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Abstract

Background: Age and obesity status are associated with severe outcomes among
hospitalized individuals with COVID-19. It remains unclear whether age and obesity
are risk factors for milder COVID-19 illness.

Methods: We prospectively enrolled SARS-CoV-2-exposed individuals. Participants
recorded symptoms for 28 days and were tested for SARS-CoV-2 by reverse
transcription polymerase chain reaction (RT-PCR) and serology. Type, number, and
duration of symptoms and SARS-CoV-2 laboratory parameters were compared by
age and obesity status.

Results: Of 552 individuals enrolled from June 2020 to January 2021, 470 (85.1%)
tested positive for SARS-CoV-2 including 261 (55.5%) adults >18 years, 61 (13.0%)
adolescents 12-17 years, and 148 (31.5%) children <12 years. Children had fewer
symptoms (median 2 vs. 3, p < 0.001) lasting fewer days (median 5 vs. 7, p < 0.001)
compared with adolescents/adults. Body mass index of 300 (63.8%) individuals clas-
sified with overweight or obesity (OWOB). Individuals with OWOB suffered more
symptoms compared with individuals without OWOB (median 3 vs. 2, p = 0.037),
including more cough and shortness of breath (p = 0.023 and 0.026, respectively).
Adolescents with OWOB were more likely to be symptomatic (66.7% vs. 34.2%,
p = 0.008) and have longer respiratory symptoms (median 7 vs. 4 days, p = 0.049)
compared with adolescents without OWOB. Lower RT-PCR Ct values were found in
children and symptomatic individuals compared with adolescent and adults and
asymptomatic individuals, respectively (p = 0.001 and 0.022).

Conclusions: Adolescents and adults with OWOB experience more respiratory
symptoms from COVID-19 despite similar viral loads. These findings underscore the

importance of vaccinating individuals with OWOB.
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1 | INTRODUCTION

Age and obesity status are both major determinants of host response
to pathogens, including during severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) infection.2? Incidence of coronavirus dis-
ease 2019 (COVID-19) appears to be increasing in children, paralleling
adult trends.® Most infected children are asymptomatic or have mild
symptoms. However, hospitalization rates have been increasing
among children and adolescents starting in the spring of 2021.#
Obesity is a prevalent comorbidity in both adults and children
hospitalized with severe COVID-19.%% The likelihood of hospitaliza-
tion and risk for severe COVID-19 increases with higher body mass
index (BMI) in adults may be associated with chronic inflammation
disrupting immune responses and impairing pulmonary function.””®
The elevated risk of complications in obese individuals was reflected
in the Advisory Committee on Immunization Practices (ACIP)'s
inclusion of obesity as high-risk condition for COVID-19 vaccine
prioritization in the initial guidelines before widespread availability'®
and the Food and Drug Administration (FDA)'s Emergency Use
Authorization for receipt of an anti-SARS-CoV-2 monoclonal
antibody.*!

Most published data have focused on disease presentation and
prognosis of hospitalized individuals, but the majority of COVID-19
infected individuals are managed outside of the hospital. Less data are
available on COVID-19 infected non-hospitalized individuals with
overweight or obesity (OWOB), and very few studies have focused on
COVID-19 in children with OWOB.*2"'* This prospective study
analyzes differences in symptom types and duration as well as
SARS-CoV-2 laboratory parameters by age and obesity status in
predominantly outpatient COVID-19-positive patients reflective of
the majority of COVID-19 cases in the general population.

2 | MATERIALS AND METHODS

21 | Study design and participants

We enrolled individuals within 2 weeks of exposure to a laboratory-
confirmed COVID-19 household contact into the Household
Exposure and Respiratory Virus Transmission and Immunity Study
(HEARTS). We recruited household members of individuals who
tested positive for SARS-CoV-2 at the Children’s Hospital Los Angeles
(CHLA) laboratory using a convenience recruitment strategy. Those
who have specimens tested at the laboratory include symptomatic
and asymptomatic staff and patients of CHLA and network outpatient
clinics. Recruitment fliers were also posted at community testing sites
near the hospital. At enrollment, individuals answered a questionnaire
that included demographic information, comorbidities, and exposure
history. Participants logged illness symptoms and symptom severity in
a daily symptom diary for 28 days; study staff followed up on the
symptom diary over the phone or at in-person follow-up visits
every 3-7 days. Parents/guardians completed questionnaires and

recorded symptoms for children unable to record for themselves.

