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Abstract

Objectives: The emergence of COVID-19 has revealed its association with croup. The

objective of this study was to compare outcomes of COVID-19 related croup to non-

COVID-19 related croup during the COVID-19 pandemic.

Methods: This retrospective propensity matched study used data from 2020–2023 in

the United States Cohort of the TriNetX database that includes 56 major health care

organizations. The analysis compared the outcomes of 2 cohorts of patients between 2

months and 7 years of age: Cohort A had croup and a positive test for COVID-19 and

Cohort B had croup without a positive COVID-19 test, both within 1 week before or

after presentation with croup. Outcomes were death, admission to the hospital, inten-

sive care unit (ICU) admission, respiratory rate>60, and oxygen saturation<90within

7 days after the diagnosis of croup.

Results: Therewere2590patientswithCOVID-19 related croup and103,439patients

with non-COVID-19 croup. The final propensity matched cohort included 5180

patients evenly divided between groups. When both groups were compared based

on outcomes after matching, there was twice the risk of the patient being admitted

to the hospital with COVID-19 croup (risk ratio [RR] = 2.12; 95% confidence inter-

val [CI] 1.59–2.84; P < 0.001). Those with COVID-19 related croup had significantly

increased risk of being admitted to the ICU (RR = 4.90; 95% CI 3.11–7.73; P < 0.001).

The patients with COVID-19 related croup were more likely to have a respiratory rate

≥60 (RR=2.00; 95%CI 1.18–3.37;P=0.008) and oxygen saturation≤90% (RR=2.12;

95%CI 1.21–3.70;P=0.007). Therewere no deaths in the final cohorts. Therewere no

worse outcomes in theOmicron COVID-19 related croup group.

Conclusions: The patients with COVID-19 related croup exhibited more severe

disease manifestations. These children were more likely to be admitted to the

hospital/ICU and hadmore significant respiratory distress.
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1 INTRODUCTION

1.1 Background

Croup (laryngotracheitis) is usually caused by viral infections, most

commonly parainfluenza, in the fall and winter months. Generally,

croup occurs in those >2 months to <7 years of age.1–2 Most patients

do not have severe croup. Before the COVID-19 pandemic, hospital

admission for croup occurred in 5%–10% of children, ICU admissions

in 1% and rare deaths, occurring in <1%.3–4 Compared to adults, chil-

dren with COVID-19 infections have lower mortality and less need for

hospitalization.5–8 With the advent of COVID-19, the association of

COVID-19 with croup has been reported in the literature. One of the

first publications on croup and COVID-19 was a case series of 3 chil-

drenwhohadamore severeand longerdurationof symptoms requiring

admission and respiratory support.9–11 There have been other case

studies and 1 other case series showing COVID-19 is associated

with more hospitalization10 additional treatments of dexamethasone,

racemic epinephrine (RE),12–13 and intubation.14.

In general, theCOVID-19Omicron variant ismore transmissible but

less severe in humans.15–16 Omicron-related COVID-19 croup in chil-

dren has been previously shown to be worse than the non-Omicron

related COVID-19 croup.17–18 In a study where COVID-19 presented

as croup in children during the Omicron predominance, of 75 children

in a single children’s hospital in Boston,Massachusetts, 9 patients (12%

of total) required admission. Four patients (9% of total) of those admit-

ted needed intensive care. Their conclusion was that croup is more

severe with the COVID-19 Omicron variant.18 In the United States,

hospital admission for croup before the COVID-19 pandemic was rela-

tively infrequent, suggesting potentially more severe pathophysiology

with COVID-19 croup thanwith non-COVID-19 related croup.3–4

1.2 Importance

The value of this study includes providing additional information

about the incidence and severity of COVID-19 related croup, identi-

fying options for improved treatment, and emphasizing the usefulness

of determining if croup is COVID-19 related. Although the Ameri-

can Academy of Pediatrics has not mandated COVID-19 testing for

croup patients, they did recommend testing to enhance the appro-

priate implementation of contact precautions.19 Knowing if a croup

infection is COVID-19 related or not on presentation to the emer-

gency department or hospital will help guide physicians to know if the

patient needs to be observed for a longer period, admitted, or receive

more treatments with RE or dexamethasone. Because polymerase

chain reaction (PCR) for COVID-19 is available and quick, taking a

few minutes to a few hours for a result, it is advantageous for those

physicians and health care workers initially evaluating children with

croup. Genotyping for variant analysis is a much longer process, and

although not beneficial to those health care workers on the frontlines,

it might assist epidemiologists and scientists in developing life-saving

vaccines.

