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Coronavirus disease 2019 (COVID-19) is associated with various symptoms and changes in hematological
and biochemical variables. However, clinical features, which can differentiate COVID-19 from
non-COVID-19, are not clear. We therefore examined the key clinical features of COVID-19 and
non-COVID-19 patients. This study included 60 COVID-19 patients and 100 non-COVID-19 patients,
diagnosed by PCR, and no significant differences in the age and sex were seen between the two groups.
The frequencies of fatigue, loose stool, diarrhea, nasal obstruction, olfactory dysfunction, taste dysfunction,
underlying hyperlipidemia, and the prescription of angiotensin Il receptor blocker (ARB) were significantly
higher in COVID-19 patients than those in non-COVID-19 patients. The counts of leucocytes, neutrophils,
lymphocytes, eosinophils, monocytes, and basophils and the levels of chloride and calcium in blood of
COVID-19 patients were significantly lower than those of non-COVID-19 patients. The frequencies of
atypical lymphocytes and the levels of lactate dehydrogenase (LDH) and potassium were significantly
higher in COVID-19 than those in non-COVID-19. The C-reactive protein (CRP) level in COVID-19 patients
was significantly lower than that in non-COVID-19 patients, when we compared CRP levels among patients
with elevated CRP. This study is the first to indicate that electrolyte levels and the frequency of atypical
lymphocytes in COVID-19 are significantly different from those in non-COVID-19. Fatigue, loose stool,
diarrhea, nasal obstruction, olfactory dysfunction, and taste dysfunction were the key symptoms of COVID-
19. Furthermore, hyperlipidemia and ARB may be risk factors of COVID-19. In conclusion, leucocytes,
leucocyte fractions, CRP, LDH, and electrolytes are useful indicators for COVID-19 diagnosis.
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headache (Chen et al. 2020; Guan et al. 2020; Wang et al.

Introduction 2020; Wu et al. 2020a; Zhang et al. 2020). Yan et al. (2020)

The number of individuals with coronavirus disease examined the initial presentation of COVID-19 by analyz-
2019 (COVID-19) is currently increasing worldwide. The ing patients with influenza-like symptoms and found that
symptoms of this disease include fever, cough, fatigue, the frequencies of fever, ageusia, anosmia, headache, and

shortness of breath, myalgia, arthralgia, sore throat, and myalgia/arthralgia were significantly higher in the COVID-
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19 patients than those in the non-COVID-19 patients, diag-
nosed using polymerase chain reaction (PCR). However,
the prodrome of COVID-19 remains to be elucidated.

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) binds to angiotensinogen converting
enzyme 2 (ACE2) to enter host cells (Hoffmann et al.
2020). ACE2 is widely distributed in vivo, such as in nasal
cavity, oral cavity, lung, skin, heart, kidney, and intestine
(Bourgonje et al. 2020). While ACE2 polymorphisms have
been described in humans, genomic variants of SARS-
CoV-2 have also been reported (Devaux et al. 2020; Forster
et al. 2020; Shen et al. 2020). These suggest the diversity
of COVID-19 symptoms.

In a multicenter European study (Lechien et al. 2020),
olfactory and taste dysfunctions were reported in 85.6% and
88.8% of patients with COVID-19, respectively. Olfactory
and taste dysfunctions were reported as prevalent symptoms
of COVID-19 in Europe and North America (De Maria et
al. 2020; Lechien et al. 2020; Yan et al. 2020). However,
frequencies of olfactory and taste dysfunctions reported in
China were less than 6% (Chen et al. 2020; Cui et al. 2020;
Guan et al. 2020; Mao et al. 2020; Wang et al. 2020; Wu et
al. 2020a). Ikehara et al. (2020) also showed none of 21
patients with COVID-19 complained of olfactory dysfunc-
tion in Japan. It is therefore not clear whether olfactory and
taste dysfunction is important in many countries.

The clinical results of patients, such as the levels of
C-reactive protein (CRP) in the blood, appear to be the
important markers for assessing the severity of COVID-19
(Kermali et al. 2020). Laboratory findings from blood sam-
ples can also be used to differentiate COVID-19 from other
diseases (Ferrari et al. 2020; Li et al. 2020c). Li et al.
(2020c) compared the clinical results of patients positive
and negative for COVID-19 by PCR analysis and found
that the combination of eosinopenia with increased CRP
level could be used to triage effectively suspected COVID-
19 patients from other patients presenting fever. Ferrari et
al. (2020) also compared the laboratory findings of these
two groups of patients and found that blood tests could help
in identifying for COVID-19. However, studies that com-
paratively analyze the clinical results from patient blood
samples, such as the direct comparison between the clinical
results of patients with positive and negative PCR analysis
results, have been reported little. It also remains unclear
whether laboratory findings on different clinical parameters
can be used to identify and confirm COVID-19 on the first
day of clinical examination.

Angiotensin (Ang) II acts on the adrenal cortex, and
stimulates the release of the aldosterone. Aldosterone
increases fluid and sodium retention by the kidney (Patel et
al. 2017). ACE2 also play an important role to maintain
fluid and electrolyte balance, because ACE2 changes Ang 11
to Ang-(1-7) (Cohen et al. 2020). Additionally, Dos-Santos
et al. (2017) showed that intracerebroventricular injection
of Ang-(1-7) increased water intake after osmotic stimu-
lates. Furthermore, SARS-CoV-2 induces downregulation

of ACE2 expression and shedding from the cell surface,
resulting in an increase of Ang Il and a decrease of Ang-(1-
7) (Cohen et al. 2020). These suggest that serum electrolyte
balance is affected by COVID-19, although the effect of
Ang-(1-7) on serum electrolytes is unclear (Dos-Santos et
al. 2017). Lippi et al. (2020) found that the levels of
sodium, potassium, and calcium in severe COVID-19
patients were significantly higher than those in non-severe
patients. However, the timing of blood collection was not
clear. Additionally, to the best of our knowledge, a direct
comparison between the serum levels of sodium, potassium,
and calcium in COVID-19-positive and -negative patients
has not yet been performed. It is therefore currently unclear
whether electrolyte imbalance can be used as an indicator
of COVID-19 on the first day of examination in patients.

Both false-positive and false-negative PCR results
have been reported in the testing of COVID-19. Li et al.
(2020a) reported a false-negative rate of approximately
20% in PCR. Tests with a sensitivity of 90% have also
been assumed (West et al. 2020). Additionally, Fang et al.
(2020) reported a low sensitivity for PCR. Furthermore,
health care workers have potential exposures to COVID-19
by PCR. There is, therefore, an urgent need to identify
symptoms and clinical results that can be used to help dif-
ferentiate COVID-19 from other diseases with similar
symptoms. In this study, we compared the symptoms and
hematological and biochemical parameters of patients diag-
nosed as COVID-19 and non-COVID-19, judged by the
PCR analysis.