COVID-19-associated symptoms were defined (and grouped) as
experiencing at least one of the following: fever, chills, headache,
fatigue, muscle aches (constitutional); runny nose, congestion, sore
throat, cough, shortness of breath, wheeze (respiratory); altered smell,
altered taste (neurologic); vomiting, diarrhea, or abdominal pain
(gastrointestinal). Data was recorded using Research Electronic Data
Capture software (REDCap Consortium, Vanderbilt, Tennessee, USA).
The study was approved by the Institutional Review Board at
Children’s Hospital Los Angeles. Informed consent was obtained from
all participants.

Participants presented for nasopharyngeal (NP) swab collection,
performed by trained study staff every three to 7 days until two
consecutive negative SARS-CoV-2 real-time reverse transcription
polymerase chain reaction (RT-PCR) results were obtained in the
entire household or they reached their sixth visit. Saliva samples were
also collected at each of these visits from able individuals. Blood was
collected at the first visit and a convalescent visit at least 4 weeks
after all household members tested negative. Height and weight were
measured at the first visit. The Children’s BMI Tool for Schools from
the CDC was used to calculate BMI percentiles factoring in age and
sex for children and teens that are 2-19 years old.*> For individuals
20 years or older, BMI was interpreted using standard weight status
categories as follows: BMI < 18.5 underweight, 18.5-24.9 normal
weight, 25-29.9 overweight, >30 obese.'®> BMI charts are not

recommended for clinical use in children under 2 years of age.

2.2 | SARS-CoV-2 RT-PCR

We tested for SARS-CoV-2 using the CDC protocol approved by the
Food and Drug Administration for Emergency Use Authorization.
Briefly, total nucleic acid was extracted from 200-ul NP swab samples
using the QlAamp Viral RNA Mini Kit (QIAGEN, Valencia, CA, USA)
and eluted to 50 pl of total nucleic acid. RT-PCR was performed using
primers and probes that targeted the N1, N2 and RnaseP (RNP,
internal control) genes (IDT, Coralville, IW) with 1-Step Tagpath
Master Mix (Thermo Fisher, Carlsbad, CA, USA) on QuantStudio
5 (Applied Biosystem, Carlsbad, CA, USA). A positive result was
defined as cycle threshold (Ct) value less than 40 for both N1 and N2.
A valid result for SARS-CoV-2 detection was determined by RNP
using a cut-off of Ct value <32. An inconclusive result was defined as
either N1 or N2 gene detected only with RNP detection.

23 | SARS-CoV-2 serology

Serum SARS-CoV-2 receptor binding domain (RBD) and spike IgG
antibody was measured using an ELISA as previously described.r” A
positive cut-off OD49¢ value of 0.2 was used for RBD IgG detection
based on the published protocol and the mean of the negative control
values plus three standard deviations (SDs) from 20 blood samples
collected between 2017 and 2019. 1gG against the spike antigen was
used to confirm RBD IgG positivity. Area under the curve (AUC)
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values were calculated using IgG OD49¢ values from 5 serial diluted
samples (1:100-8100) tested against the spike antigen.

24 | Statistics

COVID-19 onset was defined as the earlier date between the first
symptom presentation and first PCR positivity. For comparisons of
the PCR Ct values between individuals, we used the lowest RT-PCR
Ct value from NP swabs obtained within the first 7 days from
COVID-19 onset. For the length of PCR positivity calculation, subjects
were included if they had a PCR positivity end date, defined as the
last date of a positive test before a PCR negative or inconclusive
result. For comparison of SARS-CoV-2 antibody levels, we used the
highest spike protein-specific IgG AUC between 14 and 90 days of
COVID-19 onset. For comparisons of obesity categories, overweight
and obese (OWOB) were grouped together and compared with
non-OWOB individuals.

