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ABSTRACT

Objectives: Post-acute sequalae of SARS-CoV-2 infection (PASC) is not well defined in pediatrics given its heter-
ogeneity of presentation and severity in this population. The aim of this study is to use novel methods that rely
on data mining approaches rather than clinical experience to detect conditions and symptoms associated with
pediatric PASC.

Materials and Methods: We used a propensity-matched cohort design comparing children identified using the
new PASC ICD10CM diagnosis code (U09.9) (N=1309) to children with (N =6545) and without (N=6545) SARS-
CoV-2 infection. We used a tree-based scan statistic to identify potential condition clusters co-occurring more
frequently in cases than controls.

Results: We found significant enrichment among children with PASC in cardiac, respiratory, neurologic, psy-
chological, endocrine, gastrointestinal, and musculoskeletal systems, the most significant related to circulatory
and respiratory such as dyspnea, difficulty breathing, and fatigue and malaise.
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Discussion: Our study addresses methodological limitations of prior studies that rely on prespecified clusters of
potential PASC-associated diagnoses driven by clinician experience. Future studies are needed to identify pat-
terns of diagnoses and their associations to derive clinical phenotypes.

Conclusion: We identified multiple conditions and body systems associated with pediatric PASC. Because we
rely on a data-driven approach, several new or under-reported conditions and symptoms were detected that

warrant further investigation.
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LAY SUMMARY

studies.

Pediatric long COVID in children does not currently have a precise clinical definition, in part due to its widely varying presen-
tation in kids. By comparing children diagnosed with long COVID to children who had COVID-19 but were not diagnosed
with long COVID, this study identified several groups of symptoms and conditions that are associated with pediatric long
COVID. These findings can be used towards developing a precise definition of long COVID in children for use in future

BACKGROUND AND SIGNIFICANCE

The National Institutions of Health (NIH) launched the new
RECOVER initiative in 2021" to leverage electronic health record
(EHR) data to better identify and characterize patients with post-
acute sequelae of SARS-CoV-2 infection (PASC), defined by the
NIH as failure to recover from COVID-19, or those persistently
symptomatic for >30 days.” In the adult literature, advances have
been made to predict PASC among COVID-19 affected patients®
and to describe etiology, risk factors, and outcomes.*” In contrast,
there is currently a paucity of rigorous studies that accurately
describe PASC in children.® Research attempting to better elucidate
PASC in children has been limited by small sample sizes,” ! lack of
a control group,'>™* or restrictions in source population®® that limit
generalizability to a broader cohort.'

Access to EHR data in a large population of children offers an
opportunity to better understand the spectrum of PASC across a
wide range of demographics and clinical trajectories. A recent
exploratory analysis using EHR data to characterize pediatric PASC
examined symptoms, diagnoses, and medications occurring more
frequently in a large cohort of SARS-CoV-2 viral test-positive
patients when compared with SARS-CoV-2-negative controls. Simi-
lar studies have also been carried out in adult populations.” How-
ever, these studies are limited in 2 important ways. First, SARS-
CoV-2 positive patients are heterogeneous and therefore analyses
are at risk for spurious associations attributable to residual con-
founding rather than significant clinical findings. Second and relat-
edly, studies of PASC-associated features employ outcomes defined
by clusters of clinically similar diagnosis codes. Clustering clinical
codes in this way may bias findings that confirm clinical experience.
The rapidly evolving nature of the pandemic and the lack of consen-
sus of specific symptoms that define PASC in children necessitate a
more data-driven approach for knowledge discovery.'”

In this study, we explored syndromic and systemic features asso-
ciated with a clinical diagnosis of PASC compared to children with
and without SARS-CoV-2 infection. The diagnosis code for PASC
was established in October 2021—U09.9, post COVID-19 condi-
tion, unspecified. Prior to this, the nonspecific code, B94.8, Sequelae
of other specified infectious and parasitic diseases, was proposed as
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a temporary alternative.”® While these codes reflect clinician

judgment in diagnosing patients who may suffer from PASC, they
are likely to have a higher positive predictive value than identifying
cases using COVID-19 alone. To identify clusters of PASC-
associated diagnoses from tens of thousands of diagnosis codes, we
used a tree-based scan statistic, a data mining tool which detects sig-
nals from hierarchical structures without relying on prespecifying
the clusters of codes of interest. This data-driven technique is espe-
cially advantageous in EHR research where mining a large corpus of
data is feasible.

MATERIALS AND MIETHODS

Study population and design

The RECOVER PEDSnet EHR population includes EHR data from
9 children’s hospitals: Children’s Hospital of Philadelphia, Cincin-
nati Children’s Hospital Medical Center, Children’s Hospital of
Colorado, Ann & Robert H. Lurie Children’s Hospital of Chicago,
Nationwide Children’s Hospital, Nemours Children’s Health Sys-
tem (in Delaware and Florida), Seattle Children’s Hospital, and
Stanford Children’s Health. The Children’s Hospital of Philadel-
phia’s institutional review board designated this study as not human
subjects’ research and the need for consent was waived. The PEDS-
net COVID-19 Database Version week 141 was used, which
includes clinical histories through December 1, 2022 of patients
who have been tested for SARS-CoV-2, diagnosed with COVID-19,
or received a COVID-19 vaccine.! This study is part of the NIH
Researching COVID to Enhance Recovery (RECOVER) Initiative,
which seeks to understand, treat, and prevent the post-acute seque-
lae of SARS-CoV-2 infection (PASC). For more information on
RECOVER, visit https://recovercovid.org/.

Our primary analyses focused on 2 comparisons of interest.
Cases consisted of patients with evidence of PASC; the 2 comparator
cohorts were patients with and without SARS-CoV-2 infection. Evi-
dence for PASC comprised a U09.9 diagnosis code or an interface

1 More information on the PEDSnet RECOVER cohort is available at
https://github.com/PEDSnet/Data_Models_Public/blob/master/PEDS-
net/docs/RECOVER%20Cohort.md
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terminology (IMO) term in the EHR with the following strings:
(“post” and “acute” and “covid”) or (“complication” and “covid”).
As evidence for PASC, we also admitted a B94.8 (Sequelae of other
specified infectious and parasitic diseases) diagnosis code; because
the B94.8 code is more general, we did not include such diagnoses
where the IMO term indicated something other than PASC. We
excluded patients who had a MIS-C diagnosis at any point in time
based on the presence of the M35.81, U10, and U10.9 ICD10CM
diagnostic codes; therefore, we use “PASC” to refer specifically to
non-MIS-C variants. Patients were considered SARS-COV-2
infected if they had a diagnostic test that was positive for infection
(polymerase chain reaction [PCR], antigen, or serology). Serology
tests included IgM, IgG anti-N antibodies, IgG anti-S or receptor
binding domain (RBD) antibodies, and IgG and IgA undifferentiated
antibodies based on criteria from Mejias et al'® for positivity due to
infection. Patients were also considered SARS-COV-2 infected if
they had a diagnosis code for COVID-19 in the inpatient or emer-
gency department (ED) setting. We excluded diagnosis codes for
COVID-19 in the outpatient setting because of the possibility that
the code was assigned as a rule-out diagnosis during a patient evalu-
ation. Further, the observation period in the study aligned with the
phase of the pandemic when viral testing was still widely performed
in the healthcare setting. Patients were considered SARS-COV-2
uninfected if: (1) all available diagnostic tests (PCR, Ag, serology)
during the study period were negative and (2) the patient did not
have any diagnosis codes indicating SARS-COV-2 infection, MIS-C,
or PASC in any setting.

Cohort entry date for incident PASC cases was defined as: (1) the
date of the first positive PCR or antigen test, or (2) 4 weeks before
the date of the first positive serology test, or (3) 4 weeks before the
first occurrence of a diagnosis of PASC if no preceding confirmatory
test was available. We recognize that imposing a date of infection
may misclassify the risk window between initial infection and PASC
diagnosis if no testing data is available but chose to be overly inclu-
sive of patients rather than exclude patients with the diagnosis based
on unavailability of testing data (only 533 of 1309 patients with
PASC [40.7%] had evidence of SARS-CoV-2 infection prior to their
earliest PASC diagnosis). The cohort entry date for non-PASC
SARS-CoV-2 infected patients was defined based on the date of the
earliest SARS-CoV-2 diagnostic test (unless serology positive, then
4 weeks earlier) or earliest COVID-19 diagnosis/encounter. For
SARS-CoV-2 uninfected patients, cohort entry dates were chosen as
the date of a random negative test. All patients across case and con-
trol definitions were <21 years of age at the date of cohort entry.
Further, to ensure that patients had a history of care at their institu-
tion, we required that all patients had at least 2 encounters in the
health system in the 18 months prior to cohort entry.

Additionally, we conducted a sensitivity analysis in which we
compared SARS-CoV-2 positive to SARS-CoV-2 negative patients
during the post-acute period—a description of the methods and
results of this analysis are included in the Supplementary Appendix.

Matching

We extracted data for our study from the RECOVER pediatric data-
base by identifying any patient who met study inclusion criteria
between March 1, 2020, and December 1, 2022. We used a propen-
sity score matched approach to balance covariates between cases
and each of the comparison groups to minimize potential confound-
ing.*® Propensity scores were estimated using logistic regression as
the probability of a PASC diagnosis conditional on the following

covariates: Institution, age group (<1, 1-4, 5-11, 12-15, 16—
20 years), sex, race/ethnicity (White non-Hispanic [NH], Black NH,
Hispanic, Asian NH, multiracial NH, other NH), and clinical set-
ting of testing. Additionally, we used the Pediatric Medical Com-
plexity Algorithm (PMCA)?! to define for each body system an
index indicating presence and complexity of chronic condition in
that body system grouping and used these PMCA indices in our pro-
pensity score model. We then matched PASC patients to comparison
patients (SARS-CoV-2 infected patients in the first cohort, SARS-
COV-2 uninfected patients in the second cohort) using 5:1 nearest
neighbor matching, additionally requiring exact matching on both
cohort entry month and age group.”?> We assessed the balance
between the SARS-CoV-2 infected and uninfected patients via abso-
lute standardized mean differences.

Tree-based scan statistic

The tree-based scan statistic is a data mining tool that is well estab-
lished in vaccine safety®® and disease surveillance and characteriza-
tion,”>?* making it salient for applications to understand pediatric
PASC in its early stages of characterization. This approach simulta-
neously evaluates outcomes at different levels of granularity in a
hierarchical structure, adjusting for multiple testing using a likeli-
hood ratio statistic. In this study, we employed the unconditional
analysis based on a Bernoulli probability model at each node of the
tree, as described in the TreeScan User’s Guide.”> This approach
identifies branches of the tree at which outcomes belonged most dis-
proportionately to cases as compared to controls.

As inputs, we used the ICD10CM vocabulary following the
ICD10CM Tabular List of Diseases and Injuries®® as developed by
the National Center for Health Statistics (NCHS). For example, a
path down the hierarchy might proceed as follows: C00-D49->C00-
C97->C44->C44.1->C44.10->C44.102->C44.1021. In all, the
hierarchy has 7 levels, with the following counts of nodes per level
starting from the top down: 22, 262, 2274, 9502, 14400, 22236,
48450.