THE BOTTOMLINE

This retrospective analysis compared children with emer-

gency department presentations for croup with and without

confirmedCOVID-19using propensitymatching. They found

that children with COVID-19 had more severe cases evi-

denced by increased risk of admission to the hospital and

ICU.

1.3 Goals of this investigation

The purpose of this study was to review and compare outcomes of

COVID-19 related croup to non-COVID-19 related croup during the

COVID-19 pandemic. The secondary aim was to compare outcomes of

Omicron COVID-19 related croup to non-Omicron COVID-19 related

croup.

2 METHODS

2.1 Study design

This was a retrospective, propensity matched study from the US Col-

laborative Network, a network of 56 health care organizations in the

United States. This study was considered to be not-human-subjects

research by our institutional review board.

2.2 Participant selection

Patients were included if they were diagnosed with croup, >2 months

of age, <7 years of age, and had a COVID-19 PCR test during the

period from January 1, 2020–January 1, 2023. Both patientswhowere

discharged home or hospitalized were included in the study. Patients

were excluded if they presented outside the study time period, were

<2 months of age, or were >7 years of age. For the subgroup analysis,

we compared patients with croup who were COVID-19 positive dur-

ing the Omicron predominance period (December 1, 2021–February

28, 2022)with patientswhowereCOVID-19 positive outside theOmi-

cron predominance period (January 01, 2020–November 30, 2021, or

March01, 2022–January01, 2023). All diagnoseswere identified using

the 10th revision of the International Statistical Classification of Diseases

and Related Health Problems (ICD-10-CM) codes, and laboratory tests

were identified using the TriNetX Curated Codes (TNX) (Figure 1)

2.3 Outcomes

The outcomes, as defined by TNX, VISIT, Logical Observation identi-

fiers Names and Codes (LOINC), and Current Procedural Terminology
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F IGURE 1 Process of patient selection. Abbreviation: PCR,
polymerase chain reaction.

(CPT) codes, were death, admission to the ICU (CPT: 1019130 or LNC:

95420–6) or the hospital (VISIT: INPATIENT), respiratory rate ≥60

(TNX: 9073), and oxygen saturation ≤90% on room air (TNX: 9075).

VISIT refers to a term within the context of the HL7 Encounter type.

The same cohorts and outcomes were used for the subgroup analysis

during theOmicron and non-Omicron time periods.

2.4 Analysis

A 1:1 propensity score matching was done with linear and logistic

regression on the demographics of both groups of COVID-19 related

croup and non-COVID-19 croup, and the subgroup analysis of COVID-

19 Omicron related croup and COVID-19 non-Omicron related croup,

for the variables of age, race or ethnicity, and gender. Greedy nearest-

neighbor matching was used with a tolerance of 0.1 and a difference

between propensity scores less than or equal to 0.1. TriNetX ran-

domizes the order of data rows to mitigate bias introduced by the

nearest-neighbor algorithm. This study methodology has been previ-

ously validated. Comparisons were made between cohorts before and

after propensity matching.

The analysis compared the outcomes of 2 cohorts: Cohort A,

denoted Croup COVID-19 (ICD-10-CM: J050.0), >2 months and l<7

years of age and had a positive COVID-19 PCR (TNX: 9088) test 1

week before or 1week after presentation. Cohort B, denotedCroup no

COVID-19,>2months and<7 years of age who did not have a positive

COVID-19 PCR result 1 week before or after presentation. The same

cohorts and outcomes were used for the subgroup analysis during the

Omicron and non-Omicron time periods.

