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Multisystem Inflammatory Syndrome
With Complete Kawasaki Disease
Features Associated With
SARS-CoV-2 Infection in a Young
Adult. A Case Report

Elie Cogan "?*, Pierre Foulon?®, Olivier Cappeliez*, Nicole Dolle®, Gaélle Vanfraechem® and
Daniel De Backer?3

" Department of Internal Medicine, CHIREC Hospital, Brussels, Belgium, ? Université Libre de Bruxelles (ULB), Brussels,
Belgium, ° Department of Intensive Care, CHIREC Hospital, Brussels, Belgium, * Department of Radiology, CHIREC Hospital,
Brussels, Belgium, ° Department of Biochemistry, CHIREC Hospital, Brussels, Belgium, ° Department of Infectious Diseases,
CHIREC Hospital, Brussels, Belgium

A severe multisystem inflammatory syndrome associated with Kawasaki disease
manifestations (MIS-C) has been recently reported in children with signs of recent
infection with SARS-CoV-2. We here reported the case of a young adult woman who
presented the complete manifestations of Kawasaki disease associated with a severe
myocarditis, acute respiratory distress syndrome and hemodynamic instability a few
weeks after a transient anosmia. The detection of specific antibodies to SARS-CoV-2
in the absence of detection of the virus suggested that the syndrome was the result of a
delayed immune response to a recent COVID-19 infection. A combined treatment with
colchicine, tocilizumab, high dose immunoglobulins, and methylprednisolone allowed to
control the inflammatory process and to limit the development of coronary aneurysm.
The patient recovered without sequelae. This case emphasized the importance of
SARS-CoV-2 serology for the diagnosis of delayed immune complications of COVID-19.
Clinicians caring for adult patients must be aware that not only children but also young
adults can be affected by a multisystem inflammatory syndrome with KD features
associated with COVID-19.

Keywords: case report, Kawasaki disease, COVID-19, SARS-CoV-2, MIS-C, tocilizumab, serology

INTRODUCTION

Kawasaki’s disease (KD) is a rare acute febrile disease affecting mostly children characterized by
the association of conjunctivitis, erythema of the lips and oral mucosa, polymorphous exanthema,
palmar-plantar erythema, and cervical lymphadenopathy. KD is a widespread vasculitis affecting
small and medium sized arteries, with the possible occurrence of coronary aneurysms (1). Lung
involvement is exceptional in KD.

Recently, Riphagen et al. (2) reported that previously healthy children presented a
hyperinflammatory shock with Kawasaki disease-like features in association with infection with
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MIS-C and SRAS-CoV-2 in Adult

severe acute respiratory syndrome coronavirus 2 (SAR-CoV-
2). Shortly after, Verdoni et al. (3) confirmed these data,
reporting that the incidence of KD was much higher in
their area during the SARS-CoV-2 outbreak that in the same
period in preceding years. This led Center of Disease Control
(CDC) to publish an alert (HAN00432) on May 14, warning
physicians on the occurrence of a multisystem Inflammatory
Syndrome in Children (acronym “MIS-C”) associated with SAR-
CoV-2 (4). The case definition of MIS-C as defined by the
CDC concerned an individual aged <21 years presenting fever
>38°C for >24h, laboratory evidence of inflammation and
evidence of clinically severe illness requiring hospitalization, with
multisystem (>2) organ involvement (cardiac, renal, respiratory,
hematologic, gastrointestinal, dermatologic, or neurological) and
no alternative plausible diagnoses and positive for current or
recent SARS-CoV-2 infection (4). Interestingly, even though
CDC asked to report cases of patients younger than 21 years old,
no case older than 15 years has yet been published.

We report the delayed occurrence of a multisystem
inflammatory syndrome with complete Kawasaki disease features
in a young adult patient recently infected by SARS-CoV-2.

CASE PRESENTATION

A 199 year-old woman of Caucasian origin without any
significant personal or familial past history presented a sudden
transient loss of smell on March 25, 2020 without any additional
symptoms. She had participated without wearing a mask in
a yoga session with several other people on March 12 and
had been confined at home since March 13. Her parents were
the only daily contacts. Between March 13 and March 21,
her mother has been in close professional contact with a sick
colleague which was finally diagnosed as severe Covid-19, but
serologic tests performed end April in the mother and father
were negative.

On April 14, she developed a febrile illness associated with
cervical adenopathy, a morbilliform erythematous rash affecting
the forearms, the hands and the buttocks, red and edematous lips
and bilateral conjunctivitis with palpebral edema.

On April 17, she was admitted at the CHIREC hospital.
On hospital admission, the heart rate was 137/min and the
arterial blood pressure 129/73 mm Hg; she was not overweight
(weight: 60 kg; BMI 24.7 kg/m?); the throat was red, the cervical
adenopathy was enlarged and painful; conjunctivitis and skin
lesions were still present; lungs auscultation was clear and
excepting marked tachycardia, heart exam was normal. Between
April 17 and April 21, the patient remained febrile with a
persistent inappropriate tachycardia. Symptoms time line are
depicted on Figure 1. On admission the main blood laboratory
results were as follows: white blood cells 11,100/).L, neutrophils
9,730/L, lymphocytes 490/|LL, eosinophils 350 /iL, platelets
147,000/ L, CRP 217 mg/L, fibrinogen 759 mg/dL, ferritin 285
pg/L, Na 131 mmol/L, creatinine 79,4 pmol/L, ASAT 52 U/L (n
< 32). The evolution of principal blood parameters is depicted
in Figure2 and hemodynamic and organ function variables
in Figure 3.

A transthoracic echocardiography (TTE) demonstrated a
severely decreased ejection fraction of the left ventricle (LVEF
15%), hyperechoic aspect of pericardium and small posterior
pericardial effusion associated to a marked increased serum
troponin T. A cardiac magnetic resonance imaging demonstrated
myocardial edema typical of acute myocarditis. The mean
arterial blood pressure dropped to 60 mm Hg with decreased
oxygenation conditions and the patient was transferred to
the ICU.

The first hemodynamic profile demonstrated a mean arterial
pressure at 60 mmHg, a cardiac index at 2.1 l/min.M* and
a central venous O, saturation (ScvO,) at 47%. Dobutamine
was initiated and an invasive hemodynamic monitoring device
(PiCCO S5F catheter, Gettinge, Germany) was inserted. The
invasive hemodynamic assessment under 5 mcg/kg min of
dobutamine, reported a cardiac index at 3.7 L/min M? (normal
2.5-3.5), systemic vascular resistance at 685 dyne s cm —> (normal
800-1,200), a global end diastolic volume at 932 ml/M?* (normal
600-800), an extravascular lung water index at 17 ml/kg (normal
<10) and a ScvO; at 63%, which suggests distributive shock
with marked myocardial depression. Given this hemodynamic
profile, inotropic, and vasopressor support was required
for several days.

Dobutamine was infused from April 21 to April 28 (maximum
dose 5 pg/kg/min) and synthetic human angiotensin 2 (Giapreza,
maximum dose 20 mg/kg/min) from April 21 to April 25.

Multiple attempts of weaning these agents were performed
daily. Despite hemodynamic stabilization, she rapidly developed
ARDS according to Berlin criteria (5). She was mechanically
ventilated and proned. Extensive workout was performed to
rule out ongoing infections (including a bronchoalveolar lavage
which disclosed an inflammatory pattern with predominance of
neutrophils, without any detectable strain at direct examination,
culture, as well as PCR for multiple respiratory pathogens).
A gynecologic examination and multiple bacterial samplings
were negative. There were no signs of macrophage activating
syndrome (normal triglycerides—normal LDH- absence of very
elevated ferritin). Serum IL-6 was 306 ng/mL (N < 20) and
D-Dimer progressively increased from 3.9 ug/ml (N < 0.5) to
17.8 pg/ml

The diagnosis of SARS-CoV-2 infection was considered. PCR
tests were negative on two nasopharyngeal smears and on
bronchoalveolar lavage but IgG and IgM against SARS-CoV-2
were detected on a blood sample taken on admission by the rapid
test (Zhejiang Orient Gene Biotech Co., Ltd). A quantitative Ig
G determination by chemiluminescence technology (DiaSorin,
Italy) demonstrated an increase in specific IgG antibodies from
13.7 U on admission to 25 U after 7 days (negative <12 arbitrary
units; positive > 15 arbitrary units).

Given the consideration of SARS-CoV-2 related ARDS,
myocarditis and distributive shock, tocilizumab (RoActemra,
Roche), 480 mg was infused. PaO,/FiO;, CRP, and Troponin
T rapidly improved (Figures 2, 3). Impairment in myocardial
function was resolved within 48 h.

Two days later, KD was considered based on clinical signs and
significant eosinophilia; 1 g/kg intravenous immunoglobulins
(Privigen, CSL Behring) were administered. A computed
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FIGURE 1 | Time line. Symptoms, diagnostic tests and treatment. HP, hospitalization; ICU, intensive care unit; D, discharged day; A, transient anosmia; LCT, lung
computed tomography; CMRI, cardiac magnetic resonance imaging; CTCA, computed tomography coronary angiography; PCR Nas, SAR-CoV-2 PCR on
nasopharyngeal smear; PCR BAL, SAR-CoV-2 PCR on bronchoalveolar lavage; S, SAR-CoV-2 serology; HYQ, Hydroxychloroquine 400 mg bid during 2 days and
then 200 mg; AZI, Azithromycine 500 mg on day 1 than 250 mg/day; COL, Colchicine 0.5 mg bid; mPDN, methyprednisolone 60 mg IV bid initially, 48 mg oral dose at
discharge; 24 mg at May 14; CEF, ceftriaxone 2 g/d; TOCI, tocilizumab IV 480 mg; IVIG, Privigen 60 g.
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FIGURE 2 | Evolution of eosinophils, lymphocytes, serum CRP and troponin T. mPDN, methyprednisolone 60 mg IV bid initially, 48 mg oral dose at discharge; 24 mg
at May 14; COL, Colchicine 0.5 mg bid; TOCI, tocilizumab IV 480 mg; IVIG, Privigen 60g.

tomography coronary angiography (CTCA) demonstrated
a coronary artery aneurism and high dose steroids were
initiated, resulting in significative improvement 17 days later
(Figure 4).

The patient fully recovered and was discharged on May 9.

DISCUSSION

This patient fulfilled all the criteria of typical KD (1) in addition
to severe ARDS, distributive shock and severe myocarditis in
the context of a recent SARS-CoV-2 infection suggested by the
detection of IgG and IgM against SARS-CoV-2. She also fulfilled
the criteria of the novel multisystem inflammatory syndrome
reported in children being infected by SARS-CoV-2 (4).

The association of KD and multisystem inflammation with
SARS-CoV-2 in children (MIS-C) has been reported in several
European countries (2, 3, 6-10) and in US (11-13). The
syndrome has been more recently requalified as pediatric
inflammatory multisystem syndrome (PIMS) (6, 10, 14). As of
the 15 of May 2020, in total, about 230 suspected cases have

been identified in EU/EEA countries and the UK, including
two fatalities (15). In France, respectively, 79 confirmed and
29 probable/possible PIMS related to SARS-CoV-2 (CoV-PIMS)
have been collected between March 1 and May 17 (6). Of
interest, the peak of the epidemic curve of PIMS occurred 4-
5 weeks after the peak of the COVID-19 epidemic suggesting
a delayed immune response to the virus. In Belgium, following
the initial alerts for a Kawasaki-like disease mid-April 2020, a
specific survey was set up by a pediatrician COVID-19 task force
allowing centralized voluntary-based reporting of KD like/PIMS-
TS by pediatricians across de country. Approximatively 25
cases of PIMS-TS have been reported through this survey up
until June 23 (personal communication: Pr Stéphane Moniotte;
Department of pediatrics, Cliniques universitaires Saint-Luc,
UCLouvain, Brussels).

Of interest, in the largest published series, the median age was
8 years and 96% of the children were under the age of 16. No case
older than 18 was reported yet (6).

There is no equivalent registry for adult patients and our case
is the first to be reported so far. By the way it is important to
acknowledge that the first report of KD or PIMS were published
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FIGURE 3 | Evolution of hemodynamic and organ function variables. Oxygenation was assessed by PaO»/FiO, ratio and renal function by serum creatinine levels
BPM beats per minute. TOCI, tocilizumab; COL, colchicine; DOBU, dobutamine; mPDN, methylprednisolone; IVIG, Privigen 60 g; GIAP, Giapreza.

online on April 27, several days after the onset of the disease in
this patient.

