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COVID-19 is an acute respiratory infection caused by a novel coronavirus, with certain risk factors
associated to poor outcomes. It is not known if patients with pulmonary non-tuberculous
Mycobacterium (PNTM) infections are at a higher risk of infection, or its severe manifestations. Patient
data from the National COVID Cohort Collaborative (N3C) was used to study this population. We
described the N3C structure and steps to gain access to patient data, the development of a PNTM
infection phenotype, and the use of tools within the N3C analytical platform, the N3C Data Enclave, to
answer this question. We identified 277 PNTM patients, who were mostly female (64.3%), of advanced
age (mean age: 65.16 years), and not of Hispanic ethnicity (92.8%). The most common NTM was
Mycobacterium avium intracellulare. Eighteen patients had COVID-19 infection based on PNTM
infection phenotype, and they were older than COVID-19 patients without PNTM infection (mean age
60.27 vs 43.21, p = 0.0004). Analytics used a combination of point-and-click and command line tools
available in the N3C Data Enclave. Additional work to refine the PNTM phenotype definition; and to
evaluate differences in hospital course, and the effect of confounders commonly seen in PNTM
patients, are required. N3C is a promising tool to study the effects of COVID-19 on special
populations, and become a model for large-scale observational studies of novel infectious diseases.



Introduction

COVID-19 is an infectious disease caused by SARS-CoV-2, a novel betacoronavirus first linked to a
seafood wholesale market in Wuhan, China '. Clinical manifestations varies from asymptomatic
infection to severe acute respiratory infection and death. Based on the COVID-19 tracking project by
the Center for Systems Science and Engineering at Johns Hopkins University
(https://coronavirus.jhu.edu/map.html) ?, this virus has affected at least 66 million people, and caused
more than a million and a half deaths worldwide as of December 6, 2020. In the United States, the virus
has infected more than fourteen million individuals, and caused more than 280,000 deaths. Risk factors
associated to poor outcomes have been identified on multiple retrospective cohort studies, including
older age, cardiovascular disease, chronic lung disease, diabetes, and obesity **. However, it is difficult
to establish whether patients with a specific clinical condition with low prevalence in the general
population is at a higher risk of COVID-19 infection, or serious adverse outcomes. In this scenario,
cohort studies are limited by the number of patients that could be described, and in most situations, the
descriptions are based on single-center studies, which limits generalization of results. Early descriptive
studies of special populations during the COVID-19 pandemic, like people with HIV infection ', and
transplant recipients ', are some examples of this problem. This sort of study design is usually a
compromise related to lack of access to patient’s data, which is paradoxical, given the growing
abundance of patient’s clinical data. Unfortunately, accessing, organizing, and querying large clinical
data sources is out of reach for a single institution or researcher. To solve this situation, established
network of research consortia like the National Patient-Centered Clinical Research Network
(PCORnet) "2, Accrual to Clinical Trials Network (ACT) , and TriNetX ', and newly formed entities
like the 4CE Consortium "°, have been used to facilitate analysis of the impact of COVID-19 infection
in special populations, like HIV ', solid organ transplant '’, and discovery of novel risk factors '®.

Non-tuberculous Mycobacterium (NTM) infections are caused by a diverse number of Mycobacterium
species (> 190) . Even though these bacteria can affect any organ system, the primary manifestation is
pulmonary, which largely affect people with certain conditions like chronic obstructive pulmonary
disease (COPD), cystic fibrosis (CF), bronchiectasis, and people with some immunodeficiency
conditions. These infections have a worldwide distribution. The most common cause of pulmonary
NTM (PNTM) is M.avium intracellulare complex (MAC). The incidence and prevalence of these
infections seem to be increasing in the United States, especially among women and elder populations .
The mainstay of therapy is antibiotic combination (usually a macrolide, ethambutol, and rifampin for
MAC infection) for 18-24 months, and reinfection is common ?'. It is not known whether these patients
are at an intrinsic higher risk for COVID-19 infection, or its severe manifestations, or because of the
presence of known risk factors for both PNTM infection and severe COVID-19 infection. To evaluate
this hypothesis, access to patient data contained in the newly formed National COVID Cohort
Collaborative (N3C) was obtained 2. N3C is a partnership among the National Center for Advancing
Translational Sciences (NCATS) and Clinical and Translational Science Awards (CTSA) Program hubs,
and the National Center for Data to Health (CD2H), N3C provides researchers with clinical data
derived from electronic health records from ACT, TriNetX, PCORnet, and others using the
Observational Medical Outcomes Partnership (OMOP) common data model (CDM) * to answer
critical research questions by developing a collaborative analytics platform, the N3C Data Enclave **,
which uses harmonized data following the OMOP CDM , and the development of synthetic clinical
data, which is an artificial, statistically-comparable, computational derivative of the original data



without protected health information (PHI) as defined by the Health Insurance Portability and
Accountability Act (HIPAA) (Figure 1).

