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Abstract

Background: In December 2019, an outbreak of coronavirus disease 2019 (COVID-19) began in
Wuhan, China, and led to a global epidemic. Ve aimed to compare the clinical and serological
features of COVID-19 patients with positive and negative reverse transcriptase polymerase chain
reaction (RT-PCR) tests.

Methods: This was a retrospective cohort study conducted from 9 February to 4 April 2020.
COVID-19 patients at Leishenshan Hospital in Wuhan, China (125 total cases; 87 RT-PCR positive
and 38 RT-PCR negative) were included. COVID-19 serology was assessed by colloidal gold assay.
All cases were analyzed for demographic, clinical, and serological features.

Results: There were no significant differences in most demographic features, clinical symptoms,
complications or treatments of RT-PCR positive and negative COVID-19 patients. Serum IgM/IgG
was positive in 82 (94%) and 33 (87%) RT-PCR positive and negative cases, respectively. IgM was
detectable as early as 3 days after symptom onset and was undetectable 60 days after symptom
onset. By contrast, IgG could be detected only 10 days after symptom onset and reached its peak
60 days after symptom onset.

Conclusions: Serological tests performed during the appropriate time window of disease pro-
gression could be valuable auxiliary methods to RT-PCR in COVID-19 patients.
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Introduction

Coronaviruses are large, enveloped viruses
with linear positive-strand RNA genomes'
that are major causes of respiratory tract
infections in humans. Two previous pan-
demics caused by severe acute respiratory
syndrome coronavirus (SARS-CoV)>* and
Middle East respiratory syndrome corona-
virus™® demonstrated the serious threat
posed by coronaviruses to global public
health.

In December 2019, an outbreak of coro-
navirus disease 2019 (COVID-19) began in
Wuhan, China. Whole genome sequencing
of viruses in lower respiratory tract samples
revealed that the outbreak was caused by a
novel beta-coronavirus*”® with phyloge-
netic similarity to SARS-CoV. The novel
coronavirus was named severe acute respi-
ratory syndrome coronavirus 2 (SARS-
CoV-2) by the International Committee
on Taxonomy of Viruses. SARS-CoV-2
causes severe respiratory tract infection
and rapid person-to-person transmission
led to a global pandemic.” '

The clinical features of COVID-19 are
complex and similar to those of other dis-
eases including influenza virus infection.
Symptoms include fever, cough, sore
throat and fatigue.'>'® Therefore, rapid
diagnosis of COVID-19 in suspected cases
is essential to curb viral transmission and to
initiate appropriate therapies. At present,
definite diagnosis of COVID-19 is mainly
based on positive results reverse transcrip-
tase polymerase chain reaction (RT-PCR)
amplification of viral nucleic acids from

respiratory tract specimens.'>'*!> However,
RT-PCR is restricted to certified laborato-
ries with specialized equipment, expensive
kits and trained technicians. Furthermore,
RT-PCR requires respiratory tract speci-
mens, such as throat swabs, nose swabs
or sputum samples, which could delay diag-
nosis and treatment.'® Thus, serological
tests are increasingly applied for diagnosis
of SARS-CoV-2 infection.'”'® In this study,
we comprehensively analyzed the demo-
graphic and clinical features of 125
COVID-19 patients at a mobile hospital in
Wuhan, China. We assessed seropositivity
rates and analyzed the dynamics of IgM
and IgG against COVID-19. Our data dem-
onstrate the clinical value of serological
tests for diagnosis of COVID-19, especially
in patients with negative RT-PCR tests.

