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Abstract 

Background  The Symptoms of Infection with Coronavirus-19 (SIC) is a 30-item patient-reported outcome measure 
to evaluate the presence and severity of COVID-19 signs/symptoms in adults. This study expanded the context of use 
of the adult SIC among adolescents aged 12–17 years and supported a pediatric adaptation (the Pediatric SIC  
[PedSIC]) for caregiver assessment of signs/symptoms in children aged < 12 years.

Methods  Draft versions of the PedSIC and reference materials containing sign/symptom definitions for adolescents, 
based on an assessment of the reading level of SIC items by a professional linguist, were developed to facilitate 
accurate completion of the SIC by adolescents and observer-report (PedSIC) by caregivers. For adolescents, refer‑
ence materials were intended to provide definitions for selected signs/symptoms identified to have a higher reading 
level. Iterative rounds of cognitive debriefing interviews were conducted from November 2020 to January 2021 to 
evaluate adolescent understanding of the SIC reference materials and inform refinement of the PedSIC for caregivers 
of children too young to reliably self-report. Participants were identified via databases of individuals who previously 
expressed interest in participating in qualitative research and were then screened for eligibility. Recruitment quotas 
were established to improve sample diversity. Thematic analysis and descriptive statistics were used to assess qualita‑
tive and demographic data, respectively.

Results  Nine healthy adolescents (mean [SD, range] age, 14 [1.76, 12–17] years, 56% female, 22% non-White; round 
1, n = 6; round 2, n = 3) and 17 caregivers (mean [SD, range] age, 34 [6.28, 26–41] years, 59% female, 35% non-White; 
round 1, n = 9; round 2, n = 8) were interviewed. Adolescents understood the majority of signs/symptoms (22 of the 
30 SIC items) without assistance or use of the reference materials during the cognitive debriefing interview. Defini‑
tions were added to the reference materials for 5 additional items, and clarifications provided to existing definitions 
for 3 items. Seven observer-report (PedSIC) items were modified following feedback from caregivers of healthy young 
children. Reference materials (similar to those for adolescent use) were developed to support caregiver understanding 
of the intent of the PedSIC items collecting input from children ages ≥ 5– < 12 years.
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Conclusions  Results support using the SIC, PedSIC, and their associated reference materials to evaluate the presence 
and severity of COVID-19 signs/symptoms in adolescents and children aged < 12 years via caregiver-supported  
report, respectively.

Keywords  Patient-reported outcome, Observer-reported outcome, COVID-19, Content validity, Pediatric,  
Adolescent, Caregiver

Background
As of October 2022, there have been > 617 million con-
firmed cases of coronavirus disease 2019 (COVID-19) 
worldwide, with > 6.5 million COVID-19-related deaths 
to date [1]. In the United States, the Centers for Disease 
Control and Prevention (CDC) has reported > 95 million 
cases of COVID-19 and > 1 million deaths [2]. During the 
same period, > 14.0 million children in the United States 
contracted COVID-19, with > 1,300 COVID-19–related 
deaths reported in children aged 0–17 [3, 4]. Vaccina-
tion rates among children aged 5–11  years remain low 
in the United States, with 39% having received 1 dose 
of a COVID-19 vaccine, 32% having completed a pri-
mary vaccine series, and only 15% having received a 
first booster dose [5]. In the adolescent population aged 
12–17 years, 71% have received at least one dose and 61% 
have completed a COVID-19 vaccination series, but only 
29% have received a first booster dose [5]. Data on global 
rates of vaccination in children are evolving with the 
approval of vaccines in pediatric populations [6].

Although children may generally experience asymp-
tomatic infection or milder disease compared with 
adults, they can experience a variety of symptoms [7, 
8]. COVID-19 symptoms may resemble other respira-
tory diseases and include fever or chills, cough, short-
ness of breath or difficulty breathing, fatigue, muscle 
or body aches, sore throat, and congestion or runny 
nose; unique COVID-19 symptoms may include eye 
problems, headache, nausea or vomiting, diarrhea, 
skin rash, new loss of taste or smell, and discoloration 
of fingers or toes [7, 9, 10]. Children and adolescents 
with underlying medical conditions are at increased 
risk for severe illness [11, 12]. Children may also have 
increased incidence of potentially serious conditions 
following a COVID-19 diagnosis [13], such as multi-
system inflammatory syndrome in children (MIS-C), a 
rare condition requiring intensive care in a significant 
proportion of patients [11, 14]. Moreover, like adults, 
children and adolescents can develop long-term con-
sequences of COVID-19 (termed “long” COVID) [15]. 
Clinical manifestations and outcomes of COVID-19 
may change with the emergence of new variants. Risks 
of severe outcomes such as emergency department vis-
its and intensive care unit admission in children were 
lower with the Omicron variant compared with the 

Delta variant [16, 17]; however, upper respiratory infec-
tions increased during predominance of the Omicron 
variant [18], as did overall COVID-19–related pediatric 
hospitalizations, particularly in unvaccinated children, 
owing to the increased transmissibility of Omicron 
leading to increased numbers of infected individuals 
[19–21]. Although several studies have described clini-
cal characteristics and risk for severe illness in children 
[22–24], there remains a need for prospective studies 
of signs and symptoms of COVID-19 in the pediatric 
population to facilitate proper management and char-
acterization of long-term outcomes [25].

Clinical outcome assessments (COAs), including 
patient-reported outcome (PRO) measures, provide 
means to obtain otherwise unattainable assessments 
of the patient experience and can be used to moni-
tor initial infection, disease progression, and response 
to treatment [26, 27]. In order to reliably gather these 
important data, PRO and observer-reported outcome 
(ObsRO) measures for the pediatric population are 
necessary [23, 25, 28]. Adolescents aged 12–17  years 
are typically able to reliably self-report signs, symp-
toms, and impacts of disease using age-appropriate 
measures; younger children may not have the ability to 
read, understand, and fully self-report [28]. Observer 
assessment is recommended for very young children 
(< 5  years of age) who are not able to reliably report 
their own health status [28], but limits the report to 
observable signs alone. At the time of this study, no 
COVID-19–specific tools existed for self-completion 
by adolescents or observer report for young children 
[27].

