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Introduction

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

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

• I 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

(4)
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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

(5)
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Methods: Covidence

• 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 
matched the criteria

• Papers which were included were then 
read in full and included or excluded 
according to the criteria
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PRISMA Chart
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Methods: Data Collection

• After papers were included, they were 
put into a spreadsheet and specific 
variables such as basic information, 
biomarkers, and demographics of 
cohorts were inputted

• 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
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Preliminary 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 (7-25).

• One paper, Ouwendijk, et al., showed a 
negative correlation between d-dimer 
and disease severity(7). However, most 
papers showed a positive correlation 
between NET biomarkers and COVID-
19 disease severity(8,10-21).

• Four papers indicated that DNAse could 
be used to inhibit NETosis in COVID-19 
Patients(8-11). One paper indicated that 
inhibiting C3 proteins could result in 
NETosis inhibition(12).

Country
Number of 
Papers (n=19)

Italy 1
Canada 1
USA 6
Belgium 2
Germany; 
Belgium 1
France 2
South Korea 1
Spain 1
Netherlands 1
Germany 1
Mexico 1
Brazil 1
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Preliminary Results

• 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).

• Certain papers elected to measure NETs 
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.

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

Fig 4.

Fig 3.
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What I 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
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Cultural Takeaways

• Mahmood and I 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

• I learned about the culture of Anschutz 
compared to University of Colorado –
Denver and the culture of research as a 
whole
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Implications

Conclusions
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.

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.

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.
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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 
NETs 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). 

Fig. 1 Fig. 2

Fig. 4Fig. 3

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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