Methods

Study design and participants

This study comprises a single-center retrospective
analysis of patients with COVID-19 PCR analysis upon
their first medical examination. COVID-19 PCR tests were
performed in patients with COVID-19-like symptoms, such
as fever, cough, fatigue, shortness of breath, myalgia,
arthralgia, sore throat, olfactory dysfunction, taste dysfunc-
tion, and headache or those who have contacts with patients
with COVID-19. All patients positive for COVID-19 by
PCR analysis before May 15, 2020 (between February 14
and May 15, 2020) were included. One hundred patients
negative for COVID-19 by PCR analysis were counted
backwards to May 15, 2020 (between April 25 and May 15,
2020), and these 100 non-COVID-19 patients were
included. The clinical data of these patients were collected
from their medical records at the Nagoya City East Medical
Center. This study was approved by the Research Ethics
Committee of Nagoya City East Medical Center (20-04-
310).

Symptoms

The prevalence of the recent symptoms, including
fever, fatigue, cough, sore throat, shortness of breath, myal-
gia or arthralgia, headache, olfactory dysfunction, taste dys-
function, nasal discharge, nasal obstruction, sneeze, abnor-
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mal sensation in the throat, nausea or vomiting, loose stool,
diarrhea, dizziness, sputum discharge, abdominal pain, otal-
gia, redness of the skin, frequent urination, edema of the
arms, and legs, and chest pain upon the patients’ first medi-
cal examination was examined.

Laboratory findings in blood

The levels of leucocytes, neutrophils, lymphocytes,
eosinophils, monocytes, basophils, CRP, glutamic oxalo-
acetic transaminase (GOT), glutamic pyruvic transaminase
(GPT), blood urea nitrogen (BUN), creatinine, lactate dehy-
drogenase (LDH), sodium, potassium, chloride, and cal-
cium in the blood upon their first medical examination day
were examined.

Underlying diseases and medication

The prevalence of hypertension, diabetes, coronary
heart disease, hyperlipidemia, and asthma upon the patients’
first medical examination were examined. We also exam-
ined the medication prescribed before the onset of COVID-
like symptoms: angiotensin II receptor blocker (ARB),
angiotensin-converting enzyme inhibitor (ACE inhibitor),
calcium antagonist, diuretic, nonsteroidal anti-inflammatory
drug (NSAID), inhaled steroid, and oral steroid.

Statistical analysis
Results are expressed as the mean + standard error of

the mean (SEM). A statistical comparison between the two
groups was performed using the Chi-squared test for sex,
symptoms, underlying diseases, medicines, blood types,
and existence of laboratory data change and Mann-Whitney
U test for age and levels of laboratory findings. P < 0.05
was used to indicate significant differences between results.

Results

Participant characteristics

Sixty patients (33 men and 27 women; age, 9-88 years;
mean age, 51.4 + 2.7 years) comprised the COVID-19
group, as judged by PCR-positive results. One hundred
patients (54 males and 46 females; age, 16-95 years; mean
age, 46.4 = 2.1 years) comprised the non-COVID-19 group,
as judged by PCR-negative results. The mean body tem-
peratures of the COVID-19 (PCR-positive) and non-
COVID-19 (PCR-negative) groups were 37.1°C £+ 0.1 and
37.3°C £ 0.1, respectively. There were no significant differ-
ences in the age, sex, or body temperature between the pos-
itive and negative groups.

Prevalence of symptoms on the first medical examination
day

As shown in Table 1, the frequencies of fatigue, loose
stool, diarrhea, and nasal obstruction in COVID-19 patients
were significantly higher than those in non-COVID-19
(PCR-negative) patients.

Table 1. The frequencies of symptoms on the first medical examination day.

% (Number)

Symptom PCR-positive PCR-negative P value
Fever 83.3% (50) 83.0% (83) 0.96
Fatigue 48.3% (29) 23.0% (23) <0.001
Cough 55.0% (33) 42.0% (42) 0.11
Sore throat 21.7% (13) 26.0% (26) 0.54
Shortness of breath 13.3% (8) 8.0% (8) 0.28
Myalgia or Arthralgia 13.3% (8) 12.0% (12) 0.81
Headache 21.7% (13) 19.0% (19) 0.68
Nasal discharge 8.3% (5) 16.0% (16) 0.16
Nasal obstruction 10.0% (6) 1.0% (1) <0.01
Sneeze 0.0% (0) 2.0% (2) 0.27
Abnormal sensation in the throat 8.3% (5) 2.0% (2) 0.13
Nausea or Vomiting 5.0% (3) 3.0% (3) 0.67
Loose stool 13.3% (8) 2.0% (2) <0.01
Diarrhea 38.3% (23) 15.0% (15) <0.001
Dizziness 5.0% (3) 2.0% (2) 0.29
Sputum 16.7% (10) 14.0% (14) 0.65
Abdominal pain 5.0% (3) 3.0% (3) 0.13
Otalgia 0.0% (0) 0.0% (0)
Redness of the skin (Erythema) 1.7% (1) 2.0% (2) 0.88
Frequent urination 33% (2) 0.0% (0) 0.07
Edema of the arms and legs 1.7% (1) 0.0% (0) 0.20
Chest pain 1.7% (1) 6.0% (6) 0.19

Symptoms of 60 COVID-19 PCR-positive patients and 100 non-COVID-19 patients
(PCR-negative) were examined.
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Table 2. The frequencies of olfactory dysfunction and taste dysfunction.

% (Number/Total patients)

Symptom PCR-positive PCR-negative P value
Olfactory dysfunction 59.4% (19/32) 8.0% (8/100) <0.0001
Taste dysfunction 56.3% (18/32) 13.0% (13/100) <0.0001

Only 32 COVID-19 PCR-positive patients, who were inquired about olfactory and taste
dysfunctions, were considered in the analysis, because we started inquiring the patients
about olfactory and taste dysfunctions after April 5, 2020.

Table 3. The frequencies of the underlying diseases and medicines.

