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We conducted a cross-sectional survey among SARS-
CoV-2—positive persons and negative controls in Sap-
poro, Japan, to clarify symptoms of long COVID. We
collected responses from 8,018 participants, 3,694
case-patients and 3,672 controls. We calculated symp-
tom prevalence for case-patients at 2-3, 4-6, 7-9,
10-12, and 13-18 months after illness onset. We used
logistic regression, adjusted for age and sex, to estimate
the odds ratio (OR) for each symptom and control refer-
ence. We calculated symptom prevalence by stratifying
for disease severity, age, and sex. At 4-18 months from
illness onset, ORs for anosmia, ageusia, dyspnea, alo-
pecia, and brain fog were consistently >1, whereas ORs
for common cold-like, gastrointestinal, and dermatologic
symptoms were <1. Time trend ORs increased for dimin-
ished ability to concentrate, brain fog, sleep disturbance,
eye symptoms, and tinnitus. Clinicians should focus on
systemic, respiratory, and neuropsychiatric symptoms
among long COVID patients.

Several months after the COVID-19 pandemic be-
gan, patients coined the term long COVID to de-
scribe the fluctuated, progressive, persistent, and
multiphasic symptoms caused by SARS-CoV-2 infec-
tion (1). This patient-derived notion was rapidly ad-
opted, and many biomedical research studies were
conducted using a variety of definitions and terms,
such as post-COVID-19 syndrome and post-acute se-
quelae of SARS-CoV-2 infection (2).

The World Health Organization (WHO) con-
ducted a Delphi process to create a consensus defini-
tion of post-COVID-19 condition for adult patients
(3). The WHO consensus definition states that “post-
COVID-19 condition occurs in individuals with a
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history of probable or confirmed SARS-CoV-2 infec-
tion, usually 3 months from the onset of COVID-19,
with symptoms that last for at least 2 months and
cannot be explained by an alternative diagnosis” (3).
The WHO consensus definition also pointed out that
common symptoms of post-COVID-19 condition
were fatigue, shortness of breath, and cognitive dys-
function and that these symptoms affected everyday
functioning among patients.

Although symptom prevalences among CO-
VID-19 patients are reportedly high, demonstrating
that such prevalences are specific to COVID-19 pa-
tients versus uninfected persons has been difficult,
and only a few cohort studies have been conducted
with controls (4,5). One national cohort study re-
ported symptom prevalence among children and
adolescents 3 months after SARS-CoV-2 test-positive
date and among test-negative controls (5). The study
showed that the number of symptom types in case-
patients was higher 3 months after the test-positive
date than at the time they received a PCR test. That
study also showed that COVID-19 case-patients gen-
erally had more symptom types than the control
group (5), emphasizing the need for controls to ac-
curately assess long COVID. However, that study
did not assess the 6-month or 12-month effects of
SARS-CoV-2 infection on health and focused only
on children. Another study used a small sample size
and did not comprehensively investigate symptom
characteristics (4). Another approach to set controls
is by using electronic health records (6,7). The Cen-
ters for Disease Control and Prevention reported that
COVID-19 potentially had long-term effects on mul-
tiple organs and caused a wide range of diseases (6).
In a study in which patients with acute respiratory
infection other than COVID-19 were set as controls,
prevalence of neurologic complications was substan-
tially higher among COVID-19 case-patients than
controls (7). However, those studies did not have
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consistent symptomatic information and only as-
sessed diagnosed diseases. Therefore, symptomatic
characteristics of long COVID could not be explored
by those approaches.

The complicated sequelae, long-term health ef-
fects, and health outcomes among adult COVID-19
patients remain unknown. To clarify the clinical fea-
tures and long-lasting manifestations of SARS-CoV-2
infection, we conducted a large case-control cohort
study in Sapporo, Japan, during the beginning of the
first Omicron wave in February 2022. We analyzed
cross-sectional baseline data to distinguish COV-
ID-19-related long-term symptoms from non-CO-
VID-19 symptoms by setting controls and using the
WHO definition of post-COVID-19 condition (3).

Methods

Study Design and Participants

We collected cross-sectional data of COVID-19 pa-
tients and a control group in Sapporo, Japan, in a co-
hort study of long-term health effects of SARS-CoV-2
infection among adults. We randomly selected labo-
ratory-confirmed COVID-19 case-patients and con-
trols from among residents 20-64 years of age in Sap-
poro on February 1, 2022. We selected case-patients
from the registry of the Sapporo Public Health Office,
regardless of which SARS-CoV-2 variants were cir-
culating at the time of their infections. Controls were
persons who did not have a COVID-19 diagnosis as
of February 1, 2022; we randomly sampled the con-
trol group to match the age and sex distribution of
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the general population of Sapporo. We mailed infor-
mation about the study and the protocol to the se-
lected possible participants, who then accessed and
answered web-based questionnaires by using a URL
provided (Appendix, https://wwwnc.cdc.gov/EID/
article/29/5/22-1349-Appl.pdf). We assessed the
COVID-19 epidemiologic situation in Sapporo from
daily cases, cumulative incidence, and vaccination
coverage (Figure 1).

