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Abstract

Background: Respiratory symptoms are associated with coronavirus disease 2019 (COVID-19) outcomes. However,
the impacts of upper and lower respiratory symptoms on COVID-19 outcomes in the same population have not been
compared. The objective of this study was to characterize upper and lower respiratory symptoms and compare their
impacts on outcomes of hospitalized COVID-19 patients.

Methods: This was a multicenter, retrospective cohort study; the database from the Japan COVID-19 Task Force was
used. A total of 3314 COVID-19 patients were included in the study, and the data on respiratory symptoms were col-
lected. The participants were classified according to their respiratory symptoms (Group 1: no respiratory symptoms,
Group 2: only upper respiratory symptoms, Group 3: only lower respiratory symptoms, and Group 4: both upper and
lower respiratory symptoms). The impacts of upper and lower respiratory symptoms on the clinical outcomes were
compared. The primary outcome was the percentage of patients with poor clinical outcomes, including the need
for oxygen supplementation via high-flow oxygen therapy, mechanical ventilation, and extracorporeal membrane
oxygenation or death.

Results: Of the 3314 COVID-19 patients, 605, 1331, 1229, and 1149 were classified as Group 1, Group 2, Group 3,
and Group 4, respectively. In univariate analysis, patients in Group 2 had the best clinical outcomes among all groups
(odds ratio [OR]: 0.21, 95% confidence interval [C]]: 0.11-0.39), while patients in Group 3 had the worst outcomes
(OR:3.27,95% Cl: 2.43-4.40). Group 3 patients had the highest incidence of pneumonia, other complications due to
secondary infections, and thrombosis during the clinical course.
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Conclusions: Upper and lower respiratory tract symptoms had vastly different impacts on the clinical outcomes of

COVID-19.

Keywords: SARS-CoV-2 infection, COVID-19, Upper respiratory tract symptoms, Lower respiratory tract symptoms,

Primary care

Background

The most common symptoms of coronavirus disease
2019 (COVID-19) are cough, myalgia, and headache [1].
Additionally, various symptoms including gastrointesti-
nal symptoms (diarrhea), dysgeusia, and dysosmia have
been reported in COVID-19 patients [2, 3]. Of the 1.3
million patients reported by the Centers for Disease Con-
trol and Prevention (CDC) at the end of May 2020, 14%
were hospitalized, 2% were treated in the intensive care
unit (ICU), and 5% died [2, 4]. In recent years, several
predictive tools have been proposed and used to identify
patients prone to severe disease based on epidemiologi-
cal, clinical, and laboratory characteristics [5, 6]. Primary
physicians need to identify patients prone to severe out-
comes based on limited clinical information and direct
them to the appropriate higher-level medical facilities.
Data on respiratory symptoms can be easily obtained
during patient visits and could be crucial for primary care
physicians.

Upper respiratory symptoms were reported to be pre-
sent more frequently in COVID-19 than in the influenza
virus infection [7, 8]. While sore throat and nasal dis-
charge were reported in approximately 14.4% and 7.7%
of the cases [9], respectively, dysgeusia or dysosmia were
observed in 62% of the cases and were considered typi-
cal upper respiratory symptoms [8, 10]. Angiotensin-con-
verting enzyme 2 (ACE2) receptors are highly expressed
in the nasal epithelium, acting as entry and replication
points for severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) [11], causing dysfunction of the olfac-
tory neurons and taste buds and resulting in dysgeusia
or dysosmia [12], although the exact mechanism is still
unknown [13]. Additionally, dysosmia and dysgeusia
were associated with the medical history of COVID-
19 patients [12—15], with a higher incidence in younger
adults and women with no comorbidities [12]. Dysos-
mia and dysgeusia occur in more than half of COVID-19
patients [8, 10]; however, previous studies have revealed
an incidence of 4% in hospitalized patients [12, 16]. Thus,
there could be an inverse association between dysosmia/
dysgeusia and favorable clinical outcomes [13-15].