Comparisons of categorical variables were calculated using
Pearson’s chi-squared or Fisher's exact test as appropriate.
Mann-Whitney U or Kruskal-Wallis tests were used for comparison
of non-parametric data. Independent sample t tests were used for
comparison of normally distributed continuous variables or for
log-transformed data. Multiple logistic regression using the backward
selection method was used to determine predictors of symptoms.
Factors with p < 0.10 in the univariate analysis were included in the
multivariable analysis. Statistical analyses were performed using SPSS
Version 27.0 (IBM Corp., Armonk, NY, USA) and RStudio Version
1.3.1093 (RStudio Inc., Boston, MA, USA). All tests were two-tailed
with p < 0.05 considered significant.

3 | RESULTS
We enrolled 560 individuals from June 17, 2020 to January 31, 2021;
all had exposure to a household member with laboratory-confirmed
SARS-CoV-2 infection. Of those, 4 were excluded because they did
not present for NP PCR testing; 4 others were excluded due to prior
documented COVID-19 infection greater than 3 months before
enrollment. The remaining 552 individuals underwent NP swab
testing for PCR detection of SARS-CoV-2; 399 (72.3%) also provided
saliva for PCR testing. Blood was obtained from 476 (86.2%)
participants at enrollment and from 283 (51.3%) at a convalescent
visit. A total of 470 (85.1%) participants had laboratory-confirmed
SARS-CoV-2 infection as defined by a positive PCR result via NP or
saliva sampling and/or positive serology. Five patients had
inconclusive PCR results with negative serology at enrollment and no
available convalescent serology; they were excluded from the
analyses due to inability to classify them as case or non-case.
Therefore, we analyzed 547 laboratory-confirmed COVID-19 cases
and non-cases.

Participant ages ranged from 1 month to 84 years, including
308 (56.3%) adults 218 years old and 239 (43.7%) children <18 years

old. Ethnicity in the cohort was characterized by a strong Hispanic/
Latinx predominance, which reflects the surrounding community
served by our institution. Among all enrolled subjects, 107 (19.6%)
reported an underlying medical condition; asthma, diabetes, and
cardiovascular conditions were most common. BMI of all subjects
>2 years old averaged 25.9 +SD 6.0 kg/m% Nearly two-thirds
(307 [62.0%]) were with OWOB, including a large proportion of
adults (229 [74.6%]) and children (116 [61.7%)).
Characteristics of the 547 laboratory-confirmed COVID-19 cases and
non-cases are shown in Table 1. The characteristics more common in

enrolled

COVID-19 cases compared with non-cases were Hispanic/Latinx
ethnicity and lower household income (p =0.001 and 0.044,
respectively).

Of 470 subjects with confirmed COVID-19, 262 (55.7%) were
symptomatic and 208 (44.3%) were asymptomatic. Adults were more
likely to be symptomatic compared with children (59.8 vs. 50.7%,
p = 0.05). More individuals with OWOB were symptomatic compared
to individuals without OWOB (59.0 vs. 46.8%, p = 0.021). In a multi-
variable analysis, only higher BMI and higher household income were
associated with higher odds of self-reporting symptoms (odds ratio
[OR] 1.05 and 1.51, p = 0.002 and <0.001, respectively) (Table 2). No
participants received an anti-SARS-CoV-2 monoclonal antibody or
other outpatient treatment. Six subjects were hospitalized at the time
of COVID-19 positivity, but only three hospitalizations (ages: 13, 17,
and 45 years old; BMI status: obese, normal, overweight, respectively)
were secondary to COVID-19-related complications.