% (Number)

PCR-positive PCR-negative P value
The underlying diseases
Hypertension 28.3% (17) 16.0% (16) 0.06
Diabetes 16.7% (10) 9.0% (9) 0.15
Coronary heart disease 13.3% (8) 7.0% (7) 0.18
Hyperlipidemia 21.7% (13) 8.0% (8) <0.05
Asthma 10.0% (6) 7.0% (7) 0.50
The type of medicine
ARB 15.0% (9) 5.0% (5) <0.05
ACE inhibitor 1.7% (1) 1.0% (1) 0.71
Calcium antagonist 13.3% (8) 9.0% (9) 0.39
Diuretic 6.7% (4) 3.0% (3) 0.27
NSAID 8.3% (5) 5.0% (5) 0.40
Inhaled steroid 6.7% (4) 4.0% 4) 0.45
Oral steroid 1.7% (1) 3.0% (3) 0.60
Inhaled or oral steroid 8.3% (5) 7.0% (7) 0.76

The underlying diseases and medicines of 60 COVID-19 PCR-positive patients and 100
non-COVID-19 (PCR-negative) patients were examined.

ARB, angiotensin II receptor blocker; ACE inhibitor, angiotensin-converting enzyme
inhibitor; NSAID, nonsteroidal anti-inflammatory drug.

Olfactory dysfunction and taste dysfunction were
examined in 32 of 60 patients with COVID-19 (20 males
and 12 females; age, 9-66 years; mean age, 40.8 = 2.9
years) because we started inquiring the patients about olfac-
tory and taste dysfunctions after April 5, 2020. The fre-
quencies of olfactory dysfunction and taste dysfunction in
32 COVID-19 patients were significantly higher than those
in 100 non-COVID-19 (PCR-negative) patients (Table 2).
However, no patient complained of olfactory or taste dys-
function before we started inquiring about these, suggesting
the importance of the interview about olfactory and taste
dysfunction.

Associated underlying diseases and medication

We examined the underlying diseases and the medica-
tion prescribed. The frequency of hyperlipidemia was sig-
nificantly higher in the COVID-19 group than in the non-
COVID-19 (PCR-negative) group (Table 3). However,
there were no significant differences between the two
groups with respect to the frequencies of hypertension, dia-

betes, coronary heart disease, and asthma. The frequency
of ARB prescription to treat clinical conditions, such as
hypertension and heart failure, was also significantly higher
in the COVID-19 group than in the non-COVID-19 (PCR-
negative) group (Table 3).

Laboratory data on the first medical examination day

The data of leucocytes and leucocyte fractions in blood
are shown in Table 4. The counts of leucocytes in the
COVID-19 group was significantly lower than that in the
non- COVID-19 (PCR-negative) group. The mean of leu-
cocytes in non-COVID-19 (PCR-negative) group was
higher than normal range, but the mean of leucocytes in the
COVID-19 group was in the normal range. The percentage
of patients with leucocyte counts above the normal range in
the PCR-positive group was also significantly lower than
that in the PCR-negative group. The percentage of patients
with a leucocyte count below the normal range in the
COVID-19 group was significantly higher than that in the
PCR-negative group. Next, we examined differential count
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Table 4. Laboratory finding of leucocytes on the first medical examination day.

Paragraph PCR-positive PCR-negative P value
Leucocytes (normal range 3,500-8,000 per uL)
Counts (cells/uL) 5,160 £ 196 8,285 +431 <0.0001
Increased (No./total patients) 6.7% (4/60) 34.9% (29/83) <0.0001
Decreased (No./total patients) 8.3% (5/60) 1.2% (1/83) <0.05
Neutrophils (normal range 45.6-72.7%)
% in leucocytes 757+ 11.7 653+1.5 0.54
Increased (No./total patients) 23.7% (14/59) 33.7% (28/83) 0.20
Decreased (No./total patients) 5.1% (3/59) 3.6% (3/83) 0.67
Counts (cells/uL) 3,780 + 429 5,615+ 379 <0.0001
Lymphocytes (normal range 20.2-45.2%)
% in leucocytes 245+ 1.3 23.5+1.2 0.54
Increased (No./total patients) 3.3% (2/59) 3.6% (3/83) 0.93
Decrease (No./total patients) 32.2% (19/59) 43.4% (36/83) 0.18
Counts (cells/uL) 1,236 + 77 1,747 + 86 <0.0001
Finding of atypical lymphocytes
% (No./total No. of patients) 16.9% (10/59) 3.0% (3/83) <0.01
Eosinophils (normal range 0.8-8.4%)
% in leucocytes 0.95+0.18 2.26 +0.51 <0.001
Increased (No./total patients) 0.0% (0/59) 2.4% (2/83) 0.23
Decreased (No./total patients) 47.5% (28/59) 30.1% ( 25/83) <0.05
Counts (cells/uL) 49+8 211 + 86 <0.0001
Monocytes (normal range 2.0-7.5%)
% in leucocytes 9.6 +0.5 7.8+0.3 <0.01
Increased (No./total patients) 66.1% (39/59) 49.4% (41/83) <0.05
Decreased (No./total patients) 0.0% (0/59) 5.1% (3/83) <0.0001
Counts (cells/uL) 491 +30 636 +£42 <0.05
Basophils (normal range 0.3-1.9%)
% in leucocytes 0.25 +0.04 0.43 +0.04 <0.001
Increased (No./total patients) 0.0% (0/59) 1.2% (1/83) 0.40
Decreased (No./total patients) 62.7% (37/59) 32.5% (27/83) <0.001
Counts (cells/uL) 13.1+24 293+2.7 <0.0001
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Leucocytes of 60 COVID-19 PCR-positive patients and 83 COVID-19 PCR-negative patients
were examined. Leucocyte fractions of 59 COVID-19 PCR-positive patients and 83 non-
COVID-19 (PCR-negative) patients were also examined.

of leucocytes. The cell counts of neutrophils, lymphocytes,
eosinophils, monocytes, and basophils in the COVID-19
group was significantly lower than that in the PCR-negative
group. The percentages of basophils in leucocytes of
COVID-19 group were significantly lower than those of the
PCR-negative group. However, the percentages of mono-
cytes in leucocytes of COVID-19 group were significantly
higher than those of the PCR-negative group, and the num-
ber of COVID-19 patients with higher proportion of mono-
cytes in leucocytes than the normal range was significantly
more than that of non-COVID-19 patients. Additionally,
the percentage of patients with atypical lymphocytes in the
COVID-19 group was significantly higher than that in the
PCR-negative group.

Laboratory data of CRP, GOT, GPT, BUN, creatinine,
and LDH in blood are shown in Table 5. The CRP titer in
the COVID-19 group did not differ significantly from that
in the non-COVID-19 (PCR-negative) group. However, the
CRP titer in the COVID-19 group was significantly lower
than that in the PCR-negative group when we examined
only patients with increased CRP levels. The titers of GOT
and LDH in the COVID-19 group were significantly higher
than those in the PCR-negative group.