We will alternately refer to the hierarchy as a tree, and the clus-
ter consisting of a node together with all of its descendants will be
referred to as a branch of the tree, or equivalently, as a cut. For each
branch of the tree, we started with the observed count of cases who
had an incident diagnosis in that branch during the outcome period.
We also calculated the expected number of cases for each branch by
multiplying the proportion of cases in the cohort (1/6 due to 5:1
matching) by the number of controls who had an incident diagnosis
in the branch. The null hypothesis, for each cut, is that the number
of observed cases equals the number of expected cases. This method
adjusts for multiple testing in the sense that under the null hypothe-
sis that the number of observed cases equals the number of expected
cases at each cut, there is a 95% probability that there is no cut in
the tree with a P value <.05. For each cut demonstrating signifi-
cance at the P < .05 threshold, we calculated percent excess cases as
the difference between number of observed cases and the number of
expected cases divided by the number of expected cases. Analyses
were carried out using R (4.1.0) and Treescan (2.0) software. Sub-
classification matching was implemented using the Matchlt R pack-
age and tree visualizations were built using the collapsibleTree R
package.

Outcomes
For each patient and each diagnosis code, we calculated a binary
indicator for whether the patient had an incident occurrence of that
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diagnosis code during the 28-179 days following cohort entry. We
then used these to compute for each diagnosis code, and conse-
quently each cluster of diagnosis codes defined by a branch of the
tree, the number of cases and controls who had an incident diagnosis
in that branch.

To define incident outcomes, we employed a washout period
spanning from 18 months prior to cohort entry to 7 days prior to
cohort entry for conditions grouped at the 3rd level of the ICD hier-
archy (ie, the part of the ICD code before the decimal place) to
ensure new incident diagnoses. In other words, conditions which
occurred during the study period were not counted if a code in the
same group occurred during the washout period.

RESULTS

Study population and matching

Between March 1, 2020, and June 22, 2022, there was a total of
14399 patients identified for inclusion into the 3 cohorts, with
PASC cases accounting for 1309 patients (Table 1). Older children
and females were more likely to be included in the PASC cohort
than younger children and males (overall: 54.9% vs 45.1%). The
most common cohort entry months were in the fall of 2021. A
majority of children in the PASC cohort (55.8%) had a chronic con-
dition. Following 5:1 nearest neighbor matching, both comparison
cohorts had excellent balance (|[SMD|<0.1 for all variables) (Supple-
mentary Appendix Figure 1la and b). After matching, the demo-
graphic distributions of both COVID-positive and COVID-negative
cohorts reflect those of the PASC cohort.

Tree-based scan statistic

When comparing patients with PASC to patients who were
SARS-CoV-2 infected, we identified multiple statistical signals.
At the highest level of the tree, significant cuts included RO0-R99
Symptoms, signs and abnormal clinical and laboratory findings,
not elsewhere classified, M00-M99 Diseases of the musculoske-
letal system and connective tissue, GO0-G99 Diseases of the
nervous system, J00-J99 Diseases of the respiratory system, FO0-
F99 Mental and behavioral disorders, EO0O~E90 Endocrine, nutri-
tional, and metabolic diseases, I00-199 Diseases of the circula-
tory system, Z00-Z99 Factors influencing health status and
contact with health services, L00-L99 Diseases of the skin and
subcutaneous tissue, and K00-K93 Diseases of the digestive
system.

Within the RO0-R99 branch, the top 3 cuts were RO0-R09
Symptoms and signs involving the circulatory and respiratory sys-
tems, R50-R69 General symptoms and signs and R40-R46 Symp-
toms and signs involving cognition, perception, emotional state and
behavior. Within the RO0-R09 branch, the 3 most significant cuts
included R06.0 Dyspnea, RO7 Pain in throat and chest, R09.9 Chest
pain, unspecified. This subbranch of the RO0-R99 branch is visual-
ized in Figure 1.

The PASC vs SARS-CoV-2 negative comparison showed signifi-
cance for 304 cuts, and largely overlapped with the PASC vs SARS-
CoV-2 negative comparison at the top of the tree, with the addition
of HOO-HS59 Diseases of the eye and adnexa.

We refer the reader to Table 2 for a summary of systemic and
syndromic findings collected from the 2 comparisons and Tables 3
and 4 for a full list of significant cuts, the likelihood ratio statistics,
P values, and percent excess cases.

DISCUSSION

We have employed a tree-based data mining approach to detect
new-onset conditions presenting in children with a PASC (U09.9 or
B94.8) diagnosis. Our data-driven approach identified and ranked
features in a large corpus of EHR data.

Comparison of PASC-diagnosed and
non-PASC-diagnosed SARS-CoV-2 positive patients

In the first of our 2 primary analyses, we compared PASC-diagnosed
patients with non-PASC-diagnosed SARS-CoV-2 positive patients.
The signals identified indicate long-term sequelae of PASC that dif-
ferentiate from having COVID-19.

Significant results from this comparison included both systemic
and syndromic manifestations of PASC, with the former describing
organ-level dysfunction and the latter focusing on signs and symp-
toms. Consistent with other studies and biologic mechanisms, we
found significant enrichment among children with PASC in cardiac,
respiratory, neurologic, psychological, endocrine, gastrointestinal,
and musculoskeletal systems.?”

We found the most significant point of difference between
PASC and COVID-19 positive children was at the R00-R99
cluster of diagnostic codes (Symptoms, signs, and abnormal clin-
ical and laboratory findings, not otherwise classified). These
codes designate abnormal clinical findings not elsewhere
described that encompass a range of organ systems. This finding
is not surprising given the heterogeneity of previously reported
manifestations of PASC and the difficulty in gaining clinical
consensus to define PASC.***°

Within the RO0-R99 category, the codes with the greatest signal
are symptoms related to circulatory and respiratory systems. These
results align again with prior observations in smaller groups of

atients or previous studies, and include dyspnea,'®'®
bl y 3

} 1630
3

shortness of

and other breathing abnormalities®'; chest pain'®3%33;

14,30,33,34,
bl

breat
malaise and fatigue cough'; and abnormalities of heart-
beat including palpitations and tachycardia.>>*® However, within
this category we also detected novel signals such as hematuria as well
as nonspecific symptoms and signs involving the urinary system.

Neurologic diagnoses such as headache and migraine were recur-
ring, with several specific codes enriched in the cases. Sleep distur-
bances and, specifically, sleep apnea, were also present.'3!
Generalized pain was a key feature in our musculoskeletal system
findings, which include nonlocalized myalgias, joint pain, knee and
leg pain, hip pain, upper abdomen and epigastric pain, and general-
ized soft tissue pain. The recurring appearance of multiple and
diverse pain symptoms in this study warrants further investigation
to better characterize causal biologic pathways.

Respiratory conditions were also significantly featured in our
analysis. Both vocal cord disorders and dysautonomia were present
as PASC-related features in our study. Interestingly, new onset
asthma was present in our results as a specific diagnosis rather than
a constellation of nonspecific symptoms. Asthma is one of the few
specific health conditions with a significant and strong signal in our
study. Respiratory findings associated with PASC have been charac-
terized in detail elsewhere.”

In contrast to previous work, our study did not identify
new-onset diabetes as a persistent long-term complication of
COVID-19.>” Endocrine findings in this study included nutritional
deficiencies, volume depletion or fluid overload, and obesity. To our
knowledge, these symptoms have not been described in detail else-
where. It is unclear whether clinicians are recording obesity in the
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Table 1. Study population characteristics after matching
Overall SARS CoV-2-negative SARS CoV-2-positive PASC
Level N (%) N (%) N (%) N (%)
n 14 399 6545 6545 1309
Age at cohort entrance (%) <1 363 (2.5) 165 (2.5) 165 (2.5) 3(2.5)
1-4 1309 (9.1) 595 (9.1) 595 (9.1) 119( 1)
5-11 4708 (32.7) 2140 (32.7) 2140 (32.7) 428 (32.7)
12-15 4213 (29.3) 1915 (29.3) 1915 (29.3) 383 (29.3)
16-20 3806 (26.4) 1730 (26.4) 1730 (26.4) 346 (26.4)
Sex (%) Female 7903 (54.9) 3544 (54.1) 3640 (55.6) 719 (54.9)
Male 6496 (45.1) 3001 (45.9) 2905 (44.4) 590 (45.1)
Race/ethnicity (%) Non-Hispanic Asian/PI 519 (3.6) 245 (3.7) 228 (3.5) 46 (3.5)
Non-Hispanic Black/AA 1425 (9.9) 623 (9.5) 674 (10.3) 128 (9.8)
Hispanic 1698 (11.8) 748 (11.4) 793 (12.1) 157 (12.0)
Multiple 593 (4.1) 258 (3.9) 282 (4.3) 53 (4.0)
Other/Unknown 1275 (8.9) 540 (8.3) 607 (9. 3 128 (9. 8
Non-Hispanic White 8889 (61.7) 4131 (63.1) 3961 (60. 797 (60.
Cohort entry month (%) March 2020 77 (0.5) 5(0.5) 5(0. 5) 7 (0. 5)
April 2020 132 (0.9) 0(0.9) 0(0.9) 2(0.9)
May 2020 6(0.5) 30 (0.5) 0(0.5) 6(0.5)
June 2020 110 (0.8) 50(0.8) 0(0.8) 0(0.8)
July 2020 121 (0.8) 55(0.8) 5(0.8) 1(0.8)
August 2020 110 (0.8) 50(0.8) 0(0.8) 0(0.8)
September 2020 165 (1.1) 75 (1.1) 5(1.1) 5(1.1)
October 2020 198 (1.4) 90 (1.4) 0 (1.4) 8(1.4)
November 2020 341 (2.4) 155 (2.4) 155 (2.4) 1(2.4)
December 2020 341 (2.4) 155 (2.4) 155 (2.4) 1(2.4)
January 2021 429 (3.0) 195 (3.0) 195 (3.0) 9 (3.0)
February 2021 242 (1.7) 110 (1.7) 110 (1.7) 2 (1.7)
March 2021 352 (2.4) 160 (2.4) 160 (2.4) 2 (2.4)
April 2021 385(2.7) 175 (2.7) 175 (2.7) 5(2.7)
May 2021 286 (2.0) 130 (2.0) 130 (2.0) 6(2.0)
June 2021 385 (2.7) 175 (2.7) 175 (2.7) 5(2.7)
July 2021 418 (2.9) 190 (2.9) 190 (2.9) 8(2.9)
August 2021 671 (4.7) 305 (4.7) 305 (4.7) 1(4.7)
September 2021 1111 (7.7) 505 (7.7) 505 (7.7) 101 (7.7)
October 2021 770 (5.3) 350(5.3) 350 (5.3) 0(5.3)
November 2021 957 (6.6) 435 (6.6) 435 (6.6) 7 (6.6)
December 2021 1584 (11.0) 720 (11.0) 720 (11.0) 144 (11.0)
January 2022 1837 (12.8) 835 (12.8) 835 (12.8) 167 (12.8)
February 2022 1023 (7.1) 465 (7.1) 465 (7.1) 3(7.1)
March 2022 858 (6.0) 390 (6.0) 390 (6.0) 78 (6.0)
April 2022 693 (4.8) 315 (4.8) 315 (4.8) 3(4.8)
May 2022 737 (5.1) 335(5.1) 335(5.1) 7(5.1)
Institution (%) A 1116 (7.8) 562 (8.6) 453 (6.9) 101 (7.7)
B 1507 (10.5) 664 (10.1) 686 (10.5) 157 (12.0)
C 2724 (18.9) 1275 (19.5) 1187 (18.1) 262 (20.0)
D 469 (3.3) 212 (3.2) 218 (3.3) 9(3.0)
E 1058 (7.3) 429 (6.6) 541 (8.3) 8(6.7)
F 801 (5.6) 333(5.1) 391 (6.0) 7(5.9)
G 1130 (7.8) 525 (8.0) 495 (7.6) 110 (8.4)
H 2670 (18.5) 1235 (18.9) 1201 (18.3) 234 (17.9)
I 2924 (20.3) 1310 (20.0) 1373 (21.0) 241 (18.4)
Test location (%) ED 2087 (14.5) 863 (13.2) 1055 (16.1) 169 (12.9)
Inpatient 1446 (10.0) 627 (9.6) 695 (10.6) 124 (9. 5)
Other/unknown 372(2.6) 139 (2.1) 189 (2.9) 4 (3.4
Outpatient office 6702 (46.5) 3130 (47.8) 2940 (44.9) 632 (48. 3)
Outpatient: test only 3792 (26.3) 1786 (27.3) 1666 (25.5) 340 (26.0)
PMCA index (%) Nonchronic 6297 (43.7) 2802 (42.8) 2917 (44.6) 578 (44.2)
Chronic noncomplex 5605 (38.9) 2572 (39.3) 2535 (38.7) 498 (38.0)
Complex chronic 2497 (17.3) 1171 (17.9) 1093 (16.7) 233 (17.8)
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06 Abnormalities of breathing