Materials and methods

Patients

The patients enrolled in this study were
transferred to Leishenshan Hospital in
Wuhan, China, from 9 February to 4 April
2020. Patients were first tested in other hos-
pitals in Wuhan within 20 days of the onset
of clinical symptoms. Leishenshan Hospital
uniformly treated patients with severe clini-
cal symptoms transferred from other hospi-
tals in Wuhan. After transfer to Leishenshan
Hospital, RT-PCR testing was performed
every week for most patients following
weekly treatments. Testing dates were
extended or shortened according to each
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patient’s condition. RT-PCR was conducted
from 15 January to 1 April 2020; this period
included the first test performed in Wuhan
hospitals and all tests performed in
Leishenshan Hospital until discharge. The
patients included cases with detectable
SARS-CoV-2 RNA in respiratory samples
since disease onset (defined as RT-PCR pos-
itive cases) and cases with clinical manifesta-
tions characteristic of COVID-19 but no
detectable viral RNA in upper respiratory
tract samples (defined as RT-PCR negative
cases). After transfer to Leishenshan
Hospital, all COVID-19 patients were
treated uniformly. For RT-PCR positive
patients, at least one RT-PCR test had to
be positive; by contrast, in RT-PCR negative
patients RT-PCR tests were consistently
negative. Leishenshan Hospital was a desig-
nated mobile hospital and mainly admitted
COVID-19 patients with severe clinical
symptoms transferred from other hospitals
in Wuhan. This study was approved by the
Leishenshan Hospital ethics committee and
written informed consent was obtained from
patients. We followed the most up-to-date
version of the Coronavirus Pneumonia
Prevention and Control Program published
by the National Health Commission of
China.

Serological tests

Serological tests were performed using
the SARS-CoV-2 IgM/IgG Antibody
Combined Test Kit (Wondfo, Guangzhou,
China; INNOVITA, Tangshan, China) as
per the manufacturer’s instructions. Serum
samples were collected and treated with
heparin or sodium citrate to prevent coag-
ulation. Serum/plasma (10 pL) was added
to the specimen well of the test cassette and
then two drops of sample buffer were
immediately added. The result was read
and recorded after 15 minutes.

Data collection

Demographic, clinical, serological and out-
come data were obtained using data collec-
tion forms from electronic medical records.
The data included demographic character-
istics, results of serological tests, comorbid-
ities, symptoms and signs (i.e. fever and
cough), complications, treatments received
(i.e. antiviral therapy, antibiotics, oxygen
therapy, corticosteroids, and dialysis) and
outcome data during hospitalization. The
antiviral treatments administered included
arbidol (200 mg thrice daily, orally), ritona-
vir (600 mg twice daily, orally), ganciclovir
(250 mg every 12 hours, intravenously), and
ribavirin (500 mg every 12 hours, intrave-
nously). The duration of antiviral treatment
was 4 to 14 days. Serum samples were col-
lected and the time intervals between symp-
tom onset and serum sample collection were
documented. The date of disease onset was
defined as the day that symptoms were first
noticed. The admission dates of patients
were from 9 February to 9 March 2020.
The durations from symptom onset to hos-
pital admission and to hospital discharge
were recorded. Clinical outcomes were fol-
lowed up until 4 April 2020.

Statistical analysis

Non-normally  distributed  continuous
variables were presented as medians (inter-
quartile ranges [IQR]). Differences between
non-normally distributed continuous varia-
bles were assessed using the Mann—Whitney
U test. Categorical variables were presented
as counts (%). Differences between categor-
ical variables were assessed using the y* or
Fisher’s exact tests. A two-sided value of
p<0.05 was considered statistically signifi-
cant. All statistical analyses were conducted
using the IBM SPSS version 26 (IBM,
Armonk, NY, USA) and GraphPad Prism
version 8.2.0 (GraphPad Inc., San Diego,
CA, USA).
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Results

Demographic and clinical features
of RT-PCR positive and negative
COVID-19 patients admitted

to Leishenshan Hospital

A total of 125 COVID-19 patients (87 RT-
PCR positive and 38 RT-PCR negative)
were enrolled in the study. We found no
significant difference in the median age
of RT-PCR positive and negative cases
(58.0 years vs. 63.0 years, Table 1). Most
patients were between 50 and 69 years of
age (Figure 1a). More than half of patients
had underlying comorbidities (Table 2)
including hypertension (54, 43%), diabetes

(20, 16%), chronic kidney disease (14,
11%), cardiovascular disease (12, 10%),
and cerebrovascular disease (9, 7%).
There were no significant differences in
comorbidities between RT-PCR positive
and negative cases except for chronic
kidney disease (16% vs. 0%, p=0.005).
The symptom onset dates were distributed
from 20 January to 10 February 2020 in
both groups of patients (Figure 1b). The
median duration from symptom onset to
admission to Leishenshan Hospital was
27.0 days (IQR 15.0-33.0 days).