Lung involvement and ARDS are extremely rare in classical
KD unrelated to COVID-19 while these are common in
SARS-CoV-2 infection as well as in CoV-PIMS. Indeed,
critical care support was required in two third of CoV-
PIMS cases, 43% requiring mechanical ventilation (6). On the
other hand, infection with SAR-CoV-2 is associated with an

uncontrolled inflammatory response and widespread endothelial
cell dysfunction (16). As such, KD and SAR-CoV-2 share
some similar pathophysiological mechanisms, which can lead
to MIS-C/PIMS.

Admittedly, an important question is whether KD results from
a late response to a recent infection or whether the infection was
ongoing. On the one hand, the absence of detectable virus in the
respiratory tract is in accordance of a late immune complication
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FIGURE 4 | Computed Tomography Coronary Angiography. (A) The first exam was performed on April 27, 13 days after the onset of the disease, 6 days after
tocilizumab administration and 3 days after intravenous immunoglobulins. A 5 mm fusiform ectasia is present at the proximal part of the anterior interventricular
coronary artery (arrow). The external diameter of the artery is 3 mm above and below the ectasia; dilation area 19,3 mm?. (B) Second exam, performed on May 14,
demonstrating a marked decrease in aneurism size. Four millimeter fusiform ectasia; dilation area 10,6 mm?.

of viral infection in the absence of residual virus. The precise
dates of contamination and of acute infection with SARS-Cov-
2 remain difficult to determine with precision in our patient.
The contamination could have occurred before March 13, the
time of confinement. Alternatively, it is not excluded that our
patient could have been contaminated by her mother during the
confinement period but the negative serology performed in late
April in the mother does not confirm this possibility. However,
we cannot totally exclude that possibility since it appears that
IgG antibodies against SARS-CoV-2 might disappear rapidly
particularly in asymptomatic individuals (17). Finally, given
the occurrence of an anosmia in our patient, even of a short
duration, we considered the date of March 23 as that of a possible
paucisymptomatic infection.

Such hypothesis in consistent with a 3 weeks delay between the
infection and the onset of KD as reported in several other similar
cases (6).

On the other hand, an ongoing infection may not be excluded
given the rise in IgG during hospital admission and the lack
of sensitivity of the PCR. Importantly, the pediatric literature
has also reported that a minority of patients had positive
RT-PCR nasal swabs while most were diagnosed positive for
SARS-CoV-2 by serology. Hence, it is likely that SARS-CoV-2
infection triggers the massive cytokine storm which is responsible
for the KD symptoms, ARDS and myocarditis. This immune
response is likely to be delayed emphasizing the importance of
performing SARS-CoV-2 serologic tests in these patients with
diagnostic uncertainty.

We suggest that even in asymptomatic or paucisymptomatic
individuals the SARS-CoV-2 infection hits the respiratory tract

which became more sensitive to the immune consequences
associated to KD. Old studies have suggested that the viral
infection may play a role as a superantigen that drives an
autoimmune response via clonal expansion of CD8 T cells (18).
The theory of T cell activation by a superantigen that could be
instrumental in KD was also suggested by Brogan et al. (19).
More recently the discovery of the presence of IgA plasma cells
together with an oligoclonal IgA response in arterial tissues
from patients with KD suggest that the immune response is
driven by entry of a pathogen at a mucosal site such as the
respiratory tract (20). Ig A plasma cells infiltration was also
identified in the proximal respiratory tract in acute KD (21).
It is noteworthy that infection with SARS-CoV-2 is linked to
the presence of the ACE2 and TMPRSS2 receptors in the same
tissues (22).

Genetic susceptibility to abnormal immune responses to
infectious agents play key roles in initiating KD. Th 17
expansion and Treg depletion could be the hallmarks of
acute KD (23). Indeed, an imbalance between T helper
17 lymphocytes and regulatory T cells with very increased
inflammatory cytokines in the acute phase of KD is suggested
by some studies (24). Interestingly, the same kind of Th17
type response that contributes to the cytokine storm has been
demonstrated to be involved in pulmonary viral infections
including SARS-CoV-2 (25).

All these data are consistent with the hypothesis that KD
is a consequence of an immune mediated endothelial cell
damage likely triggered by an acute viral infection affecting the
respiratory system. Otherwise, an association between another
coronavirus (HCoV-NH) and KD has been previously reported
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(26). Recent studies reported an increased incidence of KD
associated to SARS-CoV-2 infection in children (2, 3). The
hypothesis of a delayed onset of KD rather than an association
with acute SARS-CoV-2 infection is suggested by the lack of
detection of the virus in most affected children and the increased
incidence of KD at time when the number of new COVID-
19 cases decreases. However, in some other cases both diseases
could be contemporary (3). In the present case, the occurrence
of the inflammatory disorder 3 weeks after a possible pauci
symptomatic SARS-CoV-2 infection (transient anosmia in the
absence of other symptoms) favored the hypothesis of a delayed
immune mechanisms induced by the viral infection as proposed
by Belot et al. (6).

Tocilizumab, an anti-IL-6 receptor monoclonal antibody has
been reported to be effective for patients with severe COVID-
19 pneumonia and hyperinflammatory syndrome (27). It is
also effective for the inflammatory syndrome associated to
Kawasaki’s disease in children (28). However, tocilizumab may
have contributed to the formation of new-onset of coronary
artery aneurysms in these children (28). As KD was not yet
recognized at time of acumen of ARDS, myocardial dysfunction
and distributive shock, we administered tocilizumab for its
potential beneficial effects in this setting. We here noticed
a very positive response to tocilizumab on ARDS and signs
of cardiac involvement (troponin and cardiac function at
echocardiography) which rapidly improved after tocilizumab
administration. However, a cardiac aneurism was detected
at CTCA 3 days later. While the development of cardiac
aneurisms after tocilizumab therapy in KD is consistent with
the previous observations of Nozawa et al. (28), it is important
to notice that the onset of aneurism in the KD children
treated with tocilizumab was quite late (several weeks), and
it is thus possible that the aneurism pre-existed tocilizumab
therapy in this patient. The regression of the coronary aneurysm
after IVIG and methylprednisolone administration may suggest
that these treatments are a mandatory part of the therapy
when cardiac aneurisms are present, particularly for patients
treated by tocilizumab. Apart from the administration of
tocilizumab, the initiation of corticosteroid therapy was justified
by the risk of non-response to IVIG. Indeed, the Kobayashi
score had been evaluated at 6 points which constitutes a
50% risk of IVIG ineffectiveness in KD (29). The benefit
of prednisolone administration is well-documented in these
circumstances (30, 31).

It is interesting to notice that eosinophils, which have been
associated with the development of more severe coronary
vasculitis in KD (32) continued to increase despite tocilizumab
even though troponin and CRP decreased. The eosinophilia
detected in our patient with KD contrasts with the marked
eosinopenia characteristic of patients with severe forms of
COVID-19 (33, 34). Although KD is associated with a Th17
rather than a Th2 immune response, the pathogenic role of
eosinophils in KD is underlined by their presence in the
inflammatory infiltrates characterizing the coronary vasculitis
of KD (20, 32). In addition, eosinophilia, sometimes marked,
was present in all patients with KD developing coronary
aneurysms (32). In the context of a COVID-19 epidemic, a

blood eosinophilia could be a useful tool raising suspicion
of KD.

Additionally, eosinophils may be an important indicator for
requirement of additional glucocorticoid therapy in patients
with multisystem inflammatory syndrome associated with
SARS-CoV-2, especially when other markers of inflammation
seem to be controlled.

There are several limitations to this report. First, KD was
recognized relatively late in the course of the patient. It is
important to acknowledge that the first report of KD or PIMS
was published online on April 27, several days after the onset
of the disease in this patient. This may have contributed
to the late recognition of KD/PIMS in this patient. Also,
several clinical features are common in KD and in acute
SARS-CoV-2 disease: conjunctivitis, fever, rash, myocarditis.
Accordingly, the initial diagnosis that was considered in
this patient was SARS-CoV-2 ARDS and myocarditis,
and KD was considered later in view of the continuous
growth of eosinophils despite significant improvement of
the other signs. Second, several drugs (hydroxychloroquine,
azithromycin, colchicine) seem not indicated in KD. Again,
these were indicated at time of consideration of SARS-CoV-
2 ARDS, myocarditis and distributive shock. Colchicine
was administered for myopericardial involvement. Of note
colchicine has marked rheologic and anti-inflammatory
properties, inhibits T-cell activation (35). It is a class Ila
recommendation in pericarditis (36), and can even be used
after acute myocardial infarction (37). Admittedly, its use
in myocarditis has not been well-described, even though
anti-inflammatory agents may have beneficial effects (38).
Recently, Deftereos et al. (39) reported in a randomized study
that colchicine improved the time to deterioration in patients
hospitalized with SARS-CoV-2. Hydroxychloroquine and
azithromycin were administered for SARS-CoV-2 ARDS.
Ceftriaxone was administered in the context of ARDS
and distributive shock, while waiting for the results of
bacteriological sampling.

A final consideration regards the use of exogenous angiotensin
2 (Giapreza). After correction of the severe myocardial
dysfunction with dobutamine, it became evident from the
hemodynamic profile that the patient suffered from distributive
shock. The choice of the vasopressor agent in the context of
SARS-CoV-2 associated vasoplegia is still a matter of debate.
Some theoretical considerations suggest that AT2 may have
beneficial effects as exogenous AT2 administration is associated
with internalization of AT2 receptors, a key receptor involved
in the pathogenicity of SARS-CoV-2 (40). These theoretical
considerations were supported by a case series by Zangrillo
et al. (41) which demonstrated that AT2 administration was
associated with a rapid improvement in gas exchanges and
respiratory function.

CONCLUSION

Clinicians caring for adult patients must be aware that not only
children but also young adults can be affected by a multisystem
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inflammatory syndrome with KD features associated with
COVID-19.

A careful clinical history is necessary to identify subtle
symptoms (as loss of taste or smell) suggestive of SARS-
CoV-2 infection in the preceding weeks as the symptoms of
MIS associated with SARS-CoV-2 may mimic an acute onset
of SARS-CoV-2.

As it appears to be a delayed immune reaction to SARS-CoV-2
infection, serology constitutes a mandatory diagnostic tool.

This case also suggests that co-administration of colchicine,
tocilizumab, IVIG and corticosteroids had favorable effects
on systemic inflammation and cardiac and pulmonary
manifestations and may control the development of arterial
coronary aneurysm.
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The COVID-19 pandemic has caused unprecedented crisis across the world, with many
countries struggling with the pandemic. In order to understand how each country is
impacted by the virus and assess the risk on a global scale we present a regression
based analysis using two pre-existing indexes, namely the Inform and Infectious Disease
Vulnerability Index, in conjunction with the number of elderly living in the population.
Further we introduce a temporal layer in our modeling by incorporating the stringency
level employed by each country over a period of 6 time intervals. Our results show that the
indexes and level of stringency are not ideally suited for explaining variation in COVID-19
risk, however the ratio of elderly in the population is a stand out indicator in terms of
its predictive power for mortality risk. In conclusion, we discuss how such modeling
approaches can assist public health policy.

Keywords: COVID-19, inform index, infectious disease vulnerability index, mortality risk evaluation, public health

1. INTRODUCTION

At the end of 2019, a new respiratory tract infection emerged in Wuhan, China. Termed
COVID-109, the virus has spread all over the globe, with the World Health Organization (WHO)
designating it a pandemic. Highly contagious, the disease has severely impacted economies and
elderly populations. Data scientists, epidemiologists and mathematicians are aiming to understand
and project the spread of the virus or assess the risk in each country; specifically the risk of deaths
is of deep and grave concern. It is widely established that a range of factors prevail, upon which
the COVID-19 risk or vulnerability of an individual country depends (1, 2); extending from risk
assessment of other viruses and pandemics (3). Therefore, amongst the large volume of work
on the impact of COVID-19, a stream of research attempts to decipher the various baseline or
constituent factors that could put a nation at risk to COVID-19 (4). These include the study of
socio-demographic or economic factors as well as natural elements, such as climate or temperature
(5). Typically, such factors are baseline in the sense that they cannot be altered or varied overnight.
However, they can pre-empt contingency plans and action points for agencies and organizations
enabling countries to be better prepared in response to the virus (6). A region or country at
assumed high risk could take timely actions to prepare for and preempt the spread. Prior work
has also in relation focused on how different countries compare on their level of risk (7). The wide
variety of such indicators ultimately illustrates that selection of appropriate indicators requires clear
justification. In prior work, we have also seen the usage of standardized risk indexes developed by
large organizations. These indexes are an aggregate of many indicators and factors (8). Such indexes
may also play an important role in the evaluation of COVID-19 risk. However, these indexes were
in general derived before COVID-19 by considering other viruses and as such their charting of
COVID-19 as a pandemic is not immediately clear or established. One may question if these indexes
can be readily used to assess COVID-19 risk given that it is acknowledged that COVID-19 is
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much more contagious than originally thought in comparison
to other corona viruses (9). Further, computing the risk of
COVID-19 is largely complicated (10)—leading to some efforts
to deduce a customized index (11).