The Symptoms of Infection with Coronavirus-19 
(SIC) is a PRO measure that uses a checklist approach 
to assess the presence and severity of signs and symp-
toms specific to COVID-19 in adults [29] and could 
be used to monitor for infection. In this prospec-
tive, observational, qualitative research study, we: (1) 
evaluated the understanding of the SIC and accom-
panying adolescent reference material by adolescents  
and (2) developed the pediatric SIC (PedSIC) and  
caregiver reference materials to facilitate observer 
report. Materials were optimized based on input from 
healthy adolescents and caregivers of healthy young 
children, respectively.
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Methods
Symptoms of infection with Coronavirus‑19
The SIC includes 30 items marked as present or absent, 
25 of which are followed by a numerical rating of sever-
ity. Concept elicitation for the SIC with input from 
adult COVID-19 patients and caregivers has been pre-
viously described [29]. A reading level analysis of the 
SIC was conducted by a professional linguist using 
the Lexile Framework for Reading analyzer (2021). 
The analyzer scores reading level in quartiles, and the 
grade level assigned was based on the Lexile score for 
the 50th percentile of children. The SIC items ranged 
from third-grade to sixth-grade reading levels, and 
the SIC instructions were assigned a ninth-grade level  
(Additional file 1: Table S1). Overall, the SIC reading level 
was considered appropriate for adolescents. After assess-
ment of the SIC reading level, reference materials were 
developed by professional linguists and COA experts to 
provide definitions of signs and symptoms of COVID-19 
that exceeded the age-appropriate reading level for ado-
lescents aged 12–17 years. The initial draft of the refer-
ence card included definitions for 13 SIC items and was 
limited to a single page for ease of use. In this study, ado-
lescents aged 12–17 years provided feedback on the SIC 
and accompanying reference card during two iterative 
rounds of interviews. The SIC reference card was then 
refined and optimized with the goal of ensuring that the 
SIC could be easily understood and completed by adoles-
cents aged 12–17 years.

Pediatric symptoms of infection with Coronavirus‑19
The PedSIC is a version of the SIC developed for chil-
dren. While the PedSIC may be used by adolescents aged 
12–17 years if indicated to be more appropriate (ie, lim-
ited reading ability or concomitant issues that limit the 
ability to self-report), this instrument was developed 
primarily as an ObsRO measure to facilitate caregiver 
reporting of COVID-19 signs and symptoms in children 
aged < 12 years. Symptoms were identified through a tar-
geted literature review, including CDC recommendations 
of signs and symptoms to monitor in young children with 
review by infectious disease experts. The PedSIC includes 
one section for completion by caregivers based on obser-
vations alone (including 15 signs of COVID-19 assessed 
using a 5-point verbal rating scale) and a second section 
for completion by caregivers with input from children 
aged > 2 years old to allow for the most accurate report-
ing where observations alone may not be sufficient. In 
this study, two iterative rounds of interviews were con-
ducted with caregivers of healthy young children to opti-
mize the PedSIC instructions and items. After the first 
round of interviews, internal clinical experts offered 
suggestions during a web-assist video conference held 

to improve clinically meaningful elements of the PedSIC 
and SIC adolescent reference card and inform revisions 
of the items based on emerging data around the patient 
experience of COVID-19. After the completion of the 
first round of caregiver interviews, a reference card was 
developed to support caregivers in fully understand-
ing the intent of each item in the second section of the 
PedSIC. The reference card was drafted using feedback 
gathered during caregiver interviews coupled with infor-
mation from internal experts regarding specific intent of 
each item, providing caregivers with sample descriptions 
of words or language so that they could explain each 
question in language familiar to the child.

Participants
Data were collected in individual interviews with healthy 
adolescents aged 12–17 years for the SIC and caregivers 
of healthy children aged < 12 years for the PedSIC; all par-
ticipants were in the United States. Additional eligibility 
criteria included a willingness and ability to participate 
in a 1-h interview via telephone or online system; the 
ability to read, speak, and understand English; parental 
permission and a willingness and ability of adolescents 
to provide assent; and the ability of both adolescents 
and caregivers to access documents electronically. Par-
ticipants did not report history of COVID-19 or cur-
rent diagnosis of SARS-CoV-2 infection. Participants 
were recruited by third-party qualitative research firms 
(Reckner Healthcare, Chalfont, PA or L&E Research, 
Raleigh, NC) via databases of individuals who had pre-
viously expressed interest in participating in qualitative 
research. A convenience sampling approach was used for 
both adolescents and caregivers. All adolescents assented 
and all caregivers provided informed consent. RTI Inter-
national’s institutional review board (Research Triangle 
Park, NC) reviewed the study materials and provided 
approval for this research in adolescents. Caregiver inter-
views were exempt from formal review. Recruitment tar-
gets were set to improve sample diversity of adolescents 
and caregivers regarding sex, age, and race/ethnicity, and 
for caregivers only, education level.

Interviews
Interviews were conducted from November 2020 
through January 2021. To reduce the potential for  
interviewer bias, the research team alternated roles 
between interviewer and note-taker and utilized a  
semi-structured interview guide. Additionally, the initial 
development of the adolescent reference card was led by an  
independent linguist who was not part of the interview 
team. Interviews were audio recorded and transcribed 
and the transcripts were de-identified prior to analysis. 
Each interview began with a study overview followed 
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by a detailed cognitive debriefing of the SIC/PedSIC. 
Cognitive debriefing focused on understanding partici-
pant thought processes as they responded to each item 
in the PRO/ObsRO measure, and targeted probes were 
utilized following a semi-structured interview guide to 
elicit these details. Adolescents provided feedback on the 
definitions in the draft reference card. In addition to the 
PedSIC, caregivers were also asked to provide feedback 
for two items addressing COVID-19 symptom status 
and change, as well as one item regarding observation of 
medically emergent symptoms. To facilitate refinement 
of the measures and reference materials, the interviews 
were conducted in two iterative sets. Interviewers also 

posed follow-up questions designed to further eluci-
date the participants’ question-answering process, and 
to identify any revisions to the reference materials that 
could enhance understanding of the SIC/PedSIC instruc-
tions, questions, and/or response options.