Definition of Symptoms and Data Collection

To define case-patient symptoms, we used the WHO
definition for post-COVID-19 condition (3), which
considers a long COVID symptom as any symptom
that developed after the initial illness onset, lasted
for at least 2 months, and could not be explained
by an alternative diagnosis. Using this definition,
we asked case-patients about each symptom at the
time they answered the questionnaire and at vari-
ous timepoints after illness onset: 2-3, 4-6, 7-9, and
10-12 months. Although symptoms 2-3 months af-
ter illness onset were not exactly matched with the
post-COVID-19 condition definition, we used the
2-3-month period as a proxy for relatively short-term
influences of SARS-CoV-2 infection on the develop-
ment and persistence of symptoms. We asked the
control group about symptoms lasting for at least 2
months at the time they responded to the question-
naire. Of note, we only applied the WHO definition
of long COVID symptoms to case-patients. All partic-
ipants were asked about 31 symptom types, includ-
ing COVID-19-related symptoms such as fatigue,
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ageusia, and anosmia (8-10) and common symptoms
like headache, constipation, and diarrhea.

We mapped the symptoms to the Human Pheno-
type Ontology (HPO) terminology for consistency of
research on long COVID (11). However, we did not
follow HPO for 3 symptom types: tingling, abnormal
menstruation, and eye symptoms. Tingling could be
mapped to paresthesia, but the HPO term also in-
cluded pricking or numbness of the skin, which is a
broader meaning than we used. We asked about ab-
normal menstruation but did not include more gran-
ular HPO terminology, such as amenorrhea, irregu-
lar menstruation, and dysmenorrhea. In contrast, we
asked about eye symptoms using a broader meaning
than the prepared terminologies in the HPO; for eye
symptoms, we included ocular pain, pruritus, gritty
eye, hyperemia, epiphora, and blurred vision.

We collected age and sex information through the
questionnaires and collected unique identifiers for
patient data that were linked with the COVID-19 reg-
istry database operated by the Sapporo Public Health
Office. We extracted information on test-positive date
and acute-phase COVID-19 severity from the registry
data, which were updated on April 5, 2022. Official
documentation from the Ministry of Health, Labour
and Welfare in Japan described classification of the
severity (12); severity levels of moderate and severe
were registered when COVID-19 patients were hos-
pitalized. The National Vaccine Record System also
provided vaccination status of participants registered
in the database as of April 5, 2022.

The Sapporo Public Health Office anonymized
all data and we and used linkage keys to merge each
dataset: our survey data, the COVID-19 registry from
the Public Health Office, and the National Vaccine
Registry. We made certain participants who received
study information by mail could not be identified as
COVID-19 cases by others. Participants received no
compensation for answering the questionnaire. The
study was approved by the ethical review board for
Life Science and Medical Research, Hokkaido Univer-
sity Hospital, on February 10, 2022, under protocol
code 021-0190.

Statistical Analyses

Because some participants only answered for current
symptoms, we mapped current symptoms to the ap-
propriate time category based on the elapsed time
from illness onset to response date. If onset date was
missing, we imputed test-positive date subtracted by
the mean incubation period for different SARS-CoV-2
variants: 7 days for wild-type, 5 days for Alpha vari-
ant, 4 days for Delta variant, and 3 days for Omicron
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(13). We assumed the wild-type SARS-CoV-2 variant
for participants who tested positive through Febru-
ary 2021, Alpha variant for those who tested posi-
tive during March-June 2021, Delta variant for those
who tested positive during July-December 2021, and
Omicron variant for those who tested positive during
January 2022. In addition, we created a 13-18-month
category, which comprised only case-patients who
had symptoms at the time of answering the ques-
tionnaire and whose illness onset was 13-18 months
prior. We considered 1 month to be 30 days. In the
questionnaire, we first asked whether the participant
had symptoms lasting >2 months and then asked the
timeframe in which they had each symptom they se-
lected. For analysis of each symptom, we excluded
participants who did not respond about the time-
frame for each symptom.

We calculated symptom prevalences at each time-
point among case-patients and at the time of answer-
ing among controls. If the elapsed time from onset
to answer date was shorter than each time category,
we excluded those participants from the denomina-
tor. We used the Wilson score interval to calculate Cls
(14). We also calculated stratified symptom preva-
lence of case-patients and controls stratified by illness
severity, age, and sex. We applied logistic regression
to calculate odds ratios of having symptoms among
case-patients compared with controls and adjusted
for age and sex. To assess co-occurrence of symptoms,
we calculated co-occurrence matrices for symptoms
and visualized their networks by using the Python
package of NetworkX (https:/ /networkx.org).

We performed all analyses in Python version
3.9 (Python Software Foundation, https://www.
python.org). We used the following packages for
analyses: pandas version 1.4.1 (https://pandas.
pydata.org) for data cleaning, matplotlib version
3.5.1 (https://matplotlib.org) for data visualization,
Statsmodels version 0.13.2 (15) for calculation of the
Wilson score interval and adjusted odds ratios, and
NetworkX version 2.7.1 (16) for visualization of co-
occurrence matrices.