In parallel, we also have research focusing on the impact
of factors which are more fluid and variable in nature and
depend on government intervention and policy (12). These
include social distancing measures, travel bans, lockdowns,
economic shutdown and much more (13). These can in
theory be implemented overnight and in conjunction with the
baseline variables provide an effective response strategy. Timely
interventions are hence what most government agencies aspire
to. Evaluating their effectiveness should also be an integral
component of risk modeling (14). Temporal evaluations at
key checkpoints are essential to the successful implementation
of a response plan keeping in mind non-pharmaceutical
interventions, so that scalable strategies can be employed.

While some of the prior work aims to project the efficiency
of future actions or predict the spread (15, 16), our research has
attempted to evaluate the current or present situation in terms
of identifying the mortality risk of COVID-19 on a global scale
using a wide range of predictors or indicators. Most of the prior
work attempts to assess the risk situation on a local scale (17).
The aim of any intervention or introduction of a stringency level
is to reduce the overall risk. Further, there should be regular
and timely determinations to deduce if the interventions are
contributing to a lowering of risk. Therefore, in this current
paper, we present our analysis on modeling the current and
temporal change in COVID-19 risk on a global scale through
the incorporation and comparison of not only available and
standardized risk indexes but also a temporal factor in terms of
the prevailing stringency level. As mentioned prior, these risk
indexes do not allow us to reassess the risk when the condition
of a country changes (such as when government interventions or
lockdowns are activated or softened). Nevertheless, a number of
such pre-made indexes are available and it would be worthwhile
to compare them in terms of their ability to explain the risk
of COVID-19. Therefore, in our research, we compare two
standardized indexes in terms of their efficacy to assess the risk
and vulnerability of each country toward COVID-19 and also
introduce an additional factor in terms of the stringency level
of each country.We believe our analysis is a contribution to
literature as previous temporal risk assessments for COVID-19
are for specific countries, such as China (18) or South Africa (19).

2. METHOD

Our aim was to discern the risk of COVID-19 on a global
yet temporal scale.In order to compute the risk, we wanted
to benchmark each country against its prevailing conditions
and disease vulnerability as measured by various indicators
and predictors.

2.1. Index Selection

In Gilbert et al. (8), a range of indexes and their applicability to
assess COVID-19 risk are discussed. Two indicators namely the
Inform global risk index (20) and the Infectious Disease index

(21) were deemed relevant due to their ability to “account” for not
only demographic, socio-economic, environmental and political
factors but also transmission risk, infrastructure, vulnerability
and coping capacity. Hence, we selected the indicators comprised
as part of the two indexes as the primary factors of our risk
assessment, given that they nicely complimented each other.
Their constituent indicators are summarized in a bullet list
below. We also recorded the overall value or composite score
of the indexes themselves. Data related to these indexes was
obtained from their available official documentation (20, 21);
including both the constituent indicators and the composite
index score. For the Inform global risk index the composite
score was available in the official documentation as “Enhanced
Inform 2019.” For the Infectious Disease Vulnerability index, the
composite score was available in the official documentation as
“Overall Score Normed.”

Each of the indicators were normalized on a range of 0-1. We
did however notice, that there was no mention of the ratio of
elderly population amongst the list of indicators. Proportion of
children was included and this may have been due to the focus of
the indexes on prior epidemics which were different in their risk
demographic. Therefore, we also included an additional static
indicator which illustrated the ratio of elderly in the population
(above 65 years old), as provided from World Bank. This index
was termed as “A65abp” in our data.

e Inform Index

. Natural

Human

. Hazard and Exposure
Social-Economics Vulnerability
. Vulnerable Groups

. Vulnerability

. Institutional

. Infrastructure

. Lack of Coping Capacity.

O 0NN AWN —
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Disease Dynamics
Political Domestic
Political International
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2.2. Stringency Level

Each country’s response to the emerging threat of COVID-
19 has been fluid, dynamic and unique. There is no one size
fits all approach. Therefore, representation of the prevailing
stringency is important to model in any risk assessment. With
the application of stringent measures the risk of future spread
should reduce. In order to capture a temporal assessment of
variation of risk we utilized the stringency index proposed
as the Oxford COVID-19 Government Response Tracker
(OxCGRT) (22). This is defined as “a policy stringency index

Frontiers in Public Health | www.frontiersin.org

18

August 2020 | Volume 8 | Article 440


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Arsalan et al.

Global and Temporal COVID-19 Risk Evaluation

(calculated) by combining 13 policy indicators, including school
and workplace closures, travel bans, as well as fiscal policy
measures.” To allow for the measures to take effect, and to
give increased importance for measures taken earlier rather
than later, in our modeling we considered a weighted average
stringency level for any day based on a formula provided in
literature (4).

2.3. Modeling

Our model considered COVID-19 and stringency data between
22-01-20 and 11-05-20 on 2 weeks intervals, namely (02-03-
20, 16-03-20, 30-03-20, 13-04-20, 27-04-20, and 11-05-20), such
that the model was run for each date in this list for a temporal
risk assessment across all countries data (N = 156). The data
associated with the virus was extracted from the John Hopkins
Repository (23). The number of confirmed cases and mortality
were normalized per capita based on the population, per one
million people and not on the basis of confirmed cases; due to
the inaccuracies and irregularities in testing (24).

We ran eight multiple regression models for each of the six
dates mentioned. We had two dependent variables: normalized
confirmed cases and normalized mortality. Each dependent
variable was modeled four times by using the two sets of indicator
independent variables in both split and composite form. The
four sets of independent variables were the indicators in the
Inform Index (9 in total) and those in the Infectious Disease
Vulnerability Index (7 in total) as well each of the indexes
in their composite form (a single score each). There was no
intermixing of indexes as independent variables across each
other or in their split or composite form. All regression models
further included A65abp (ratio of elderly in the population) and
weighted stringency level on that particular date as additional
independent variables. The list of 8 regression model types is
summarized below.

For each date in our window of six identified dates

1. DV = normalized confirmed cases; Im (IV = 9 constituent
factors of the Inform Index, A65abp, stringency level)

2. DV = normalized confirmed cases; Im (Enhanced Inform
2019, A65abp, stringency level)

3. DV = normalized mortality; Im (IV = 9 constituent factors of

the Inform Index, A65abp, stringency level)

DV = normalized mortality; Im (Enhanced Inform 2019,

A65abp, stringency level)

5. DV = normalized confirmed cases; Im (IV = 7 constituent
factors of the Infectious Disease Vulnerability Index, A65abp,
stringency level)

6. DV = normalized confirmed cases; Im (Overall Score Normed,
A65abp, stringency level)

7. DV = normalized mortality; Im (IV = 7 constituent factors of
the Infectious Disease Vulnerability Index, A65abp, stringency
level)

8. DV = normalized mortality; Im (Overall Score Normed,
A65abp, stringency level).

Afterwards, the regression predictors were then assessed for
relative importance or assigning of weights using the relaimpo
package (25). All modeling was carried out in R.

3. RESULTS

Initially, we tested for various assumptions of linear regression
models. Using residual plots we checked for normality and
only minor deviations from normality were observed. None of
the predictor variables were considered to be dropped across
the four types of regression models; however, we did check
for multicollinearity using the measure variance inflation factor
(VIF). We realized the importance of this step in particular
when we considered the indexes in their split form, as it could
be expected that the predictors may possibly be correlated with
each other. VIF scores for all 9 predictor variables within the
Inform Index were high and beyond tolerance (>5) for both
confirmed cases and mortality. A65abp and the stringency level
were within an acceptable range (<5). When we used the
composite score of the Inform index alongside A65abp and the
stringency level, there were no issues whatsoever with respect
to multicollinearity. VIF scores for the predictors within the
Infectious Disease Vulnerability Index were beyond tolerance for
three of them (>5); namely economic domain, political domestic
and health care. A65abp and the stringency level were within an
acceptable range (<5). When we used the composite score of the
Infectious Disease Vulnerability index alongside A65abp and the
stringency level, there were no issues whatsoever with respect to
multicollinearity. As with the Inform Index, VIF scores mirrored
each other across mortality and confirmed cases for the Infectious
Disease Vulnerability Index.

Summary of our multiple linear regression models are
presented in the form of tables (see Tables 1-4). Tables 1, 2 tend
to illustrate that the Inform index had slightly higher predictive
power for the risk of COVID-19 confirmed cases. Particularly,
Table 1 shows that both A65abp and the composite value of the
Inform Index have significant predicting power for the risk of
COVID-19 confirmed cases. None of the predictor indicators
within the Inform index were significant for either of mortality or
confirmed cases. Their high multicollinearity also enforces us to
focus on the results from the regression model of the composite
Inform Index.

Tables 3, 4 highlight that the Infectious Disease Vulnerability
Index has lower predictive power than the Inform Index for
the risk of both confirmed cases and mortality for COVID-19.
Table 4 also highlights the weakness of the Infectious Disease
Vulnerability Index to explain COVID-19 mortality risk as none
of its constituent predictors or the index itself in its composite
form emerged as significant. Extending from our checks of
multicollinearity, we re-executed our linear regression model
using the split form of the Infectious Disease Vulnerability Index;
but dropped the three predictors having high VIF mentioned
earlier. In these new models (six each for normalized cases and
normalized mortality; six representing the six dates chosen in
our temporal analysis), there were no drastic changes in R,
if anything it further deteriorated. Our R code and all output
generated is presented in a documented Supplementary File.

3.1. Discussion
In general the response variable variation or R* was low for
both indexes and for both response variables, where most of the
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TABLE 1 | Regression Results for risk of confirmed cases as predicted by Inform Index in both split and composite form; where for p-values “***” represents p < 0.001
“* represents p < 0.01 and “*” represents p < 0.05.

Split form Composite form
Date (all dates are 2020) R? Significant p-values Top weights R? Significant p-values Top weights
March 2 0.17 Stringency*** Stringency (0.64) 0.16 Stringency™** Stringency (0.84)
Social economics . .
N Inform index*, Inform index (0.48),
March 16 0.30 None vulnerability (0.14) 0.21
) ) AB5abp* AB5abp (0.44)
Lack of coping capacity (0.13)
Institutional (0.17) Inform index*, Inform index (0.46),
March 30 0.33 None 0.23
Lack of coping capacity (0.15) AB5abp** AB5abp (0.54)
) Institutional (0.16) Inform index**, Inform index (0.46),
April 13 0.40 None 0.28
Lack of coping capacity (0.16) ABSabp*** AB5abp (0.54)
) Institutional (0.16) Inform index***, Inform index (0.56),
April 27 0.43 None 0.30
Lack of coping capacity (0.17) AB5abp* AB5abp (0.43)
Infrastructure (0.13 Inf index (0.69),
May 11 0.40 None nirastructure ( ) 0.27 Inform index*** nform index ( )
Lack of coping capacity (0.17) AB5abp (0.29)

TABLE 2 | Regression Results for risk of mortality as predicted by Inform Index in both split and composite form; where for p-values “***” represents p < 0.001 “**”
represents p < 0.01 and “*” represents p < 0.05.

Split form Composite form
Date (all dates are 2020) R? Significant p-values Top weights R? Significant p-values Top weights
Stringency (0.63),
March 2 0.18 Stringency*** genoy ) 0.15 Stringency*** Stringency (0.89)
natural (0.15)
Inform index (0.12),
March 16 0.07 None AB5abp (0.42) 0.06 ABSabp™*
AB5abp (0.87)
AB5abp (0.39), Inform index (0.17),
March 30 0.16 A65abp* 0.14 AB5abp**
lack of coping capacity (0.12) AB5abp (0.82)
A65abp (0.30), '
) " . ) - Inform index (0.20),
April 13 0.28 A6babp lack of coping capacity (0.12), 0.22 A65abp
- AB5abp (0.82)
institutional (0.13)
A65abp (0.27), .
) » - Inform index (0.21),
April 27 0.31 AB5abp lack of coping capacity (0.14), 0.24 AB5abp
— AB5abp (0.78)
institutional (0.14)
AB5abp (0.26), )
" ‘ ) -, Inform index (0.21),
May 11 0.32 AB5abp lack of coping capacity (0.15), 0.24 AB5abp

institutional (0.14)

AB5abp (0.77)

indicators were not integral to the predictive power of the model.
The trend of both indexes was similar, as slight improvements in
predictive power of the model occurred over time. The inform
index did not have any significant constituent indicators within
its ranks.