Adolescents
Figure 1A shows the iterative interview process (rounds 
1 and 2) with adolescents to assess the relevance, clar-
ity, and comprehensiveness of the SIC and associated 
reference materials and refine the draft content of the 
materials. Adolescent participants were asked about 
the SIC instructions, definition of the “recall period,” 

Fig. 1  Cognitive debriefing process for A adolescents and B caregivers. In panel B, surveillance questions refer to an item designed to 
monitor children for initial infection and medically emergent signs and symptoms of COVID-19. PedSIC, Pediatric Symptoms of Infection with 
Coronavirus-19; SIC, Symptoms of Infection with Coronavirus-19
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SIC items, and the use of the reference card to facilitate 
understanding of each item of the SIC. Upon comple-
tion of the first set of interviews (n = 6), findings were 
reviewed via field notes, and changes to the SIC refer-
ence card were made before conducting the second 
round of interviews (n = 3).

Caregivers
Rounds 1 and 2 of the interview process with caregivers 
are shown in Fig. 1B. During cognitive debriefing, partici-
pants reviewed each of the measures together with the 
interviewer either using a paper copy of the items that 
was e-mailed to each participant in advance and/or using 
a web link for joint viewing. Participants were asked for 
their input on the COVID-19 surveillance (monitoring 
for infection or emergent symptoms) and instructions, 
recall period, symptoms described and their severity dur-
ing the 24-h recall period, fever/temperature, observer-
report with child input, global impressions of severity, 
and patient global impression of change. Upon comple-
tion of round 1 of interviews (n = 9), appropriate changes 
were made to the PedSIC before conducting the second 
round of interviews (n = 8). A PedSIC completion refer-
ence card to aid caregivers in collecting child input was 
developed near the end of round 2 of the interviews.

Data analysis
Standard qualitative methods were applied using an 
inductive approach to analyze the data collected dur-
ing the individual interviews. Specifically, a thematic 
approach aided by field notes and interview transcripts 
was used to analyze the results of the interviews [30]. 
All analyses were conducted by the two interviewers. To 
assess potential issues with the PedSIC measure, inter-
viewers explored participant understanding of instruc-
tions, items, and response scales to determine if barriers, 
such as technical terminology or confusing instructions, 
impaired participant comprehension, completion of the 
measure, or application of the reference materials. A sim-
ilar approach was used to assess adolescent completion of 
the SIC and ability to use the reference card. Descriptive 
statistics were generated for demographic variables and 
reported in aggregate; no inferential statistical analyses 
were conducted. Neither a formal coding guideline nor 
a formal assessment of concept saturation was required, 
given the focus on cognitive debriefing of the measure. 
Any issues identified during interviews were addressed 
directly in either the PedSIC measure or reference cards 
and tested in subsequent rounds. The results of analyses 
were used to inform revisions throughout the iterative 
testing process.

Results
Demographic data
Demographics for healthy adolescent participants (n = 9) 
were recorded at screening (Table 1). Round 1 consisted 
of interviews with mostly female (n = 5), White adoles-
cents, and round 2 consisted of male adolescents (n = 3) 
of White, African American/Black, or mixed heritage. 
The mean age of adolescent participants was 14  years 
(SD, range: 1.76, 12–17 years); 56% of participants were 
in middle school (12–13  years), with the remainder in 
high school (14–17  years). Demographic characteris-
tics reported at screening for the 17 caregivers and a 
summary of the age of the children that were the focus 
of the interviews are presented in Table 2. Overall, 59% 
of respondents were female, 36% were non-White, and 
education ranged from high school through a postgradu-
ate degree. The mean age of caregivers was 34 years (SD, 
range, 6.28, 26–41). Five caregivers (29%) had more than 
one child; therefore, they were asked to focus on one 
child (based on age recruitment targets) for completion 
of the ObsRO measure. The children ranged in age from 
newborn to 11 years.

Healthy adolescents (SIC and reference materials)
Overall, adolescents interpreted the instructional text for 
the SIC and reference card as intended. In both rounds 
of interviews, the “recall period” was consistently inter-
preted correctly, ie, the time that occurred in the 24  h 
immediately preceding beginning self-completion of 
the SIC. For example, if the participant was reading the 
instructions in the morning, this would include recall-
ing symptoms back to the same time the prior morn-
ing. Participants also generally reported that recalling 
the prior 24 h would be easy when completing the SIC. 

Table 1  Demographic Characteristics Reported at Screening of 
Healthy Adolescents Aged 12–17 Years

Characteristics, n (%) Round 1
(n = 6)

Round 2
(n = 3)

Total
(N = 9)

Sex

Male 1 (17) 3 (100) 4 (44)

Female 5 (83) 0 (0) 5 (56)

Current age, mean years (range) 14.17 (12–17) 14.00 (13–16) 14.11 (12–17)

Aged 12– < 15 years 4 (67) 2 (67) 6 (67)

Race

White 6 (100) 1 (33) 7 (78)

African American/Black 0 1 (33) 1 (11)

Mixed 0 1 (33) 1 (11)

Education

Middle school (grade 6–8) 3 (50) 2 (67) 5 (56)

High school (grade 9–12) 3 (50) 1 (33) 4 (44)
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Participants in both rounds of interviews found the 
checklist approach of the SIC easy to use, with clear 
response options. The use of the 11-point numerical rat-
ing scale for severity of 0 (none) to 10 (worst possible) 
on the SIC was also assessed in both rounds of inter-
views; adolescents found the scale clear, easy to use, and 
familiar.

Overall, participants felt that the SIC was generally 
clear and that it would be easy to complete electronically 
on a daily basis; a few younger participants preferred 
paper over electronic versions, noting paper would be 
more readily accessible. Participants easily understood 
22 of the 30 items, and feedback supported retention of 
the reference definitions for those items without modi-
fication. With respect to the remaining 8 items, defini-
tions for 4 concepts (“cough,” “chest congestion,” “fever,” 
and “red or bruised looking feet or toes”) were added to 
the reference card after round 1. For example, although 
adolescents were familiar with the concept of “cough,” 
they were unsure how to qualify it in terms of frequency, 
severity, or type. After receiving feedback in round 1, a 
definition was added to the reference card stating “cough” 
could include dry or wet coughing. Clarifications to  
3 existing definitions on the reference card (“problems 
thinking clearly/brain fog,” “feeling faint,” and “skin rash”) 
were made after round 1 to improve understanding.  