Symptomatic individuals reported a median of 3 (interquartile
[IQR] range 2-4) symptoms that lasted a median of 7 (IQR 4-11) days
(Figure 1). For almost all symptoms, adolescents aged 12-17 years old
had symptom frequency, distribution, and duration similar to adults
>18 years old; the exceptions were headache, loss of taste and loss of
smell, with incidence between those of adults and younger children
<12 years old. Therefore, we grouped adolescents with adults for
comparison with younger children <12 years old (Figure 1). Younger
children had fewer symptoms (median 2 [IQR 1-3] vs. 3 [IQR 2-5],
p < 0.001) that lasted fewer days (median 5 [IQR 3-7] vs. 7 [IQR
5-13], p < 0.001) compared with adolescents and adults. Younger
children had more fever and diarrhea, but adults and adolescents
reported more fatigue, sore throat, cough, shortness of breath,
headache, and altered taste and smell (all p < 0.05). Fever and cough
lasted longer in adolescents and adults compared with younger
children (p = 0.016 and 0.001, respectively). Of those symptomatic,
adolescents and adults (individuals >12 years old) reported moderate
or severe symptoms more often than children <12 years old (18.6%
vs. 8.6%, p = 0.048).

Individuals with OWOB suffered from more symptoms compared
with individuals without OWOB (median 3 [IQR 2-4] vs. 2 [IQR 1-3],
p =0.037) (Figure 2). Individuals with OWOB experienced
significantly more cough (82 [27.3%] vs. 21 [16.9%], p = 0.023),
shortness of breath (21 [7.0%] vs. 2 [1.6%], p = 0.026), and altered
taste (52 [17.3] vs. 12 [9.7%], 0.045). The frequency of reported
moderate or severe symptoms were similar in the two groups (17.9%

vs. 19.5%, p = 0.31). The median symptom duration was also similar
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TABLE 1 Characteristics® of COVID-19 cases and non-cases

Characteristic Cases n = 470 (%) Non-cases n = 77 (%) p value
Sex 0.15
Male 209 (44.5) 41 (53.2)
Female 261 (55.5) 36 (46.8)
Age group 0.23
<12 years old 148 (31.5) 20 (26.0)
13-17 years old 61 (13.0) 10 (13.0)
18-29 years old 103 (21.9) 12 (15.6)
30-54 years old 136 (28.9) 28 (36.4)
>55 years old 22 (4.7) 7 (9.1)
Ethnicity 0.001
Hispanic 444 (94.5) 65 (84.4)
Not Hispanic 26 (5.6) 12 (15.6)
Race
White 455 (96.6) 71(93.4) 0.079
African American 1(0.2) 2(2.6)
Asian 11(2.3) 3(3.9)
Multiple 4(0.8) 0(0)
BMI category 0.66
Underweight 4(0.9) 1(1.4)
Normal 120 (28.3) 5(35.2)
Overweight 136 (32.1) 20(28.2)
Obese 164 (38.7) 5(35.2)
Underlying conditions® 89 (18.9) 18 (23.4) 0.36
Allergies 18 (3.8) 2(2.6)
Asthma or other chronic lung disease 37(7.9) 8(10.5)
Heart condition 28 (5.9) 5(6.6)
Diabetes 24 (5.1) 3(3.9)
Renal disease 4(0.8) 1(1.3)
Liver disease 1(0.2) 0(0)
Cancer or other immunosuppression 3(0.6) 2(2.6)
Neurologic/genetic conditions 9(1.9) 2(2.6)
Currently pregnant 5(1.1) 0(0)
Taking long term prescription medication/device® 54 (11.5) 11 (14.3) 0.48
Smoker 6(7.8) 20 (4.3) 0.18
Smoker in the household 41 (8.7) 4(5.2) 0.30
Income 0.044
Less than $20,000 114 (24.3) 17 (22.1)
$20,000 to $34,999 208 (44.3) 25 (32.5)
$35,000 to $49,999 58(12.3) 9(11.7)
$50,000 to $74,999 46 (9.8) 14 (18.2)
$75,000 to 99,999 24 (5.1) 4(5.2)
Over $100,000 20(4.3) 8(10.4)
Traveled in the past month 6(1.3) 0 (0) 1.0

Note: The proportions of each group within cases versus non-cases are compared.