Indicators from within the Infectious Disease Vulnerability
Index, such as public health domain were at different times
able to explain the variation in risk of COVID-19 confirmed
cases across the countries as shown by its significant predictive
power. The inform index in its composite form was a stronger
predictor for the risk of COVID-19 confirmed cases, whereas
the Infectious Disease Vulnerability Index was a significant
predictor of the risk of COVID-19 confirmed cases on May-
11. This clearly highlights that these indexes if anything,
the indexes were slightly more effective in explaining the

variation in confirmed cases on a global scale as compared
to mortality. The seemingly overall weak results highlight the
need of a customized and tailored composite index for risk
assessment related to COVID-19, particularly for mortality.
Prior literature also identifies the importance of considering
COVID-19 as very different from infectious diseases of the
past [such as SARS (26)]. Our identified indexes in this paper
were conceptualized in the pre-COVID era and hence are
finding it difficult to map and predict the risk of COVID-19.
Nevertheless, the ratio of elderly (A65abp) as a self-introduced
indicator was an important predictor for mortality risk as
evidenced by its weight and significance across the models.
The mortality risk associated with COVID-19 and the elderly
is widely recognized (27) and this association also emerged in
our results.
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TABLE 3 | Regression Results for risk of confirmed cases as predicted by Infectious Disease Vulnerability Index in both split and composite form; where for p-values “***”
represents p < 0.001 “**” represents p < 0.01 and “*” represents p < 0.05.

Split form Composite form
Date (all dates are 2020) R? Significant p-values Top weights R? Significant p-values Top weights
Stringency (0.38), St 052)
ringen .
March 2 0.09 Stringency”* health care domain (0.16), 0.07 Stringency* gency ’
AB5abp (0.37)
A65abp (0.18)
Infectious Disease
March 16 0.09 None Health care domain (0.19), 0.07 AB5abp* Vulnerability
AB5abp (0.27) Index (0.19),
A65abp (0.66)
) ) Infectious Disease
Public health domain (0.18), Vulnerabilt
ulnerabili
March 30 0.24 Public health domain** A65abp (0.18), 0.16 AB5abp™* Y
- . Index (0.30),
political domestic (0.17)
A65abp (0.66)
) Infectious Disease
Health care domain (0.17), Vulnerabilt
. ulnerabili
April 13 0.29 Public health domain** A65abp (0.17), 0.19 AB5abp*** i
" ) Index (0.36),
political domestic (0.18)
A65abp (0.63)
) Infectious Disease
Public health domain** Health care domain (0.18), Vulnerabilit
. ubli in*, ulnerabili
April 27 0.29 ) economic domain (0.22), 0.18 AB5abp** Y
health care domain* o . Index (0.43),
political domestic (0.16)
A65abp (0.56)
. ) Infectious Infectious Disease
Public health domain®, Health care domain (0.20) Disease Vulnerabilit
I in (0.20), i ulnerabili
May 11 0.30 health care domain®, ‘ ' 0.17 ) Y
) o economic domain (0.3) Vulnerability Index (0.55),
economic domain
Index* AB5abp (0.45)

TABLE 4 | Regression Results for risk of mortality as predicted by Infectious Disease Vulnerability Index in both split and composite form; where for p-values “***”
represents p < 0.001 “**” represents p < 0.01 and “*” represents p < 0.05.

Split form Composite form
Date (all dates are 2020) R? Significant p-values Top weights R? Significant p-values Top weights
Stringency***, political Stringency (0.56),
March 2 0.22 9 ) v p. political domestic 0.14 Stringency*** Stringency (0.93)
domestic domain** .
domain (0.15)
Infectious Disease
March 16 0.06 None Health care domain (0.19), 0.05 ABS5abp* Vulnerability
A65abp (0.36) Index (0.18),
A65abp (0.71)
Infectious Disease
March 30 010 AB5abp” Health care domain (0.16), 0.08 ABSabp™ Vulnerability
A65abp (0.39) Index (0.18),
A65abp (0.80)
Health care domain (0.14), Infectious Disease
April 13 0.19 AB5abp* AB5abp (0-36), 0.15 AB5abp*™** Vulnerability
political Index (0.22),
international (0.14) AB5abp (0.77)
o . Infectious Disease
Political international (0.15), vl bilt
. ulnerabili
April 27 0.23 AB5abp* political domestic (0.14), 0.19 AB5abp*** Y
Index (0.26),
AB5abp (0.34)
A65abp (0.74)
o . Infectious Disease
Political international (0.16), vl bt
ulnerabili
May 11 0.25 AB5abp** political domestic (0.15), 0.21 AB5abp*™* Y
Index (0.28),
AB5abp (0.33)
A65abp (0.72)
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A key incremental novelty of our modeling approach to assess
COVID-19 risk was the introduction of a temporal independent
variable in the form of the stringency level of each country.
Stringency appeared to have predictive power till early March,
which is when there was most variation in stringency data.
Once the World Health Organization declared COVID-19 as
a pandemic around mid March (28), most countries scaled up
their stringency levels and it lost any association that it had in
modeling the mortality risk of COVID-19. This is exemplified
by the standard deviation of weighted stringency level for the
entire data set, which went from 11.3 on 02-03-2020 to 12.4 on
16-03-2020. This could also explain the drop or no change in
R? for our date of 16-03-2020 (for 6 of the 8 scenarios). Prior
research has shown stronger outcomes in temporal assessments
of COVID-19 toward the start of the outbreak (29). Related
research (30) further informs us that controlling the spread
and risk of the COVID-19 virus relies more on personal and
individual measures, such as social distancing rather than only
emphasizing large scale governmental interventions.

4. CONCLUSION

In our analysis, we have attempted to use existing indexes to
assess prevailing COVID-19 spread and mortality risk. Our
results show that due to the inherent differences primarily related
to transmission between COVID-19 and other pandemics of the
past, future effort is to be dedicated to design customized indexes
once the impact of COVID-19 is understood. Further, the level
of stringency that a country had imposed was unable to explain
the variation across countries when it came to COVID-19 risk.
We discuss how this may have been a by-product of COVID-
19 being declared a pandemic around mid March 2020 when
most countries increased their stringency levels significantly. Our
analysis also confirmed the significant association between the
ratio of elderly (or above 65 years old) living in a population and
COVID-19 mortality risk as well as between the local prevailing
demographics and risk of COVID-19 spread. In addition, future
analysis of the like can also focus on regional assessments of
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Objectives: Distinct measures were adopted in Lebanon to prohibit the spreading of
SARS-CoV-2. These actions provide positive results only if the population chooses to
be compliant.

Aim: Accordingly, this study aimed to reflect the Lebanese population adherence by
determining their level of knowledge and practice during this pandemic.

Method: A cross-sectional online survey was performed in April 2020. It involved 410
volunteers from the main 5 Lebanese districts. The questionnaire was divided into 3
parts; sociodemographic, knowledge, and practice. A score was calculated out of 18
points to evaluate the knowledge of the respondents. The last 8 questions reflected
the participants’ precautionary methods during the pandemic. Descriptive statistics and
one-way analysis of variance tests were conducted using SPSS version 20.

Results: The overall correct rate of the knowledge questionnaire was 75%. Survey
completers of extreme age groups (under 18 and >44), elementary education level,
and medical occupation displayed the least level of knowledge compared to other
groups (p < 0.05). Most of the participants showed proactive practices to protect
themselves against COVID-19. They covered their mouths (81.2%), threw the used
tissues (93.7%), and washed their hands (66.6%) after sneezing or coughing. Moreover,
they wore face masks if they were sick (59%) or in a crowded place (79.3%).
Concerning Hydroxychloroquine, 10% claimed that they would take it if they have
COVID-19 symptoms.

Conclusion: This survey sheds the light on the fact that one mandatory measure does
not fit all the population; there must be a specialized method of prevention for each
profession, age group, and area of the country to prevent the outbreak of COVID-19.

Keywords: COVID-19, knowledge, attitude, pandemic, Lebanese

INTRODUCTION

The Human coronavirus, which derives from the family Coronaviradae, includes a group of positive
sensed, single-stranded RNA. These RNA viruses have the largest number of genomes ranging
from 26 to 32 kilo-bases in comparison to single-stranded viruses (1). Accordingly, coronavirus
has evolved by gene recombination and mutation to be subdivided into 4 categories; alpha, beta,
gamma and delta (1, 2). Moreover, this virus has shown mutations with higher antigenicity, or
infection potential, as a consequence of the host’s development of humoral and cell-mediated
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immunity (3). It is one of the major pathogens that initially
targets the human respiratory system (4). In fact, in December
2019, 40 cases of pneumonia were reported in Wuhan, China
which etiology was soon established to be the new virus called
novel coronavirus (3, 5). The severe acute respiratory syndrome
coronavirus (SARS-CoV), which was the causative agent of an
outbreak in 2003, and SARS-CoV-2 (the novel coronavirus),
are highly similar because they have high nucleotide homology
of around 77%. SARS-CoV-2 is less pathogenic, but more
transmissible compared to SARS-CoV (1). SARS-CoV-2 is
transmitted from one person to another by direct contact or
droplets from sneezing or coughing (3).

Until the 22nd of April 2020, this outbreak resulted in
2,503,412 cases around the world whereby 171,809 lost the battle
and passed away (6). The first coronavirus case in Lebanon was
identified on February 21st. Eight days later, schools were locked
down followed by bars, restaurants, and finally the airport. By
March 15, the entire country had been on lockdown by the
government due to increased case numbers (7). Even though
experts at this point assumed high numbers of infected persons
and mortalities, until the 25th of April, 696 cases were tested
positive for coronavirus disease of 2019 (COVID-19), and 21
patients passed away (6).

As a consequence of the actions taken to prevent the spread of
this outbreak, an economic crisis arose. More than 100 countries
declared flight restrictions and boarder closure, causing a major
drop in the number of flights per day from 150,000 to 200,000
to <100,000. The Chinese industrial production fell by 13.5% in
the first 2 months of the year. According to an article published
by BBC on the impact of this outbreak, 6.6 million claimed to be
unemployed in the USA during April 2020 (8).

Even though everyone is at risk of developing COVID-19, yet
some conditions make the patient more susceptible to the disease.
Being above 65, living in a nursing home, having lung diseases,
cardiovascular conditions, diabetes, liver or kidney disease, or
being immune-compromised not only increases the chance of
acquiring the novel coronavirus but also the complications (9).

The World Health Organization (WHO) and the Center for
Disease Control and Prevention (CDC) declared that the most
common signs and symptoms of this virus are fever, dry cough,
and shortness of breath (9, 10). Two to 14 days and 2-10 days
are the incubation periods of coronavirus which are identified by
the CDC and WHO, respectively. Nevertheless, two cases were
reported after being incubated for 19 and 27 days, respectively
(6). WHO reported in a press conference on February 10, that a
long incubation period could reflect a double exposure (6).

Up till now the golden standard of COVID-19 diagnosis is
nucleic acid detection, which is obtained from throat or nose
swab sampling by real-time reverse transcriptase polymerase
chain reaction (11). Rapid diagnostic test (RDT) is a small and
portable qualitative test that detects the presence of coronavirus
antibodies; immunoglobulin G and M. The results need between
10 and 30 min to be obtained. This test was approved by food
and drug administration (FDA), after the announcement of an
emergency use of authorization (EUA) as a diagnostic tool (12).
The WHO states that the results of this diagnostic tool can be
influenced by many factors which include the time from onset

of illness, the concentration of the virus in the specimen, the
quality of the specimen collected, and the formulation of the
reagents in the test kits. Therefore, the sensitivity of this test may
vary between 34 and 80%. Moreover, this serology test doesn’t
indicate if the patient has an active infection. It rather indicates
the presence of antibodies (13).

Unfortunately, up till today, there is no specific treatment
or vaccine against the novel coronavirus. Proper symptomatic
treatment along with oxygen supplementation are the major
intervention for patients with severe symptoms. IDSA
recommends against the use of corticosteroids in patients
having pneumonia due to coronavirus. However, it supports
its use when there are acute respiratory symptoms (ARDS)
(14). There are several potential drug candidates including
nucleoside analogs lopinavir/ritonavir, neuraminidase inhibitors,
remdesivir, umifenovir, DNA synthesis inhibitors (tenofovir),
tocilizumab, anti-malarial chloroquine, dexamethasone, and
Chinese traditional medicine (15).

