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Introduction

| am a senior obtaining my bachelor’s
degree in Biology at University of
Colorado - Denver

| initially joined ISCORE to learn about
other cultures and possibly gain some
research experience

| met Mahmood through ISCORE in Fall
2021

We began working on the systematic
review in Spring 2022
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Background

What are Neutrophil Extracellular Traps (NETs)?

Initially described in 1996 by Takei, et al. and
further described and named by Brinkmann, et
al.

Brinkmann indicated that NETs were made of
myeloperoxidase, neutrophil elastase, and DNA,
among other components

In 2011, it was found that certain diseases could
induce NETosis and increase the risk for Acute
Respiratory Distress Syndrome (ARDS) (3)

The present review attempts to elucidate the
connection between COVID-19 and NETosis
using an investigation of the current research
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é Methods: Initial Research

We began our research with a
preliminary investigation of relevant
terms that could be used to gain papers

The terms were then inputted into three
databases with the guidance of a
librarian

All results were imported into
Covidence
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PRISMA Guidelines

Previous studies Identification of new studies via databases and registers Identification of new studies via other methods

Studies included in previous Records identified from:

version of review (n=) Websites (n=)
Reports of studies included Organisations (n=)
in previous version of Citation searching (n=) etc

review (n=)

Records screened (=)~ —» Records excludedt (n=)

Reports sought for retrieval — Reports not retrieved (n=)
(n=)

Reports assessed for Reports excluded:
eligibility (n=) T Reason1(n=)
Reason 2 (n=)
Reason 3 (n=) etc

*Consider, if feasible to do so, reporting the number of records identified from each database or register

l searched (rather than the total number across all databases/registers)
tifautomation tools were used, indicate how many records were excluded by a human and how many were
Total studies included in excluded by automation tools

review (n=)
’ Reports of total included
studies (n=)
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Tlhl. 1] PRISMA 2020 item checklist

Location where
Section andtopic  ltem ¥ Checkist item item is reported
Title.
Title 1 identiy; as
Abstract
Abstract 3 Seeihe PRISWA 2020 for Absiracts checkiis! (lable 2).
Rationate 3 the revi
biectives 4 Provid Guestion(s) the teview addresses.
Methods
Eligibiity citen 5 T the revies = Syiheses
Information sources 6 Specify all databases, regisiers, websiles, reference fists a consulted 1o identily
tudies. Specil h consulied
Search strategy 7 Present the full search strategies for all databases, registers and websites, including
r} th Tud y
. d tools
used in the process
g ¥ data from teports, d whether
process they worked o for obaining. ’ ¥ pplicable, details of
d in the process.
Data items. 102 Listand define all ¥
domain in each study were sought (e.g. for all measures. time points. analyses). and f not, the methads used to detide which
i I
06 Uit fabies for which an
Describ lons made ab 'lnymlwn!ulm{lemmlnrmamn
Stdyriskolbls 11 Spec d i of bias In i of the tool(<) used,
and whether o and i applicable, details of
Eflect measures 12 Specly skt used in the synthesss or presentation of resulls
Synthesis methods 133 ed " ythesis (e g v
Eroups
136 v such as hand i
o1 data conversions.
T3¢ Describeany: ed
130 I the choice(s). It mets anabysis was perlormed,
describe the model(s), iy the p
3¢ Describ po; T lysis. meta-
regression)
T3 Describ T ducted
14 Des hos used Kol resuls, biases).
assessment
[Z 15 (or confidence) in the body of evidence for an outcome.
Results
¥ 168 e results of 1he search and ‘rocess, from D "of vecords Ientied in the search ta the numberof
stud jew, ideally using a fiow diagram (soe fig 1).
36b__Cite siudies that migh to meet the inclusion critena, but which were d explain why they
S 17 Cite ach included study and present i
Riskof las o stsfles 18 Present assessments o ik of bias for each nclued sudy.__
Resultsof indwidual 19 Forall outcomes, present. for each study: (a) group T
studies i1s precision (e g confidence/credible intervall. plots
Results of syntheses 20 For each synihesis, briefly sumimarise 0 sk ol
206 f ducted. I . present for each andits.
f
the effect
e Lresu? Tpoisibi Ty smong stidy resuls
D0 Present results of all T
of iskof s (ar i ed
‘Cartainty of evidence L assessments i v of evidence assessed.
Discussion
Discussion 735 Provide a general interpretation of (he resulls in the Context of ther evidente.
23h  De y limi
23c
234D e vesulls far practice, policy. and uture research.
Other informatien
Regisiration and 248 Provide registiation informalion for (he review, Icluding fegister name and registiation number, of state that the review was not
protocol registered
Bt Y Eiew protocol b acctssel. o s Tl protocol s ok paspard
i Describe and explain o in the protocol
Sopport fnancial or non-financial suppmlmlm Teview, and the 1ole of the finders o
 review authors
‘Availability of data, port which of " i be found:
cad, and other from included studies; data used for all analyses: analytic code; any other materials used in the review.
materiats
Table 2 | PRISMA 2020 for Abstracts checklist™
‘Section and topic
Title
tle 1 Identify ihe report a5 3 sysiematic review.
ackground
biectives A Frovid ol the man o
Methods.
igibility Specily ind i review
“Speclly the inf atabases. registers) used to identity each was last searched
Risk of bias Specify K of bias in the
ynthesis of resills “Specify the methods used & t
esults
included studies 7 Give the total number of included studies and participants and summarise relevant characteristics of studies.
Synthesis of resulls 8 Present reslls or main outcomes, preferably indicating the numiber of included sludies and particpants for each. I mea-analysis was