In the context of lower respiratory symptoms, a sys-
tematic review of 152 previous studies suggested cough
as the most common symptom of COVID-19, occurring
in approximately 50% of the cases [9]. Other lower respir-
atory symptoms such as sputum production and dyspnea

were observed in approximately 25-30% of the cases [9].
Lower respiratory symptoms of cough and dyspnea indi-
cate pneumonia and are associated with severe clinical
outcomes [2, 6, 17, 18]. Additionally, some studies have
suggested that cough and sputum production during the
clinical course were caused by secondary bacterial infec-
tions [19, 20].

Hence, we hypothesized that these respiratory symp-
toms could be related to the clinical outcomes. However,
no reports have compared the effect of both upper and
lower respiratory symptoms on clinical outcomes. The
aim of this present study was to investigate the impact
of respiratory symptoms on the clinical outcomes of
patients hospitalized with COVID-19.

Methods

Study design and settings

In this retrospective cohort study, data were collected
from the Japan COVID-19 Task Force database from
February 2020 to November 2021. The Japan COVID-19
Task Force collected clinical information on patients with
COVID-19 aged>18 years and diagnosed by polymer-
ase chain reaction test or antigen test from 78 hospitals
nationwide in Japan [21, 22]. Of the 3431 patients identi-
fied, 117 patients were excluded due to unknown respira-
tory symptoms, and thus, 3314 patients were included
in the analysis (Additional file 1: Fig. S1). This study was
approved by the Ethics Committee of Keio University
School of Medicine (ID: 20200061), and written or oral
informed consent was obtained. The study was con-
ducted in accordance with the 1964 Declaration of Hel-
sinki and its later amendments.

Definition of respiratory symptoms

Sore throat, nasal discharge, dysosmia, and dysgeu-
sia were categorized as upper respiratory symptoms,
while cough, sputum production, and dyspnea were cat-
egorized as lower respiratory symptoms. Based on the
presence of upper or lower respiratory symptoms, the
enrolled patients were classified into four groups as fol-
lows: Group 1: patients with no respiratory symptoms at
all during the clinical course; Group 2: patients with only
upper respiratory symptoms; Group 3: patients with only
lower respiratory symptoms; and Group 4: patients with
both upper and lower respiratory symptoms. The pres-
ence of all symptoms was reported subjectively by the
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patients, and the corresponding data were collected by
the health care provider through medical interviews.

Data collection

The following patient data were obtained from the elec-
tronic case record form: age, sex, body mass index,
number of days in the hospital, comorbidities, clinical
symptoms and signs, laboratory and radiographic find-
ings, complications after hospitalization, and medications
administered during hospital stay (remdesivir, antibiot-
ics, steroids, tocilizumab, baricitinib, and anti-coagulant
drugs). In this study, poor clinical outcomes were defined
as the need for oxygen supplementation via high-flow
oxygen therapy, mechanical ventilation, and extracorpor-
eal membrane oxygenation (ECMO) or death [22, 23]. All
laboratory tests and radiography were performed within
48 h of the initial visit or admission based on the clinical
care needs of the patients. The primary outcome was the
percentage of patients with poor clinical outcomes.

Statistical analysis

For baseline variables, we reported categorial variables as
frequencies and proportions and continuous variables as
mean and standard error. Data were compared among the
four groups using the chi-square test, ANOVA, and Dun-
nett’s test. In Dunnett’s tests, Group 1 was used as a con-
trol and was compared with the other groups. To assess
the association between respiratory symptoms and poor
clinical outcomes, we performed univariate analysis and
calculated the odds ratio (OR). Data are presented as OR
with 95% confidence interval (95% CI). Statistical signifi-
cance was set at p<0.05. To investigate the relationship
between each group and poor prognosis, we performed a
multivariable logistic regression analysis to adjust for pre-
viously reported factors [24—30]. Specifically, the models
were adjusted for patient characteristics, such as age, sex,
body mass index (BMI), smoking history, and comorbidi-
ties (hypertension, diabetes, cardiovascular disease and
chronic kidney disease). We presented the adjusted odds
ratio (aOR) with a 95% CI. Statistical significance was set
at p<0.05. All data were analyzed using the JMP 16 pro-
gram (SAS Institute Japan Ltd., Tokyo, Japan).

