics and contents of documents identified for
varying numbers of topics has not been reported in the
literature. Our iterative approach to evaluating different
hyperparameters demonstrated to our satisfaction the
relative stability of PTAEs indicated by topics.

We determined the number of topics based on our
experience of tuning the hyperparameters, the number
of TAEsreported in theliterature, and the complexities
of critical care patients. We were satisfied with the
number because there was both overlap of topics that
simultaneously had high word and document scores
and some incoherent topics with low scores. As the
number of topics gets too large, additional topics are
uninterpretable, and that as data set size increases, more
robust topics are generated [37]."
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2. In the Discussion section, “Comparison of the
Shakespeare Method to Other Applications of LDA
Topic Modeling” subsection, we added:

“Systematic evaluation of the number of topics and
other hyperparameters is always necessary for LDA
topic modeling in a new setting.”

3. In the Methods section, “Step 4. Model Topics’

subsection, we added:
“Topic modeling is an unsupervised method commonly
used in NLPto extract the most rel evant termsfor each
topic (cluster) of similar documents [6,7]. We chose
latent Dirichlet allocation (LDA) [8] to accomplish
topic modeling of the T documents. LDA is a
generative probabilistic model that results in
interpretable dimensionality reduction, which means
that we reduced 41,664 termsto 45 topics for our data.
A topic is a multimodal distribution of terms over an
entire vocabulary (in our case, al the filtered terms).
A topic consists of co-occurring terms in this corpus
of T documents. Each document can have amixture of
these topics. Each topic contribution in a document is
a probability (we refer to this as a document topic
score); thus, the scores of all topicsfor adocument sum
to 1 (see Figure 3D).”

4. In the new Discussion section, “Use of Classification to
Filter Document Vectors’ subsection, we added:
“Asnoted before, wewereinitially surprised that primarily
unigrams (and not the longer sequences) appeared to play
asignificant rolein distinguishing transfusion from control
texts. We believe it is possible that enough unigrams that
were part of meaningful phraseswere also in other phrases
or were significant on their own to result in relatively higher
scores. For example, although “mechanical ventilation”
conveys more meaning than just “mechanical” or
“ventilation,” each word occurs singly or in phrases other
than “mechanical ventilation.” Because bigramsand phrases
were important in other LDA studies [38,39], we do not
concludethat our unigram finding is necessarily applicable
to other study settings. In thisdata set and blood transfusion
situation, including only unigrams would not be expected
to have changed the particular unigrams selected during
the ensemble classification step. In other studies, it might
be important to include n-grams where n>1."

In the new Discussion section, “Use of Classification to
Trim Document Vectors’ subsection, we added:

“In this data set and blood transfusion situation, including
only unigrams would not be expected to have changed the
particular unigrams selected during the ensemble
classification step. In other studies, it might be important
to include n-grams where n>1."

In the new Discussion section, “Use of Classification to
Trim Document Vectors’ subsection, we added:

“Because bigrams and phraseswereimportant in other LDA
studies[38,39], wedo not conclude that our unigram finding
is necessarily applicable to other study settings.”

5. Weagree. In the Conclusion section, we added:

“We present our use of the Shakespeare method for a
different surveillance question elsewhere [40].”

https://med.jmirx.org/2021/3/e31568
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6. The renamed Methods subsection “Step 3. Extract
Significant Terms’ now explains the filtering (trimming)
method in more detail.

In the new Discussion section, “Use of Classification to
Filter Document Vectors® subsection, we added:
“Filtering the vectorsto only terms that were important for
focusing the topics on clinical conditions specific to
transfusion, including reasons for and consegquences of
transfusion, was important for identifying PTAES”

Minor Comments

1. Wesimplified the statement to:
“We chose the case of transfusion adverse events (TAES)
and potential TAEs (PTAES) because new TAE typeswere
becoming recognized during the study data period, so we
anticipated an opportunity to find unattributed TAEsin the
notes.”

2. Thank you for finding this mistake, which we corrected to
“five steps.”

3. Thank you for finding this typo in the Conclusion section.
“Her” should have been “EHRS’ and has been corrected.

Round 2 Review: Transfusion Adverse
Events

We finalized the citation for the Shakespeare method software
in reference 54, and submitted manuscripts with and without
tracked changes that show our changes.

We believe we addressed the reviewer’'s [2] concerns. We
apparently did not because some of the prior concerns remain
in this review round. We are puzzled by the newly restated
comments and would like more clarity on hig’her points so that
we can be sureto address the concerns. We provide moredetails
about our questions as individual responses below.

Anonymous|[2]

General Comments

We disagree that the Shakespeare method is an alternative to
NLP, because we leverage NLP, which includes many methods.
As part of the Shakespeare method, we used thefollowing NLP
methods; n-gram formation, count vectorization, supervised
learning, and L DA topic modeling. We mentioned another NLP
method, word/phrase searches, in the Introduction section, thus
demonstrating our understanding of that method; we also
discussed why we did not choose to use it. To form the
transfused and nontransfused groups, we created and used a
dictionary of transfusion terms. Outside of our paper, we are,
indeed, familiar with many other NLP methods (stemming,
sentence boundary recognition, part-of-speech tagging, parsing,
semantics, sentiment analysis, word sense disambiguation,
language models, language trandation, and neural
network—based machine learning) that are a menu of methods
that may or may not be useful for a particular application. We
do not understand why the reviewer thinkswe do not understand
NLP, why the reviewer thinks NLP is the preferred alternative
to the Shakespeare method, and why that means we might be
making mistaken conclusions.
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Specific Comments

Major Comments

1. The reviewer seems to agree that the dictionary method
relies on predefined possible AEs, which could rely on, for
example, the Unified Medical Language System vocabulary
list and could miss important terms. We are proposing an
alternative method to find both expected and unexpected
possible AEs, as we state in the Introduction section. We
do not understand what the criticismis.

2. Weagreeand statein the Discussion section that in addition
to possibly causal TAES, the Shakespeare method identified
reasons for transfusion, consequences of reasons for
transfusion, and possibly noncausal PTAEs. We agree and
state that the PTAES need manual review to distinguish
among these groups. As we state, the difference from the
NLP dictionary method is that the Shakespeare method
found PTAEs that were not described as related to
transfusion in the notes or billing codes. The dictionary
method cannot find potentially important terms and phrases
that are not in the dictionary.

3. The application of the Shakespeare method to blood
transfusion is a use scenario, so we do not understand why
the reviewer thinks a potential use scenario needs to be
included; however, we did include reference 107 as an
additional scenario. We do not understand why or how
manual review is an example of a potential use scenario.
We reported our manual review of the results, so we do not
understand what the reviewer means by asking “will more
manual reviews be needed for the results”

Round 1 Review: Time-Based Adverse
Events

Reviewer CD

General Comments

1. Wechanged the beginning of the sentenceto “We examined
whether.”

Conflictsof I nterest
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2. Thank you!

3. We dready stated some limitations. In the subsection
“Discussion of Time Periods Case,” we pointed out that
removing numerals from alphanumeric words had resulted
in the creation of a “junk” topic that we would not
recommend doing again. Additionally, in the Conclusions
section, we mentioned that further development of tools
for evaluating the reports would be very helpful.
Furthermore, in the subsection “Use of Classification to
Filter Document Vectors,” we added our observation that
only unigrams survived the classification process in both
the transfusion and time periods cases, and declined to
recommend only using unigrams in other settings.

Reviewer Cl

General Comments

We appreciate the reviewer’s prai se and hope we have satisfied
the concerns.

Specific Comments

Major Comments

1. We agree that it would be great to know the accuracy of
the Shakespeare method. Please see “Top-Scoring
Documents for Each Transfusion Topic,” where we
reviewed arandom selection of transfusion admissionsand
compared them to the transfusion documents with high
topic scores.

Minor Comments

1. Wetrimmed thelist of keywords.
2. We are satisfied with the current state of the Conclusions
section.
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This is the author’s response to peer-review reports for “ The 4. Thank you for your recommendation. | have developed a

Influence of COVID-19 Vaccination on Daily Cases, M ethods section based on your suggestion.
Hospitalization, and Death Rate in Tennessee, United States: 5. Thank you for your comment; it is an important point. My
Case Sudy” preliminary analysis showed that the results were fairly
) consistent up to thefirst month of vaccination. Additionally,
Round 1 Review it takes time to see the effectiveness of vaccination.

Therefore, this study began on thefirst day of vaccination.
The author of the manuscript [1] is grateful to the editor and

reviewers[2,3] for their invaluable input and feedback. Minor Comments
1. Thank you. | have reviewed the writing and have improved

Anonymous Reviewer [2] it

Specific Comments 2. | have changed it.
. 3. | have changed it.
Major Comments 4. Thank you. | have changed the language.

1. Thank you for your comment. | have updated thetitle based
on the suggestion.

2. Thank you for your suggestion. | have added arguments
and statistics to the Introduction.

3. | have developed a section for measures.
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Anonymous Reviewer [3] 2. Thank you. | have developed a section for measures and
statistical analysis.

Thank you. | have added a section on implications.

Major Comments Minor Comments

1. I'haveadded inastudy that discusses another methodology, 1. | have reviewed the paper's write-up.
which was different from the US vaccine policy.

Specific Comments 3
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This is the authors response to peer-review reports for
“ Emergence of the First Srains of SARS-CoV-2 Lineage B.1.1.7
in Romania: Genomic Analysis!”

Round 1 Review

Responsesto Reviewers

Reviewer 1[1]
1. The manuscript [2] needs some revision of English. It is

generally well prepared, but there are several instancesinwhich
it could benefit from a professional revision.
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Response: Per the reviewer’s[1] comment, we have revised the
manuscript throughout with an eye toward improving the
English, format, and syntax.

Reviewer 2 [3]

1. Inthe Materials and Methods section, authors mentioned that
“Twenty samples, collected from patients in the cities of Cluj,
Craiova and Suceava counties from Romania were selected for
analysis, including patients with possible contacts with UK
infected individuals” In the Introduction section, the authors
also described the first few possible UK variant cases in
Romania.

Are these 20 cases sequenced by authors related to those cases
mentioned in the Introduction? If not, can authors provide some
details about the subjects' past travel history? For example, did
they stay in UK for more than 2 weeks before they traveled to
Romania? And when were these samples collected? Thetimeline
isimportant to understand how the disease spread and whether
they arethefirst strains of B.1.1.7 in Romania.

Response: We thank the reviewer [3] for his’her comment. The
20 cases sequenced were selected by our laboratory in Suceava
aspart of the ongoing effort of monitoring SARS-CoV-2 spread
in Romania. Among the 20 samples, one—later referred to as
EPI_ISL_869241 (Suceava)—was carrying the new UK strain.

The other four samples presented in the Results section were
sequenced by other laboratories in the country, so there is no
connection with the 20 samples sequenced by us.

References

Lobiuc et al

Information regarding the travel history of the patients was
added, where appropriate. Sample collection dates were added
to the table in Multimedia Appendix 1.

2. The authors claimed that “the Romanian strains bearing the
particular ORF8 mutations described above clearly originated
in the UK, which is also supported by the fact that the patient
from Suceava county arrived in Romaniafrom the UK.” | have
asimilar question about the travel details of the patient as well
asthetimeline.

Response: Information regarding the Romanian patient bearing
the ORF8 mutation was added in the Results section.

3. From a public health standpoint, how did the authors deal
with the “news’ of the new variant? Was there any
communication with local officials or support for contact
tracing?

Response: This information was added to the text. In addition,
we mentioned that our laboratory is 1 of 4 (at the moment of
writing the paper) that reports weekly genomic data to
government agencies. These data are then integrated with
epidemiological datato inform public health agencies.

4. In the Discussion section, the authors described that “Many
European countries, including Romania, lag in genomic
seguencing”. Can the authors provide more details about why
Romanialagsin genomic sequencing for COVID? For example,
cost, equipment, accessto labg/ingtitutes. This can help readers
and other researchers to understand the issue.

Response: The information was added to the text.
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Thisis the author’s response to peer-review reports submitted 3. Figuresthat were suggested for del etion have been removed.

for the paper "Risk Factors of SARS-CoV-2 Infection: Global All figures have been sized and reformatted per journal
Epidemiological Study”. policy.
) 4. All footnotes have been removed, and the relevant
Round 1 Review information has been made part of the text or a numbered
reference.
Author’s response to the review of the manuscript: 5. Equations are numbered for appropriate reference in the
1. The Abstract and body of the text of the manuscript [1] text. - . )
have been restructured to conform with the standard format & | have added some quantitative valuesin the Results section
of thejournal (ie, Background, Objective, Method, Results, of the Abstract. _
Conclusions). 7. | have removed th_e author-deﬂned acronym, “CFR;” for
2. The revised text is based on the updated manuscript as apparent case fatality ratio. _ _
recommended by the editor. 8. Two references have been added in the Summary section.

9. The Summary and Conclusions have been expended to
suggest potential effects of new SARS-CoV-2 variants.
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This is the authors' response to peer-review reports for the
paper “ Utility of the ROX Index in Predicting Intubation for
Patients With COVID-19-Related Hypoxemic Respiratory
Failure Receiving High-Flow Nasal Therapy: Retrospective
Cohort Sudy” . Specific Comments

Round 1 Review

Reviewer G

Major Comments

Thank you, Reviewer G [1], for your comments on our paper
[2]. We appreciate your wonderful feedback.

1 The Methods section was modified to clarify the inclusion
criteria further. There were two stages to our screening
process; hence, the inclusions and exclusions were written
to reflect a step-by-step method of achieving the final N.
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The CONSORT (Consolidated Standards of Reporting
Trials) diagram at the end further clarifies the process.
The 35 L/min flow was the starting point for the HFNT
(high-flow nasal therapy) initiation protocol. Immediately,
adjustments were made based on the patient’s tolerance
and oxygenation. The“33.5, SD 11.7” valuein the Results
section is the average first flow rate documented in our
Electronic Medical Record (EMR).

Thefirst two paragraphs were written as a summary of the
overal results as stated by the journal guidelines for the
discussion. We revised the first two paragraphs to make
the summary more concise.

Minor Comments

1
2.

The error was corrected.

Those with high clinical suspicion were indeed negative
by PCR (polymerase chain reaction). Thiswas added to the
Methods section.

The confidence interval was 0.994 to 4.591. We adjusted
the language of the paper to reflect the above resultsin a
more appropriate way.

In other words, our analysis showed that any lack of
improvement or negative change in ROX (ratio of oxygen
saturation) index was predictive of intubation. The sentence
was rewritten to explain this better.

We will change the reported valuesto AUC (areaunder the
receiver operating characteristic curve) in the paper.

Reviewer R

Major Comments

Thank you, Reviewer R [3], for your wonderful comments. We
appreciate your feedback.

1

We have changed the aobjective to be distinguishable from
the key question.

The paragraphs were separated to highlight the two sections.
We refined the M ethods section with the goal of improving
it. The subsections were redefined to improve this section.
Thetreatment protocolswill be moved to the supplementary
materials section. We are happy to redact more, if necessary.
This was a retrospective observational study. Hence, the
authors made no contribution to the actual treatments of
patients. We used the data available to us afterward to
evaluate the ROX index. It was not until we had analyzed
our data that we started using the ROX index in our
intensive care unit routinely.

Noted. Changes have been made as per the suggestions.
Our Discussion section includes a section specifically on
strengths and limitations. We are happy to separate it out
as adifferent section, if needed.

10.

11

12.
13.

Patel et &l

The ROX index is a noninvasive score that can easily be
applied at any hospital without the addition of any new
parameters. It includes pul se oximetry, fraction of inspired
oxygen, and respiratory rate. All hospitalswill alwayshave
these parameters available to them. Thus, ROX gives
physicians a noninvasive tool during a pandemic when
minimizing exposure is key to preventing transmission.
Our figures were submitted separately from the main
submission per the submission guidelines. We will include
al the images with the main document in the revised
version.

We are happy to provide our data analysis to the reviewer
separately, if needed. We feel discussing al the details of
how we generated our results step by step will dilute the
importance of the results highlighted in the Results section.
Moreover, we feel thismight not be ideal for areader who
has only a basic statistical background.

All the results mentioned in the paper have been presented
intextual and graphical forms (graphs and tables), wherever
applicable. The majority of the discussion involvesareview
of previous data and an explanation of our results, which
will be difficult to writein atabular form. We are happy to
rearrange portionsin atabular format if the reviewer would
be kind enough to point out a specific section.

As mentioned above, we are happy to provide al the
derivative equations to the reviewer if that helps. However,
wefelt that some of these derivatives are complex and take
away from the results of the paper. Moreover, the majority
of studies written usually do not provide the actual
calculations of their results. Most studies have the data
analysis available upon request, which we are happy to
provide.

Thank you.

Thank you for the wonderful feedback.

Minor Comments

1

The majority of typos and grammatical issues have been
corrected.

The article was restructured according to the points made
by the reviewer.

We will review the guidelines again and try to conform to
those guidelines.

The images will be made available at the end of the paper
per the submission guidelines.

We are happy to provide data sets upon request. We do not
want our data setsto be publicly available, but we are happy
to share them on a case-by-case basis. We do mention this
in our paper.

We corrected this section to accommodate your request.
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Thisistheauthors' responseto peer-review reportsfor “ Impact 4. The Introduction part has been revised with all the relevant

of the COVID-19 Pandemic on the Mental Health of College information provided during the data collection time in
Sudentsin India: Cross-Sectional Web-Based Study” . India
) 5. Theliteraturereview for this study has been expanded with
Round 1 Review relevant scholarly articles.
6. The concurrent validity of the Fear of COVID-19 Scale
The responses and changes made to the manuscript in reply to with the Generalized Anxiety Disorder-7 scale and the
the reviewers’ comments [1,2] are below: Patient Health Questionnaire-9 have been compared with

Major comments the available prior evidence.

1. The novelty of this study [3] isjustified in the manuscript  Minor comments

in detail. 1. Footnotes have been provided for the abbreviations in the
2. The grammatica errors in the manuscript have been table.

corrected. 2. Other correlation values have been added to Table 4 along
3. The keywords have been corrected. with P values.

3. For very small P values, P<0.001 has been written.
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4. For Tables 4 and 5, the format has been corrected with 2. GAD-7 is the Generalized Anxiety Disorder Scale and

clarity and written as per journal guidelines. PHQ-9 is the Brief Patient Health Questionnaire; this is
5. Less scholarly journal articles have been removed and indicated clearly inthe main text in addition to the footnotes
references are written as per guidelines. of the table. Different terms for the two scales have been
removed and corrected.
Round 2 Review 3. Articles about university students regarding their
psychological distress have been cited more, including
Minor comment Pramukti et al [4].
1. * and *** to indicate significance levels in the Abstract 4 The reference category for the categorical independent
have been removed. variableisindicated in Table 4.
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This is the authors' response to peer-review reports for the
paper “ Selection of the Optimal L-asparaginase Il Against
Acute Lymphoblastic Leukemia: An In Silico Approach” .

Round 1 Review

Authors Response to Anonymous [1]

Major Comments

1

The formatting has been changed to make the paper [2]
more concise and in line with proper journal formatting
standards.

We constructed our tree using the maximum likelihood
method. Maximum likelihood is a probability-based
phylogenetic tree construction method. It alows the user
to choose amodel of evolution and constructsthe tree based
on the probabilities associated with the sequences. The
maximum likelihood method considers a tree more

https://med.jmirx.org/2021/3/e33217

preferable if the sequences are more probable in that tree.

Thus, it is a sequence-based tree.

»  Lines15-26 of page 9: We have added to the paper our
reasoning and relevant literature references explaining
how sequence-only—based screening is sufficient to
link immunology in our study.

The number of initial candidates studied, numbers of

candidates sel ected/screened, and the reasoning behind their

sel ection has been added for each step where screening took

place.

» Lines9-14 of page 9: Screening based on tree

» Lines 5-7 of page 22: Screening from docking and
binding energy

Minor Comments

Page 10: A higher quality version of the phylogenetic tree
was added to the manuscript, and squares were used for
highlighting.
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Lines 7 and 8 of Page 9: The mistakes were corrected, and
the positions of the commercially available (at the top) and
our candidate (at the bottom) organisms mentioned in
accordance with the tree (and its legend) is present in the
manuscript.

Sites were identified by superimposing and aligning the
candidate sequences with the sequence of 1nns asparaginase
using PyMOL. This has been explained in the Methods
section (line 11 of page 7).

Page 19: * was replaced with proper multiplication signs
in the table.

Authors Responseto Reviewer S[3]

Major Comments

1

Lines11-14 of page 6: An explanation of Blastp was added.
The purpose of using blastp in this method is explained.

Barad et d

Minor Comments

1

Lines5-7 of page 7: The full forms and meaning of DOPE
and SOAP have been added.

Line6 of page 30: The 6 specieswith Kms have been added
to the Discussion section.

Line 26 of page 30: The sentence was rewritten to be clearer
on its meaning.

Authors Responseto Reviewer T [4]

Major Comments

We have edited all our figures to remove unnecessary parts and
make them appropriately compact. Several related figures have
been combined together for compactness.

Minor Comments

1

Line 2 of page 3: A peer-reviewed paper was cited.

2. Lines4-10 of page 23: A figure of the sequencealignment 2. A space was added between the text and citation.
of our optimal enzyme candidates and the E coli (subject) 3. | ines7-11 of page 3: The paragraph was rewritten. A better
sequence has been added with an explanation. and more contextual opening sentence was used.
3. Lines8-25of page 29: A segment regarding relevant studies 4. ine 26 of page 4: Analyses was changed to analyze.
that support our findings was added to the Discussion 5. pages 12 and 13: Plot labelled for species; figures edited
section. The added segment uses previous studies on to only include relevant information.
enzyme screening/optimization, especially L-asparaginase, 6. Pages 14-16: Arrows added to highlight points.
to support the tools we used and the results we have 7. pages 14-16: The three figures were combined and edited.
obtained. 8. Pages25and 26: Species nameswere added to each panel.
4. Line 17 of page 31: The Conclusion section was edited to Multiple figures were combined and edited to be more
be clearer on the finding of this study. A proper summery compact.
of our work and our results were added. 9. Page 27: All figures were combined into one. The figures
were edited to be more compact.
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This is the author’s response to peer-review reports for “ A
Full-Scale Agent-Based Model to Hypothetically Explore the
Impact of Lockdown, Social Distancing, and Vaccination During
the COVID-19 Pandemic in Lombardy, Italy: Model
Development” .

Round 1 Review

The authors of the manuscript [1] are grateful to the editor and
reviewers[2,3] for their invaluable input and feedback.

Anonymous [2]

Major Comments

1. | agreewith thereviewer, but the underlying idea of the paper
is to create a model using just simple open-access data, like
population density and estimations made on publicly available

https://med.jmirx.org/2021/3/e32798

ensemble data (eg, number of contagions, number of deaths,
etc). The author knows perfectly that this amount of datais not
sufficient to fully depict epidemic behavior, but the ideais that
on a very large scale, this information along with a fitting on
the free parameters can approximate epidemic behavior. This
has been explained better:

“The random walk behavior must be intended as an
approximation of the actual motion of people during the day;
this approximation was introduced to reduce the amount of
information required to run the model and is widely used in
many fields of science (eg, ideal gastheory)...”

2. References to previous models have been added:

“In particular, agent-based modeling in epidemiol ogy has been
used widely in the past. However, due to its computational
limitations, approaches based on differential equationslike SIR
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(susceptible-infected-recovered) models have often been
preferred. The latest advances in computer science and
engineering and the outbreak of COVID-19 have led to the use
of ABM for simulating small community epidemic behavior...”

3. The model has been compared with an SIRD
(susceptible-infected-recovered-deceased) model fitted on the
outbreak scenario in terms of the rooted mean squared error in
the infected, recovered, and deaths curves, outperforming the
SIRD model infitting the recovered curve and obtaining higher
but comparable distances in the infected and deaths curves. It
must be pointed out that even if the performance of the proposed
model iscomparableto the SIRD model, it has many advantages
over the SIRD model (as pointed out in the paper):

“The proposed model has been compared with the classical
SIRD model [33] fitted with parameter exploration on outbreak
data. The result can be seenin Figure 2. It can be seen that the
results are comparable: in terms of the rooted mean squared
error from the data, the SIRD model has an error of 150 for the
infected, 71 for the recovered, and 18 for deaths. The proposed
model exhibits an error of 535 for the infected, 58 for the
recovered, and 34 for deaths. This means that the model has
comparable performance with the SIRD model (outperforming
in the recovered), but it is not ODE mediated, so it is suitable
to test alternative scenarios.”

4. This is true, but it can be approximated (like in idea gas
theory) with the idea that even if the behavior of each person
is not random, the interaction for large numbers of people can
be approximated with a random walk. Future work could aim
to reconstruct people’s behavior in a more realistic way;
however, it would require additional data (usually covered by
privacy laws) that are not in the public domain. This would,
unfortunately, contradict the aim of the paper of constructing a
model based on public-domain information, making the model
available for anyone. So, the random walk should be intended
as an assumption and not as a ground truth.

“The random walk behavior must be intended as an
approximation of the actual motion of people during the day;
this approximation was introduced to reduce the amount of
information required to run the model and is widely used in
many fields of science (eg, ideal gastheory)...”

5. The following has been added to the paper:

“The creation of thisalgorithm was a challenging aspect of this
study. Theideawasto use matrix optimization in order to speed
up the computation. The territory was subdivided into
20-km-ong cells, and the cellsin every frame were compl etely
independent, with the supposition that, on average, every cell
contains m people. In order to compute the distance between

all nodes in the network, we had to compute the order of N2
pairwise distances.

“With this scheme, we had to only compute the order of n?
distances for each block multiplied by the number of blocks
(which is about N/m) that is an order of Nm. Considering m
small in comparison with N, it can be said that the scheme has
a complexity near the order of N (for large N and small m).
However, determining in which cell a person is located was

https://med.jmirx.org/2021/3/e32798

Giacopelli

also challenging because of the large size of the population. For
these reasons, a simple grid scheme was used to locate nodes
inside the cells. We used the following idea—supposing a
segment from 0 km to L=2 km with N.=4 cells:

1. FromOkmto0.5km
2. From05kmto1lkm
3. Fromlkmto15km
4. From1.5kmto2km

“If, for example, the point p=0.6 km needed to be located, the
formula used to calculate this would be id,=ceil(Np/L). The
result is 2, indicating the second cell. Applying thisformulafor
the x-axis and y-axis alows the algorithm to locate people in
the cells. Although this algorithm may appear to be simple, it
requires few calculations to be computed, which can make a
substantial difference when a large number of agents is
concerned.”

6. The density of the population has been taken into account
from publicly available data. Additionally, the variation in the
density of the population has been taken into account, but
because of the limited length of the daily path of the nodesin
their random walk, the variability in population density is not
very notable. Thiswork has not accounted for the demographic
profile of the population, but because of the agent-based nature
of themodel, it could be easily implemented (given an accurate
spatial demographic profile and detailed demographi c-dependent
statistics about COVID-19, which are not publicly available to
the best of the author’s knowledge). This has been pointed out
in the following:

“The displacement of the particles follows the density of
inhabitants in Lombardy (ie, publicly available data). Even if
more accurate data on peopl e displacement and movement could
be used, privacy concerns may not permit the open-source and
open-access distribution of this data”

Minor Comments
1. The paper has been revised.

2. The abstract has been revised.
3. Fixed in the text:

“Figure 1: The 3-layer structure of the model. The first layer,
environment and agents, representsthe motion of theinhabitants.
The second layer represents socia interaction between people
in terms of collision detection. The third layer represents the
virus dynamic in terms of epidemic behavior.”

4. The paper has been organized into Introduction, Methods,
Results, and Discussion.

Anonymous[3]

Major Comments
1. The language of the paper has been revised.

2. The model has been depicted more clearly in terms of a
mathematical description. Themodel, asitis, outlinesageneral
procedure to approach an epidemic. Most of the data used to
create the model are realistic, starting from geographic
distribution (that is, as redlistic as possible to reproduce
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population displacement but, on the other hand, is not
demanding in terms of the data required to run the model) and
virus characterization. In the text, | have underlined a genera
procedure to deploy the model in different scenarios:

“Moreover, in this paper, since most of the parameters are
realistic, the model can be run for a genera epidemic upon
collecting the few parametersrequired (which in this case were
all open access) and fitting the two parameters left. However,
the model can be made more precise by adding additional
realistic data, which most of the time are not fully open access,
this, however, is out of the scope of this study.”

3. | thank the reviewer for this comment because | think it is
the key point of the paper. More details have been added (see
response #5 to Anonymous [2]).

Conflictsof Interest
None declared.
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Minor Comments

1. | agree with the reviewer, and | have added the following to
the Future Works section:

“Thiswork provides a novel, efficient, and low-demanding (in
terms of computational resources) population model. Many
features remain to be introduced in the model, like an
age-dependent virus model, the ability to introduce an age
parameter in the model or a more precise spatial simulation
based on big data, and the ability to simulate the habits of the
population. In conclusion, futurework could be donetoincrease
the number of frames per day, thereby improving the
performance of the agents.”
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This is the authors' response to peer-review reports for the
paper “Use of Smartphone Apps for Improving Physical
Function Capacity in Cardiac Patient Rehabilitation: Systematic
Review” .

Round 1 Review

I. We went through the PRISMA checklist and made changes
for better compliance. Someitemson thelist are not applicable
to our article[1].

Il. We created the PRISMA diagram as regquested by the
reviewers.

I11. We have done that.