Laboratory findings of serum electrolytes are shown in
Table 6. The titer of potassium in the COVID-19 group
was significantly higher than that in the negative group.
Increased potassium levels were observed in only three
COVID-19 patients. The percentage of patients with potas-
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Table 5. Laboratory data of CRP, GOT, GPT, BUN, creatinine, and LDH on the first medical
examination day.

Paragraph PCR-positive PCR-negative P Value
C-reactive protein (CRP, normal range 0.0-0.3 mg/dL)
Level (mg/dL) 2.8+0.5 4.1+£0.7 0.99
Increased (No./total patients) 63.3% (38/60) 52.7% (49/83) 0.19
Level of only patients with
increased CRP titer (mg/dL) 42+0.7 7.0£1.0 <0.05
Glutamic oxaloacetic transaminase (GOT, normal range 13-33 U/L)
Level (U/L) 324+24 31.3+3.7 <0.01
Increased (No./total patients) 30.0% (18/60) 18.1% (15/83) 0.09
Glutamic pyruvic transaminase (GPT, normal range 6-27 U/L)
Level (U/L) 29.4+2.6 32.5+34 0.56
Increased (No./total patients) 30.0% (18/60) 34.9% (29/83) 0.54
Blood urea nitrogen (BUN, normal range 8.0-22.0 mg/dL)
Level (mg/dL) 147+ 1.0 12.78 £ 0.6 0.14
Increased (No./total patients) 10.0% (6/60) 6.0% (5/83) 0.38
Creatinine (normal range 0.40-0.70 mg/dL)
Level (mg/dL) 0.87 +0.04 0.85+0.06 0.41
Increased (No./total patients) 30.0% (18/60) 16.9% (14/83) 0.06
Lactate dehydrogenase (LDH, normal range 119-229 U/L)
Levels (U/L) 249 + 13 203+ 10 <0.001
Increased (No./total patients) 25.0% (15/60) 18.1% (15/83) 0.32

Laboratory data of CRP, GOT, GPT, BUN, creatinine, and LDH of 60 COVID-19 PCR-positive
patients and 83 COVID-19 PCR-negative patients were examined.

Table 6. Laboratory findings of electrolytes on the first medical examination day.

Paragraph PCR-positive PCR-negative P value
Sodium (normal range 138-146 mEq/L)
Level (mEq/L) 137.1+£0.7 138.0+0.4 0.30
Increased (No./total patients) 0.0% (0/59) 0.0% (0/83)
Decreased (No./total patients) 35.6% (21/59) 32.5% (27/83) 0.70
Potassium (normal range 3.6-4.9 mEq/L)
Level (mEq/L) 4.10 +0.06 3.93£0.04 <0.05
Increased (No./total patients) 5.1% (3/59) 0.0% (0/83) <0.05
Decreased (No./total patients) 3.4% (2/59) 18.1% (15/83) <0.01
Chloride (normal range 99-109 mEq/L)
Level (mEq/L) 101.3+1.3 103.4+04 <0.05
Increased (No./total patients) 0.0% (0/59) 1.2% (1/83) 0.40
Decreased (No./total patients) 11.9% (7/59) 10.8% (9/83) 0.85
Calcium (normal range 8.7-10.3 mg/dL)
Level (mg/dL) 8.82+£0.08 9.24£0.07 <0.0001
Increased (No./total patients) 0.0% (0/58) 1.2% (1/83) 0.40
Decreased (No./total patients) 32.2% (19/58) 6.0% (5/83) <0.0001

Levels of sodium, potassium, and chloride in 59 COVID-19 PCR-positive patients and 83
COVID-19 PCR-negative patients were examined. Levels of calcium in 58 COVID-19 PCR-
positive patients and 83 COVID-19 PCR-negative patients were also examined.
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Table 7. Laboratory finding and pneumonia on the first medical examination day.

Paragraph Pneumonia-positive Pneumonia-negative P value
Neutrophils
% in leucocytes 81.2+14.9 56.3+22 <0.01
Level (cells/uL) 4,076 + 540 2,736 +232 <0.05
Lymphocytes
% in leucocytes 23.0+1.5 29.7+£2.2 <0.05
(normal range 20.2-45.2%)
Decrease (No./total patients) 37.0% (17/46) 7.7% (1/13) <0.05
Monocytes
% in leucocytes 9.0+0.5 11.8£1.0 <0.05
(normal range 2.0-7.5%)
Increased (No./total patients) 37.0% (17/46) 84.6% (11/13) <0.01
C-reactive protein (CRP)
Level (mg/dL) 34+0.6 0.6+0.3 <0.001
(normal range 0.0-0.3 mg/dL)
Increased (No./total patients) 69.6% (32/46) 21.4% (3/14) <0.01
Lactate dehydrogenase (LDH)
Level (U/L) 266 £ 16 194 £ 15 <0.01

Neutrophils, lymphocytes, and monocytes of 46 COVID-19 patients with pneumonias and 13
COVID-19 patients without pneumonias were examined. Levels of CRP and LDH in 46
COVID-19 patients with pneumonias and 14 COVID-19 patients without pneumonias were

also examined.

sium levels below the normal range in the COVID-19 group
was also significantly lower than that in the PCR-negative
group. The titers of chloride and calcium in the COVID-19
group was significantly lower than that in the PCR-negative
group. The percentage of patients with calcium levels
below the normal range in the COVID-19 group was also
significantly higher than that in the PCR-negative group.

The incubation periods

We examined the incubation period after contact with
patients with COVID-19 since the exact incubation period
was not clear. Among the 60 COVID-19 patients, 21
patients had an episode of contact with patients with
COVID-19. In these patients, the incubation period was 5.1
+ 0.3 days (range, 2-8 days).

Prevalence of pneumonia

Forty-six (76.7%) of the 60 COVID-19 patients had
pneumonia at the first medical examination. Thirty-four
patients had pneumonia in both the lungs. Twelve patients
had pneumonia in one lung. Nine patients had right-sided
pneumonia, and two of them developed pneumonia in both
the lungs during treatment. Three patients had left-sided
pneumonia.

Relationship between pneumonia and laboratory findings
The association between the frequency of pneumonia
and laboratory findings of COVID-19 patients at the first

medical examination was examined (Table 7). The neutro-
phil count, CRP level, and LDH level in patients with pneu-
monia were significantly higher than those in patients with-
out pneumonia. There were also significant differences of
the percentage of neutrophils, lymphocytes, and monocytes
in leucocytes between patients with and without pneumo-
nia. Additionally, significant relationships were observed
between the frequency of pneumonia and the frequencies of
patients with decreased lymphocyte, increased monocytes,
or increased CRP.

ABO blood group

We evaluated the frequency of ABO blood types
among the subjects. The frequency of the AB blood type
was significantly lower in the COVID-19 group than in the
non-COVID-19 (PCR-negative) group (Table 8).

