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Objective: While many seroprevalence studies of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) have been performed, few are demographically representative. This investigation focused
on defining the nature and frequency of symptomatic and asymptomatic SARS-CoV-2 infection in a
representative, cross-sectional sample of communities in Louisiana, USA.
Methods: A sample of 4778 adults from New Orleans and Baton Rouge, Louisiana were given a survey of
symptoms and co-morbidities, nasopharyngeal swab to test for active infection (PCR), and blood draw to
test for past infection (IgG). Odds ratios, cluster analysis, quantification of virus and antibody, and linear
modelling were used to understand whether certain symptoms were associated with a positive test, how
symptoms grouped together, whether virus or antibody varied by symptom status, and whether being
symptomatic was different across the age span.
Results: Reported anosmia/ageusia was strongly associated with a positive test; 40.6% (93/229) tested
positive versus 4.8% (218/4549) positivity in those who did not report anosmia/ageusia (OR 13.6, 95% CI
10.1e18.3). Of the people who tested positive, 47.3% (147/311) were completely asymptomatic. Symptom
presentation clustered into three groups; low/no symptoms (0.4 ± 0.9, mean ± SD), highly symptomatic
(7.5 ± 1.9) or moderately symptomatic (4.0 ± 1.5). Quantity of virus was lower in the asymptomatic
versus symptomatic group (cycle number 23.3 ± 8.3 versus 17.3 ± 9.0; p < 0.001). Modelling the
probability of symptoms showed changes with age; the highest probability of reporting symptoms was
64.6% (95% CI 50.4e76.5) at age 29 years, which decreased to a probability of 49.3% (95% CI 36.6e62.0) at
age 60 years and only 25.1% (95% CI 5.0e68.1) at age 80 years.
Conclusion: Anosmia/ageusia can be used to differentiate SARS-CoV-2 infection from other illnesses, and,
given the high ratio of asymptomatic individuals, contact tracing should include those without symp-
toms. Regular testing in congregant settings of those over age 60 years may help mitigate asymptomatic
spread. Amy K. Feehan, Clin Microbiol Infect 2021;27:633.e9e633.e16
© 2021 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and

Infectious Diseases. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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veillance, but the quickest way to survey the population is to obtain
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volume of samples, and test for antibodies [1e11]. This method
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offers a quick turnaround at a low cost with minimal data, usually
sex, age and region of collection. However, this sample skews
heavily toward (a) peoplewho regularly interact with health care or
(b) those who are healthy enough to give blood. This method gives
no information regarding symptoms or demographics, which may
be important to understand how variable the presentation and
spread of SARS-CoV-2 have been.

Prospective enrolment of individuals adds complexity. Although
many studies attempt to recruit a representative sample, most do
not end up analysing one [12e18]. Those that do, involve an
extensive effort; two Italian studies tested nearly the entire popu-
lation of Vo [19] and Lombardy [20], and a nationwide Spanish
study tested over 60 000 residents [21]. A study in Atlanta, Georgia
was able to closely represent the population but had to send staff
door-to-door to enrol based on US Census blocks [22]. Other Eu-
ropean and Brazilian studies used representative households to
similarly approach participants, but response rates even with this
level of effort can still be low [23e27].

For this study, we developed a novel recruitment system with
Public Democracy (Arlington, VA, USA) to ensure a representative
sample through a stratified random selection process. We admin-
istered a survey of symptoms and co-morbidities, collected a
nasopharyngeal (NP) swab to assess active viral infection, and
collected blood to assess IgG. We distinguished significant racial
disparities and ZIP code-level variation in spread of the virus
[28,29]. The objective of this report is to tabulate the nature and
frequency of symptoms in community presentation of SARS-CoV-2
infection in Louisiana using odds ratios to estimate odds of posi-
tivity by symptom, cluster analysis to see how symptoms tend to
Table 1
Frequency of symptoms and co-morbidities in the total sample and in those testing positiv
in Louisiana