2All characteristics are self-reported except body mass index (BMI) for which height and weight were measured.
PDoes not include obesity.

“Device includes continuous positive airway pressure (CPAP) machine.
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TABLE 2 Factors associated with increased odds of symptomatic versus asymptomatic infection in 470 laboratory-confirmed COVID-19

cases

Symptomatic
Characteristics, n = 262/470 (55.7%)
AgeP
<12 years old 74 (50.0)
13-17 years old 2 (52.5)
18-29 years old 58 (56.3)
30-54 years old 5 (62.5)
255 years old 13 (59.1)
Male sex 113 (54.1)
Hispanic/Latinx ethnicity 244 (55.0)
Race
White 250 (55.1)
African American 0(0)
Asian 8(72.7)
Multiple 4 (100)
BMI -
Underweight 0(0)
Normal 58 (48.3)
Overweight 0 (58.8)
Obese 97 (59.1)
Underlying conditions® 57 (64.0)
Taking long term prescription medication/device® 23 (42.6)
Smoker 11 (55.0)
Smoker in household 21(51.2)
Household income®
Less than $20,000 39 (34.2)
$20,000 to $34,999 125 (60.1)
$35,000 to $49, 999 31(53.4)
$50,000 to $74,999 34 (73.9)
$75,000 to 99,999 13 (54.2)
over $100,000 20 (100)

Abbreviations: BMI, body mass index; Cl, confidence interval

Univariate analysis Multivariable analysis

Odds ratio Odds ratio

(95% Cl) p value (95% Cl) p value
1.01(0.10-1.02) 0.21 - -
0.89 (0.61-1.28) 0.51 - -

0.954 (0.23-1.27) 0.16 — -

- 20.99 — -

- 20.99 - -

- >0.99 = =
1.05 (1.02-1.09) 0.002 1.05(1.01-1.08) 0.005
0.65 (0.406-1.05) 0.081 0.63 (0.38-1.06) 0.079
0.93 (0.52-1.64) 0.79 - -
1.03 (0.42-2.54) 0.95 — -
1.22 (0.64-2.32) 0.54 - -
1.51(1.29-1.77) <0.001 1.50 (1.28-1.77) <0.001

2All characteristics are self-reported except BMI for which height and weight were measured.
bAge, BMI, and household income entered into logistic regression model as continuous or ordinal variables; categories are shown for reference only.

“Does not include obesity.
9Device includes continuous positive airway pressure (CPAP) machine.

between the two groups (median 7 [IQR 4-11] vs. 6.5°1% days,
p = 0.39).

We further examined if experiencing obesity impacted the
severity of illness by age group in individuals with known BMI status
(Figure 3). In the 120 younger children <12 years old, there were no
significant differences in the presence, number, or duration of symp-
toms in children of different BMI categories. Evaluation of the 68 ado-

lescents, however, revealed significantly more frequent presence of

symptoms among adolescent with OWOB compared with those
without (20 [66.7%] vs 13 [34.2%], p = 0.008), including constitu-
tional symptoms (15 [50.0%] vs. 8 [21.1%], p = 0.012) and respiratory
symptoms (16 [53.3%] vs. 8 [21.1%], p = 0.006). Respiratory symp-
toms lasted longer in adolescents with OWOB (median 7 [IQR 2-9]
vs. 4 [IQR 1-6] days, p = 0.049). Duration of constitutional, neuro-
logic and gastrointestinal symptoms were similar. In the 307 adults,