Results

Comparison of baseline characteristics between the four
groups stratified by respiratory symptoms

Table 1 shows the clinical characteristics of each group.
Among the 3314 COVID-19 patients, 605 patients had
no respiratory symptoms (Group 1). There were 2709
COVID-19 patients with respiratory symptoms, includ-
ing 331 patients with only upper respiratory symptoms
(Group 2), 1229 patients with only lower respiratory
symptoms (Group 3), and 1149 patients with both upper
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and lower respiratory symptoms (Group 4). On com-
paring the clinical characteristics of patients in the four
groups, parameters such as age and the incidence of
hypertension, diabetes, cardiovascular disorders, and
chronic kidney disease, generally associated with the
severity of COVID-19 [24-28], were significantly lower
in Groups 2 and 4 than in Group 1 (p <0.05). The propor-
tion of males and patients with a higher BMI, considered
factors associated with severe outcomes of COVID-19
[29, 30], was significantly higher in Group 3.

Laboratory results of the patients in the four groups

The clinical laboratory findings of the enrolled patients
are presented in Table 1. Patients in Group 3 had higher
levels of white blood cells, neutrophils, aspartate ami-
notransferase (AST), alanine aminotransferase (ALT),
HbAlc, and ferritin; neutrophil lymphocyte ratio (NLR);
and Krebs von den Lungen-6 values (all p <0.05) than the
patients in Group 1. Conversely, albumin (Alb), blood
urea nitrogen, uric acid, HbAlc, and Krebs von den
Lungen-6 levels (all p<0.05) of Group 2 patients were
significantly lower than those of Group 1 patients. The
lactate dehydrogenase (LDH) levels in Group 2 patients
were significantly lower than those of Group 1 patients,
whereas LDH levels were significantly higher in Group 3
and 4 patients than in Group 1 patients.

Upper and lower respiratory symptoms of the patients

in the four groups

In Group 2, most patients (58.9%) suffered from only one
upper respiratory symptom. The frequency decreased
as the number of symptoms increased, with only four
patients (1.2%) developing all four upper respiratory
symptoms (Fig. 1a). The most common upper respira-
tory symptom was sore throat (149 cases), followed
by dysgeusia (145 cases) and dysosmia (134 cases). The
incidence of nasal discharge was the lowest (74 cases)
(Fig. 1b). The details of lower respiratory symptoms were
as follows: 549 (44.6%) patients developed only one lower
respiratory symptom, 464 (37.8%) developed two symp-
toms, and 216 (17.6%) patients developed all lower res-
piratory symptoms (Fig. 1c). Among these, cough was the
most frequent symptom (988 cases), followed by dyspnea
(695 cases) and sputum production (443 cases) (Fig. 1d).
The most common symptoms in all groups, excluding
respiratory presentations, were fever, fatigue, and diar-
rhea (Additional file 1: Table S1). In Group 4 patients, all
systemic symptoms, except bloody stools, were signifi-
cantly more frequently noted than in Group 1 patients.
In contrast, only fever and fatigue were more prevalent in
Group 3 patients.
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Table 1 Main clinical characteristics of each group
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All (n=3314) Group 1 (n=605) Group2(n=331) Group3(n=1229) Group4(n=1149) pvalue
Age, years 5654175 62.0+186 4824192 6024157 5214163 <0.00013="7c="
Sex (Male), % 67 655 59.8 713 65.4 00001 >="
BMI 248448 239449 235441 252449 252448 <0.00016="7c=""
Days of onset 574+40 435438 464433 629441 6.18+£40 <00001P="7c=""
Smoker, % 148 122 16.2 133 175 0.0090°="
Hypertension, % 335 413 21 404 258 <0.0001%="/c="
Diabetes, % 21 222 15.2 258 16.8 <0.0001°8="7c="
Cardiovascular disor-  10.2 137 49 13 6.9 <0.00072="/c="
ders, %
COPD, % 41 39 31 5.7 28 0.0031
Chronic kidney 94 46 88 44 <0.00018="e="
disease, %
Cancer, % 66 94 52 58 64 001753 =" ="/e="
Hyperuricemia, % 99 1.2 7.3 10.8 9.1 0.1456
Chronic liver disease, 4.3 48 3.1 46 42 0.6131
%
Asthma, % 72 53 58 76 82 0.1056
Fever, % 80.7 723 715 817 86.7 <0.0001P="7c=""
WBC (/uL) 57718428738 556004 2495.1 5371.826044 6266.3 = 3406.3 546644 2399.6 <00001°=""
Neutrophil (/uL) 45842410,509.2 39162422824 36482422044 5530.7 414943 41908441908 00013°="
Lymphocytes (/ul) 11452423421 1126045560 1250045958 1127.043326.0 11453 41920.1 0.8689
Neutrophil lympho-  6.13£17.0 485470 364436 7274110 6294259 00018°="
cyte ratio
Eosinophil (/uL) 42341849 57141535 58241887 36842589 3614655 0.0429
AST (U/L) 4304585 3894769 36.14985 47.1449.1 4274373 0.0040°="
ALT (1U/L) 3964715 3294382 39941905 4214459 4044385 0.0755°="
T-B (mg/dL) 07404 07404 07403 0.7+05 06403 0.1603
y-GTP (IU/L) 69.0+87.5 5574675 475463.1 75.7490.1 7474975 <0.0001°="7e=""
Alb (mg/dL) 37406 38406 41405 35406 38406 <0.00013=""7b="
BUN (mg/dL) 1694118 1814128 144488 18941311 149499 <0.00012="/c="
Cr (mg/dL) 11413 11416 1017 11414 10410 0.0220°="
LDH (U/L) 292241532 255941311 22264915 333841760 286341382 *f/co‘ogma:**/b:
UA (mg/dL) 49418 52419 48417 49419 47416 0.0002%="/c="
HbATc (%) 64+13 63+£14 60£10 66+14 62412 <0.000713="P=""
CRP (mg/dL) 574277 38451 27440 68469 644465 0.0286
Procalcitonin (ng/mL) 06417.2 02411 02408 144285 02406 0.3982
D-dimer (ug/mL) 22479 23484 12421 31£110 14435 <0.0001
Ferritin (ng/mL) 628.0+760.1 518048804 390944977 758.1+7684 611247225 <00001°="
BNP (pg/mL) 5482874 55541463 2184513 89.14436.1 2504914 0.0004
KL-6 (1U/L) 328743263 300943376 235141162 393.54402.2 299.14249.1 <000012="P="