Common symptoms on admission were
fever (111, 89%), dry cough (111, 89%),
shortness of breath (92, 74%), respiratory
distress (90, 72%), fatigue (86, 69%),

Table I. Demographics and clinical outcomes of 125 COVID- |9 patients admitted to Leishenshan Hospital.

RT-PCR RT-PCR
Total cases positive negative
(N=125) cases (n=287) cases (n=38) b value
Median age (IQR), years 61 (48.0-68.0) 58 (47.0-67.5) 63 (51.8-68.8) 0.213
Age range
<39 years 15 (12%) 12 (14%) 3 (8%) 0.334
4049 years 20 (16%) 15 (17%) 5 (13%) 0.567
50-59 years 24 (19%) 17 (20%) 7 (18%) 0.884
60-69 years 39 (31%) 25 (29%) 14 (37%) 0.368
70-79 years 17 (14%) 12 (14%) 5 (13%) 0.924
>80 years 10 (8%) 6 (7%) 4 (11%) 0.501
Sex
Female 55 (44%) 42 (48%) 13 (34%) 0.145
Male 70 (56%) 45 (52%) 25 (66%) 0.145
Median time from symptom
onset to (IQR), days
Hospital admission 27 (15.0-33.0) 27 (16.0-34.0) 24 (10.3-31.0) 0.190
Range
2-10 days 20 (16%) 10 (11%) 10 (26%) 0.038
11-20 days 29 (23%) 22 (25%) 7 (18%) 0.403
21-30 days 29 (23%) 19 (22%) 10 (26%) 0.585
3140 days 35 (28%) 27 (31%) 8 (21%) 0.253
41-50 days 9 (7%) 6 (7%) 3 (8%) 0.844
51-60 days 3 (1%) 3 (3%) 0 0.553
Hospital discharge 53 (44.0-58.0) 53 (43.5-58.0) 52 (45.5-59.3) 0.504
84/125 55/87 29/38

COVID-19, coronavirus disease 2019; IQR, interquartile range; p values indicate differences between RT-PCR positive and

negative cases.
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Figure |. Distribution of coronavirus disease 2019 (COVID-19) patient age (a) and date of symptom onset
(b). Cases are stratified into reverse transcriptase polymerase chain reaction (RT-PCR) positive and RT-PCR

negative subgroups.

Table 2. Comorbidities

of 125 COVID-19 patients.

Total cases RT-PCR positive RT-PCR negative

(N=125) cases (n=287) cases (n=38) p value
Hypertension 54 (43%) 40 (46%) 14 (37%) 0.343
Diabetes 20 (16%) 13 (15%) 7 (18%) 0.626
Chronic kidney disease 14 (11%) 14 (16%) 0 (0%) 0.005
Cardiovascular disease 12 (10%) 8 (9%) 4 (11%) 0818
Cerebrovascular disease 9 (7%) 6 (7%) 3 (8%) 0.844
Chronic liver disease 5 (4%) 4 (5%) 1 (3%) 0.592
Digestive system disease 5 (4%) 4 (5%) 1 (3%) 0.592
Arthropathy 5 (4%) 4 (5%) 1 (3%) 0.592
COPD 4 (3%) 2 (2%) 2 (5%) 0.406
Old pulmonary tuberculosis 3 (2%) 1 (1%) 2 (5%) 0.190
Bronchial disease 3 (2%) 3 (3%) 0 (0%) 0.553
Malignancy 2 (2%) I (1%) I (3%) 0.560
Endocrine disease I (1%) I (1%) 0 (0%) >0.99

COVID-19, coronavirus disease 2019; COPD, chronic obstructive pulmonary disease.
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Table 3. Clinical symptoms of 125 COVID-19 patients.