only presence of shortness of breath differed between individuals
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Adolescents/
Children  adults Symptom Occurance
Symptom (:12113) (i1=23;g) p-value Individuals per 100% H<izyo W1217yo W218yo
Fever Frequency 47 (31.8) 69 (21.4) 0.016 100
Duration 2(1-3) 3(2-6) 0.016 501 II.-______ o
Chill Frequency 6 (4.1) 35(109) 0015 1004
Duraion 2 (2-4) 5(3-7) 0.12 501 - -
Headache  Frequency 11 (7.4) 78 (24.2) 0.007 100
Duraion 2 (1.5-3) 4(37) 0.052 501 . EE
Fatigue Frequency 2 (1.4) 36 (11.2) <0.001 100 |
Duraion 4.5 (2-7) 5(4-9) 0.60 501 N
Muscle Frequency 7(4.7) 70 (21.7) <0.001 100 X
WS Duaon  2(1575)  5(357) 020 501 [T - o
Runny Frequency 23 (15.5) 35(10.9) 0.153 100 X
nose Duration 5(3-7) 6(3-7) 0.90 501 [T
Congestion Frequency 9 (6.1) 35(10.9) 0098 1004
Duration 7(3-7) 6(3.57) 091 501 e -
Sore throat ~ Frequency 7(4.7) 41(12.7) 0.008 100 |
Duration 7(3-8) 6(3-7) 0.91 50 1
Cough  Frequency 24 (16.2) 92 (28.6) 0004 1004
Duration 4(2-7) 7(5-11) 0.001 50 1
Shortness  Frequency 0(0) 23(7.1) <0.001 100 |
of breath Duration - 4(3-7) 50 1
Altered Frequency 6 (4.1) 67 (20.8) <0.001 100 |
smell Duraton 7 (7-7) 7(5-12) 0.92 50 1
Altered Frequency  5(3.4) 59 (18.3) <0.001 100 |
taste Duraon 7 (7-13) 7(5-115) 0.61 50 1
Vomiting Frequency 6(4.1) 9(2.8) 0.47 100 |
Duraion 2.5 (1-8) 6(2-7) 063 501 - o
Diarhea  Frequency 12 (8.1) 12(37) 0045 1001
Duration 3.5 (2.5-8) 7 (4-13) 0.080 3 o
Abdominal  Frequency 2 (1.4) 3(0.9) 0.68 100 1
pain Duaton  35()  7.0(6575) 0.20 50 1
Frequency shown as n(%). 1I ; 1I4 2I1 2l8

Duration shown as median (IQR) in days.
*Individuals per 100 within each age group.

Symptom Day

FIGURE 1 Symptoms in adolescents and adults 212 years old (yo) versus children <12 yo. Children <12 yo experience more fever and
diarrhea, but adolescents and adults have more chills, headache, fatigue, muscle aches, sore throat, cough, shortness of breath, and altered smell
and taste (all p < 0.05). Fever and cough lasted longer in adults and adolescents (p = 0.016 and 0.001, respectively)

with OWOB compared with those without (19 [8.3%] vs. 1 [1.3%],
p = 0.030). Duration was similar for all symptoms.

Differences in laboratory parameters were evaluated by
symptom presentation, age group, and obesity status (Table 3). In a
comparison of the lowest RT-PCR Ct values from NP swabs
obtained within the first 7 days of COVID-19 onset, symptomatic
individuals and younger children <12 years had lower Ct values
compared with asymptomatic participants and those in the
adolescent and adult age groups, respectively (p = 0.001 and 0.022,
Table 3). No differences were observed in individuals with OWOB
compared with individuals without OWOB. Duration of PCR positivity
was longer in symptomatic individuals compared with asymptomatic
individuals (17.5 vs. 8.4 days p =0.014), but no differences in

duration was found by age or obesity status. COVID-19 spike-specific
IgG AUC did not differ by presence of symptoms, age or obesity
status.