Data are shown as mean + standard Deviation (SD)

BMI body mass index, COPD chronic obstructive pulmonary disease, WBC white blood cell, AST aspartate aminotransferase, ALT alanine aminotransferase, T-B total
bilirubin, Alb albumin, BUN blood urea nitrogen, Cr creatinine, LDH lactate dehydrogenase, UA uric acid, CRP C-reactive protein, BNP brain natriuretic peptide, KL-6

Krebs von den Lungen-6

2 Comparison of patients in group 1 versus group 2

b Comparison of patients in group 1 versus group 3

€ Comparison of patients in group 1 versus group 4

*p<0.05**p<0.01
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a. Ratio of positive rates for upper
respiratory symptoms in Group 2

ma All
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Total = 331

c. Ratio of positive rates for lower
respiratory symptoms in Group 3
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Fig. 1 Details of upper and lower respiratory symptoms. a Ratio of upper respiratory symptoms in Group 2. Of 331 patients in Group 2, 136 patients
(41.1%) developed two or more upper respiratory symptoms at the same time. b Number of patients with each upper respiratory symptom in
Group 2. Of 331 patients in Group 2, 149 patients developed sore throat, the most frequent upper respiratory symptom. Dysosmia and dysgeusia
were also as common as sore throat. ¢ Ratio of lower respiratory symptoms in Group 3. Of 1229 patients in Group 3, 549 patients (44.6%) developed
a single lower respiratory symptom. d Number of patients with each lower respiratory symptom in Group 3. Of 1229 patients in Group 3, 988
patients presented with cough and 695 patients with dyspnea. The frequency of sputum production was the lowest
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Radiographic findings of the patients in the four groups

In chest X-ray images, ground-glass opacities (GGO)
and infiltrated shadows were significantly more frequent
in Group 3 and 4 patients than in Group 1 patients (all
p<0.01), whereas these were less frequent in Group 2
patients than in Group 1 patients (p<0.01). Addition-
ally, GGO and infiltrated shadows in chest CT scans were
more frequent in Group 3 and 4 patients than in Group 1
patients (Fig. 2).