Total cases RT-PCR positive RT-PCR negative

(N =125) cases (n=287) cases (n=38) p value
Fever 111 (89%) 77 (89%) 34 (89%) 0.874
Dry cough 111 (89%) 80 (92%) 31 (82%) 0.091
Shortness of breath 92 (74%) 69 (79%) 23 (61%) 0.028
Respiratory distress 90 (72%) 66 (76%) 24 (63%) 0.146
Fatigue 86 (69%) 62 (71%) 24 (63%) 0.368
Myalgia 63 (50%) 50 (57%) 13 (34%) 0.017
Anorexia 58 (46%) 43 (49%) 15 (39%) 0.305
Expectoration 35 (28%) 28 (32%) 7 (18%) 0.115
Chills 33 (26%) 25 (29%) 8 (21%) 0.370
Diarrhea 26 (21%) 16 (18%) 10 (26%) 0.315
Sore throat 17 (14%) I (13%) 6 (16%) 0.637
Dyspnea 17 (14%) 13 (15%) 4 (11%) 0.499
Nausea and vomiting 15 (12%) 12 (14%) 3 (8%) 0.334
Dizziness 8 (6%) 6 (7%) 2 (5%) 0.727
Rhinorrhea 4 (3%) 3 (3%) I 3%) 0.808
Chest pain 4 (3%) 2 (2%) 2 (5%) 0.406
Headache 4 (3%) 2 (2%) 2 (5%) 0.406

COVID-19, coronavirus disease 2019.

myalgia (63, 50%), and anorexia (58, 46%).
Less common symptoms included dizziness
(8, 6%), rhinorrhea (4, 3%), chest pain (4,
3%) and headache (4, 3%) (Table 3).
Compared with RT-PCR negative patients,
RT-PCR positive patients were more likely
to present with shortness of breath (79% vs.
61%, p=0.028) and myalgia (57% vs. 34%,
p=0.017).

The frequencies of complications, includ-
ing respiratory failure, arrhythmia, acute
respiratory distress syndrome and shock,
were not significantly different between
the two groups of patients (Table 4). All
patients admitted to Leishenshan Hospital
were treated in isolation. Common treat-
ments administered in both groups were
antiviral therapy (119, 95%), oxygen inha-
lation (116, 93%) and antibiotic therapy
(83, 66%). Non-invasive ventilation was
required more often in RT-PCR negative
cases (2% vs. 16%, p=0.007), and no
patients received extracorporeal membrane
oxygenation as rescue therapy. For RT-

PCR positive patients who were also diag-
nosed with chronic kidney disease, kidney
replacement therapy was required. Our data
suggested that there were no significant dif-
ferences in most demographic and clinical
features, complications and treatments
between RT-PCR positive and negative
COVID-19 patients.

Serological features and dynamics of
SARS-CoV-2-specific 1gM/IgG

Most patients (115 of 125) were seropositive
by colloidal gold assay. The time intervals
between symptom onset and sample collec-
tion ranged from 3 to 70 days. The timing
of serum collection and serological tests was
not exactly the same in each patient. The
time intervals between serological tests for
RT-PCR positive cases and negative cases
are shown in Table 5. There was no differ-
ence in the duration between symptom
onset and testing between the two patient
groups. Overall, 82 of 87 RT-PCR positive
patients were positive for serological tests
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Table 4. Complications and treatments of 125 COVID-19 patients.
Total cases RT-PCR positive RT-PCR negative
(N=125) cases (n=287) cases (n=38) p value
Complications
Respiratory failure 5 (4%) 3 (3%) 2 (5%) 0.642
Arrhythmia 3 (2%) 2 (2%) I 3%) 0912
ARDS 3 (2%) I (1%) 2 (5%) 0.190
Shock I (1%) I (1%) 0 (0%) >0.99
Treatments
Antiviral therapy 119 (95%) 81 (93%) 38 (100%) 0.176
Antibiotic therapy 83 (66%) 55 (63%) 28 (74%) 0.254
Glucocorticoid therapy 24 (19%) 13 (15%) Il (29%) 0.067
CKRT 7 (6%) 7 (8%) 0 (0%) 0.100
Oxygen inhalation 116 (93%) 78 (90%) 38 (100%) 0.056
NIV 8 (6%) 2 (2%) 6 (16%) 0.007
IMV 8 (6%) 2 (2%) 6 (16%) 0.219
ECMO 0 (0%) 0 (0%) 0 (0%) -

COVID-19, coronavirus disease 2019; ARDS, acute respiratory distress syndrome; CKRT, continuous kidney replacement
therapy; NIV, noninvasive ventilation; IMV, invasive mechanical ventilation; ECMO, extracorporeal membrane oxygenation.