4 | DISCUSSION

Nearly two-thirds of our study participants were with overweight or
obesity, reflective of worsening obesity trends in the United States
and worldwide.®? The effect of the COVID-19 pandemic’s lock-
down on lifestyle behaviors including increase intake of high fat and
high caloric diets, increased screen time, and less physical activities
may contribute further to the obesity epidemic.2>?* This phenomenon
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NonOWOB  OWOB Symptom Occurance
Symptom (n=124) (n=300) p-value Individuals per 100* Normal [l Overweight [ll Obese
Fever Frequency 24 (19.4) 74 (24.7) 024 100 A
: o] MW
Duration 2.5 (1.5-4) 2(1-4) 0.68 ] e o
Chills Frequency 10 (8.1) 29(9.7) 060 100
Duration 45(3-7) 4(27) 082 % 1 B e o
Headache  Frequency 20 (16.1) 65 (21.7) 020 100 §
Duration 5 (3-11) 4(37) 0z 07 ----———____ o
Fatigue Frequency 8(6.5) 29 (9.7) 0.29 100 4
Duration 7 (4.5-11) 5(3-7) 024 %7
Muscle Frequency 15 (12.1) 59 (19.7) 0.062 100
ahes  puaion  5(357) 55 (3-7) 098 % 1 bl P
Runny Frequency 9(7.3) 39 (13.0) 0.090 100 :7
nose Duration 4(2-7) 6 (4-7) 021 50T o o e e
Congestion  Frequency 10 (8.1) 32(10.7) 042 100
Duration 55 (4-7) 6 (3-8) 092 ¥ 1
Sore throat ~ Frequency 12(9.7) 34 (11.3) 0.62 100 4
Duration 4.5 (3.5-6.5) 7 (4-9) 0004 V1 pEEmem—_____
Cough Frequency 21(16.9) 82(27.3) 0.023 100 E -------
Duration 6 (5-11) 7 (5-11) 095 %1 e ———
Shortness  Frequency 2(1.6) 21(7.0) 0.026 100
ofbreath — ton 5(3-7) 437) 0% % 1 _______
Altered Frequency 15(12.1) 57 (19.0) 0.085 100 :7
smell Duration 8 (5-13) 7(5.5-11) 080 N M
Altered Frequency 12(9.7) 52 (17.3) 0.045 100 T
taste Duaon 7.5 (4-12.5) 7(6-12) 056 ® 1 L
Vomiting Frequency 2(1.6) 8(27) 0.52 100 {
Duration 4(17) 45(157) 024 %1
Diarrhea Frequency 3(24) 13 (4.3) 0.35 100 {
Duration 2(157.5) 6.5 (4-11) w0 Y
Abdominal  Frequency 1(0.8) 3(1.0 0.85 100 {
pain Duration 70) 7(657.5) 050 0
Frequency shown as n(%). A'| ; 1'4 2'1 2I8

Duration shown as median (IQR) in days.
*Individuals per 100 within each BMI group.
OWOB, overweight and obese

Symptom Day

FIGURE 2 Symptoms in individuals with overweight and obese (OWOB) compared with individuals without OWOB. Individuals with OWOB
experienced more cough, shortness of breath, and altered taste compared with individuals without OWOB (p = 0.023, 0.026, and 0.045,
respectively). The duration of symptoms was similar between the two groups

is especially alarming as COVID-19 and its variants continue to circu-
late. In our predominantly outpatient cohort, COVID-19 infected indi-
viduals with OWOB experienced more symptoms, especially
respiratory symptoms of cough and shortness of breath, compared
with individuals without OWOB. These findings are in line with find-
ings of increased risk of severe outcomes in COVID-19 hospitalized
individuals with OWOB, including ICU admission, invasive mechanical
ventilation, and death.>®

While OWOB status in pre-pubescent children <12 years of age
did not affect clinical presentation of COVID-19, adolescents with
OWOB experienced more frequent and longer duration of respiratory
symptoms. Overall symptom frequency, duration, and self-reported

severity levels in adolescents were more similar to adults. Adolescents

had more symptoms at higher self-reported severity that lasted longer
than younger children <12 years old. Hospitalization rates for COVID-
19 infected adolescents in the United States increased in the spring of
2021, and nearly a third required admission to the intensive care
unit.* The report noted that the most common risk factor for hospital-
ization was obesity in 35.8% of those hospitalized. Furthermore,
approximately two-thirds of adolescents hospitalized with COVID-19
were Hispanic or non-Hispanic Black in the population-based
surveillance study. Obesity disproportionately impacts Hispanic and
non-Hispanic Black communities and persons from low-income
households, who are also more likely to suffer worse disease
outcomes.??223 Most of our study participants were from Hispanic