A full description of “wheezing” was added to the reference  
card in round 1, with further modification in round 2 to 
clarify the item. Representative quotations from adoles-
cents regarding individual understanding of the SIC are 
presented in Additional file 1: Table S2.

Caregivers of healthy young children (PedSIC 
and reference materials)
The first question of the PedSIC was designed to monitor 
children for initial infection as well as medically emergent 
signs and symptoms of COVID-19 (“new or worsening 
of symptoms or health concerns”). New symptoms were 
described as changes in health status that caregivers had 
not previously noticed, whereas worsening symptoms 
were defined as something that had been affecting the 
child but had increased in severity over time. This first 
question and accompanying instructions regarding moni-
toring for infection and medically emergent COVID-19 
signs and symptoms were generally well-received by par-
ticipants, who indicated that they understood the intent 
of the question (ie, to capture health concerns that may 
require care). Clarifications were made to the text of this 
item, including removal of the phrase “health concerns” 
which was found to be potentially redundant. After 
round 1, other items were updated for clarity based on 
participant and expert feedback. For example, “trouble 

Table 2  Demographic Characteristics Reported at Screening of Caregivers of Children Aged < 12 Years

*Total for race exceeds 100% due to rounding

Characteristics, n (%) Round 1 (n = 9) Round 2 (n = 8) Total (N = 17)

Sex

Male 4 (44) 3 (38) 7 (41)

Female 5 (56) 5 (63) 10 (59)

Current caregiver age, mean years 35.00 32.50 34.00

Race*

White 5 (56) 6 (75) 11 (65)

African American/Black 3 (33) 1 (13) 4 (24)

Asian 0 1 (13) 1 (6)

Other 1 (11) 0 1 (6)

Hispanic (yes) 2 (22) 0 2 (12)

Education, n (%)

High school/GED 0 1 (13) 1 (6)

Some college 4 (44) 2 (25) 6 (35)

College degree 3 (33) 3 (38) 6 (35)

Postgraduate 2 (22) 2 (25) 4 (24)

Children’s age, n

Newborn–5 months 0 3 (38) 3 (18)

6–12 months 2 (22) 0 2 (12)

13–35 months 3 (33) 2 (25) 5 (29)

36 months–6 years 2 (22) 2 (25) 4 (24)

7–11 years 2 (22) 1 (13) 3 (18)
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breathing (increased work of breathing),” was simplified 
to “trouble breathing.” Additionally, clinical experts sug-
gested including “bloodshot or very red eyes,” and multi-
ple items to capture gastrointestinal symptoms. In round 
2, participants understood the additional gastrointestinal 
symptoms; however, symptoms describing confusion and 
somnolence were further revised.

Interviewees consistently reported the PedSIC instruc-
tional text, recall period, and response options for the 
observer-report sections to be clear. The items address-
ing “decreased activity,” “irritability (examples: cry-
ing, not easily soothed),” “shortness of breath (difficulty 
breathing),” “wheezing (whistling sound),” “chest conges-
tion (mucus in chest),” “chills,” and “eye irritation/dis-
charge (examples: eyes appear red or swollen, watery or 
itchy eyes, discharge coming out of eyes)” were modified 
following feedback received during both rounds of inter-
views. Representative quotations from caregivers regard-
ing individual understanding of the PedSIC are presented 
in Additional file 1: Table S3.

All participants found the instructions for the 
observer-report with child input component of the Ped-
SIC to be clear and easy to understand. After review-
ing specific items, all participants indicated they would 
likely need to rephrase the questions or otherwise pro-
vide additional information to their children to elicit an 
accurate response for each question. Sample descrip-
tions for 11 items were included on a reference card cre-
ated for caregivers with standardized instructions to read 
to their children to capture child input the most accu-
rately. For example, the sample description “[point to or 
touch outside of ear] Do your ears hurt on the inside?” 
was included for the item “Do your ears hurt?” Clarifica-
tions were made to the following items using the child 
input reference card: “Do you feel sick to your stomach/
belly?”; “Can you smell things like usual?”; “Can you taste 
things like usual?” Caregivers of children aged ≤ 4  years 
discussed potential difficulty for their child to accurately 
report on symptoms they had not yet experienced. Thus, 
based on caregiver feedback, it was determined that the 
PedSIC with child input could be administered most reli-
ably to children aged 5 years and older. Notably, follow-
ing the inclusion of the reference language, caregivers 
expressed greater confidence that younger children could 
accurately respond.

Discussion
Cognitive debriefing is an important tool to evalu-
ate patient understanding of the descriptive words 
or phrases generated during concept elicitation and 
respondent question/answer thinking process that serve 
as the foundation for any given COA [31]. By conducting 
cognitive debriefing interviews, the content validity of a 

PRO measure can be supported by assessing the compre-
hension of the measure in the target population, ensur-
ing it is interpreted as intended by the developer, covers 
appropriate concepts, and does not require specialty 
training [31]. In this study, we provided evidence to sup-
port the SIC and PedSIC by describing feedback obtained 
from adolescents and caregivers via cognitive debriefing. 
Through this process, we confirmed the need for refer-
ence materials to facilitate self-completion of the SIC by 
adolescents. The completion reference card was assessed 
through qualitative interviews and further refined to 
meet the needs of adolescents with reading levels poten-
tially lower than the US sixth grade. All adolescents in 
the study found the reference card to be a useful resource 
and with few exceptions, were able to read and respond 
to each SIC item without it.

The PedSIC uses a combination of observer and 
observer–child reports to capture “best available” data 
for children younger than age 12, including signs of infec-
tion that are clearly observable and reportable by a child’s 
caregiver and symptoms that incorporate perspectives 
directly from the child. Caregiver interviews supported 
both the content and validity of the PedSIC, with the 
use of a reference card to facilitate communication with 
their child and subsequent completion. Reference materi-
als were optimized in this study to support standardized 
administration of the PedSIC. The minimum age for child 
input was raised to 5  years as a result of the caregiver 
interviews.