Progress after the first medical examination in patients with
COVID-19

Fifty-six of 60 patients were hospitalized, and four
patients were forced to stay at home. Five COVID-19
patients underwent endotracheal intubation. Two COVID-
19 patients underwent tracheostomy. Three patients died.
Three patients were transferred to different hospitals for
extracorporeal membrane oxygenation therapy. Fifty
patients were discharged after showing an improvement.
The mean length of hospital stay was 16.9 £ 1.5 days
(range, 4-61 days). Conditions were also cured in all
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Table 8. The frequencies of blood types.

% (Number/Total patients)

Blood type PCR-positive PCR-negative P value
A 50.0% (14/28) 33.3% (8/24) 0.23
B 14.3% (4/28) 25.0% (6/24) 0.33
AB 0.0% (0/28) 16.7% (4/24) <0.05
o 35.7% (10/28) 25.0% (6/24) 0.40

Blood type of 28 COVID-19 PCR-positive patients and 24 COVID-19 PCR-

negative patients were examined.

Table 9. The frequency of pneumonia.

PCR-positive

% (Number/Total patients)

PCR-negative P value

Pneumonia 76.7% (46/60)

47.0% (47/100) <0.001

The frequencies of pneumonia in 60 COVID-19 PCR-positive patients and 100
COVID-19 PCR-negative patients were examined.

patients, who were forced to stay at home, and COVID-19
PCR-negative conversions were confirmed in these patients.

One patient had a recurrence of COVID-19, which was
confirmed by PCR testing, 16 days after hospital discharge;
this patient had twice tested negative on PCR tests per-
formed before hospital discharge. Additionally, this patient
had fever and was hospitalized again.

Diagnosis and progress of non-COVID-19 patients

Forty-seven of the 100 non-COVID-19 patients were
diagnosed with pneumonia. Additionally, 52, 15, 15, 10, 2,
and 2 of the 100 non-COVID-19 patients were diagnosed
with upper respiratory inflammation, gastroenteritis, bron-
chitis, myositis/arthritis, urinary tract infection, and cervical
lymphadenitis, respectively. There were patients who have
two or three underlying diseases. Alcoholic hepatitis,
appendicitis, congestive heart failure, or ovarian cancer was
also observed in a certain patient. Importantly, the fre-
quency of pneumonia was significantly lower in the non-
COVID-19 group than in the COVID-19 group (Table 9, P
< 0.001). None of the patients had undergone endotracheal
intubation and tracheostomy. Apart from cancer, all other
diseases/conditions had been cured in 99 patients. There
have been no cases of patient death to date.

Discussion

In this study, the frequencies of fatigue, loose stool,
diarrhea, nasal obstruction, olfactory dysfunction, and taste
dysfunction in COVID-19 patients were significantly higher
than those in the non-COVID-19 patients. However, Yan et
al. (2020) showed no significant differences of fatigue, diar-
rhea, and nasal obstruction between COVID-19 PCR-
positive and COVID-19 PCR-negative groups. Although
the reasons for this discrepancy between our and their
results are unclear, there are several possibilities. First,
symptoms may differ between countries due to differences
in climate, ethnic groups, and subtypes of SARS-CoV-2.

Phylogenetic network analysis recently suggested that the
subtypes of SARS-CoV-2 may differ between East Asia,
Europe, and North America (Forster et al. 2020). Second,
population was different. Yan et al. (2020) examined
patients with influenza-like symptoms, although we exam-
ined patients with possibilities of COVID-19. They
reported that 26% non-COVID-19 patients had fever,
whereas 83% non-COVID-19 patients had fever in our
study.

Recent studies reported that olfactory and taste dys-
functions were prevalent and important symptoms of
COVID-19 in Europe and North America (De Maria et al.
2020; Lechien et al. 2020; Yan et al. 2020). However, low
frequencies of olfactory and taste dysfunctions were
reported in China and Japan (De Maria et al. 2020; Lechien
et al. 2020; Yan et al. 2020; Ikehara et al. 2020). In our
study, 59.4% of patients complained of olfactory dysfunc-
tion at the first medical examination day only after we
started inquiring about this specific symptom, even though
no patient complained of this symptom before we started
inquiring about it. Lack of awareness of olfactory loss is
common (Croy et al. 2014; Suzuki et al. 2018). Many
patients do not notice olfactory dysfunction themselves.
They often notice olfactory dysfunction only when pointed
out by a family member or an acquaintance. Additionally,
patients notice olfactory dysfunction only if they con-
sciously try to smell an odor, and most patients who visit a
hospital with other symptoms have not yet noticed any
olfactory dysfunction. This may be a possible explanation
for the observed differences in the prevalence of this symp-
tom. Furthermore, olfactory test seems to help patients to
notice olfactory dysfunction, and this may increase the per-
centage of complaint of olfactory dysfunction. Therefore,
clinicians should inquire patients about the existence of
olfactory dysfunction and perform olfactory tests, which are
important in identifying olfactory dysfunction in patients
with COVID-19.
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Lipid rafts rich in cholesterol can harbor ACE2 recep-
tors, which SARS-CoV-2 can bind to (Radenkovic et al.
2020). High cholesterol levels are associated with a higher
concentration of lipid rafts and an increase in the binding of
SARS-CoV-2 (Radenkovic et al. 2020). To the best of our
knowledge, the direct comparison of the hyperlipidemia
status between patients who tested positive and negative for
COVID-19 in PCR tests has not been reported. This study
showed that the percentage of COVID-19 patients with
hyperlipidemia was significantly higher than that of non-
COVID-19 patients with hyperlipidemia, which suggests
that hyperlipidemia serves as a risk factor for COVID-19.

The present study showed that the frequency of ARB
prescription was significantly higher in the COVID-19
group than in the non-COVID-19 group. Although the
underlying mechanism cannot be elucidated easily, the
effect of ARBs on ACE2 may play a role. ARBs have been
reported to enhance ACE2 expression in rats (Ferrario et al.
2005; Jessup et al. 2006). Although based on guidelines
provided by the WHO, changes in antihypertensive therapy
under the current COVID-19 pandemic are not recom-
mended before compelling evidence is published in favor of
such changes, the findings of the current study suggest that
ARBs may increase the risk of COVID-19 in humans.