After propensity matching, all of the demographics were no longer

statistically different. Measure of association tool in TriNetX was used

to perform univariate analysis where risk ratios (RRs), 95% confidence

intervals (CIs), and probability values (p) were calculated to compare

outcomes. Theunivariate analysis uses both the chi-square test and the

t test to examine the data sets. Statistical significance was set at a 2-

sided alpha<0.05.

3 RESULTS

Therewas a total of 106,029patients in the cohortswith 2590patients

with COVID-19 related croup and 103,439 patients with non-COVID-

19 related croup. Therewas no difference in the percentage of females

andmales in each group (Table 1).When comparing age, the COVID-19

related group was significantly younger compared to the non-COVID-

19 group. Concerning race, White patients (P < 0.001) and Asian

patients (P < 0.001) had a lower risk of COVID-19 croup versus non-

COVID-19 croup. Hispanic patients (P < 0.001) and Black patients

(P = 0.004) had a higher risk of COVID-19 croup versus non-COVID-

19 croup (Table 1). After propensity matching, there was no significant

differences in age, race, or ethnicity between groups.

After propensity score matching there was a total of 5180 patients,

evenly matched with 2590 in each group. With propensity match-

ing, we found there was a 2-fold increased risk of hospital admission

for the COVID-19 related croup patient (RR = 2.12; 95% CI 1.58–

2.84; P < 0.001). If a patient had COVID-19 related croup, they had

a significant risk of ICU admission (RR = 4.9; 95% CI 3.11–7.73;

P< 0.001).When the groupswere compared based on respiratory rate

≥60 (RR = 1.00; 95% CI 1.18–3.37; P = 0.008), or oxygen saturation

≤90 (RR = 2.12; 95% CI 1.21–3.70; P = 0.007), there was a signifi-

cant number of patients in theCOVID-19 related croup groupwho had

these 2 signs of respiratory distress (Table 2). There were no children

with croup, in either group, who died. For patients in our study with

COVID-19 related croup, the incidence of admission to the ICU was

1%. The number of patients requiring intubation was small, so analysis

of intubation rates was not feasible.

For the subgroup analysis comparing outcomes ofOmicron COVID-

19 related croup to the non-Omicron COVID-19 related croup, there

was a total of 2941 patients before propensity score matching and

2684 after propensity score matching. There was no difference in the

percentage of males, females, and age in each group. When compar-

ing race among both groups, White patients had a significantly lower

risk of having the COVID-19 Omicron virus, and Hispanic patients had

a significantly higher risk of having COVID-19 Omicron virus. There

were no significant differences in hospital admission and oxygen sat-

uration ≤ 90. Respiratory rate ≥ 60 (RR = 0.42; 95% CI 0.22–0.80;

P= 0.006) and ICUAdmission (RR= 0.69; 95%CI 0.47–0.99; P= 0.04)

were significantly higher in those with non-Omicron COVID-19.

4 LIMITATIONS

Our study has several limitations. The retrospective nature of the

study may have missed important data and introduced bias. Because

comprehensive viral testing was not available on every patient, we
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TABLE 1 Cohort demographics before and after propensity matching.

Before propensitymatching After propensitymatching

COVID-19 Non-COVID-19 P value Std diff. COVID-19 Non-COVID-19 P value Std diff.

Age (years) 1.9 2.4 <0.001 0.245 1.9 1.9 1.0 <0.001

Gender

Males 63% 63% 0.740 0.007 63% 63% 1.0 <0.001

Females 37% 37% 0.730 0.007 37% 37% 1.0 <0.001

Race or ethnicity

White patients 61% 65% <0.001 0.094 61% 61% 1.0 <0.001

Black patients 13% 11% 0.004 0.055 13% 13% 1.0 <0.001

Hispanic

patients

22% 16% <0.001 0.168 22% 22% 1.0 <0.001

Asian patients 4% 2% <0.001 0.076 4% 4% 1.0 <0.001

Abbreviation: Std diff, standard difference.