Results

Participant Demographics

We mailed study information to 26,781 possible case-
patients and 21,434 possible controls. In all, 8,018 par-
ticipants answered questionnaires. Case-patients in-
cluded persons who were confirmed to be registered
only once in Sapporo’s registry database on SARS-
CoV-2 infections (Figure 2). Forty-seven participants
had COVID-19 confirmed after January 1, 2022; 52
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48,215 persons mailed study information:
26,781 COVID-19 case-patients
21,434 controls

b

8,018 participants answered questionnaires:
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Figure 2. Flow chart of
participant selection for a case—
control study of long COVID,
Sapporo, Japan. Controls were
persons who self-reported

as uninfected. *The Sapporo

4,328 COVID-19 case-patients
3,690 controls

data*

v

7,366 participants included:
3,694 with confirmed COVID-19 infection

652 (8.1%) persons excluded:
* 49 (0.6%) responded after cutoff date
(31 Mar 2022)
* 416 (5.2%) tested positive <60 days
| from responding
| 81 (1.1%) had self-reported infection
status that contradicted with registry

* 93 (1.2%) were infected >1 time
* 13 (0.2%) reported sex as other

Public Health Office kept a
registry of all the confirmed
cases from the beginning of the
COVID-19 epidemic.

3,672 controls

participants originally selected for the control group
on February 1 answered as cases and had infections
confirmed before questionnaires were sent in March.
We used self-reported answers for age and included
93 participants who were 65 years of age, despite our
original cutoff of 64 years.

Among participants, a higher percentage of
persons 20-29 years of age (16.5%, 608/3,694) were
among cases than among controls (11.4%, 420/3,672),
whereas fewer persons 50-65 years of age (35.3%,
1,303/3,694) were among cases than among controls
(41.3%, 1,516/3,672) (Table 1). The National Vaccine
Record System provided the number of COVID-19
vaccinations as of April 5, 2022; the percentage of
case-patients receiving no vaccination was nearly
double that of the control group (11.0% vs. 6.0%).
Among case-patients, 30.2% (1,117/3,694) report-
ed symptoms at elapsed timepoints of 7-9 months,
34.2% (1,264/3,694) at 10-12 months, and 30.6%
(1,132/3,694) at >13 months. For severity, 10.0%
(370/3,694) of case-patients had a moderate or severe
COVID-19 clinical course.

Symptom Types at Designated Timepoint from Onset

We calculated the number of symptom types ob-
served at the designated timepoints for case-patients
and at the time of questionnaire response for con-
trols. We used 29 of 31 symptom types (Figure 3); we
excluded erectile dysfunction and abnormal men-
struation because those symptoms were sex-specific.
Among case-patients, 31.1% (1,148/3,694) had >1
symptom at 2-3 months after illness onset, which is
nearly the same percentage as reported symptoms at
13-18 months (30.5%, 305/1,001). When we focused
on timepoints of 2-3 and 13-18 months, case-patients
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were likely to have more varieties of symptoms than
controls; this tendency was more apparent in case-
patient who had >5 symptom types.

Prevalence of Each Symptom at Designated Timepoints
We calculated the prevalence and adjusted odds ra-
tio (aOR) of each symptom at designated timepoints
for cases and at the time of response for controls (Fig-
ure 4; Appendix Tables 1, 2). Among all symptoms

Table 1. Demographic of participants in a case—control study of
long COVID, Sapporo, Japan*®

Characteristics No. (%)
Cases, n = 3,694 Controls, n = 3,672
Age group, y
20-29 608 (16.5) 420 (11.4)
30-39 772 (20.9) 735 (20.0)
40-49 1,011 (27.4) 1,001 (27.3)
50-65 1,303 (35.3) 1,516 (41.3)
Sex
M 1,528 (41.4) 1,591 (43.3)
F 2,166 (58.6) 2,081 (56.7)
No. COVID-19 vaccinest
0 407 (11.0) 220 (6.0)
1 65 (1.8) 22 (0.6)
2 2,233 (60.4) 1,982 (54.0)
3 989 (26.8) 1,448 (39.4)
Time after illness onset, mo
2-3% 55 (1.5) NA
4-6 126 (3.4) NA
7-9 1,117 (30.2) NA
10-12 1,264 (34.2) NA
13-18 451 (12.2) NA
>19 681 (18.4) NA
lliness severityt
Asymptomatic 115 (3.1) NA
Mild 2,952 (79.9) NA
Moderate 334 (9.0) NA
Severe 36 (1.0) NA
Missing 257 (7.0) NA
*NA, not applicable.
TAs of April 5, 2022.
tSeverity during acute phase of infection.
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Figure 3. Percentage of symptoms
reported among participants in a
case—control study of long COVID,

Time from Sapporo, Japan. A) Number of

onset, months symptoms at designated timepoints

N 2-3 from onset among case-patients

M 4-6 and among controls at the time of

W 7-9 answering the questionnaire. B)
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observed, fatigue accounted for the highest percent-
age, 11.55% (423/3,661), at 2-3 months after onset
(aOR 2.36, 95% CI 1.97-2.81), and remained higher
after 13 months (aOR 1.38, 95% CI 1.04-1.84).
Symptoms with an aOR >1 during all timepoints
were anosmia, ageusia, dyspnea, and alopecia. Mus-
cle weakness, chest pain, and brain fog had aORs >1
at 3 or 4 timepoints. Symptoms with explicitly higher
aORs at 2-3 months than at other timepoints were
fatigue, cough, fever, poor appetite, pharyngalgia,
nausea or vomiting, and night sweats. We observed
time trends of increasing aORs for diminished abil-
ity to concentrate, brain fog, sleep disturbance, tinni-
tus, and eye symptoms. Arthralgia or joint swelling,

960

rhinorrhea, diarrhea, abnormal menstruation, skin
rash, eye symptoms, and constipation had aORs <1
at all timepoints.