Number reporting

n ¼ 4778

n %

New Orleans (May 2020) 2640 55.3%
Baton Rouge (July 2020) 2138 44.7%
Any symptoms 1223 25.6%
Fever 471 9.9%
Fatigue 658 13.8%
Dry cough 568 11.9%
Myalgia 519 10.9%
Nasal congestion 456 9.5%
Runny nose 327 6.8%
Sore throat 488 10.2%
Diarrhoea 245 5.1%
Anosmia/dysgeusia 229 4.8%
Chills 337 7.1%
Headache 522 10.9%
Other 194 4.1%
No symptoms 3555 74.4%

Any co-morbidities 2167 45.4%
Diabetes 444 9.3%
High blood pressure 1367 28.6%
Elevated cholesterol 797 16.7%
Heart disease 170 3.6%
Kidney disease 51 1.1%
COPD 50 1.0%
History of cancer 318 6.7%
HIV 23 0.5%
Organ Tx 19 0.4%
Weakened immune system 155 3.2%
Other 216 4.5%

No co-morbidities 2611 54.6%

Abbreviations: COPD, chronic obstructive pulmonary disease; HIV, human immunodefic
a Prevalence by factor is calculated by dividing the number of positives over the total
group together, quantification of virus by symptom status and
disease stage to determine differences, and a logistic regression
model to understand how symptoms are reported by age. We hy-
pothesize that similarly to emergency department and hospital
presentation [30], community presentation of SARS-CoV-2 infec-
tion will be heterogeneous.

Materials and methods

This study was approved by the Ochsner Clinic Foundation
Institutional Review Board #2020.163. To be eligible, participants
had to be adult residents of the greater NewOrleans or Baton Rouge
areas and willing to undergo both an NP swab and blood draw.
Participants could not have previously tested positive for the virus
so that prevalence projections from the study [28,29] could be
added to state-reported numbers to estimate true spread.

A system developed by Public Democracy was used to recruit a
sample that met a priori goals for a demographically representative
sample of Greater NewOrleans (Orleans and Jefferson parishes) and
Greater Baton Rouge (Ascension, East Baton Rouge, West Baton
Rouge and Livingston parishes). More than 50 characteristics,
including social determinants of health and US Census population
data, were used to establish a representative pool of potential
participants, from which a random subset was targeted through
dynamic, cross-device digital advertisements. Those who affirmed
their interest in participating were stratified based on Census
designations to account for different response rates between
groups and were randomly issued text invitations to enrol. Details
are summarized in the Supplementary material (Fig. S1, Appendix
e for current or past infectionwith severe acute respiratory syndrome coronavirus 2

Any positive test Prevalence by factora

n ¼ 311 (6.5%)

n % %

183 58.8% 6.9%
128 41.2% 6.0%
164 52.7% 13.4%
84 27.0% 17.8%
95 30.5% 14.4%
82 26.4% 14.4%
83 26.7% 16.0%
68 21.9% 14.9%
45 14.5% 13.8%
60 19.3% 12.3%
33 10.6% 13.5%
93 29.9% 40.6%
54 17.4% 16.0%
74 23.8% 14.2%
16 5.1% 8.2%
147 47.3% 4.1%
139 44.7% 6.4%
30 9.6% 6.8%
90 28.9% 6.6%
53 17.0% 6.6%
12 3.9% 7.1%
6 1.9% 11.8%
3 1.0% 6.0%
13 4.2% 4.1%
0 0.0% 0.0%
1 0.3% 5.3%
9 2.9% 5.8%
9 2.9% 4.2%
172 55.3% 6.6%

iency virus; Tx, transplant.
number in the sample reporting that factor.