®RD6.02 Shoriness of breatn
®FRD.00 Dyspaea, unspecilied

F06.0 Dyspnea® ®R06.09 Other forms of dyspnea
RDB.03 Acule respiralory disiress

®RO0E.01 Orthopnea

RD.83 Snoring
R06.69 Other abnormaliles of breathing

FR06.8 Other abnormalities of breathing

RO7 Pain in theoat and chest ¢

RO5 Gough

RO0-R0S Symploms and signs invalving the circulatory and respiralory systems

00 Abnormalities of heart beatc

FI03.0 Asphyxia and hypoxemia

03 Other symploms and signs invoiing the circulatory and respiratory sysiem
g

F07.8 Other chest pain

RDB.82 Tachypnea, not elsewhere classiied

R0B.2 Wheezing
RD6.81 Apriea, not elsewhere classified

©F06.8 Unspecilied abnormalities of breathing
®R06.7 Sneazing
ROB.1 Stridor
9R07.9 Chost pain, unspesifiod 9RO7.89 Othar chest pain
RO7.81 Plourodynia
RO7.1 Chiest pain on breathing RO7.82 Intercostal pain
RO7.2 Procordial pain
RO7.0 Pain in throat

IR0S.9 Cough, unspeciliod
JR05.3 Chranic cough

IR0S 8 Other specified cough
IROS.1 Acute cough

®R0D.2 Palpitations.
R00.0 Tachyeardia, unspecified
ROD.1 Bradycardia, Lnspecified
R0D.8 Other abnormalies of heart beat

09,02 Hypoxemia

3R09.82 Postnasal drip

i signs involving

R4 Homorrhage from respiratory passages

01 Cardiac murmurs and other cardiac sounds O

y sysiems 09,81 Nasal congesiion
@R09.2 Respiratory anest

®R00.1 Pleurisy

R09.89 Other specified symploms and signs Ivolving the circulstory and resgiratory systems

R04.0 Epistais
®R04.2 Homoplysis
R04.8 Hemorthage Iram other siles in respiratory passages

©R01.1 Cardiae murmur, unspecitied
R01.0 Benign and Innacent cardiac murmurs

1R03 Abnormal bload-pressure reading, without diagnosis

Figure 1. Significant branches of the R00-R09 block of the ICD hierarchy with nodes colored by percent excess cases.

post-infection period as an indication that obesity complicated
recovery of SARS-CoV-2 infection or that it points to a patient’s
exacerbation of health conditions unrelated to COVID-19.

Gastrointestinal (eg, Diseases of esophagus, stomach, and duo-
denum) and psychological findings (eg, Reaction to severe stress,
and adjustment disorders) followed a pattern of TreeScan cuts pri-
marily at nonspecific levels. Future work should focus on character-
izing co-occurrences of these nonspecific symptoms across body
systems to detect clinically meaningful patterns. The branches of the
ICD hierarchy that are a priori unlikely to be related to COVID-19,
eg, injuries (S00-T98), external causes of morbidity and mortality
(V01-Y98), and congenital malformations, deformations, and chro-
mosomal abnormalities (Q00-Q99) serve as a negative control out-
come; the relative dearth of diagnoses from these branches serves as
a check on residual bias from unmeasured confounding.

Comparison of PASC-diagnosed and SARS-CoV-2
negative patients

We also compared children with a PASC diagnosis code to SARS-
CoV-2 test-negative patients. Most cuts from this comparator
cohort overlap with the findings where SARS-CoV-2 test-positive
patients served as the control. These demonstrate consistency and
increase the likelihood that these findings are truly associated with
PASC. Additionally, several diagnoses unique to the test-negative
cohort were identified, many of which include symptoms relating to
acute respiratory infection. Some specific infection codes, such as
B25, Cytomegaloviral Disease (CMV) were found significant, which
may be a result of reactivation in patients infected with SARS-CoV-
2.3% Other codes, such as D89, Other disorders involving the
immune mechanism, not elsewhere classified, or skin conditions
such as dermatitis and eczema (L20-L30), were also enriched in the
PASC patients when compared to SARS-CoV-2 negative patients.
Autoimmunity following an infection has been documented and

warrants further investigation in the pediatric population.®® Alter-
nate findings enriched in this analysis include features plausibly
associated with COVID-19 infection including acute myocarditis,
hypotension, fever, nasal congestion, epistaxis, tachycardia, and gas-
trointestinal symptoms such as diarrhea, constipation, and gastroen-
teritis. More serious conditions such as pulmonary embolism and
pulmonary edema were also enriched in this population but may be
due to follow up care from an acute COVID-19 infection, and not a
new finding in the post-acute period. However, these findings war-
rant further investigation.

Compared to previous work identifying pediatric PASC features
by comparing SARS-CoV-2 test-positive to test-negative patients in
the PEDSnet EHR, we found several differences. Abnormal liver
enzymes, allergies, disorders of teeth/gingiva, and bronchiolitis were
all reported as potential PASC-associated features in Rao et al,'” but
were not identified as significant cuts in this study when PASC
patients were compared to COVID+ or COVID— cohorts, either at
the specific code or macro level. Conversely, significant findings in
our study which were not present in the results of Rao et al,'” and
included sleep disorders, anemias, eye disorders, constipation, sep-
sis, nutritional deficiencies, hypotension, and various musculoskele-
tal conditions and soft tissue and muscle disorders.

Sensitivity analyses

Finally, we conducted 2 sensitivity analyses: the first comparing
COVID positive to COVID negative patients, and the second com-
paring PASC-positive to COVID positive patients pre- and post-
omicron. By identifying events that occur in the PASC risk window
more frequently in COVID-positive patients, we can increase the
sensitivity of capturing potential PASC features. This may come at
the expense of precision, as we recognize that statistical signals iden-
tified in this analysis may correspond to features not truly associated
with PASC, either due to confounding resulting from a more
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Table 2. Summary of significant features in the 2 comparison cohorts

Major systemic findings, or conditions (general and specific)

Diseases of the nervous system

Mental and behavioral disorders

Diseases of the respiratory system
Diseases of the circulatory system

Disease of the musculoskeletal system
and connective tissue

Diseases of the digestive system
Diseases of blood
Endocrine, nutritional, and metabolic diseases

Renal/Urinary
Diseases of the eye
Immunologic findings

Major syndromic findings, or symptoms
Circulatory and respiratory signs and symptoms

GI signs/symptoms
CNS/musculoskeletal signs/symptoms

Migraines, headache syndromes, sleep disorders, insomnia, chronic pain, dysautonomia, post-
viral fatigue syndrome, encephalitis, encephalopathy?, disorders of autonomic nervous sys-
tem, sleep apnea, transverse myelitis®

Anxiety disorders, severe stress and adjustment disorders, organic including symptomatic men-
tal disorders, obsessive-compulsive disorder?, dissociative and conversion disorders, mood
disorders

Asthma, ARDS/respiratory failure, diseases of vocal cords and larynx, tonsilitis, exercise
induced bronchospasm?, pulmonary edema®

Arrhythmias, cerebrovascular disease, thromboembolic disease, hypotension, tachycardia®,
cardiac murmurs®

Pain in joints, pain in limbs, dorsalgia, myalgias, hypermobility syndrome, soft tissue disorders,
muscle disorders, arthropathies, osteopathies, disorders of bone, reactive arthritis, physeal
arrest, osteomyelitis®

Diseases of oesophagus, stomach, and duodenum, aphagia and dysphagia, diseases of liver®

Anemias?, sickle cell disorders®

Nutritional deficiencies®, obesity and overweight, disorders of mineral metabolism?, volume
depletion or fluid overload, obesity, hyperkalemia®

Acute kidney failure?, signs and symptoms involving the urinary system, hematuria

Disorders of refraction and accommodation®

Other disorders involving the immune mechanism not elsewhere classified, cytomegaloviral
disease®

Palpitations, cough, dyspnea, shortness of breath, chest pain, viral and bacterial pneumonia,
snoring, asphyxia and hypoxemia, hyperglycemia®

Abdominal pain, nausea/vomiting, diarrhea®, constipation®, gastroenteritis®, pressure ulcer®

Lack of coordination, abnormalities of gait and mobility

Cognition, perception, emotional state
episode
General signs and symptoms

Dizziness, smell/taste disturbances, restlessness and agitation®, disorientation®, depressive

Fatigue/malaise, muscle weakness, headache, weakness, syncope and collapse, pain not else-

where classified, fever®, enlarged lymph nodes?®, nasal congestion?, epistaxis, noninflamma-
tory disorders of female genital tract®, other inflammation of vagina and vulva?, visual

disturbances

Skin Symptoms and signs involving the skin and subcutaneous tissue, eczema,® urticaria® and eryth-

ema®, paresthesia of skin®

?Findings significant in PASC vs COVID-negative comparison but not PASC vs COVID-positive comparison.

heterogeneous population than PASC-diagnosed patients or due to
surveillance bias due to COVID-positivity. While there was signifi-
cant overlap of the features identified in this and the primary analy-
ses, there were also many additional features identified in the
COVID-positive to COVID-negative analysis. In our analysis strati-
fied by pre- and post-omicron variant, we found that the pre-
omicron era was enriched for metabolic (eg, E70-E88: metabolic
disorders), immunologic (eg, D80-D89: Certain disorders involving
the immune mechanism), and circulatory system (eg, 195: hypoten-
sion) codes, as well as disturbances of smell and taste, while the
post-omicron era was enriched for conditions affecting the urinary
system (eg, R31: hematuria) and multiple migraine diagnoses. How-
ever, further analyses and additional methodologic rigor to ensure
adequate power as well as balance of visit utilization and other
potential confounders between the cohorts is warranted and beyond
the scope of the current analysis. In our analysis stratified by pre-
omicron and omicron variants, we found that the pre-omicron era
was enriched for metabolic (eg, E70-E88: metabolic disorders),
immunologic (eg, D80-D89: Certain disorders involving the
immune mechanism), and circulatory system (eg, [95: hypotension)
codes, as well as disturbances of smell and taste, while the
omicron era was enriched for conditions affecting the urinary system
(eg, R31: hematuria) and multiple migraine diagnoses. However,
further analyses and additional methodologic rigor to ensure

adequate power as well as balance of potential confounders between
the cohorts is warranted and beyond the scope of the current
analysis.