Chloroquine and Remdesivir were highly effective in the
control of this virus according to a study by Lai et al. (16).
A study done in France on 30 male patients showed that
the antimalarial drug (hydroxychloroquine) combined with
azithromycin reduced the SARS-CoV-2 load (17). The precise
knowledge of hydroxychloroquine’s side effects helps prevent
some irreversible damages. In fact, hydroxychloroquine is not
only responsible for minor side effects such as anorexia,
diarrhea, and nausea, but it may also cause severe ones.
Hyperpigmentation and photodynamic reaction may develop.
Retinopathy will be the result of the accumulative deposition of
hydroxychloroquine in the cornea (18). Concerning the heart,
chloroquine, hydroxychloroquine, and azithromycin prolong the
QT interval leading to a risk of arrhythmic death, especially
when concomitant used (19). Consequently, the Lebanese
ministry of Public health banned all pharmacies from dispensing
hydroxychloroquine or chloroquine without a prescription
from a specialist. Moreover, the pharmacist has to keep this
prescription for tracking purposes (20). Concerning Remdesivir,
an antiviral drug previously tested against Ebola virus, it did
shorten the hospital stay but did not affect the mortality rate (21).

According to the RECOVERY trial, launched in March in the
United Kingdom, dexamethasone decreased mortality by 20% in
severe cases of COVID-19 on oxygen or ventilation. Nevertheless,
dexamethasone did not affect mild infections (22).

More than 90 vaccines are being developed across the world.
They work by blocking or killing the virus through exposing the
body to an antigen. They rely on the virus itself, the viral vector,
the nucleic acid, or the protein subunits. Other vaccines being
tested are the existing ones against poliovirus or tuberculosis. Out
of these vaccines, around 8 reached the safety trials while others
are still being tested on animals (23).

The WHO and other health organizations declared some
preventive measures. Avoid close contact, frequent handwashing
with soap, and water, always carrying an alcohol-based
hand sanitizer, and application of strict hygiene measures
in emergency departments and hospitals. All tissues used to
cover a sneeze or cough should be tossed away immediately.
Finally, health care providers should utilize contact and airborne
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precautions. They should wear face masks, gloves, gowns, and eye
protection (15).

The lack of proper awareness caused the death of 27 people
in Iran not because of the virus itself but after drinking
industrial alcohol believing that it is a preventive measure
(24). A man and his wife died, under critical care in Arizona,
after taking chloroquine in an attempt to self-medicate against
SARS-CoV-2 (24). In Lebanon, the ministry of public health,
in collaboration with the WHO, has issued several awareness
campaigns on social media to prevent the spreading of the
disease and prevent inadequate measures. Nevertheless, no study
reflected the awareness of the population toward COVID-19
and its prevention. Consequently, this study was designed to
evaluate the knowledge and attitude of the COVID-19 among
Lebanese residents.

MATERIALS AND METHODS
Study Design and Population

A cross-sectional anonymous survey was designed in April, 2020
targeting people living all over Lebanon. Due to quarantine, this
study was conducted via a link shared on social networking
platforms to limit the spreading of the disease.

Study Tool

The survey questionnaire was designed in English and then
translated to Arabic, the native language in Lebanon. Both
surveys were available and the participants had the freedom to
choose between the two versions.

Pilot Study

A preliminary phase was conducted to assess the validity and
reliability of the questionnaire before its use. Two experts were
asked to review the questionnaire in order to make sure that it
reflects the knowledge and attitude of the Lebanese population
on COVID-19. Accordingly, the questionnaire was modified to
meet the aim required. To check for clarity of the questionnaire,
a pilot study was conducted which included 10 participants that
took the survey in either language. Further modifications were
done after feedback retrieval from the participants.

Data Collection

An online open-access google form survey was created and
participants from all areas of Lebanon were invited via social
networking platforms to participate. Beirut, North, South, Bekaa,
and Mount Lebanon were the 5 focal points. The survey link was
sent to different socioeconomic levels, via WhatsApp, who were
asked to spread it to their relatives and friends to overcome some
limitations of the online data gathering.

Sampling

The sample size was calculated using the online sample size
“Raosoft®” calculator, assuming the Lebanese population to
account for 6.825 million. The results showed that a total of 384
participants and above provides a representative sample with a
5% margin error and a 95% confidence level. The spreading of
the survey link started on the 22nd of April, and this link was

closed on Saturday April 25th when the number of participants
exceeded the calculated representative number.

Questionnaire

The online survey was divided into four parts that included
24 mandatory questions. The first one requiring the
sociodemographic information of the participant. The second
one, having 6 knowledge questions requiring multiple answers.
Each right answer was given one point, and each wrong or
uncertain answer was given a zero. A score out of 18 was made.
The third and last part included 8 questions reflecting the
attitude of the respondents.

Statistical Analysis

The results were analyzed using Statistical Package for the
Social Science (SPSS®) software version 20 (IBM, New
York-USA). Categorical data were expressed as frequencies
(percentages) while continuous data as means =+ standard
deviation (SD). The ANOVA test was used to compare means
(after ensuring normality and variance homogeneity). All results
were considered “statistically significant” when the P-value was
<0.05 with a confidence interval (CI) of 95%.

Ethical Consideration

The study was an observational one that respects the participant’s
confidentiality and autonomy. The participant had the choice
to defer from submitting the filled form. This survey also
didn’t require neither names nor emails, and thus there were
no traceability of the participant. Accordingly, Beirut Arab
University Institution Review Board waived the approval for
this study.

RESULTS

A total of 410 participants were included in the study. From the
total participants, the age group between 25 and 44 years, female,
Lebanese, and single accounted for 53.2, 58, 95.9, and 62%,
respectively. Fifty-eight point five percent of the respondents live
in Beirut, the capital of Lebanon. Around 80% hold a Bachelor’s
degree, and 32.2% work in the medical field. Concerning the
participants’ income per month, 31.5% reported to acquire
<750,000 Lebanese pounds per month. As for the past medical
history, 57.6% were in good health while 7.6%, and 4.6% had
hypertension and lung diseases, respectively. Thirty-four point
one percent of the participants were smokers (Table 1).

Most of the participants had a good knowledge of COVID-
19 with a mean score of 13.51 &+ 2.56 over 18. Risk factors for
acquiring the novel coronavirus, as reported by the participants,
were older age, cardiovascular disease, respiratory disease,
diabetes, cancer, and smoking with percentages of 75.6, 73.7, 66.1,
50.5, 64.1, and 48.3%, respectively. SARS-CoV-2 was identified
as a virus by 96.8% of the participants. Two to 14 days was the
incubation period as acknowledged by 89% of the respondent.
COVID-19 was recognized as a contagious condition by 98.1% of
the participants. According to the route of transmission, 98.6 and
92.4% were positive that it can be passed via droplets and from
contacting infected surfaces, respectively. On the other hand,
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TABLE 1 | Demographic data of the participants.

TABLE 2 | Knowledge on COVID-19.

Demographics

% (frequency)

Age

Under 18

18-24

25-44

45-54

55-64

>65

Gender

Male

Female

Nationality
Lebanese
Non-Lebanese
Marital Status
Single

Married

Divorced

Widowed

Region

Beirut

Mount Lebanon
South

North

Bekaa

Highest level of education
None

Elementary
Secondary
University

Others
Occupation
Medical
Non-medical
Unemployed
Income/month L.L.
<750,000
750,000-1,500,000
1,500,000-2,250,000
2,250,000-3,000,000
3,000,000-3,750,000
>3,750,000
Comorbidities
Hypertension
Diabetes

Lung disease
Others

None

Smoking status
Cigarette
Hubble-bubble
Other

None

10% (41)
25.9% (106)
53.2% (218)

8.3% (34)

1% (4)

1.6% (7)

42% (172)
58% (238)

95.9% (393)
4.1% (7)

62% (254)
36.1% (148)
1.2% (5)
0.7% (3)

58.5% (240)
29.3% (120)
6.1% (25)
5.4% (22)
0.7% (3)

0.2% (1)

1.2% (5)
15.1% (62)
79.8% (327)

3.7% (15)

32.2% (132)
48.4% (182)
23.4% (96)

31.5% (129)
18.5% (76)
18.8% (77)
11.2% (46)
5.1% (21)
14.9% (61)

7.6% (31)
2.4% (10)
4.6% (18)
30% (123)
57.6% (236)

13.4% (55)
17.5% (72)
3.2% (19)

65.9% (270)

Statement or question Percentage
(frequency)
PART 1
What are the risk factors for acquiring COVID-19?
Being an elderly patient 75.6% (310)
Being a pediatric 15.4% (83)
Having cardiovascular disease (high blood 73.7% (302)
pressure, high cholesterol)
Having a respiratory disease (Asthma, COPD...) 66.1% (271)
Having diabetes 50.5% (207)
Having cancer 64.1% (263)
Being a smoker 48.3% (198)
None 1.2% (5)
| don’t know 0.7% (3)
Others 0.2% (1)
COVID-19 is caused by:
Virus 96.8% (397)
Bacteria 2.4% (10)
Others 0.7% (3)
Incubation period of COVID-19 is: %(n)
2-14 days 89% (365)
Up to 1 month 2.4% (10)
Up to 3 months 1.0% (4)
| don’t know 2.4% (10)
Is COVID-19 a contagious disease?
Agree/strongly agree 98.1% (402)
Uncertain 1.5% (6)
Disagree/strongly disagree 0.5% (2)
How is covid-19 transmitted?
Through air
Agree/strongly agree 29% (119)
Uncertain 40% (164)
Disagree/strongly disagree 31% (127)
Through droplets transmission from sneezing or coughing
Agree/strongly agree 98.6% (404)
Uncertain 0.7% (3)
Disagree/strongly disagree 0.7% (3)
Through contacting infected surfaces
Agree/strongly agree 92.4% (379)
Uncertain 5.6% (23)
Disagree/strongly disagree 2% (8)
Through sexual intercourse
Agree/strongly agree 29.5% (121)
Uncertain 34.6% (142)
Disagree/strongly agree 35.9% (147)

PART 2
The most common sign and symptoms of COVID-19 include:

Fever

Agree/strongly agree 97.6% (400)

Uncertain 1.7% (7)

Disagree/strongly agree 0.7% (3)
(Continued)
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TABLE 2 | Continued

TABLE 3 | Demographic factors associated with the knowledge.

Statement or question Percentage
(frequency)

Fatigue

Agree/strongly agree 91.5% (375)

Uncertain 7.3% (30)

Disagree/strongly agree 1.2% (5)

Shortness of breath
Agree/strongly agree 97.8% (401)
1.5% (6)

0.7% (3)

Uncertain
Disagree/strongly agree
Nose bleed
Agree/strongly agree 21.2% (87)
40.2% (165)

38.6% (158)

Uncertain
Disagree/strongly agree
Rash

Agree/strongly agree 10.5% (43)
37.3% (153)

52.2 (214)

Uncertain
Disagree/strongly agree

35.9% disagree that it is transmitted through sexual intercourse
(Table 2—Part 1). Fever (97.6%), fatigue (91.5%), and shortness
of breath (97.8%) were the highly acknowledged symptoms of
COVID-19 (Table 2—Part 2). The participants who were under
18 years old had a mean knowledge score significantly lower
than ages between 18 and 44 years. Moreover, Beirut citizens
had a significantly lower score than Mount Lebanon residents
but similar score with the North, Bekaa, and South areas.
Concerning the level of education, the participants who only
reached elementary level scored significantly the least (9.5 £
0.22) (p < 0.05). Controversially, medical field workers had a
significantly lower score than non-medical field workers and
unemployed. On the other hand, other demographic data did not
influence the knowledge of the participants (p > 0.05; Table 3).

Furthermore, regarding precautions taking toward COVID-
19 spreading, the overall attitude was acceptable. After sneezing
or coughing, 81.2% of the respondents cover their mouths, 93.7%
throw the used tissue, 93.9% turn their faces from other people,
and 66.6% wash their hands. Face mask was worn by 59 and
79.3% of the participants, in case they are sick or if they are in
a crowded place, respectively. Finally, 75.6% replace their face
mask after a single use (Table 4). Moreover, as a measure to
boost their immunity, the participants increased their fruit and
vegetable (75.6%), and vitamin C (59.5%) intakes. More than
half of the participants (56.1%) started conducting light exercises.
Other measures taken were avoiding take away food (47.6%),
consuming ginger (22.9%), Echinacea (3.2%), and zinc (15.9%)
as supplements (Figure 1).