0.1 1 10 100

No Comorbidities
Other

Weakened Immune System
Organ Tx

HIV
History of Cancer

COPD
Kidney Disease

Heart Disease
Elevated Cholesterol
High Blood Pressure

Diabetes
Any Co-morbidities

Asymptomatic
Other

Headache
Chills

Anosmia/ Ageusia
Diarrhoea

Sore Throat
Runny Nose

Nasal Congestion
Myalgia

Dry Cough
Fatigue

Fever
Any Symptoms

Common  ORs

Odds Ratio
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S1). Those without access to the internet were able to call a hotline
to register. Invitations were adjusted daily based on enrolment (e.g.
over-invite groups that had low response rates). Participants were
offered a free rideshare service.

Testing was completed over 6 days (9May and 11e15May 2020)
in New Orleans and 2 weeks (15e31 July 2020) in Baton Rouge (for
community testing context, see ldh.la.gov/Coronavirus/). Partici-
pants completed survey questions, a blood draw and NP swab. All
study materials were in English, Spanish and Vietnamese, and
translators were onsite or available by phone. Specimens were sent
to the clinical laboratory at Ochsner Health for testing.

Abbott instrumentation was used for both nucleic acid (NP
swabs) and antibody (serum) tests for SARS-CoV-2 infection
(Abbott Laboratories, Abbott Park, IL, USA). Real-time reverse
transcription PCR tests (NP swabs) were performed on the Abbott
m2000 RealTime system (100 copies/mL limit of detection), and
cycle number (CN) was collected by the laboratory. Qualitative IgG
blood tests were performed on the ARCHITECT i2000SR (99.63%
specificity and 100% sensitivity, nucleocapsid target), and sample to
calibrator ratio (S/C) was collected by the laboratory. Both tests are
US Food and Drug Administration-Emergency Use Authorization
approved, and the antibody test meets the criteria described by the
CDC to yield high positive predictive value [6]. No cross-reaction
with other coronaviruses and common respiratory viruses is
reported.

The number reporting symptoms and co-morbidities in the total
sample and those who tested positive are tabulated in Table 1.
Prevalence for each factor was calculated as the number with a
positive test divided by the total reporting each factor. To determine
which symptoms and co-morbidities were associated with a posi-
tive test, we carried out a CochraneManteleHaenszel analysis and
estimated common odds ratios across cities. Validity of the com-
bined city approach was confirmed by negligible observed city-
level variation in multilevel models with a random city effect.
City-specific and common odds ratios from the
CochraneManteleHaenszel analysis are displayed with 95% CI in
the Supplementary material (Fig. S3). Corresponding p values from
homogeneity tests are presented for each. Virus and IgG quantity
was averaged by probable disease stage (PCRþ/IgGe, contagious;
PCRþ/IgGþ, early recovery; and PCRe/IgGþ, recovered) and
symptom status within that disease stage to determine whether
the amount of virus or antibody was different among these groups.
Binary (1/0) symptom data for all patients were hierarchically
clustered and plotted using the Ward method and Gower distance
in R (HCLUST, DENDEXTEND packages) to determine whether distinct,
patient-reported symptom presentations were present. De-
mographic and co-morbidity data were compared by symptom
cluster using exact confidence intervals and p values from the exact
c2 homogeneity test for categorical variables, and analysis of vari-
ance with unequal variances or a KruskaleWallis scores test for
continuous or ordinal variables. To determine whether symptom-
atic or asymptomatic presentation was different across the age
span, modelling of the probability of reporting symptoms by age
was performed using a logistic regression with cubic splines and
four nodes. Statistical analyses were carried out in SAS STAT 14.2
(SAS, Cary, NC, USA).

Results

A total of 4778 individuals were analysed: 2640 from New
Orleans and 2138 from Baton Rouge. The sample population was
63.5% (3036/4778) female, 65.3% (3121/4778) white and 28.2%
(1349/4778) black, with an average age of 49.8 years (SD 15.1) and
average household size of 2.7 people. Three hundred and eleven
participants tested positive on one or both PCR and IgG tests (6.5%,
311/4778), and details of prevalence are published elsewhere
[28,29].