Prevalences of Symptoms Stratified by lliness
Severity, Age, and Sex

The prevalence of each symptom was more strongly
related to disease severity than to age or sex (Ap-
pendix Figure 1). Prevalences for fatigue, dyspnea,
alopecia, headache, diminished ability to concentrate,
muscle weakness, chest pain, brain fog, myalgia,
sleep disturbance, and nausea were higher among
participants with moderate or severe COVID-19 cases
than among those with asymptomatic and mild cases.
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Figure 5. Co-occurrence network of symptoms among case-patients and controls in a case—control study of long COVID, Sapporo,
Japan. A-E) Patients experiencing symptoms were queried at various timepoints after illness onset 2—3 mo (A), 4—6 mo (B), 7-9 mo
(C), 10-12 mo (D), and 13—-18 mo (E). F) Controls. Circle size and edge width are weighted based on number of occurrences; no edge
indicates occurrence <0.5% of eligible participants. Counterclockwise order is based on the prevalence of each symptom at 2—-3 months;
we included the top 16 symptoms prevalent at 2—3 months from COVID-19 diagnosis. AGU, ageusia; AJS, arthralgia or joint swelling;
ANS, anosmia; AP, alopecia; BF, brgin fog; CO, cough; CP, chest pain; DAC, diminished ability to concentrate; DYP, dyspnea; FA,
fatigue; FV, fever (temperature >37 C); HA, headache; MW, muscle weakness; PA, poor appetite; PHG, pharyngalgia; RNR, rhinorrhea.

Case-patients >40 years of age had a higher prev-
alences of fatigue, dyspnea, alopecia, and diminished
ability to concentrate (Appendix Figures 2, 3). Preva-
lences of fatigue and diminished ability to concen-
trate were lower among case-patients 20-29 years of
age than among controls at 4-12 months from onset.
Case-patients 30-65 years of age had higher preva-
lences of alopecia than did case-patients <30 years of
age or controls.

Women had higher prevalences of anosmia, ageu-
sia, and alopecia (Appendix Figure 4). The prevalence
of anosmia for women at 13-18 months was nearly
triple that for men. We observed a similar trend in
ageusia, and higher proportions of women in both the
case and control groups had alopecia. Although we
performed comparisons within each sex, the preva-
lences of alopecia for male and female case-patients
were consistently higher than those for controls.

Co-occurrence Network of Symptom Types

We visualized co-occurrence networks and heat-
maps of symptoms at each timepoint (Figure 5;
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Appendix Figure 5). Symptom co-occurrence at 2-3
months was more densely connected among case-
patients than among controls. Among case-patients,
fatigue mainly co-occurred with 15 other symptoms
at 2-3 months. Dyspnea mainly co-occurred with
fatigue, alopecia, and diminished ability to con-
centrate and weakly occurred with ageusia, mus-
cle weakness, and chest pain. Also, anosmia and
ageusia frequently co-occurred at each timepoint.
Fatigue, alopecia, and diminished ability to concen-
trate occurred simultaneously among controls. Brain
fog was related to diminished ability to concentrate
and fatigue, but those relationships were more ap-
parent among case-patients at 13-18 months after
onset than at other timepoints.

Discussion

We conducted a large cross-sectional study on prev-
alences of and risks for COVID-19 sequelae over
multiple timepoints among the general population
in Sapporo, Japan. The study revealed COVID-19-
related symptoms that remained long after illness

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023



onset mainly were systemic, neuropsychiatric, or
in the respiratory system (Table 2). Moreover, CO-
VID-19 case-patients had a higher risk for ageusia,
anosmia, muscle weakness, chest pain, poor appetite,
and alopecia compared with controls. On the other
hand, case-patients had the same or lower risk for
several manifestations in musculoskeletal, gastroin-
testinal, and dermatologic systems compared with
controls, suggesting weak or least likely long-term ef-
fects on these systems.

COVID-19 case-patients had a wider variety of
symptom types at 2-3 months and 13-18 months
than did controls; the difference in the number of
symptom types was more apparent in COVID-19
case-patients who had >5 symptom types, which is
consistent with a previous study (5). In addition, we
analyzed the time trend of aORs and cluster char-

Case—Control Study of Long COVID, Sapporo, Japan

acteristics between symptoms for cases compared
with controls (Figures 4, 5) The odds ratios for neu-
ropsychiatric symptoms (diminished ability to con-
centrate, brain fog, and sleep disturbance) increased
over elapsed timepoints, even after 13 months. On
the other hand, typical common cold-like symptoms
(cough, pharyngalgia, and rhinorrhea) disappeared
4 months after onset, although those prevalences
were higher at 2-3 months among cases compared
with controls. We noted cluster characteristics of
symptoms among cases, especially between fatigue,
dyspnea, alopecia, diminished ability to concentrate,
and brain fog, but we observed similar cluster char-
acteristics among controls.