Figure 1. N3C activities and community workstreams (from Reference **)
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N3C is designed to turn data into knowledge during the COVID-19 pandemic, especially data analytics
and statistics that require a large amount of data which could be adapted to other medical conditions *.
N3C Patient data is kept in the Palantir platform (Palantir Foundry), which resides in Amazon Web
Services (AWS) GovCloud, a service provided by Amazon Web Services designed to host sensitive
data and regulated workloads, with multiple safeguards including role-based access controls, full
system log entries, granular host and network level logging, robust end-to-end encryption (SSL/TLS,
authentication, white-listing mechanisms), and comprehensive auditing of all data processing and
access within the cloud platform. Users can only analyze data within the platform (Figure 2), with
multiple tools for statistical, analytical, and machine learning.

Figure 2. N3C Data Enclave (from Reference *?)
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N3C data will only be used for clinical and translational research and public health surveillance of
COVID-19. In order to gain access to the N3C Data Enclave, a data use agreement (DUA) between
NCATS and the institution has to be signed. Data provision to the N3C Data Enclave is performed
under a Data Transfer Agreement (DTA), but it is not required to have A DTA to establish a DUA. As
of December 12th, 2020, seventy four institutions had executed a DTA
(https://ncats.nih.gov/n3c/resources/data-contribution/data-transfer-agreement-signatories), and 134
were DUA signatories (https://covid.cd2h.org/duas). Access to the data is free to DUA signatories, but
data access within the enclave requires an approved data use request (DUR) by the N3C Data Access

Committee, effective for one year after NCATS grants access. Three tiers of data are available (Figure
3).

Figure 3. NCATS access requirements by data level (from N3C Data Overview,
https://ncats.nih.gov/n3c/about/data-overview#access-requirements)
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For the purposes of extraction, transformation, and loading of data from the research networks, N3C
uses the Observational Health Data Sciences and Informatics (OHDSI) CDM %, which allows N3C to
harmonize patient data from diverse sources into a common data standard, and develop a standardized
analytic to be executed on the data (Figure 4). The common data model is well documented, and
improves reproducible analysis. N3C provides documentation about the CDM used in the enclave that
is freely available ?’.



Figure 4. Overview of all tables in the Observational Health Data Sciences and Informatics
(OHDSI) common data model version 6.0 (from Reference )
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Methods

In order to study our hypothesis, access to the N3C Data Enclave was gained after establishing a DUA
and DTA between N3C and the Medical College of Wisconsin (MCW) Clinical and Translational
Science Institute (CTSI, https://ctsi.mcw.edu) on 10/1/2020, which required submitting a brief outline
of the intended use of data within the N3C Data Enclave, mirroring the information provided in the
N3C Data Enclave DUR submission site. After registration to N3C (https://labs.cd2h.org/registration/),
completion of NIH Information Security and Information Management Training
(https://irtsectraining.nih.gov/public.aspx), and uploading proof of completion of human subjects
research training requirements (CITI program, https://www.citiprogram.org), we submitted a DUR to
access de-identified patient data, as defined by HIPAA and outlined in Figure 3. The DUR was
approved by the N3C Data Access Committee under the project identification RP-1C6E5SB (Impact of
COVID-19 infection in patients with pulmonary non-tuberculous Mycobacterium (NTM) infection: A




cohort study) on 10/27/2020. We planned to identify patients with PNTM and COVID-19 infection
within the N3C Data Enclave based on computational phenotypes created by using the OHDSI
collaborative Vocabulary Repository (ATHENA) **, and ATLAS, an open source application developed
as a part of OHDSI intended to provide a unified interface to patient level data and analytics . N3C
Data Enclave includes clinical data from patients who meet criteria in the N3C COVID-19 phenotype *
from sites across the United States dating back to January 2018 *. Using ATLAS (Figure 5), a case of
PNTM infection was defined as a patient in the condition occcurrence table with the concept
name “Mycobacterium, non-TB”, concept Id 4005145 (Figure 5).