done, report the . If comparing groups, indicate the direction of the effect (i.e. which
roup is favoured).

Discussion
Umitations of evidence 9 Provide o brief summary fhe evidence included in the review (e 8. study risk of bias,
Interpretation 1 Provide a general of the results and impli¢
Other
Funding 11 Specify the primary source of funding for the review.
Regisiration 12 Provide the register name mber.
the sarme liems as ] Absiract published in 2013 but b h

“This abistiact
PRISMA




Exclusion criteria

case reports less than 5
Literature review
é MethOds: COVidence Systematic review ( we can use them to find relative papers)
Safety nets
Nets in the airways(alveoli, secretions, nasal )
NETS in the veins
Pediatrics

Coronary and pulmonary vessels

Formal criteria was created to guide the
paper selection process

Two reviewers read the titles and
abstracts of each paper to determine
whether it was primary research that

Inclusion criteria

1- COVID-19 patients

matChed the Cl’lte ra 2- NETS in the blood (Serum, blood clots) only arterial system.
3- patients>18 years old
Paper‘s Wh|Ch were included were then Nets role in coagulation for patients with COVID-19
. . Neutrophil extracellular traps (NETs) as markers of thrombaosis
read in full and included or excluded severity in COVID-19

according tO the Criteria mEDICATION AGAINST nets DURING covid OR ENHANCE the
NETS action

Case series showing levels of NETs in patients with COVID-19
How NETosis could drive “Post-COVID-19 syndrome” among
survivors

@]‘ University of Colorado
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PRISMA Chart

i 915 studies imported for screening - 409 duplicates removed
[y 506 studies screened o 333 studies irrelevant
[ 152 full-text studies assessed for eligibility =) 90 studies excluded
; ¥ Hide reasons
48 Wrong study design

34 Wrong indication
7 Wrong patient population
1 Paediatric population

0 studies ongoing
0 studies awaiting classification

University of Colorado "—
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Table I: Basic Information

82 Case-control Study Netherlands

é MethOds: Data COIIection giazr;]sdﬁﬁa;izliles Year e Total # of Type study Country

Peyneau, et al. 2022 106 Cross-sectional clinical France
Skendros, et al. 2020 35 Clinical study USA
Staats, et al. 2020 97 Clinical Study Germany
Strich, et al. 2021 14 Cases Series USA
Tan, et al. 2021 N/A Treatment Developme China
After pa pe rs we re I n CI u d ed th ey We re Torres-Ruiz & Absalon-Aguilar, et al. 2021 92 Cross-sectional clinical Mexico
H