Referring to studies on hydroxychloroquine, only 10% agreed
to take hydroxychloroquine if signs and symptoms of COVID-19
were present. The most serious side effects of the anti-malarial
drug recognized by the participants were electrical disturbances
of the heart (38%) and eye damage (18.8%). On the other hand,

Demographic data Mean knowledge score + SD/18 P-value
Age

Under 18 1243 £ 2.72 -
18-24 13.84 +2.39 0.017
24-44 13.57 £ 2.64 0.048
45-54 13.91 £ 1.96 0.084
55-64 13.60 + 2.07 0.923
>65 12.50 £ 2.65 1
Gender

Female 13.76 £ 2.53 0.164
Male 13.16 + 2.56 0.195
Nationality

Lebanese 13.51 £ 2.55 0.129
Non-Lebanese 13.569 +2.83 0.687
Marital status

Single 13.42 + 2.64 -
Married 13.69 + 2.43 0.736
Divorced 13.20 + 1.64 0.997
Widow 12.33 £ 3.21 0.883
Region

Beirut 13.13 £ 2.49 -
Mount Lebanon 14.03 + 2.65 0.014
South 14.04 +2.30 0.426
North 14.32 + 2.46 0.217
Bekaa 13.33 £ 2.52 1.000
Education

Elementary 9.50 + 0.22 -
Secondary 12.19 +£0.29 0.051
University 18.79 £ 0.14 0.000
Others 14.47 £ 0.48 0.000
Occupation

Medical 12.65 +2.88 -
Non-medical 13.73 £ 2.37 0.000
None 14.30 £ 2.05 0.000
Income

<750,000 18.14 £ 2.73 -
750,000-1500,000 13.26 £ 2.52 0.999
1,500,000-2,250,000 13.95 + 2.60 0.239
2,250,000-3,000,000 13.96 + 2.53 0.425
3,000,000-3,750,000 183.71£2.35 0.931
>3,750,000 13.66 + 2.19 0.783

The mean score was calculated from all knowledge questions.
ANOVA test was done followed by tukey post-hoc test.
P < 0.05 was considered statistically significant.

50% did not recognize any side effect of hydroxychloroquine
(Tables 5, 6).

For medical inquiry, the survey participants prefer to seek
the advice of a health care provider (60%) or the Ministry of
Public Health hotline (50%). Nevertheless, 20% seek medical
information from social media platforms (Figure2). In the
presence of COVID-19 symptoms, 52.7% of the participants
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TABLE 4 | Attitude toward COVID-19.

Always % (n) Sometimes % (n) Never % (n)

After sneezing/coughing do you

Cover your mouth 81.2% (333) 17.1% (70) 1.7% (7)
Throw the used tissue 93.7% (384) 4.9% (20) 1.5% (6)
Turn your face 93.9% (385) 3.9% (16) 2.2% (9)
Wash your hands 66.6% (273) 30.5% (125) 2.9% (12)
Do you wear a face mask if you are

Sick 59% (242) 27.3(112) 13.7% (56)
In a crowded place 79.3% (325) 14.6% (60) 6.1% (25)
Do you replace the face mask after

Single use 75.6% (310) 19% (78) 5.4% (22)

76.10%
59.50%
56.10%
47.60%
22.90%
15.90%
3.20%
—
Exercise Fruits and  Avoiding Vitamin C Zinc Echinacae Ginger
Fast food
FIGURE 1 | Preventive Non-pharmacological measures followed against
COVID-19.

TABLE 5 | Attitude of the participants toward Hydroxychloroquine use in
COVID-19 infection.

In case of having COVID-19 symptoms, % (frequency)
would you take Hydroxychloroquine if it

was available at home?

Yes 10% (41)
No 70.5% (289)
Maybe 19.5% (80)

consider calling the Lebanese Red Cross to be transferred to
the assigned hospitals, 25% visit any hospital, 10.5% seek help
from their health care provider (physician, pharmacist...), and
11.2% self-medicate themselves without seeking medical advice
(Table 7).

DISCUSSION

COVID-19 represents a global health threat that boosts all local
and international organizations to take preventive measures.
In general, measures should encompass the source of the
infection, its transmission route, and the susceptible population.
Accordingly, knowledge of these vital elements is a necessity
(25, 26). In the current study, the respondents displayed a

TABLE 6 | Knowledge of the participants on the side effects of
Hydroxychloroquine.

Most serious side effects of Hydroxychloroquine % (frequency)

Eye damage 18.8% (77)
Electric Disturbances of the heart 38% (156)
Headache 11.7% (48)
Nausea 12.7% (562)
Abdominal pain 10.7% (44)
| don’t know 50% (205)
Others 1.2% (5)
61.00%
50.00%
20.50%
15.90% 15.40% 15.10%
—
Health care Any Website Family and Social Medical MoPH Others
provider friends media website
FIGURE 2 | Medical resources for inquiries on COVID-19.

TABLE 7 | Attitude of the participants in the presence of COVID-19 symptoms.

In case | have COVID-19
symptoms | would

% (frequency)

Seek emergency at any hospital 25.6% (105)

Call the Lebanese Red Cross to be 52.7% (216)
taken to COVID-19 assigned
hospitals

Seek health care providers
(pharmacist, physician...)

10.5% (43)

Don't refer to any and self-medicate 11.2% (46)

decent knowledge regarding risk factors, etiology, and route of
transmission, incubation period, and signs and symptoms of
COVID 19. The mean knowledge score was 13.51 & 2.56 over
18 which can be attributed to the fact that nearly 80% of the
participants had a university degree. Moreover, the main primary
sources of COVID-19 information for the survey participants
were health care providers (61%), and the Lebanese Ministry
of Public Health (50%). In fact, the Lebanese authorities have
released a new website for all information regarding the COVID-
19. Moreover, television channels have broadcasted preventive
measures (27). Nevertheless, despite all the effort taken by
the Ministry of Health through schools, under 18 were the
least informed on this condition followed by the elderly. In
fact, age groups >50 years had similar results to Chinese
and Egyptian residents (28-30). An alarming finding showed

Frontiers in Medicine | www.frontiersin.org

29

August 2020 | Volume 7 | Article 542


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Domiati et al.

COVID-19 and the Lebanese Community

that Lebanese health care providers scored lower than non-
healthcare providers. According to a survey on the perception
and knowledge of health care workers, this discrepancy can be
explained by the fact that some are experts in other domains
than infectious diseases (31). This finding imposes that awareness
should target all categories of citizens. Two distinct websites
should be created; one for the health care providers and one
for the non-healthcare providers. Television channels should
broadcast animated recommendations targeting the children.
Areas of low knowledge should be targeted by posting on the road
billboards and phone message notifications.

Knowledge is a requirement for establishing prevention
beliefs, developing positive attitudes, and encouraging positive
behaviors toward the disease (32). This was reflected in the
practice of most of the participants in the survey. Nevertheless,
even though 98.6% of the participants agreed that SARS-CoV-
2 is transmitted through sneezing or coughing droplets, 17.1
and 1.7% sometimes and never cover their mouth after sneezing
or coughing in public places, respectively. Moreover, 14.6%
sometimes wear a mask in crowded places and 6.1% never did.
Being sick also did not trigger wearing a mask in 13.7% of the
respondents. Consequently, the virus can be transmitted easily
by this minority since it is highly contagious.

Even though the U.S. National Institutes of Health does
not recommend the use of any agent as prophylaxis against
COVID-19 (33), 76.1% increased their consumptions of fruits
and vegetables, 59.5% consumed vitamin C supplements, 56.1%
did exercise on a daily basis, and 47.6% avoided fast food in an
attempt to increase their immunity and consequently decrease
the risk of acquiring the virus. These lifestyle modifications
are a necessity to avoid most diseases including diabetes and
cardiovascular diseases.

According to the Ministry of Health, patients with symptoms
should contact the ministry through the hotline or call the Red
Cross to be transferred to the assigned hospital. Moreover, the
Lebanese Order of Pharmacists stated that anyone with fever,
shortness of breath, or cough, or had been in contact with
COVID-19 patients, or had been outside the country is not
allowed to enter the pharmacies and has to refer to the assigned
hospitals by the Ministry of Health. With all these restrictions,
10.5% still would seek pharmacists or physician clinics in case of
having COVID-19 symptoms which puts the health care provider
along with staff, waiting patients, and possible pediatrics at risk
of developing the disease. Furthermore, 11.2% will choose to self-
medicate instead of medical referral. This is alarming, especially
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Objectives: An outbreak of coronavirus disease (COVID-19) in 2019 in Wuhan,
China, has spread quickly worldwide. However, the risk factors associated with
COVID-19-related mortality remain controversial.

Methods: A total of 245 adult patients with laboratory-confirmed COVID-19 from two
centers were analyzed. Chi-square, Fisher’s exact, and the Mann-Whitney U-tests were
used to compare the clinical characteristics between the survivors and non-survivors. To
explore the risk factors associated with in-hospital death, univariable and multivariable
COX regression analyses were used.

Results: Of the 245 patients included in this study, 23 (9.4%) died in the hospital.
The multivariate regression analysis showed increased odds of in-hospital deaths
associated with age, D-dimer levels >1,000 ng/L, platelet count < 125, and higher serum
creatinine levels.

Conclusions: We identified risk factors that show significant association with mortality
in adult COVID-19 patients, and our findings provide valuable references for clinicians to
identify high-risk patients with COVID-19 at an early stage.

Keywords: COVID-19, mortality, risk factors, SARS-CoV-2, Wuhan

INTRODUCTION

In December 2019, infectious pneumonia broke out in Wuhan, Hubei province. It was caused by
a new coronavirus, which was named “SARS-CoV-2” by the World Health Organization (WHO)
on February 13, 2020 (1). Meanwhile, the infectious disease caused by SARS-CoV-2 was named
“COVID-19.” In China, according to the National Health Commission (2), a total of 82,341 cases
were diagnosed, of which 77,892 patients were discharged, and 3,342 died as of April 15. Since the
early stages of the outbreak, the disease has spread to most countries in the world. As of April 15,
2020, more than 1,900,000 people have been infected and over 120,000 people have died worldwide
(3). The situation is likely to worsen with the rapid escalation and global spread of infection (4).

Frontiers in Medicine | www.frontiersin.org

32 August 2020 | Volume 7 | Article 545


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://www.frontiersin.org/journals/medicine#editorial-board
https://doi.org/10.3389/fmed.2020.00545
http://crossmark.crossref.org/dialog/?doi=10.3389/fmed.2020.00545&domain=pdf&date_stamp=2020-08-25
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:714380246@qq.com
mailto:dapsci@126.com
mailto:6myt@163.com
mailto:guoliangwhzn@163.com
https://doi.org/10.3389/fmed.2020.00545
https://www.frontiersin.org/articles/10.3389/fmed.2020.00545/full
http://loop.frontiersin.org/people/826496/overview
http://loop.frontiersin.org/people/825595/overview
http://loop.frontiersin.org/people/826524/overview
http://loop.frontiersin.org/people/826471/overview
http://loop.frontiersin.org/people/943439/overview
http://loop.frontiersin.org/people/825619/overview
http://loop.frontiersin.org/people/705204/overview

Lietal

Risk Factors, SARS-CoV-2

The symptoms for COVID-19 vary from cough and fever to
dyspnea, which can be difficult to identify. Approximately 20% of
the patients are estimated to develop severe illness, with overall
mortality around 2.3% (5). Given that there are no drugs that
have been proven to be clinically effective in targeting the SARS-
CoV-2 directly, it is particularly important to identify the risk
factors associated with disease progression and mortality (6, 7).

In this study, we explored the potential host risk factors
associated with death in a retrospective cohort of 245 laboratory-
confirmed COVID-19 patients admitted to the two appointed
hospitals in Wuhan. We present a detailed review of the medical
information of each patient to clarify the clinical manifestations,
laboratory test results, and outcomes to better understand the
disease progression and prognosis.

MATERIALS AND METHODS
Study Design and Patients

This multiple center retrospective study was approved by the
Institutional Ethics Board of the Zhongnan Hospital of Wuhan
University (NO. 2020015) and the Central Hospital of Wuhan
(NO. 2020072). Oral informed consent was obtained from
patients before data collection with their privacy rights protected.
According to the Seventh Interim Guidance of Diagnosis and
Treatment of COVID-19 published by the Chinese National
Health Commission on March 3, 2020 (8), patients with
radiological characteristics of viral pneumonia were recognized
as suspected cases. Meanwhile, patients who tested positive with
the real-time reverse-transcription-polymerase-chain-reaction
(RT-PCR) test for SARS-CoV-2 or showed high-level homology
with SARS-CoV-2 detected through gene sequencing were
diagnosed as confirmed cases. Therefore, patients who were
negative on repeated RT-PCR test and those without clear
outcomes within the observation cut-off time were excluded from
the study. Ultimately, we enrolled a total of 245 patients who
were admitted to Zhongnan Hospital of Wuhan University and
the Central Hospital of Wuhan between December 26, 2019, and
February 15, 2020. All the patients were followed up until March
7, 2020.