Study strengths and limitations

Strengths of our study include using a tree-based scan statistic
approach in children to detect groups of clinical diagnoses specific
to this population, as well as the use of the U09.9 and B94.8 diagno-
sis codes to do so. Our study is further strengthened by multiple
comparison groups diagnoses of PASC rather than surveys or case
series analyses. We have confirmed previous findings and provide
new insights into how diagnosis clusters relate to each other in
importance. Further, an advantage of EHR data is the ability to
learn from previous clinical history of patients. In our analysis, we
included an 18-month washout period to ensure that the signals we
were observing were not due to baseline differences in disease
prevalence.

Prior work identifying pediatric PASC-associated features'”
relied on a set of diagnosis clusters developed by the study team to
group similar diagnoses. Our study addresses this methodological
limitation by a broader approach where diagnosis clusters are tested
along all levels of the ICD-10-CM hierarchy. Importantly, among
features of PASC found in previous work, our study contributes
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Table 3. PASC vs COVID positive comparison TreeScan results

Log Percent
Tree  likelihood N cases N cases excess
Cut Node level ratio Pvalue  observed  expected cases
A00-B99 Certain infections and parasitic diseases
7 B94 Sequelae of other and unspecified infectious and parasitic diseases 3 281.31 .001 157 26.17  499.92
8 B90-B94 Sequelae of infectious and parasitic diseases 2 281.31 .001 157 26.17  499.92
9 B94.8 Sequelae of other specified infectious and parasitic diseases 4 275.93 .001 154 25.67  499.92
17 A00-B99 Certain infections and parasitic diseases 1 120.32 .001 1119 186.50 115.55
152 A65-A69 Other spirochaetal diseases 2 11.74 .002 15 2.50  340.00
182 B95-B98 Bacterial, viral, and other infectious agents 2 9.95 .024 301 50.17 61.45
D50-D89 Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism
44 D89.89 Other specified disorders involving the immune mechanism, not 5 48.29 .001 46 7.67  395.44
elsewhere classified
62 D89 Other disorders involving the immune mechanism, not elsewhere 3 27.93 .001 116 19.33 179.36
classified
65 D50-D89 Diseases of the blood and blood-forming organs and certain 1 26.84 .001 941 156.83 56.86
disorders involving the immune mechanism
69 D89.8 Other specified disorders involving the immune mechanism, not 4 24.44 .001 104 17.33 176.98
elsewhere classified
116  D80-D89 Certain disorders involving the immune mechanism 2 14.83 .001 331 55.17 72.20
E00-E90 Endocrine, nutritional, and metabolic diseases
39 E00-E90 Endocrine, nutritional, and metabolic diseases 1 52.09 .001 1571 261.83 61.56
59 E70-E88 Metabolic disorders 2 31.77 .001 671 111.83 74.37
88 E65-E68 Obesity and other hyperalimentation 2 19.65 .001 192 32.00 112.50
91 E66 Overweight and obesity 3 18.66 .001 188 31.33 110.66
136 E66.9 Obesity, unspecified 4 12.92 .001 78 13.00  146.15
147  E87 Other disorders of fluid, electrolyte, and acid-base balance 3 12.03 .002 185 30.83 88.13
171 E86.0 Dehydration 4 10.57 .019 101 16.83 113.90
174 E86 Volume depletion 3 10.31 .020 106 17.67  109.39
FO0-F99 Mental and behavioral disorders
21 F00-F99 Mental and behavioral disorders 1 97.90 .001 2037 339.50 74.96
49 F40-F48 Neurotic, stress-related, and somatoform disorders 2 45.19 .001 632 105.33 92.73
70 F41 Other anxiety disorders 3 24.34 .001 277 46.17  103.60
74 F80-F89 Disorders of psychological development 2 22.51 .001 506 84.33 71.94
89 F41.9 Anxiety disorder, unspecified 4 19.64 .001 196 32.67 111.20
101  F44 Dissociative and conversion disorders 3 16.71 .001 27 4.50  300.00
129 F30-F39 Mood [affective] disorders 2 13.88 .001 279 46.50 76.34
143 F00-F09 Organic, including symptomatic, mental disorders 2 12.30 .002 30 5.00  240.00
179 F90-F98 Behavioral and emotional disorders with onset usually occur- 2 10.11 .022 200 33.33 77.02
ring in childhood and adolescence
180  F32 Depressive episode 3 10.01 .022 183 30.50 80.33
203  F41.1 Generalized anxiety disorder 4 9.03 .042 36 6.00  183.33
GO00-G99 Diseases of the nervous system
12 G00-G99 Diseases of the nervous system 1 199.49 .001 2560 426.67 97.11
23 G40-G47 Episodic and paroxysmal disorders 2 89.80 .001 1640 273.33 80.37
28 G89-G99 Other disorders of the nervous system 2 83.68 .001 570 95.00 136.84
37 G89 Pain, not elsewhere classified 3 57.51 .001 296 49.33 159.48
41 G43 Migraine 3 50.63 .001 337 56.17 138.56
43 G89.2 Chronic pain, not elsewhere classified 4 48.80 .001 225 37.50 169.33
45 G89.29 Other chronic pain N 48.22 .001 223 37.17 169.03
55 G47 Sleep disorders 3 36.02 .001 581 96.83 85.89
57 G90 Disorders of autonomic nervous system 3 32.80 .001 38 6.33  358.14
58 G44 Other headache syndromes 3 32.26 .001 107 17.83 202.86
63 G43.0 Migraine without aura 4 27.64 .001 137 22.83 162.81
68 G90.9 Disorder of the autonomic nervous system, unspecified 4 25.05 .001 17 2.83  465.37
71 G00-G09 Inflammatory diseases of the central nervous system 2 23.34 .001 62 10.33 229.14
73 G44.5 Complicated headache syndromes 4 22.88 .001 26 4.33  361.89
90 GO04 Encephalitis, myelitis, and encephalomyelitis 3 19.22 .001 37 6.17  272.77
98 G43.01 Migraine without aura, intractable 5 16.91 .001 49 8.17  218.24
99 G44.52 New daily persistent headache (NDPH) 5 16.87 .001 22 3.67 33597
115 GO04.8 Other encephalitis, myelitis, and encephalomyelitis 4 14.85 .001 24 4.00  300.00
119  G90.1 Familial dysautonomia [Riley-Day] 4 14.75 .001 11 1.83  446.45
125 G93 Other disorders of brain 3 14.10 .001 175 29.17 98.83

(continued)
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Table 3. continued
Log Percent

Tree likelihood N cases N cases excess
Cut Node level ratio Pvalue  observed  expected cases
127 G43.019 Migraine without aura, intractable, without status 6 13.99 .001 39 6.50 223.08

migrainosus
132 GA47.3 Sleep apnea 4 13.60 .001 321 53.50 70.09
141 G43.009 Migraine without aura, not intractable, without status 6 12.71 .001 75 12.50 148.00
migrainosus

146 G43.00 Migraine without aura, not intractable 5 12.06 .002 88 14.67  131.77
160  G93.3 Postviral fatigue syndrome 4 11.27 .007 11 1.83  391.80
167  G44.8 Other specified headache syndromes 4 10.80 .007 21 3.50 271.43
183  G43.80 Other migraine, not intractable 5 9.92 .026 12 2.00  350.00
188  G44.89 Other headache syndrome 5 9.77 .026 17 2.83  288.69
100-199 Diseases of the circulatory system
47 100199 Diseases of the circulatory system 1 46.29 .001 893 148.83 78.06
87 149 Other cardiac arrhythmias 3 19.75 .001 39 6.50  269.23
97 130-152 Other forms of heart disease 2 17.11 .001 261 43.50 88.51
128  195.1 Orthostatic hypotension 4 13.96 .001 20 3.33 320.42
135  149.8 Other specified cardiac arrhythmias 4 13.17 .001 26 4.33  269.52
178  195-199 Other and unspecified disorders of the circulatory system 2 10.17 .022 68 11.33 138.31
198 151 Complications and ill-defined descriptions of heart disease 3 9.16 .041 39 6.50 176.92
J00-J99 Diseases of the respiratory system
25 J00-J99 Diseases of the respiratory system 1 86.96 .001 3044 507.33 56.90
53 J40-J47 Chronic lower respiratory diseases 2 41.76 .001 885 147.50 74.24
54 J45 Asthma 3 41.35 .001 852 142.00 75.35
75 J45.9 Other and unspecified asthma 4 22.14 .001 254 42.33 103.17
86 J30-J39 Other diseases of upper respiratory tract 2 19.77 .001 603 100.50 61.19
92 J12.8 Other viral pneumonia 4 18.35 .001 23 3.83  343.86
94 J96-J99 Other diseases of the respiratory system 2 18.06 .001 391 65.17 73.39
95 J45.909 Unspecified asthma, uncomplicated 6 17.67 .001 180 30.00 110.00
111 J12 Viral pneumonia, not elsewhere classified 3 15.81 .001 39 6.50  238.46
113 J45.90 Unspecified asthma 5 15.08 .001 212 35.33 92.47
122 J12.82 Pneumonia due to coronavirus disease 2019 S 14.49 .001 13 217 406.91
139 ]38 Diseases of vocal cords and larynx, not elsewhere classified 3 12.80 .001 54 9.00 177.78
144 JO3 Acute tonsillitis 3 12.30 .002 30 5.00 240.00
150  J98 Other respiratory disorders 3 11.90 .002 152 25.33 97.39
153 ]96.0 Acute respiratory failure 4 11.61 .003 82 13.67  134.09
156  J03.91 Acute recurrent tonsillitis, unspecified 5 11.38 .006 9 1.50  433.33
175  J45.4 Moderate persistent asthma 4 10.22 .021 156 26.00 88.46
184  J09-J18 Influenza and pneumonia 2 9.92 .026 210 35.00 74.29
194 J15 Bacterial pneumonia, not elsewhere classified 3 9.33 .038 26 4.33 22333
199  J45.40 Moderate persistent asthma, uncomplicated 5 9.10 .042 132 22.00 90.91
K00-K93 Diseases of the digestive system
165  K20-K31 Diseases of oesophagus, stomach, and duodenum 2 10.94 .007 387 64.50 56.59
181  KO00-K93 Diseases of the digestive system 1 10.00 .022 2054 342.33 22.69
L00-L99 Diseases of the skin and subcutaneous tissue
96 L00-L99 Diseases of the skin and subcutaneous tissue 1 17.45 .001 966 161.00 44.72
MO00-M99 Diseases of the musculoskeletal system and connective tissue
15 MO00-M99 Diseases of the musculoskeletal system and connective tissue 1 183.48 .001 3258 543.00 81.58
22 M20-M25 Other joint disorders 2 93.84 .001 1038 173.00  105.20
31 M25 Other joint disorder, not elsewhere classified 3 67.30 .001 658 109.67  112.46
36 M25.5 Pain in joint 4 59.36 .001 462 77.00  127.27
46 M79 Other and unspecified soft tissue disorders, not elsewhere classified 3 47.13 .001 476 79.33 110.51
50 M79.1 Myalgia 4 43.85 .001 111 18.50 235.14
52 M70-M79 Other soft tissue disorders 2 42.76 .001 527 87.83 99.25
72 M25.50 Pain in unspecified joint 5 23.03 .001 51 8.50  252.94
77 M79.18 Myalgia, other site S 21.61 .001 56 9.33 232.26
78 M60-M63 Disorders of muscles 2 21.37 .001 402 67.00 79.10
82 M?79.10 Myalgia, unspecified site N 20.46 .001 52 8.67  234.49
83 M62 Other disorders of muscle 3 20.15 .001 396 66.00 77.27
84 M25.56 Pain in knee 5 20.03 .001 171 28.50  121.05
93 MO02.3 Reiter’s disease 4 18.16 .001 13 2.17  453.00
102 MS50-MS54 Other dorsopathies 2 16.59 .001 268 44.67 85.81