Currently, there are gaps in research with respect to 
differential phenotypes of COVID-19 in the pediatric 
population compared to adults, outcomes in children 
with underlying medical conditions, and children with 
long COVID-19 [25]. COAs may help monitor disease 
progression and facilitate long-term follow up of patient 
health-related quality of life (HRQoL), as well as inform 
clinical trial design [27]. The adult SIC was developed to 
align with current Food and Drug Administration (FDA) 
guidance, patient-focused drug development guidance, 
and published best practice recommendations regarding 
use of PRO measures in clinical trials and characteriza-
tion of the patient experience of COVID-19 [29, 32–36]. 
The FDA guidance stipulates that any COA used to col-
lect patient experiences or to be referenced in product 
labeling must be developed with extensive input from 
patients in the population of interest and thoroughly psy-
chometrically evaluated in the target population. Con-
sistent with these guidelines, the measures evaluated 
in this study were developed and supported by gather-
ing input of caregivers and adolescents to optimize the 
adaptations.

Limitations of this study include a lack of greater ethnic 
and racial diversity of participants and a relatively small 
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sample size (n = 9 adolescents; n = 17 caregivers); only  
3 adolescents participated in round 2, which is fewer than 
the number of participants recommended for qualitative 
research [37]. Participants were also limited to the United 
States, meaning the measures evaluated in this study 
would require translation and cultural adaptation for use 
in global populations [38]. Furthermore, interviewed par-
ticipants (and/or their child) did not report history of or 
current diagnosis of SARS-CoV-2 infection; therefore, we 
were unable to assess self-completion when participants 
were sick or experiencing symptoms. Psychometric valida-
tion in pediatric and adolescent patients with COVID-19, 
including those with ongoing symptomatic COVID-19 and 
post–COVID-19 syndrome [39], is necessary to establish 
reliability, responsiveness, known-groups validity, and 
meaningful change thresholds of the measure.

This study supports the extension of the context of use 
of the SIC in pediatric and adolescent populations. To 
our knowledge, no PRO or ObsRO measures have been 
developed to capture the symptomatic experience of 
COVID-19 in children and adolescents; therefore, the 
SIC, PedSIC, and reference materials for each fulfill an 
important unmet need.

Conclusions
Broader application of the SIC and implementation of the 
PedSIC will provide appropriate measures for the collec-
tion of signs and symptoms of COVID-19 in adolescent 
and younger pediatric populations for both vaccine and 
treatment trials. Quantitative assessment to demonstrate 
the psychometric properties of the PedSIC in patients 
with COVID-19 is needed.

Abbreviations
CDC		�  Centers for Disease Control and Prevention
COA		�  Clinical outcome assessment
COVID-19		�  Coronavirus disease-2019
FDA		�  Food and Drug Administration
HRQoL		�  Health-related quality of life
MIS-C		�  Multisystem inflammatory syndrome in children
ObsRO		�  Observer-reported outcome
PedSIC		�  Pediatric Symptoms of Infection with Coronavirus-19
PRO		�  Patient-reported outcome
SARS-CoV-2		� Severe acute respiratory syndrome coronavirus 2
SD		�  Standard deviation
SIC		�  Symptoms of Infection with Coronavirus-19

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s41687-​023-​00542-6.

Additional file 1: Table S1: Lexile Framework Reading Level Assess‑
ment of SIC Items. Table S2: Representative Descriptions of Adolescent 
Feedback of SIC Items. Table S3. Representative Descriptions of Caregiver 
Feedback of PedSIC Items.

Acknowledgements
Medical writing support was provided by Miranda Tradewell, PhD, Sadie Van 
Dyne, PhD, and Catherine DeBrosse, PhD, of Lumanity Communications Inc. 
and was funded by Janssen Global Services, LLC.

Author contributions
CR, MM, SF, JR-G, EKHC, EGK, and KM contributed to the conceptualization of 
the study. CR, SF, EKHC, and KM contributed to the methodology. CR and MM 
contributed to the data curation. CR and SF contributed to the investiga‑
tion. SF contributed to study supervision. CR and MM contributed to the 
formal analysis and validation. CR and KM contributed to the visualization. 
KM contributed to the project administration. All authors contributed to the 
reviewing and editing and approved the final version of this manuscript.

Funding
This work was supported by Janssen Vaccines & Prevention. Medical writing 
support was funded by Janssen Global Services, LLC. The corresponding 
author had full access to all the data in the study and final responsibility for 
the decision to submit for publication.

Availability of data and materials
Data are available upon reasonable request.

Declarations

Ethics approval and consent to participate
The Institutional Board of the RTI Office of Research Protection provided 
approval for research conducted in adolescents. Caregiver interviews were 
exempted.

Consent for publication
Not applicable.

Competing interests
CR, MM, and SF are salaried employees of RTI Health Solutions, which received 
research funding from Janssen during the conduct of this study. JR-G, EKHC, 
and EGK are employed by Janssen Pharmaceuticals, a Johnson & Johnson 
company and may be Johnson & Johnson stockholders. GCT and KM were 
employees of Janssen at the time of the study.

Author details
1 RTI Health Solutions, Research Triangle Park, NC, USA. 2 Janssen Research 
and Development, Beerse, Belgium. 3 Janssen Global Services LLC, Raritan, NJ, 
USA. 4 Janssen Global Services LLC, Horsham, PA, USA. 

Received: 29 July 2022   Accepted: 4 January 2023

References
	1.	 World Health Organization WHO coronavirus (COVID-19) dashboard. 

https://​covid​19.​who.​int/. Accessed 27 Oct 2022
	2.	 Centers for Disease Control and Prevention (CDC) COVID data tracker. 

https://​covid.​cdc.​gov/​covid-​data-​track​er/#​datat​racker-​home Accessed 27 
Oct 2022.

	3.	 American Academy of Pediatrics (2022) Children and COVID-19: state-
level data report. https://​www.​aap.​org/​en/​pages/​2019-​novel-​coron​avi‑
rus-​covid-​19-​infec​tions/​child​ren-​and-​covid-​19-​state-​level-​data-​report/. 
Accessed 27 Oct 2022.