Data Collection

We collected data on the demographic, clinical, laboratory, and
radiological characteristics, as well as treatment and clinical
outcomes of the included patients. All the information was
acquired from their electronic records and independently
checked by three participants (SW, SC, and YH) to verify
data accuracy.

The demographic features included gender (male or female),
age at diagnosis, comorbidities, symptoms, and time from onset
to admission. Laboratory tests included routine blood tests, blood
coagulation tests, and tests for renal and liver functions, creatine
kinase, infection-related biomarkers, brain natriuretic peptide
(BNP), and RT-PCR analysis for SARS-CoV-2. The radiographic
examination included chest CT or X-ray. Clinical management
and outcomes data included information on therapies, and
clinical outcomes until the end of the follow-up period, time from

onset to a negative RT-PCR result, and changes in chest x-rays
and CT scans.

Statistical Analysis

The baseline characteristics of survivors and non-survivors were
compared. Categorical and continuous variables were presented
as n (%) and median (IQR), respectively. The Chi-square test
or Fisher’s exact test were performed for categorical variables,
and the Mann-Whitney U-test was used for continuous variables.
Univariable and multivariable cox regression analyses were
applied to investigate the risk factors associated with in-hospital
deaths. Candidate factors for the multivariable analysis were
chosen on the basis of the previous findings and findings of
the univariable analysis. For laboratory results, we considered
the normal ranges used in the Zhongnan Hospital of Wuhan
University as the reference. All data analyses were performed
using SPSS (version 26.0).

RESULTS

Demographics and Clinical Characteristics

of Patients With COVID-19

The 245 laboratory-confirmed COVID-19 patients were divided
into survivor (n = 222) and non-survivor (n = 23) groups. The
demographic characteristics and symptoms of all the patients
are shown in Table 1. The median age of all patients was 54
[interquartile range (IQR): 37-64] years, while that of patients
in the survivor group was 52 years. The median age of the non-
survivor group was 76 years. The proportion of men (48.2%)
and women (51.8%) was comparable across the whole cohort.
Female patients accounted for a higher percentage (55.0%) of the
survivor group, while male patients accounted for the majority
(78.3%) of the non-survivor group. About half the patients
(n = 122) had underlying diseases including hypertension,
diabetes, chronic obstructive lung disease, cardiovascular disease
(CVD), carcinoma, nervous system disease, and hepatic disease.
Hypertension was the most common comorbidity in the non-
survivor group, followed by CVD. The most common symptoms
on admission were fever and cough, followed by fatigue and
expectoration (Table 1). The median time from the onset to
admission was 6 (IQR: 3-8.5) days.

Laboratory Results and Treatments

Table 2 summarizes the laboratory results of the study
population. On admission, 168 (73.0%) patients had lymphocyte
counts below the normal range, while 60 (26.0%) of them
had it within the normal range. The non-survivor group
had higher counts of white blood cells (median value: 6.88
vs. 4.19) and neutrophils (5.83 vs. 2.60) compared to the
survivor group while the latter had lower counts of lymphocytes
(0.85 vs. 0.91) and platelets (157.00 vs. 166.50). Compared to
the survivor group, the non-survivor group had three times
higher levels of D-dimer as well as higher baseline levels
of alanine aminotransferase (ALT), aspartate transaminase
(AST), total bilirubin, serum creatine, all infection-related
biomarkers and brain natriuretic peptide. Based on chest
x-rays and CT manifestations, 91.9% (159/173) of the patients
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TABLE 1 | Demographics and clinical characteristics of 245 patients with COVID-19.

Total (n = 245) Non-survivor (n = 23) Survivor (n = 222) P-value

Age, median (IQR) 54.0 (37.0-64.0) 76.0 (64.5-81.0) 52.0 (36.0-62.0) <0.001

Gender 0.002
Female 127 (51.8%) 5(21.7%) 122 (55.0%)

Male 118 (48.2%) 18 (78.3%) 100 (45.0%)

Any comorbidity 122 (49.8%) 19 (82.6%) 103 (46.4%) 0.001
Hypertension 72 (29.4%) 14 (60.9%) 58 (26.1%) <0.001
Diabetes 31 (12.7%) 6 (26.1%) 25 (11.3%) 0.088
Chronic obstructive lung disease 7 (2.9%) 2 (8.7%) 5(2.3%) 0.133
Cardiovascular disease 29 (11.8%) 9 (39.1%) 20 (9.0%) <0.001
Carcinoma 11 (4.5%) 3 (13.0%) 8 (3.6%) 0.121
Nervous system disease 13 (5.3%) 5(21.7%) 8 (3.6%) 0.001
Hepatic disease 19 (7.8%) 3 (13.0%) 16 (7.2%) 0.557

Respiratory rate>24 breaths per min 39 (15.9%) 5(21.7%) 34 (15.3%) 0.616

Initial symptoms
Fever 201 (82.0%) 16 (69.6%) 185 (83.3%) 0.176
Fatigue 132 (563.9%) 10 (43.5%) 122 (55.0%) 0.293
Cough 142 (58.0%) 11 (47.8%) 131 (569.0%) 0.301
Expectoration 70 (28.6%) 5(21.7%) 65 (29.3%) 0.446
Dyspnea 70 (28.6%) 8 (34.8%) 62 (27.9%) 0.489
Muscle ache 56 (22.9%) 3 (13.0%) 53 (23.9%) 0.239
Headache 19 (7.8%) 2 (8.7%) 17 (7.7%) 1.000
Sore throat 18 (7.3%) 1(4.3%) 17 (7.7%) 0.873
Diarrhea 27 (11.0%) 1 (4.3%) 26 (11.7%) 0.469
Rhinorrhea 7 (2.9%) 2 (8.7%) 5(2.3%) 0.133

Onset to admission (IQR) 6.00 (3.00-8.50) 4.00 (1.00-7.50) 6.00 (3.75-9.00) 0.025

IQR, interquartile range.

had pneumonia performance. Among them, 136 patients had
bilateral pneumonia and 23 patients had unilateral pneumonia.
Table 3 shows information on treatment, medication, and
clinical outcomes. In all the cases, more than 50% of the patients
received antiviral treatment, 73.9% of the patients were given
synthetic corticosteroids (methylprednisolone/dexamethasone),
and 9% (22/245) of the patients had respiratory failure. Among
the 80 cases with ongoing viral nucleic acid testing data, 95%
(76/80) of them tested negative within 14 days from onset
(continuous bilateral detection) and there was one death
case. In all the other non-survivors, the virus was detectable
until death. The imaging results showed that in 16% (18/112)
of the patients, the disease was in the progressive state. Of
these, 87.5 and 10.6% were in the non-survivor and survivor
groups, respectively.

The Risk of Death

The univariable analysis found higher odds of in-hospital death
in patients with chronic obstructive lung disease, and CVD
(Table 4). Age, sex, lymphocyte counts, prothrombin time, levels
of albumin, ALT, sodium, myoglobin, C-reactive protein, and
ribavirin were also significantly associated with death (p <
0.05) (Table4). The multivariate regression analysis showed
(Table 5) that the risk of hospitalization death increased with
age [hazard ratio (HR): 1.165, 95% CI (confidence interval):

1.051-1.292, p = 0.004], D-dimer >1,000 ng/L (HR: 11.516,
95% CI: 1.157-114.658, p = 0.037), platelets < 125 x 10°/L
(HR: 7.731, 95% CI: 1.303-45.674, p = 0.024), and higher
serum creatinine levels (HR: 1.004, 95% CI: 1.002-1.007, p =
0.002). However, cardiovascular disease and lymphocyte counts
showed no significant association with death based on the
multivariate analysis.

DISCUSSION

Though the epidemiology of patients with COVID-19 is
widely studied and reported, the death-related risk factors
and detailed clinical characteristics of the disease have not
been well-described. In this study, we summarized the clinical
characteristics of 245 patients diagnosed with COVID-19 at two
centers in Wuhan. We also identified risk factors associated
with COVID-19-related deaths. These included older age, D-
dimer > 1,000 ng/L, platelets < 125 x 10°/L, and higher serum
creatinine levels.

In our study, 9.4% of the patients died of COVID-19. While
the average age of the total cohort was 54 years, that of the
non-survivor group was 76 years. In another retrospective,
multicenter study on COVID-19 cases from Wuhan (9), 54
(28.3%) of the patients died in hospital, the median age of
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TABLE 2 | Laboratory results of 245 patients with COVID-19.

Median (IQR)/number (%)

Normal range Total Non-survivor Survivor P-value
Blood routine
Leucocytes (x 109/1) 3.5-9.5 4.30 (3.01-6.00) 6.88 (3.13-10.98) 4.19 (3.01-5.55) 0.015
<35 80/229 (34.9%) 6/20 (30.0%) 74/209 (35.4%) 0.106
3.56-9.5 127/229 (565.5%) 8/20 (40.0%) 119/209 (56.9%)
>9.5 22/229 (9.6%) 6/20 (30.0%) 16/209 (7.7%)
Neutrophils (x 10%/L) 1.8-6.3 2.91 (1.88-4.95) 5.83 (3.65-9.57) 2.60 (1.82-4.29) 0.001
Lymphocytes (x 10%/L) 1.1-3.2 0.91 (0.66-1.11) 0.85 (0.56-1.07) 0.91 (0.66-1.11) 0.647
<11 168/230 (73.0%) 17/22 (77.3%) 151/208 (72.6%) 0.827
1.1-3.2 60/230 (26.0%) 3/22 (13.6%) 57/208 (27.4%)
>3.2 2/230 (1.0%) 2/22 (9.1%) 0
Platelets (x 10°/L) 125.0-350.0 166.00 (124.75-200.00) 157.00 (112.25-187.75) 166.50 (126.00-202.50) 0.327
<125.0 55/220 (25.0%) 7/20 (35.0%) 48/200 (24.0%) 0.450
125.0-350.0 162/220 (74.0%) 12/20 (60.0%) 150/200 (75.0%)
>350.0 3/220 (1.0%) 1/20 (5.0%) 2/200 (1.0%)
Hemoglobin (g/L) 130.0-175.0 131.00 (118.00-141.00) 127.50 (93.95-136.48) 131.00 (119.00-142.00) 0.111
Coagulation function
Prothrombin time (s) 9.4-12.5 12.15(11.28-13.10) 12.10 (11.40-13.10) 12.20 (11.25-13.05) 0.640
Activated partial thromboplastin time (s) 25.1-36.5 30.20 (28.00-33.00) 28.85 (26.50-34.50) 30.25 (28.00-32.70) 0.853
D-dimer (ng/L) 0-500 240.00 (108.00-633.00) 762.00 (10.18-1574.75) 230.00 (108.50-505.00) 0.079
Blood biochemistry
Albumin (g/L) 40-55 38.20 (34.90-41.48) 34.55 (32.73-38.48) 38.60 (35.38-41.60) 0.004
Alanine aminotransferase (U/L) 9-50 25.00 (15.45-42.23) 30.20 (18.90-55.00) 25.00 (15.30-39.00) 0.267
Aspartate aminotransferase (U/L) 15-40 27.55 (19.30-42.78) 34.00 (25.00-54.00) 27.00 (19.30-40.00) 0.179
Total bilirubin (wmol/L) 5.0-21.0 9.40 (7.60-13.22) 156.50 (7.90-22.05) 9.30 (7.60-12.50) 0.058
Potassium (mmol/L) 3.5-5.3 4.02 (3.61-4.36) 4.13 (3.91-4.94) 4.01 (3.60-4.35) 0.116
Sodium (mmol/L) 137.0-147.0 139.40 (135.90-141.60) 139.30 (132.00-141.00) 139.45 (136.00-141.60) 0.598
Serum creatinine (umol/L) 64.0-104.0 67.90 (54.40-84.40) 96.60 (72.90-133.25) 67.15 (53.30-81.55) 0.001
Myocardial enzyme
Myoglobin (ng/mL) <140.1 50.20 (31.20-106.30) 158.60 (84.08-245.95) 48.30 (25.75-72.50) 0.001
Infection-related biomarkers
Procalcitonin (ng/mL) <0.05 0.09 (0.06-0.22) 0.23 (0.13-1.07) 0.08 (0.06-0.15) <0.001
<0.05 118/220 (53.6%) 3/22 (13.6%) 115/198 (58.1%) <0.001
>0.05 102/220 (46.4%) 19/22 (86.4%) 83/198 (41.9%)
Interleukin-6 (pg/mL) 0-7.0 22.81 (6.94-58.66) 68.59 (32.64-223.23) 18.47 (5.68-45.03) 0.001
<7.0 32/118 (27.1%) 2/16 (12.5%) 30/102 (29.4%) 0.159
>7.0 86/118 (72.9%) 14/16 (87.5%) 72/102 (70.6%)
Erythrocyte sedimentation rate (mm/h) 0-20 25.00 (13.25-53.00) 80.00 (48.00-96.00) 24.00 (13.00-43.00) <0.001
<20 57/141 (40.4%) 2/13 (15.4%) 55/128 (43.0%) 0.054
>20 84/141 (569.6%) 11/13 (84.6%) 73/128 (57.0%)
C-reactive protein (mg/L) 0-10 5.90 (1.82-25.05) 9.46 (3.27-68.94) 5.35 (1.80-24.32) 0.106
<10 120/201 (59.7%) 10/19 (52.6%) 110/182 (60.4%) 0.510
>10 81/201 (40.3%) 9/19 (47.4%) 72/182 (39.6%)
Brain natriuretic peptide (pg/mL) 0-1,800.0 29.70 (10.00-189.85) 283.80 (10.20-363.00) 24.23 (10.00-107.55) 0.013
Chest x-ray and CT manifestations
Bilateral pneumonia 136/173 (78.6%) 14 (87.5%) 122/157 (77.7%) 0.235
Unilateral pneumonia 23/173 (13.3%) 2 (12.5%) 21/157 (13.4%)
No abnormality 14/173 (8.1%) 0 14/157 (8.9%)

191 patients was 56 (IQR 46-67) years, and that of the non-
survivors was 69 (63-76) years, which was comparable to our
findings. In a study by Zhong et al. (10), which enrolled 1,099

laboratory confirmed COVID-19 cases from 552 hospitals across
China, the median age of the study population was 47 years
and 1.4% of the patients died of the disease. The fatality rate
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TABLE 3 | Clinical treatments and outcomes of patients with COVID-19.