0

Figure 5. Concept set for “Mycobacterium, non TB”, as extracted from vocabulary search in
ATLAS ¥ (https://atlas.ohdsi.org/#/concept/4005145)
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Manual exploration of its related concepts to create a list of search terms relevant to PNTM infection
was made (Figure 6), as defined by the N3C COVID-19 Clinical Data Warehouse Data Dictionary,
which is based on OMOP CDM specifications ’.

Figure 6. List of concepts used to define the pulmonary non-tuberculous Mycobacterium (PNTM)
infection phenotype.
1d Name
4008721 Atypical mycobacterial infection
42872408 Atypical mycobacterial infection of lung
4174281 Non-tuberculous mycobacterial pneumonia
44829731 Pulmonary diseases due to other mycobacteria
4154414 Infection due to Mycobacterium avium-intracellulare group
40383286 Pulmonary Mycobacterium avium complex infection
4190193 Infection due to Mycobacterium intracellulare
4189300 Battey disease
4160491 Infection due to Mycobacterium avium
4071178 Infection due to Mycobacterium kansasii
45489754 Pulmonary mycobacterium avium-intracellulare infection
4312516 Mycobacterium avium intracellulare, localized
4223818 Infection due to Mycobacterium xenopi
3327006 Mycobacterium avium intracellulare, localised
3151887 Infection due to mycobacterium, non-TB
3328179 Non-tuberculous mycobacterial pneumonia
40298689 Battey disease
40551644 Infection due to mycobacterium, non-TB
3177611 Atypical mycobacterial infection
30902207 Battey disease
761044 Infection of lung due to Mycobacterium kansasii
3387602 Infection caused by Mycobacterium avium-intracellulare group
3168567 Atypical mycobacterial infection of lung
3400992 Pulmonary mycobacterium kansasii
3410731 Infection caused by Mycobacterium kansasii
3187989 Pulmonary mycobacterium intracellulare infection
45509618 Battey disease
40383285 Battey disease
3231165 Pulmonary mycobacterium avium-intracellulare infection
3071364 Pulmonary mycobacterial infection
3309450 Infection caused by Mycobacterium xenopi
45613402 Mycobacterium avium-intracellulare Infection

Patients with COVID-19 infection were identified using a narrower COVID-19 computational
phenotype which differs from the N3C COVID-19 phenotype definition *°. This decision was based in
the fact that the N3C phenotype definition captures laboratory-confirmed, suspected, and possible cases
of COVID-19 2. Our definition focused in identify COVID-19-related visits, a more stringent
phenotype, in order to simplify analysis. Based on ATHENA, COVID-19 patients were identified as
entries in the condition occcurrence table with the concept name “Disease caused by 2019-
nCoV?”, concept Id 37311061 (Figure 7).



Figure 7. Concept set for “Disease caused by 2019-nCoV?”, as extracted from vocabulary search
in ATHENA * (https://athena.ohdsi.org/search-terms/terms/37311061)
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After identifying these two cohort, we performed multiple data transformations to describe their
demographic characteristics; and study whether there are statistically significant differences between
patients afflicted with COVID-19 infection in regards to the presence or absence of PNTM infection,
by using multiple analytical tools available in the N3C Data Enclave analytical platform, Palantir
Foundry. Methods in this study protocol and reporting follow recommendations by the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement *'.



Results

As of December 9, 2020, the N3C Data Enclave contained data of 2,635,160 patients, with 372,716
patients having COVID-19 infection, based on N3C phenotype, from 36 participating sites. Code
Workbook, a tool to create, edit, and extend Palantir Foundry pipelines with code or point-and-click
transforms in a graph environment, was created to write an SQL command to identify PNTM patients
based on our phenotype definition, by creating the table pntm phenotype, followed by creating the
table pntm patients with unique patient identifier (person_1id), a foreign key from the person
table, as defined by the OMOP CDM (Table 1). The SQL variant supported in Code Workbook is Spark
SQL. De-identified patient data is located in the N3C Data Enclave at the OMOP Safe Harbor dataset
folder.