In the present study, the cell counts of leucocytes, neu-
trophils, lymphocytes, eosinophils, monocytes, and baso-
phils were found to be significantly decreased in COVID-
19 patients, which is consistent with the results reported by
Li et al. (2020c) and Ferrari et al. (2020). This study also
showed that the levels of LDH in the blood were signifi-
cantly increased in COVID-19 patients, which is consistent
with the findings of Ferrari’s study (2020). Taken together,
these findings suggest that an increase in the LDH levels
accompanied by a decrease in the levels of leucocytes, neu-
trophils, lymphocytes, eosinophils, monocytes and baso-
phils in the blood is indicative of COVID-19. However, the
percentages of monocytes in leucocytes of COVID-19
group were significantly higher than those of the non-
COVID-19 group, and the number of COVID-19 patients
with higher proportion of monocytes in leucocytes than the
normal range was significantly more than that of non-
COVID-19 patients. This suggests that COVID-19 reduces
monocytes counts, but increase the proportion of monocytes
in leucocytes, although Li and Ferrari did not examine the
percentage of leucocyte fractions. The average level of leu-
cocytes in COVID-19 patients was also in the normal range
in our study, whereas that in non-COVID-19 was more than
the normal range. The percentage of patients with leuco-
cytes above the normal range in the COVID-19-positive
group was significantly lower than that in the negative
group. These suggest that leucocyte counts, which are not
more than the normal range, suspect COVID-19.

Weinberg et al. (2020) and Gérard et al. (2020)
observed atypical lymphocytes in patients with COVID-19.
However, atypical lymphocytes have also been observed in
patients with other infections. We therefore compared this

marker between the COVID-19 and non-COVID-19 groups.
We found that the percentage of atypical lymphocytes in the
blood of COVID-19 patients was higher than that in the
blood of non-COVID-19 patients.

Ferrari et al. (2020) found that the CRP titer in the
COVID-19 group was significantly higher than that in the
non-COVID-19 group. Similarly, Li et al. (2020c) found
that the univariate model odds ratio (95% confidence inter-
val) of a CRP increase was 7.89 and that the combination of
eosinopenia with an elevated CRP could be used to effec-
tively triage suspected COVID-19 patients from other
patients. However, there were no significant differences in
the titer of CRP and the percentage of patients with
increased CRP between COVID-19 and non-COVID-19
patients in our study, although 63.3% COVID-19 patients
had an elevated CRP. Additionally, the CRP titer in the
COVID-19 patients with increased CRP level was signifi-
cantly lower than that in the non-COVID-19 patients with
increased CRP. This suggests that COVID-19 increases the
levels of CRP, while the degree of the CRP increase in
COVID-19 patients is weaker than that in patients with
other infectious diseases.

In the present study, the percentage of patients with
serum calcium levels below the normal range was signifi-
cantly higher in the COVID-19 group than in the non-
COVID-19 group. Moreover, the level of calcium in
COVID-19 patients was significantly lower than that in the
non-COVID-19 patients. This is consistent with the study
of Lippi et al. (2020), who reported that the level of calcium
in the blood of severe COVID-19 patients was significantly
lower than that in patients with less severe COVID-19.
Lippi et al. (2020) also showed that the sodium levels in the
blood of severe COVID-19 patients were significantly
lower than in non-severe COVID-19 patients. Additionally,
our study showed that the serum sodium levels decreased
by over 30% in COVID-19 patients. Although it is not easy
to elucidate the underlying mechanism, hyponatremia may
be associated with increase of fluid retention by Ang II,
because COVID-19 downregulates ACE2 which converts
Ang II to Ang-(1-7) (Cohen et al. 2020). However, there
were no significant differences of blood sodium levels
between the COVID-19 and non-COVID-19 groups in the
present study. Hence, this suggests that both COVID-19
and other infectious diseases could decrease the levels of
sodium in blood, albeit Lippi et al. (2020) did not examine
the differences between COVID-19 and non-COVID-19
cases. Lippi et al. (2020) also showed no significant differ-
ences of chloride in blood between severe and non-severe
COVID-19, whereas we showed significant differences of
chloride between COVID-19 and non-COVID-19. In the
present study, the percentage of COVID-19 patients with
decreased potassium levels was significantly lower than in
non-COVID-19 patients. However, potassium levels above
the normal range were observed in only three COVID-19
patients, but not in non-COVID-19 patients. Additionally,
Kang et al. (1992) reported that the serum potassium levels
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decreased in patients with influenza, although it is impor-
tant to distinguish influenza from COVID-19. Taking these
results into account, the decrease in the potassium levels in
the blood of patients with COVID-19 may be smaller than
that in patients with other infections, such that an increase
in the potassium levels above the normal range may be
indicative of COVID-19. Furthermore, our results suggest
that the monitoring of electrolytes could help to confirm
suspected cases of COVID-19.

Recently, Mumm et al. (2020) showed that 7 male
patients out of 57 patients with COVID-19 had urinary fre-
quency, suggesting that it could be an important symptom
in the diagnosis of COVID-19 in male. In the present
study, two females complained of frequent urination, sug-
gesting that COVID-19 causes frequent urination not only
in male but also in female patients.

The association between sneezes and COVID-19 has
been inadequately reported. Sneezes are caused by various
diseases such as allergic rhinitis, and it is unclear whether
sneeze is common symptom or not. In the present study, no
patients complained of sneezes as the recent symptoms.
Considering this, we suggest that sneezes may be not com-
mon in COVID-19.

The CRP level is associated with disease severity and
mortality in patients with COVID-19 (Kermali et al. 2020).
However, it is unclear whether the laboratory findings, such
as CRP, are associated with the existence of pneumonia in
patients with COVID-19. This study showed that neutro-
phil, lymphocytes, monocytes, CRP, and LDH are markers
suggesting the existence of pneumonia in patients with
COVID-19.

Ang I is converted by the angiotensin-converting
enzyme-1 (ACEl) to Ang II. The ACE1 polymorphism
was shown to be correlated with the prevalence of COVID-
19 (Delanghe et al. 2020). It was also reported that the
variation in ACE1 was modulated by the ABO-blood group
locus (Gasso et al. 2014). Additionally, one human gene
variant that may explain differences of individual response
to COVID-19 lies in the region of the genome that deter-
mines ABO blood type (Callaway et al. 2020). These
results suggest that COVID-19 may be associated with
ABO blood type. It has been reported that patients with A
blood type have a higher risk of SARS-CoV-2 infection in
China (Fan et al. 2020; Li et al. 2020b; Wu et al. 2020D).
The frequency of the A blood type was higher in the
COVID-19 group than in the non-COVID-19 group in our
study, but the difference was not significant. On the other
hand, in USA, Latz et al. (2020) reported that A blood type
had no correlation with COVID-19, and B and AB blood
types were associated with higher odds of positive for the
disease. The frequency of the AB blood type was also sig-
nificantly lower in the COVID-19 group than in the non-
COVID-19 group in the present study. While it is not easy
to explain this discrepancy, the association between ABO
blood type and COVID-19 may differ between countries
due to differences in the subtypes of SARS-CoV-2, the

polymorphism of ACEI, ethnic groups, and so on.
Although, to our knowledge, no study examined the associ-
ation between ABO blood type and COVID-19 in Japan,
this study suggests that people with AB blood type may
have a decreased risk for infection with SARS-CoV-2 in
Japan.