	4.	 Centers for Disease Control and Prevention (CDC) (2022) Weekly updates 
by select demographic and geographic characteristics. https://​www.​cdc.​
gov/​nchs/​nvss/​vsrr/​covid_​weekly/​index.​htm. Accessed Accessed 27 Oct 
2022.

	5.	 Centers for Disease Control and Prevention (CDC) COVID-19 vaccination 
and case trends by age group, United States. https://​data.​cdc.​gov/​Vacci​
natio​ns/​COVID-​19-​Vacci​nation-​and-​Case-​Trends-​by-​Age-​Group-/​gxj9-​
t96f. Accessed 27 Oct 2022

https://doi.org/10.1186/s41687-023-00542-6
https://doi.org/10.1186/s41687-023-00542-6
https://covid19.who.int/
https://covid.cdc.gov/covid-data-tracker/#datatracker-home
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/children-and-covid-19-state-level-data-report/
https://www.cdc.gov/nchs/nvss/vsrr/covid_weekly/index.htm
https://www.cdc.gov/nchs/nvss/vsrr/covid_weekly/index.htm
https://data.cdc.gov/Vaccinations/COVID-19-Vaccination-and-Case-Trends-by-Age-Group-/gxj9-t96f
https://data.cdc.gov/Vaccinations/COVID-19-Vaccination-and-Case-Trends-by-Age-Group-/gxj9-t96f
https://data.cdc.gov/Vaccinations/COVID-19-Vaccination-and-Case-Trends-by-Age-Group-/gxj9-t96f


Page 9 of 9Romano et al. Journal of Patient-Reported Outcomes             (2023) 7:7 	

	6.	 Our World in Data (2022) Are children eligible for Covid-19 vaccination?. 
https://​ourwo​rldin​data.​org/​graph​er/​covid-​vacci​ne-​age?​time=​latest. 
Accessed 27 October 2022

	7.	 Nikolopoulou GB, Maltezou HC (2022) COVID-19 in children: where do we 
stand? Arch Med Res 53(1):1–8. https://​doi.​org/​10.​1016/j.​arcmed.​2021.​07.​
002

	8.	 Cui X, Zhao Z, Zhang T, Guo W, Guo W, Zheng J et al (2021) A systematic 
review and meta-analysis of children with coronavirus disease 2019 (COVID-
19). J Med Virol 93(2):1057–1069. https://​doi.​org/​10.​1002/​jmv.​26398

	9.	 Centers for Disease Control and Prevention (CDC) (2021) Symptoms of 
COVID-19. https://​www.​cdc.​gov/​coron​avirus/​2019-​ncov/​sympt​oms-​testi​
ng/​sympt​oms.​html. Accessed 27 Oct 2022.

	10.	 DeSimone DC, Mayo Clinic (2022) Unusual COVID-19 symptoms: What are 
they?. https://​www.​mayoc​linic.​org/​disea​ses-​condi​tions/​coron​avirus/​expert-​
answe​rs/​coron​avirus-​unusu​al-​sympt​oms/​faq-​20487​367. Accessed 11 July 
2022.

	11.	 Centers for Disease Control and Prevention (CDC) (2022) COVID data tracker: 
pediatric data. https://​covid.​cdc.​gov/​covid-​data-​track​er/#​pedia​tric-​data. 
Accessed 27 Oct 2022.

	12.	 Centers for Disease Control and Prevention (CDC) COVID data tracker. 
Underlying medical conditions. https://​covid.​cdc.​gov/​covid-​data-​track​er/#​
under​lying-​med-​condi​tions Accessed 27 Oct 2022.

	13.	 Kompaniyets L, Bull-Otterson L, Boehmer TK, Baca S, Alvarez P, Hong K et al 
(2022) Post-COVID-19 symptoms and conditions among children and 
adolescents-United States, March 1, 2020-January 31, 2022. MMWR Morb 
Mortal Wkly Rep 71(31):993–999. https://​doi.​org/​10.​15585/​mmwr.​mm713​
1a3

	14.	 Kundu A, Maji S, Kumar S, Bhattacharya S, Chakraborty P, Sarkar J (2022) 
Clinical aspects and presumed etiology of multisystem inflammatory syn‑
drome in children (MIS-C): a review. Clin Epidemiol Glob Health 14:100966. 
https://​doi.​org/​10.​1016/j.​cegh.​2022.​100966

	15.	 Fainardi V, Meoli A, Chiopris G, Motta M, Skenderaj K, Grandinetti R et al 
(2022) Long COVID in children and adolescents. Life (Basel) 12(2):285. 
https://​doi.​org/​10.​3390/​life1​20202​85

	16.	 Wang L, Berger NA, Kaelber DC, Davis PB, Volkow ND, Xu R (2022) Incidence 
rates and clinical outcomes of SARS-CoV-2 infection with the omicron and 
delta variants in children younger than 5 years in the US. JAMA Pediatr 
176(8):811–813. https://​doi.​org/​10.​1001/​jamap​ediat​rics.​2022.​0945

	17.	 Khemiri H, Ayouni K, Triki H, Haddad-Boubaker S (2022) SARS-CoV-2 infec‑
tion in pediatric population before and during the Delta (B.1.617.2) and 
Omicron (B.1.1.529) variants era. Virol J 19(1):144. https://​doi.​org/​10.​1186/​
s12985-​022-​01873-4

	18.	 Martin B, DeWitt PE, Russell S, Sanchez-Pinto LN, Haendel MA, Moffitt R et al 
(2022) Acute upper airway disease in children with the omicron (B.1.1.529) 
variant of SARS-CoV-2—a report from the US National COVID Cohort Col‑
laborative. JAMA Pediatr 176(8):819–821. https://​doi.​org/​10.​1001/​jamap​
ediat​rics.​2022.​1110

	19.	 Centers for Disease Control and Prevention (CDC) (2021) Delta variant: what 
we know about the science. https://​www.​cdc.​gov/​coron​avirus/​2019-​ncov/​
varia​nts/​delta-​varia​nt.​html?s_​cid=​11512:​covid%​20del​ta:​sem.​ga:p:​RG:​GM:​
gen:​PTN:​FY21. Accessed 27 Oct 2022.