Table 1. Structured query language commands to identify unique patients with pulmonary non-
tuberculous Mycobacterium (PNTM) infection phenotype

pntm phenotype

SELECT *

FROM condition occurrence

WHERE condition occurrence.condition concept id IN ('4008721','42872408",
'4174281', '44829731', '4154414', '40383286', '4190193', '4189300', '41e604091°',
'4005145', '4071178', '45489754', '4312516', '4223818', '3327006', '3151887',
'3328179', '40298689', '405516044', '3177611', '3092207', '761044', '3387602"',
'3168567', '3400992', '3410731', '3187989', '45509618', '40383285', '3231165",
'3071364', '3309450', '45613402")

pntm patients

SELECT DISTINCT person id
FROM pntm_ phenotype

Using this computational phenotype definition, we identified 277 patients, with PNTM infection. After
removing rows without data, the cohort has a female predominance (178/277, 64.3%), and an age
distribution skewed to advanced age (mean: 65.16, standard deviation: 16.15). The majority of patients
were white (227/277, 81.9%), and not of Hispanic ethnicity (256/277, 92.8%). For comparison, basic
demographic data from all patients in the N3C Data Enclave (2,635,160 patients) were mostly female
(1,465,805, 55.6%), white (67.4%), and not of Hispanic ethnicity (2,013,532, 76.4%). This
demographic data, and associated dashboard, were built within Contour, a tool available in N3C Data
Enclave to analyze large data sets with filters, joins, and visualizations (Figure 8).



Figure 8. Basic demographic dashboard for patients with pulmonary non-tuberculous
Mycobacterium (PNTM) infection, based on report exported from Contour.
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The results can be exported as new data sets, and interactive reports can be created and shared with
other team participants within the N3C Data Enclave. A data lineage graph showing data sets pipelines
used in this report build was created in Data Lineage, a visual tool in N3C Data Enclave to explore data
pipelines (Figure 9).

Figure 9. Data lineage for report build shown in Figure 2.
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Analysis from pntm phenotype revealed 1320 entries from 10 distinct data partners, and 312
patients. Most common descriptors found included Non-tuberculous mycobacterial pneumonia
(619/1320, 46.9%), Infection due to Mycobacterium avium-intracellulare group (345/1320, 26.1%),
pulmonary Mycobacterium avium complex infection (167/1320, 12.7%), atypical mycobacterial
infection (110/1320, 8.3%), infection due to Mycobacterium avium (58/1320, 4.4%), atypical
mycobacterial infection of lung (8/1320, 0.6%), infection due to Mycobacterium kansasii (7/1320,
0.5%), and Battey disease (6/1320, 0.5%). One data partner (data partner id number 181)
provided more than half of all entries (701/1320, 53.1%), a significant amount of unique patients
(98/312, 31.4%), and all the entries identifying M.kansasii, which were traced back to two patients.
Further analysis revealed one of them had both “infection due to Mycobacterium kansasii and
“Infection due to Mycobacterium avium-intracellulare group” reported, but it did not reveal a stop date
for either condition, and M.kansasii was the first one reported. Mycobacterium xenopi infection
(concept codes 4223818, 3309450) were not identified. To build our COVID-19 phenotype, we created
two tables, covid condition to identify COVID-19-related visits, and a unique list of patients,
covid cases.

Table 2. Structured query language commands to identify patients with visits related to COVID-
19 infection

covid condition

SELECT *
FROM condition occurrence
WHERE condition concept id = '37311061"

covid cases

SELECT DISTINCT person id FROM covid cases

Using Contour, a visual tool to create left, right, inner, and full joins as an alternative to create joins by
writing SQL code in Code Workbook (Figure 10), we performed an inner join between covid cases
and person, and its result was exported as a new table, covid patient demo, in order to perform
basic demographic descriptive analysis (Figure 11).

Figure 10. Join build dialog in Contour to create COVID-19 basic demographic data report.
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Figure 11. Basic demographic dashboard for patients with COVID-19 infection.
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With this tool, covid patient demo analysis revealed 262,699 patients, (mean age: 43.21, SD:
20.25), with female (54.1%), and white (58.9%) predominance. Hispanic ethnicity constituted 16.3% of
this cohort. We identified 18 patients who have had COVID-19 with known PNTM infection by
performing an inner join between covid patient demo and ptnm patients in Contour. They
were older (mean age: 60.27, SD: 17), and were mostly female (12/18, 66.7%), white (12/18, 66.7%),
and not of Hispanic ethnicity (15/18, 83.3%). Two out of eighteen were found in the death table,
which is available at OMOP Safe Harbor in the N3C Data Enclave. Further evaluation of the resulting
join did not reveal a cause of death, and one entry had a date of birth two months after this analysis was
performed, so these entries were not attributed to COVID-19 infection. To build the two groups for
comparison (COVID-19 cases based on the presence or absence of PNTM infection), Contour was used
to remove the 18 rows by using its Filter tool, and a new table, covid no ntm patients was
built. Table 3 illustrates the demographic differences in patients with COVID-19 based on PNTM
status. Statistical significance was set at o = 0.05 for 2-tailed tests by performing unpaired t-test for
comparison of means, and 2-sample z-test to compare sample proportions.
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Table 3. Demographic characteristics in patients with COVID-19 based on pulmonary non-
tuberculous Mycobacterium (PNTM) infection status.

