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In this retrospective analysis, we describe weekly croup and
corresponding viral prevalence patterns in a pediatric quater-
nary care system in metropolitan Atlanta. We characterize a
series of 24 patients with croup associated with SARS-CoV-2
infection and show that this clinical presentation increased
substantially in frequency during the period of high Omicron
vs Delta transmission.
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Croup represents inflammation of the subglottic upper airway
mucosa in children associated with respiratory distress due
to epithelial-level edema and airflow obstruction. The ma-
jority of croup presentations to the emergency department
(ED) are attributable to acute viral infection. Similar to other
viral-associated respiratory illnesses, such as bronchiolitis and
asthma exacerbations, croup presentations tend to fluctuate in
frequency, depending on the local prevalence of specific viral
pathogens. Approximately 75% of cases of croup are caused by
1 of 4 parainfluenza virus (PIV) subtypes, with the remaining
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25% caused by common seasonal respiratory “cold” viruses that

OXFORD

are included in standard multiplex respiratory viral panel (RVP)
testing, including endemic coronaviruses [1-3]. Before wide-
spread circulation of the SARS-CoV-2 Omicron variant, less
than 10 cases of croup associated with SARS-CoV-2 infection
had been published in which multiplex RVP testing was used
to confirm the presence of SARS-CoV-2 RNA while excluding
other viral etiologies [4-8].

Between December 13, 2021 and January 2, 2022, as metro-
politan Atlanta had a sudden spike in the prevalence of SARS-
CoV-2 cases, clinicians within our system noted an unexpected
increase in ED presentations of croup. We therefore sought to
(1) characterize the clinical features of croup associated with
SARS-CoV-2 in a series of children presenting during the
period of high Omicron variant transmission and (2) identify
ED visits for acute SARS-CoV-2 infection and compare the fre-
quency of croup among these children during this Omicron-
dominant 3-week study period and a preceding 2-month period
during which the Delta variant was dominant in summer 2021.

METHODS

To ascertain the potential novelty of SARS-CoV-2 strain-related
clinical presentation, we analyzed patterns of ED visits for
COVID-19 diagnosis (ICD-10, U07.1) during 2 time periods
with proportional caseloads and where SARS-CoV-2 strain
dominance was known: period 1 - Omicron-dominant out-
break (December 13,2021 to January 2, 2022); period 2 — Delta-
dominant outbreak (July 1, 2021 to August 31,2021) [9]. Among
these visits with COVID-19 diagnosis, we then identified those
with concurrent croup diagnosis (ICD-10, J05.0) and compared
the frequency of this co-association between the 2 time periods.
Additionally, we sought to characterize the differential impact
on younger children during these 2 outbreaks, by comparing
proportional differences in 0- to 4-year-old children diagnosed
with COVID-19 during the 2 time periods. Chi-square test for
independence was used to confirm the significance of the pro-
portional difference during the 2 time periods.

For the case series, we described patients with croup pre-
senting to the ED during the Omicron-dominant outbreak
(December 13, 2021 to January 2, 2022) who had positive RVP
testing for SARS-CoV-2 and negative for coinfections. Patients
were excluded for the following reasons: no testing was done;
or testing was done but could not exclude PIV coinfection.
Therefore, those whose testing was done as only a single-
plex for SARS-CoV-2 or a 4-plex test (SARS-CoV-2, respira-
tory syncytial virus [RSV], influenza A and B) were excluded.
Additionally, those who had full multiplex RVP testing com-
pleted were excluded from the case series for the following
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reasons: if they were positive for more than 1 pathogen; if they
were positive for a pathogen other than SARS-CoV-2; or the
RVP results were negative for all pathogens, including SARS-
CoV-2 (Supplementary Figure). The multiplex RVP tests in-
clude polymerase chain reaction (PCR) testing of the following
pathogens: SARS-CoV-2; PIV subtypes 1-4; rhinovirus/entero-
virus (RV/EV); RSV; human metapneumovirus (HMPV); influ-
enza A + B, adenovirus; seasonal coronaviruses (229E, HKU1,
NL63, OC43); Chlamydophila pneumoniae; Bordetella pertussis;
Bordetella parapertussis; and Mycoplasma pneumoniae (BioFire
2.1, bioMerieux, Durham, NC, USA). In general, routine use
of RVP testing is discouraged in our system and is more likely
to be ordered for ill-appearing patients at the discretion of the
clinician. Policies for RVP utilization in our system and availa-
bility during the reflected time periods did not differ. This study
was approved by the institutional review board at Childrens
Healthcare of Atlanta.

RESULTS

Between January 4, 2021 and January 2, 2022, our system
encountered nearly 218 387 ED visits, with 34 670 (15.9%)
of those visits leading to inpatient admission. During this
52-week period, a total of 19 865 (median of 382 RVPs per
week), multiplex RVP specimens were collected between ED
and inpatient units on two of the medical campuses within
our system. Results of these fluctuating weekly RVP positivity
data are displayed in the lower half of Figure 1 on a pathogen-
specific basis.

During the 3-week period ending on January 2, 2022,
weekly ED croup visits for our system nearly tripled, in parallel
to increasing SARS-CoV-2 prevalence (Figure 1). The overall
admission rate for croup presentations during this 3-week
study period fluctuated from 12.1% to 15.6%. In comparison,
during a peak in PIV activity (May-June 2021) associated with
a substantial increase in croup presentations to the ED, hos-
pital admission rates for croup fluctuated from 11.6% to 14.4%.
Remarkably, during this 3-week Omicron period, the prev-
alence of all other respiratory viruses decreased substantially.
In contrast, the ongoing activity of RSV and RV/EV during the
previous SARS-CoV-2 Delta surge (also shown in Figure 1)
contributed to unprecedented hospital volumes and strain for
our system during August 2021.