COVID-19 is a systemic disease with diverse mani-
festations, which complicates the exploration of long
COVID. A previous study in which COVID-19 cases

Table 2. Summarized adjusted odds ratio for each symptom in a case—control study of long COVID, Sapporo, Japan*

Adjusted odds ratio, by time after illness onset

Symptoms 2-3 mo 4-6 mo 7-9 mo 10-12 mo 13-18 mo Likeliness
Systemic

Fatigue >1.5 <1 <1 >1 >1 Likely

Fever, temp. >37C° >1.5 >1.5 >1.5 >1.5 >1.5 Likely

Headache <1 <0.66 <0.66 <1 >1 Less likely

Night sweats >1.5 <0.66 <0.66 >1 NA Less likely
Respiratory

Cough >1.5 <1 <0.66 <0.66 <1 Unlikely

Dyspnea >1.5 >1.5 >1.5 >1.5 >1.5 Very likely

Pleuritic chest pain >1.5 >1.5 >1.5 >1.5 NA Very likely
Neuropsychiatric

Diminished ability to <1 <1 >1 >1.5 >1.5 Likely
concentrate

Brain fog >1 >1 >1.5 >1.5 >1.5 Very likely

Sleep disturbance <0.66 <0.66 <0.66 <0.66 <1 Unlikely
Otorhinolaryngological

Ageusia >1.5 >1.5 >1.5 >1.5 >1.5 Very likely

Anosmia >1.5 >1.5 >1.5 >1.5 >1.5 Very likely

Pharyngalgia >1.5 <0.66 <0.66 <0.66 <0.66 Unlikely

Rhinorrhea <0.66 <0.66 <0.66 <0.66 <0.66 Unlikely

Tinnitus <0.66 <0.66 <0.66 <0.66 <1 Unlikely
Musculoskeletal

Muscle weakness >1.5 >1 >1.5 >1.5 >1.5 Very likely

Arthralgia or joint swelling <1 <0.66 <0.66 <0.66 <0.66 Unlikely

Myalgia >1 <0.66 <0.66 <1 <0.66 Unlikely
Cardiovascular

Chest pain >1.5 >1 >1 >1.5 >1.5 Very likely
Gastrointestinal

Poor appetite >1.5 >1.5 >1 >1.5 >1 Likely

Diarrhea <0.66 <0.66 <0.66 <0.66 <0.66 Unlikely

Nausea or vomiting >1.5 <0.66 <0.66 <0.66 <1 Unlikely

Abdominal pain <0.66 <0.66 <0.66 <0.66 <0.66 Unlikely

Constipation <0.66 <0.66 <0.66 <0.66 <0.66 Unlikely
Dermatologic

Alopecia >1.5 >1.5 >1.5 >1.5 >1.5 Very likely

Skin rash <0.66 <0.66 <0.66 <0.66 <0.66 Unlikely

Tingling <1 <0.66 <0.66 NA <1 Unlikely

Pseudo-chilblains on toes <0.66 <0.66 <0.66 <1 >1.5 Less likely
Other

Abnormal menstruation <0.66 <0.66 <0.66 <0.66 <0.66 Unlikely

Erectile dysfunction <0.66 <0.66 <1 >1 >1.5 Less likely

Eye symptoms <0.66 <0.66 <0.66 <0.66 <0.66 Unlikely
*Reference for regression is based on controls. Bold text indicates 95% CI that does not contain 1. NA, not applicable.
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were compared with matched controls by using elec-
tronic health records showed an increased risk for dis-
ease in an extensive range of organs and tissue types,
including gastrointestinal organs, endocrine system,
and renal organs, and the increased risks were ob-
served even in analysis among a limited number of
persons 18-64 years of age (6). Because that study used
electronic health records for both cases and controls,
results might be biased toward cases. In this study,
we investigated general symptoms of COVID-19 cases
and observed high odds ratios for systemic, respira-
tory, and neuropsychiatric symptoms. Potential mech-
anisms for differences in observed risks between the
previous electronic health record-based studies and
this study could be less severe hyperinflammatory
status caused by infection (17). SARS-CoV-2 infection
causes hyperinflammation, including cytokine storm,
inducing production of endogenous chemical sub-
stances, and prothrombotic condition, which causes
respiratory failure, pulmonary embolism, diarrhea,
gastrointestinal hemorrhage, myocardial injury, and
other systemic syndromes (18). However, cases with
mild symptoms would not experience the severe hy-
perinflammatory status.

A prospective study on 15-year follow-up of
patients with SARS (severe acute respiratory syn-
drome), a disease similar to COVID-19, showed long-
term effects on pulmonary function, bone health,
and lipid metabolism (19). Similar results were re-
ported in an examination of SARS cases at 12 years
after disease onset (20). Similarly, COVID-19 could
affect long-term pulmonary function. Our study re-
sults showed prolonged effects on the respiratory
system (dyspnea and pleuritic chest pain), even in
mildly symptomatic cases, and a much higher prev-
alence of dyspnea and cough among severe cases,
necessitating long-term and continuous monitoring
of COVID-19 patients.