COVID-19 C+INTM+ C+INTM-
Demographics Total Percentage Percentage Percentage p value
Number 262699 18 262681
Age (mean, SD) 43.21, 20.25 60.27, 17 43.21, 20.25 0.0004
Gender
Female 142127 0.54 12 0.67 142115 0.54 0.951
Male 120399 0.46 6 0.33 120393 0.46
No matching concept 172 0.00 0 0.00 172 0.00
Unknown 1 0.00 0 0.00 1 0.00
Race
White 154959 0.59 12 0.67 154947 0.59 0.9711
No matching concept 50274 0.19 0 0.00 50274 0.19
Black or African American 42925 0.16 5 0.28 42920 0.16 0.9465
\Asian 6168 0.02 0 0.00 6168 0.02
null 4691 0.02 0 0.00 4691 0.02
Other 1601 0.01 0 0.00 1601 0.01
\American Indian or Alaska Native 895 0.00 1 0.06 894 0.00 0.9323
Unknown 617 0.00 0 0.00 617 0.00
Native Hawaiian or Other Pacific Islander 534 0.00 0 0.00 534 0.00
Other Pacific Islander 26 0.00 0 0.00 26 0.00
Ethnicity
Not Hispanic or Latino 176593 0.67 15 0.83 176578 0.67 0.9395,
No matching concept 43383 0.17 0 0.00 43383 0.17
Hispanic or Latino 42713 0.16 3 0.17 42710 0.16
Patient ethnicity unknown 10 0.00 0 0.00 10 0.00

To identify whether these patients required inpatient management associated to COVID-19, a data set
to capture inpatient visits, inpatient and er visit, was created.

Table 4. Structured query language commands to identify patients with inpatient and emergency
room visits.

inpatient and er visit

SELECT *
FROM visit occurrence v
WHERE v.visit concept id IN ('262','8717','9201', '9203', '32037', '581379")

-- 262 Emergency Room and Inpatient Visit
-- 8717 Inpatient Hospital

-- 9201 Inpatient Visit

-- 9203 Emergency Room Visit

-- 32037 Intensive Care

-- 581379 Inpatient Critical Care Facility

To identify inpatient visits related to COVID-19 infection, a join between

inpatient and er visitand covid condition, with a visit start date on or after January
Ist, 2020, was created in Contour, and saved in a new table, covid inpatient. When performing
an inner join with our PNTM infection cohort data set, we identified three patients with PNTM
infection requiring inpatient admission related to COVID-19 infection (mean age: 38, SD: 15.12). Two
of them were female, and all were white. No deaths were noted in this group, after performing an inner
joint with the data set death. A visual analysis of the data sets used in this analysis using Monocle,
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another analytical tool available in Palantir Enclave, is shown (Figure 12). A quick lookup allowed
detection of an outdated data set, which was then rebuilt in Contour.

Figure 12. Data pipeline built for this study, using Monocle, a tool within Palantir Enclave. A list
of tools available in the enclave are seen at the left side of the figure.
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Discussion

From an informatics standpoint, the goal of gaining access to the N3C Data Enclave was completely
fulfilled within the amount of time stipulated to complete this capstone project. In contrast to the
straightforward process to gain access to the enclave, analyzing the data in the enclave came with a
steep curve (Figure 13).