IV. We are fine with transferring to IMIR Cardio as suggested
by some reviewers.

V. We extended the Abstract as requested.

https://med.jmirx.org/2021/3/e€33179

Reviewer F [2]

General Comments
Thank you for the encouraging comments [2]. We made

significant changes in our effort to correct those incorrect
Statements.

1. We opted to take the sentence out of the Abstract and instead
focus more on it within the Introduction. Citations are not
typicaly placed in the Abstract, and cardiac rehabilitation is
sometimes covered by insurance plansif eligible. However, not
all patients have insurance, so cost can be a deterring factor.
Thisis mentioned as a barrier in the I ntroduction now.

2. We added this reference [3] and others.
3. Done.

4. Done. We made additional searches as suggested and reported
thisin the paper.

5. The Forman [4], Layton [5], and Worringham [6] studies
were 3 non—andomized controlled trials. We removed them
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from the Results section. However, they are still mentioned in
the Introduction and Discussion sections as support articles,
since some vital information was drawn from them.

6. Done.

7. We made these changes as suggested. Depending on location,
guidelinesand duration can dightly vary. Thisisnow mentioned
in the paper.

8. The phase of rehabilitation is included in Table 3. We
removed it from the text as requested.

9. We interpret this request by the reviewer to create new
numeric codes for the individual outcome measures. Then, we
use those codes only in the table and use a legend below the
table for the codes. Do we understand it correctly? We dightly
disagree with that option; it would make the table itself neat
and clean, but it would require alonger timefor areader to read
and understand the content and would increase the length of the
paper. Nevertheless, we are happy to do this if the reviewer
feels strongly about this change. Simply listing the citations
after the outcome measuresisinsufficient, since there are more
than 2 options for table cells. However, we significantly
simplified Tables 2 and 3. Maybe the current version provides
enough simplicity, clarity, and readability for publication.
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Reviewer Al [7]

General Comments

1. A complicated problem such as heart failure takes multiple
interventionsto treat. Although diet does not seem to bedirectly
related to cardiac functional capacity, high sodiumdietscanaid
in retaining fluid in the body, further propagating heart issues,
as the heart is too weak to pump the excess fluid. Excess fluid
will then push on the chest and sit on the lungs, making exercise
difficult, causing shortness of breath while walking, and
ultimately making the heart weaker. Multiple interventions are
used in treating heart issues, as recommended by the American
Heart Association and American College of Cardiology, because
it is a complicated organ. Therefore, it is appropriate for
smartphone app interventions to include more than one
component of cardiac rehabilitation. We added some of this
information to the manuscript.

2. Cardiac rehabilitation functional capacity is the primary
outcome and was narrowed down to the two main measurements
of a 6-minute walk test or peak oxygen uptake in this revised
version of our paper. Other outcomes are briefly mentioned in
the discussion.

3. We created a PRISMA flow diagram for the study selection
process.

4. We deleted the corresponding paragraphs, which were
confusing. Also, we simplified thetablesto increase their clarity
and to better align with our research topic.
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This is the authors response to peer-review reports for Reviewer K [1]
“ Technologies to St.Jpport Assessment "°f Movement During 1 \yg acknowledge that this exploratory study [2] has been
Video Consultations: Exploratory Study: carried out by just one team and that further work by others
R d 1 Revi would help validate our approach and conclusions. We have
oun eview added a sentence to the paragraph headed Limitations to that
effect.

Response to reviewers, June 7, 2021
2. Thank you. We are of course aware of the various aspects of
movement, and these were taken into account in our literature
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search and methods. This perhapswas not clear to the reviewer,
so we have added sentences to the Introduction, Methods, and
Multimedia Appendix 1 to address this point.

3. Acknowledged, and we have added a sentence to the
Limitations section to address this point. Thank you.

4. We have not been able to find this misspelling (ie,
“CINHAL") anywhere. CINAHL seemsto be correctly spelled
both in the main text and in Multimedia Appendix 1.

5. Actually, weredlize thereis amistake in the text of the main
paper inthat our literature review was 2017-2021 inclusive. We
have added a justification for the choice of date to Multimedia
Appendix 1. Thereasons for starting with 2017 are as follows:

(1) The routine use of video calls in clinical consultations is
relatively recent. Starting with a very simple search of Web of
Science on video consultations gives 2465 results, half of which
are from 2017 onward. However, if the search is changed to
video consultation AND physiotherapy, Web of Science only
returns 21 results, al but one of which are from 2017 onward.

(2) Kubi was introduced to the market in 2012. It was likely
that any study making use of it in clinical video consultations
was not going to reach press until 2015 at the earliest.

(3) As we were also searching via Google and had had a
“watching brief” on technology developments related to
telepresence rabots over the last decade, we thought a 5-year
review of the literature was adequate.

Jones et al

6. Multimedia Appendix 2 gives considerable detail on each of
the products.

Reviewer AB [3]:

1. We have added “use of” to the objectives in the Abstract to
clarify our focus.

2. Our justification for focusing on these four devices (Kubi
and Pivo desktop robots, Facebook Portal TV, wide-angle
webcam) isprovided inthe Introduction (pages 2 and 3), where
we describe how we were aware of the Kubi and Pivo, how we
carried out a literature search (as well as various Google
searches), and that asfar aswe were aware, these were the only
“off-the-shelf” technologies available at the time.

3. The “hypothetical patients’ were “hypothetical” (ie, they
were“mental constructs’ that we made by taking the technology
use and skills, various disabilities and physical limitations, and
other characteristics of family members of the authors and
“mentally” combining these with typical clinical conditions
encountered by the therapists in the team. We have expanded
the description of this in the text just before Table 3 for
clarification.

4. None—they were hypothetical (ie, a mental construct). All
testing was between the coauthors.

5. Asexplained above, we have added a sentence to the Methods
section to clarify “hypothetical patients.”

Reviewer AC [4]
Thank you (:>).
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Thisisthe authors' response to peer-review reports for “ Early
Experience With Neutralizing Monoclonal Antibody Therapy
for COVID-19: Retrospective Cohort Survival Analysis and
Descriptive Sudy”

Figures changed

Added suggested contextualization

Fortified Discussion

Although we added references and discussion of the
inflammatory responseto cytokines, it should be recognized
Round 1 Review [1] that these antibodies work by neutralization of the virus,
not by affecting cytokines.

o DN

1. Formatting in paper [2] changed as requested
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This is the authors' response to peer-review reports for the  Specific Comments
paper “ SARS-CoV-2 Vaccination Uptake in a Correctional

Setting” . Introduction
Thank you for thiscomment. Thefirst vaccine was administered
Round 1 Review on December 22, 2020, which, to our knowledge, was the first.

At the beginning of the submissions process (at the time of the
The authors of the manuscript [1] are grateful to the editor and  preprint server submission), this was meant to showcase that
reviewers[2,3] for their invaluable input and feedback. correctional facilities could and are offering vaccines. Now, as
thevaccineismore widely available, we agree that thereisless
value added to showcasing Rhode Island as “the first,” and,
General Comments therefore, this has been removed as suggested. The study period
was made clearer as suggested as well.

Anonymous|[2]

Thank you. We agree thisis an important contribution.
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M ethods

1. Thissentence (“ From the beginning of the pandemic...”) has
been moved to the Background section.

2. We have added a line that the Rhode Island Department of
Caorrections (RIDOC) leadership prioritized vaccine alocation
based on guidance from the Centers for Disease Control and
Prevention (CDC) and the Department of Health.

3. This change was made.

4. We agree this term is unhelpful and informal. We have
changed “round” to “phase” to refer to all subsequent
vaccination groups.

5. Thank you for identifying this confusion. The line has been
rewritten to say: “ Thisvaccine campaign exemplified adherence
to public health principles: vaccinate where spread and disease
can best be prevented.” A citation was added to clarify.

6. We agree these details can be important. We have added
specifics that the education during roll call addressed
information on signing up and have added a link to the video
and uploaded the email as a supplement.

Results
1. This sentence has been moved to the Discussion.

2. The word “approximately” has been removed.

3. The details on uptake have been removed from the text, which
now references only the table.

4. Details on second doses have been removed as suggested.

5. We agree this is an important finding and is now the topic
sentence of its own paragraph.

6. An overpull is the phenomenon that most 10-dose vials
actually had 11 or 12 doses that could be used, which was
recommended by the CDC. This caused some headaches in
logistics planning. This has therefore been left in but with a
parenthetical explanation: “During this time “overpulls’ (ie, a
common 11th dose of vaccine could be pulled from a 10-dose
vid)..."

7. Thank you for this clarification. Typicaly, it is capitalized
when referring to the specific facility (ie, Intake facility) as
opposed to a general intake facility.

8. The section was removed. We followed all Vaccine Adverse
Event Reporting System (VAERS) protocols for tracking
adverse events but had none, and this may therefore take away
from the core part of the results.

Discussion

1. Agreed. We have removed the efficiency description and
appreciate this feedback.

2. Agreed. These have now been split into two sentences, and
we agree that they read much more clearly now.

3. Asmentioned above, we have removed the discussion on the
RIDOC being thefirst to vaccinate. We appreci ate this feedback.

4. They were not. It isunclear and is most likely dueto cultural
issues in each facility. This would be a great topic for another

https://med.jmirx.org/2021/3/€31900
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paper. The Women'’s Facility, on average, does have a shorter
length of stay than the other sentenced facilities, but identifying
factors of vaccine hesitancy among our own population is a
topic of future research.

5. Thank you for this; we appreciate it. We used “difficult to
reach” to refer to the overall demographics of individuals with
limited access or uptake of vaccines, which often refers to
BIPOC (black, indigenous, and other people of color)
communities, which are also disproportionately affected by
mass incarceration. Clearly, however, we would not want this
to be misconstrued in any way and so “difficult to reach” has
been removed from the manuscript.

6. Agreed. We have put lessemphasison switching tothesingle
dose, particularly now with the complications of the Johnson
& Johnson vaccine. Single-dose vaccines, however, do play a
role in larger, short-term, jail-like facilities, and this was more
explicitly said. The low second-dose refusal rate likely
corresponds to community averages, although | do not believe
there is strong data on this currently, and we, unfortunately, do
not have detailed data explaining the reasons for refusals of the
second dose. We agree this would be another wonderful future
topic of research.

Reviewer B

General Comments

We appreciate this opportunity to clarify and have removed the
term “evaluation” and added a section regarding the RIDOC
that | believe makes the writing clearer. Thank you for this
feedback.

Specific Comments
Major/Minor Comments

Introduction

1. Thisisvery reasonable, and we appreciate the critique. This
language has been changed to state: “Correctional outbreaks
have been shown to contribute to the community and statewide
spread of infection.”

2. We agree. The term “evaluation” has been removed.

Methods
1. Theterm “aggressive” has been removed.

2. We have worked to make referencing “the RIDOC” more
consistent ascolloquially it isreferred to both as“RIDOC” and
as “the RIDOC.” It is now referred to consistently as “the
RIDOC” when used asanoun or as“RIDOC” when used asan
adjective (eg, “RIDOC nurses’). We have changed the wording
to better define “security facility” and now consistently refer to
the group of individuals as “ sentenced individuals.”

We have added a description: “The Rhode Island Department
of Corrections (RIDOC) isaunified (combined prison and jail)
statewide correctional facility that currently houses
approximately 1500 sentenced and 500 awaiting-trial individuals
across 6 facilitiesamong a spectrum of security levels, including
Minimum Security, Medium Security, Maximum Security, and
High Security.)”

JMIRx Med 2021 | vol. 2 | iss. 3 [e31900 | p.119
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

3. This sentence has been taken out asthe majority of this paper
focuses on the sentenced population. A better description of the
Intake facility isincluded.

4. The term “rounds’ has been replaced by “phases’ as
mentioned above. Theterm “ opt-out” was removed, and a better
description of the public health educatorsisincluded. Most of
the education was tailored to the individual, and so we have
added a statement regarding answering questions. Thisis now
described as: “Two RIDOC public health educators provided
education on the vaccine, answered questions, and provided
consent before the vaccine clinic day. All eligible individuals
were offered the vaccine in this way with the option to accept
or defer.”

5. Thank you for identifying this. We now explicitly state the
names of each smaller facility in the text: “In phase 2, smaller
facilities (ie, facilities with a smaller average daily popul ation:
Women's Fecility; Minimum, Maximum, and High Security
facilities) were offered the vaccine...”

6. Thank you for this opportunity to clarify. We have changed
the wording to explain opt-in via email: “Among corrections
staff, individual swere vaccinated with an opt-in system (signing
up viaemail).”

Results

1. The parentheses have been removed.

2. We have added the article. Thank you for catching this.
3. Thank you, this wording has been changed as suggested.
4. This sentence has been removed to avoid confusion.

5. This section was removed and now references Table 1 (as
recommended by Anonymous).

Berk et al

Discussion
1. We have removed the term “efficient,” as also recommended
by Anonymous.

2. Thisis appreciated and was al so suggested by Anonymous.
The change has been made to split thisinto two sentences: “This
aligns with necessary immunization rates modeled to achieve
herd immunity [8]. More importantly, this is a departure from
some concerns of high vaccine hesitancy rates, including a
recent CDC publication estimating only a 45% willingness to
receive the vaccine among incarcerated people [9].”

3. The term “devastated’
editorializing.

has been removed to avoid

4. This sentence has been changed to say, “Additionally, both
COVID-19 and mass incarceration have disproportionately
impacted communities of color [11].” We have made changes
to consistently use “Covid-19" rather than “COVID-19,
although we also defer to the journal’s editorial preference.

Tables

1. Table 1: Thank you for identifying this. Thisis now clarified
in the text to align with the table.

2. Table 1: The asterisk (regarding the type of vaccine used)
has been removed and added to the text.

3, 4. Table 2: Thereviewer iscompletely correct that the Intake
population, being more jail-like, adds some confusion to the
paper and takes awareness from the core focus, which was on
the immediate vaccination of sentenced individuals (some of
whom just happened to be at our jail-like Intake facility). Table
2, therefore, has been removed, asit does not further elaborate
on the key findings of the research and only adds questions.
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Abstract

Background: The modified early warning score (MEWS) is an objective measure of illness severity that promotes early
recognition of clinical deteriorationin critically ill patients. Its primary use isto facilitate faster intervention or increase the level
of care. Despite its adoption in some African countries, MEWS is not standard of care in Ghana. In order to facilitate the use of
such atool, we assessed whether MEWS, or a combination of the more limited data that are routinely collected in current clinical
practice, can be used predict to mortality among critically ill inpatients at the Korle-Bu Teaching Hospital in Accra, Ghana.

Objective: Theaim of this study was to identify the predictive ability of MEWS for medical inpatients at risk of mortality and
its comparability to a measure combining routinely measured physiologic parameters (limited MEWS [LMEWS)).

Methods: We conducted a retrospective study of medical inpatients, aged =13 years and admitted to the Korle-Bu Teaching
Hospital from January 2017 to March 2019. Routine vital signs at 48 hours post admission were coded to obtain LMEWS values.
The level of consciousness was imputed from medical records and combined with LMEWS to obtain the full MEWS value. A
predictive model comparing mortality among patients with a significant MEWS value or LMEWS =4 versus a nonsignificant
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MEWS value or LMEWS <4 was designed using multiple logistic regression and internally validated for predictive accuracy,
using the receiver operating characteristic (ROC) curve.

Results: A total of 112 patients were included in the study. The adjusted odds of death comparing patients with a significant
MEWS to patients with a nonsignificant MEWS was 6.33 (95% CI 1.96-20.48). Similarly, the adjusted odds of death comparing
patients with a significant versus nonsignificant LMEWS value was 8.22 (95% Cl 2.45-27.56). The ROC curve for each analysis
had a C-statistic of 0.83 and 0.84, respectively.

Conclusions: LMEWSisagood predictor of mortality and comparable to MEWS. Adoption of LMEWS can be implemented

now using currently available data to identify medical inpatients at risk of death in order to improve care.

(JIMIRx Med 2021;2(3):€24645) doi:10.2196/24645

KEYWORDS

modified early warning score; MEWS; AVPU scale; Korle-Bu Teaching Hospital; KBTH; Ghang; critical care; vital signs; global

health

Introduction

Critical illnessis aleading cause of morbidity and mortality in
sub-Saharan Africa, including Ghana [1]. Low- and
middle-income countries have a disproportionately higher
burden of critical illness with over 90% of global maternal
deaths and deaths from trauma and infections [1-3]. In Ghana,
thecritical care burdenishigh. Historically, financial investment
has been skewed toward primary health care. L ess commitment

to critical care means that resources for intensive medical care
are limited, and their thought-out and appropriate allocation is
important [4].

One of the main reasons why patients deteriorate and die in
hospitals is delayed recognition of illness severity in
understaffed inpatient wards. Early warning toolsto help identify
patients at the highest risk of death could help countries like
Ghana with resource allocation and clinical decision making
(Figure 1).

Figure 1. Conceptua framework showing predictors of in-hospital mortality and the role of the modified early warning score (MEWS) among ill

patients.

Multiple studies have shown that critical illness and serious
adverse eventsin hospitalized patients are preceded by signs of
clinical deterioration in up to 80% of those affected [5-8].
Therefore, changes in physiological parameters can be used to
predict adverse events such as shock, cardiac arrest, death, and
unplanned intensive care unit (ICU) admissions[9].

https://xmed.jmir.org/2021/3/e24645
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MEWS is a commonly used illness severity score that is
calculated by combining five physiologic bedside parameters:
systolic blood pressure, heart rate, respiratory rate, temperature,
and level of consciousness assessed by the AVPU (dert,
[responds to] voice, [responds to] pain, unresponsive) scale or
RASS (Richmond Agitation Sedation Scale) score. These four
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vital signsand the observation of consciousnessareindividually
scored and summed to yield a combined score between 0 and
14, with higher scores representing increased illness severity.

In a systematic review conducted by Smith et al [10] in 2014,
early warning scores, including MEWS, had strong predictive
ability for death and cardiac arrest within 48 hoursin academic
urban hospitals in economically advanced countries. Early
warning scores have also been shown to provide precise,
concise, and unambiguous means of identifying and
communicating about clinical deteriorationto help clinical staff
provide specia attention and care to patients who need it most
(justifiable appropriation of care) [11]. As a result, scoring
systems such as MEWS have been adopted in most devel oped
countries and some African countries [12-14].

This study sought to validate the use of MEWS as a clinical
decision-making tool to improve early identification of
hospitalized medical patients at increased risk for death in
Ghana. In addition, sincelevel of consciousnessisnot routinely
recorded in current clinical practice, we aimed to investigate
the predictive utility of alimited MEWS (LMEWS) calculation
based on vital signsalone. Most studiesin similar settings have
found that the level of consciousness is generally high (ie, the
patient iswell oriented) even when other aspects of the MEWS
value are abnormal [2]. We therefore hypothesized that the

https://xmed.jmir.org/2021/3/e24645
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physiologic data currently being monitored in Ghana may be
sufficient to improve the early detection of critical illness and
help guide resource allocation among inpatients in this setting.

Methods

Study Design and Population

This was a retrospective chart review study of hospitalized
medical patients, aged =13 years, admitted to the Korle-Bu
Teaching Hospital in Accra, Ghana. The Korle-Bu Teaching
Hospitdl isthe national hospital of Ghanaand the leading tertiary
care referral center in the country [15]. Medical inpatients
hospitalized there for at least 48 hours whose medical records
were gtill available from the period of January 2017 to March
2019 wereincluded in the study. During this period, the standard
practice was to discharge patientsin possession of their written
medical records; copies were not often retained. This practical
limitation accounts for the smaller study size than might be
expected for a tertiary facility. Pediatric patients, defined as
those aged less than 13 years of age by the Ghana Ministry of
Health guidelines, were not included. Patients with more than
one hospital admission in the past month, or those who were
admitted for conditions other than medical ones, were aso
excluded (Figure 2). The maximum in-hospital stay was 32
days, and no follow-up data were collected post discharge.
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Figure 2. Flow chart demonstrating the creation of the modified early warning score (MEWS) cohort. LMEWS: limited MEWS.

Physiological parameters abstracted from available

Inpatient hospital records from Jan 2017 to March
2019

Excluded on account
of vital measurements
<24 hours, N = 45

Excluded on account of
vital measurements
between 24 to <48 hours
N=36

N=112

Physiological
measurements at 48
hours among medical
inpatients aged 13+
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Nonsignificant Significant
MEWS MEWS

N=81 N=31

Demographic datawere collected to analyze covariates. Patients
vital signs recorded at 48 hours after admission were recoded
and scored to generate the LMEWS value, using thresholds as
previously described (Table 1) [2]. To compare the utility of
LMEWS with the full MEWS in the absence of routine
observation of consciousness and recording of AVPU scores,
we generated afull MEWS value using imputation by randomly
assigning 92% of the sample to a status of “dert” (AVPU
score=0) and the rest to scores between 1 and 3. These
percentages were determined based on the findings of a study
by Subbe et a [2], which used asimilar patient population.

Our study was based on the conceptual framework depicted in
Figure 1, which identifies correlational patterns of how different
events and experiences may predict mortality in a hospitalized
patient. A predictive model was designed using multivariable
logistic regression and validated for model accuracy to compare
patients with significant MEWS to patients with nonsignificant
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Significant

Nonsignificant
LMEWS LMEWS

N=79 N=33

MEWS, where a significant MEWS was defined as a score >4,
and a nonsignificant MEWS was defined as a score <4 in the
absence of the AVPU [3,16,17]. This cut-off did not vary for
the LMEWS versus MEWS values since for most individuals
the level of consciousness is normal and therefore contributes
0 pointsto the total MEWS value.

Due to the confidential nature of patient information, and the
need to protect anonymity and obtain consent during health
record reviews, ethical approva and waiver of documented
permission was obtained from the Institutional Review Board
(IRB) of Johns Hopkins University, and from the Scientific and
Technical Committee (KBTH-STC 00017/2019) and the IRB
of the Korle-Bu Teaching Hospital. Although reporting was
anonymous, patients' recordswere not, so researchersinvolved
in data collection and handling also signed a confidentiality
clause.
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Table 1. Scoring scale for the modified early warning score (MEWS) adopted form Subbe et al [2].

Physiological parameter MEWS value
3 2 1 0 1 2 3

Systolic blood pressure <70 71-80 81-100 101-199 _a >200 —

(mmHg)

Heart rate (bpm) — 41-50 41-50 51-100 101-110 111-129 >130

Respiratory rate (cpm) — — — 9-14 15-20 21-29 >30

Temperature (°C) — — — 35-384 — >38.5 —

AVPUP score — — — Alert Reactingtovoice  Reactingtopain ~ Unresponsive
@ot applicable.

bavPU: alert, voice, pain, unresponsive.

Statistical Analysis

Data were analyzed using STATA (version 15.1, StataCorp
LLC). The estimated sample size was determined a priori based
on work by Kyriacos et a [18], which yielded a minimum
sample size of 46 based on a significance level of .05, delta
value of 0.45, and power of 80% to detect clinical deterioration
in postoperative patients using MEWS. Post—data collection
power analysis was also performed, based on a chi-square test
comparing two independent proportions. Based on the resulting
analytic sample of 112 participants, with 31 in the significant
MEWS category and 81 in the nonsignificant MEWS category,
our study achieves a power of 95% to detect a difference in
outcome percentages of at |east 37% between these two groups.
Testing for associations with survival to discharge versus
in-hospital mortality was conducted using a two-sample t test
for each of theindividual continuous physiological parameters.
The chi-square test was used to test for differences in the
proportion of patients with each outcome in the categories of
significant versus nonsignificant MEWS and LMEWS.
Univariable log-binomia regression analysis was used to
estimate unadjusted risk ratios between each predictor and
mortality. Multivariabl e Poisson regression with robust variance
was used due to the failure of convergence of the log-binomial
regression model. Logistic regression analysis (oddsratio [OR])
was used to identify an appropriate predictive model. A P value
of <.05 was considered statistically significant. The accuracy
of the prediction model was determined using the receiver
operating characteristic (ROC) curve and C-statistic (where a
C-gatistic of 0.5 implies the model performs no better than
random chance and a score of 1.00 perfectly discriminates
between categories). Adjustment was made for the following
potential confounders. age, sex, duration of admission,
admission to the ICU, presence or absence of other
comorbidities, and the organ system involved in the disease
process. The Hosmer-Lemeshow test was used to determine
model fit for both the MEWS and LMEWS models, with P

https://xmed.jmir.org/2021/3/e24645

values>.05 implying satisfactory fit. A sensitivity analysiswas
done using a cut-off of =5 to distinguish significant from
nonsignificant MEWS and LMEWS values. Missing values
were limited to the reason for admission (organ system) and
represented <1% (1/112).

Results

The sample comprised 112 patients admitted for medical reasons
during the study period. Of these, 62% (69/112) were male with
a mean age of 47 years (SD 17.5), and 38% (43/112) were
female with a mean age of 52 years (SD 20) (Table 1). Overall
mortality was 41.1% (46/112) and increased with age. Every
year increase in age was associated with a 3% increase in
mortality rate after adjusting for MEWS (IRR [incidence rate
ratio]=1.03, 95% CI 1.02-1.04). For patients who survived, the
most common admission diagnoses were genitourinary system
abnormalities (17/65, 26.2%), whereas neurologic conditions
were most common among patients who died (18/46, 39%).
The longest length of in-hospital stay was 32 days, with an
average of 8 days.

At 48 hours post admission, patients mean systolic blood
pressure was 125 mmHg (SD 2.9), average pulse rate was 91
mmHg (SD 2), mean axillary temperaturewas 36.9°C (SD 0.1),
and average respiratory rate was 24 cpm (SD 4.7). Only
temperature and respiratory rate were individually associated
with mortality (Table 2). Physiological parameters measured
at 48 hours produced an average LMEWS value of 3 (range
0-11). Imputation of randomly assigned AVPU valuesincreased
mean scores by 8% overall, producing an average MEWS of 3
(range 0-14).

A significant MEWSwas associated with arelative risk of 2.01
(95% CI 1.33-3.04) for death in the univariable analysis, while
a significant LMEWS had a relative risk of 2.19 (95% CI
1.46-3.30) in the univariable analysis (Table 3).

IMIRx Med 2021 | vol. 2 | iss. 3 [e24645 | p.126
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

IJMIRX MED Abbey et a
Table 2. Showing baseline characteristics.
Characteristic Surviva to discharge (n=66) Death in hospital (n=46) P value®
Sex (male), n (%) 45 (68.2) 24 (52.2) 09
Age (years), n (%) <.001
25-64 46 (69.7) 27 (58.7)
265 7 (10.6) 18 (39.1)
Disease type by system involved, n (%) .01
Cardiopulmonary 15(23.1) 13(28.3)
Neuroendocrine 11 (16.9) 18(39.1)
Hemaoncological 11 (16.9) 1(2.2)
Physiological parameter at 48 hours, mean (SD)
Systolic blood pressure (mmHg) 127.8 (29.4) 120.7 (32.1) .23
Pulse rate (bpm) 89 (17.6) 94 (18.1) A7
Axillary temperature (°C) 36.7 (0.7) 37.3(1.2) .002
Respiratory rate (cpm) 23(4.7) 25(6.9) .03
Average length of admission 7(6.3) 8(7) .60

3P values obtained viathe t test and the chi square test.

Table 3. Multivariable logistic regression of death using full modified early warning score (MEWS) and the limited MEWS (LMEWS).

Covariate MEWS, odds ratio (95% CI) LMEWS, oddsratio (95% CI)
Age 1.08 (1.04-1.12) 1.08 (1.04-1.12)

Sex (male) 0.44 (0.16-1.23) 0.40 (0.14-1.13)

MEWS (significant) 6.33 (1.96-20.49) 8.22 (2.45-27.56)

Duration of admission

Diseased organ system

0.99 (0.93-1.07)
0.59 (0.31-1.13)

1.01 (0.94-1.08)
0.59 (0.31-1.12)

The death rate calculated by the Poisson regression after
adjusting for only agewas 2.02 (95% CI 1.40-2.91) times higher
in patients with a significant MEWS compared to those with a
nonsignificant MEWS. The degath rate for asignificant MEWS
value using LMEWS was 2.13 (95% CI 1.48-3.07) times that
of nonsignificant MEWS after adjusting for age.

In the multivariable predictive model adjusting for age, sex,
duration of admission, admission to the ICU, organ system
involved, and comorbidities, the odds of death among patients
with asignificant MEWS was 6.33 (95% CI 1.96-20.50) times
that of patients with a nonsignificant MEWS. The death rate
among patients with a significant LMEWS was 8.2 (95% ClI
2.5-27.6) times that of patients with a nonsignificant LMEWS
in the multivariable analysis. The best multivariable regression
model was selected based on the Akaike Information Criteria,
with avalue of 116.4. The odds of death for every year increase
in age was 8% (OR 1.08, 95% Cl 1.04-1.12). Other covariates
were not statistically significant.
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Both MEWS and LMEWS were found to have good
discrimination based on the ROC curves, with a C-statistic of
0.833 and 0.838, respectively (Figures 3 and 4), using a cut-off
of 4. The Hosmer-Lemeshow goodness-of-fit test yielded P
values of .16 and .25 for MEWS and LMEWS, respectively,
implying that our model fits the data well (the null hypothesis
being that the prediction model is correctly specified).