In conclusion, we demonstrate that the symptoms and
clinical results of suspected COVID-19 cases upon their
first medical examination can provide a basis for the initial
identification and subsequent confirmation of COVID-19.
However, it is worth noting that the present study was lim-
ited by its small sample size. Therefore, further studies
with larger sample sizes will be needed to confirm and
develop this result.

Conflict of Interest
The authors declare no conflict of interest.

References

Bourgonje, A.R., Abdulle, A.E., Timens, W., Hillebrands, J.L.,
Navis, G.J., Gordijn, S.J., Bolling, M.C., Dijkstra, G., Voors,
A.A., Osterhaus, A.D., van der Voort, P.H., Mulder, D.J. & van
Goor, H. (2020) Angiotensin-converting enzyme 2 (ACE2),
SARS-CoV-2 and the pathophysiology of coronavirus disease
2019 (COVID-19). J. Pathol., 251, 228-248.

Callaway, E., Ledford, H. & Mallapaty, S. (2020) Six months of
coronavirus: the mysteries scientists are still racing to solve.
Nature, 583, 178-179.

Chen, N., Zhou, M., Dong, X., Qu, J., Gong, F., Han, Y., Qiu, Y.,
Wang, J., Liu, Y., Wei, Y., Xia, J., Yu, T., Zhang, X. & Zhang,
L. (2020) Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in Wuhan, China:
a descriptive study. Lancet, 395, 507-513.

Cohen, J.B., Hanff, T.C., Bress, A.P. & South, A.M. (2020) Rela-
tionship between ACE2 and other components of the renin-
angiotensin system. Curr. Hypertens. Rep., 22, 44.

Croy, L., Nordin, S. & Hummel, T. (2014) Olfactory disorders and
quality of life: an updated review. Chem. Senses, 39, 185-194.

Cui, C., Yao, Q., Zhang, D., Zhao, Y., Zhang, K., Nisenbaum, E.,
Cao, P., Zhao, K., Huang, X., Leng, D., Liu, C., Li, N., Luo, Y.,
Chen, B., Casiano, R., et al. (2020) Approaching otolaryn-
gology patients during the COVID-19 pandemic. Otolar-
yngol. Head Neck Surg., 163, 121-131.

De Maria, A., Varese, P., Dentone, C., Barisione, E. & Bassetti, M.
(2020) High prevalence of olfactory and taste disorder during
SARS-CoV-2 infection in outpatients. J. Med. Virol., doi:
10.1002/jmv.25995. [Epub ahead of print].

Delanghe, J.R., Speeckaert, M.M. & De Buyzere, M.L. (2020)
COVID-19 infections are also affected by human ACE1 D/I
polymorphism. Clin. Chem. Lab. Med., 58, 1125-1126.

Devaux, C.A., Rolain, J.JM. & Raoult, D. (2020) ACE2 receptor
polymorphism: susceptibility to SARS-CoV-2, hypertension,
multi-organ failure, and COVID-19 disease outcome. J.
Microbiol. Immunol. Infect., 53, 425-435.

Dos-Santos, R.C., Monteiro, L., Paes-Leme, B., Lustrino, D.,
Antunes-Rodrigues, J., Mecawi, A.S. & Reis, L.C. (2017)
Central angiotensin-(1-7) increases osmotic thirst. Exp.
Physiol., 102, 1397-1404.

Fan, Q., Zhang, W., Li, B., Li, D.J., Zhang, J. & Zhao, F. (2020)
Association between ABO blood group system and COVID-19
susceptibility in Wuhan. Front. Cell. Infect. Microbiol., 10,
404.

Fang, Y., Zhang, H., Xie, J., Lin, M., Ying, L., Pang, P. & Ji, W.
(2020) Sensitivity of chest CT for COVID-19: comparison to



Clinical Features of COVID-19

RT-PCR. Radiology, 296, E115-E117.

Ferrari, D., Motta, A., Strollo, M., Banfi, G. & Locatelli, M. (2020)
Routine blood tests as a potential diagnostic tool for COVID-
19. Clin. Chem. Lab. Med., 58, 1095-1099.

Ferrario, C.M., Jessup, J., Chappell, M.C., Averill, D.B., Bros-
nihan, K.B., Tallant, E.A., Diz, D.I. & Gallagher, P.E. (2005)
Effect of angiotensin-converting enzyme inhibition and angio-
tensin II receptor blockers on cardiac angiotensin-converting
enzyme 2. Circulation, 111, 2605-2610.

Forster, P., Forster, L., Renfrew, C. & Forster, M. (2020) Phyloge-
netic network analysis of SARS-CoV-2 genomes. Proc. Natl.
Acad. Sci. USA, 117, 9241-9243.

Gasso, P, Ritter, M.A., Mas, S. & Lafuente, A. (2014) Influence
of ABO genotype and phenotype on angiotensin-converting
enzyme plasma activity. J. Renin Angiotensin Aldosterone
Syst., 15, 580-584.

Gérard, D., Henry, S. & Thomas, B. (2020) SARS-CoV-2: a new
actiology for atypical lymphocytes. Br. J. Haematol., 189,
845.

Guan, W.J., Ni, Z.Y., Hu, Y., Liang, W.H., Ou, C.Q., He, J.X,, Liu,
L., Shan, H., Lei, C.L., Hui, D.S.C., Du, B., Li, L.J., Zeng, G.,
Yuen, K.Y., Chen, R.C., et al. (2020) Clinical characteristics
of coronavirus disease 2019 in China. N. Engl. J. Med., 382,
1708-1720.

Hoffmann, M., Kleine-Weber, H., Schroeder, S., Kriiger, N.,
Herrler, T., Erichsen, S., Schiergens, T.S., Herrler, G., Wu,
N.H., Nitsche, A., Miiller, M.A., Drosten, C. & P6éhlmann, S.
(2020) SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease
inhibitor. Cell, 181, 271-280. e278.

Ikehara, H., Gotoda, T. & Kusano, C. (2020) Chest computed
tomography for severe acute respiratory syndrome coronavirus
2 infection screening for COVID-19 before emergency and
elective upper endoscopy: a pilot study. Dig. Endosc., doi:
10.1111/den.13789. [Epub ahead of print].