Figure 13. N3C Data Enclave regulatory steps and user access (from Reference )
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As of this writing, documentation about Palantir Foundry, including implementation of popular tools in
data science like R, Python, and SparkSQL, are out of reach for people without a DUA and a DUR.
However, Contour proved to be a very flexible tool within the enclave, especially with its embedded
data visualization and reporting capabilities. Even though other tools were used for this analysis (Data
Lineage, Code Workbook), most if not all data sets created with the SQL commands in Code Workbook
could have been built within Contour. For simple data set queries and new data set builds, as described
in some of our builds and queries, this tool will become a very popular choice within the enclave,
especially if the user is not comfortable with available data science tools. The analysis of large data to
solve complex questions is one of the main reasons N3C was built, and it is difficult to conceive
Contour being enough for more complex analyses. One crucial aspect of the project is the absolute
need to familiarize with the CDM, but one of the main strengths of N3C is the use of the OHDSI CDM,
which has excellent documentation, and an active community of developers. N3C Data Enclave can
integrate other tools to analyze OMOP data, including OHDS ATLAS, LOINC2HPO, NCATS
Biomedical Data Translator, and Leaf *.

Multiple limitations are present in our study. Our definition of COVID-19 differs from the phenotype
described by the enclave, but we chose a more stringent definition of a positive COVID-19 case to
simplify the analysis. Even though the use of de-identified data obviated the need for local institutional
review board (IRB) oversight, the loss of PHI makes date and time analysis difficult, and geographical
information is lost, which has been shown to be of importance in PNTM infection *. The
computational definition for PNTM infection was limited to the more relevant NTM species causing
pulmonary infection, and it is likely other species will be reported with more frequency in the near
future "°. No deaths were reported in patients with PNTM infection and COVID-19 infection, but the
small number of cases makes extrapolation to the overall PNTM infection population problematic,
especially when the source of patient data is confined to the United States healthcare system, and
furthermore, to the relatively reduced number of institutions that have signed a DTA with NCATS.
Additional statistical analysis of associated clinical conditions like the impact of body mass index, race
and ethnicity, and the presence of comorbidities and/or confounders like COPD, bronchiectasis, and
cystic fibrosis, would be the logical step to follow. The project is expected to continue for the
remainder of the DUR agreement, and some of our goals is to continue the proposed analyses, followed
by publication of our findings in a peer-reviewed journal. N3C has published guidelines for publication
of documents using N3C data, including analysis reports, data, resources, abstracts, presentations,
preprints, and publications **.

We would like to consider refinements to our PNTM infection computational phenotype, including
detection of patients by querying drug exposure, and observation tables, as defined by the CDM, and to
share this information with the N3C community for additional feedback. N3C has created clinical
domains teams to enable researchers with shared interests to analyze data within the enclave and
collaborate more efficiently in a team science environment (https://covid.cd2h.org/domain-teams), by
weekly discussions via video conference, Slack, and Google Groups. However, finding a “home” for
this project within current clinical domain teams was not feasible, with the consequent loss of the social
and collaborative component embedded in the N3C Data Enclave design. Interestingly enough, an
infectious diseases research team at OHSU reached out to join efforts in analyzing this group of
patients, after DUR data that is available to the public in the N3C website. We would like to develop a
JavaScript Object Notation (JSON, a lightweight data-interchange format) PNTM infection cohort
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definition with ATLAS, which can be used with a Python script available in N3C Knowledge Base, in
order to increase standardization and reproducibility of data analysis.

Summary and Conclusions

In conclusion, we were able to use patient data from N3C Data Enclave data sets to perform a proof-of-
concept study to determine the impact of COVID-19 infection in patients with PNTM infection. We
developed computational phenotypes for both conditions by using freely available tools before we
gained access to the data. Multiple tools within the analytical platform in N3C were used to identify
patients with PNTM infection, who tended to be female, older, and mostly of white race when
compared to the overall N3C cohort. The majority of these infections were associated to
Mycobacterium-avium intracellulare complex. There was a statistically significant difference in regards
to age between patients with PNTM and COVID-19 infection when compared to COVID-19 patients
without PNTM infection. Three patients with PNTM infection required inpatient admission, and no
fatalities related to COVID-19 were present. Additional research work to evaluate whether there are
differences in hospital course, and to quantify the effect of other medical conditions that are commonly
present in patients with PNTM infection, and are known risk factors for severe COVID-19 infection,
are required. N3C provides multiple options to researchers to study patients with COVID-19 infection,
including open and propriertary solutions, which will be beneficial when studying the effects of
COVID-19 on special populations. Given the use of OHDSI CDM as the data model for loading and
transforming data, it is expected N3C will continue to provide information about COVID-19 infection,
and become a model for organizing data to facilitate large-scale observational studies of novel
infectious diseases.
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