Sensitivity analyses using a significant MEWS or LMEWS
cut-off score of =5 yielded amultivariable OR of 12.4 (95% ClI
2.5-61.2) and 15.1 (95% CI 2.5-91.8), respectively. The ROC
curves for MEWS and LMEWS was found to be 0.838 and
0.840, respectively, when a cut-off of =5 was adopted, as
captured in Figures 5 and 6. The Hosmer-Lemeshow test to
assess goodness of fit yielded P values of .51 versus .77 for
MEWS and LMEWS, respectively, when a cut-off of =5 was
used.
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Figure 3. Receiver operator characteristic (ROC) curve for the modified early warning score (MEWS) using a cut-off of 4.
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Figure 4. Receiver operator characteristic (ROC) curve for the limited modified early warning score (LMEWS) using a cut-off of 4.
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Figure5. Receiver operator characteristic (ROC) curve for the modified early warning score (MEWS) using a cut-off of 5.
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Figure 6. Receiver operator characteristic (ROC) curve for the limited modified early warning score (LMEWS) using a cut-off of 5.

Graph 4: ROC FOR "LMEWS"
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Discussion

Principal Findings

MEWS has been validated in several settings as a robust
predictor of both clinical deterioration and death in hospital
[2,18]. Thisstudy demonstratesthat the approach is useful even
in the absence of an observed level of consciousness. Vital signs

https://xmed.jmir.org/2021/3/e24645

RenderX

datacollected routinely at the bedsidein most facilitiesin Ghana
and throughout sub-Saharan Africa can be used to generate
LMEWS, which also has a high predictive value.

Serious adverse events and some portion of in-hospital mortality
can be prevented by limiting human error, such as failure to
recognize the early warning signs of a deteriorating patient or
failure to act on this information in a timely manner [19].
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MEWS s alow-cost tool that utilizes easy-to-measure bedside
parametersto generate asingular value that can identify at-risk
patients. Thisvalue can be used as a preset trigger in the context
of areporting algorithm.

We found that, in this setting, having a LMEWS value of 4 or
greater was highly associated with in-hospital mortality. The
area under the curve (AUC) of 0.84 for the LMEWS is
consistent with good model accuracy in the discrimination of
patientswho arecritically ill. The combination of LMEWSwith
clinical judgment istherefore likely to be as effective in Ghana
asit has been in other similarly resourced settings[20]. Thisis
encouraging since LMEWS can be implemented without
additional training of staff on how to score the level of
consciousness and without changing standardized documentation
forms aready in use for patient monitoring.

The standard inpatient vital signs monitoring charts used in
many Ghanaian hospitals includes a 4-hourly graphic to plot
temperature, pulse rate, respiratory rate, and blood pressure.
Additional parameters may also be serially recorded in some
instances or centers; however, the typical bedside observation
chart does not record the level of consciousnessfor patients, as
captured in the MEWS by including either the AVPU or RASS
score.

Although the original description defined a significant MEWS
as any single score =5, or any increase of 2+ pointsin patients
with initial scores above 5, a cut-off of 4 was adopted for this
study [2,16]. Arguably, a lower threshold for detection would
increase the burden of patient re-examination and reassessment
on health care providers, potentially making use of the score
impractical in settings with severely limited human resources.
The decision to adopt a cut-off score of 4 as the definition of a
significant MEWS was based on previous work done by
Gardner-Thorpe et a [16] in 2006, which showed that raising
the threshold reduces the sensitivity to unacceptable levels for
patient safety, though an increase in specificity would be
observed. Using a cut-off of 4, the number of individuals with
a significant MEWS value was 33 (out of 112), and 31 had a
significant LMEWS value. In other words, nearly 30% of the
patients in our study would have been categorized as high risk
for clinical deterioration in the context of a MEWS-based
reporting algorithm.

Interestingly, using MEWS or LMEWS with a cut-off of =5 did
not only yield higher discrimination, based on the C-statistics,
but also had better calibration in terms of correctly assessing
the risk of disease severity. Based on the receiver operating
characteristics and the Hosmer-L emeshow goodness-of -fit test,
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LMEWS with a cut-off of =5 was superior to both MEWS and
LMEWS with a cut-off of 24.

Encouraging complete, accurate documentation and a
standardized interpretation of vital signswith appropriate actions
by nurses, doctors, and other allied staff can potentially improve
the outcomes of patients admitted to hospitals, evenin asetting
that lacks rapid response teams. Many interventions such as
fluids or antibiotics do not require advanced equipment or costly
supplies, making the implementation of the afferent arm of a
rapid response system important even in settings where the
efferent arm is more limited [21].

Limitations

This study is subject to al the limitations of a single-center,
retrospective chart review. Sources of biasinclude the potential
for differential clinical care based on perceived patient status
in the absence of astandardized rapid response team or protocol.
In addition, the study only examined vital signs collected at a
singletime point for each patient. Changesin serially measured
physiological parameterswere not evaluated. A study published
by Ludikhuize et a [22] recommendsthe calculation of MEWS
at least 3timesdaily to detect the development of physiological
abnormalities. Our study could not have detected any significant
MEWS values that may have developed after thefirst 48 hours
upon admission. However, missing additional patientswho may
have worsened later and then died would bias the study toward
the null hypothesis. This makes our study design aconservative
one, with results consistent with previously published literature
on the topic [2,16].

More prospective research is needed to help define the utility
of LMEWS for physicians looking to allocate resources and
develop rapid response teams that can act on predictive
information to improve patient outcomes and patient care.

Conclusion

This study was the first to examine the ability of an early
warning system to predict inpatient mortality based on routinely
collected clinical data in a low-resource setting. Early
recognition of clinical status decline is critical even in
low-resource settings, where bedside interventions may prevent
ICU admissions and disease complications including death.
Though the MEWS system provides good discrimination, the
LMEWS provides better discrimination and calibration in the
prediction of mortality and can identify critical illness among
inpatients with primarily medical diagnoses. Additional
prospective studies will be useful to validate LMEWS among
other categories of inpatients and to investigate its impact on
health resource all ocation and clinical outcomesin low-resource
Settings.
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Abstract

Background: In 2018, an outbreak of cutaneous leishmaniasis (CL) occurred in Diyala Province in Irag. Several risk factors
of CL wereidentified in aprior study; however, the impact of removing modifiable risk factors on the occurrence of the disease
was not measured.

Objective: The aim of this study is to measure the impact of removing modifiable risk factors of CL on the occurrence of the
disease.

Methods: We conducted a population-based unmatched case-control study in two conveniently selected districts in Diyala
Province. All cases of CL were included. Controls were chosen preferentially according to the site where the cases occurred. A
structured questionnaire was used to collect data. The unadjusted odds ratios (ORs) and 95% confidence intervals for each risk
factor were calculated using binary logistic regression. We also cal culated the attributabl e fractions and 95% confidence intervals
of the modifiable risk factors. A P value <.05 was considered statistically significant.

Results: Datafrom 844 persons (432 cases, 51.2%) were analyzed. Cases were more likely than controlsto report a history of
previous displacement (OR 5.18, 95% CI 3.84-6.98), electricity supply for lessthan 12 hours per day (OR 1.94, 95% Cl 1.47-2.55),
living in arural area (OR 1.91, 95% CI 1.45-2.51), living in a clay house (OR 2.41, 95% CI 1.59-3.66), having an unpainted
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indoor living space (OR 2.14, 95% Cl 1.51-3.02), having rodentsinside the house (OR 5.15, 95% Cl 3.56-7.47), having chickens,
sheep, or both (OR 3.44, 95% Cl 2.48-4.75), having a mixture of dogs and sheep or of dogs and chickens within a distance of
lessthan 100 meters (OR 3.92, 95% Cl 2.59-5.94), fogging (OR 2.11, 95% CI 1.40-3.19), bed net use (OR 1.72, 95% Cl 1.08-2.72),
and sleeping outside or a mixture of inside and outside (OR 4.01, 95% CI 1.32-12.19). The data show that the exposure of
approximately 70% to 80% of cases was associated with displacement, the presence of rodents inside the house, the presence of
animals within 100 meters of the house, the presence of animals (chickens/sheep/both or a mixture of dogs and sheep or of dogs
and chickens), and sleeping outside. Approximately 40%-50% of the cases reported living in a clay house, living in arural area,
having an unpainted indoor space, having an electricity supply for less than 12 hours, and using a bed net.

Conclusions: Prevention and control of CL requires a multifaceted approach that relies on changing environmental conditions,
housing conditions, and human behavior. Fogging and bed net use were not eff ective because the underlying housing characteristics
and human behavior provided agood culture for the disease. We recommend conducting astudy to identify the species, reservairs,
and vectors of CL in Iraq; studying vector behaviors before applying environmental control measures; and educating the public

on how and when to use bed nets as well as how to accompany their use with behavioral changes.

(IMIRx Med 2021;2(3):€28255) doi:10.2196/28255

KEYWORDS

cutaneous leishmaniasis; outbreak; Irag; risk factors; risk; disease; infectious disease; disease prevention; prevention

Introduction

Cutaneous leishmaniasis (CL) is a neglected tropical disease
for which approximately 500,000 to 1,000,000 new cases are
reported per year worldwide [1,2]. Furthermore, it causes an
estimated 2.4 million disability-adjusted life years, placing it
among thetop 10in aglobal analysis of infectious diseases[3].
Countries in the Eastern Mediterranean region contribute
approximately 57% of the total CL burden, where Leishmania
tropica and Leishmania major are endemic in 18 countries and
territories (including Irag). Moreover, more than 100,000 new
cases of CL are reported annually to the World Health
Organization by countriesin the Eastern Mediterranean region;
however, the actua incidence is estimated to be 3 to 5 times
higher [1,4,5]. In Irag, surveillance data after the 1970s showed
an average of 10x00 cases per year [6]. According to internal
technica reports released by the Iragi Ministry of Health, the
last country-wide outbreak started at the end of 2014 and
continued throughout 2017, when the number of cases per year
reached an average of 16,000. In 2018, the number of cases
started to decline steadily and reached approximately 11,000.

There are more than 20 Leishmania species that can be
transmitted to humans, and more than 90 sand fly species that
can transmit the protozoa to humans; moreover, approximately
70 animal species, including humans, are natural reservoir hosts
of Leishmania parasites [7]. The transmission cycle of the
parasitein nature can be either zoonotic or anthroponotic [8,9].
Inlrag, dataare lacking regarding the most common Leishmania
species, reservoirs, and vectors. However, evidence from nearby
countries suggeststhat both transmission cycles of CL (zoonotic
and anthroponotic) are common in Irag [5,10,11].

Risk factorsfor developing CL includeresidencein rural areas,
climate changes, movement of people, conflict areas,
deforestation, house characteristics, and human behavior
[9,12-14]. Prevention and control of leishmaniasis requires a
combination of intervention strategies because transmission
occurs in a complex biological system involving the human
host, parasite, sand fly vector, and, in some cases, an animal
reservoir host. Key strategiesfor prevention are early diagnosis

https://med.jmirx.org/2021/3/e28255

and effective case management, vector control, effective disease
surveillance, control of animal reservoir hosts, and socid
mobilization and strengthening partnerships among all
concerned institutions [ 14].

Although CL is a self-hedling disease, it is potentialy
disfiguring [1]. The only drug licensed by the Iragi Ministry of
Health to treat CL is sodium stibogluconate, a pentavalent
antimony compound.

Therecent outbreak affected most Iragi provincesvariably, with
an overall incidence rate of 0.9/10° population. The highest
incidenceratewasin Diyala Province (4/10° popul ation), while

the lowest incidence rate was in Duhok Province (0.01/10°
population). According to internal reports and discussion with
the zoonoti ¢ diseases section at the Iraqg Communicable Diseases
Control Center, thelack of infrastructure and municipal services,
the presence of hard-to-reach areas, and a lack of prevention
programs were blamed for the occurrence of the outbreak.
Diyala was subjected to terrorist and military operations from
2014 to 2016, when most of its residents were displaced.
Meanwhile, it also encountered a wave of a Leishmania
epidemic that started in November 2014, reached its peak during
2015, and continued throughout 2017. In response to the rapid
escalation of the outbreak, the outbreak response team
investigated the outbreak to identify possible risk factors and
the impact of removing these factors on reducing the number
of cases.

Methods

This is a population-based unmatched case-control study. A
case of CL wasdefined asany person who showed clinical signs
(skinor mucosal lesions) and was diagnosed by adermatol ogist
with CL. A control person was defined as any person (or family
member) who was proved to be free of these skin or mucosal
lesions. Controls were chosen preferentially according to the
site where the cases occurred (from the neighboring house or
village). The study was conducted in two conveniently selected
digtrictsin Diyala Province (Al-Mugdadiyaand Al-Mansuriya).
Those two districts were selected as part of the on-job outbreak
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investigation because surveillance data detected an increase in
the number of CL casesin these areas, and those areaswere in
the recovery process after security instability. Approva for
conducting the study was obtained from the Public Health
Directorate/Ministry of Health and Diyala Directorate of Health.
Ora consent was obtained from the cases and controls
themselves or from their caretakers.

Field epidemiol ogy training program studentsinterviewed cases
and controls using a modified questionnaire of the case
investigation form of the zoonotic section of the Iraq
Communicable Diseases Control Center. The questionnaire
contained questions about the main demographic (age, sex,
occupation), clinical (date of onset, signs and symptoms,
presence of other cases within the family, treatment, previous
visits, number and site of skin lesions), and epidemiological
characteristics (displacement history, house and residency data
[information about the type of residency area; house construction
materials, such aswall type; electricity provided; animalsliving
within the house; painting of indoor areas; presence of rodents
inside or around the house]), sleeping habits, and preventive
measuresimplemented in the area (fogging and use of bed nets).

A total of 866 personswereinterviewed withinthe 717 families
visited: 451 cases (292 from Al-Mansuriya District and 159
from Al-Mugdadiya District) and 415 controls (182
Al-Mansuriya District and 233 from Al-Muqdadiya District).
However, we excluded 22 persons from the sample due to
incomplete information. The final sample size used was 844
persons (cases=432, controls=412), with aratio of amost 1 case
to 1 control.

Univariate analysis was used to describe the study sample.
Bivariate analysis was used to detect possible associations
between each of the risk factors and the disease (CL) using the
chi-squaretest of independence. The unadjusted oddsratio (OR)
and 95% confidenceinterval of each risk factor were calculated
using binary logistic regression. The attributable fractions and
their corresponding 95% Clswere cal culated for the modifiable
risk factors. A P value <.05 was considered statistically
significant.

Epi Info, version 7.2 was used for data entry and SPSS, version
25 (IBM Corporation) was used for data analysis.

Results

Datafrom 844 persons (432 cases, 51.2%) were analyzed. There
were no gender differences between cases and controls. Cases
were more likely than controls to report a history of previous
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displacement, electricity supply for less than 12 hours per day,
and livinginarura area. Regarding house characteristics, cases
were more likely than controls to report living in aclay house,
living in unpainted indoor areas, and the presence of rodents
inside the house. Asfor animal ownership and the distances of
the animalsfrom the house, caseswere morelikely than controls
to have chickens only, sheep only, or both and a mixture of
animals (dogs and sheep or dogs and chickens) within adistance
of lessthan 100 meters. Regarding possible preventive measures,
cases were more likely to report fogging, bed net use, and
deeping outside or amixture of inside and outside than controls.

Almost all the risk factors were statistically significantly
associated with higher odds of having CL. Nevertheless, the
strength of the association varied, asit was stronger (4to 5times
higher odds of having CL) for factors such as displacement,
having animals within 100 meters of the house, and sleeping
outside the house. Factors that were associated with a2 to 3
times increase in the odds of having CL included living in a
clay house, having an unpainted indoor area, leeping in amixed
pattern (inside and outside the house), having animal s (whether
chickens only, sheep only, or both, or mixtures of dogs and
sheep or dogs and chickens), and, interestingly, using a bed net
and fogging/unknown fogging status. In fact, the use of a bed
net was associated with 72% higher odds of having CL in
comparison to the lack of use of a bed net (OR 1.72, 95% ClI
1.08-2.72). Likewise, fogging and unknown fogging statuswere
associated with statistically significant 2-fold higher odds of
having CL compared to no fogging (P<.001).

Regarding the impact of removing modifiable risk factors, our
results show that approximately 70% to 80% of the cases were
associated with displacement, the presence of rodents inside
the house, the presence of animals within 100 meters of the
house, the presence of animals (whether chicken only/sheep
only/both or amixture of dogs and sheep or dogs and chickens),
and sleeping outside. Similarly, approximately 40% to 50% of
the exposure of the cases was associated with living in a clay
house; living in arural area; having an unpainted indoor space;
having an electricity supply for lessthan 12 hours per day; and,
interestingly, using a bed net. Unexpectedly, approximately
10% to 20% of the exposed cases reported fogging or unknown
fogging status. That is, fogging and unknown fogging status
were negatively associated with the occurrence of CL.

The characteristics of the study sample are shown in Table 1.
Therisk factorsfor CL in the study population are summarized
in Table 2.
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Table 1. Characteristics of the study sample.

Characteristic Total (N=844), n (%) Cases, (=432,  Controls (n=412, P value
51.2%),n (%)  48.8%), n (%)

Demographics

Age group (years) <.001
<15 607 (71.9) 358(82.9) 249 (60.4)
=15 237(28.1) 74 (17.1) 163 (39.6)

Gender 74
Male 437 (51.8) 226 (52.3) 211 (51.2)
Female 407 (48.2) 206 (47.7) 201 (48.8)

Residency <.001
Rural/semiurban 464 (55) 271 (62.7) 193 (46.8)
Urban 380 (45) 161 (37.3) 219 (53.2)

Characteristics

Previous displacement <.001
Yes 493 (58.4) 332(76.9) 161 (39.1)
No 351 (41.6) 100 (23.1) 251 (60.9)

Building material of the house <.001
Clay 117 (13.9) 81(18.8) 36(8.7)
Block/brick 727 (86.1) 351 (81.3) 376 (91.3)

Indoor space <.001
Not painted 178 (21.1) 117 (27.1) 61 (14.8)
Painted 666 (78.9) 315 (72.9) 351 (85.2)

Electricity supply (hours per day) <.001
<12 394 (46.7) 236 (54.6) 158 (38.3)
>12 450 (53.3) 196 (45.4) 254 (61.7)

Animals <.001
Dogs only 14 (1.7) 8(1.9 6(1.5)
Chickens only/sheep only/both 254 (30.1) 169 (39.1) 85 (20.6)
Mixture of dogs and sheep or dogs and chickens 134 (15.9) 93(21.5) 41 (10)
No animals 442 (52.4) 162 (37.5) 280 (68)

Distance of animals from house (meters)? <.001
All 436 (51.7) 301 (69.7) 135(32.8)
<100 305 (70) 253(84.1) 52 (38.5)
100-300 111 (25.4) 39(13) 72 (53.3)
>300 20(4.9) 9(3) 11(8.)

Presence of rodentsin the house <.001
Yes 648 (76.8) 388(89.8) 260 (63.1)
No 196 (23.2) 44.(10.2) 152 (36.9)

Use of fogging <.001
Yes 127 (15) 85 (29) 42 (10.2)
Unknown 220 (26.1) 104 (24.1) 116 (28.2)
No 497 (58.9) 243 (56.3) 254 (61.7)

Use of bed net <.001
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Characteristic Total (N=844), n (%) Cases, (=432,  Controls(n=412, P vaue
51.2%),n (%)  48.8%), n (%)

Yes 108 (12.7) 55 (12.7) 53 (12.8)

Unknown 127 (15) 67 (15.5) 60 (14.5)

No 609 (72.3) 310 (71.7) 299 (72.5)

Sleeping habits <.001

Inside the house 668 (79.1) 318 (73.6) 350 (84.9)

Outside the house 19(2.2) 15(3.6) 4(1)

Inside/outside the house 157 (18.6) 99 (22.9) 58 (14.1)

3percentages in this category are calculated based on the “All” values.

Table 2. The odds ratios, attributable fractions, and 95% confidence intervals of the modifiable risk factors.

Risk factor QOdds ratio (95% Cl) Attributable fraction (%) (95% ClI)
Displacement 5.18 (3.84 10 6.98) 80.6 (73.7 10 85.8)
Clay house 2.41 (1.59 to 3.66) 58.5 (36.7 to 72.7)
Residence in rural region 191 (1.45t02.51) 47.6 (31t0 60.1)
Unpainted interior 2.14 (1.51t0 3.02) 53.3 (33.810 66.9)
Electricity for <12 hours per day 1.94 (1.47 to 2.55) 48.30 (31.9t0 60.8)
Animals

Dogs only 2.30(0.79 t0 6.76) 56.5 (—28.2t0 85.2)

Chickens only/sheep only/both 3.44 (2.48 t0 4.75) 70.9 (59.7 to 78.9)

Mixture of dogs and sheep or dogs and chickens 3.92 (2.59t05.94) 745 (61.410 83.2)
Distance of animals from the house (meters)

<100 5.95 (2.35 10 15.07) 83.2 (57.410 93.4)

100-300 0.66 (0.25t0 1.73) —51.5(-3t042.1)
Presence of rodentsin the house 5.15 (3.56 to 7.47) 80.6 (71.9 to 86.6)
Use of fogging

Yes 2.11 (1.40 o 3.19) 52.6 (28.6 10 68.6)

Unknown 2.25 (1.43to 3.56) 55.5(30.1t0 71.9)
Use of bed net

Yes 1.72 (1.08 10 2.72) 41.9(7.41063.2)

Unknown 1.49 (0.86 to 2.60) 32.9 (-16.3t0 61.5)
Sleeping habits

Outside the house 4.01 (1.32t0 12.19) 75.1(24.21091.8)

Inside/outside the house 2.07 (1.43t03) 51.7 (30.1t0 66.7)

Discussion The main modifiable risk factors were displacement, having

Principal Findings

To our knowledge, this is the first large population-based
case-control study performed in Irag to determinetherisk factors
of CL and the impact of changing modifiable risk factors. We
identified the main domestic and behavioral characteristics
associated with increasing the odds of contracting CL, which
provides a guide for preventive and control measures.
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animals within 100 meters of the house, and sleeping outside
the house. In fact, the exposure of 70% to 80% of the caseswas
associated with displacement, animals in the house, animals
within 100 meters of the house, and sleeping outside. In contrast,
preventive measures, such as bed net use and fogging, were not
successful in preventing CL, as both were associated with
increased odds of having CL. In fact, assuming a causd
relationship and no hias, the data show that approximately 42%
of the cases who used a bed net and 10% of the cases who
reported fogging would not have contracted CL if they had not
used bed nets or fogging. This finding could be explained by
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inappropriate timing of fogging, that is, fogging occurred after
people returned to liberated areas and had already been bitten
by sand flies. In addition, fogging may have been performed in
the afternoon, when sand flies are inactive, and the flies were
consequently not affected. Bed net use was a so not an effective
measure of preventing CL, possibly because the patients went
to bed late, when the sand flies were not active, and therefore
had already been bitten.

Thefindingsin our study regarding displacement, poor housing
conditions, and sleeping outside the house agree with findings
from studies of risk factors in developing and developed
countries [15],[16] (retracted), [17]. Displacement increases
individuals' risk of exposureto environmental and personal risk
factors of developing CL. In addition, areas from which people
are displaced, usually war zones, provide a suitable culture for
the growth of both vectors and reservoirs of CL because of the
accumulation of wastes and the destruction of infrastructure,
such as sewage systems [7]. These findings suggest that
preventing CL requires amultifaceted approach that focuseson
modifying environmental, domestic, and peridomestic
characteristics and on changing human behaviors. Our findings
are similar to findings from studies of risk factors of CL in
Morocco [18,19], Spain [20], and Ghana[20].

Our study has several strengths. Firgt, it is the first large
population-based case-control study of aleishmaniasisoutbresk.
We identified the main risk factors and their attributable
fractions, providing an estimate of the public health impact of
the disease. In addition, the findings from our study help to
guide preventive and control measures as to the timing of
fogging, keeping animal s outside houses, painting indoors, and
sleeping inside houses.

Our study aso has a few limitations. First, the duration of the
study waslimited, asall datawere collected in only 4 days; this
led to missing information for some of the variables in the
origina sample, and they were thus excluded. Second, two
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important variables were missed, namely, time of fogging and
time of deep, which led usto hypothesize that both actionswere
undertaken at the wrong time and consequently both surfaced
as risk factors rather than preventive factors for the disease.
Third, the hazardous security situation limited the movement
of theteam to only safe areas, which could have obscured other
risk factors we are not aware of. Finaly, no species were
identified from the patients, reservoirs, or vectors to establish
the linking of the transmission cycle; therefore, thelink is only
epidemiologic. None of these limitations could have affected
findingsfrom our study; nevertheless, they areworth mentioning
to direct future studiesin Iraq regarding variables to consider.

Conclusions and Recommendations

CL isan important public health problem in Irag, especialy in
DiyalaProvince. Most of the casesin our study could have been
prevented if they were not exposed to displacement, animals
inside the house, animals within 100 meters of the house, or
rodents in the house. In addition, the timing of fogging and
using bed nets is an important consideration. Prevention and
control of CL require a multifaceted approach that relies on
changing environmental conditions, housing conditions, and
human behavior. Fogging and bed net use were not effective
because the underlying housing characteristics and human
behavior provided a good culture for the disease.

We recommend conducting a study to identify the species,
reservoirs, and vectors of CL in Irag, studying vector behaviors
before applying environmental control measures, and educating
the public on how and when to use bed nets and accompany
their usewith behaviora changes, such asusing insect repellents
and wearing long sleeves. Furthermore, we recommend studying
vector and reservoir behaviors before implementing control
measures. In addition, we recommend implementing preventive
measures, such as fogging and rodent control, in abandoned
areas before people resettle after displacement.
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Abstract

Background: The United Kingdom reported the emergence of a new and highly transmissible SARS-CoV-2 variant (B.1.1.7)
that rapidly spread to other countries. Theimpact of this new mutation—which occursin the S protein—on infectivity, virulence,
and current vaccine effectiveness is still under evaluation.

Objective: The aim of this study is to sequence SARS-CoV-2 samples of cases in Romania to detect the B.1.1.7 variant and
compare these samples with sequences submitted to GISAID.

Methods: SARS-CoV-2 samples were sequenced and amino acid substitution analysis was performed using the CoV-GLUE
platform.

Results: We have identified the first cases of the B.1.1.7 variant in samples collected from Romanian patients, of which one
was traced to the region of the United Kingdom where the new variant was originally sequenced. Mutations in nonstructural
protein 3 (Nsp3; N844S and D455N) and ORF3a (L 15F) were also detected, indicating common ancestry with UK strainsaswell
as remote connections with strains from Nagasaki, Japan.

Conclusions: Theseresultsindicate, for the first time, the presence and characteristics of the new variant B.1.1.7 in Romania
and underscore the need for increased genomic sequencing in patients with confirmed COVID-19.
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Introduction

Methods

A new SARS-CoV-2 variant, with an N-Y substitution in the
501 position of the spike (S) protein, was detected in the United
Kingdom in the fall of 2020. An initial variant of the virus,
termed 501 N, with fewer mutations, occurred in late September
in Wales, followed by the current variant (VUI-202012/01),
giving riseto lineage B.1.1.7, which began to spread rapidly in
the United Kingdom and then globally [1]. The new variant has
18 particular mutations, of which several have biological
significance and are of epidemiological interest. Among the
most notable mutations is N501Y, within the S protein, which
corresponds to the receptor binding domain of the virus, where
attachment to the host ACE2 enzyme takes place. Other
important mutations are the deletion of two amino acids,
histidine and valine, at positions 69 and 70, and a substitution
at position 681, within the same spike protein. Of great concern
isthe increased transmissibility and disease severity compared
to older variants, raising questions concerning its potential
avoidance of successful nucleic acid amplification for diagnostic
tests or even reduced vaccine effectiveness [2]. On January 8,
2021, Romaniaconfirmed thefirst case of COVID-19infection
with the new strain, in a patient from Giurgiu (in South-East
Romania) without a history of travel to the United Kingdom or
contact with individual sfrom the United Kingdom. On January
22, 2021, two additional individuals from Bucharest were
identified to have the new strain. They reported no travel history,
werein good clinical condition, and wereisolated at home under
the supervision of afamily physician. A fourth case wasreported
in Suceava County, in North-East Romania, on January 25,
2021, in an individual who arrived from the United Kingdom.
A fifth reported case was confirmed on January 26, 2021, in a
patient from Constanta, South-East Romania, with no travel
history or contact with individualsinfected with the new strain.
Considering when B.1.1.7 was identified in Europe, its faster
transmission compared to earlier strains, and thelack of genomic
sequencing in Romania, there existsthe possibility that the new
variant is far more widespread in Romania than confirmed. In
this paper, we report the identification of the new B.1.1.7
SARS-CoV-2 variant in Romaniaand present its characteristics
in sequenced genome samples with the aim of enabling further
comparison of transmission.

https://med.jmirx.org/2021/3/e28049

Overview

A total of 20 samples, collected from patients in the cities of
Cluj and Craiovaand Suceava County in Romaniawere selected
for analysis, including patients with possible contacts with
infected individuals from the United Kingdom. Sample viral
titers and RNA amounts were quantified using quantitative
polymerase chain reaction (QPCR) and Qubit fluorometers
(Thermo Fisher Scientific), respectively. RNA extracts were
reversetranscribed and librarieswere prepared using AmpliSeq
(Thermo Fisher Scientific) SARS-CoV-2 primer panels and
workflow. Automatic library templating was performed using
lon Chef equipment and sequencing was carried out on lon
GeneStudio S5 with lon 540 chips. Sequencing reads and
assemblies were checked for quality using lon Torrent Suite
software plugins. Amino acid substitution anaysis was
performed using the CoV-GLUE platform. The B.1.1.7
SARS-CoV-2 sequence was uploaded into GISAID, under the
ID EPI_ISL_869241. The consensus sequence and available
Romanian sequences (from different laboratories) belonging to
clade B.1.1.7 in Romania were aligned in GISAID to the
reference strain using the MAFFT algorithm and maximum
likelihood trees were obtained with MegaX software.