(continued)
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Table 3. continued

Log Percent
Tree likelihood N cases N cases excess
Cut Node level ratio Pvalue  observed  expected cases
103 M35 Other systemic involvement of connective tissue 3 16.47 .001 38 6.33  247.55
104  MO02.30 Reiter’s disease, unspecified site 5 16.45 .001 12 2.00  450.00
105  M30-M36 Systemic connective tissue disorders 2 16.32 .001 97 16.17 147.37
107  MO2 Postinfective and reactive arthropathies 3 16.12 .001 14 2.33  415.02
110 M54 Dorsalgia 3 15.84 .001 242 40.33 88.45
112 M62.8 Other specified disorders of muscle 4 15.76 .001 343 57.17 73.17
114 MO0-MO2 Infectious arthropathies 2 15.05 .001 19 3.17  341.64
121 M21 Other acquired deformities of limbs 3 14.56 .001 177 29.50 100.00
126  M79.6 Pain in limb, hand, foot, fingers, and toes 4 14.06 .001 318 53.00 71.70
130 M24 Other specific joint derangements 3 13.77 .001 156 26.00  103.85
133 M24.9 Joint derangement, unspecified 4 13.23 .001 16 2.67  349.44
137 M25.55 Pain in hip N 12.87 .001 71 11.83 153.59
140  M86-M90 Other osteopathies 2 12.78 .001 144 24.00  104.17
151  M35.7 Hypermobility syndrome 4 11.87 .002 25 417  259.71
154 M79.60 Pain in limb, unspecified N 11.55 .003 129 21.50 104.65
161  M25.551 Pain in right hip 6 11.09 .007 29 4.83  231.26
172 M25.561 Pain in right knee 6 10.42 .020 86 14.33 123.31
186  M62.81 Muscle weakness (generalized) 5 9.77 .026 180 30.00 80.00
189  M89.1 Physeal arrest 4 9.69 .034 10 1.67  379.04
192 M79.66 Pain in lower leg N 9.40 .037 32 5.33 200.19
193 M21.8 Other specified acquired deformities of limbs 4 9.37 .037 23 3.83 23943
196  M89 Other disorders of bone 3 9.27 .040 49 8.17  157.04
Q00-Q99 Congenital malformations, deformations, and chromosomal abnormalities
191 Q79 Congenital malformations of musculoskeletal system, not else- 3 9.52 .036 59 9.83 144.15
where classified
197 Q00-Q99 Congenital malformations, deformations, and chromosomal 1 9.23 .041 746 124.33 36.73
abnormalities

R00-R99 Symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified

1 R00-R99 Symptoms, signs, and abnormal clinical and laboratory find- 1 816.06 .001 8383 1397.17  109.49
ings, not elsewhere classified
6 R00-R09 Symptoms and signs involving the circulatory and respiratory 2 365.38 .001 2038 339.67  152.60
systems
10 R06.0 Dyspnea 4 242.71 .001 381 63.50 304.72
11 RO6 Abnormalities of breathing 3 207.49 .001 706 117.67  199.99
13 R50-R69 General symptoms and signs 2 195.76 .001 2236 372.67 103.40
14 R53 Malaise and fatigue 3 185.81 .001 403 67.17 255.81
16 R53.8 Other malaise and fatigue 4 179.60 .001 338 56.33  276.35
18 R40-R46 Symptoms and signs involving cognition, perception, emo- 2 106.54 .001 724 120.67 137.01
tional state, and behavior
19 R53.83 Other fatigue 5 105.25 .001 230 3833  254.81
20 R06.02 Shortness of breath 5 99.42 .001 148 24.67 31346
24 R10-R19 Symptoms and signs involving the digestive system and 2 88.31 .001 1710 285.00 77.89
abdomen
26 RO7 Pain in throat and chest 3 86.65 .001 281 46.83  205.36
27 R06.00 Dyspnea, unspecified S 86.01 .001 104 17.33 350.09
29 R06.09 Other forms of dyspnea 5 79.13 .001 81 13.50  381.48
30 R42 Dizziness and giddiness 3 67.75 .001 175 29.17  232.53
32 R07.9 Chest pain, unspecified 4 62.74 .001 151 25.17 241.68
35 R25-R29 Symptoms and signs involving the nervous and musculoskele- 2 60.00 .001 300 50.00 162.00
tal systems
38 R51 Headache 3 53.53 .001 234 39.00 174.36
40 R53.82 Chronic fatigue, unspecified 5 51.50 .001 48 8.00  400.00
42 R51.9 Headache, unspecified 4 48.87 .001 208 34.67  176.90
48 ROO Abnormalities of heart beat 3 45.42 .001 206 34.33 170.90
51 R10 Abdominal and pelvic pain 3 42.83 .001 648 108.00 88.89
56 R00.2 Palpitations 4 34.35 .001 74 12.33  256.85
60 R29 Other symptoms and signs involving the nervous and musculoskele- 3 28.87 .001 187 31.17  140.62
tal systems
61 R53.81 Other malaise 5 28.50 .001 60 10.00  260.00
64 R07.89 Other chest pain S 27.49 .001 88 14.67 206.75
66 R07.8 Other chest pain 4 2591 .001 104 17.33 182.75
67 R05 Cough 3 25.83 .001 412 68.67 86.40

(continued)
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Table 3. continued
Log Percent
Tree likelihood N cases N cases excess
Cut Node level ratio Pvalue  observed  expected cases
76 R43 Disturbances of smell and taste 3 21.89 .001 39 6.50  284.62
79 R5S5 Syncope and collapse 3 21.24 .001 88 14.67  179.48
80 R11 Nausea and vomiting 3 20.83 .001 454 75.67 73.12
81 R41 Other symptoms and signs involving cognitive functions and 3 20.57 .001 128 21.33 143.79
awareness
100  R00.0 Tachycardia, unspecified 4 16.84 .001 92 15.33 154.40
106  RO09 Other symptoms and signs involving the circulatory and respiratory 3 16.24 .001 340 56.67 74.70
system
108  R29.9 Unspecified symptoms and signs involving the nervous and mus- 4 16.12 .001 16 2.67  386.89
culoskeletal systems
109  R10.1 Pain localized to upper abdomen 4 15.91 .001 128 21.33 125.04
117 R10.84 Generalized abdominal pain 5 14.81 .001 180 30.00  100.00
118  R90-R96 Abnormal findings on diagnostic imaging and in function 2 14.79 .001 278 46.33 79.15
studies, without diagnosis
120  R10.8 Other abdominal pain 4 14.65 .001 189 31.50 96.83
123 R29.90 Unspecified symptoms and signs involving the nervous system 5 14.49 .001 13 2.17  406.91
131 R70-R79 Abnormal findings on examination of blood, without 2 13.68 .001 298 49.67 73.14
diagnosis
134  R26 3 13.17 .001 26 433 269.52
138  R27 Other lack of coordination 3 12.83 .001 38 6.33 21596
142 RO06.8 Other abnormalities of breathing 4 12.46 .002 261 43.50 74.71
145  R68 Other general symptoms and signs 3 12.27 .002 130 21.67  107.66
148  R30-R39 Symptoms and signs involving the urinary system 2 11.96 .002 314 52.33 66.25
149  RO04 Hemorrhage from respiratory passages 3 11.95 .002 56 9.33 167.95
155 R53.1 Weakness 4 11.55 .003 64 10.67 153.05
158  R09.0 Asphyxia and hypoxemia 4 11.31 .006 106 17.67 115.05
159  R09.02 Hypoxemia S 11.31 .006 106 17.67 115.05
162 R05.9 Cough, unspecified 4 11.06 .007 212 35.33 78.32
163  R31 Hematuria 3 11.05 .007 48 8.00 175.00
164  R19 Other symptoms and signs involving the digestive system and 3 10.97 .007 195 32.50 81.54
abdomen
166  R29.898 Other symptoms and signs involving the musculoskeletal system 6 10.86 .007 96 16.00 118.75
168 R10.13 Epigastric pain S 10.76 .007 81 13.50 129.63
169  R11.0 Nausea 4 10.59 .019 97 16.17  116.45
170 R29.89 Other symptoms and signs involving the musculoskeletal system 5 10.59 .019 97 16.17  116.45
173 R29.8 Other symptoms and signs involving the nervous and musculos- 4 10.37 .020 126 21.00  100.00
keletal systems
176  R13 Aphagia and dysphagia 3 10.22 .021 299 49.83 62.55
177 R13.1 Dysphagia 4 10.22 .021 299 49.83 62.55
185  R68.89 Other general symptoms and signs 5 9.82 .026 96 16.00 112.50
187  R26.2 Difficulty in walking, not elsewhere classified 4 9.77 .026 17 2.83  288.69
190  R06.83 Snoring S 9.61 .035 113 18.83 101.81
195  R04.0 Epistaxis 4 9.27 .040 49 8.17  157.04
200  R46 Symptoms and signs involving appearance and behavior 3 9.10 .042 132 22.00 90.91
201  R41.8 Other symptoms and signs involving cognitive functions and 4 9.08 .042 95 15.83 108.46
awareness
202 RO05.3 Chronic cough 4 9.03 .042 36 6.00 183.33
S00-T98 Injury, poisoning, and certain other consequences of external causes
157 S§72.3 Fracture of shaft of femur 4 11.38 .006 9 1.50  433.33
U00-U9S5 Codes for special purposes
2 U09 Post COVID-19 condition 3 614.57 .001 343 57.17 499.97
3 U09.9 Post COVID-19 condition, unspecified 4 614.57 .001 343 57.17  499.97
4 U00-U9S5 Codes for special purposes 1 509.50 .001 657 109.50  338.36
5 U00-U49 Provisional assignment of new diseases of uncertain etiology 2 509.50 .001 657 109.50  338.36
or emergency use
33 U07.1 Emergency use of U07.1 | COVID-19 4 62.65 .001 314 52.33  161.80
34 uo7 3 62.65 .001 314 52.33 161.80
Z00-Z99 Factors influencing health status and contact with health services
85 7.69-7.76 Persons encountering health services in other circumstances 2 19.96 .001 268 44.67 94.76
124 Z00-Z99 Factors influencing health status and contact with health services 1 14.19 .001 2063 343.83 27.10
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Table 4. PASC vs COVID negative comparison TreeScan results