Torres-Ruiz & Perez-Fragoso, et al. 2021 121 Clinical Study Mexico
Vanderbeke, et al. 2021 92 Case-control study Belgium

put into a spreadsheet and specific
variables such as basic information,
biomarkers, and demographics of
cohorts were inputted

Veras, et al. 2020 53 Case-control study Brazil

An analytics expert directed us on
data cleaning

For the results today, 18 papers were
analyzed for similarities such as the
use of certain biomarkers and certain
techniques used to quantify NETs

@]‘ University of Colorado
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Papers Showing a Positive Correlation

Between NET Biomarkers and Disease Severity
DNASE ACTIVITY

IL-18
IL-8 (CXCL8)

Preliminary Results

g LOW DENSITY GRANULOCYTES

§ NEUTROPHIL ELASTASE (NE)

- In a collection of 18 papers, there were % - DEHYDROGENAZ'ED('L“:';‘;
1650 patients, with 249 being COVID-19 g B RoTEIN (CRP)
and in an |CU, being COVID-19 positive g ABSOLUTE NEUTROPHIL COUNT (ANC)
with no other distinction, and 450 CELL-FREE DNA (CFDNA)

contros (7-25). e

*  One paper, Ouwendijk, et al., showed a 0 1 2 3 a 5
negative correlation between d-dimer Fig 1. ke -
and disease severity(7). However, most ] . o
papers showed a positive correlation Papers which Discovered Inhibitory Effects on NETs
. in COVID-19 Patients
between NET biomarkers and COVID- - b,
. . N .
19 disease severity(8,10-21). Country  papers (ne1s) X
- Ital 1
- Four papers indicated that DNAse could aregs ] s
be used to inhibit NETosis in COVID-19 usa 6 i >
Patients(8-11). One paper indicated that Belgium 2 5 2°
T . . Germany; 5 2
inhibiting C3 proteins could result in Belgium 1 -
NETosis inhibition(12). France 2 3'°
South Korea 1 1
= Spain 1 05
m m University of Colorado Netherlands 1 h
%) Anschutz Medical Campus Germany 1 DNASE C3 INHIBITION
Mexico 1 Fig 2 Possible NETosis Inhibitor
Brazil 1 i



Papers which Used Certain Techniques to
Quantify NETs

~

Preliminary Results

(o)}

wv
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« There was some consensus on NET
quantification techniques, with many papers
using flow cytometry (7,10,11,13,14,22), but still
others using a specific NETosis Assay Kit(13-
15).

w

Number of Papers

N

=

. MACXPRESS NETOSIS ASSAY KIT FLOW CYTOMETRY IM FLUOROSCOPY
+  Certain papers elected to measure NETs Fig 3. NET Quantification Technique
qualitatively rather than quantitatively, indicating
only that they had been used as biomarkers(8-
13,16,17,22,23,25). This is indicated in figure 4. Papers which used a NET Biomarker Qualitatively

DNASEACTIVITY fi5

«  These papers varied in their goals, from
quantification of other, less known biomarkers Low DENSITY GRANULOCYTES {5
to relating these biomarkers to topics such as
defining the maturity of the neutrophils
undergoing NETosis(10).

NEUTROPHILELASTASE (NE) ||

D-DIMER ‘

psoNA I

NET Biomarkers Collected

CELL-FREE DNA (CFDNA) |1

CITRULLINATED HISTONES (CIT-H3)

% University of Colorado e e
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@ What | Learned

How to conduct a systematic review

How to communicate complex
information both verbally and in text
to a team

What NETs are and NETs in relation
to COVID-19 as well as disease in
general

What “good” data entry looks like and
how to “clean” data for analysis

@]1 University of Colorado
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@ Cultural Takeaways

Mahmood and | spoke about many
differences and similarities between
Middle Eastern and US culture

ISCORE occurred during multiple
holidays, we talked about what each
person does for those

Foods were shared, Mahmood made
kunafah as well as other foods

| learned about the culture of Anschutz
compared to University of Colorado —
Denver and the culture of research as a
whole

University of Colorado
Anschutz Medical Campus
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NETs and COVID-19 in Human Blood

Ryleh Rapplean', Ethan Moore 2, Shelbi Boggs 2, Nargis Kalia 2, Jackson Fulk-Logon 2,

Jocelynn King!, Ahmad Abdelrahman 2, Mahmood Kabeil, MD?