Ethics Approval and Consent to Participate

The study was approved by the ethics committee of University
Stefan cel Mare of Suceava, Romania (protocol
11733/14.07.2020) and of Suceava County Emergency Hospital
(protocol  17669/13.07.2020). All participants provided
individual informed consent.

Results and Discussion

Among the 20 samples sequenced by our laboratory, one
presented characteristic mutations of the B.1.1.7 SARS-CoV-2
variant. Phylogenetic placement of thissample, aswell asothers
from Romania within the same lineage included in GISAID,
shows the clear distinction of this lineage from the early 2020
strains, including the ones from England and Wales (Figure 1).
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Figure 1. Phylogenetic placement of pre-B.1.1.7 samples (blue area) and B.1.1.7 samples (red area) from different European countries, including

Romanian strains (green text).
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A synopsis of al mutations found in all Romanian GISAID
entries belonging to this clade was constructed (Multimedia
Appendix 1). All Romanian samples share al 18 mutations
characteristic of the B.1.1.7 strain; however, some of them have
additional ones.

One such mutation is present only in the sample originating
from Suceava, affecting the ORF8 protein, where a stop codon
is gained by changing a C nucleotide to a T nucleotide in
position 27,945 in the genome. According to CoV-Glue, this
mutation has already been encountered in over 580 samples
from April to October 2020. Of these, 73% (n=313) belong to
specimenscollected in the United Kingdom [3]. A second ORF8
truncation, not currently described for B.1.1.7 strains, appears
in the samplesfrom Giurgiu and Constanta, in position 68, also
gaining astop codon. Previous occurrences of thismutation are
seen in 279 samples from CoV-Glue, of which 91% (n=256)
are from the United Kingdom and 27% (n=76) originate from
Milton Keynes laboratories, where the original B.1.1.7 strain
was sequenced [4]. Such mutations indicate that, although
B.1.1.7 originates in the United Kingdom, the set of
characteristic viral alterations appeared much earlier and was
grafted onto several different already circulating strains in the
region. Thisideais supported by the fact that, although thefirst
sequenced samples carrying the new strain originated in Kent
and Greater London, on September 20 and 21, 2020, respectively
[5], the hallmark N501Y mutation first appeared in Italy in
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August 2020 [6]. However, at this point, the Romanian strains
bearing the particular ORF8 mutations described above clearly
originated in the United Kingdom, which is also supported by
the fact that the patient from Suceava County resides in the
United Kingdom and arrived in Romania shortly before the
sample was sequenced. One other patient (EPI_ISL_794744)
had no history of recent travel abroad but lived in a small city
with a high number of individuals working abroad, including
in the United Kingdom [7]. The remaining three patients from
whom samples were sequenced had no travel history abroad or
data were not available.

Strains without a functional ORF8 protein are considered to
have epitope loss, which may decrease the accuracy of
serological testing, whereas ORF8 antibodies could offer
information on both acute and conval escent antibody response.
Furthermore, ORF8 truncated proteins decrease disease severity
and asymptomatic or mild cases might not be detected [8]. As
such, the significance of ORF8 truncations in the context of
B.1.1.7 strains should be promptly investigated, considering
that mutations in the S gene characteristic to this lineage,
particularly the deletion at positions 69-70, may €lude detection
by polymerase chain reaction (PCR) with certain diagnostic kits
that have been used inthe United Kingdom for awhile[9]. This
type of behavior could be indirectly but significantly linked to
increased transmissibility of the virus, as potentially infected
individuals might not have been accurately identified as such.
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Another noteworthy mutation is N844S within nonstructural
protein 3 (Nsp3) present in the Suceava sample, which is
recorded in only 8 other samples sequenced so far, most of them
also from England [10]. The sample from Prahova also has a
mutation in Nsp3 (D455N), which has been recorded in only
one other sample, collected in Japan [11] in April 2020,
belonging to clade B1.1. The Prahova sample is again distinct
from others in Romania through the appearance of L15F in
ORF3a, amutation recorded in 5 samplesfrom Nagasaki, Japan,
sampledin April 2020, among 243 samples collected worldwide,
mostly from the United Kingdom [12]. Although the Japanese
samples do not belong to the B.1.1.7 lineage, the coincidental
presence of these mutations might indicate common ancestry
with the Prahova sample. Other individual mutations in the
Giurgiu and Ilfov samples are commonly observed in sampled
UK dtrains. The Constanta sample displays two additional
mutations not encountered in other Romanian samples. The
first, in Nsp2, is a change from A to V in position 306, a
mutation seen in other 209 GISAID samples. These samples
were collected in the United Kingdom, Norway, Denmark, the
United States, and Belgium [13]. The second mutation is in
Nspl2 and is achange from K to N in position 160, which has
been encountered in other 27 samples, including ones from the
United States, Italy, and Scotland [14].

At the moment, there are over 32,500 B.1.1.7 accessions
deposited in GISAID, out of which approximately 30,000 are
from the United Kingdom and 5 are from Romania. Thislineage
is of major interest, due to the fact that three of its mutations
might contribute to higher infectivity and transmissibility.
Namely, the N50Y mutation of the S gene significantly increases
itsinteraction force and number of interactionswith the human
receptor ACE2 [15,16]. The deletion of two amino acids at
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positions 69 and 70 in the same S gene leads to systematically
biased diagnostic tests and doubles the reproductive advantage
of the virus and viral particle numbers [17]. Furthermore, the
P681H mutation of the S protein might influence the cleavage
of the S protein dueto its proximity to the SI/S2 furin cleavage
site[18]. Identification of new mutationsiscrucial for designing
diagnostic reagents [19], dlowing transmission, and
reconfiguring vaccines against new variants. In addition,
particular mutations, besides those specific to B.1.1.7, may in
the future aid in tracing virus movements across Romania and
worldwide. The genomic data obtained by various laboratories
throughout the country, including ours, are centralized by the
National Centre for Surveillance and Prevention of
Communicable Diseases, and transmitted to national and
regional departments of public health. This, together with
epidemiological data, helped public health officials to institute
guarantine measures and other restrictions to control the
transmission and spread of the virus.

However, many European countries, including Romania, lagin
genomic sequencing and the European Union recommends
increased focused sequencing based on epidemiological data,
transmission rates, infectivity, treatment failure, and S-gene
dropout in PCR testing. Several factors affected the timely
acquisition of genome sequence data in Romania, such as a
relatively small number of genomic laboratoriesin the country,
the high costs associated with equipment and analyses, and a
lack of specialized laboratory personnel. However, a thorough
characterization of strains circulating in Romania is required,
as it contributes to developing usable diagnostic tests and
vaccines, especially in light of notable differences between
strains belonging to the same clade and the evol utionary capacity
of SARS-CoV-2.
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Abstract

Background: Big datatools provide opportunities to monitor adverse events (patient harm associated with medical care) (AES)
in the unstructured text of electronic health care records (EHRs). Writers may explicitly state an apparent association between
treatment and adverse outcome (“ attributed”) or state the simple treatment and outcome without an association (“unattributed”).
Many methods for finding AEs in text rely on predefining possible AEs before searching for prespecified words and phrases or
manual labeling (standardization) by investigators. We developed a method to identify possible AEs, even if unknown or
unattributed, without any prespecifications or standardization of notes. Our method was inspired by word-frequency analysis
methods used to uncover the true authorship of disputed works credited to William Shakespeare. We chose two use cases,
“transfusion” and “time-based.” Transfusion was chosen because new transfusion AE types were becoming recognized during
the study data period; therefore, we anticipated an opportunity to find unattributed potential AEs (PAES) in the notes. With the
time-based case, we wanted to simulate near real-time surveillance. We chose time periods in the hope of detecting PAEs due to
contaminated heparin from mid-2007 to mid-2008 that were announced in early 2008. We hypothesized that the prevalence of
contaminated heparin may have been widespread enough to manifest in EHRs through symptoms related to heparin AEs,
independent of clinicians’ documentation of attributed AEs.
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Objective:
EHRs.
Methods: We used EHRs for adult critical care admissions at a major teaching hospital (2001-2012). For each case, we formed
agroup of interest and a comparison group. We concatenated the text notes for each admission into one document sorted by date,
and del eted replicate sentences and lists. Weidentified statistically significant wordsin the group of interest versus the comparison
group. Documents in the group of interest were filtered to those words, followed by topic modeling on the filtered documentsto
produce topics. For each topic, the three documents with the maximum topic scores were manually reviewed to identify PAES.

Results: Topics centered around medical conditions that were unique to or more common in the group of interest, including
PAEs. In each use case, most PAEs were unattributed in the notes. Among the transfusion PAEs was unattributed evidence of
transfusion-associated cardiac overload and transfusion-related acute lung injury. Some of the PAES from mid-2007 to mid-2008
were increased unattributed events consistent with AES related to heparin contamination.

Conclusions. The Shakespeare method could be a useful supplement to AE reporting and surveillance of structured EHR data.

We aimed to develop a new method to identify attributed and unattributed PAEs using the unstructured text of

Future improvements should include automation of the manual review process.

(IMIRX Med 2021;2(3):€27017) doi:10.2196/27017

KEYWORDS

epidemiology; el ectronic health record; electronic health care record; big data; patient harm; patient safety; public health; product
surveillance, postmarketing; natural language processing; proof-of-concept study; critical care

Introduction

Background

Avoidable patient harm continues to be a significant problem
[1]. To learn of adverse events (AEs), that is, patient harm,
related to US Food and Drug Administration (FDA)—egulated
products, the FDA relies on spontaneous reports from
manufacturers, health care providers, and the general public.
Published deficiencies of these reports [2-10] include
nonstatistical representativeness of harm and problems. Now
that electronic health care records (EHRS) are very common
[11] and often moreinformative than billing codes from payment
claims[7,12,13], we have an opportunity to leverage them for
automated surveillance of patient harm [3,7,14,15]. We had two
inspirations for naming the method after William Shakespeare:
(1) in hisplay Macbeth [16], aking named Macbeth is surprised
by an attack on his castle by soldiers camouflaged by trees, even
though he had been warned that his downfall would comewhen
the woods moved; and (2) scholars have been using
word-frequency methodsto discuss the true authorship of works
from Shakespeare’stime [17].

EHRsfor Postmarketing Surveillance

Many methodsfor finding prespecified AEsintext [6,7,9,18-40]
rely on predefining potential AESs (PAES) before searching for
prespecified words and phrases or manual labeling
(standardization) by investigators. Crucially, events described
in text may not necessarily be attributed to AEs[14,25,41]. We
wanted to develop a method to identify PAES, even if unknown
or unattributed, without any prespecifications or standardization
of notes.

There are many challenges to automated use of EHRS:

- Diagnosis codes may be “invadid, insensitive or
non-specific” [20]

- “Often the notes contain medica and non-medical
abbreviations, acronyms, numbers and misspelled words,

which makeit difficult to recognize the critical information

https://med.jmirx.org/2021/3/e27017

in the notes. In other words, certain types of information
such as ADEs|[adverse drug events], indications, and signs
and symptoms are harder to detect than other information
such as drug names’ [24]

« Medica entities in EHRs notes “can span across multiple
words’ [24]

« “... there is a lot of ambiguity among relevant named
entities. Depending upon the context, the same exact phrase
can be an ADE, indication, or asign and symptom” [24]

«  Periodsdo not awaysindicate the end of asentence (“Dr.,"
“1.23." etc) [24]

« “...notes are frequently ungrammatical and are often
inconsistently formatted. Ambiguity is common: MS, for
example, can mean mitral stenosis or multiple sclerosis’
[12]

+ EHRsare“...subject to accessrestrictions...” [6]

« “..[N]ot al events and outcomes are consistently
captured...” [15]

«  Weobserved that different medical specialties, nurses, and
other health care providers used different vocabulary.

We used the Medical Information Mart for Intensive Care 111
(MIMIC-1I1) EHR data set [42,43] because it is available to
scientists with human subjects research training. MIMIC-I11
focuses on critical care in amajor Boston teaching hospital. A
published report using MIMIC-I11 noted [36]:

...several sentence segmentation tools available in
popular NLP [ natural language processing] toolkits,
such as NLTK31 and spaCy, were tested and did not
workwell inclinical notes. In clinical notes, sentences
do not always end with regular punctuation marks
such asaperiod or question mark. More specifically,
both regular punctuation marks and newline
characters can serve as sentence breakers; however,
newline characters can also be used for text wrap.
Moreover, enumeration-like and list-like formats are
also common in clinical notes, especially for physical
exam and list of medications.
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Many medical care AEs occur at higher frequency in hospital
critical care settings and are related to complex illnesses,
invasive procedures, and relatively long lists of treatments
[44,45].

General Methods

Preprocessing

We used EHRSs for critical care admissions within an adult
hospital, the Beth Israel Deaconess Medical Center in Boston,
MA. The Massachusetts Institute of Technology worked with
the hospital to process EHRs from 2001 to 2012, including
unstructured notes, into the MIMIC-III data set, which is
publicly available to those meeting certification requirements.
The research was designated as not human subj ects research by
the FDA Institutional Review Board under the Code of Federal
Regulations, Title 45, Part 46 [46].

We removed admissions of patients aged <16 years and
admissions without notes from the total of 58,976 hospital
admissions, resulting in 49,284 admissions.

We noted during our initial manual review of the notes for
dozens of admissions—to familiarize ourselves with the
data—that discharge summaries did not include al PAE
information in the progress notes. We decided to use all
available notes for each study admission and created one
document by concatenating them chronologically. The notesin
the MIMIC-III database contained duplicated paragraphs,
sentences, and lists. These duplicationsdistort statistical analyses
of terms used and hamper manual review of the notes. We

Bright et a

applied the Bloatectomy package to remove the duplicate text
from each admission document [47].

We removed the personally identifying information mask string
and lowercased the text. We retained punctuation, numerals,
and stop words because they convey clinical information and
are sometimes components of abbreviations.

The Shakespeare M ethod
The Shakespeare method has five steps:

1. Convert each document into a vector of n-gram (term)
frequencies.

2. Create groups of vectors: target and comparison.

3. Extract termsin thetarget group that are significant for the
target group.

4. Apply topic analysisto the target group—filtered vectors.

5 Review the original documents that have topic scores of
interest to interpret the topics and find PAES.

We have published the code [48].

We selected two use cases to demonstrate the Shakespeare
method: (1) comparing patientswho received blood transfusion
to those who did not and (2) comparing patient experiencesin
1 year to the prior year. They shared step 1 (create n-gram
vectors) of the Shakespeare method; we used the collocation
detection skip-gram method for extracting the n-grams with
n=1-5 consecutive words [49,50] (Figure 1A). We vectorized
each document using a bag-of-words representation, where each
dimension is represented by the frequency (count) of each
n-gram (Figure 1B), resulting in a set of 7,422,044 words.

Figure 1. The Shakespeare method processwith truncated examples. Step 1 (create n-gram vectors) includes (A) n-grams (terms) and (B) form vectors.
Step 2 (create two groups) is (C) form groups. Step 3 (extract significant terms) is (D) extracted terms and (E) trim vectorsin the group of interest. Step
4 (model topics) includes (F) latent Dirichlet alocation (LDA) topic modeling and (G) topics to documents. Step 5 (review topics) includes (H)

identification of exceptiona instances.
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The Transfusion Case

Introduction

We decided to compare critical care patient admissions that
involved blood transfusion (T) to comparison (C) admissions
that had no transfusion events. An earlier version of the data
set showed a higher risk of near-term mortality for patients
receiving red blood cell transfusion compared to nontransfused
patients[51]. By 2002, many transfusion AES (TAES) had been
described [52]. During the time period covered by the data set,
the transfusion research community recognized new TAE
types—transfusion-related acute lung injury (TRALI) and
transfusion-associated circulatory overload (TACO)—that
prompted new guidelines to reduce the use of transfusion [53].
Simultaneously, far fewer reports were coming to the FDA than
would have been expected, considering thelevel of professional
concern [54-56].

Study Objective

Our objective was to develop a method of using EHR notes to
find recognized and unrecognized potential TAEs (PTAES),
which incidentally might also uncover other anomalies. We

wanted our method to operate in the setting of the above-noted
challenges.

Bright et a

M ethods

We followed step 1 (create n-gram vectors) as described in
TheShakespeare Method subsection of the General Methods
section.

Transfusion Case Step 2: Create Groups

We used the blood transfusion (n=21,443 admissions) and
comparison (N=25,468 admissions) groups described in prior
work [57] (Figure 1C).

Transfusion Case Step 3: Extract Significant Target
Terms

Our goal for steps 3 and 4 was to filter document vectors to
only include terms that were significant to the transfused group
and then model the topics within those termsin the transfused
group to identify experiences emblematic of transfusion. We
formalized the process of extracting these terms by looking at
term coefficients associated with a classifier that learns to
differentiate the two groups. We underwent an iterative process
of trying multiple hyperparameters and classification models
to identify these terms. We observed that an ensemble of two
classification methods (naive Bayes[NB] and logistic regression
[LR]) and filtering [58-62] was useful for capturing common,
infrequent, and rare termsthat were significant for T. Thisterm
selection resulted in 41,664 terms (Figure 2). We reduced the
T document vectorstoinclude only the 41,664 terms (see Figure
1E for atruncated example).

Figure 2. Flowchart of the embedded-based and filter-based term selection processes for the transfusion case. T: transfusion, C: comparison.
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Transfusion Case Step 4: Model Topics

Topic modeling is an unsupervised method commonly used in
NLP to extract the most relevant terms for each topic (cluster)
of similar documents [63,64]. We chose latent Dirichlet

https://med.jmirx.org/2021/3/e27017
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allocation (LDA) [65] to accomplish topic modeling of the T
documents. LDA isagenerative probabilistic model that results
ininterpretable dimensionality reduction, which meansthat we
reduced 41,664 terms to 45 topics for our data. A topic is a
multimodal distribution of terms over an entire vocabulary (in
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our case, al thefiltered terms). A topic consists of co-occurring
termsin this corpus of T documents. Each document can have
amixture of these topics. Each topic contribution in adocument
is a probability (we refer to this as a document topic score);
thus, the scores of all topics for a document sum to 1 (Figure
3D).

We performed topic modeling (Figure 1FG) by applying the
LDA model to the filtered document word vectors (Figure 1E)
to find co-occurring terms and group them into topics.

Topic modeling resulted in a matrix of scores for each term by
each topic, which we refer to as term scores (Figure 1F). An
additional matrix shows the probability of fit for each topic
(Figure 1G).

Figure 1G shows the topic document scores, and the maximum
topic for each document is circled. This maximum topic isthe
topic that is the strongest for a document. When the maximum
topic score is low, we can infer that the document fits many
topics, which in critical care could mean that the patient has
many clinical issues, some of which might be PTAEsand should
be reviewed.

The maximum document topic scores distribution was plotted
in the maximum topic histogram shown in Figure 3A. There
were few documentsin this corpus with a high maximum topic

Bright et a

probability score (Figure 3B, right tail). Most of the documents
were comprised of two or moretopics (6.1 wasthe mean number
of topics with a minimum score of >0.03).

A small number of documentsin the left tail of Figure 3C had
alow (<20%) maximum topic probability score, meaning that
these documents were comprised of many topics. This was
further illustrated in the inset (Figure 3D) displaying the topic
distribution of a single document from this left tail, which had
multiple topics. These extreme documents in the right and left
tails were selected for manual review.

Animportant consideration for LDA isthat the number of topics
must be selected a priori. The results of topic modeling change
depend on the number of topics assigned to a corpus—thisis
aniterative (hyperparameter tuning) processthat requires human
judgment to interpret the topics (based on the top termsin each
topic) and determine which number of topicsbest fitsthe corpus.
With too few topics assigned, topics are not cohesive and do
not add any clarity or information to an analysis. With too many
topics assigned, “incoherent” topics that do not capture terms
common to the member documents proliferate; additionally,
useful topicsarelikely split among smaller, more specific topics,
although that does not limit the ability to analyze true clusters
in the corpus.

Figure 3. Topic-modeling results for the transfusion case (T): (A) distribution of all maximum document topic scores for al T, (B) documents that
have only one strong topic, (C) documents that have many topics, (D) al topic scores for a single document that has multiple topics, and (E) two

documents with a score of 0.022 for every topic.
A
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To tune the hyperparameters of the LDA model, we calculated
models with the following numbers of topics: 25, 35, 45, 55,
65, 75, and 85. We observed (data not shown):

«  Asthenumber of topicsrose, at first, clinically meaningful
topics were added. Still, at higher numbers, the additional
topics were incoherent, and the large, meaningful topics
tended to split in ways that were not meaningful.

- Thetopwordsin topicswere generally consistent for topics
that were alike across multiple topics. For example, a
mechanical ventilation topic was present whether the topic
number was 9, 10, or 26.

- Although particular documents changed, the documents
with high top topic scores had the top topic terms.
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- Topicsthat had high document topic scores had overlapping
concepts in the highest-scoring terms.

- Severa topics were difficult to interpret and had low
maximum values for both word scores and document topic
SCOres.

»  Therewere 1 to 2 dozen known TAES [66,67].

- Many documents had several topics, reflecting the clinical
complexity of patientsin the critical care unit [68].

Transfusion Case Step 5: Review Topics

To evaluate whether topics described PTAES, we selected the
following records for manual document review: the three
top-scoring documents for each of the 45 topics (Figures 1H
and 3A,B), the 7 documents with the most topi cs with significant
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scores (=0.03) (such asin Figure 3C), and 24 randomly selected
documents from the T group. We abstracted events,
observations, clinicians’ attributions of causality, and clinicians
diagnoses, as well as their dates (where offered). We used
further abstractions and tabulations to protect patients
confidentiality.

We tested comparisons with the Fisher exact test [69].

Results

Despite the inclusion of n-grams with alength of 1 to 5inthe
vectorization, the terms that we extracted during classification
were unigrams.

Distribution of Transfusion Topic Document Scores

A histogram of maximum topic scores (Figure 3A) showed the
distribution of each document’s maximum (strongest) topic.
Therewerefew documentsin this corpuswith ahigh maximum

Bright et a

topic probability score (Figure 3B, right tail). The left tail of
Figure 3C showsasmall number of documentswith amaximum
topic probability scorethat islow, or lessthan 20%, suggesting
these documents comprised many topics. Figure 3D illustrates
this with the topic distribution of a single document from this
left tail. The lowest maximum topic document score was 0.022.
Two documents had topic document scores of 0.022 for every
topic (Figure 3E). They each had only one short record: a brief
electrocardiogram report.

There was no strict relationship between top word score and
the frequency distribution of document topic scores (Figure 4).
Table 1 showsthe categories of maximum document topic scores
per number of topics. It shows that if there is one topic, the
score is over 0.50. As the number of topics increases, the
maximum topic score declines. The average number of topics
with atopic document score >0.03 was 6.1. The maximum topic
document score was 0.994.

Figure 4. Distribution of topic document scores and top term scores for the transfusion case.
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Table 1. Maximum document topic score in the transfusion case for documentsin relation to number of topics in a document.

Number of document topic scores =0.03

Maximum document topic score, n

Score=0.5 0.2<score<0.5 0.1<score<0.2

0 0 0 0

1 132 0 0

2 484 13 0

3 1121 326 0

4 1462 1138 0

5 1179 2582 0

6 610 3509 13
7 209 3595 85
8 55 2427 191
9 13 1183 265
10 0 414 173
11 0 113 91
12 0 25 25
13 0 2 5
14 0 0 1
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Top-Scoring Documents for Each Transfusion Topic

Table S1 (Multimedia Appendix 1) shows, for each topic, the
score for thetop term, thetop 20 terms, the top document score,
and the distribution of documents by document score range.
Therowsare sorted by top document score. The maximum word
scoreranged from 26 to 91,911. Thetermswith thetop 20 scores
included plain English words, clinica words, acronyms,
shortened words, and misspellings. The maximum document
score for atopic went as high as 0.994. The document scores
were widely distributed.

Table S2 (Multimedia Appendix 1) presents the summaries of
135 documents. As is expected when hyperparameters of the
model are optimal, most topics (n=35) were* coherent,” meaning
the top documents had clear common themes within topics
consistent with the lists of the top 20 terms in the topic. The
coherent topics had higher top document scores and tended to
be the maximum-scoring topics. Among the least coherent
topics, the tendency for documentswasto have some other topic
as the maximum-scoring topic. Thisis expected with LDA, as
the words that do not fit into a coherent topic will be allocated
to separate “junk” topics.

Thetabulation of the presence or absence of the notes expected
to have the most clinical information showed that 122 had a
discharge summary, 66 had a nursing note, and 21 had a
physician progress note. None of the documents attributed an
AE to transfusion in the billing codes.

New or worsening PTAEs occurring within 1 to 2 daysin the
T group were:

« In the heart category: atria fibrillation, tachycardia,
bradycardia, other heart rhythm abnormalities, hypotension;

« In the lung category: hypoxia, mechanical ventilation,
bilateral pleura effusions, pulmonary edema;

« In the volume category: edema, diuresis therapy, acute
kidney failure;

« In the absence of evidence for other infections: fever or
chills.

Many documents (n=40) could not be evaluated for TAES
because either the transfusion dates were missing or there was
no identified treatment when transfusion could be presumed.
For others, there was a clear aternate reason for heart or lung
problems: advanced cancer (n=7), thrombotic thrombocytopenic
purpurapresent at admission (n=1), liver failure (n=1), and lung
infection (n=1).

Out of the remaining 85 documents with transfusion data, 52
had evidence of PTAES;, the most common were heart PTAES
(n=35) and lung PTAEs (n=33), while non-infection-related
fever or chills (n=12) and fluid overload (n=12) were less
common. A few documents explicitly considered transfusion
asthe cause of AEs: in topic 30 (blood disease), one attributed
disseminated intravascular coagulation to transfusion and
another listed but discarded the possibility of TRALI or TACO,
adocument intopic 3 (bone traumafrom motor vehicle accident)
proposed PTAEs, and adocument in topic 40 attributed a drop
in platelets to transfusion. In 2 documents, the PTAES were
attributed to contrast (topic 37, kidney failure), a brand name
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for metronidazole (topic 38, colon problem), and surgery (3
cases of bone trauma from amotor vehicle accident).

Documents with transfusion timing but no apparent TAE were
in the following topics: 10 (one of the mechanical ventilation
topics), 2 (esophageal varices banding), 7 (spine surgery), 18
(gastrointestinal bleeding), 31, and 8. For 10 documents,
separate transfusion and PTAE codes were present but were not
conceptually linked.

We read 24 randomly selected documents to obtain 20 that did
not have advanced cancer, cirrhosis, or severe lung trauma.
They are summarized at the bottom of Table S2 (Multimedia
Appendix 1).

The documents in the cardiovascular topic group were more
likely than the random group to have any of the heart PTAES
(proportion difference=0.47; P=.02). The analogous analysis
for 14 documentsin the lung failure topic group showed a higher
rate of any lung PTAEs (proportion difference=0.37; P=.049).

Table S3 (Multimedia Appendix 1) depicts the characteristics
of the 8 documents that had 13 or 14 topics. Their document
topic scores were distributed across many topics, and the notes
described alarge number of medical challengesto the patients.
All of these documents had both discharge summaries and nurse
progress notes. One physician wrote that the patient devel oped
alloantibodies and had a delayed transfusion reaction. None of
the billing codes linked transfusion to an AE, and in 2 records,
the codesincluded an outcome code. All 8 documents provided
dates of transfusion, including 3 for which cancer wasthe more
likely cause of the AE. Of the remaining 5 documents, 3 had
pulmonary PTAEs:

«  The document with al three types of PTAEs had only one
topic with a score above 0.1 (topic 42, heart attack), and
the notes, but not codes, indicated the patient had a delayed
transfusion reaction.

«  Thedocument with pulmonary and volume PTAEs had the
following topics with scores >0.1: topic 42 (heart attack),
topic 24 (tPA [tissue plasminogen activator] to lyse
thrombus), topic 10 (cirrhosis), and topic 1 (x-ray
confirmation of device placement). The notes attributed
worsening acute kidney failure to an antibiotic.

« The document with only pulmonary PTAEs had the
following topics with scores >0.1: topic 24 (tPA to lyse
thrombus), topic 10 (mechanical ventilation), and topic 37
(kidney failure).

Discussion

The Shakespeare method successfully identified PTAEs. The

three top-scoring documentsin cardiovascular topics (topic 17,

heart valve repair; topic 33, tapped pericardial effusion; topic

35, coronary artery bypass graft; topic 42, heart attack; and topic

11, vascular repair) were associated with cardiovascular PTAES:

atria fibrillation, tachycardia, bradycardia, other heart rhythm

abnormality, or hypotension, which are features of TAEs

[66,67].

Mechanical ventilation and nitric oxide therapy (topics 9, 10,
16, and 26) were used to treat lung failure [ 70], which was also
a topic (topic 29, acute respiratory distress syndrome). The
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associated breathing PTAE (hypoxia, mechanical ventilation, « A feature of hemolytic transfusion reaction and febrile

bilateral pleural effusion, and pulmonary edema) are components nonhemolytic transfusion reaction (fever without other signs

of TRALI and TACO [66,67]. of infection) [67].