Log likelihood N cases N cases Percent excess

Cut Node Tree level ratio P value observed expected cases

A00-B99 Certain infections and parasitic diseases

10 B90-B94 Sequelae of infectious and parasitic 2 281.31 .001 157 26.17 499.92
diseases

11 B94 Sequelae of other and unspecified infec- 3 281.31 .001 157 26.17 499.92
tious and parasitic diseases

12 B94.8 Sequelae of other specified infectious 4 275.93 .001 154 25.67 499.92
and parasitic diseases

15 A00-B99 Certain infections and parasitic 1 239.90 .001 797 132.83 202.64
diseases

76 B95-B98 Bacterial, viral, and other infectious 2 35.38 .001 190 31.67 155.76
agents

96 B25-B34 Other viral diseases 2 27.51 .001 162 27.00 148.15

116 B97 Viral agents as the cause of diseases clas- 3 23.01 .001 81 13.50 196.30
sified elsewhere

128 B34 Viral infection of unspecified site 3 20.49 .001 121 20.17 147.89

214 B97.2 Coronavirus as the cause of diseases 4 12.54 .002 7 1.17 498.29
classified elsewhere

215 B97.29 Other coronavirus as the cause of dis- 5 12.54 .002 7 1.17 498.29
eases classified elsewhere

217 A30-A49 Other bacterial diseases 2 12.54 .002 48 8.00 187.50

240 B97.89 Other viral agents as the cause of dis- 5 11.38 .003 54 9.00 166.67
eases classified elsewhere

246 B34.8 Other viral infections of unspecified 4 11.14 .006 18 3.00 300.00
site

252 B97.8 Other viral agents as the cause of dis- 4 10.98 .006 55 9.17 161.72
eases classified elsewhere

286 B25 Cytomegaloviral disease 3 9.69 .020 10 1.67 379.04

D50-D89 Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism

33 D50-D89 Diseases of the blood and blood- 1 91.55 .001 623 103.83 136.93
forming organs and certain disorders
involving the immune mechanism

50 D89.89 Other specified disorders involving 5 55.61 .001 42 7.00 442.86
the immune mechanism, not elsewhere
classified

55 D89 Other disorders involving the immune 3 48.34 .001 83 13.83 290.46
mechanism, not elsewhere classified

63 D89.8 Other specified disorders involving the 4 43.65 .001 73 12.17 294.41
immune mechanism, not elsewhere
classified

65 D80-D89 Certain disorders involving the 2 42.19 .001 221 36.83 157.94
immune mechanism

158 D64.9 Anemia, unspecified 4 16.91 .001 49 8.17 218.24

161 D60-D64 Aplastic and other anemias 2 16.73 .001 129 21.50 127.91

185 D64 Other anemias 3 14.59 .001 70 11.67 165.64

200 D55-D59 Hemolytic anemias 2 13.41 .001 37 6.17 224.15

210 D65-D69 Coagulation defects, purpura, and 2 12.71 .001 75 12.50 148.00
other hemorrhagic conditions

211 D57 Sickle-cell disorders 3 12.64 .001 24 4.00 275.00

E00-E90 Endocrine, nutritional, and metabolic diseases

30 E00-E90 Endocrine, nutritional, and meta- 1 98.96 .001 1294 215.67 96.13
bolic diseases

42 E70-E88 Metabolic disorders 2 73.49 .001 491 81.83 138.30

71 E87 Other disorders of fluid, electrolyte, and 3 40.29 .001 105 17.50 231.43
acid-base balance

119 E86 Volume depletion 3 22.80 .001 72 12.00 208.33

123 E86.0 Dehydration 4 22.21 .001 70 11.67 208.48

129 E65-E68 Obesity and other 2 20.43 .001 189 31.50 115.87
hyperalimentation

133 E66 Overweight and obesity 3 19.94 .001 183 30.50 116.39

203 E87.7 Fluid overload 4 13.17 .001 26 4.33 269.52

208 E66.9 Obesity, unspecified 4 12.92 .001 78 13.00 146.15

(continued)
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Table 4. continued

Log likelihood N cases N cases Percent excess

Cut Node Tree level ratio P value observed expected cases

212 E87.70 Fluid overload, unspecified N 12.64 .001 24 4.00 275.00

239 E87.5 Hyperkalemia 4 11.38 .003 9 1.50 433.33

261 E83 Disorders of mineral metabolism 3 10.61 .012 129 21.50 100.00

270 ES50-E64 Other nutritional deficiencies 2 10.33 .013 147 24.50 91.84

FO0-F99 Mental and behavioral disorders

27 FO0-F99 Mental and behavioral disorders 1 108.72 .001 1973 328.83 80.64

51 F40-F48 Neurotic, stress-related, and soma- 2 54.50 .001 590 98.33 106.45
toform disorders

81 F41 Other anxiety disorders 3 30.21 .001 254 42.33 122.06

94 F80-F89 Disorders of psychological 2 27.72 .001 475 79.17 83.15
development

111 F41.9 Anxiety disorder, unspecified 4 24.05 .001 180 30.00 130.00

171 F44 Dissociative and conversion disorders 3 15.83 .001 28 4.67 285.44

189 F00-F09 Organic, including symptomatic, 2 14.49 .001 27 4.50 277.78
mental disorders

242 F80 Specific developmental disorders of 3 11.29 .003 114 19.00 110.53
speech and language

253 F69 Unspecified disorder of adult personality 3 10.75 011 6 1.00 500.00
and behavior

267 F90-F98 Behavioral and emotional disorders 2 10.45 .013 198 33.00 78.79
with onset usually occurring in childhood
and adolescence

275 F32 Depressive episode 3 10.19 .013 182 30.33 81.34

294 F43 Reaction to severe stress, and adjustment 3 9.45 .022 222 37.00 70.27
disorders

GO00-G99 Diseases of the nervous system

13 G00-G99 Diseases of the nervous system 1 259.71 .001 2311 385.17 118.35

25 G40-G47 Episodic and paroxysmal disorders 2 122.60 .001 1475 245.83 100.55

29 G89-G99 Other disorders of the nervous 101.22 .001 520 86.67 159.61
system

48 G43 Migraine 3 57.17 .001 318 53.00 152.83

52 G47 Sleep disorders 3 53.89 .001 501 83.50 115.57

53 G89 Pain, not elsewhere classified 3 52.73 .001 309 51.50 148.54

57 G89.2 Chronic pain, not elsewhere classified 4 47.17 .001 229 38.17 164.61

59 G89.29 Other chronic pain 5 46.20 .001 228 38.00 163.16

73 G44 Other headache syndromes 3 39.27 .001 95 15.83 241.12

78 GO00-G09 Inflammatory diseases of the cen- 2 31.56 .001 51 8.50 300.00
tral nervous system

82 G43.0 Migraine without aura 4 30.11 .001 131 21.83 174.85

99 G90 Disorders of autonomic nervous system 3 26.46 .001 44 7.33 295.63

101 G44.5 Complicated headache syndromes 4 25.75 .001 24 4.00 400.00

106 G93 Other disorders of brain 3 24.61 .001 138 23.00 152.17

112 G04 Encephalitis, myelitis, and 3 23.84 .001 32 5.33 331.52
encephalomyelitis

131 G47.3 Sleep apnea 4 20.12 .001 284 47.33 92.27

135 G44.52 New daily persistent headache 5 19.39 .001 20 3.33 380.48
(NDPH)

144 G43.01 Migraine without aura, intractable 5 18.74 .001 46 7.67 238.98

148 G47.9 Sleep disorder, unspecified 4 18.19 .001 75 12.50 180.00

149 G04.8 Other encephalitis, myelitis, and 4 18.05 .001 21 3.50 357.14
encephalomyelitis

159 G90.9 Disorder of the autonomic nervous 4 16.87 .001 22 3.67 335.97
system, unspecified

168 G93.3 Postviral fatigue syndrome 4 16.13 .001 9 1.50 500.00

176 G43.019 Migraine without aura, intractable, 6 15.24 .001 37 6.17 240.36
without status migrainosus

207 G43.00 Migraine without aura, not N 13.01 .001 85 14.17 139.94
intractable

209 G93.4 Other and unspecified encephalopathy 4 12.87 .001 64 10.67 162.42

223 G43.009 Migraine without aura, not intract- 6 12.37 .002 76 12.67 144.67

able, without status migrainosus

(continued)
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Table 4. continued

Log likelihood N cases N cases Percent excess
Cut Node Tree level ratio P value observed expected cases
231 G44.89 Other headache syndrome 5 11.74 .002 15 2.50 340.00
235 G44.8 Other specified headache syndromes 4 11.62 .002 20 3.33 290.39
241 G47.30 Sleep apnea, unspecified N 11.38 .003 54 9.00 166.67
258 G04.81 Other encephalitis and 5 10.68 .012 16 2.67 311.99
encephalomyelitis
272 G90.1 Familial dysautonomia [Riley-Day] 4 10.27 .013 14 2.33 329.18
292 G93.40 Encephalopathy, unspecified 5 9.50 .022 20 3.33 260.36
297 G235 Other extrapyramidal and movement 3 9.40 .023 32 5.33 200.19
disorders
HO00-HS59 Diseases of the eye and adnexa
238 HS53.1 Subjective visual disturbances 4 11.44 .002 13 2.17 360.83
256 HS53.14 Visual discomfort N 10.75 011 6 1.00 500.00
291 H53-H54 Visual disturbances and blindness 2 9.59 .020 138 23.00 91.30
298 HS53 Visual disturbances 3 9.38 .023 114 19.00 100.00
100-199 Diseases of the circulatory system
32 100199 Diseases of the circulatory system 1 95.20 .001 682 113.67 133.13
75 [30-152 Other forms of heart disease 2 35.57 .001 193 32.17 154.90
151 195.1 Orthostatic hypotension 4 17.71 .001 17 2.83 394.70
157 195-199 Other and unspecified disorders of 2 16.93 .001 52 8.67 211.42
the circulatory system
163 195 Hypotension 3 16.47 .001 38 6.33 247.55
194 149 Other cardiac arrhythmias 3 14.11 .001 48 8.00 200.00
213 160-169 Cerebrovascular diseases 2 12.58 .001 79 13.17 142.98
226 110-119 Hypertensive diseases 2 12.03 .002 131 21.83 106.14
228 126-128 Pulmonary heart disease and diseases 2 11.95 .002 46 7.67 186.83
of pulmonary circulation
247 149.8 Other specified cardiac arrhythmias 4 11.09 .006 29 4.83 231.26
290 151 Complications and ill-defined descrip- 3 9.61 .020 38 6.33 184.36
tions of heart disease
J00-J99 Diseases of the respiratory system
14 J00-J99 Diseases of the respiratory system 1 246.45 .001 2185 364.17 118.58
35 J40-J47 Chronic lower respiratory diseases 2 86.15 .001 682 113.67 126.09
36 J45 Asthma 3 83.40 .001 661 110.17 126.01
64 J96-J99 Other diseases of the respiratory 2 43.41 .001 282 47.00 140.43
system
67 J30-J39 Other diseases of upper respiratory 2 41.35 .001 480 80.00 102.50
tract
69 J45.9 Other and unspecified asthma 4 40.97 .001 193 32.17 167.33
74 J09-J18 Influenza and pneumonia 2 35.85 .001 122 20.33 200.05
79 J45.909 Unspecified asthma, uncomplicated 6 31.00 .001 139 23.17 171.90
85 J45.90 Unspecified asthma 5 29.52 .001 160 26.67 154.97
103 J96 Respiratory failure, not elsewhere 3 25.29 .001 154 25.67 145.42
classified
114 J00-J06 Acute upper respiratory infections 2 23.47 .001 460 76.67 77.38
117 J45.4 Moderate persistent asthma 4 22.92 .001 111 18.50 164.86
118 J96.0 Acute respiratory failure 4 22.82 .001 57 9.50 236.84
121 J12.8 Other viral pneumonia 4 22.55 .001 20 3.33 410.51
122 J12 Viral pneumonia, not elsewhere classified 3 22.38 .001 31 517 325.53
126 J45.40 Moderate persistent asthma, N 21.38 .001 91 15.17 176.86
uncomplicated
134 J12.82 Pneumonia due to coronavirus disease 5 19.71 .001 11 1.83 501.09
2019
139 J98 Other respiratory disorders 3 19.14 .001 125 20.83 140.04
166 ]38 Diseases of vocal cords and larynx, not 3 16.32 .001 47 7.83 219.28
elsewhere classified
174 J45.30 Mild persistent asthma, 5 15.34 .001 130 21.67 121.50
uncomplicated
188 J03 Acute tonsillitis 3 14.49 .001 27 4.50 277.78
196 J35 Chronic diseases of tonsils and adenoids 3 13.85 .001 65 10.83 167.77
199 J96.01 Acute respiratory failure with hypoxia S 13.45 .001 34 5.67 235.10