Table 5. Seropositivity rates of RT-PCR positive and negative COVID-19 patients.

Total cases RT-PCR positive RT-PCR negative
(N=125) cases (n=87) cases (n=38) p value
Seropositive 115 (92%) 82 (94%) 33 (87%) 0.160
Date range 2020/3/1 2020/3/1 2020/3/2 -
to 2020/4/2 to 2020/4/2 to 2020/4/1
Time interval after 3-70 3-69 4-70 -

onset of symptoms, days

COVID-19, coronavirus disease 2019.

and 33 of 38 RT-PCR negative patients were
positive for serological tests (Table 5). Thus,
at least 87% of RT-PCR negative cases were
missed by nucleic acid testing.

We further analyzed the dynamics of
IgM/IgG at different time points post-
symptom onset (Figure 2a, b). The exact
number of patients tested at each time
interval is shown in Supplementary
Table 1 (corresponding to Figure 2a).
Because serological tests were performed
on patients at different time points, IgM
and IgG results differed. In general, IgM
is easier to detect during the early stages

of infection soon after symptom onset,
while IgG can be detected at later times.
In Figure 2a, “Patients tested for SARS-
CoV-2 antibodies” refers to the total
number of patients undergoing SARS-
CoV-2 antibody testing during different
time intervals. “Patients with positive IgM
or IgG” refers to the number of patients
with positive SARS-CoV-2 IgM and IgG,
respectively, among patients undergoing
serological testing. IgM was detectable as
early as 6 days after symptom onset and
was undetectable after 60 days. In contrast,
IgG could be detected only 10 days after



Journal of International Medical Research

D
2

Il Patients with positive IgG

150+
@ [ Patients with positive IgM
& 100- El Patients tested for
%’ SARS-CoV-2 antibodies
S
3
£ 50
=]
=z

0_
O O D D © D OO
QAN \,\!’v ’15‘55 'b,\.b‘ b‘,\b q)\b e":\
Days after onset of symptoms
(b)

100 - IgM
s & |gG
:>,’ 4
=
2
S 50
c
L
B
2 i
[

(=]
0=

1 1 1 1 1 1 T
0-6 7-10 11-20 21-30 31-40 41-50 51-60 61-70

Days after onset of symptoms

Figure 2. Summary of serological test results of coronavirus disease 2019 (COVID-19) patients. (a)
Numbers of seropositive cases at different time intervals. (b) IgM/IgG dynamics at different time intervals.

symptom onset and rose gradually, reaching
a peak after 60 days (Figure 2b). Therefore,
serological tests performed during the
appropriate time window of disease progres-
sion may be helpful for diagnosis of
COVID-19, especially in patients with nega-
tive RT-PCR tests. Companion serological
tests may help to diagnose SARS-CoV-2
infected patients and evaluate stages of infec-
tion more accurately.

Discussion

COVID-19 can cause serious, sometimes
fatal, pneumonia'®?' and asymptomatic
COVID-19 patients may also be capable
of transmission.”® Thus, timely and accu-
rate diagnosis of COVID-19 is crucial.

RT-PCR amplification of viral nucleic
acid has been widely recognized as the
gold standard for diagnosis of COVID-19
and can effectively confirm early SARS-
CoV-2 infection.’> However, some studies
have reported that assessment of antibody
responses induced in COVID-19 patients
using serological tests is a useful comple-
ment for diagnosis of patients with negative
RT-PCR results.'®?* 2 In this study, we
conducted a comprehensive analysis of
the demographic, clinical and serological
features of 125 COVID-19 patients trans-
ferred to Leishenshan Hospital (87
RT-PCR positive cases and 38 RT-PCR
negative cases with clinical manifestations
of COVID-19). The clinical value of sero-
logical tests for diagnosis of COVID-19
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patients with negative RT-PCR tests was
demonstrated by our results.