Other PTAEs that correspond with known TAEs were aso  Distribution of Transfusion Topic Document Scores

observed in the top three documents of topics: Incoherent topics had few or no documents with high topic

«  Features of the volume overload component of TACO document scores; most documents scored at or close to zero
(edema, acute renal failure, and diuresis) [67]; (see examplein Figure 5A). A coherent topic follows a similar

distribution, but the range is much greater, as seen in the x-axis
of Figure 5B when compared to Figure 5A. The coherent topics
received higher scores in many documents.

Figure 5. Distribution of document topic scores for two topics in the transfusion case: (a) topic 8, a noncoherent topic, and (b) topic 42, a coherent
topic.
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Many topicswere conditionsthat can bereasonsfor transfusion:  vascular occlusion or repair, and gastrointestinal problems or
anemia [68]; heart attack [71]; blood disease (including blood
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bleeding [73]; and tPA to lyse thrombus, because antithrombotic
treatment can cause bleeding [74].

Some topics could be conseguences of the reasons for
transfusion. Tapped pericardia effusion is a candidate because
pericardia effusions can result from cancers, heart disease,
aortic dissection, and other conditions [75] that prompt
transfusion [76]. Past sternotomy, a consequence of heart
surgery [77], is often a reason for transfusion [78].
Pneumomediastinum could be caused by surgery, or tearing of
the esophagus or trachea [79], which in turn could be areason
to transfuse [73]. Skin breakdown can be a consequence of
long-term bed rest [76,80], which is generally associated with
critical illness and anemia [68], which in turn prompts
transfusion [68].

Some could be alternate reasons for a PTAE: advanced cancer
[81], liver disease [82], and infection [83].

Others could be a PTAE or sequelae of PTAEs. mechanical
ventilation, which is a known consequence of TAEs [84,85];
pneumomediastinum, which could be caused by mechanical
ventilation [79]; a tracheostomy tube, which is placed when
long-term mechanical ventilation is anticipated [86]; acute
respiratory distress syndrome, which shares features
(noncardiogenic pulmonary edema and hypoxia) with TRALI
[84] and is also known as acute lung injury and is treated with
noninvasive or invasive ventilation [87]; and permanent
hemodialysis indicating permanent kidney injury [88], which
can result from hemolytic transfusion reactions [89] and is
associated with volume overload [90], which is part of TACO
[66].

Documents With Multiple Transfusion Topics

The high number of topics per document reflects the compl exity
of patients in the critical care unit. Multiple topics covering
illnesses and procedureswere expected for critically ill patients
and were the norm for the vast mgjority of documents. The
documents with 13 and 14 significant topics described many
complex clinical problems consistent with the need for critical
care. Several of the documents had a variety of PTAESin more
than one category, suggesting the importance of checking the
documents with multiple nontrivial topics for PTAES.

The Time-Based Case

Introduction and Study Objective

We wanted to simulate real-time analysis to find new or
increasing events in the most recent time period. We examined
whether the Shakespeare method would overcomethe challenges
of EHR texts to detect not only clinical and administrative
changes but also trending PAES, including those related to
heparin contamination, which were first reported early in 2008
[91]. Heparin is an anticoagulant used in surgeries [91].
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M ethods

The MIMIC-III EHRSs for critical care admissions used one
medical record system from 2001 to 2008 and another system
post-2008. We received the real dates, within several weeks,
for the earlier data. Wefollowed the same step 1 (create n-gram
vectors) as described in The Shakespeare Method subsection of
the General Methods section.

Time-Based Case Step 2: Create Groups

We then divided the study population into three cohorts:
admissions starting between July 1, 2001, and June 30, 2006
(period 1; 14,410 documents); July 1, 2006, to June 30, 2007
(period 2; 3581 documents), and July 1, 2007, to June 30, 2008
(period 3; 3296 documents).

Time-Based Case Step 3: Extract Significant Target
Terms

To focus on new or increasing AEs, we reduced the number of
wordsto analyze by filtering by whether they were unusual and
increasing (or new) in period 3 compared to period 2 (Figures
1C,D and 6A). We adopted two parallel approaches, as shown
inFigure 6: (1) binary classification of the notesand (2) analysis
of term frequency between periods 3 and 2.

For the binary classification, we fit two classification models:
LR with L2/ridge regularization [61] and multinomial NB
[59,60]. Model evaluation found LR outperformed NB (with a
weighted average F1 score of 0.76 compared to NB’sweighted
average F1 of 0.69), but that NB more effectively identified
completely new termsin the target time period.

After evaluating the models, we refit both models without a
train-test split on the entire 24-month data set and combined
the top 5000 features from LR (those with the highest positive
coefficient associated with the positive target class) and the top
5000 features from NB (those with the lowest log probability
ratio). Combining the lists resulted in a set of 9896 terms.

We used frequency analysis to find emerging rare clinical
events. We identified two groups of terms: (1) those which
appeared in fewer than 10% of documentsin period 2 and saw
a30% increasein raw frequency in period 3, and (2) any terms
that never appeared in period 2 and did appear in period 3. For
those new terms appearing in period 3, wefiltered out digit-only
terms (alarge number of terms in this group).

For the final feature set, we took the intersection of terms
identified from the binary classification and frequency analysis
processes. This resulted in 6122 significant terms identified
from the initial 117,049 unique terms in the documents from
period 3 (5.2% of terms). We revectorized (Figure 1E) the
12-month corpus from period 3 using the combined feature list
as our vocabulary (which has the effect of filtering the notesto
only include terms in the vocabulary).
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Figure 6. Feature extraction flowchart for the time-based case. This demonstrates the two parallel processes for extracting relevant features prior to
topic modeling on the notes: term frequency analysis and binary classification of notes.
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Time-Based Case Step 4: Model Topics

The co-occurrence of wordsin documentsin thelast time period
was analyzed with L DA topic analysis[65]. We chose the final
number of topics (n=20) based on a balance of large and small
topicsand at | east one topic with no substantive words. We used
the words with the highest scores of their relationship to topics
(Figure 1F), as well as the topic document scores that indicate
the probability of the topic fit for a document (Figure 1G), to
exploretopic meanings. We manually read the three top-scoring
documents for each topic (Figure 1H).

Time-Based Case Step 5: Review Topics

Documents from selected individual admissions, as well as
summary data from July 2001 to June 2008, were used to
evaluate whether any topics formed around AEs. Most topics
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inspired time plots of selected words, diagnosis codes, or
procedure codes (see criteriain Table S4, Multimedia Appendix
1) through periods 1, 2, and 3. Slopeswere analyzed for changes
[92,93].

For thisreport, out of concern for patient privacy, we substituted
generic words (such as “condition01,” “condition02,” etc) for
rare conditions, drugs, events, and languages since the year of
admission is being presented. Related substitute words (eg,
“condition09a,” “condition09b”) were used as synonyms.

Results

Table 2 shows the statistics for each topic. The strength of the
maximum word score in atopic roughly corresponded with the
number of admissions that had strong matches with the topic.
The words in many of the topics seem to readily suggest
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interpretations, for example, long complex stay (topic 18), heart  abdomen (topic 12), uterus (topic 16), and a foreign language
problem (topic 3), trauma (topic 19), cardiac catheterization (topic 2). The other topics were deemed broad.
(topic 7), brain (topic 1), cardiac catheterization (topic 17),

Table 2. The score for the top term, top 20 substantive terms, top document score, and distribution of documents by document score range for each
topic in the time-based case. “ Substantive” terms had topic scores above the minimum topic score.

Topic# Topterm Top 20 substantive terms Top docu- Documents in topic score range, n
score ment score

20.03 20.5 20.2to 20.1to 20.03to
<0.5 <0.2 <0.1

18 75,372 for, hr, plan, vent, intubated, cont, today, skin, are, 0.99 1793 505 623 326 339
family, per, support, increased, off, goal, iv, placed,
trach, foley, pain

3 42,070 for, hr, pain, bp, are, you, iv, family, time, ccu, per, 1.0 2224 912 697 328 287
sats, note, heart, micu, received, skin, if, acute, plan

19 39,731 for, are, pain, you, comparison, acute, upper, evaluate, 1.0 2089 355 880 468 386
iv, trauma, hospital, if, note, time, large, level, pleural,
whc, read, throughout

7 30,722 for, are, pain, pleural, cabg, hr, plan, per, comparison, 1.0 1686 589 321 319 457
off, bp, pericardia, time, neo, iv, heart, md, mm, mr,
catheter

1 12,352 for, are, family, subarachnoid, mm, comparison, pain, 1.0 749 181 235 118 215

iv, occipital, sdh, large, evaluate, plan, cont, acute,
craniotomy, per, hr, note, goa

4 3523 catheter, pleural, for, pain, jp, [pain-reliever], placed, 0.54 683 1 75 180 427
large, into, pigtail, hr, cont, french, increased, are,
pseudoaneurysm, upper, skin, iv, comparison

17 3462 for, are, mca, into, time, catheter, arteriogram, occlu-  0.77 534 39 99 127 269
sion, mm, acute, french, ica, iv, placed, territory, large,
cont, comparison, goal, family

12 216 [condition01], section, gynecology, [condition02], 0.22 31 0 1 7 23
dystrophy, cesarean, [anti-thyroid], transabdominal,
[eventO1], Imp, wk, [procedureQl], [progesterong],
prenatal, [condition03], [condition04], [antispasmodic],
enteropathy, [condition05], [condition06]

11 75 pentobarb, pentobarbital, cmv, encasement, prison, 0.11 26 0 0 1 25
[condition07], satellite, hematologic, rent, [condi-
tion08], [condition09a], [condition09b], [antibiotic],
federal, bleach, [device01], allergic, [rare-word01],
cluster, [rare-word02]

5 63 [rare words, misspelled words] 0.05 1 0 0 0 1
15 36 [rare words, misspelled words] 0.13 2 0 0 2 0
16 15 [rare words, misspelled words] 0.11 2 0 0 1 1
6 14 [rare words, misspelled words] 0.02 0 0 0 0 0
10 11 [rare words, misspelled words] 0.06 2 0 0 0 2
0 10 [rare word] 0.04 1 0 0 0 1
2 9 [rarewords, foreign language words, misspelled words]  0.12 3 0 0 1 2
14 8 [rare words, misspelled words] 0.03 1 0 0 0 1
9 7 [rare words, misspelled words] 0.07 2 0 0 0 2
13 6 [rare words, misspelled words] 0.06 3 0 0 0 3
8 0 _a 0 0 0 0 0 0

3N ot applicable.
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Common Topics for the Time-Based Case

For the most common topics, the admissions with the top three
topic match scores are summarized in Table S5 (Multimedia
Appendix 1). For the topics with words that suggested an
interpretation, the records supported the interpretations. For the
other topics, the records suggested interpretations that were
consistent with the top words. Each of the three top-scoring
admissions within a topic were quite similar to each other (an
indication that the topics were coherent and the model was
working correctly, with the exception of the third admission in
topic 3).

The three top-scoring documents for topic 18 described long
complex stays, which included large numbers of notes. The
general words in the topic (“for,” “hr,” “plan,” “cont,” “today,”
“skin,” and “are”) were nearly ubiquitous in periods 2 and 3.
The words indicating mechanical ventilation (“vent,
“intubated,” and “trach”) were present in between 51% and 58%
of the admissions per quarter in periods 2 and 3, with adight,
clinically insignificant increase for period 3. The lengths of stay
and numbers of notes also did not vary between periods 2 and
3.

We noticed that among the five recordsin Table S5 (Multimedia
Appendix 1) that mentioned cardiac catheterization, all
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mentioned explicit or implied dosing with heparin followed the
same day with hypotension that required treatment (heparin is
generaly part of cardiovascular procedures) [94].

Topics 3 and 7 both have cardiac catheterization for heart
problemsin common; for 5 out of 6 instances, the procedure or
heparin administration was followed by hypotension (4
instances) that needed to betreated or heart rhythm deterioration
(Linstance). To investigate whether these potential heparin AEs
were increasing between July 2001 and June 2008, we plotted
two measures of exposure (an invasive cardiac procedure code
and “heparin”) and a measure of AE (“hypotension™). The
proportion of admissions that had invasive cardiovascular
procedure codes (Figure 7A,B) declined overall (Figure 7A),
but had a local increase in period 3 compared to period 2. In
contrast to the procedures, the words “heparin” and
“hypotension” showed an overall rough increase over theentire
time frame. We also noticed that the proportion of admissions
with invasive cardiology codesthat had the word “ hypotension”
increased gradually over time (Figures 7A,B), followed by a
drop in the last quarter; the pattern was similar and weaker for
the proportion of admissions with “heparin” that also had
“hypotension.” There was a decrease in “hypotension” in the
last quarter, both as a proportion of all admissions, and as a
proportion of either indicator of having been exposed to heparin.
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Figure7. Heparin and hypotension for the time-based case (see Table S4 [Multimedia Appendix 1] for search criteriadetails). (A) Invasive cardiology-,
heparin-, and hypotension-related criteria as a proportion of all admissions. Invasive cardiology is presumed to involve heparin treatment. For invasive
cardiovascular procedure code, slope=—0.0053 (95% CI —0.0069 to —0.0037), P<.001; for heparin word, slope=0.0039 (95% CI 0.0025-0.0054), P<.001;
and for hypotension word, slope=0.0029 (95% CI 0.0017-0.0040), P<.001. (B) Theword “hypotension” as a proportion of presumed heparin exposure.
For the proportion of any invasive cardiovascular procedure code (presumed to involve heparin), slope=0.0055 (95% CI 0.0038-0.0072), P<.001. For
the proportion of those with “heparin,” slope=0.0013 (95% CI —0.00036 to 0.0030), P=.12.
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Other Common Topics for the Time-Based Case

Topic 19 (and 13) corresponded with trauma. Figure 8 shows
that trauma diagnosis and procedure codes increased steadily
over time through periods 1 to 3.

The brain topic (1 and 17, combined) was centered around
admissionsfor braininjury (ie, bleeding, ischemia, or trauma).
Figure 9A-C showsthat there were local increasesin codes for
bleeding and ischemiafor period 3 compared to period 2. There
were dight increases in the codes for all three types of brain
injuries overall. The text words indicating these conditions
showed similar trends.
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Topic 4 describes prolonged drainage after abdominal surgery.
The index surgeries were performed before admission for 2
instances and during hospitalization for the third. Figure 10
shows that codes for wounds were quite infrequent. However,
long patient stays with words for leaky surgical wound or
catheter were more common, rose gradually over time, and had
alocal increase in period 3, compared to period 2.

Condition01 was the subject of the three admissions with the
top match scores for topic 12. The codes and words were
generaly rare for the three periods and showed alocal increase
between periods 2 and 3.
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Figure 8. Traumacode, word, or both as a proportion of all admissions by quarter for the time-based case (see Table S4 [Multimedia Appendix 1] for
search criteria details). For the proportion of trauma code, slope=0.0022 (95% CI 0.0014-0.0030), P<.001. For the proportion of the word “trauma,”
slope=0.0057 (95% CI 0.0047-0.0067), P<.001. For the proportion with both trauma code and word, slope=0.0019 (95% CI 0.0012-0.0027), P<.001.
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Figure 9. Brain ischemia codes or text words for (A) bleeding, (B) ischemia, and (C) trauma, as a proportion of all admissions by quarter for the
time-based case (see Table S4 [Multimedia Appendix 1] for search criteria details). For brain bleed code, slope=0.00022 (95% CI —0.0006 to 0.0010),
P=.61. For brain word and brain bleed word, slope=0.00039 (95% CI 0-0.00085), P=.10. For brain ischemiacode, sope=0.00019 (95% CI 0.00051-0.0013),
P<.001. For brain word and “ occlusion*,” dope=0 (95% CI —0.00064 to 0.00080), P=.84. For brain traumacode, sope=0.0013 (95% CI 0.00073-0.0018),
P<.001. For brain word and “trauma,” slope=0.0021 (95% CI 0.0014-0.0028), P<.001.
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Figure 10. Excess draining from postsurgical wounds as a proportion of all admissions by quarter for the time-based case (see Table S4 [Multimedia
Appendix 1] for search criteria details). For leaky surgical wound code, slope=0.000027 (95% CI —0.000028 to 0.000082), P=.34. For leaky surgical
wound word and long stay, slope=0.0018 (95% CI 0.0012-0.0024), P<.001. For wound catheter word and long stay, slope=0.00038 (95% CI —0.00039
to 0.0012), P=.34. For leaky surgical wound word and wound catheter word and long stay, slope=0.0011 (95% CI 0.00071-0.0016), P<.001.

0.35 | | .
! ! Leaky surgical wound
| |
03 | code
v %
=
o
n 0.25 . ;
= I ! ----- Leaky surgical wound
E 02 t ! word and long stay
© | |
© | I
c 0.15 e | i
o . gt e —Wound catheter word
£ R F LTS PR SOOI, s~ L
S 01 . v 1 - ~ - N _ /i, -, and long stay
e 'ﬁ‘-f\‘,f-.-._’-—--' | |
« ; a
0.05 | | 5
% | . - =Leaky surgical wound
0 ; X word and wound
m, ™ m o, m ‘™ ‘o catheter word and long
g d d g g a g
= I I} < ) @D ~ stay
= o o o o o o
(=] o Qo o o Q (=]
™~ (o] ~ ~ ~ ~ ™~

Quarter and Period

Less Common Topics for the Time-Based Case

Summaries of admissions with topic matching scores for the
less common topics are shown in Table S6 (Multimedia
Appendix 1). We examined the top-scoring admissions matched
to topic 11 and al admissions matched to the others. All
admissions in this table had topic match scores for the index
topic of <0.15 (column 2). Despite each admission in Table S6
(MultimediaAppendix 1) having at least one strong topic match
score for at least one of the strong topics in Table S5
(Multimedia Appendix 1), the topics in Table S6 are distinct
from those in Table S5. Some of the topics have admissions
that have common aspects (topics 11, 10, 2, 9).

A total of 14 PAEs evident in the notes were distributed among
the less common topics: 13 related to medica therapy (6

https://med.jmirx.org/2021/3/e27017
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medications, 3 medical devices, 2 procedures, and 2
combinations) and 2 were nonmedical. Five drug and all of the
medical device PAEswere publishedin the product labelsand/or
in the medical literature. Of the PAES, 9 occurred outside the
hospital and were related to the reason for admission. The
diagnosis and procedure codes generally did not give enough
information to understand the specific cause and associated
PAE. Figure 11 shows that while the proportions over the 7
years of admissionswith allergy and anaphylaxiswords steadily
decreased, the diagnosis codes for drug AEs and for surgical or
procedure-related AEs increased slightly over time.

The other rare and infrequent terms, related diagnosis or
procedure codes, and foreign language sentences were rare
throughout all three time periods and increased during period
3.
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Figure 11. Allergy, anaphylaxis, and adverse effect (AE) as a proportion of admissions by quarter for the time-based case (see Table S4 [Multimedia

Appendix 1] for search criteria details). For alergy or anaphylaxis word,

slope=—0.0022 (95% CI —0.0027 to —0.0018), P<.001. For drug AE code,

slope=0.00031 (95% CI —0.000079 to 0.00070), P=.12. For surgery or medical AE code, slope=0.00049 (95% CI —0.00022 to 0.0012), P=.18.
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Discussion

We succeeded in our expectation of finding increasesin clinical
events and our hope of finding increases in PAES, especially
PAESs that were not attributed and thus likely not reported. We
found increases in hypotension following heparin or presumed
heparin exposure. Hypotension occurring in the cardiac
catheterization lab could be avasovagal reaction [95]. However,
vasovagal reaction generally does not respond to fluids and
drugs for raising blood pressure, and hypotension in al our
observed patients did respond to treatment. Hypotension can
occur as anaphylaxis begins and, alone, may reflect mild
anaphylaxis. We note that the nurses and physicians that
described the sequence of events did not link sudden
hypotension to heparin and the diagnosis codes did not reflect
any awareness of a link. The warnings from the FDA and the
Centers for Disease Control and Prevention about heparin in
the winter of 2007-2008 were for anaphylaxis due to
contaminated heparin [96,97]. Knowledge of the extent of the
distribution of contaminated heparin products was not specific,
S0 it may have been in the hospital’s stock at the time. We had
expected to seeincreases starting in 2006 because afew articles
indicate heparin may have been adulterated before 2007
[98-100], but were surprised that theincreases had started before
2006. The reduction in the last quarter coincided with recalls
of contaminated heparin products and lend credibility to the
idea that contaminated heparin wasin slowly increasing use at
this hospital for many years. It is surprising that such a high
proportion of the invasive cardiac catheter patients in the last
2 years experienced hypotension following heparin exposure
(either as explicitly documented administration or implicitly in
the catheter coating).

Other types of clinical event changes we detected from periods
2to 3wereincreasesin patientswith common conditions (heart
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disease, brain injuries, trauma, and complex conditions
associated with long hospital stays), increasesin rare conditions,
change in administration (foreign language portion), and PAEs
of concern. The increases in common conditions may have
reflected hospital marketing [101]. The increases in rare
conditions could have reflected chance, or marketing as a
referral center.

Nine of the PAEs happened outside the hospital and illustrate
the utility of hospital records for monitoring severe reactions
that occur in other health facilities or outside the health care
system. Our method was useful for detecting wordsthat arerare
in hospital records, partly reflecting events that normally occur
outside the hospital.

The topic with the highest document score exhibited behavior
typical of atopic containing words that are common to most
documents. The filter that was removing words comprised of
only digits also removed digits from some words. Thisresulted
in some high-frequency words entering the vocabulary. When
topic modeling, this resulted in high scores for these common
words in the topics where they were correlated (as expected,
this happened in several topics) and created a common word
topic (topic 18). Thistopicisanoisetopic; the LDA model will
put words that are low scoring and not correlated with other
topicsinto their own noisetopic in order to deal with noise and
frequent words. Because this topic included words that were
frequent in almost all documents, the document topic scoresfor
this topic were high as expected [102]. This was dealt with by
looking at the other more coherent topics that were assigned to
each document (essentially ignoring this common-noise topic),
capturing what most documents had in common. Thetop-scoring
words in this topic that were general survived the ensemble
filtering method as an artifact of the digit-removal step. For
futurework, we recommend removing this step from thefiltering
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process and relying on the classification terms to filter out
irrelevant variations of terms.

Our method worked despite:

- Theknown challenges posed by clinical text notes;

« Restriction to one major hospital;

« Lackof all surgical and non—critical care unit nursing notes,
and variable lack of physician, nursing, or discharge
summary notes, probably reflecting the hospital policy of
gradually converting types of notes to EHRs [103];

« Errorsup to severa weeksin dates.

Different, and hopefully improved, results may be derived from
EHR databases that are more complete and have actual dates.

Discussion of the Shakespeare Method

Comparison of the Shakespeare Method to Other
Applications of LDA Topic Modeling

L DA topic modeling has been used for a variety of NLP tasks
[63,64] (although it can also be used on other high-dimension
data) such as text classification and filtering [65]. LDA topic
modeling has been applied to the unstructured notes of EHRs
to describe clinical groups[104-108] and predicting outcomes
[109-116]. We were unableto find published instances of LDA
topic-modeling applicationsfor AE detection. Furthermore, we
found nonethat apply L DA topic modeling to words or phrases
in documents in the group of interest that are filtered to terms
that most significantly distinguished a patient group of interest
from a comparison group. This filtering process was essential
for identifying topics describing the unique qualities of target
versus comparison groups. Additionally, to our knowledge, we
were the first to check the interpretation of documents with
large numbers of topics with nontrivial scores.

The chosen number of topics was effective for identifying a
range of PAEs. Evaluation of the overlap of topicsand contents
of documents identified for the varying numbers of topics has
not been reported in the literature. Our iterative approach to
evaluating different hyperparameters demonstrated, to our
satisfaction, the relative stability of PAEs indicated by topics.

We determined the number of topics based on our experience
of tuning the hyperparameters, the number of AEs reported in
theliterature, and the complexities of critical care patients. We
were satisfied with the number because there was both overlap
of topics that simultaneously had high word and document
scores and some incoherent topics with low scores. As the
number of topics becomes too large, additional topics are
uninterpretable, and that as data set size increases, more robust
topics are generated [117]. A systematic evaluation of the
number of topicsand other hyperparametersis always necessary
for LDA topic modeling in anew setting.

L DA topic modeling has enabled identifying recordsfor specific
patients [118] who are or were clinically similar to an index
patient. Identification of specific admissions is crucia to
investigate PAEs. Asreported in other studies [104], the topics
with high scores tended to have good overlap of documents
with similar clinical course and PAES. Minor adjustments to
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the number of topics would still result in identifying the same
PAE, even if different documents receive the top scores.

In the setting of using EHR notes with topic modeling to predict
an outcome, studies noted that bigrams, trigrams, and unusual
words added predictive ability [104,109]. Only unigrams
survived our filtering process; however, different use cases or
hyperparameter settings could yield useful multiword n-grams.

Use of Classification to Filter Document Vectors

As noted before in the transfusion case, we were initialy
surprised that primarily unigrams (and not the longer sequences)
appeared to play asignificant role in distinguishing transfusion
from comparison texts. We believe it is possible that enough
unigrams that were part of meaningful phrases were aso in
other phrases or were significant on their own to result in
relatively higher scores. For example, athough “mechanical
ventilation” conveys more meaning than just “mechanical” or
“ventilation,” each word occurs singly or in phrases other than
“mechanical ventilation.” We observed in the time-based case
that similarly only unigrams survived classification.

Because bigrams and phrases were important in other LDA
studies[104,109], we do not conclude that our unigram finding
is necessarily applicable to other study settings. In this data set
and blood transfusion and time-based cases, including only
unigrams would not be expected to have changed the particular
unigrams selected during the ensemble classification step. In
other studies, it might be important to include n-grams where
n>1.

Filtering the vectors to only terms that were important for
focusing the topics on clinical conditions specific to the index
condition, including reasons for and consequences of the
condition, was important for identifying PAES.

Unsupervised Methods for the Surveillance of AEsin
EHRs

We observed that the notes contained much more AE data than
explicit discussion. We aso found more AE data in the notes
than in the diagnosis and procedure codes. Our prior analysis
of diagnosis codes [57] demonstrated that in transfused versus
nontransfused patients, there were some explicit TAES, aswell
as more frequent diagnoses that were similar to TAES (TRALI
vs breathing difficulty, TACO vs acute kidney failure, etc).
None of the documents we manually reviewed for this
transfusion study bore any explicit TAE diagnosis code. Our
prior and current analyses demonstrate that effective surveillance
could benefit from using unstructured text as well as codes.

Our method was successful despite the limitations of this data
set. The extent of records for each admission grew during the
timethat the datawere collected because of the hospital’s policy
of gradually adding moretypes of recordsto EHRs[103]. There
was variation in the presence of nursing and physician progress
notes in the examined records, which would not be present in
the EHRs in systems that have long since become compl etely
electronic. The presence of different types of records would
logically haveinfluenced the generated topics; for example, the
topic on x-ray confirmation of device placement depends on
the presence of radiology reports.
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Much of our manual work to evaluate topics could be reduced
with a combination of NLP and dictionaries of clinica terms.
Dictionaries should include standard acronyms and common
abbreviations, and should try to account for context when the
meaning of aterm could be ambiguous. The ability to decipher
ongoing care noteswill beimportant for noticing unrecognized
signals of AEs.

Conclusions

Topic analysis of dtatistically significant words in target
documents found records indicative of PAEs, even if the
clinician did not explicitly state an outcome was a suspected
AE.

Among the PTAEs were unattributed evidence of TACO and
TRALI. Some of the mid-2007 to mid-2008 PAEs were

Bright et a

contamination may have started before it was officialy
recognized in the winter of 2007-2008.

This method succeeded despite a wide variety of vocabulary
(discipline-specific, context dependence, misspellings,
multiple-word expressions, acronyms, personal abbreviations,
etc) and formats (sentences, phrases, free lists, formatted lists,
etc) used in the text. The Shakespeare method would likely
generalize to other EHR notes and other types of medical texts.
The computing tools are accessible and openly available. Their
application to EHRs broadens the number of types of entities
that could independently conduct surveillance of AEs.

It will be useful to adapt NLP methods to automate the
abstraction of the notes; the tools will need to be tailored to the
various formats used in the notes by different disciplines and
individual clinicians. The expansion of vocabulary and acronym

listswill aso be useful. Automation toolswill help to understand

increased unattributed events consistent with heparin N e -
how PAEs are distributed within and among topics.

contamination—elated AEs. Our results suggest that heparin
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LR: logistic regression

MIMIC-I11: Medical Information Mart for Intensive Care Il
NB: naive Bayes

NL P: natural language processing

PAE: potential adverse event

PTAE: potentia transfusion adverse event

T: transfusion group

TACO: transfusion-associated circulatory overload
TAE: transfusion adverse event

tPA: tissue plasminogen activator

TRALI: transfusion-related acute lung injury
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Abstract

Background: Neutralizing monoclonal antibody (MAB) therapies may benefit patients with mild to moderate COVID-19 at
high risk for progressing to severe COVID-19 or hospitalization. Studies documenting approaches to deliver MAB infusions and
demonstrating their efficacy are lacking.

Objective: We describe our experience and the outcomes of almost 3000 patients who received MAB infusion therapy at
Northwell Health, alarge integrated health care system in New York.