	20.	 Centers for Disease Control and Prevention (CDC) (2021) COVID-19. Omi‑
cron variant: what you need to know. https://​www.​cdc.​gov/​coron​avirus/​
2019-​ncov/​varia​nts/​omicr​on-​varia​nt.​html. Accessed 27 Oct 2022.

	21.	 Shi DS, Whitaker M, Marks KJ, Anglin O, Milucky J, Patel K et al (2022) Hospi‑
talizations of children aged 5–11 years with laboratory-confirmed COVID-
19–COVID-NET, 14 states, March 2020-February 2022. MMWR Morb Mortal 
Wkly Rep 71(16):574–581. https://​doi.​org/​10.​15585/​mmwr.​mm711​6e1

	22.	 Tagarro A, Cobos-Carrascosa E, Villaverde S, Sanz-Santaeufemia FJ, Grasa 
C, Soriano-Arandes A et al (2021) Clinical spectrum of COVID-19 and risk 
factors associated with severity in Spanish children. Eur J Pediatr. https://​doi.​
org/​10.​1007/​s00431-​021-​04306-6

	23.	 Viner RM, Ward JL, Hudson LD, Ashe M, Patel SV, Hargreaves D et al (2020) 
Systematic review of reviews of symptoms and signs of COVID-19 in 
children and adolescents. Arch Dis Child. https://​doi.​org/​10.​1136/​archd​ischi​
ld-​2020-​320972

	24.	 Wanga V, Gerdes ME, Shi DS, Choudhary R, Dulski TM, Hsu S et al (2021) 
Characteristics and clinical outcomes of children and adolescents aged <18 
years hospitalized with COVID-19—six hospitals, United States, July-August 
2021. MMWR Morb Mortal Wkly Rep 70(5152):1766–1772. https://​doi.​org/​
10.​15585/​mmwr.​mm705​152a3

	25.	 Borrelli M, Corcione A, Castellano F, Fiori Nastro F, Santamaria F (2021) Coro‑
navirus disease 2019 in children. Front Pediatr 9:668484. https://​doi.​org/​10.​
3389/​fped.​2021.​668484

	26.	 Mercieca-Bebber R, King MT, Calvert MJ, Stockler MR, Friedlander M (2018) 
The importance of patient-reported outcomes in clinical trials and strategies 
for future optimization. Patient Relat Outcome Meas 9:353–367. https://​doi.​
org/​10.​2147/​PROM.​S1562​79

	27.	 Aiyegbusi OL, Calvert MJ (2020) Patient-reported outcomes: central to the 
management of COVID-19. Lancet 396(10250):531. https://​doi.​org/​10.​1016/​
S0140-​6736(20)​31724-4

	28.	 Matza LS, Patrick DL, Riley AW, Alexander JJ, Rajmil L, Pleil AM et al (2013) 
Pediatric patient-reported outcome instruments for research to support 
medical product labeling: report of the ISPOR PRO good research practices 
for the assessment of children and adolescents task force. Value Health 
16(4):461–479. https://​doi.​org/​10.​1016/j.​jval.​2013.​04.​004

	29.	 Romano C, Fehnel S, Stoddard J, Sadoff J, Lewis S, McNulty P et al (2022) 
Development of a novel patient-reported outcome measure to assess signs 
and symptoms of COVID 19. J Patient Rep Outcomes 6(1):85. https://​doi.​
org/​10.​1186/​s41687-​022-​00471-w

	30.	 Kiger ME, Varpio L (2020) Thematic analysis of qualitative data: AMEE Guide 
No. 131. Med Teach 42(8):846–854. https://​doi.​org/​10.​1080/​01421​59X.​2020.​
17550​30

	31.	 Rothman M, Burke L, Erickson P, Leidy NK, Patrick DL, Petrie CD (2009) Use of 
existing patient-reported outcome (PRO) instruments and their modifica‑
tion: the ISPOR Good Research Practices for Evaluating and Documenting 
Content Validity for the Use of Existing Instruments and their Modification 
PRO Task Force Report. Value Health 12(8):1075–1083. https://​doi.​org/​10.​
1111/j.​1524-​4733.​2009.​00603.x

	32.	 Food and Drug Administration (FDA) (2020) Assessing COVID-19-related 
symptoms in outpatient adult and adolescent subjects in clinical trials of 
drugs and biological products for COVID-19 prevention or treatment guid‑
ance for industry. https://​www.​fda.​gov/​media/​142143/​downl​oad. Accessed 
11 Dec 2020.

	33.	 Food and Drug Administration (FDA) (2009) Patient-reported outcome 
measures: use in medical product development to support labeling claims: 
guidance for industry. https://​www.​fda.​gov/​media/​77832/​downl​oad. 
Accessed 11 Dec 2020.

	34.	 Food and Drug Administration (FDA) (2017) Plan for issuance of patient-
focused drug development guidance. https://​www.​fda.​gov/​media/​105979/​
downl​oad. Accessed 11 Dec 2020.

	35.	 Food and Drug Administration (FDA) (2020) FDA patient-focused drug 
development guidance series for enhancing the incorporation of the 
patient’s voice in medical product development and regulatory decision 
making. https://​www.​fda.​gov/​drugs/​devel​opment-​appro​val-​proce​ss-​drugs/​
fda-​patie​nt-​focus​ed-​drug-​devel​opment-​guida​nce-​series-​enhan​cing-​incor​
porat​ion-​patie​nts-​voice-​medic​al. Accessed 11 Dec 2020.

	36.	 European Medicines Agency (EMA) (2005) Reflection paper on the regula‑
tory guidance for the use of health-related quality of life measures in the 
evaluation of medicinal products. https://​www.​ema.​europa.​eu/​en/​docum​
ents/​scien​tific-​guide​line/​refle​ction-​paper-​regul​atory-​guida​nce-​use-​healt​
hrela​ted-​quali​ty-​life-​hrql-​measu​res-​evalu​ation_​en.​pdf. Accessed 11 Dec 
2020.