(continued)
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Table 4. continued

Log likelihood N cases N cases Percent excess

Cut Node Tree level ratio P value observed expected cases

216 J22 Unspecified acute lower respiratory 3 12.54 .002 7 1.17 498.29
infection

224 J45.99 Other asthma 5 12.25 .002 33 5.50 227.27

232 J80-J84 Other respiratory diseases princi- 2 11.73 .002 28 4.67 242.61
pally affecting the interstitium

236 J45.3 Mild persistent asthma 4 11.60 .002 166 27.67 91.54

244 J20-J22 Other acute lower respiratory 2 11.26 .006 41 6.83 192.83
infections

254 J15.21 Pneumonia due to Staphylococcus N 10.75 011 6 1.00 500.00
aureus

255 J15.2 Pneumonia due to Staphylococcus 4 10.75 011 6 1.00 500.00

257 J38.3 Other diseases of vocal cords 4 10.68 .012 16 2.67 311.99

262 J15 Bacterial pneumonia, not elsewhere 3 10.61 .013 24 4.00 250.00
classified

264 J45.2 Mild intermittent asthma 4 10.55 .013 180 30.00 83.33

284 J03.0 Streptococcal tonsillitis 4 9.71 .017 8 1.33 426.32

285 J03.01 Acute recurrent streptococcal N 9.71 .017 8 1.33 426.32
tonsillitis

288 J03.91 Acute recurrent tonsillitis, unspecified N 9.69 .020 10 1.67 379.04

295 J45.20 Mild intermittent asthma, 5 9.44 .022 143 23.83 88.84
uncomplicated

K00-K93 Diseases of the digestive system

77 K00-K93 Diseases of the digestive system 1 35.37 .001 1701 283.50 48.15

155 K20-K31 Diseases of oesophagus, stomach, 2 17.20 .001 343 57.17 76.67
and duodenum

179 K55-K64 Other diseases of intestines 2 14.87 .001 625 104.17 51.68

225 K59.0 Constipation 4 12.19 .002 505 84.17 52.07

249 K59 Other functional intestinal disorders 3 11.01 .006 521 86.83 48.57

250 K70-K77 Diseases of liver 2 10.98 .006 62 10.33 151.69

274 K31.8 Other specified diseases of stomach 4 10.23 .013 50 8.33 164.11
and duodenum

304 K31 Other diseases of stomach and 3 8.97 .031 57 9.50 142.11
duodenum

L00-L99 Diseases of the skin and subcutaneous tissue

62 L00-L99 Diseases of the skin and subcutane- 1 44.06 .001 766 127.67 82.50
ous tissue

138 L80-L99 Other disorders of the skin and sub- 2 19.14 .001 198 33.00 109.09
cutaneous tissue

222 189 Pressure ulcer 3 12.42 .002 27 4.50 255.56

233 L20-L30 Dermatitis and eczema 2 11.69 .002 248 41.33 74.21

268 L49-L54 Urticaria and erythema 2 10.41 .013 53 8.83 160.48

MO00-M99 Diseases of the musculoskeletal system and connective tissue

18 MO00-M99 Diseases of the musculoskeletal 1 215.57 .001 3089 514.83 91.52
system and connective tissue

38 M79 Other and unspecified soft tissue disor- 3 81.52 .001 370 61.67 170.80
ders, not elsewhere classified

39 M70-M79 Other soft tissue disorders 2 79.67 .001 402 67.00 161.19

41 M20-M25 Other joint disorders 2 77.45 .001 1113 185.50 91.37

46 M25.5 Pain in joint 4 58.78 .001 464 77.33 126.30

49 M25 Other joint disorder, not elsewhere 3 57.07 .001 701 116.83 99.44
classified

60 M79.1 Myalgia 4 45.14 .001 109 18.17 241.22

70 M?79.6 Pain in limb, hand, foot, fingers, and 4 40.67 .001 211 35.17 158.74
toes

80 M86-M90 Other osteopathies 2 30.38 .001 95 15.83 209.54

90 M79.10 Myalgia, unspecified site 5 28.35 .001 42 7.00 314.29

93 M50-MS54 Other dorsopathies 2 27.90 .001 220 36.67 126.34

97 M54 Dorsalgia 3 26.87 .001 197 32.83 131.50

100 M60-M63 Disorders of muscles 2 26.43 .001 375 62.50 92.00

102 Mé62 Other disorders of muscle 3 25.69 .001 366 61.00 91.80

107 M25.50 Pain in unspecified joint 5 24.50 .001 49 8.17 267.20

(continued)
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Table 4. continued

Log likelihood N cases N cases Percent excess

Cut Node Tree level ratio P value observed expected cases

125 M79.60 Pain in limb, unspecified N 22.11 .001 96 16.00 175.00

137 M25.56 Pain in knee 5 19.22 .001 174 29.00 117.24

142 M30-M36 Systemic connective tissue 2 18.96 .001 90 15.00 166.67
disorders

143 M62.8 Other specified disorders of muscle 4 18.80 .001 325 54.17 82.76

153 M79.18 Myalgia, other site 5 17.23 .001 64 10.67 190.53

162 M35 Other systemic involvement of connec- 3 16.47 .001 38 6.33 247.55
tive tissue

164 MO02.30 Reiter’s disease, unspecified site S 16.45 .001 12 2.00 450.00

167 MO00-MO2 Infectious arthropathies 2 16.28 .001 18 3.00 366.67

169 M24 Other specific joint derangements 3 16.00 .001 147 24.50 116.33

183 M89 Other disorders of bone 3 14.60 .001 38 6.33 231.75

186 MO02.3 Reiter’s disease 4 14.54 .001 15 2.50 380.00

187 MO2 Postinfective and reactive arthropathies 3 14.54 .001 15 2.50 380.00

190 M99 Biomechanical lesions, not elsewhere 3 14.33 .001 8 1.33 501.50
classified

191 M99-M99 Biomechanical lesions, not else- 2 14.33 .001 8 1.33 501.50
where classified

192 M99.0 Segmental and somatic dysfunction 4 14.33 .001 8 1.33 501.50

204 M62.81 Muscle weakness (generalized) N 13.11 .001 163 27.17 98.75

221 M?79.66 Pain in lower leg N 12.42 .002 27 4.50 255.56

245 M35.7 Hypermobility syndrome 4 11.17 .006 26 4.33 246.42

263 M86 Osteomyelitis 3 10.58 .013 36 6.00 200.00

271 M24.9 Joint derangement, unspecified 4 10.27 .013 19 3.17 278.55

277 M79.605 Pain in left leg 6 10.08 .013 37 6.17 191.73

281 M79.662 Pain in left lower leg 6 9.92 015 12 2.00 350.00

287 M89.1 Physeal arrest 4 9.69 .020 10 1.67 379.04

300 M25.561 Pain in right knee 6 9.34 .024 90 15.00 113.33

301 M21 Other acquired deformities of limbs 3 9.30 .024 205 34.17 72.67

NO00-N99 Diseases of the genitourinary system

130 NO00-N99 Diseases of the genitourinary 1 20.35 .001 768 128.00 54.69
system

195 N17 Acute kidney failure 3 13.99 .001 39 6.50 223.08

220 N76 Other inflammation of vagina and vulva 3 12.42 .002 27 4.50 255.56

278 N17.9 Acute kidney failure, unspecified 4 9.99 .013 34 5.67 199.82

293 N80-N98 Noninflammatory disorders of 2 9.46 .022 263 43.83 64.27
female genital tract

303 N70-N77 Inflammatory diseases of female 2 9.03 .031 36 6.00 183.33
pelvic organs

Q00-Q99 Congenital malformations, deformations, and chromosomal abnormalities

182 Q79 Congenital malformations of musculos- 3 14.63 .001 47 7.83 206.51
keletal system, not elsewhere classified

198 Q79.6 Ehlers-Danlos syndromes 4 13.45 .001 43 7.17 206.83

202 Q00-Q99 Congenital malformations, defor- 1 13.18 .001 700 116.67 45.71
mations, and chromosomal abnormalities

260 Q20-Q28 Congenital malformations of the 2 10.62 .012 93 15.50 119.35
circulatory system

R00-R99 Symptoms, signs, and abnormal clinical and laboratory findings, not elsewhere classified

1 R0O0-R99 Symptoms, signs, and abnormal 1 1327.81 .001 6736 1122.67 160.72
clinical and laboratory findings, not else-
where classified

6 R00-R09 Symptoms and signs involving the 2 608.75 .001 1533 255.50 235.81
circulatory and respiratory systems

7 R06.0 Dyspnea 4 334.81 .001 306 51.00 403.92

8 R50-R69 General symptoms and signs 2 326.26 .001 1791 298.50 153.94

9 R06 Abnormalities of breathing 3 313.01 .001 546 91.00 287.91

19 RS53 Malaise and fatigue 3 197.77 .001 387 64.50 270.54

20 R53.8 Other malaise and fatigue 4 189.63 .001 326 54.33 290.21

21 R10-R19 Symptoms and signs involving the 2 154.74 .001 1400 233.33 117.29

digestive system and abdomen

(continued)
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Table 4. continued