University of Colorado — Denver!, University of Colorado Anschutz Medical Campus?

Background

Initially described in 1999 by Takei, et
al. and further described and named
by Brinkmann, et al. Brinkmann
indicated that NETs were made of
myeloperoxidase, neutrophil elastase,
and DNA, among other components.
In 2011, it was found that certain
diseases could induce NETosis. The
present review attempts to elucidate
the connection between COVID-19
and NETosis using an investigation of
the current research.

Methods

PubMed, Embase, and Web of Science
were the databases used. Search
criteria were obtained with the guidance
of a librarian. Search results were
imported into Covidence, and then
screened by two reviewers using a two-
step process. The first step screened
papers using titles and abstracts, the
second involved a more in-depth
process of reading the full papers.
Papers were included or excluded
according to pre-agreed upon criteria.
Included papers were then entered into
a spreadsheet with the desired variables.
The collected data was cleaned, and
analysis was conducted to yield the
results.

Results

In a collection of 18 papers, there were 1650 patients, with 249 being COVID-19 and in an ICU, being COVID-19
positive with no other distinction, and 450 controls(7-24). This included 5, 9, and 5 papers from 2020, 2021, and
2022, respectively. The papers came from 12 countries, with 5 variations of study design(7-24). Two possible NET
inhibitors were found, the use of DNAse(8-11) and C3 inhibition(12). The most common technique used to quantify
NETSs in the present papers was flow cytometry(7,10,11,13,14,21). Some papers elected to quantify NETs or simply
gain a qualitative understanding(8,10-20). The most common biomarker used in relation to NETs is MPO-DNA

(7,11,13,.21).

Papers which Discovered Inhibitory
Effects on NETs in COVID-19 Patients

>

w

Number of Papers

2w s

=3

(=]

DNASE C3 INHIBITION
Fig. 1 Possible NETosis Inhibitor

Papers which Used Certain
Techniques to Quantify NETs

Number of Papers

O BN W e BB N

MACXPRESS NETOSIS ASSAY FLOW M
KIT CYTOMETRY FLUOROSCOPY

Fig. 3 NET Quantification Technique

Papers Showing a Positive Correlation Between NET
Biomarkers and Disease Severity

NET Biomarkers Collected

ABSOLL

Fig. 2 Murmber of Papers

Papers which used a NET Biomarker Qualitatively

DSDNA

MET Biomarkers Collected

CELL-FREE DNA (CFDNA)

CITRULLINATEE

STOMES (CIT-H3)

Fig. 4 Number of Papers

Conclusions

Although there is some consensus,
researchers are using many different
biomarkers to collect quantitative and
qualitative data. Among the most
commonly used are D-dimer,
myeloperoxidase-DNA complexes, and
citrullinated histones. There seems to
be some consistency in methodology
for collecting NETs from COVID-19
patients, with flow cytometry being the
most common. It is also important to
note that some papers defined the
presence of NETs while quantitatively
measuring other biomarkers. Finally,
there is some consensus on the
inhibition of erroneous NETs within
COVID-19. Four papers indicated that
inhibition of DNAse could be used, and
one paper indicated C3 inhibition as a
possible target as well.

Implications

This study shows a lack of consistency
in measuring NETs, possibly because
they were only understood to play a
role in viral disease beginning in 2011
(3). In the future, more research could
be done to determine the most efficient
biomarkers which correlate to NETosis
and COVID-19 severity, if not disease
severity in general.
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