Jessup, J.A., Gallagher, P.E., Averill, D.B., Brosnihan, K.B.,
Tallant, E.A., Chappell, M.C. & Ferrario, C.M. (2006) Effect
of angiotensin II blockade on a new congenic model of hyper-
tension derived from transgenic Ren-2 rats. Am. J. Physiol.
Heart Circ. Physiol., 291, H2166-2172.

Kang, E.S., Lee, H.J., Boulet, J., Myers, L.K., Cook, G.A. & Bean,
W. (1992) Potential for hepatic and renal dysfunction during
influenza B infection, convalescence, and after induction of
secondary viremia. J. Exp. Pathol., 6, 133-144.

Kermali, M., Khalsa, R.K., Pillai, K., Ismail, Z. & Harky, A. (2020)
The role of biomarkers in diagnosis of COVID-19: a system-
atic review. Life Sci., 254, 117788.

Latz, C.A., DeCarlo, C., Boitano, L., Png, C.Y.M., Patell, R.,
Conrad, M.F., Eagleton, M. & Dua, A. (2020) Blood type and
outcomes in patients with COVID-19. Ann. Hematol., 99,
2113-2118.

Lechien, J.R., Chiesa-Estomba, C.M., De Siati, D.R., Horoi, M.,
Le Bon, S.D., Rodriguez, A., Dequanter, D., Blecic, S., El
Afia, F., Distinguin, L., Chekkoury-Idrissi, Y., Hans, S.,
Delgado, I.L., Calvo-Henriquez, C., Lavigne, P., et al. (2020)
Olfactory and gustatory dysfunctions as a clinical presentation
of mild-to-moderate forms of the coronavirus disease
(COVID-19): a multicenter European study. Eur. Arch.
Otorhinolaryngol., 277, 2251-2261.

Li, D., Wang, D., Dong, J., Wang, N., Huang, H., Xu, H. & Xia, C.
(2020a) False-negative results of real-time reverse-transcrip-
tase polymerase chain reaction for severe acute respiratory
syndrome coronavirus 2: role of deep-learning-based CT diag-
nosis and insights from two cases. Korean J. Radiol., 21,

505-508.

Li, J., Wang, X., Chen, J., Cai, Y., Deng, A. & Yang, M. (2020b)
Association between ABO blood groups and risk of SARS-
CoV-2 pneumonia. Br. J. Haematol., 190, 24-27.

Li, Q., Ding, X., Xia, G., Chen, H.G., Chen, F., Geng, Z., Xu, L.,
Lei, S., Pan, A., Wang, L. & Wang, Z. (2020c) Eosinopenia
and elevated C-reactive protein facilitate triage of COVID-19
patients in fever clinic: a retrospective case-control study.
EClinicalMedicine, 23,100375.

Lippi, G., South, A.M. & Henry, B.M. (2020) Electrolyte imbal-
ances in patients with severe coronavirus disease 2019
(COVID-19). Ann. Clin. Biochem., 57, 262-265.

Mao, L., Jin, H., Wang, M., Hu, Y., Chen, S., He, Q., Chang, J.,
Hong, C., Zhou, Y., Wang, D., Miao, X., Li, Y. & Hu, B.
(2020) Neurologic manifestations of hospitalized patients
with coronavirus disease 2019 in Wuhan, China. JAMA
Neurol., 77, 683-690.

Mumm, J.N., Osterman, A., Ruzicka, M., Stihl, C., Vilsmaier, T.,
Munker, D., Khatamzas, E., Giessen-Jung, C., Stief, C.,
Staehler, M. & Rodler, S. (2020) Urinary frequency as a
possibly overlooked symptom in COVID-19 patients: does
SARS-CoV-2 cause viral cystitis? Eur. Urol., 78, 624-628.

Patel, S., Rauf, A., Khan, H. & Abu-Izneid, T. (2017) Renin-
angiotensin-aldosterone (RAAS): the ubiquitous system for
homeostasis and pathologies. Biomed. Pharmacother., 94,
317-325.

Radenkovic, D., Chawla, S., Pirro, M., Sahebkar, A. & Banach, M.
(2020) Cholesterol in relation to COVID-19: should we care
about it? J. Clin. Med., 9, 1909.

Shen, Z., Xiao, Y., Kang, L., Ma, W., Shi, L., Zhang, L., Zhou, Z.,
Yang, J., Zhong, J., Yang, D., Guo, L., Zhang, G., Li, H., Xu,
Y., Chen, M., et al. (2020) Genomic diversity of severe acute
respiratory syndrome-coronavirus 2 in patients with corona-
virus disease 2019. Clin. Infect. Dis., 71, 713-720.

Suzuki, M., Yokota, M., Ozaki, S. & Nakamura, Y. (2018) Olfac-
tory dysfunction out of season in seasonal allergic rhinitis.
Ann. Allergy. Asthma. Immunol., 121, 377-378.

Wang, D., Hu, B., Hu, C., Zhu, F., Liu, X., Zhang, J., Wang, B.,
Xiang, H., Cheng, Z., Xiong, Y., Zhao, Y., Li, Y., Wang, X. &
Peng, Z. (2020) Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in
Wauhan, China. JAMA, 323, 1061-1069 .

Weinberg, S.E., Behdad, A. & Ji, P. (2020) Atypical lymphocytes
in peripheral blood of patients with COVID-19. Br J.
Haematol., 190, 36-39.

West, C.P., Montori, V.M. & Sampathkumar, P. (2020) COVID-19
testing: the threat of false-negative results. Mayo Clin. Proc.,
95, 1127-1129.

Wu, J., Wu, X., Zeng, W., Guo, D., Fang, Z., Chen, L., Huang, H.
& Li, C. (2020a) Chest CT findings in patients with corona-
virus disease 2019 and its relationship with clinical features.
Invest. Radiol., 55, 257-261.

Wu, Y., Feng, Z., Li, P. & Yu, Q. (2020b) Relationship between
ABO blood group distribution and clinical characteristics in
patients with COVID-19. Clin. Chim. Acta, 509, 220-223.

Yan, C.H., Faraji, F., Prajapati, D.P., Boone, C.E. & DeConde, A.S.
(2020) Association of chemosensory dysfunction and
Covid-19 in patients presenting with influenza-like symptoms.
Int. Forum Allergy Rhinol., 10, 806-813.

Zhang, J.J., Dong, X., Cao, Y.Y., Yuan, Y.D., Yang, Y.B., Yan, Y.Q.,
Akdis, C.A. & Gao, Y.D. (2020) Clinical characteristics of
140 patients infected with SARS-CoV-2 in Wuhan, China.
Allergy, 75, 1730-1741.

119