Methods: Thisisadescriptive study of adult patients who received MAB therapy between November 20, 2020, to January 31,
2021, and aretrospective cohort survival analysis comparing patients who received MAB therapy prior to admission versusthose
who did not. A multivariable Cox model with inverse probability weighting according to the propensity scoreincluding covariates
(sociodemographic, comorbidities, and presenting vital signs) was used. The primary outcome wasin-hospital mortality; additional
evaluationsincluded emergency department use and hospitalization within 28 days of a positive COVID-19 test for patients who
received MAB therapy.

Results. During the study period, 2818 adult patients received MAB infusion. Following therapy and within 28 days of a
COVID-19 test, 123 (4.4%) patients presented to the emergency department and were released, and 145 (5.1%) patients were
hospitalized. These 145 patients were compared with 200 controls who were eligible for but did not receive MAB therapy and
were hospitalized. In the MAB group, 16 (11%) patients met the primary outcome of in-hospital mortality, versus 21 (10.5%) in
the control group. In an unadjusted Cox model, the hazard ratio (HR) for time to in-hospital mortality for the MAB group was
1.38 (95% CI 0.696-2.719). Models adjusting for demographics (HR 1.1, 95% CI 0.53-2.23), demographics and Charlson
Comorbidity Index (HR 1.22, 95% CI 0.573-2.59), and with inverse probability weighting according to propensity scores (HR
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1.19, 95% CI 0.619-2.29) did not demonstrate significance. The hospitalization rate was 4.4% for patients who received MAB
therapy within O to 4 days, 5% within 5 to 7 days, and 6.1% in =8 days of symptom onset (P=.15).

Conclusions:  Establishing the capability to provide neutralizing MAB infusion therapy requires substantial planning and
coordination. Although this therapy may be an important treatment option for early mild to moderate COVID-19 in patients who
are at high risk, further investigations are needed to define the optimal timing of MAB treatment to reduce hospitalization and

mortality.

(IMIRx Med 2021;2(3):629638) doi:10.2196/29638

KEYWORDS

infectious disease; monoclonal antibody therapy; COV1D-19; experience; therapy; drug; patient outcome; risk; efficacy; approach;
treatment; pandemic; antibody; immunotherapy; immune therapy

Introduction

In November 2020, the Federal Drug Administration (FDA)
issued an Emergency Use Authorization (EUA) for the
neutralizing monoclonal  antibody (MAB) infusions
bamlanivimab and casirivimab/imdevimab for treatment of early
mild to moderate SARS-CoV-2 infectionin patientsat high risk
for progressing to severe COVID-19 or hospitaization [1].
Bamlanivimab has been found to decrease viral load at 11 days,
and exploratory analysis of COVID-19-related hospitalization
suggested a decrease in hospitalization rate from 6.3% to 1.6%
[2]. Additional studies of bamlanivimab in combination with
etesevimab also found reductions in viral load and similarly
found areduction in hospitalization, although the | atter was not
the primary outcome [3]. Most recently, bamlanivimab
coadministered with remdesivir did not demonstrate efficacy
among patients who were hospitalized with COV1D-19 without
end organ failure [4]. To date, published data on the
effectiveness of these therapies is mixed, and the National
Ingtitutes of Heath correspondingly notes that data are
insufficient to recommend for or against the use of MAB therapy
for ambulatory patients[5].

Given the operational complexity and uncertain clinical
effectiveness of setting up aMAB infusion program, widespread
use has been slow acrossthe United States[6]. Potential barriers
to implementation include staffing challenges during disease
resurgence, the necessity to provide infusionsin a COVID-19
contained environment, transportation of underserved and older
patients to infusion centers, and the need to obtain timely
referrals from providers [7]. Mobile units have shown to be
successful inasmall study [8], although the ability to scalethis
solution appears limited. The Mayo Clinic recently reported
their implementation of a program across multiple facilitiesin
different states, culminating in over 4000 doses delivered [9].

Northwell Health, a 23-hospital integrated health care system
in metropolitan New York, established outpatient infusion
centers based on their experience with the spring 2020 surge
[10], which stretched inpatient capacity. At the peak of the early
surge, Northwell had more than 3400 COVID-19 inpatients,
with over 800 receiving invasive mechanical ventilation. With
the goal of reducing hospitaizations, intensive care unit
admissions, and deaths during the fall and winter 2020 risein
cases, Northwell rapidly scaled a MAB infusion program. We
reviewed our initial experience in using MAB therapy and
describe the outcomes of almost 3000 patients who received

https://med.jmirx.org/2021/3/e29638

this outpatient infusion therapy, the largest cohort with outcomes
published to date.

Methods

This was a retrospective study of alarge integrated health care
system, with 23 hospitals and over 800 ambulatory locations.
Datafor this study were obtained from the enterprise inpatient
and outpatient electronic health record (Sunrise Clinica
Manager and Touchworks, respectively; Allscripts), our health
information exchange (Healthshare; Intersystems), and our
locally devel oped population health management tool (CareTool
Listapp; Northwell Health).

Monoclonal Antibody Infusion Eligibility Criteria

Eligibility to receive MAB therapy asdirected by the FDA EUA
is limited to patients with a positive direct viral test for
SARS-CoV-2 within 10 days of symptom onset. Patients must
be =12 years of age, weigh at least 40 kg, and be at high risk
for progressing to severe COVID-19 or hospitalization. High
risk is defined as having one of the following conditions. age
>65 years, obesity (BM1235 kg/m?), diabetes mellitus (DM),
chronic kidney disease (CKD), immunosuppressive disease, or
currently receiving immunosuppressive treatment. Patients
55-64 years of age who have cardiovascular disease,
hypertension, chronic obstructive pulmonary disease (COPD),
or chronic respiratory disease also are dligible. Pediatric patients
aged 12-17 years with one of the following conditions were
also eligible: BM1=85th percentile for age and gender, sickle
cell disease, congenital or acquired heart disease,
neurodevel opmental disorders, amedical-related technological
dependence, asthma, reactive airway, or other chronic
respiratory disease that requires daily medication for control.

Two MAB therapies were offered at Northwell, based upon
availability: bamlanivimab (Eli Lilly and Company) and
casirivimab/imdevimab (Regeneron Pharmaceutical s, Inc).

Monoclonal Antibody Infusion Operations

Northwell established a taskforce of clinicians paired with an
operational team to develop a four-phase strategy and
operational planfor MAB infusion. Theinitial phase established
five outpatient infusion sites, all located on hospital campuses
in freestanding buildings or in mobile hospital tents previously
erected to accommodate the spring 2020 COVID-19 surge.
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In recognition that the emergency department (ED) is often the
health care access point in underserved areas, phase 2
established MAB infusions directly for treat-and-release ED
patients meeting EUA criteria, who otherwise lacked resources
to travel to an infusion center. Phase 3 included administration
of MAB therapy to eligibleinpatientswho devel oped COVID-19
while hospitalized for another cause and were COVID-19
negative on admission (all patients were tested upon hospital
admission). The fina phase included MAB therapy
administration to patientsin skilled nursing facilities, although
with the rapid vaccine deployment supporting these facilities,
this phase contributed only a small group of patients.

Information technology systems were configured to support
patient referral, registration, and throughput in the infusion
centers. Information about MAB therapy, the EUA, and referral
instructions were disseminated widely to all Northwell’s New
York metropolitan area—affiliated providers. A dedicated call
center and secure internal webpage were deployed to facilitate
easy referral. The information collected included patient
demographics and location, referring provider information,
presence and details of COVID-19 symptoms and onset date,
and screening of digible comorbidities. The dedicated call center
handled referrals, questions from providers and patients, and
scheduling.

All patients were screened based on the EUA criteriaat thetime
of referral. Infusion center staff training was created and
deployed, including nursing competenciesin biologic infusions
and preparation with appropriate advanced cardiovascular life
support protocols and equipment in the event of an infusion
reaction. Specific patient protocols were developed to treat
patient reactions to the infusion, including rapid response team
evaluation and transfer to the local ED most proximate to the
infusion center if necessary. To accommodate the EUA mandate
for infusion within 10 days of COVID-19 symptom onset, the
infusion centers were staffed 7 days a week.

Study Population

All adult patients (age =18 years) who received MAB therapy
in an ambulatory or ED location between November 20, 2020,
and January 31, 2021, were included. Pediatric patients,
inpatients, and skilled nursing facility patients that received
MAB therapy inthisdate range were excluded from the analysis.
Datacollected include demographics, comorbidities, symptoms
and their date of onset, date of COVID-19 test, and outcomes
(including ED presentation, hospital admission, and mortality).

We further identified all patients aged =18 yearswith a positive
COVID-19 test between November 20, 2020, and January 31,
2021, who did not receive MAB therapy but were eligible based
upon EUA criteria. We excluded patients with a COVID-19
positive test or hospitalization prior to the study period. The
outpatient outcomes of these patients are described but not
directly compared to the treatment group, as we did not have
symptoms (presence, timing, type, or severity) for the
nontreatment group.

Outcomes

We examined ED use and hospitalization within 28 days of a
positive COVID-19test for patientswho received MAB therapy.

https://med.jmirx.org/2021/3/e29638
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A total of 9 patients were missing a COVID-19 test date; for
these patients, we used the date of MAB therapy subtracted by
the cohort median number of days from test to MAB therapy
(4 days). The hospitalization rate by timing of MAB therapy
relative to symptoms was al so assessed.

For patients who were hospitalized, we performed a
retrospective cohort study with atime-to-event survival analysis
and a primary outcome of in-hospital mortality. The control
group was selected from the population of patients who met
eligibility for MAB therapy but did not receive it during the
evaluation period.

Covariates

Weincluded sociodemographic and clinical features, including
patient age, sex, race or ethnicity, number of hospital visitsin
the prior year, comorbidities, and presenting vital signs. Race
or ethnicity was categorized as non-Hispanic White,
non-Hispanic Black, Hispanic, Asian, other or multiracial, and
unknown or declined. The comorbiditiesincluded DM, obesity,
chronic respiratory conditions, COPD, CKD, hypertension, and
immuno-compromising conditions (including the use of
immunosuppressive medications). Presenting vital signs for
patients hospitalized include heart rate, oxyhemoglobin
saturation, temperature, and systolic and diastolic blood
pressure.

Statistical Analysis

We reported descriptive statistics including median and 1QR
for skewed continuous measures and proportionsfor categorical
measures. We compared basgline clinical characteristics between
patients who were and were not hospitalized using Fisher exact
testsfor categorical variables and nonparametric Kruskal-Wallis
tests for continuous variables. Patients were categorized into 3
groups based on timing of MAB therapy relative to symptom
onset date (0-4 days, 5-7 days, and =8 days) to assess the
difference in hospitalization rate.

For a univariable time-to-event analysis comparing mortality
risk, we used the Kaplan-Meier survival curve to estimate
in-hospital mortality to 28 days. Cox proportional hazards
regression modelswere used to estimate the associ ation between
MAB therapy and in-hospital mortality. We initially evaluated
an unadjusted model; a model adjusted for age, sex, and race
or ethnicity; and amodel that added the Charlson Comorbidity
Index (CCI) to the prior model. The primary analysis used
inverse probability weighting (IPW), whereby the predicted
probabilities from a propensity score model were used to
calculate the stabilized |PW weight. The covariatesincluded in
the propensity model were age, sex, race or ethnicity, number
of hospitalizations in prior year, and comorbidities and
presenting vital signs (listed in the Covariates section).

All analyseswere performed using the R programming language,
version 4.0.3 (R Foundation for Statistical Computing). A P
value <.05 was considered significant. The Ingtitutional Review
Board of Northwell Health approved the study protocol before
the commencement of the study. Individual-level informed
consent was not obtained given the retrospective nature of the
analysis of alarge electronic medical record.
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Results

Overview

From November 20, 2020, to January 31, 2021, 2818 adult
patients with symptomatic COVID-19 received MAB infusion
at Northwell Health: 2745 (97%) ambulatory and 73 (3%) ED
(Table1). Anadditiona 21 pediatric patients and 59 hospitalized
patients received MAB therapy and were not included in the
analysis. The median patient age was 67 (IQR 58-74) years,
and 59% (1648/2818) were 65 years or older. The gender
distribution was split evenly between males (n=1412, 50.1%)
and females (n=1406, 49.9%). Most patients were non-Hispanic
White (n=2061, 73%), 104 (3.7%) were non-Hispanic Black,
and 168 (6%) were Hispanic. Hypertension was the most
common comorbidity (n=1011, 36%), followed by obesity
(n=401, 23%). The most common symptom was cough (n=1954,
70% of patients), followed by malaise (n=1471, 53%), fever
(n=1422, 51%), and headache (n=820, 30%). Although cough
as the sole documented symptom was most common, many
patients had multiple presenting symptoms (Figure Sl in
Multimedia Appendix 1).

Most patients developed symptoms prior to a COVID-19 test
(median 2, IQR 1-3 days; Figure S2 in Multimedia Appendix
1). Among the patients with known symptom onset date, the
median time from symptom onset to MAB therapy was 6 days
(IQR 4-8; Figure S3in Multimedia Appendix 1). MAB referral
to infusion scheduling occurred in under half a day (median
0.05, IQR 0.01-0.54 days), and the MAB infusion occurred a
median 1.75 (IQR 0.85-1.88) days after referral. Most patients
received bamlanivimab (n=2501, 89%), with the remainder
receiving casirivimab/imdevimab (n=317, 11%).
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Following MAB therapy and within 28 days of a COVID-19
test, 123 (4.4%) patients presented to the ED and werereleased
a median of 7 (IQR 5-11) days from a COVID-19 test. In a
similar time frame, 145 (5.1%) patients who received MAB
therapy were hospitalized a median of 7 (IQR 5-11) days after
a COVID-19 test. The median time from MAB therapy to ED
presentation therapy was 3 (IQR 0-6) days, and the median time
from MAB therapy to hospitalization was 3 (IQR 1-8) days. A
greater proportion of patients who were hospitalized following
MAB therapy had comorbidities, including diabetes,
hypertension, chronic kidney disease, respiratory disease, and
immunosuppressive disease (see Table 1).

In the subgroup of patients where symptom onset date was
known (n=2721, 96.6%), the hospitalization rate within 28 days
of COVID-19 test was 4.4% (95% Cl 2.9%-5.9%) for patients
who received MAB therapy early (within 0-4 days of symptom
onset), 5% (95% Cl 3.6%-6.2%) for those within 5 to 7 days,
and 6.1% (95% CI 4.6%-7.4%) for those who received it >8
days, although this was not statistically significant (P value for
trend .15; Figure 1).

Among 2713 COVID-19—positive patients meeting eligibility
criteria based on age or comorbidities but not receiving MAB
therapy, the median age was 66 (IQR 55-73) years and 55%
(n=1497) were female. Non-Hispanic White patients were most
common (n=1596, 59%), and there were 183 (6.7%)
non-Hispanic Black and 334 (12.3%) Hispanic patients.
Symptoms were not ascertained for this group, but similar to
the MAB therapy group, hypertension was the most common
comorbidity (n=1119, 41%). A total of 142 (5.2%) patientsand
200 (7.4%) patientsin this group had an ED visit and inpatient
hospitalization, respectively, within 28 days of a COVID-19
test. Patients hospitalized had a higher burden of comorbid
conditions (Table S1 in Multimedia Appendix 1).
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Table 1. Characteristics of 2818 patients with COVID-19 who received monoclonal antibody therapy in ambulatory or emergency department setting.

Variables Overall (N=2818) No inpatient visit (n=2673) Inpatient visit (n=145) P value
Age (years), median (IQR) 67.00 (58.00-74.00)  66.00 (58.00-74.00) 75.00 (64.00-82.00)  <.001
Age categories (years), n (%) <.001
<55 460 (16.3) 450 (16.8) 10 (6.9)
55-64 710(25.2) 683 (25.6) 27 (18.6)
65-74 964 (34.2) 930 (34.8) 34(23.4)
>75 684 (24.3) 610 (22.8) 74 (51.0)
Female sex, n (%) 1406 (49.9) 1343 (50.2) 63 (43.4) 13
Race/ethnicity, n (%) .39
Hispanic 168 (6.0) 160 (6.0) 8(5.5)
Non-Hispanic Black 104 (3.7) 99 (3.7) 5(3.4)
Asian 110 (3.9) 103 (3.9) 7(4.8)
Non-Hispanic White 2061 (73.1) 1948 (72.9) 113 (77.9)
Other/multiracial 332(11.8) 323(12.1) 9(6.2)
Unknown/declined 43 (1.5) 40 (1.5) 3(2.1)
Comorbidities, n (%)
Obesity 401 (23.3) 377 (23.4) 24 (21.4) 7
Diabetes mellitus 484 (17.2) 421 (15.8) 63 (43.4) <.001
Hypertension 1011 (35.9) 901 (33.7) 110 (75.9) <.001
Chronic kidney disease 113 (4.0) 85(3.2) 28 (19.3) <.001
Chronic obstructive pulmonary disease 434 (15.4) 394 (14.7) 40 (27.6) <.001
Chronic respiratory disease 463 (16.4) 418 (15.6) 45 (31.0) <.001
Immunosuppressed 179 (6.4) 161 (6.0) 18 (12.4) .004
COVID-19 symptoms, n (%)
Cough 1954 (70.4) 1847 (70.2) 107 (74.3) 34
Malaise 1471 (53.0) 1398 (53.1) 73(50.7) 63
Fever 1422 (51.2) 1350 (51.3) 72 (50.0) .83
Headache 820 (29.5) 788 (30.0) 32(22.2) .06
Sore throat 555 (20.0) 532(20.2) 23(16.0) .26
Gastrointestinal 371(13.49) 351 (13.3) 20 (13.9) 95
Loss taste/smell 309 (11.1) 296 (11.3) 13(9.0) 49
Muscle pain 256 (9.2) 240 (9.1) 16 (11.1) 51
Shortness of breath 143 (5.2) 131 (5.0) 12 (8.3) A1
Monoclonal antibody type, n (%) .30
Casirivimab/imdevimab 317 (11.2) 305 (11.4) 12 (8.3)
Bamlanivimab 2501 (88.8) 2368 (88.6) 133 (91.7)
Monoclonal antibody timing, median (IQR)
Days from symptom onset to therapy 6.00 (4.00-8.00) 6.00 (4.00-8.00) 6.00 (5.00-8.00) .39
Days from symptom onset to COVID-19 test 2.00 (1.00-3.00) 2.00 (1.00-3.00) 2.00 (1.00-3.25) .03

ED?and hospital use

ED visit within 28 days, n (%) 123 (4.4) 112 (4.2) 11(7.6) .08

Daysfrom COVID-19test to ED visit, median (IQR)  7.00 (5.00-11.00) 7.00 (5.00-11.00) 6.00 (3.00-10.50) 49

Days from therapy to ED visit, median (IQR) 3.00 (0.00-6.00) 3.00 (0.00-6.00) 2.00 (0.50-4.50) .56
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Variables

Overall (N=2818)

No inpatient visit (n=2673) Inpatient visit (n=145) P value

Daysfrom COVID-19 test to hospitalization, median  pjab
(IQR)

Days from therapy to hospitalization, median (IQR) N/A

N/A 7.00 (5.00-11.00) N/A

N/A 3.00 (1.00-8.00) N/A

3ED: emergency department.
BN/A: not applicable.

Figure 1. Timing of MAB therapy and hospitalization rate. MAB: monoclonal antibody.
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Hospital Outcomes

A total of 145 MAB patients were hospitalized and were
compared with 200 controls who otherwise met MAB therapy
eligibility criteria and were hospitalized (Table 2). The MAB
group was slightly older (median age 75, IQR 64-82 years vs
median age 69, IQR 57-78 years), with a lower proportion of
women (63/145, 43% vs 106/200, 53%) and a higher proportion
of non-Hispanic White race (113/145, 78% vs 118/200, 59%).
There was no significant difference in the presence of
comorbidities between the groups.

https://med.jmirx.org/2021/3/e29638
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Inthe MAB group, 16 (11%) patients met the primary outcome
of in-hospital mortality, versus 21 (10.5%) in the control group.
Kaplan-Meier survival curve showed no difference between the
two groups for event-free probability (log-rank P=.41; Figure
2). In an unadjusted Cox proportiona hazards model, the hazard
ratio (HR) for time to inpatient mortality for the MAB group
was 1.38 (95% CI 0.696-2.719). There was no significant
associ ation between prehospitaization MAB use and the primary
end point in both amodel adjusted for demographics (HR 1.1,
95% CI 0.53-2.23), amodel adjusted for demographicsand CCl
(HR 1.22, 95% CI 0.573-2.59), and amodel with IPW according
to the propensity score (HR 1.19, 95% CI 0.619-2.29).
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Table 2. Characteristics of patients who received and did not receive prehospital monoclonal antibody therapy and were hospitalized within 28 days

of aCOVID-19 test.

Variables All hospitalized Control group Monoclonal antibody treatment P value
patients (n=345)  (n=200) group (n=145)
Age (years), median (IQR) 72.00 (61.00- 69.00 (57.00- 75.00 (64.00-82.00) .001
80.00) 78.00)
Age categories (years), n (%) .001
<55 52 (15.1) 42 (21.0) 10 (6.9)
55-64 62 (18.0) 35 (17.5) 27 (18.6)
65-74 89 (25.8) 55 (27.5) 34 (23.4)
=75 142 (41.2) 68 (34.0) 74 (51.0)
Female sex, n (%) 169 (49.0) 106 (53.0) 63 (43.4) .10
Race/ethnicity, n (%) .02
Hispanic 32(9.3) 24(12.0) 8(5.5)
Non-Hispanic Black 25(7.2) 20 (10.0) 534
Asian 19 (5.5) 12 (6.0) 7(4.8)
Non-Hispanic White 231 (67.0) 118 (59.0) 113(77.9)
Other/multiracial 29 (8.4) 20(10.0 9(6.2)
Unknown/declined 9(2.6) 6(3.0) 3(21)
Comorbidities, n (%)
Obesity 73(23.4) 49 (24.5) 24 (21.4) 64
Diabetes mellitus 149 (43.2) 86 (43.0) 63 (43.4) >.99
Hypertension 259 (75.1) 149 (74.5) 110 (75.9) 87
Chronic kidney disease 50 (14.5) 25(12.5) 25(17.2) .28
Chronic obstructive pulmonary disease 95 (27.5) 55 (27.5) 40 (27.6) >.99
Chronic respiratory disease 113(32.8) 68 (34.0) 45 (31.0) .64
Immunosuppressed 38(11.0) 20 (10.0) 18 (12.4) .59
Charlson Comorbidity Index, median (IQR) 6.00 (4.00-8.00) 5.00 (3.00-8.00)  6.00 (4.00-8.00) 22
Presentation vital signs, median (IQR)
Heart rate (beats per minute) 89.00 (78.00- 89.50 (77.00- 89.00 (79.00-100.00) .58
102.00) 103.00)
Systolic blood pressure (mmHg) 131.00 (119.00- 131.50(118.75-  130.00 (121.00-147.00) .98
147.00) 146.25)
Diastolic blood pressure (mmHg) 74.00 (67.00- 74.00 (67.00- 75.00 (66.00-82.00) 44
83.00) 83.00)
Temperature (°C) 37.00 (36.70- 36.90 (36.70- 37.10 (36.70-37.70) .04
37.60) 37.42)
Oxygen saturation (%) 96.00 (92.00- 96.00 (92.00- 96.00 (93.00-97.00) 48
98.00) 98.00)
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Figure 2. Freedom from the end point of in-hospital mortality.
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Principal Findings

Degpite the issuance of an FDA EUA for two MAB therapies
in late 2020 to treat mild to moderate COVID-19 in high-risk
outpatients, adoption and use nationally has been slow [5].
Hesitancy may berelated to questions of treatment effectiveness,
logistical challenges, and staffing requirements during the
pandemic [9]. In the 2.5-month period following the EUA,
Northwell scaled up an ambulatory MAB infusion operation
and successfully administered therapy to over 2800 eligible
patients, with most patients receiving therapy within 1.8 days
of referral. The operational successrequired close collaboration
and coordination of clinical, operation, informatics, information
technology, ambulatory, and population health leadership to
ensure the appropriate requirements were in place.

Among the patients who received MAB therapy, a majority
received bamlanivimab dueto availability. A total of 145 (5.1%)
patients were hospitalized within 28 days of a COVID-19 test,
and 16 died (0.6% of total population and 11% of patients who
were hospitalized). We did find a trend toward a lower rate of
hospitalization for patients receiving therapy more proximate
to symptom onset date, although thisfinding was not statistically
significant. Inasmuch asthe effect of MAB therapy isto reduce
SARS-CoV-2 viral load [11], receiving these therapies earlier
in the disease course should be beneficial; the low numbers of
hospitalized patients in our treatment group may contribute to
the lack of statistical significance. Among the 2713 patients
who tested positive for COVID-19 during the same time period
inour health system, and who met age or comorbidity eligibility
criteria for MAB yet did not receive it, 200 (7.4%) were
hospitalized within 28 days. A direct comparison to our MAB

https://med.jmirx.org/2021/3/e29638

for these non-MAB patients.

Compared to amatched control group, there was no significant
difference in the hospital outcome of in-hospital mortality.
Although our sample size of patients who were hospitalized
was small, this finding may be more related to COVID-19
disease burden; once a patient meets clinical requirements for
hospitalization, prior MAB therapy likely does not ater the
clinical trgjectory. Indeed, randomized trialsof MAB in patients
who were hospitalized did not demonstrate efficacy [4].

Although the published randomized control trials to date
presented promising efficacy data, the primary endpoint was
focused on viral |oad rather than clinically meaningful outcomes
such as hospitalization or death [2,3]. A case series suggesting
benefit has been described but had a small sample size and lack
of control [12]. We were able to describe the outcomesin 2818
patients receiving MAB therapy and further compared
in-hospital mortality with an appropriately matched control
group. Our study did not demonstrate effectiveness of MAB
therapy on preventing in-hospital mortality, and we did not have
a control group to examine the effectiveness of MAB therapy
on preventing hospitalization. Nonetheless, the trend toward
reduced hospitalization seen in the early treatment cohort is
intriguing; timely referra and operational efficiency to
administer MAB therapy early in the course of disease would
benefit hospital operations by reducing the burden on capacity
issues. Although we invested resources to specifically staff the
MAB infusion facilities, such a derived benefit may outweigh
the MAB resource use. Certainly, preventing mortality is the
most critical outcome, however, a reduced burden of patients
who are critically ill would alow the hospital staff to focus on
non—-COVID-19 patientsaswell. In addition, the administration
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of MAB therapy inthe ED helped facilitate health equity, since
many underserved communities, challenged by the lack of
primary care and a high prevalence of comorbid conditions,
were disproportionately affected by severe COVID-19.
Interestingly, this phase of our MAB program did not result in
ED overcrowding.

Future efforts for MAB therapy may include home infusion or
mobile treatment options. Although these were considered in
our original MAB strategy, staffing burden for the number of
patients that could be treated was high and operational
considerations such as preparation and transportation of the
mixed MAB infusion were considerable. It is hoped that
aternate routes (eg, intramuscular or subcutaneous) of
administering MAB therapies can be devel oped to offset these
operational and staffing challenges.

As many health systems continue to deal with COVID-19
surges, we recommend establishing a national database to
analyze MAB treatment in larger cohorts. Although randomized
placebo-controlled trials may not belogistically feasible, further
meta-analyses of centers leveraging these therapies may bein

Jarrett et &

Limitations

Limitations of our study include the observational and
retrospective study design. In addition, our health system is
based in New York and may not be generalizable to other
regions. Due to the lack of symptom documentation for our
control group of patients, we were unable to assess the impact
of MAB therapy on hospitalization rate. Given the small number
of patientsand low event rate, our analysis of inpatient mortality
may be underpowered to detect a difference.

Conclusions

The EUA for the MAB infusions provides a foundation for
treatment of early mild to moderate COVID-19 in patients who
are at high risk. This study describes the rapid development of
a MAB infusion program to provide such treatment for over
2800 patients. Establishing the capability to perform MAB
infusion therapy requires close collaboration and coordination
of numerous stakeholders and can support hospital operations
in the setting of a pandemic surge. Further investigation is
required to define the optimal timing of MAB therapy and the
potential attendant reduction in hospitalization and mortality.
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Abstract

Background: The largest outbreaks of COVID-19 in the United States have occurred in correctional facilities, and little is
known about the feasibility and acceptability of SARS-CoV-2 vaccine campaigns among incarcerated people.

Objective: Theaim of this study was to describe a statewide vaccination program among incarcerated people and staff working
in a prison setting.

Methods: Between December 2020 and February 2021, the Rhode Island Department of Corrections (RIDOC) offered the
opportunity for SARS-CoV-2 vaccination to all correctional staff and sentenced individuals. Two RIDOC public health educators
provided education on the vaccine, answered questions, and obtained consent before the vaccine clinic day for the incarcerated
group. All staff received information on signing up for vaccines and watched an educational video that was created by the medical
director. Additional information regarding vaccine education and resources was sent via email to the entire RIDOC department.
Results: During thisinitial campaign, 76.4% (1106/1447) of sentenced individuals and 68.4% (1008/1474) of correctional staff
accepted and received the vaccine. Four months after the first vaccine was offered, 77.7% (1124/1447) of the sentenced population
and 69.6% (1026/1474) of staff were fully vaccinated.