Treatment of the patients in the four groups

The summary of the therapeutic agents (remdesivir,
antibiotics, steroids, tocilizumab, baricitinib, and anti-
coagulant drugs) used in each group during the hospital
stay is presented in Table 2. The patients in Group 2 were
administered drugs less frequently than those in Group
1, with the exception of tocilizumab and baricitinib,
whereas the patients in Group 3 received all drugs more
frequently than those in Group 1. The patients in Group
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Fig. 2 Comparison of chestimages among the four groups. a, b Proportions of patients with ground-glass opacities and infiltrative shadows on
chest X-ray images among the four groups. ¢, d Proportions of patients with ground-glass opacities and infiltrative shadows on chest computed
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Table 2 Treatment of each respiratory symptoms group

All (n=3314) Group 1 Group 2 Group 3 Group 4 p value
(n=605) (n=331) (n=1229) (n=1149)

Remdesivir, % 358 24 164 469 359 <0,000713="/b="/c=""
Antibiotics, % 232 203 12.7 306 20.1 <0.00012="/b="
Steroids, % 504 38.1 246 64.7 492 <0000713="/b="r/c=""
Tocilizumab, % 98 5 33 152 85 <0.0001°=""/c=""
Baricitinib, % 52 314 143 536 429 0.0014°="
Anti-coagulant drugs, % 293 21 14 413 254 <0.00012=""/b="/c="

Data are shown as mean =+ standard deviation

@ Comparison of patients in group 1 versus group 2
b Comparison of patients in group 1 versus group 3
€ Comparison of patients in group 1 versus group 4
*p<0.05 **p<0.01

4 were administered therapeutic agents, except antibiot-
ics and baricitinib, more frequently than those in Group
1.

Impact of respiratory symptoms on clinical outcomes

Poor clinical outcomes (using high-flow oxygen therapy,
invasive mechanical ventilation (IMV), ECMO, or death)
were observed in 321 cases (9.8%) in Group 1, 11 cases
(3.3%) in Group 2, 321 cases (26.1%) in Group 3, and 161
cases (14.0%) in Group 4 (Fig. 3a). Compared to Group 1
in univariate analysis, Group 2 had a significantly lower
severity rate, and Groups 3 and 4 had a significantly
higher severity rate. While Group 2 was associated with a
better prognosis [OR (95% CI)=0.21 (0.11-0.39)], Group
3 and 4 patients had the highest risk for severe disease
[OR (95% CI)=3.27 (2.43-4.40) and 1.51 (1.10-2.07)]
(Fig. 3b). However, in the multivariate logistic regres-
sion analysis, which adjusted for patient characteristics

and comorbidities, the significant difference between
the prognosis of Group 1 and Group 2 disappeared
[aOR=0.65 (0.31-1.34)]. In contrast, Groups 3 and 4
remained significantly associated with a poor prognosis
in the multivariate analysis [aOR (95% CI)=4.53 (3.12—
6.59) and 2.62 (1.76—3.90)] (Fig. 3c). In univariate analysis
of treatments among the four groups, percentage of high-
flow oxygen therapy was significantly lower in Group 2
and significantly higher in Groups 3 and 4 as compared
to that in Group 1. Group 2 patients had a significantly
lower rate of IMV use, and Group 3 patients were asso-
ciated with increased rates of IMV and ECMO use as
compared to those in Group 1. In a similar analysis, no
significant differences were found for mortality among
the four groups (Additional file 1: Fig. S2). Analysis of
complications showed that percentages of bacterial infec-
tions were lower in Group 2 and higher in Group 3, when
compared to Group 1. Moreover, Group 2 patients had a
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Fig. 3 Relevance to clinical prognosis and percentage of complications in each group during in-patient treatment of COVID-19. a Univariate
analysis of the proportion of poor prognosis cases in each group. b Comparison of odds ratios for poor clinical outcomes in each group. ¢
Multivariate logistic regression analysis of the relationship between respiratory symptoms and critical outcomes in the whole cohort (adjusted
for age, sex, BMI, smoking history and comorbidities (hypertension, cardiovascular disease, chronic kidney disease and chronic liver disease). d
Univariate analysis of the proportion of patients with bacterial infection in each group. e Univariate analysis of the proportion of patients with
heart failure in each group. f Univariate analysis of the proportion of patients with acute kidney injury in each group. g Univariate analysis of the

significantly lower frequency of acute kidney injury, and
Group 3 patients had a significantly higher incidence of
thrombosis than Group 1 patients (Fig. 3d—g).