Symptoms and comorbidities captured in the survey are listed in
Table 1 and the Supplementary material (Fig. S2), and the common
odds ratios with 95% CI are reported in Fig. 1. Overall, 25.6% (1223/
4778) of participants reported symptoms, and over half of all pos-
itive participants were symptomatic (52.7%, 164/311) Of those who
were symptomatic, prevalence was 13.4% (164/1223). Anosmia/
ageusia was reported by only 4.8% (229/4778) of the sample but
was present in 29.9% (93/311) of positive cases with a prevalence of
40.6% (93/229), making it a standalone symptom with 13.6 times
higher odds of testing positive versus those who did not report
anosmia/ageusia. Other symptom ORs ranged from 2.2 (95% CI
1.66e3.02) for sore throat to 3.9 (95% CI 2.95e5.09) for fever. ORs
were homogeneous between cities for most factors, except for
anosmia (p 0.0290), co-morbidity group Other (p 0.0193) and No
Co-morbidities (p 0.0232) (see Supplementary material, Fig. S3).
The overall proportion of asymptomatic subjects in the sample was
74.4% (3555/4778) and of thosewho tested positive, 47.3% (147/311)
were without symptoms. Prevalence among asymptomatic partic-
ipants was lower than among symptomatic participants (4.1%, 147/
3555 versus 13.4%, 164/1223), and the odds of testing positive were
lower than in those with symptoms (OR 0.28, 95% CI 0.22e0.35). No
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co-morbidity was associated with higher or lower odds of testing
positive.

Operating under the assumption that PCR þ alone indicates the
most contagious, acute infection, PCRþ/IgG þ indicates early re-
covery, and PCRe/IgG þ indicates convalescence, the number of
participants at each stage and the proportion who were asymp-
tomatic are listed under the schematic in Fig. 2. The percentages
who tested positive but did not have symptoms were 60.0% (51/85)
when PCRþ/IgGe, 47.1% (24/51) when PCRþ/IgGþ and 41.1% (72/
175) when PCRe/IgGþ.

CN and S/C were used to approximate the quantity of virus and
IgG, respectively, in each phase of disease by symptom status
(Fig. 2). A lower quantity of virus was present in asymptomatic
versus symptomatic individuals in the contagious phase of disease
(CN 23.3 ± 8.3 versus 17.3 ± 9.0, mean ± SD) (p < 0.001). In the early
recovery stage, CN was similar by symptom status (24.6 ± 5.0
asymptomatic versus 26.9 ± 4.0 symptomatic). IgG was not
significantly different by symptom status or across early to late
recovery.

A symptom cluster analysis was performed to explore patterns
in patient-reported symptom presentation (Fig. 3). The two
H
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symptoms was 64.6% (50.4%e76.5%) at age 29 years, which
decreased to a probability of 49.3% (36.6%e62.0%) at age 60 and
only 25.1% (5.0%e68.1%) at age 80. Anosmia/ageusia was one of the
top two reported symptoms for those aged over 60 years.

Discussion

By using representative sampling, a survey of symptoms, and
antibody testing with paired PCR, we were able to determine the
prevalence of symptomatic and asymptomatic SARS-CoV-2 infec-
tion infections in the community. This study found that 47.3% (147/
311) of infections were asymptomatic, 29.9% (93/311) of positive
cases reported anosmia/ageusia (Table 1), and those who reported
anosmia/ageusia had higher odds of testing positive versus any
other symptomatic group (Fig. 1). A Spanish study conducted
nationwide found that 33.8% of infections were asymptomatic and
43% of all positive people reported losing their sense of taste and
smell [21]. In Vo, Italy and Sao Paulo City, Brazil, 42.5% [19] and
45.3% [26] reported no symptoms, respectively. Atlanta, USA has
similar population characteristics to New Orleans, USA and found
50% asymptomatic infections and 28.2% of positive people report-
ing anosmia/ageusia [22]. A study of individuals in London, UKwith
a loss of smell and/or taste found that antibody prevalence was
even higher (78%) if testing was solely focused on anosmia/ageusia,
which underscores the specificity of this symptom for SARS-CoV-2
infection despitemethodological differences between these studies
[31]. Our results align with other major studies and suggest that
across geographies, a large proportion of infections occur with few
or no symptoms.