Conclusions: This study demonstrates the feasibility and efficiency of vaccine implementation in a carceral setting. Education
and communication likely played an important role in mitigating vaccine refusals.
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Introduction

The largest outbreaks of COVID-19 in the United States have
occurred in correctional facilities [1]. Correctional outbreaks
have been shown to contribute to community and statewide
spread of infection [2]. The rate of COVID-19 in correctional
settings is 5 times that of the general population, and the
age-adjusted mortality rate is nearly 4 times higher [3]. Thus,
vaccinating individuals who live and work in correctiona
facilities should be a high priority and is recommended by
multiple organizations [4,5]. Despite these recommendations,
few statesinitially prioritized vaccination in correctional settings
[6]. Furthermore, vaccine uptake among correctional staff and
incarcerated individuals is unknown.

Since the beginning of the pandemic, the Rhode Island
Department of Corrections (RIDOC) has collaborated closely
with the Rhode Island Department of Health to address
COVID-19 with clear testing and isolation procedures, mask
wearing, surface sanitation, and ongoing education of staff and
incarcerated individuals. Vaccinations were initiated in
December 2020.

Methods

The RIDOC is a unified (combined prison and jail) statewide
correctional facility that currently houses approximately 1500
sentenced and 500 awaiting-trial individuals across 6 facilities
among a spectrum of security levels, including Minimum
Security, Medium Security, Maximum Security, and High
Security facilities. The fina 2 facilities, Intake facility and
Women's Facility, are jail-like facilities that comprise mostly
individuals awaiting trial. The vaccine programiinitially focused
on sentenced individuals (ie, individuals typically housed in a
prison). Staff (eg, correctional officers) were concurrently
vaccinated at the RIDOC through a parallel vaccine program.

SARS-CoV-2 vaccines were initialy offered starting on
December 22, 2020, to the sentenced population. By February
5, 2021, the entire sentenced population had received at |least
one opportunity for vaccination. Second-dose vaccinations for
this population were completed by March 5, 2021.

Among incarcerated people, RIDOC leadership prioritized
vaccine allocation based on risk factors (as outlined by the
Centers for Disease Control and Prevention [CDC] and local

https://med.jmirx.org/2021/3/€30176

Department of Health) and/or security facility. RIDOC nurses
administered the vaccine. Two RIDOC public health educators
provided education on the vaccine, answered questions, and
obtained consent before the vaccine clinic day. All €ligible
individualswere offered vaccination in thisway with the option
to accept or defer. Second doses were provided at appropriate
timeintervals.

Vaccines arrived each week and were distributed in “phases’
based on risk factors and logistics. In phase 1, individuals at
the highest risk (aged >65 years or >55 years with specific
comorbidities) were offered the vaccine. In phase 2, smaller
facilities (ie, facilities with a smaller average daily population:
Women’s Facility; Minimum, Maximum, and High Security
facilities) were offered the vaccine in an attempt to achieve herd
immunity in those communities. Phase 3 included the largest
remaining security facility—Medium Security as well as
sentenced individuals at the Intake facility who were awaiting
transfer to one of the sentenced facilities. Phase 4 included all
individuals who had previously tested positive for COVID-19
within 90 days and individuals who had initially declined but
subsequently accepted. After completion of the four phases,
vaccines continued to be offered upon request. A portion of
individualsin phase 1 received the Pfizer vaccine, and the rest
received the Moderna vaccine.

Among corrections staff, individuals were vaccinated with an
opt-in system (signing up viaemail), prioritizing self-identified
high-risk correctional officers (by age and comorbidity) and
individual swith direct contact with incarcerated people. During
morning “roll call,” al staff received information on signing
up for vaccines and watched an educational video that was
created by the medical director and made available on the
intranet [7]. Additional information regarding vaccine education
and resources was sent via email to the entire RIDOC
department (Multimedia Appendix 1).

Results

During the 6-week campaign, a total of 1106 out of 1447
(76.4%) incarcerated individual sand 1008 out of 1474 (68.4%)
staff received the vaccine. Among staff, atotal of 466 of 1474
individuals (31%) did not opt in for avaccine during the initial
vaccine offering. Table 1 describes the four phases of first-dose
vaccination.
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Table 1. First-dose SARS-CoV-2 vaccination of incarcerated people and correctional staff.

Group Dates Offered, N Vaccinated, n (%) Declined, n (%)
Incarcerated people 1447 1106 (76.4) 341 (23.6)
Phase 1: Age >65 years, immunocompromised, or age  Dec 26-29, 2020 143 130 (90.9) 13(9.1)
>55 years with comorbidities
Phase 2: Small facilities (Minimum, Maximum, High,  Dec 31, 2020, to Jan 5, 2021 222 143 (64.4) 79 (35.6)
Women's)
Phase 3: Medium facility and sentenced individuals Jan 13-27, 2021 730 605 (82.9) 125 (17.1)
awaiting transfer
Phase 4: All remaining sentenced individuals, including Jan 29 to Feb 5, 2021 352 228 (64.8) 124 (35.2)
those who had COVID-19 within 90 days
Correctional officersand other staff
Priority to self-reported high-risk individualsand those  Dec 22, 2020, to Feb 10, 2021 1474 1008 (68.4) 466 (31.6)

with direct contact with incarcerated individuals

A total of 3incarcerated individuals and 6 staff members who
received their first dose of vaccine opted to not receive their
second dose. During thistime, “overpulls’ (ie, acommon 11th
dose of vaccine could be pulled from a 10-dose via) and
additional vaccine clinics were offered to incarcerated
individuals and staff who ultimately did opt in to receive the
vaccine on arolling basis based on vaccine availability.

Four months after the first vaccine was offered on December
22, 2020, 77.7% (n=1124) of the sentenced population and
69.6% (n=1026) of staff were fully vaccinated. There were no
significant vaccine adverse events.

Discussion

Vaccination was acceptable to individuals in a correctional
setting with an acceptancerate of 70% to 75% among both staff
and incarcerated people (for comparison, the rate of influenza
vaccination uptake at the RIDOC last year was 50.6%). This
aligns with necessary immunization rates modeled to achieve
herd immunity [8]. More importantly, this is a departure from
some concerns of high vaccine hesitancy rates, including a
recent CDC publication estimating only a 45% willingness to
receive vaccination among incarcerated people [9]. Education
and communication likely played an important rolein mitigating
refusals. Rhode Idand, like most other state correctional
facilities [10], had COVID-19 outbreaks with fatalities. This
may have increased the willingness to get vaccinated. Efforts
to increase vaccine uptake have continued.

Thehigh acceptanceratein acorrectional setting is particularly
relevant given the increased risk of COVID-19-related
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transmission, disease, and death in this population [3]. The
pandemic has substantially affected correctional settings, and
the spread of diseasein these facilities can catalyze transmission
to their surrounding communities [2]. Additionally, both
COVID-19 and mass incarceration have disproportionately
impacted communities of color [1]. Thus, by vaccinating
incarcerated people, policymakers can target a high-risk and
marginalized group, decrease community spread, improve
equitable allocation to a marginalized group, and potentialy
reduce the health system costs of neighboring health systems.
The successful vaccination of incarcerated individual s and staff
in the state of Rhode Island demonstrates the feasibility and
efficiency of widespread vaccine programming among those at
high risk.

Vaccination of incarcerated people does have unique challenges.
Rhode |dland was abl e to coordinate the administration of second
doses among the sentenced popul ation without lossto follow-up,
but this was in part due to the small size of the state’'s
population. Additionally, the jail setting offers a greater
challenge given the high turnover of the population, often with
individuals being rel eased to the community beforetheir second
doseisdue. While Rhode I sland was successful inimplementing
2-dose vaccines, strategic implementation of a single-dose
vaccine may better align with this unique environment in other
larger states, especialy for the short-term jailed population.

This vaccine campaign exemplified adherence to public health
principles. vaccinate where spread and disease can best be
prevented [11]. Correctional settings should remain a priority
in vaccination strategies during a pandemic and indeed offer an
opportunity to target a high-risk and marginalized population.

RIDOC educationa email to staff regarding COVID-19 vaccination.
[PDF File (Adobe PDF File), 52 KB - xmed v2i3e30176_appl.pdf ]
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Abstract

Background: L-asparaginase |l (asnB), a periplasmic protein commercially extracted from E coli and Erwinia, is often used
to treat acute lymphoblastic leukemia. L-asparaginase is an enzyme that converts L-asparagine to aspartic acid and ammonia
Cancer cells are dependent on asparagine from other sources for growth, and when these cells are deprived of asparagine by the
action of the enzyme, the cancer cells selectively die.

Objective: Questionsremain asto whether asnB from E coli and Erwinia isthe best asparaginase as they have many side effects.
asnBswith thelowest Michadlis constant (Km; most potent) and lowest immunogenicity are considered the most optimal enzymes.
In this paper, we have attempted the development of a method to screen for optimal enzymes that are better than commercially
available enzymes.

Methods: In this paper, the asnB sequence of E coli was used to search for homologous proteins in different bacterial and
archaeal phyla, and a maximum likelihood phylogenetic tree was constructed. The sequences that are most distant from E coli
and Erwinia were considered the best candidatesin terms of immunogenicity and were chosen for further processing. The structures
of these proteins were built by homology modeling, and asparagine was docked with these proteins to calculate the binding
energy.

Results. asnBsfrom Streptomyces griseus, Streptomyces venezuel ae, and Streptomyces collinus were found to have the highest
binding energy (5.3 kcal/mol, —5.2 kcal/mol, and —5.3 kcal/mol, respectively; higher than the E coli and Erwinia asnBs) and
were predicted to have the lowest Kms, aswe found that there is an inverse relationship between binding energy and Km. Besides
predicting the most optimal asparaginase, thistechnique can also be used to predict the most optimal enzymes where the substrate
is known and the structure of one of the homologsis solved.
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Conclusions: We have devised an in silico method to predict the enzyme kinetics from a sequence of an enzyme along with
being able to screen for optimal alternative asnBs against acute lymphoblastic leukemia.

(IMIRx Med 2021;2(3):629844) doi:10.2196/29844
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Introduction

Acutelymphoblastic leukemiaisamalignant cancer of thewhite
blood cells characterized by uncontrolled overproduction and
accumulation of lymphoid progenitor cells [1]. It is most
common among children, which compromise 80% of the
worldwide acute lymphobl astic leukemia occurrences, although
some casesin adults are also seen. It isequally life-threatening
in both cases. In the United States, acutelymphoblastic leukemia
isestimated to have afrequency of 1.7 cases per 100,000 people
[2]. In 2015 alone, 111,000 deaths were reported out of 876,000
casesworldwide[3]. Thus, asubstantial potential market exists
for new and improved therapies to acute lymphoblastic
leukemia.

Experiments in the 1950s with guinea pig serum have shown
that it could inhibit the growth of transplantable lymphoblastic
tumorsin mice and rats along with radiation-induced leukemia
in mice [4]. Research linked this effect to guinea pig serum
being rich in L-asparaginase [5], a nonhuman enzyme of often
bacterial origin, belonging to the amidase group that hydrolyses
the amide bond in L-asparagine to form L-aspartic acid and
ammonia [6]. It has since been shown to be an effective
antineoplastic agent and is often used in conjugation with
chemotherapy for acute lymphoblastic leukemia treatment.

Normal cells require L-asparagine as an amino acid for the
synthesis of proteins. A natural diet like vegetables is one of
the sources of L-asparagine for the body. It is not classified as
an essential amino acid asit isnaturally synthesized by the body
through a pathway involving the enzyme L -asparagine synthase,
which coverts aspartic acid and glutamic acid into L-asparagine
[7]. Neoplastic cells like acute lymphoblastic leukemia cells
lack this enzyme and therefore are not able to produce
L-asparagine on their own [8]. This leaves them dependent on
L-asparagine from outside sources like the serum where it is
pooled from diet and from normal cells. Thisprovidesthe basis
for the use of L-asparaginase as atherapeutic agent against acute
lymphoblastic leukemia, the intent being to deplete the local
circulating pools of L-asparagine in the blood serum thus
starving the cancer cells of the amino acid and causing cell
death.

L-asparaginaseis produced by awide variety of organisms and
can be classified into several families. The ones of therapeutic
interest can consist of two enzymes called L-asparaginase of
two closely related families named L-asparaginase | and
L-asparaginasell. L-asparaginasel, referred to also asasnA, is
a low-affinity enzyme found in the cytoplasm and is
congtitutively produced by the organism. L-asparaginase II,
referred to as asnB, on the other hand, is a high-affinity
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periplasmic enzyme expressed during anaerobiosis. Its
expression is dependent on aeration, carbon source, and amino
acid availability [9].

Extracellular L-asparaginase accumulates in the culture broth
and thus is most favorable for extraction and downstream
processing for commercial production [10]. The most
commercial form of therapeutic L-asparaginase is extracted
from E coli and Erwinia species. They secrete the enzyme into
the periplasmic space between the plasma membrane and the
cell envelope[11]. Theenzymeisextracted by lysisof thecells,
which bringsthe enzyme along with inner cell contentsinto the
culture medium. It is usually purified using fractionation with
ammonia sulfate.

However, thecommercially available L -asparaginase has severa
drawbacks. L-asparaginase from E coli and Erwinia is known
to show immunogenic and allergic reactions. Most therapeutic
use of L-asparaginase has shown toxicity [12]. Toxicity of
L -asparaginase can be attributed to lower activity of theenzyme
to L-asparagine and higher activity to glutamine. Thus, the
decrease in glutamine levels in the normal cells causes an
alergic reaction [13]. Another problem with the currently
available L-asparaginase is the immunological response. The
body recognizes the enzyme as being foreign and thus mounts
animmune response against the enzyme, which can range from
amild allergic reaction to anaphylactic shock [14].

The Michaglis constant (Km) is a value for the substrate
concentration at which the reaction rate is half of the maximum
reaction rate. A lower Km suggests that the enzyme can reach
half the maximum reaction rate a lower substrate
concentrations. One can interpret this to mean that enzymes
with lower Km have greater activity toward that substrate. An
enzyme with greater activity toward L-asparagine can be
expected to show fewer undesirable effects, as it will have a
lower activity to unintended substrates [15]. Another useful
metric for the measurement of enzyme activity is k., or the
turnover number. It gives the number of substrates converted
to aproduct by asingle molecule of enzyme per unit time. The
turnover number signifies the rate at which a substrate is
catalyzed by the enzyme [16].

Catalysisis based on binding energy that lowers the activation
energy and overcomes the unfavorable entropic requirements
needed for the correct orientation of the catalyst and reactants
brought together for reaction [17]. Binding energy isthe energy
released when a substrate forms weak bonds with the enzyme
active site. Binding energy is measured asthe free energy (Delta
G). Gibbs free energy, defined as “a thermodynamic potential
that measures the capacity of a thermodynamic system to do
maximum or reversible work at a constant temperature and
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pressure (isothermal, isobaric), is one of the most important
thermodynamic quantitiesfor the characterization of thedriving
forces’ [18].

Experimental calculation of this energy is difficult and
cumbersome. Thus, experimental screening techniques for a
lead compound for drug candidates are till expensive and slow
despite several advances in automation and parallelization of
the process. A more efficient method would beto screen alarge
library of small moleculesin silico before short-listing a small
group for experimental verification. The availability of large
volumes of experimental dataon the 3D structure of the enzymes
and their substrates allows us to analyze their interaction.
Docking is one of these in silico methods where rigid body
interaction of contact surfaces of the ligand or small molecules
and the target protein is determined using computational
methods. Combinatorial methods are used to account for the
ligand conformational flexibility, and various energy functions
are used to calculate energetics of the interaction. Docking is
typically used to screen for potential |ead compound candidates
from alarge library of small molecules based on their binding
energy and other parameters to the target protein. Those
compounds with greater binding energy to the protein are seen
aspotential inhibitors and thus considered to lead for devel oping
drugs of therapeutic value [19]. However, in
L -asparaginase—based therapy of acute lymphoblastic leukemia,
the enzyme itself is used as a therapeutic agent, while the
substrate, L-asparagine, is the target compound. Our goal in
this research is to find a better enzyme candidate with more
favorable interaction with our target compound. Thus, our use
of docking in thisresearch is different from the standard use of
the docking method. We used docking to screen a collection of
L -asparaginase enzyme from different organisms and select a
suitable enzyme based on its binding energy to L-asparagine.

The E coli L-asparaginase |l has a functional form in a
homotetramer having the molecular massfrom 140 to 160 kDa.
The monomers are 330 amino acid long and have two distinct
domains. One is the larger N-terminal domain and the other is
the smaller C-terminal domain. Thetwo domains are connected
by a 20-residue linker. The functional form of the enzyme is
thought to contain five active sites[20].

Homology modeling is a technique used to generate a model
from an amino acid sequence based on a template of a 3D
structure of a closely related protein obtained via experimental
data. It uses comparative protein structure modeling where the
template and the query sequences are aligned and the query’s
structure is predicted. According to Eswar et al [21], it has the
following four major steps: fold assignment, which identifies
similarity between the target and at least one known template
structure; alignment of the target sequence and the template or
templates; building a model based on the alignment with the
chosen templ ate or templates; and predicting model errors. We
have used MODEL L ER 9.22 to model L -asparaginase sequence
from the organisms that were selected, using the E coli
L-asparaginase Il (PDB ID: 1nns) as a template for generating
all of them.

E coli and Erwinia L-asparaginases, the two commercialy
available forms of the therapeutic enzymes, have deficiencies
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in the aforementioned parameters. Thus, they show
unsatisfactory results and side effects. In thisresearch, we hope
to find a better L-asparaginase from a different host organism
for the commercial production of this therapeutic enzyme. We
hypothesize that a host whose L-asparaginase amino acid
sequence is distinct from that of the currently used organisms
can be assumed to have markedly different properties. We can
screen such a family or genus of host organisms and hope to
find L-asparaginase that displayskinetic and binding properties
that decrease the chances of immunogenic and allergic reactions
making it more favorable for therapeutic use. We have used a
phylogenetic tree-based approach to find such host organisms.
A phylogenetic tree is an important bioinformatics tool that
allows usto analyze the sequences of proteins, DNA, and RNA
to find the historical and evolutionary relationship between the
sequences. The nodes of atree can be given values as support
values for its reliability. These are called bootstrap values that
givethe expectation of that particular nodein the many alternate
trees generated by reruns of the same sequence data set [22].
Many algorithmsfor tree construction exist. Here, we have used
the maximum likelihood (ML) algorithm in the MEGA
bioinformaticstool to construct, bootstrap, and analyze our tree.
The tree was used to look for hosts with evolutionarily distant
L -asparaginase sequences, which can be screened for desired
properties using docking tools.

Methods

Phylogenetic Tree Construction

To construct aphylogenetic tree, weretrieved the L -asparaginase
B (asnB) protein sequence of Escherichia coli k12 strain from
the Uniprot [23] (UniProtKB-P00805 ASPG2 ECOLI).
Microorganisms that are capable of producing the asnB based
onthe previousliterature [24-27] were searched by doing blastp
in the National Center for Biotechnology Information (NCBI)
database [28]. Basic Loca Alignment Search Tool (BLAST)
isasequence analysistool that searches adatabase for sequences
that are similar to a query sequence. Blastp is a variation of
standard blast that searches a database of nonredundant and
nonpatented sequences based on a query sequence. Blastp can
be used to search a database for organisms that produce
seguences that are the same or similar to our query sequence,
helping us in compiling a list of known asnB-producing
organismsthat can be used for construction of our phylogenetic
tree. The protein sequence of E coli k12 asnB was used as the
query sequence for blastp on anr database resulting in alist of
organisms that produced proteins of a similar sequence. The
organismswith percentage identity greater than or equal to 30%
were selected. The genomes of two types of organisms were
searched for the presence of asnB. Thefirst group of organisms
were already characterized for the production of asnB protein.
The other group of organisms included bacteria and archaea
from various phyla[29] that represented the entire tree of life.
A total of 101 sequenceswere retrieved after searching for asnB
seguence in organisms given by the literature. Organisms with
more than one asnB sequences were also retrieved and labeled
as genus species 1, 2, or 3. The phylogenetic tree was then
congtructed in Mega-X software (Pennsylvania State University)
[30], inwhich the alignment was done by Muscle. Thefollowing
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criteriawere used to run atree: statistical method: ML; test of
phylogeny: bootstrap method; substitution type: amino acid;
model or method: WAG model; rates among sites. gamma
distributed with invariant sites, number of discrete gamma
categories: 5; gaps or missing data treatment: partial deletion;
site coverage cutoff: 95%; ML heuristic method: nearest
neighbor interchange; initial tree for ML: make initial tree
automatically (Default-NJ/BioNJ); branch swap filter: None;
and number of threads: 3 [31]. In our method, we have used a
sequence based on genetic or evolutionary distance for the
construction of our tree.

Homology Modeling

The organisms that were distantly placed in the phylogenetic
tree with respect to E coli and Erwinia were chosen, and
organisms whose enzymes were characterized in the literature
were also chosen. To carry out homology modeling, the
MODELLER 9.22 was used. The selected organism’s asnB
sequence was used as the query while E coli k12 asnB (“1nns’)
[32] with a resolution of 1.95 A was used as the reference
template. Discrete optimization protein energy (DOPE) is an
atomic distance-based scoring function used to access the
quality of models produced from homology modeling, derived
from asample of native protein structuresin PDB. Statistically
optimized atomic potentials (SOAP) isanother scoring function
based on data from native protein structures used in the
assessment of homology modeling results. For each organism,
the structure with the lowest DOPE or SOAP assessment score
and with the highest GA 341 assessment scorewas selected [33].
Each protein’s model was then checked for protein structure
stereochemistry including Ramachandran plot and Psi/Phi angles
using PROCHECK. Further verification was done using
WHATCHECK and ProSA-web [34].

Active Site Prediction

After the validation of the model, active sites for each protein
were determined using PyMol (Schrodinger, Inc) software[35].
The models built were superimposed to the 1nns structure, and
then by aligning both model and 1nns sequences, the active site
with reference to the 1nns active site was predicted. The active
site of 1nnsfor L-asparagineis T(12), S(58), Q(59), T(89), and
D(90) [36].

Molecular Docking Studies

Docking of ligands, L-asparagine (derived from the PubChem
website) with enzymes L-asparaginases (distant proteins from
E coli and Erwinia and enzymes with measured Km value) was
performed by using AutoDock Vina[37] conjugated with PyRx
software (Sarkis Dallakian) [38]. The AutoDock tool’s graphic
interface was used for the preparation of al the proteins
(enzymes). Proteins were prepared by removing water, adding
polar hydrogen, merging nonpolar, and adding Kollman charge.
Inthe case of ligand, L -asparagine wasretrieved from PubChem
(Compound CID: 6267; molecular formula: C4H8N20S;
molecular weight: 132.12 g/mol) [39]. Energy minimization
was done by the Universal Force Field using Open Babel (Open
Babel Development Team) software [40] conjugated with PyRX.
The grid parameter file and docking parameter file were set,
and the grid points for auto grid calculations were set as 25 x
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25 x 25 A, with the active site residuesin the middle of the grid
box. The agorithm used in the overall process was the
Lamarckian genetic algorithm, which was used to calculate
protein-fixed ligand-flexible calculations [41].

Interacting Atoms With Active Sites

Distant organisms' asnBs with the best binding energies were
selected. The docked protein and ligand files were run on
ligPlot+ (European Bioinformatics Institute) software [42] for
viewing the interacting atoms between ligands and proteins.

Relation Between Km, k;, and Binding Energy

To evaluate if the binding energy could predict the relative
efficacy of the enzymes, Km and k. values from the literature
were tabulated alongside binding energy. A total of 10 Km and
5 key values were obtained from the literature for asnBs of
different species. The line fitted plot was drawn using minitab
[43], plotting binding energy on the x-axisand Km on they-axis.

Pairwise Sequence Alignment

Pairwise sequence alignment and comparison of three predicted
optimal asnB enzyme sequences was done against the E coli
asnB enzyme sequence using blastp (protein-protein blast) on
Blast+ [28]. Scoring parameters used were BLOSUM 62 matrixX,
gap penalties of 11 for existence, and 1 for extension.

Results

Deductions From the Phylogenetic Tree

A list of asparaginase-producing organismswere compiled from
the literature. Asparaginase Il (asnB) homologs of these
organisms were searched by protein blasting asnB from E coli
against the nonredundant protein database of these organisms
in NCBI. The organisms whose genomes are not sequenced
were not used in this study. Additionally, the protein database
of awide variety of bacteriaand archaeafrom different phylum
were searched for the presence of asnB. The two lists were
compiled to make up our list of awide range of asnBs. A ML
phylogenetic tree of 101 asnBs was drawn for these proteins
using Mega X software using the parameters described in the
Methods section. The resulting tree is shown in Figure 1. The
phylum of bacteria, archaea, and fungi to which the proteins
belong to islabeled on the right. Unlike most other proteinsfor
which similar trees were drawn, there were minimal proteins
from the same phylum that lay next to each other in the tree.
When a similar tree was drawn for Ku protein in bacteria and
beta clamp for bacteria, proteins from the same phylum tended
to cluster together in the tree (unpublished data). Although some
clusteringisfound for asnB tree, proteinsfrom the same phylum
are distributed throughout the tree, indicating extensive
horizontal gene transfer. Among the list of asnBs that we have
collected, the largest number of proteins comes from
proteobacteria (alpha, beta, gamma, delta, and epsilon).

Besides predicting the origin and history of asparaginases, the
tree is also useful in predicting which of the asnBs are closely
related by evaluating which lie close together and which lie
further apart. From the tree, the most common commercially
used asnB from E coli lies somewhere in the center. The other

IMIRX Med 2021 | vol. 2 | iss. 3 |e29844 | p.189
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

commercidly used asnB from Erwinia (nowadays called
Dickeya chrysanthami) lies at the top of the tree. The asnBs
that are most distant from these two commercially available
asparaginases, and hence least likely to give an immunogenic
reaction when these two give an immunogenic reaction, lie at
the bottom of the tree. Of the 101 asnBs used in construction
of the phylogenetic tree, 23 asnBs were selected as candidates
for better enzyme activity due to them being the most
evolutionarily distant from the commercially available asnBs.

Barad et d

These have been labeled in Figure 1. Most of them lie in the
Sreptomyces genus and some are from archaea. Since most of
the candidates in this group were Sreptomyces, we decided to
limit our list of potential asnB candidatesto the 13 Sreptomyces
species in the list. Thus, we screened 13 potential species out
of the 101 asnB-producing organisms we had found via blastp
due to them being most evolutionarily distant from the
organisms that produce commercially available asnBs.

Figure 1. Phylogenetic tree of the total 101 sequences of asnBs using the maximum likelihood method. The top and middie portion of the tree under
the red rectangle shows organisms that are currently used for the commercial production of asnBsfor the treatment of acute lymphocytic leukemia. The
bottom portion of the tree shows organisms that are most distant to E coli (mostly Actinobacteria), and their enzyme activity is yet to be discovered.
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Maost distant asnBs

Use of aphylogenetic treeis perfectly adequate for identifying
organismsthat produce asnBsthat can be expected to have better
activity and lower immunogenicity than commercially available
asnBs. Thisis because there is a direct relationship between a
protein’s sequence, structure, function, and immunogenicity.
Therefore, asnBsthat are evol utionarily distant to commercially
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available asnBs can be expected to have markedly different
structure and can be expected to have potentially better activity
than commercial variants. We can also expect evolutionarily
distant asnBsto show different immunogenicity when compared
totheir commercial counterparts. The severity of immunogenic
reaction from an antigen on an organism depends on the measure
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of its novelty. Immune response to a biological macromolecule
is complex and dependent on many factors, a significant one
being structure, which is dependent on sequence [44]. Two
proteinsthat are evolutionarily different will also be structurally
different and thus have different levels of immune responses.
An exampleisthat commonly used experimental antigen bovine
serum albumin does not show immunogenic reaction when
injected in cows but is actively immunogenic when injected
into rabbits. Sidewise it would show enhanced reaction in
chickens than in goats, for the reason that the latter is closely
related to bovines. These analyses endorse that the greater the
phylogenetic distances between two species, the greater the
structural (and therefore the antigenic) divergence that can be
found between them [45].