Relevance of clinical outcomes and respiratory symptoms
In the univariate analysis of the association of respira-
tory symptoms and clinical prognosis, all of the upper

respiratory symptoms were good prognostic factors,
whereas all of the lower respiratory symptoms were poor
prognostic factors. Dysosmia (OR=0.32 [0.23-0.46]) was
the most favorable clinical factor, and dyspnea (OR=5.56
[4.53-6.81]) was the worst risk factor associated with
poor outcomes among respiratory symptoms. Interest-
ingly, as the number of upper respiratory symptoms
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increased, the clinical course became better. Conversely,
a higher incidence of lower respiratory symptoms was
associated with a poorer prognosis (Fig. 4).

Discussion

This is a large-scale study of the association between the
clinical outcomes of COVID-19 and respiratory symp-
toms. In this study, we characterized the clinical course
of patients and classified them into four groups based on
their respiratory symptoms. We report that upper res-
piratory symptoms are favorable prognostic factors, and
lower respiratory symptoms are poor factors, similarly
to previous studies [2, 13, 15, 17]. Additionally, our study
provided two novel findings with clinical relevance. First,
we identified that patients with only lower respiratory
symptoms had a worse clinical course than those with
both upper and lower respiratory symptoms. Second,
this study is the first to show the association between the
numbers and types of respiratory symptoms and clinical
outcomes in COVID-19 patients. This study suggests bet-
ter clinical outcomes with upper respiratory symptoms
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and worse clinical outcomes with lower respiratory
symptoms. This study demonstrated the importance of
conducting a respiratory symptoms interview in the pri-
mary care of COVID-19.

The appearance of symptoms in COVID-19 is known
to be influenced by age and sex, with otorhinolaryngolog-
ical symptoms being more common in younger patients;
systemic symptoms such as fever, malaise, and anorexia
being more common in older patients; and dysosmia,
headache, nasal obstruction, and fatigue more common
in women [31]. Moreover, several previous studies have
revealed that upper respiratory symptoms are associated
with favorable clinical outcomes [13, 15]. Similar to pre-
vious studies, our study suggested that all upper respira-
tory symptoms were favorable prognostic factors. Upper
respiratory symptoms have been reported to be highly
common in mild outpatient cases of COVID-19 [32, 33].
Additionally, in the Delta and Omicron variants, mild
upper respiratory symptoms, for instance nasal discharge
and sneezing, appear more frequently [34]. In our study,
upper respiratory symptoms were less frequent than

a. _ :
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Cough e
Sputum - g a——
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Fig. 4 Relevance of symptoms in clinical prognosis. a Forest plot of odds ratios associated with poor clinical prognosis among respiratory
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those in the previous studies [32—34]. This is because
this study focused on hospitalized patients and excluded
the period after November 2021, when infections with
Omicron variants were common. Moreover, this study
suggested that olfactory dysfunction was associated with
the best prognosis among upper respiratory symptoms.
In summary, conducting a medical interview of patients
with respect to their respiratory symptoms can be use-
ful for clinicians in primary care to predict the disease
severity.