and low-income households.
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Interestingly, 65% of individuals from households in the lowest
income bracket (household incomes under $20,000) reported having
no COVID-19 associated symptoms, whereas 100% of those in the
highest income bracket (>$100,000) reported symptoms. Differences
in symptoms by income level were found to be significant. Health
inequities and social pressures might be contributing factors to lack
of reporting by individuals from low-income households. Poor
access to healthcare, stigma, mistrust, language barriers, work
conditions, and financial burden can all hinder accurate self-reporting
of symptoms or symptom severity in patients from communities
where these issues are prominent.2* Downplaying symptoms may
lead to a delay in care, further exacerbating the disparities in
COVID-19 infection outcomes.

Our
asymptomatic SARS-CoV-2 infections in younger children <12 years

data support the finding of predominantly mild to

old. The significantly lower COVID-19 symptom frequency in the
pre-school and elementary school-aged children suggests that they
are more likely to have undetected or overlooked infections. To
what extent children can transmit SARS-CoV-2
investigation as many communities and

under

reopen.2>~%7

is still
schools
Although the younger children in our study had higher viral loads
suggested by lower PCR Ct values, they were less likely to have
cough as a method of spreading the virus. Even if they were
symptomatic, the duration of symptoms was shorter compared with

adolescents and adults. Overall, symptomatic children and adults

were more likely to have higher viral loads and have detectable
SARS-CoV-2 by RT-PCR for a longer duration compared with
asymptomatic individuals.

The data should be interpreted with the consideration of some
limitations. All symptom data were self-reported in a daily symptom
diary and can be subjective and subject to recall bias if symptoms
began prior to enrollment. Our study included households with young
children who relied on parents or guardians to report the symptom
data of their children. Young children are likely unable to verbalize
and identify some symptoms including headache and loss of taste and
smell. The study included a smaller number of adolescents compared
with other age groups. We may not have captured all confounding
variables associated with OWOB.

Our findings underscore clinical and public health needs for
individuals with OWOB, particularly adolescents and adults with
OWOB, in the context of COVID-19. The data may inform primary
care physicians on how to counsel individuals with OWOB regarding
expected severity and duration of symptoms. Highly effective
SARS-CoV-2 vaccines currently being distributed are expected to
mitigate COVID-19 spread in the general population. We did not see
differences in antibody response to natural SARS-CoV-2 infection by
presence of symptoms, age, or obesity status. The COVID-19 vaccines
are highly efficacious and elicit consistent immune responses in
people with and without obesity,?® thus ameliorating preventable

complications in an at-risk population.
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TABLE 3 Laboratory parameters associated with symptoms, age,
and obesity status

Characteristic (n) Laboratory parameter p value
RT-PCR Ct value®
Symptomatic (141) 23.8 0.001
Asymptomatic (92) 27.3
<12 years old (93) 23.9 0.022
>12 years old (140) 26.0
Non-obese/overweight (71) 26.4 0.19
Obese/overweight (135) 251
Duration of PCR detection (days)®
Symptomatic (204) 17.5 0.014
Asymptomatic (101) 8.4
years old (81) 15.1 0.84
212 years old (224) 14.3
Non-obese/overweight (90) 16.1 0.27
Obese/overweight (192) 12.7
COVID-19 spike protein 1gG (AUC)®
Symptomatic (55) 393.7 0.60
Asymptomatic (26) 333.1
years old (17) 333.1 0.19
212 years old (64) 393.7
Non-obese/overweight (18) 392.5 0.81
Obese/overweight (58) 358.8

Abbreviation: AUC, area under the curve; RT-PCR, reverse transcription
polymerase chain reaction.

?Lowest RT-PCR Ct value from nasopharyngeal swabs obtained within the
first 7 days from COVID-19 onset. Individuals with specimen collection
after 7 days were excluded.

bParticipants were included if they had PCR positivity end date, defined as
the last date of a positive test before a PCR negative or inconclusive
result.

“Highest spike protein-specific IgG AUC between 14 and 90 days of
COVID-19 onset. Specimens obtained out of this range were excluded.
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