Homology Modeling and Verification

For homology modeling, MODELLER 9.22 (University of
Cadlifornia, San Francisco) software was used, and five models
were built for each protein, among which the model with the
lowest DOPE was sel ected. Thissoftware usesan inbuilt DOPE
function to access the quality of all the modelsthat were made.
The model that was selected according to the lowest DOPE
scores was Vvaidated using Ramachandran plot. A
Ramachandran plot of the three best organisms that lie distant
to the E coli and have a better binding affinity toward
L-asparagine than E coli and Dickeya chrysanthami are shown
in Figures 2-4. The plot shows 94.5% (256/271) of residuesin
most favored regions, 4.4% (12/271) in additional allowed
regions, 0.4% (1/271) residues in generously allowed regions,
and 0.7% (2/271) residues in disallowed regions for
Sreptomyces collinus (Figure 2); 86% (263/304) of residuesin
most favored regions, 10.5% (32/304) in additional allowed
regions, 2.3% (7/304) residues in generously allowed regions,
0.7% (2/304) residues in disallowed regions for Streptomyces
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griseus 1 (Figure 3); and 90.7% (244/269) of residues in most
favored regions, 7.8% (21/269) in additional allowed regions,
0.7% (2/269) residuesin generously allowed regions, and 0.7%
(2/269) residues in disallowed regions for Streptomyces
venezuelae 2 (Figure 4). More than 99% of residues in the
allowed region given by the Ramachandran plot indicate avery
good model. Furthermore, the Ramachandran z scores cal culated
by WHATCHECK (-0.245, —1.024, and —0.830 for Scallinus,
Sgriseus 1, Svenezuelae 2, respectively) fall on the accepted
region [46] and were allowed by the WHATCHECK. The
structures were finally validated using ProSA-web server. This
server gives the z score, which indicates the overall model
quality and measures the deviation of the total energy of the
structure with respect to an energy distribution derived from
random conformations [47]. The z scores given by the server
(-9.44, —7.88, and —9.07 for S collinus, S griseus 1, and S
venezuelae 2, respectively) fall inside the range of the plot (black
dot) that contains the z scores of all the experimentally
determined protein in the PDB (X-ray, nuclear magnetic
resonance; part a of Figures 5-7). The energy plot (part b of
Figures5-7) indicatesthelocal model quality by plotting energy
as the function of the amino acid sequence. Generally, the
portion in the positive region of the plot indicates the erroneous
part of the structure. We can conclude from the plot that the
structure is feasible or accepted as overall residue energiesfall
under the negative part of the plot. The colored 3D structure of
the proteins (part ¢ of Figures 5-7) showsthat the portionin red
color is of high energy and the portions with the blue color are
of low energy [34]. Validation of all other structures used in
the experiment isin Multimedia Appendix 1. Most of the active
site residues are conserved in every model made by
MODELLER 9.22 in reference to the 1nns structure, which also
signifies that good models were made during the process and
can proceed toward the docking (Table 1).
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Figure 2. Ramachandran plot of Streptomyces collinus. The Ramachandran plot shows the phi-psi torsion angles for all residues (black cubes) in the
structure (except those at the chain termini). Glycine residues are separately identified by triangles, as these are not restricted to the regions of the plot
appropriate to the other sidechain types. The darkest red area indicates "core" regions representing the most favorable combinations of phi-psi values.
Theregions are labeled as follows: A (core apha), L (core |eft-handed alpha), a (allowed alpha), | (allowed left-handed apha), ~a (generous alpha), ~I
(generous |eft-handed alpha), B (core beta), p (allowed epsilon), b (allowed beta), ~p (generous epsilon), and ~b (generous beta).
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Figure 3. Ramachandran plot of Streptomyces griseus 1. The Ramachandran plot shows the phi-psi torsion angles for al residues (black cubes) in the
structure (except those at the chain termini). Glycine residues are separately identified by triangles, as these are not restricted to the regions of the plot
appropriate to the other side chain types. The darkest red area indicates the "core" regions representing the most favorable combinations of phi-psi
values. The regions are labeled as follows: A (core apha), L (core |eft-handed alpha), a (allowed alpha), | (allowed left-handed alpha), ~a (generous
alpha), ~I (generous left-handed alpha), B (core beta), p (allowed epsilon), b (allowed beta), ~p (generous epsilon), and ~b (generous beta).
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Figure 4. Ramachandran plot: Streptomyces venezuelae 2. The Ramachandran plot shows the phi-psi torsion angles for all residues (black cubes) in
the structure (except those at the chain termini). Glycine residues are separately identified by triangles, as these are not restricted to the regions of the
plot appropriate to the other sidechain types. The darkest red areaindicates the "core" regions representing the most favorable combinations of phi-psi
values. The regions are labeled as follows: A (core apha), L (core left-handed alpha), a (allowed alpha), | (allowed |eft-handed alpha), ~a (generous
alpha), ~I (generous left-handed alpha), B (core beta), p (allowed epsilon), b (allowed beta), ~p (generous epsilon), ~b (generous beta).
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Figure 5. Validation of model Sreptomyces collinus. (a) ProSA-web z scores of all protein chains in the Protein Data Bank determined by X-ray
crystallography (light blue) or NMR (dark blue) with respect to their length. The black dot in the plot indicates that the model protein structure falls
inside the range of the plot that contains the z score of all the experimentally determined proteinsin the Protein Data Bank. The plot shows only chains
with lessthan 1000 residues and az score 10. The z scores of model proteins are highlighted aslarge dots. (b) Energy plot of model protein that indicates
the local model quality by plotting energy as the function of the amino acid sequence. Generally, the portion in the positive region of the plot indicates
the erroneous part of the structure. (c) Residues are colored from blueto red in the order of increasing residue energy. NMR: nuclear magnetic resonance.
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Figure 6. Validation of model: Sreptomyces griseus 1. (a) ProSA-web z scores of al protein chains in the Protein Data Bank determined by X-ray
crystallography (light blue) or NMR spectroscopy (dark blue) with respect to their length. The black dot in the plot indicates that the model protein
structure falls inside the range of the plot that contains the z score of all the experimentally determined proteins in the Protein Data Bank. The plot
shows only chains with less than 1000 residues and a z score of 10. The z scores of model proteins are highlighted as large dots. (b) Energy plot of
model protein that indicates the local model quality by plotting energy as the function of the amino acid sequence. Generally, the portion in the positive
region of the plot indicates the erroneous part of the structure. (c) Residues are colored from blue to red in the order of increasing residue energy. NMR:
nuclear magnetic resonance.
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Figure7. Validation of model: Sreptomyces venezuelae 2. (a) ProSA-web z scores of all protein chainsin the Protein Data Bank determined by X-ray
crystallography (light blue) or NMR spectroscopy (dark blue) with respect to their length. The black dot in the plot indicates that the model protein
structure falls inside the range of the plot that contains the z score of all the experimentally determined proteins in the Protein Data Bank. The plot
shows only chains with less than 1000 residues and a z score 10. The z scores of model proteins are highlighted as large dots. (b) Energy plot of model
protein that indicates the local model quality by plotting energy as the function of the amino acid sequence. Generally, the portion in the positive region
of the plot indicates the erroneous part of the structure. (c) Residues are colored from blue to red in the order of increasing residue energy.
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Table 1. Predicted active sites of proteins of organisms that were distant to the E coli and organisms whose Km has been determined experimentally

(described elsewhere in the paper).2

Organisms

Predicted active site residues

Escherichia coli

Sreptomyces globisporus
Streptomyces venezuelae 1
Sreptomyces griseus 1
Streptomyces katrae
Sreptomyces fradiae
Streptomyces albidoflavus 1
Sreptomyces albidoflavus 2
Streptomyces albidoflavus 3
Sreptomyces fradiae 2
Streptomyces collinus
Sreptomyces griseus 2
Streptomyces aurontiacus
Sreptomyces venezuelae 2
Pectobacterium carotovorum 1
Dickeya chrysanthami (Erwinia) 1
Bacilus aryabhattai

Bacillus Licheniformis 1
Bacillus subtilis 1

Delftia acidovorans 1
Azotobacter vinelandii
Dickeya chrysanthami (Erwinia) 2
Helicobacter pylori 1
Pseudomonas stutzeri 1
Pseudomonas stutzeri 2
Bacillus subtilis 2

Bacillus licheniformis 2
Delftia acidovorans 2
Helicobacter pylori 2

Pectobacterium carotovorum 2

T(34), S(80), Q(81), T(111), D(112)
1(12), S(61), S(62), T(94), D(95)
1(12), S(61), S(62), T(94), D(95)
T(20), S(61), S(62), T(94), D(95)
T(12), S(53), P(54), T(86), D(87)
A(12), G(43), A(44), T(75), D(76)
T(12), M(62), R(63), T(94), D(95)
T(12), M(62), R(63), T(94), D(95)
T(12), R(63), L(64), T(94), D(95)
T(8), S(50), Y (51), T(83), D(84)
T(16), S(63), L(64), T(94), D(95)
T(16), P(60), G(61), T(94), D(95)
T(13), S(54), L(55), T(83), D(84)
T(12), — —, T(79), D(80)

T(34), S(81), E(82), T(114), D(115)
T(36), (83), E(84), T(116), D(117)
T(55), S(102), Q(103), (135), D(136)
T(62), S(109), Q(110), T(142), D(143)
T(61), S(108), T(109), T(141), D(142)
T(62), S(109), E(110), T(142), D(143)
T(45), S(92), E(93), T(125), D(126)
T(36), (83), E(84), T(116), D(117)
T(34), S(80), Q(81), T(113), D(114)
—, S(80), D(81), T(113), D(114)

—, S(80), D(81), T(113), D(114)
T(61), S(108), T(109), T(141), D(142)
T(63), S(110), T(111), T(143), D(144)
T(62), S(109), E(110), T(142), D(143)
T(34), S(80), Q(81), T(113), D(114)
T(34), S(81), E(82), T(114), D(115)

8Five amino acids were conserved, which has been termed a pentad in this paper. The letter represents the amino acid involved in the active site, the
number in parenthesis represents the position of the amino acid. When no amino acid homology was found, the site was left blank with an em dash.

Active Site of asnBs

Along with the 1nns structure of E coli asnB, obtained from
pdb, comes the description of active site amino acid residues.
Using aspartate as a surrogate for asparagine, the active sites
have been predicted. For the full-length protein, the active site
contains 5 amino acid residues: T(34), S(80), Q(81), T(111),
and D(112). These 5 residues can be called a pentad. A table
with these pentad residues has been constructed for asnBs of
other organisms (Table 1). Four of the five residues—T(34),
S(80), T(111), and D(112)—are highly conserved across species
(Table 1).

https://med.jmirx.org/2021/3/e29844

Km, ke, @and Binding Energies of asnBs

To further predict which list of asnBs would be most useful to
treat acute lymphaoblastic leukemia, binding energies were
calculated using docking software. First, using a 1nns structure
of E coli asnB, structures of unsolved asnBs were predicted
using homology modeling These structures were docked to
asparagine to calculate binding energy. To evaluate if the
binding energy could predict the relative efficacy of the
enzymes, Km and k; values from the literature were tabul ated
alongside binding energy (Table 2). A total of 10 Km values
were obtained from the literature for asnBs of different species.
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For the species with only 1 Km value—Escherichia cali,
Azobacter vinelandi, and Bacillus aryabhattai—comparison
between the relationship of Km and binding energy was easy.
When Km value increased, binding energy decreased. Species
with the highest binding energy, E coli, also had the lowest Km
value. Species with the lowest binding energy, Bacillus
aryabhattai, had the highest Km value.

However, six species contained two asparaginases. From the
literature, specific Km values could be assigned to specific
asnBs (ie, sequence of protein used to calculate the Km
experimentally and sequence of protein used to calculate the
binding energy were the same). Those asnBs are marked in the
table. Dickeya chrysanthami 2, Heliobacter pylori 1, and
Bacillus subtilis 1 had known Km values that were assigned
next to them on the table. Similarly, using docking, separate

Barad et d

binding energies could be calculated for each asnB protein. In
specieswhere two asnBs are avail able, the Km value measured
for the species is assigned to asnB that most closely forms an
inverse relationship with the binding energy. For example,
Pseudomonas stutzeri has two asnBs with binding energies of
—5.1 Kcal/mol and —4.9 kcal/mol. Since its Km value is high,
the asnB with low binding energy was assigned this Km,
although this could not be verified experimentally. When all
values were assigned, a clear inverse relationship between Km
and binding energy emerged. The binding energies of asnB to
asparagine ranged from —5.1 kcal/mol to —4.4 kcal/mol, which
areredatively high values of binding in AutoDock Vinasoftware.
No relationship could be discerned for k.4 value and binding
energy. To be able to compare Km value to binding energies,
plots were drawn. A smooth curve was fitted (Figure 8).

Table2. Kmvalue, ke value (retrieved from the literature), and binding energy (calculated by AutoDock Vina) of the enzyme, asnB, toward L-asparagine.

Michaglis constant value

Measured ke valuesfrom — g; ng affinity calculated

Organism from literature (mM) literature (s‘l)a from docking (kcal/mol) References
Bacillus licheniformis 1 0.014 268 x 103 4.8 [48]
Escherichia coli® 0.015 24x 10! 5.1 [49]
Deftia acidovorous? 0.015 - 51 [50]
Dickeya chrysanthami 2° 0.058 23.8 x 10° 5.0 (51]
Azobacter vinelandi® 011 — 4.9 [52]
Pseudomonas stutzeri 2 0.14 — -4.9 [53]
Bacillus aryabhattai® 0.257 — —4.8 [54]
Helicobacter pylori 1° 0.29 19.26 +/-0.56 4.8 [55]
Bacillus subitilis 1° 0.43 — —45 [56]
Pectobacterium carotovorum 1 0.657 2751 x 10° —4.4 [57]
Dickeya chrysanthami 1 — — 4.4 _
Bacillus licheniformis 2 — — 4.6 _
Pseudomonas stutzeri 1 — — 51 —
Deftia acidovorous 2 — — -5.0 —
Bacillus subtilis 2 — — 5.0 —
Pectobacterium carotovorum 2 — — 4.7 —
Heliobacter pylori 2 — — 5.1 —

.4t values demonstrate no relationship to the binding energy.

bFor 6 species, corresponding Km values and binding energies are known (ie, the sequence of protein used to calculate the Km experimentally and the
sequence of protein used to calculate the binding energy were the same). For four other species, the Km value that best fit the binding energy value was
randomly assigned. The six Km values are perfectly inversely correlated to binding energies.

CExperimental datais not available for these particular organismsin the literature.
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Figure8. Relation between Km and binding energy of enzymetoward L-asparagine. Thefitted line plot showsthat Km and binding energy areinversely
proportional to each other. The more negative the binding energy, the less the Km value is. More negative binding energy and less Km signifies the
greater affinity of an enzyme toward the substrate. All the enzymes Km and Binding energy shows how they are inversely proportional to each other
except one, which is the enzyme from Bacillus licheniformis 1 (0.014mM Km at —4.8 kcal/mol). We were a so unable to confirm that the sequence of
the enzyme that was used to calculate the Km value [48] and the sequence of the enzyme used in this experiment was the same.
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Finding an Optimal asnB

For 13 asnBs that are most distant from E coli and Erwinia
asparaginase, binding energies were calculated using docking
(Table 3). The proteinsfor which binding energy were calculated
are Streptomyces albidoflavus 1, 2, and 3; Streptomyces
aurantiacus, Stereptomyces collinus;, Sreptomyces fradiae 1
and 2; Streptomyces globisporus; Sreptomyces griseus 1 and

5 0.08755606
R-Sq 87.2%
R-Sajfadij) 83.5%

2; Sreptomeyces katrae; and Sreptomyces venezuelae 1 and 2.
Out of these 13 proteins, 3 asnBs—Stereptomyces collinus,
Sreptomyces griseus 1, and Sreptomyces venezualae
2—showed biding energy of 5.3 kcal/mol, -5.3 kcal/mol, and
5.2 kcal/mol, respectively, higher than E coli anB. Docked
structures are shown in Figures 9-12. These asparaginases can
be further cloned and tested for Km and k¢ values.

Figure 9. Docked structure of Escherichia coli asnB and L-asparagine. L-asparagine is seen to be completely impended in the catalytic pocket of the

enzymes.

Figure 10. Docked structure of Streptomyces griseus 1 asnB and L-asparagine. L-asparagineis seen to be completely impended in the catalytic pocket

g %

of the enzymes.
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Figure 11. Docked structure of Streptomyces venezuelae 1 asnB and L-asparagine. L-asparagine is seen to be completely impended in the catalytic
pocket of the enzymes.

Figure 12. Docked structure of Streptomyces collinus asnB and L-asparagine. L-asparagine is seen to be completely impended in the catalytic pocket
of the enzymes.

Table 3. Binding energy of distant organism’s asnB and L-asparagine.

Organisms Binding affinity calculated from docking (kcal/mol)
Sreptomyces albidoflavus 1 -4.38
Streptomyces albidoflavus 2 -4.8
Sreptomyces albidoflavus 3 45
Streptomyces aurantiacus 4.2
Streptomyces collinus 2 5.3
Streptomyces fradiae 1 -4.9
Sreptomyces fradiae 2 -4.9
Streptomyces globisporus 4.2
Streptomyces griseus 12 5.3
Sreptomyces griseus 2 -4.6
Streptomyces katrae -4.9
Sreptomyces venezuelae 1 -4.8
Sreptomyces venezuelae 22 5.2

agreptomyces collinus, Sreptomyces griseus 1, and Streptomyces venezuel ae 2 asnBs have—5.3 keal/mol, 5.3 kcal/mol, and 5.2 keal/mol binding energy,
respectively, which is greater than the E coli and Dickeya chrysanthami —5.1 and —5.0 kcal/mol, respectively, which indicate that these organisms’ asnB
have a greater affinity toward the L-asparagine.

L . 34% sequence identity to E coli asnB. Streptomyces collinus
Pairwise Sequence Alignment showed 33% identity with E coli and an alignment score of 122.
We also compared the amino acid sequence of thethree optimal Streptomyces griseus 1 had the lowest alignment score of 119
asnBs selected with that of E coli asnB sequence. Streptomyces  and sequence identity of 32% among the three optimal asnBs
venezuelae 2 showed the highest alignment score of 130 with  selected. Conversely, Streptomyces griseus 1 had the lowest E
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value (3 x 10%) compared to Sreptomyces venezuelae 2 (2 x ~ Similar percentage of gaps when aligned with the query sequence

107%) and Streptomyces collinus (2 x 10°%). All of themhada  S"OWnin Figure 13.

Figure 13. Sequence alignment results for Streptomyces collinus, Streptomyces griseus 1, and Streptomyces venezuel ae 2 asnB sequences with the E
coli asnB sequence. The query sequence is displayed above the subject. Starting and ending amino acid positions for each row are given for both query
and subject. The score, E values, the percentage of positive hits, and the percentage of gaps are given above the alignment diagram.
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Interaction With Active Sites

A LigPlot showing active site interactions of asnB and
asparagine was constructed and is shown in Figure 14. The
activesiteof E coli asnB containsall 5 active site residues. Four
of those residues—T(34), S(80), Q(81), and T(111)—formdirect
hydrogen bonding with asparagine. D(112), unlike in the 1nns
active site predicted by pdb, does not form a hydrogen bond
and only stays in the active site as a hydrophobic interactor in
our LigPlot model. As 1nns is the structure complexed with
aspartic acid (D), a closer inspection of the active site
interactions in the 1nns predicted in the pdb website and our
LigPlot model show some similarities and some variations.

LigPlot showing active site interactions of asnB and asparagine
was constructed and shown in Figure 14. In Streptomyces
griseus 1 asnB, 3 amino acid residues—T(20), T(94), and
D(95)—of the pentad (out of five predicted residues) interacts
with asparagine (Figure 14). Out of three residues, only one
residue T(94) isinvolved in the formation of a hydrogen bond,
whereas two other residues form a hydrophobic interaction with
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asparagine. Y (30) formsanother hydrogen bond with asparagine.
Only 3 of the pentads were detected in Streptomyces venezuelae
2. All three amino acids form an H-bond with asparagine.
Additionally, R(107) forms a hydrogen bond with asparagine
(Figure 14).

As for Streptomyces collinus asnB, 4 of the catalytic pentad
residues—T(16), L(64), T(94), and D(95)—are absent at the
catalytic siteinteraction with asparagine. Only S(63) is present
in the active site. When the ligand was docked to the
Sreptomyces collinus asnB predicted active site with the grid
box size 25 x 25 x 25 A, AutoDock software automatically
detected that there was another catalytical pocket present
adjacent to the predicted one with almost the same interacting
residues (Figure 14) as predicted but with the different position
that givesthe binding energy of —5.3 kcal/mol, where T(70) and
Q(92) contributes on hydrogen bonding and other residues are
involved in hydrophobic interaction. Thisbinding siteis shown
in Figure 14 and is visibly amost the same but in a different
position from all predicted active site residues.
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Figure 14. LigPlot of interacting atoms of E coli and selected three organisms. (a) Escherichia coli, (b) Streptomyces griseus 1, (c) Sreptomyces

venezuelae 1, (d) Sreptomyces collinus enzymes, and L-asparagine (Asn).
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Discussion

Rapid and cost-effective screening of enzymes is a common
undertaking in enzymology. Industrially produced enzymes
have arolein awide range of functionsin pharmaceutical, food,
biofuel, and chemical industries. Such enzymes are often
screened from novel organisms in the soil, water, or other
resources. Many of the commercially useful enzymeshave been
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discovered through such screens. The fungus that produces
cellulase, Trichoderma reesei, was isolated from garments and
canvas that was degraded in the Solomon Islands during the
Second World War [58]. Similarly, most of the alpha amylases
used in the industry find their source in Bacillus [59].
Asparaginasethat isused as an anticancer agent is derived from
E coli and Erwinia. Most of these microorganisms have been
discovered from simpl e screens devel oped for certain enzymes.
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This does not necessarily mean that these enzymes have the
most optimal sequences for activity. Thisis because the screen
could have easily missed out on better sequences that are not
aswell expressed in native cells. If these better sequences could
be discovered, they would be easily cloned into amenable
expression systems, expressed in high numbers, and used for
industrial purposes.

In this paper, we have developed a method to in silico screen
for the sequence with the best enzymatic activity. Since asnB
is one of the most widely screened and studied enzymes, we
chosetoin silico predict the optimal sequencefor its production.
The first task was to collect a list of sequences from which
optimal sequences could be predicted. Thistask has been made
easier in recent years by an explosion in the number of genomes
of organisms sequenced. It has become easy to discover
homologous proteinsin different phylaand in different domains
of life. We collected atotal of 101 sequence homologs of asnB
from different phyla in bacteria, archaea, and eukarya. Using
these 101 sequences, an ML phylogenetic tree was constructed.
The tree served two purposes. First, it helped us predict the
evolution and history of the asnB protein. Since proteins from
the same phylum tend to congregate little in the tree, it can be
predicted that there was alot of horizontal gene transfer during
the evolution of asnB. Less than half the species we searched
had asnB sequences, indicating the lack of the enzyme's
universal presence in different organisms. Second, the tree
helped pick sequences that were most distant and hence least
likely to cause immunogenicity when both E coli and Erwinia
asnBs showed immunogenicity. E coli, being one of the most
studied model organisms, was the obvious first choice as a
source of asnB. Thereis no clear indication in the literature as
to why Erwinia was chosen as the second source of asnB, but
the tree we have drawn confirms that Erwinia as a source was
a wise choice since Erwinia asnB lies at one end of the tree
distant to E coli asnB that lies around the center of thetree. The
organismswe have zeroed in on are distant compared to Erwinia
and E coli, and mostly lie in the Sreptomyces genus.

As we can see, phylogenetic analysis can provide valuable
insight about our protein of interest. Phylogenetic methods have
been previoudly used successfully for studying L-asparaginase
given its importance in the therapeutic setting. These methods
have proven useful in identifying similarities between asnBs
from different organi sms based on the evolutionary relationship
of their sequences, alowing researchers to group together
organisms producing asnBs at a molecular level. This has led
to discoveries regarding important amino acids and sequences
of the L-asparaginase enzyme [60]. Information gleamed from
phylogenetic analysis is not only useful in understanding the
genetic variation and history of a protein across various
organisms but also for identifying organisms that may produce
more optimal proteins than those that are currently used,
especialy for commercially important proteins. Researchers
have used them to identify clades with specific amino acid
sequences that are also found in E coli. This information was
then used to short list candidates for in silico screening for
alternative L-asparaginase using docking [61].

Molecular modeling and docking have proven adequate for
studies involving screening for aternative L-asparaginase
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candidates and optimization of this enzyme. They have been
successfully used in previous studiesfor identifying aternative
organisms for higher production of L-asparaginase candidates.
These studies have aso been validated using in vitro
experimental work on theidentified candidates [62]. Similarly,
docking has been used in screening for L-asparaginase enzymes
that have better activity toward asparagine and reduce its
glutaminase side activity as well [63]. We used homology
modeling and virtual docking in our method to identify enzymes
with better binding energy than the commercially available
asnBs produced from E coli and Erwinia. The candidates we
zeroed in on using the phylogenetic tree were modeled using
homology modeling and their binding energy to our substrate,
asparagine, calculated using docking. Of the 13 potential
candidates we had identified from the tree, 3 of them,
Sreptomyces griseus 1, Streptomyces venezuelae 2, and
Streptomyces collinus, were deemed to be better than the
commercialy available option.

Additionally, we wanted to develop an in silico tool to predict
the reaction kinetics of individual enzymes. To that end, we
relied on molecular modeling and docking approaches. Although
reaction kinetics is defined by different parameters like Km,
Koy maximum velocity (Vmax), and specificity constant
(kee/Km), Kmisoften the most widely measured quantity. This
turned out to be the case for asnBs as well. From the literature,
10 Km values corresponding to asnBs from different species
were discovered, while only 4 k4 values were discovered. We
set out to discover if the sequence of asnB can predict Km value
without having to determine it experimentally. Through
homology modeling, we predicted the structures of asnBs with
known Km. After that, asparagine (the substrate) was docked
onto the predicted asnB structures, and the binding energy was
calculated. Thisbinding energy was compared to the measured
Km values to detect a correlation. Out of 10 species for which
Km is known, only in 6 species (Escherichia coli, Deftia
acidovorous, Dickeya chrysanthami 2, Azobacter vinelandi,
Pseudomonas stutzeri, Bacillus aryabhattai, Helicobacter pylori
1, and Bacillus subitilis 1) could Km be definitely assigned to
a certain sequence. A clear inverse relationship between Km
value and binding energy emerged. A higher Km value
corresponded to lower binding energy.

This finding makes sense according to a definition of Km. The
Michaelis-Menten kinetics is derived using the following

equation:
@]

Where E is the enzyme, S is the substrate, ES is the
enzyme-substrate complex, P is the product, k, is the rate of

forward reaction during the formation of ES complex, k_; isthe
rate of backward reaction during ES dissociation into E and S,
and k, istherate of reaction for the dissociation of ES complex
into E and P. From this equation, Km is defined as (k, + k_;) /
k;. When k, << k_; under the rapid equilibrium assumption, K,
=k_;/ky. Thus, Kmisequal to the dissociation constant. There
is also a relationship between the dissociation constant and
binding energy—deltaG (binding energy) is proportiona to

JMIRx Med 2021 | vol. 2 | iss. 3 [e29844 | p.202
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRX MED

—nKm. However, when InKm is plotted agai nst binding energy,
alinear fit graph was not obtained (data not shown). However,
the negative rel ationship between Km and binding energy makes
sense from this equation [64].

This result demonstrates that if binding energies can be
compared among homologs, the homolog with the highest
binding energy will givethe lowest Km value. This can be used
to predict the enzyme sequence that will give the lowest Km
value. In this paper, the binding energies of asnBsfrom various
Streptomyces species were calculated to obtain the one with
the highest binding energy. Of the 13 asnBs, 3 give biding
energy of —5.3 kcal/mol and —5.2 kcal/mol with asparagine.
asnBs from Streptomyces griseus, Sreptomyces collinus, and
Streptomyces venezuelae gave these values. These values are
higher than the binding energy of E coli and Erwinia asnBs.
We can expect the kinetics of the enzyme produced from
Streptomyces species to be better than those of commercially
available asparaginase, making it a valuable target for cloning.

For the three optimal asnBs and E coli asnB, aLigPlot diagram
of the active site along with interacting aspargine was drawn.
It was demonstrated in E coli that the catalytic pentad residues
were actively involved in bonding. Four of the five active-site
residues formed hydrogen bonds, whereas one stayed in the
active site forming hydrophobic interaction. Although the
residues interacting are the same in the active site published by
pdb site, different amino acid residues form hydrogen bonds
with asparagine at different locations from the one given in the
LigPlot in this paper. Thisisin line with the idea that the exact
mechanism of asparaginase catalysisis not figured out, though
it is predicted that the mechanism for type | and type Il
asparaginaseswill be conserved [65]. Two different mechanisms
have been proposed for asparaginase catalysis. One mechanism
describes double displacement, where the ammonia in
asparagine is first displaced by the enzyme before the enzyme
attached to asparagine is again displaced by water. The second
mechanism describes the single displacement where water
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directly displacesammoniafrom asparagine. There are contrary
experimental and theoretical predictions for the validity of the

two models [65,66].
@]

From the LigPlot of Sreptomyces griseus 1 and Sreptomyces
venezuelae 2, it can be demonstrated that three of the pentad
residues are present in the active site. This showsthat the active
site in these distant species is conserved. It has been predicted
that one of the two threonines acts as a nucleophilein the double
displacement mechanism. Conservation of both threonines
suggests that this could indeed be the case. A dynamic
simulation modeling rather than the static docking modeling
we have carried out might give a clearer answer to the active
sites involved, the catalytic mechanism, and the relevant
nucleophiles and electrophiles.

Thus, we have devised anin silico method to predict the enzyme
kinetics (Km value) from a sequence of an enzyme along with
being ableto screen for optimal alternative asnBs against acute
lymphoblastic leukemia. Our method uses sequence-based
phylogenetic analysisto zeroin on asmall number of candidates
onwhich virtual docking can be used to identify a set of optimal
enzymes that may be better than those that are commercially
used. In this paper, we have shown the effectiveness of our
method for identifying enzymes that are more optimal than a
known commercial variant. We have also validated the
effectiveness of this method to predict Km vaues of
asparaginase |1 with a high degree of accuracy. This method is
applicable not only to asparaginases but also to aslew of other
industria proteins such asamylases, cellulases, and many others.
In the future, it will be worthwhile to apply this technique to
the prediction of Km and the selection of industrially valuable
seguences of other enzymes. We have predicted three possible
highly promising L-asparaginase || enzymes produced by three
Streptomyces species. The next step will be to verify using
cloning if these sequences give alow Km value.
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