TABLE 2 Comparisons of outcomes 1week after croup diagnosis (after propensity matching).

Outcomes COVID-19

Non-

COVID-19 RR (95%CI) P value Omicron

Non-

omicron RR (95%CI) P value

Admission 5.7% 2.7% 2.1 (1.58–2.95) <0.001 5.7% 5.6% 1.02 (0.74–1.42) 0.897

ICU admission 4.3% 0.9% 4.9 (3.11–7.13) <0.001 3.5% 5.1% 0.69 (0.47–0.99) 0.044

RR≥ 60 1.7% 0.8% 2.0 (1.19–3.37) 0.008 1.0% 2.4% 0.42 (0.22–0.80) 0.006

Oxygen sat≤ 90% 1.5% 0.7% 2.1 (1.21–3.70) 0.007 1.1% 1.6% 0.72 (0.37–1.38) 0.315

Abbreviations: CI, confidence interval; RR, risk ratio

cannot entirely exclude the possibility of viral coinfection. Althoughwe

propensitymatched for demographics such as age, sex, and race or eth-

nicity, there may be other preexisting conditions not considered that

could affect outcomes. In the subgroup analysis, there is a possibility

that a small number of patients may have had overlapping records and

could have been included in both cohorts on separate visits.

5 DISCUSSION

This study, among the most extensive in the United States, under-

scores the severity of COVID-19-associated croup in children. We

observed a heightened risk of both hospital and ICU admissions for

these children. Furthermore, theCOVID-related croupgroupexhibited

more instances of respiratory distress, elevated respiratory rates, and

hypoxia. Interestingly, children with the Omicron variant of COVID-

19-related croup showed decreased respiratory rates and fewer ICU

admissions compared to those with non-Omicron related croup. The

demographic findings of our study concur with the prevailing under-

standing of COVID-19. Specifically, Hispanic and Black patients exhib-

ited a higher incidence of COVID-19 croup. Prior research similarly

indicates that Black, Hispanic, and SouthernAsian populations account

for a disproportionately large number of COVID-19 infections in both

the United States and the United Kingdom. This discrepancy is poten-

tially tied to genetic factors and disparities in the social determinants

of health.20–21

Typically, croup has low morbidity and mortality rates.15–16 How-

ever, COVID-19 worsens the severity,9,12–14,22,20,23 mandating higher

rates of hospitalization and ICU admission compared to the prepan-

demic period. In the largest study of 43 US children’s hospitals with

a sample size similar to ours, when comparing Omicron COVID-19

croup to a pre-COVID-19 croup group, there was a higher admission

rate to the hospital, ICU, and hypoxia20 in the Omicron COVID-19

croup group. Unlike the studies on Omicron COVID-19 related croup,

our study did not show worse outcomes in the Omicron COVID-19

related croup group. This study adds to the current body of litera-

ture because the results include a longer time frame of 3 years, as

compared with shorter periods in the other studies currently in the lit-

erature. Other studies included a historical group, whereas this study

included those with non-COVID-19 related croup during the same

time period (during the pandemic), which generates a more accurate

comparison.

Dexamethasone, usually administered to mild croup to mitigate

inflammation, and RE for moderate to severe cases10–11,24 may need

to be administered more frequently in light of the greater severity of

COVID-19 related croup.9,12–14,25 In 1 series, patients with COVID

croup needed more than 2 RE treatments and more than 1 dose of

dexamethasone.9 Other studies have shown that multiple doses of RE
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are often required in these croup patients.12–14 These studies included

all COVID-19 variants.

In conclusion, COVID-19 related croup was more severe, requir-

ing higher admission rates to the hospital and ICU due to respiratory

distress. In terms of demographics, Hispanic and Black patients were

significantly more at risk for COVID-19 related croup, aligning with

current knowledge ofCOVID-19. Interestingly,Omicron-related croup

did not significantly worsen outcomes compared to the non-Omicron

COVID-19 croup. This study underlines the necessity of refining treat-

ment strategies with more aggressive management of COVID-19

related croup in children.
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