Among the lower respiratory symptoms of COVID-19
evaluated in this study, cough occurred most frequently,
and all symptoms of the lower respiratory tract were
associated with a severe clinical prognosis, similar to the
results of previous studies [2, 4, 17, 18]. There are two
reasons for this. First, patients in Groups 3 and 4 showed
GGO and infiltrated shadows on chest X-ray images and
CT scans more frequently. Several studies have shown a
relationship between the extent of pneumonia on chest
X-ray images or CT scans and the clinical prognosis
[35-39]. Lower respiratory symptoms were considered
to reflect the presence of pneumonia as a poor prognos-
tic factor. It would be useful to predict pneumonia based
on only medical interviews of the respiratory symp-
toms observed. Second, patients in Group 3 had bacte-
rial infections and embolism more frequently than those
in other groups. Both bacterial infections and embolism
with COVID-19 were reported to worsen clinical out-
comes [40-43], and these complications may affect the
prognosis of patients with lower respiratory symptoms
alone. Additionally, patients in Groups 2 and 4 had a sig-
nificantly lower incidence of comorbidities associated
with severe outcomes such as diabetes, hypertension,
and cardiovascular disease. However, patients in Group
3, with the worst prognosis, had a significantly differ-
ent incidence of comorbidities associated with severe
outcomes, except sex and BMI, as compared to that of
Group 1 patients. As Fig. 3c shows, lower respiratory
symptoms were a poor prognostic factor, independent of
comorbidities associated with poor clinical outcome, and
lower respiratory symptoms were useful markers in pre-
dicting the severity of COVID-19. In contrast, our multi-
variate analysis showed that upper respiratory symptoms
were not an independent risk factor for poor outcomes
in patients with COVID-19, and the better prognosis in
Group 2 may have resulted from the lower incidence of
comorbidities associated with severe disease, as sug-
gested by previous studies [12, 13].

In the laboratory data, NLR, AST, ALT, and ferritin
levels associated with poor clinical outcomes were sig-
nificantly elevated in patients in Group 2, consistent
with previous reports [44—47]. In addition, Alb, LDH,
and HbAlc values improved in Group 2 patients with
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good prognosis, whereas they worsened in Group 3
patients with poor prognosis. [47, 48]

Several studies have confirmed that SARS-CoV-2 uses
human ACE?2 as a receptor to enter host cells [49, 50].
These proteins were highly expressed in the nasal epi-
thelium, and their levels were downregulated through-
out the lower respiratory tract and type II alveolar cells
in the lung [51]. Thus, SARS-CoV-2 may enter through
the nasal epithelium followed by entry into the lungs
by inhalation, triggering pneumonia. Additionally, ele-
vated ACE2 expression is expected to increase the viral
load. Some studies have shown that a high viral load
is associated with death and disease severity [52, 53];
thus, increased expression of ACE2 could lead to poor
prognosis. Moreover, ACE2 expression is higher in the
lungs of males than of females as shown by single cell
RNA-seq [54]. Thus, the significantly higher proportion
of males in Group 3 with poor prognosis may have been
due to a higher ACE2 expression. In addition, obesity
and smoking significantly increase ACE2 expression in
the lungs and bronchial epithelium [55, 56]; this could
further explain the higher rates of obesity and smoking
in Groups 3 and 4 with lower respiratory symptoms.
The lower frequency of these comorbidities in Groups
2 and 4 may be because SARS-CoV-2 accumulated and
proliferated in the upper respiratory tract, where ACE2
expression was the highest. Interestingly, patients in
Group 3 had a worse prognosis than patients in Group
4. Thus, elevated ACE2 expression in the lower respira-
tory tract could prevent the restriction of SARS-CoV-2
to the upper respiratory tract, resulting in poor prog-
nosis. However, the association of ACE2 expression
and COVID-19 severity has not been reported [57], and
various complex factors are assumed to be involved in
the severity of COVID-19.

Our study has several limitations. First, this study
included only hospitalized patients with COVID-19,
which might have resulted in a biased sample due to the
high severity of the disease. Patients with only upper
respiratory symptoms were often treated as mild cases.
Therefore, the population in Group 2 may not adequately
reflect the clinical characteristics of COVID-19 patients
with only upper respiratory symptoms. Second, several
previous studies used objective scoring tools to assess
olfactory and taste disorders [58, 59], but this study
included information from only medical interviews,
which may be less accurate for symptoms. Additionally,
in COVID-19, there are some cases of rapid and severe
respiratory failure without dyspnea characterized by
silent hypoxia [60]. Although the prognosis of asymp-
tomatic cases was relatively better, clinicians should not
solely rely on interviews and use biomarkers such as
those measured using pulse oximetry. Further studies are
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needed to address these limitations and develop optimal
treatment strategies in the near future.

Conclusions

Based on the stratification of respiratory symptoms into
upper and lower respiratory symptoms using medical
interviews, clinicians may be able to predict the pres-
ence of pneumonia, clinical course, and complications
of COVID-19. Especially in primary care, this easily
obtained information is considered an important clinical
tool.
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