The symptom onset dates of the patients
studied here were distributed from 20
January to 10 February 2020 and the
admission dates were distributed from
9 February to 9 March 2020. By 4 April
2020, 84 of 125 patients had been dis-
charged and another 41 patients were still
undergoing treatment. Our data showed no
significant differences between the majority
of demographic features, clinical symp-
toms, complications and treatments of
RT-PCR positive and negative COVID-19
patients.

SARS-CoV-2 IgM/IgG was detected in
82 (94%) and 33 (87%) RT-PCR positive
and negative COVID-19 patients, respec-
tively. This result demonstrates the clinical
value of serological tests for diagnosis of
COVID-19, especially in patients with neg-
ative RT-PCR tests. We found that SARS-
CoV-2 specific IgM appeared 3 days after
symptom onset and was easily detected
during the first week. After this time, IgM
decreased sharply. IgG could be detected 10
days after symptom onset and rose gradu-
ally, reaching a peak 60 days after symptom
onset. During this period, IgG can be
detected to determine whether SARS-
CoV-2 infected has occurred. Our results
suggest that the appropriate time window
for IgM serological tests is from 3 days to
1 week after symptom onset; during this
time IgM can be used as a diagnostic indi-
cator of acute or recent infection. By con-
trast, the appropriate time window for IgG
serological tests is from 10 days to 2 months
after symptom onset; IgG can be detected
during the later stages of symptoms or the
recovery period and reflects past infection.
Therefore, serological tests performed
during appropriate time windows of the dis-
ease course could be considered as valuable
auxiliary methods. It is important to note
that serological tests are effective methods
for patients with clinical symptoms typical

of COVID-19 or an epidemiological contact
history but negative nucleic acid tests.
However, serological tests are not suitable
for screening the general population in
areas with low infection rates.

Our study had several limitations. First,
only 125 COVID-19 cases at Leishenshan
Hospital were included. There are several
reasons for this relatively small sample size.
In response to the COVID-19 outbreak,
Leishenshan Hospital was a designated
mobile hospital and mainly admitted
COVID-19 patients with severe clinical
symptoms transferred from other hospitals
in Wuhan. Thus, the total number of
patients admitted to Leishenshan Hospital
was relatively small. To maintain consisten-
cy of serological testing and to ensure the
rigor of the analysis, we analyzed a cohort
of patients tested with the same colloidal
gold kits; these two kits have been approved
by the National Medical Products
Administration of China. Second, the num-
bers of RT-PCR positive and negative cases
were dissimilar (87 and 38, respectively). The
proportion of patients who cannot be diag-
nosed by RT-PCR is relatively small, which
means that the sizes of the two groups were
quite different. It would be optimal to
include as many patients as possible in
other cities in China, and even in other coun-
tries to obtain a more comprehensive under-
standing of SARS-CoV-2. Third, because of
the severe epidemic and need for urgent
treatment, the timing of nucleic acid and
serological tests was not consistent in all
patients. However, we found no difference
in the timing of sampling or testing between
the two patient groups (RT-PCR positive
and negative). Currently, RT-PCR and sero-
logical tests are the most commonly used
methods for diagnosing COVID-19 patients.
In our study, all patients were tested using
two validated and approved kits. We only
analyzed the dynamics of IgM/IgG from 2
to 70 days after symptom onset. Finally,
detailed patient information including
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clinical outcomes was unavailable at the date
of analysis.

Conclusion

Serological tests performed during the
appropriate time window of disease pro-
gression are useful auxiliary tools for diag-
nosis of COVID-19, especially in patients
with negative RT-PCR tests. Timely and
accurate diagnosis requires an RT-PCR
combined with typical clinical symptoms
and serological tests.
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