	37.	 Mokkink LB, Prinsen CAC, Patrick DL, Alonso J, Bouter LM, de Vet HCW, 
et al (2019) COSMIN Study Design checklist for patient-reported outcome 
measurement instruments. https://​www.​cosmin.​nl/​wp-​conte​nt/​uploa​ds/​
COSMIN-​study-​desig​ning-​check​list_​final.​pdf. Accessed 27 Oct 2022.

	38.	 Wild D, Grove A, Martin M, Eremenco S, McElroy S, Verjee-Lorenz A et al 
(2005) Principles of good practice for the translation and cultural adaptation 
process for patient-reported outcomes (PRO) measures: report of the ISPOR 
Task Force for Translation and Cultural Adaptation. Value Health 8(2):94–104. 
https://​doi.​org/​10.​1111/j.​1524-​4733.​2005.​04054.x

	39.	 National Institute for Health and Care Excellence (2022) COVID-19 rapid 
guideline: managing the long-term effects of COVID-19. https://​www.​nice.​
org.​uk/​guida​nce/​ng188/​resou​rces/​covid​19-​rapid-​guide​line-​manag​ing-​the-​
longt​erm-​effec​ts-​of-​covid​19-​pdf-​51035​515742. Accessed 27 Oct 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://ourworldindata.org/grapher/covid-vaccine-age?time=latest
https://doi.org/10.1016/j.arcmed.2021.07.002
https://doi.org/10.1016/j.arcmed.2021.07.002
https://doi.org/10.1002/jmv.26398
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html
https://www.mayoclinic.org/diseases-conditions/coronavirus/expert-answers/coronavirus-unusual-symptoms/faq-20487367
https://www.mayoclinic.org/diseases-conditions/coronavirus/expert-answers/coronavirus-unusual-symptoms/faq-20487367
https://covid.cdc.gov/covid-data-tracker/#pediatric-data
https://covid.cdc.gov/covid-data-tracker/#underlying-med-conditions
https://covid.cdc.gov/covid-data-tracker/#underlying-med-conditions
https://doi.org/10.15585/mmwr.mm7131a3
https://doi.org/10.15585/mmwr.mm7131a3
https://doi.org/10.1016/j.cegh.2022.100966
https://doi.org/10.3390/life12020285
https://doi.org/10.1001/jamapediatrics.2022.0945
https://doi.org/10.1186/s12985-022-01873-4
https://doi.org/10.1186/s12985-022-01873-4
https://doi.org/10.1001/jamapediatrics.2022.1110
https://doi.org/10.1001/jamapediatrics.2022.1110
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html?s_cid=11512:covid%20delta:sem.ga:p:RG:GM:gen:PTN:FY21
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html?s_cid=11512:covid%20delta:sem.ga:p:RG:GM:gen:PTN:FY21
https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html?s_cid=11512:covid%20delta:sem.ga:p:RG:GM:gen:PTN:FY21
https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/omicron-variant.html
https://doi.org/10.15585/mmwr.mm7116e1
https://doi.org/10.1007/s00431-021-04306-6
https://doi.org/10.1007/s00431-021-04306-6
https://doi.org/10.1136/archdischild-2020-320972
https://doi.org/10.1136/archdischild-2020-320972
https://doi.org/10.15585/mmwr.mm705152a3
https://doi.org/10.15585/mmwr.mm705152a3
https://doi.org/10.3389/fped.2021.668484
https://doi.org/10.3389/fped.2021.668484
https://doi.org/10.2147/PROM.S156279
https://doi.org/10.2147/PROM.S156279
https://doi.org/10.1016/S0140-6736(20)31724-4
https://doi.org/10.1016/S0140-6736(20)31724-4
https://doi.org/10.1016/j.jval.2013.04.004
https://doi.org/10.1186/s41687-022-00471-w
https://doi.org/10.1186/s41687-022-00471-w
https://doi.org/10.1080/0142159X.2020.1755030
https://doi.org/10.1080/0142159X.2020.1755030
https://doi.org/10.1111/j.1524-4733.2009.00603.x
https://doi.org/10.1111/j.1524-4733.2009.00603.x
https://www.fda.gov/media/142143/download
https://www.fda.gov/media/77832/download
https://www.fda.gov/media/105979/download
https://www.fda.gov/media/105979/download
https://www.fda.gov/drugs/development-approval-process-drugs/fda-patient-focused-drug-development-guidance-series-enhancing-incorporation-patients-voice-medical
https://www.fda.gov/drugs/development-approval-process-drugs/fda-patient-focused-drug-development-guidance-series-enhancing-incorporation-patients-voice-medical
https://www.fda.gov/drugs/development-approval-process-drugs/fda-patient-focused-drug-development-guidance-series-enhancing-incorporation-patients-voice-medical
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-regulatory-guidance-use-healthrelated-quality-life-hrql-measures-evaluation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-regulatory-guidance-use-healthrelated-quality-life-hrql-measures-evaluation_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-regulatory-guidance-use-healthrelated-quality-life-hrql-measures-evaluation_en.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://www.cosmin.nl/wp-content/uploads/COSMIN-study-designing-checklist_final.pdf
https://doi.org/10.1111/j.1524-4733.2005.04054.x
https://www.nice.org.uk/guidance/ng188/resources/covid19-rapid-guideline-managing-the-longterm-effects-of-covid19-pdf-51035515742
https://www.nice.org.uk/guidance/ng188/resources/covid19-rapid-guideline-managing-the-longterm-effects-of-covid19-pdf-51035515742
https://www.nice.org.uk/guidance/ng188/resources/covid19-rapid-guideline-managing-the-longterm-effects-of-covid19-pdf-51035515742

	Development of patient- and observer-reported outcome measures to assess COVID-19 signs and symptoms in children and adolescents
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Symptoms of infection with Coronavirus-19
	Pediatric symptoms of infection with Coronavirus-19
	Participants
	Interviews
	Adolescents
	Caregivers

	Data analysis

	Results
	Demographic data
	Healthy adolescents (SIC and reference materials)
	Caregivers of healthy young children (PedSIC and reference materials)

	Discussion
	Conclusions
	Acknowledgements
	References