During the 2-month Delta-dominant period, there were
44 940 total ED visits. Of those visits, 2115 (4.7%) were asso-
ciated with a COVID-19 diagnosis. Of these COVID-19 visits,
609 (28.8%) were 0-4 years of age, and 107 (17.6%) of those
0- to 4-year-old visits were associated with hospital admission.
Twenty (0.9%) of the 2115 COVID-19 visits also included a di-
agnosis of croup. In comparison, during the 3-week Omicron-
dominant period, there were 15 423 total ED visits, 1851 (12%)
of which were associated with COVID-19 diagnosis. Of those
COVID-19 visits, 951 (51.2%) were 0-4 years of age, a substan-
tial 77.8% increase in the proportion of this age group during
Omicron vs Delta outbreaks (P <.001). Of these 951 0- to 4-year-
old visits for COVID-19, 155 (16.1%) were associated with hos-
pital admission. Two hundred (10.8%) of the 1851 COVID-19
visits also included a diagnosis of croup, representing a 12-fold
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Figure 1. Patterns of weekly ED visits with croup diagnosis and corresponding weekly virus prevalence in a pediatric quaternary care system. January 4,

2021 to January 2, 2022. Abbreviation: ED, emergency department.
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increase in the frequency of croup associated with COVID-19
(P < .001) (Figure 2).

To further characterize the clinical features of croup asso-
ciated with SARS-CoV-2 infection, we then identified 36 pa-
tients with croup who underwent testing by multiplex RVP.
Twenty-four (66.7%) of those patients were exclusively SARS-
CoV-2-positive. Among these 24 patients, the median age was
12 months (interquartile range [IQR], 5, 21.5). Eighteen (75%)
of these patients were male and 6 (25%) were female. In terms
of ethnicity, 10 (41.7%) were Caucasian, 7 (29.2%) were African
American, 5 (20.8%) were Hispanic, and 2 (8.3%) were Asian.
Thirteen (54.2%) were discharged home from the ED, while 11
(45.8%) were admitted to the hospital, 2 of whom (18.2%) were
admitted to the intensive care unit (ICU). One patient required
supplemental oxygen with heliox. The median length of stay
(LOS) for those admitted to the hospital was 24 hours (IQR, 24,
36). Patient management was according to the standard clin-
ical pathway for croup in our system (Supplementary Table and
Supplementary Figure).

DISCUSSION

During a 3-week period from December 13, 2021 through
January 2, 2022, we found a substantial increase in croup
presentations during a decline in the prevalence of all

other respiratory viral pathogens known to cause croup.
These patients presented during a surge of the SARS-CoV-2
Omicron variant, which was first identified in South Africa
in November 2021 and became the dominant circulating
strain in metropolitan Atlanta by mid-December 2021 [9].
While our case series of 24 patients with croup associated
with SARS-CoV-2 showed frequent hospitalization (45.8%)
and ICU admission (18.2%), interpretation of clinical se-
verity is limited by the fact that RVP testing was done in only
a fraction of those with croup and was more likely to have
been done in more ill-appearing patients needing hospital
admission.

The Omicron variant has been associated with increased
transmissibility and attenuated lower respiratory tract disease
in comparison to SARS-CoV-2 Delta variant [10-12]. Although
previous reports indicate that croup associated with SARS-
CoV-2 presentation likely existed prior to emergence of the
Omicron variant [4-8], the frequency increased substantially
during the Omicron outbreak. Additionally, the proportion of
0- to 4-year-old children diagnosed with COVID-19 nearly
doubled during Omicron, in comparison to the Delta-dominant
period. These data underscore the ongoing need for vaccination
efforts in this susceptible population. As with any observational
data, bias could have played a role in the identification of croup
and COVID-19 during the Omicron study period. However,
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the magnitude of change we detail between the 2 study periods
makes this less likely.

Altogether, our observational clinical findings support re-
cent animal and ex vivo models suggesting that in comparison
to Delta, the Omicron variant displays upper respiratory tissue
tropism, a process by which a pathogen adapts to new tissue as
an infectious target, as a means of improving fitness for survival
and transmissibility. As a subset of upper respiratory tract in-
fection, croup in children has an “adult” equivalent: laryngitis.
Interestingly, a recent study in Sweden described a series of
young adult patients presenting with odynophagia and laryn-
gitis in the setting of Omicron infection, adding further support
for evolving tissue tropism [13].

CONCLUSIONS

Our data provide further evidence of a croup clinical infectious
syndrome associated with SARS-CoV-2 that appears to resemble
clinical features of croup caused by other respiratory viruses and
increased substantially in frequency during the Omicron variant
surge. However, our data also indicate a dramatic increase in fre-
quency of younger children being diagnosed with COVID-19
during ED visits in association with the Omicron variant, when
compared with a recent Delta variant surge. Overall, this sup-
ports ongoing efforts to immunize younger children, who con-
tinue to be adversely affected by COVID-19.

Supplementary Data

Supplementary materials are available at the Journal of the Pediatric
Infectious Diseases Society online.
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