Other reports showed COVID-19 patients had
high prevalences of neurologic complications several
months after disease onset (7,21). Neuroinvasiveness
and neurovirulence of SARS-CoV-2 are potential
mechanisms of those neurologic complications (22).
Our study demonstrated that mildly symptomatic
cases had a high risk for neuropsychiatric symptoms,
such as diminished ability to concentrate and brain
fog. Those data suggest that immune-mediated dam-
age, neurotropism, or neurovirulence properties of
SARS-CoV-2 are involved in long-term effects. Those
properties also could be related to autoimmune dis-
eases and alopecia (23-25).

The prevalence of all symptoms reported in our
study was lower than those reported through me-
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ta-analysis of cross-sectional studies (10,26). This
difference might be a result of the difference in the
definition of symptom. Our definition included con-
ditions lasting at least 2 months, but other studies
included only symptoms at the time of answering
questions without asking how long symptoms had
persisted. Furthermore, the difference in the defini-
tions used between cases and controls in the current
study caused the odds ratios of some symptoms
to be <I.

The first limitation of our study is that the re-
sults could be affected by recall bias, which is indi-
cated by U-shaped prevalences of 22 of 31 symptom
types. This bias might be explained by the evidence
that 30.6% of case-patients reported symptoms
>13 months after illness onset, and from evidence
that 38.2% of case-patients who reported having
that symptom only at the time of responding to
the questionnaire. Those biases could introduce an
underestimation of the prevalence of symptoms in
case-patients at each elapsed timepoint. Second,
the data obtained in this study were collected by
self-reporting method, and patients might not have
been able to decide whether their symptoms were
related to their COVID-19 diagnosis or another ill-
ness. Third, we did not include vaccination effects
in this study. Several studies showed the effective-
ness of vaccination against long COVID (27,28), but
in our study only a small number of case-patients
were vaccinated >2 times before COVID-19 diag-
nosis, suggesting that the results obtained in this
study were not largely biased by vaccination ef-
fect. Fourth, we compared long-term symptoms of
case-patients with those of controls sampled from
the general population of Sapporo, and that com-
parison might be biased if persons with certain de-
mographic characteristics were more likely to be
infected. Therefore, prevalences of symptoms for
case-patients might have been higher than those of
controls because of the difference in demographic
characteristics of the population, not because of
having SARS-CoV-2 infection.

In conclusion, among symptomatic case-patients,
fatigue, dyspnea, and neuropsychiatric symptoms
were key characteristics of COVID-19 sequelae over
time, but most common cold-like, gastrointestinal,
and dermatologic symptoms disappeared several
months after illness onset. Clinicians evaluating pa-
tients for potential long COVID should focus on sys-
temic, respiratory, and neuropsychiatric symptoms
associated with long-term sequelae of severe COV-
ID-19 and on ageusia, anosmia, and alopecia for pa-
tients who had mildly symptomatic cases.

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023



This work was supported by Japan Agency for Medical
Research and Development (grant no. JP20fk0108471)

and MHLW Special Research Program (grant no. JPMH-

20CA2046). The sponsors of the study had no role in study

design, data collection, data analyses, data interpretation,

or writing of the manuscript.

Acknowledgments
We thank Hidehiro Ozawa and Masami Iwama for

preparing the in-house COVID-19 registry, and assistance

in launching this study.

About the Author

Dr. Asakura is an academic fellow in the Department of
Public Health, Faculty of Medicine, Hokkaido University,

Sapporo, Hokkaido, Japan. His research focuses on infectious

disease epidemiology and mathematical modelling.

References

1.

Callard F, Perego E. How and why patients made long
Covid. Soc Sci Med. 2021;268:113426. https:/ / doi.org/
10.1016/j.socscimed.2020.113426

Munblit D, O'Hara ME, Akrami A, Perego E, Olliaro P,
Needham DM. Long COVID: aiming for a consensus.
Lancet Respir Med. 2022;10:632-4. https:/ /doi.org/10.1016/
52213-2600(22)00135-7

Soriano JB, Murthy S, Marshall JC, Relan P, Diaz JV; WHO
Clinical Case Definition Working Group on Post-COVID-19
Condition. A clinical case definition of post-COVID-19
condition by a Delphi consensus. Lancet Infect Dis. 2022;
22:€102-7. https:/ /doi.org/10.1016 /51473-3099(21)00703-9
Sandmann FG, Tessier E, Lacy J, Kall M, Van Leeuwen E,
Charlett A, et al. Long-term health-related quality of life in
non-hospitalized coronavirus disease 2019 (COVID-19)
cases with confirmed severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection in England:
longitudinal analysis and cross-sectional comparison with
controls. Clin Infect Dis. 2022;75:962-73. https:/ /doi.org/
10.1016/10.1093 / cid / ciac151

Stephenson T, Pinto Pereira SM, Shafran R, de Stavola BL,
Rojas N, McOwat K, et al.; CLoCk Consortium. Physical and
mental health 3 months after SARS-CoV-2 infection (long
COVID) among adolescents in England (CLoCk): a national
matched cohort study. Lancet Child Adolesc

Health. 2022;6:230-9. https:/ / doi.org/10.1016/
52352-4642(22)00022-0

Bull-Otterson L, Baca S, Saydah S, Boehmer TK, Adjei S,
Gray S, et al. Post-COVID conditions among adult
COVID-19 survivors aged 18-64 and 265 years — United
States, March 2020-November 2021. MMWR Morb Mortal
Wkly Rep. 2022;71:713-7. https:/ / doi.org/10.15585/
mmwr.mm7121el

Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ.
6-month neurological and psychiatric outcomes in 236379
survivors of COVID-19: a retrospective cohort study using
electronic health records. Lancet Psychiatry. 2021;8:416-27.
https:/ /doi.org/10.1016/52215-0366(21)00084-5

Davis HE, Assaf GS, McCorkell L, Wei H, Low R]J, Re’'em Y,
et al. Characterizing long COVID in an international cohort:

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 29, No. 5, May 2023

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Case—Control Study of Long COVID, Sapporo, Japan

7 months of symptoms and their impact. EClinicalMedicine.
2021;38:101019. https:/ /doi.org/10.1016/j.eclinm.2021.101019
Fernandez-de-las-Penas C, Palacios-Cefia D,
Goémez-Mayordomo V, Florencio LL, Cuadrado ML,
Plaza-Manzano G, et al. Prevalence of post-COVID-19
symptoms in hospitalized and non-hospitalized COVID-19
survivors: a systematic review and meta-analysis. Eur ] Intern
Med. 2021;92:55-70. https:/ / doi.org/10.1016/].€jim.2021.06.009
Han Q, Zheng B, Daines L, Sheikh A. Long-term sequelae
of COVID-19: A systematic review and meta-analysis of
one-year follow-up studies on post-COVID symptoms.
Pathogens. 2022;11:269. https:/ /doi.org/10.3390/
pathogens11020269

Kohler S, Gargano M, Matentzoglu N, Carmody LC,
Lewis-Smith D, Vasilevsky NA, et al. The human phenotype
ontology in 2021. Nucleic Acids Res. 2021;49(D1):D1207-17.
https:/ /doi.org/10.1093/nar/ gkaal043

Ministry of Health, Labour and Welfare, Japan. Clinical
management of patients with COVID-19: a guide for front-
line healthcare workers, version 7.2 [cited 2022 Jul 12].
https:/ /www.mhlw.go.jp/content/000936655.pdf

WuY, Kang L, Guo Z, Liu ], Liu M, Liang W. Incubation
period of COVID-19 caused by unique SARS-CoV-2 strains:
a systematic review and meta-analysis. JAMA Netw Open.
2022;5:€2228008. https:/ /doi.org/10.1001/
jamanetworkopen.2022.28008

Wilson EB. Probable inference, the law of succession, and
statistical inference. ] Am Stat Assoc. 1927;22:209-12.
https:/ /doi.org/10.1080/01621459.1927.10502953

Seabold S, Perktold J. Statsmodels: econometric and
statistical modeling with Python, 2010 [cited 2022 May 22].
https:/ /conference.scipy.org/ proceedings/scipy2010/
seabold.html

Hagberg AA, Swart PJ, S Chult DA. Exploring network
structure, dynamics, and function using Networkx [cited
2022 May 22]. https:/ /www.osti.gov/servlets/purl/960616
Hojyo S, Uchida M, Tanaka K, Hasebe R, Tanaka Y,
Murakami M, et al. How COVID-19 induces cytokine storm
with high mortality. Inflamm Regen. 2020;40:37.

https:/ /doi.org/10.1186/s41232-020-00146-3

Kumar A, Narayan RK, Prasoon P, Kumari C, Kaur G,
Kumar S, et al. COVID-19 mechanisms in the human body —
what we know so far. Front Immunol. 2021;12:693938.
https:/ /doi.org/10.3389/ fimmu.2021.693938

Zhang P, Li], Liu H, Han N, Ju ], Kou Y, et al. Long-term
bone and lung consequences associated with hospital-
acquired severe acute respiratory syndrome: a 15-year
follow-up from a prospective cohort study. Bone Res.
2020;8:8. https:/ /doi.org/10.1038 /s41413-020-0084-5

Wu Q, Zhou L, Sun X, Yan Z, Hu C, Wu ], et al. Altered lipid
metabolism in recovered SARS patients twelve years after
infection. Sci Rep. 2017;7:9110. https:/ /doi.org/10.1038/
$41598-017-09536-z

Blomberg B, Mohn KGI, Brokstad KA, Zhou F,

Linchausen DW, Hansen BA, et al.; Bergen COVID-19
Research Group. Long COVID in a prospective cohort of
home-isolated patients. Nat Med. 2021;27:1607-13.

https:/ /doi.org/10.1038 /s41591-021-01433-3

Bauer L, Laksono BM, de Vrij FMS, Kushner SA,
Harschnitz O, van Riel D. The neuroinvasiveness,
neurotropism, and neurovirulence of SARS-CoV-2. Trends
Neurosci. 2022;45:358-68. https:/ /doi.org/10.1016/
j.tins.2022.02.006

Silva Andrade B, Siqueira S, de Assis Soares WR,

de Souza Rangel F, Santos NO, Dos Santos Freitas A, et al.
Long-COVID and post-COVID health complications: an

965



RESEARCH

up-to-date review on clinical conditions and their possible
molecular mechanisms. Viruses. 2021;13:700.
https://doi.org/10.3390/v13040700