We observed proxy measures of virus and antibody quantity by
symptom status and disease stage and found that those with
symptoms in the contagious phase of infection had a greater
quantity of virus. Most prevalence studies exclusively used anti-
body testing, but in Vo, Italy, PCR testing of nearly the whole
population revealed that the quantity of virus in symptomatic and
asymptomatic groups was similar, but did not separate early-stage
(PCRþ/IgGe) and late-stage (PCRþ/IgGþ) infections [19]. In our
study, the group with late-stage infections (PCRþ/IgGþ) did not
have differences in viral or antibody quantity by symptom status,
suggesting that after the initial contagious phase, viral load
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decreases as antibody increases. A longitudinal study of a small
cohort of PCR þ individuals found that asymptomatic individuals
shed virus for longer than symptomatic individuals, and asymp-
tomatic disease caused lower IgG levels, which dropped off or
disappearedmore robustly than in symptomatic disease [32]. There
is a chance that in our cross-sectional study, the people with the
lowest viral quantity in the asymptomatic group were presymp-
tomatic and would have gone on to experience symptoms as the
virus replicated. Similarly, although we found no differences in IgG
quantity by symptom status or disease stage, it is likely that lon-
gitudinal sampling would have found IgG changes within an indi-
vidual or within groups over time.

Presentation of SARS-CoV-2 infection fits into three distinct
clusters in our sample (Fig. 3), which was reflective of community
appearance of the virus and not severe illness with hospitalization.
We found that a large proportion of positive cases in the commu-
nity were asymptomatic or low-symptomatic individuals, with
anosmia/ageusia still detectable in 13% (25/191) of this cohort. In
cluster 2, fatigue, headaches and myalgia were nearly ubiquitous.
Unfortunately, these symptoms are not specific to COVID-19,
making it difficult to identify someone in this group as uniquely
COVID-positive. The third cluster commonly reported fatigue and
myalgia, but anosmia/ageusia and fever were also highly present.
Nearly half of this cluster could have been prioritized for SARS-CoV-
2 testing because of anosmia/ageusia, or perhaps in lieu of other
testing (e.g. influenza) in resource-limited settings.

Finally, the non-linear relationship between age and probability
of reporting symptoms was surprising. Anecdotally, younger in-
dividuals were thought to be asymptomatic more often, but our
model demonstrates the opposite. Individuals whowere 60 years of
age and older had a lower probability of reporting symptoms,
which could be a public health concern in nursing homes and
assisted living facilities, where the disease may silently spread. In
those who were symptomatic, anosmia/ageusia was highly
detectable.

This study relies on self-report data and there are many un-
knowns about biological factors that could impact antibody
development, which could impact our results. This report does not
include those who were critically ill, living in nursing homes, or
children and excludes symptom presentation in emergency de-
partments or hospitals. There is a chance that someone reporting
symptoms from a non-COVID-19 illness actually had an asymp-
tomatic infection, received an IgG þ result and was incorrectly
classified as symptomatic, or that someone had a low symptomatic
response and forgot, causing them to report no symptoms. Addi-
tionally, there is a chance that those in the initial stages of disease
were presymptomatic and went on to have symptoms later.

In conclusion, anosmia/ageusia seems to be a hallmark of
COVID-19 even in the cluster of symptoms that represents low or
no symptoms. Given the high likelihood of someone with anosmia/
ageusia testing positive, people experiencing this symptom should
be encouraged to quarantine and/or receive a test, and screening
for this symptom should be implemented for those at high risk.
Given the high proportion of asymptomatic infections, long-term
outcomes should be studied to determine if there are associated
lasting risks. Contact tracing should include testing people who do
not have symptoms, especially those over age 60, as part of a public
health strategy.
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