Log likelihood N cases N cases Percent excess
Cut Node Tree level ratio P value observed expected cases
22 R40-R46 Symptoms and signs involving cog- 2 142.00 .001 628 104.67 173.24
nition, perception, emotional state, and
behavior
23 RO7 Pain in throat and chest 3 137.91 .001 209 34.83 310.57
24 R06.02 Shortness of breath 5 137.06 .001 119 19.83 414.37
26 R53.83 Other fatigue 5 121.77 .001 209 34.83 290.47
28 R06.00 Dyspnea, unspecified N 103.08 .001 92 15.33 408.81
31 R06.09 Other forms of dyspnea 5 96.99 .001 71 11.83 449.45
34 R07.9 Chest pain, unspecified 4 88.76 .001 120 20.00 330.00
37 R42 Dizziness and giddiness 3 81.90 .001 155 25.83 275.53
40 R51 Headache 3 77.98 .001 188 31.33 241.53
43 R51.9 Headache, unspecified 4 71.08 .001 167 27.83 244.95
44 ROO Abnormalities of heart beat 3 70.07 .001 160 26.67 248.71
45 R10 Abdominal and pelvic pain 3 62.08 .001 564 94.00 117.02
47 R0S5 Cough 3 57.90 .001 295 49.17 160.32
54 R25-R29 Symptoms and signs involving the 2 52.31 .001 321 53.50 144.86
nervous and musculoskeletal systems
56 R07.89 Other chest pain 5 47.31 .001 62 10.33 335.62
58 R07.8 Other chest pain 4 46.89 .001 72 12.00 308.33
61 R11 Nausea and vomiting 3 44.98 .001 344 57.33 128.50
66 R00.2 Palpitations 4 41.77 .001 65 10.83 306.28
68 R09 Other symptoms and signs involving the 3 41.14 .001 238 39.67 149.56
circulatory and respiratory system
72 R53.82 Chronic fatigue, unspecified 5 40.04 .001 57 9.50 321.05
84 R06.8 Other abnormalities of breathing 4 29.75 .001 188 31.33 142.58
86 R50 Fever of other and unknown origin 3 29.25 .001 175 29.17 146.83
87 R90-R96 Abnormal findings on diagnostic 2 29.08 .001 216 36.00 130.56
imaging and in function studies, without
diagnosis
88 R00.0 Tachycardia, unspecified 4 28.77 .001 68 11.33 244.22
89 R53.81 Other malaise N 28.50 .001 60 10.00 260.00
91 R70-R79 Abnormal findings on examination 2 28.31 .001 230 38.33 124.37
of blood, without diagnosis
92 R20-R23 Symptoms and signs involving the 2 28.25 .001 200 33.33 134.02
skin and subcutaneous tissue
95 R29 Other symptoms and signs involving the 3 27.58 .001 191 31.83 135.63
nervous and musculoskeletal systems
98 R05.9 Cough, unspecified 4 26.70 .001 150 25.00 152.00
104 RSS Syncope and collapse 3 25.15 .001 80 13.33 207.58
105 R43 Disturbances of smell and taste 3 24.64 .001 36 6.00 316.67
108 R09.0 Asphyxia and hypoxemia 4 24.49 .001 72 12.00 216.67
109 R09.02 Hypoxemia N 24.49 .001 72 12.00 216.67
110 R50.9 Fever, unspecified 4 24.46 .001 142 23.67 149.26
113 R19 Other symptoms and signs involving the 3 23.76 .001 144 24.00 145.83
digestive system and abdomen
115 R30-R39 Symptoms and signs involving the 2 23.09 .001 254 42.33 105.53
urinary system
120 R41 Other symptoms and signs involving 3 22.70 .001 122 20.33 155.78
cognitive functions and awareness
127 R68 Other general symptoms and signs 3 20.63 .001 103 17.17 162.09
132 R10.8 Other abdominal pain 4 20.08 .001 167 27.83 122.78
136 R11.10 Vomiting, unspecified N 19.32 .001 162 27.00 122.22
140 R10.9 Unspecified abdominal pain 4 19.12 .001 107 17.83 152.38
141 R10.84 Generalized abdominal pain N 19.04 .001 163 27.17 120.83
145 R06.83 Snoring N 18.63 .001 84 14.00 171.43
146 R13 Aphagia and dysphagia 3 18.48 .001 250 41.67 94.38
147 R13.1 Dysphagia 4 18.48 .001 250 41.67 94.38
150 R09.8 Other specified symptoms and signs 4 17.74 .001 160 26.67 117.47

involving the circulatory and respiratory
systems

(continued)
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Table 4. continued

Log likelihood N cases N cases Percent excess

Cut Node Tree level ratio P value observed expected cases

152 R20 Disturbances of skin sensation 3 17.38 .001 34 5.67 270.37

154 R11.1 Vomiting 4 17.22 .001 198 33.00 103.03

160 R46 Symptoms and signs involving appear- 3 16.74 .001 103 17.17 144.61
ance and behavior

165 R29.90 Unspecified symptoms and signs 5 16.45 .001 12 2.00 450.00
involving the nervous system

170 R46.8 Other symptoms and signs involving 4 15.86 .001 102 17.00 141.18
appearance and behavior

173 R68.8 Other general symptoms and signs 4 15.36 .001 89 14.83 149.49

175 R10.1 Pain localized to upper abdomen 4 15.34 .001 130 21.67 121.50

177 R68.89 Other general symptoms and signs 5 15.13 .001 79 13.17 158.16

178 R11.2 Nausea with vomiting, unspecified 4 15.13 .001 62 10.33 180.74

181 R29.9 Unspecified symptoms and signs 4 14.75 .001 17 2.83 359.36
involving the nervous and musculoskeletal
systems

184 R11.0 Nausea 4 14.59 .001 84 14.00 150.00

193 R19.7 Diarrhea, unspecified 4 14.33 .001 92 15.33 141.36

197 R52 Pain, unspecified 3 13.61 .001 49 8.17 193.76

201 R63 Symptoms and signs concerning food 3 13.24 .001 274 45.67 75.17
and fluid intake

205 R53.1 Weakness 4 13.11 .001 60 10.00 170.00

206 R20.2 Paresthesia of skin 4 13.06 .001 10 1.67 438.92

219 R13.10 Dysphagia, unspecified 5 12.46 .002 98 16.33 126.58

227 R10.13 Epigastric pain N 12.03 .002 77 12.83 141.62

229 R04 Hemorrhage from respiratory passages 3 11.95 .002 56 9.33 167.95

234 R0S5.3 Chronic cough 4 11.67 .002 31 517 228.82

237 R31 Hematuria 3 11.49 .002 47 7.83 180.97

243 R09.81 Nasal congestion N 11.29 .003 118 19.67 108.44

248 R26 3 11.09 .006 29 4.83 231.26

251 R10.3 Pain localized to other parts of lower 4 10.98 .006 148 24.67 94.57
abdomen

265 R40 Somnolence, stupor, and coma 3 10.52 .013 33 5.50 209.09

266 RO1 Cardiac murmurs and other cardiac 3 10.52 .013 27 4.50 233.33
sounds

269 R46.89 Other symptoms and signs involving N 10.35 .013 94 15.67 116.98
appearance and behavior

273 R79 Other abnormal findings of blood 3 10.25 .013 139 23.17 94.22
chemistry

276 R41.8 Other symptoms and signs involving 4 10.10 .013 91 15.17 117.53
cognitive functions and awareness

279 RS59 Enlarged lymph nodes 3 9.99 .013 34 5.67 199.82

280 R43.9 Unspecified disturbances of smell and 4 9.92 .015 12 2.00 350.00
taste

282 R93 Abnormal findings on diagnostic imag- 3 9.84 .016 51 8.50 158.82
ing of other body structures

283 R46.81 Obsessive-compulsive behavior 5 9.71 .017 8 1.33 426.32

289 R04.0 Epistaxis 4 9.65 .020 48 8.00 162.50

299 RO1.1 Cardiac murmur, unspecified 4 9.37 .023 23 3.83 239.43

S00-T98 Injury, poisoning, and certain other consequences of external causes

302 T86 Complications of transplanted organs 3 9.19 .027 60 10.00 140.00
and tissue

U00-U9S5 Codes for special purposes

2 U00-U49 Provisional assignment of new dis- 2 853.05 .001 481 80.17 498.73
eases of uncertain etiology or emergency
use

3 U00-U95 Codes for special purposes 1 853.05 .001 481 80.17 498.73

4 U09 Post COVID-19 condition 3 614.57 .001 343 5717 499.97

N U09.9 Post COVID-19 condition, unspecified 4 614.57 .001 343 57.17 499.97

16 Uo7 3 239.73 .001 138 23.00 495.65

17 U07.1 Emergency use of U07.1 | COVID-19 4 239.73 .001 138 23.00 495.65

(continued)
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Table 4. continued

Log likelihood N cases N cases Percent excess

Cut Node Tree level ratio P value observed expected cases

V01-Y98 External causes of morbidity and mortality

230 V01-Y98 External causes of morbidity and 1 11.89 .002 190 31.67 86.30
mortality

296 VO00-V99 Transport accidents 2 9.41 .022 156 26.00 84.62

Z00-Z99 Factors influencing health status and contact with health services

83 Z7.00-Z99 Factors influencing health status 1 29.88 .001 1843 307.17 42.27
and contact with health services

124 Z69-276 Persons encountering health serv- 2 22.15 .001 258 43.00 102.33
ices in other circumstances

156 799.8 Dependence on other enabling 4 17.06 .001 81 13.50 166.67
machines and devices

172 7.99.81 Dependence on supplemental oxygen 5 15.74 .001 45 7.50 220.00

180 789 Acquired absence of limb 3 14.75 .001 11 1.83 446.45

218 799 Dependence on enabling machines and 3 12.52 .002 133 22.17 107.49
devices, not elsewhere classified

259 Z277-799 Persons with potential health haz- 2 10.62 .012 579 96.50 45.08

ards related to family and personal history
and certain conditions influencing health
status

precise, diagnosis code-level results showing how PASC features are
identified in clinical practice. This makes our findings ideally suited
for development of rules-based phenotypes for identifying pediatric
PASC in EHRs.

At the same time, there were several significant limitations to
our study. First, we are at risk of misclassifying patients in our
PASC-negative comparator cohort by relying solely on the U09.9
and B94.8 codes to identify cases. There are likely children and ado-
lescents in our comparison cohort with complications of COVID-19
who never receive a formal PASC diagnosis and may either present
to a health system with symptoms that the clinician did not distin-
guish as a complication of COVID-19 or may not receive care for
their symptoms at all. However, this would likely bias toward the
null. Further, the U09.9 code has only been formally implemented
since October 2021, and while the B94.8 code likely served as a
proxy for PASC prior to this, the likely lack of uniform code usage,
particularly early in the pandemic, introduces potential bias with
regards to the timing of cohort entry dates in our cohort during the
pandemic. Additionally, for PASC-diagnosed and serology test posi-
tive patients in our cohort who had no prior COVID diagnoses or
positive viral testing, our imputation of cohort entry dates may not
accurately reflect timing of COVID infection, and in the case of
PASC-diagnosed patients, PASC onset. Second, our ascertainment of
other diagnosis codes is similarly subject to the biases of health care
delivery. For example, our findings may disproportionately include
diagnoses that are required for utilization (eg, to justify diagnostic
testing) or symptoms that are uncommon and previously associated
in clinical practice with COVID-19 and may under-detect changes
following COVID-19 in relatively common childhood illness that
escape coding practices. Third, we have analyzed the pandemic as a
single cross-section and thus our results concern PASC-associated
features in aggregate over the time period of the study; the course of
PASC may differ by variant and further information may be gained
by studying evolution of diagnoses across different portions of the
pandemic or over time since infection. Finally, the cohort comprises
patients followed in large pediatric health systems, and results may

reflect the largely urban demographics of these systems or the prac-
tice patterns of pediatric specialists. Only about half of these hospi-
tals offer robust primary care networks, and therefore children seen
in tertiary care centers exclusively may not be representative of all
children in the United States. This is complicated by the fact that
children may only visit these health systems occasionally (eg, ED vis-
its) and receive the majority of their care elsewhere. Nonetheless,
despite these limitations, in previous studies, we have successfully
replicated similar rates of health outcomes in our database as have
been reported in data representative of the general pediatric popula-
tion.*>*! In the COVID-19 context, we have reported that 76% of
our patient population have no chronic conditions, 12% have
chronic conditions, and 11% have complex-chronic conditions,**
which are similar to patients found in medicated populations.** Fur-
ther, the risk of this bias altering the findings of the current study
relies on differential impact on cases and controls, and we have miti-
gated this risk by matching on medical complexity and demographic
factors. Finally, we required at least 2 encounters with the health
system 7 days to 18 months prior to cohort entry to ensure history
of clinical care within the network.

CONCLUSION

This systematic evaluation of diagnoses in a large, multisystem
national cohort of children with PASC provides a valuable addition
to our understanding of this condition’s protean manifestations.
Our results can inform the design of further prospective studies to
more deeply investigate the patterns identified here to develop
improved clinical practice and to direct the study of the biological
basis of PASC.
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