24. Rossi A, Magri F, Michelini S, Sernicola A, Muscianese M, 27.
Caro G, et al. New onset of alopecia areata in a patient with
SARS-CoV-2 infection: possible pathogenetic correlations?
J Cosmet Dermatol. 2021;20:2004-5. https:/ /doi.org/
10.1111/jocd. 14080

25. Menni C, Valdes AM, Polidori L, Antonelli M, PenamakuriS,  28.
Nogal A, et al. Symptom prevalence, duration, and risk of
hospital admission in individuals infected with SARS-CoV-2
during periods of omicron and delta variant dominance:
a prospective observational study from the ZOE COVID
Study. Lancet. 2022;399:1618-24. https:/ /doi.org/10.1016/

periods: a systematic review and meta-analysis. Clin
Microbiol Infect. 2022;28:657-66. https:/ /doi.org/10.1016/
j.cmi.2022.01.014

Taquet M, Dercon Q, Harrison PJ. Six-month sequelae of
post-vaccination SARS-CoV-2 infection: a retrospective
cohort study of 10,024 breakthrough infections. Brain
Behav Immun. 2022;103:154-62. https:/ /doi.org/10.1016/
j-bbi.2022.04.013

Pfaff ER, Girvin AT, Bennett TD, Bhatia A, Brooks IM,
Deer RR, et al.; N3C Consortium. Identifying who has long
COVID in the USA: a machine learning approach using
N3C data. Lancet Digit Health. 2022;4:e532-41.

https:/ /doi.org/10.1016/52589-7500(22)00048-6

26.

966

S0140-6736(22)00327-0

Alkodaymi MS, Omrani OA, Fawzy NA, Shaar BA,
Almamlouk R, Riaz M, et al. Prevalence of post-acute
COVID-19 syndrome symptoms at different follow-up

Address for correspondence: Kimura Takashi, Hokkaido

University, Kita 15, Nishi 7, Kita-ku, Sapporo 060-8638, Japan;
email: kimura@med.hokudai.ac.jp

January 2023

Vectorborne Infections

e Comprehensive Review of Emergence
and Virology of Tickborne Bourbon Virus
in the United States

e Multicenter Case—Control Study of
COVID-19-Associated Mucormycosis
Outbreak, India

* Role of Seaports and Imported Rats in
Seoul Hantavirus Circulation, Africa

o Risk for Severe lliness and Death among
Pediatric Patients with Down Syndrome
Hospitalized for COVID-19, Brazil

e Molecular Tools for Early Detection of
Invasive Malaria Vector Anopheles
stephensi Mosquitoes

e Integrating Citizen Scientist Data into the
Surveillance System for Avian Influenza
Virus, Taiwan

¢ Widespread Exposure to Mosquitoborne
California Serogroup Viruses in Caribou,
Arctic Fox, Red Fox, and Polar Bears,
Canada

e Genomic Confirmation of Borrelia garinii,
United States

¢ Seroepidemiology and Carriage of
Diphtheria in Epidemic-Prone Area and Im-
plications for Vaccination Policy, Vietnam

* Akkermansia muciniphila Associated
with Improved Linear Growth among
Young Children, Democratic Republic of
the Congo

e Genomic Epidemiology Linking
Nonendemic Coccidioidomycosis to Travel

¢ High SARS-CoV-2 Seroprevalence after Sec-
ond COVID-19 Wave (October 2020-April
2021), Democratic Republic of the Congo

e Human Immunity and Susceptibility to
Influenza A(H3) Viruses of Avian, Equine,
and Swine Origin

e Risk for Severe COVID-19 Outcomes
among Persons with Intellectual
Disabilities, the Netherlands

e Effects of Second Dose of SARS-CoV-2 Vacci-
nation on Household Transmission, England

¢ COVID-19 Booster Dose Vaccination
Coverage and Factors Associated with
Booster Vaccination among Adults,
United States, March 2022

e Pathologic and Immunohistochemical
Evidence of Possible Francisellaceae
among Aborted Ovine Fetuses, Uruguay

® Bourbon Virus Transmission, New York, USA

e Genomic Microevolution of Vibrio
cholerae 01, Lake Tanganyika Basin, Africa

e Plasmodium falciparum pfhrp2 and pfhrp3
Gene Deletions in Malaria-Hyperendemic
Region, South Sudan

e Burden of Postinfectious Symptoms after
Acute Dengue, Vietnam

e Survey of West Nile and Banzi Viruses in
Mosquitoes, South Africa, 2011-2018

e Detection of Clade 2.3.4.4b Avian
Influenza A(H5N8) Virus in Cambodia, 2021

e Using Serum Specimens for Real-Time
PCR-Based Diagnosis of Human
Granulocytic Anaplasmosis, Canada

e Photobacterium damselae subspecies
damselae Pneumonia in Dead,
Stranded Bottlenose Dolphin,

Eastern Mediterranean Sea

e Early Warning Surveillance for SARS-CoV-2
Omicron Variants, United Kingdom,
November 2021-September 2022

o Efficient Inactivation of Monkeypox
Virus by World Health Organization—
Recommended Hand Rub Formulations
and Alcohols

EMERGING
INFECTIOUS DISEASES

To revisit the January 2023 issue, go to:

https://wwwnc.cdc.gov/eid/articles/issue/29/1/table-of-contents

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 29, No. 5, May 2023