Project Total Non-survivor Survivor P-value
(n = 245) (n=23) (n =222)
Antibiotic therapy 238 (97.1%) 22 (95.7%) 216 (97.3%) 0.503
Antiviral therapy
Oseltamivir 131 (63.5%) 14 (60.9%) 117 (62.7%) 0.455
Ribavirin 43 (17.6%) 5(21.7%) 38 (17.1%) 0.79
Abidol 64 (26.1%) 4 (17.4%) 60 (27.0%) 0.317
Alpha-interferon 19 (7.8%) 1(4.3%) 18 (8.1%) 0.490
Corticosteroid treatment 181 (73.9%) 20 (87.0%) 161 (72.5%) 0.134
Respiratory failure 22 (9.0%) 9 (39.1%) 13 (56.9%) <0.001
Onset to RT-PCR turning negative (d)
<14 76/80 (95.0%) 1 75 (94.9%) 0.819
>14 4/80 (5.0%) 0 4 (5.1%)
Imaging changes
Improvement 88/112 (78.6%) 0 88 (84.6%) <0.001
Progression 18/112 (16.0%) 7/8 (87.5%) 11 (10.6%)
No change 6/112 (5.4%) 1(12.5%) 5 (4.8%)

in Wuhan is significantly higher than that in other regions.
It is probably because of the concentration of a large number
of cases.

It has been reported that older patients have a worse prognosis
of the Middle East respiratory syndrome (MERS) and severe
acute respiratory syndrome (SARS) (11, 12). Previous studies
have found that older age is related to stronger host innate
responses to virus infection and stronger activation of the pro-
inflammatory pathways, with a marked decline in cell-mediated
as well as humoral immune functions (13, 14).

In addition to age factors, we also found D-dimer levels
>1,000 ng/L, and platelet counts < 125 x 10°/L on admission
were associated with fatal outcomes in COVID-19 patients.
High levels of D-dimer have been verified to be a significant
prognostic factor in patients with suspected infection and sepsis
(15). Increased D-dimer is distinctly associated to disseminated
intravascular coagulation, which is considered as an early
stage of diffuse pulmonary intravascular coagulopathy (16).
Extensive thrombosis in small vessels and the microvasculature
has been confirmed histologically as one of the important
basic pathological changes of lung in hospitalized COVID-19
patients (17). Platelets also play an equally important role as
a consumable substance in the clotting process. Therefore, the
reduction of platelets may also affect the survival status of
patients through the same way. As we all know, COVID-19 has
many similarities to SARS. In a retrospective study, 20-45% of
SARS patients had thrombocytopenia (18). There are 7(35%)
of non-survivor patients had platelets counts below the normal
range on admission. Moreover, severe infections could lead to
secondary thrombocytopenia characterized by a rapid decline in
platelet count (19). These conditions are associated with damages
to the hematopoietic system and the lungs, in which mature
megakaryocytes release platelets (20). However, Qu et al. (21)
have reported that while COVID-19 patients with significantly

elevated platelet count during treatment were on an average
hospitalized longer, the platelet count at admission was lower in
severely ill patients (169.67 & 48.95) compared to those who were
not severely ill (192.26 £ 58.12). The initial increase in platelet
count, followed by a decrease in severely ill patients, may be
associated with the progression of COVID-19.

Basal CVD did not show a significant association with
COVID-19-related mortality. Coronary heart disease has been
correlated with acute cardiac incidents and adverse outcomes in
respiratory viral infections (22-24). However, consistent with our
findings, previous studies (9) have also verified that CVD did not
play an independent role in multivariate regression analysis of
COVID-19-related mortality.

This study has some limitations. First, laboratory tests such
as hypersensitive troponin, creatine kinase, and serum ferritin
were missing because the study was retrospective. At the same
time, because many cases were hospitalized in the early stage of
the epidemic, there are also many missing data of viral nucleic
acid test. Second, the outcomes were evaluated at the end of
the follow-up period instead of at a fixed time point during the
course of the disease. Finally, the sample size was small. Hence,
the interpretation of our results might be limited. However, by
including patients from two appointed hospitals for COVID-19,
we believe the object of our study is representative of the total
patient population.

Although Wuhan achieved victory over COVID-19
through hard work, this new coronary pneumonia is now
a worldwide disease. The virus can be eliminated only
if all countries take appropriate measures. The medical
workers in Wuhan have accumulated experience fighting
this epidemic, and have no reservations in providing advice
to colleagues in need. We are also committed to passing on
our knowledge and expertise to other countries currently
fighting COVID-19.
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TABLE 4 | Univariate cox regression analysis of clinical parameters in patients

with COVID-19.
Univariable OR P-value
(95% ClI)
Demographics and clinical characteristics
Age, years 1.089 (1.049-1.132)  <0.001*
Male sex (vs. female) 3.024 (1.110-8.237) 0.030"
Comorbidity present (vs. not present) 2.667 (0.891-7.982) 0.079
Chronic obstructive lung disease 5.050 (1.115-22.867)  0.036*
Hypertension 1.966 (0.829-4.664) 0.125
Diabetes 1.404 (0.535-3.683) 0.490
Cardiovascular disease 2.637 (1.093-6.360) 0.031*
Carcinoma 3.252 (0.941-11.240)  0.062
Nervous system disease 1.668 (0.571-4.878) 0.350
Hepatic disease 1.478 (0.435-5.027) 0.531
Blood routine
Leucocytes (x 10%/L)
<35 1.315 (0.453-3.820) 0.614
3.6-9.5 Ref
>95 2.493 (0.833-7.457) 0.102
Neutrophils (x 10%/L) 1.116 (0.985-1.264) 0.085
Lymphocytes (x 10°/L)
<14 2.432 (0.692-8.543) 0.166
1.1-3.2 Ref
>3.2 22.499 0.001*
(3.434-147.387)
Platelets (x 10°/L)
<125.0 1.863 (0.720-4.821) 0.199
125.0-350.0 Ref
>350.0 2.337 (0.291-18.755)  0.424
Hemoglobin (g/L)
Coagulation function
Prothrombin time (s) 1.791 (1.348-2.379)  <0.001*
Activated partial thromboplastin time (s) 1.008 (0.998-1.019) 0.115
D-dimer (ng/L) 1.000 (1.000-1.000) 0.130
Blood biochemistry
Albumin (g/L) 0.924 (0.858-0.996) 0.038*
Alanine aminotransferase (U/L) 1.002 (1.000-1.003) 0.009*
Aspartate aminotransferase (U/L) 1.001 (0.998-1.004) 0.580
Total bilirubin (wmol/L) 0.999 (0.963-1.037) 0.976
Potassium (mmol/L) 1.454 (0.813-2.602) 0.207
Sodium (mmol/L) 0.971 (0.943-0.999) 0.045*
Serum creatinine (mol/L) 1.001 (1.000-1.002) 0.089
Myocardial enzyme
Myoglobin (ng/mL) 1.005 (1.002-1.007)  <0.001*
Infection-related biomarkers
Procalcitonin (ng/mL)
<0.05 Ref
>0.05 6.090 (0.806-46.016)  0.080
Interleukin-6 (pg/mL)
<7.0 Ref
>7.0 3.505 (0.778-15.787)  0.102
(Continued)

TABLE 4 | Continued

Univariable OR P-value
(95% CI)

Erythrocyte sedimentation rate (mm/h)

<20 Ref

>20 3.666 (0.461-29.140)  0.219
C-reactive protein (mg/L)

<10 Ref

>10 4.140 (1.583-10.829)  0.004*
Brain natriuretic peptide (pg/mL)
Clinical treatments

Oseltamivir 1.867 (0.791-4.405) 0.154

Ribavirin 0.275 (0.088-0.862) 0.027*

Abidol 0.364 (0.107-1.245) 0.107

Corticosteroid treatment 0.426 (0.111-1.641) 0.215

Alpha-interferon 0.434 (0.054-3.497) 0.433
Multicenter

Zhongnan hospital Ref

Central hospital 0.369 (0.151-0.901) 0.029*

*P < 0.05.

TABLE 5 | Multivariate cox regression analysis of clinical parameters in patients
with COVID-19.

Multivariable OR (95% CI) P-value

Age 1.165 (1.051-1.292) 0.004*
Cardiovascular disease 0.312 (0.066-1.483) 0.143
Lymphocytes (x 10°/L)

<1.1 5.387 (0.810-35.848) 0.082

1.1-3.2 Ref
Platelets (x 10°/L)

<125 7.731 (1.303-45.674) 0.024*

>125 Ref
D-dimer (ng/L)

<500 Ref

500-1,000 3.601 (0.308-42.089) 0.307

>1,000 11.516 (1.157-114.658) 0.037*
Serum creatinine 1.004 (1.002-1.007) 0.002*
Total bilirubin 1.037 (0.980-1.098) 0.209
Respiratory failure 2.456 (0.645-9.361) 0.188
*P < 0.05.
CONCLUSIONS

In conclusion, almost 9.4% of our study population died
of COVID-19. Older age, elevated D-dimer levels, and
thrombocytopenia on admission were independent risk
factors for death. More studies on the risk factors associated
with COVID-19-related death are needed to control disease
progression and to improve its treatment.
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(SARS-CoV-2) is the cause of the ongoing Coronavirus Disease 2019 (COVID-19)
pandemic. In this study, we performed a comprehensive epidemiological and genomic
analysis of SARS-CoV-2 genomes from 10 patients in Shaoxing (Zhejiang Province), a
mid-sized city outside of the epicenter Hubei province, China, during the early stage of the
outbreak (late January to early February, 2020). We obtained viral genomes with >99%
coverage and a mean depth of 296X demonstrating that viral genomic analysis is feasible
via metagenomics sequencing directly on nasopharyngeal samples with SARS-CoV-2
Real-time PCR C; values <28. We found that a cluster of four patients with travel history
to Hubei shared the exact same virus with patients from Wuhan, Taiwan, Belgium, and
Australia, highlighting how quickly this virus spread to the globe. The virus from another
cluster of two family members living together without travel history but with a sick contact
of a confirmed case from another city outside of Hubei accumulated significantly more
mutations (9 SNPs vs. average 4 SNPs), suggesting a complex and dynamic nature of
this outbreak. Our findings add to the growing knowledge of the epidemiological and
genomic characteristics of SARS-CoV-2 and offers a glimpse into the early phase of this
viral infection outside of Hubei, China.

Keywords: 2019-nCoV, COVID-19, genotype, metagenomic sequencing, mutation rate, transmission, genomic
epidemiology, SARS-CoV-2

INTRODUCTION

Coronaviruses (CoVs) are a large family of single-stranded RNA viruses that can be isolated from a
variety of animals including camels, rats, birds, and bats (1). These coronaviruses can cause a range
of disease states in animals including respiratory, enteric, hepatic, and neurological disease (2).
Before late 2019, there were six known CoV's capable of infecting humans (Hu-CoVs). The first four
Hu-CoVs that cause mild disease are HKU1, NL63, OC43, and 229E and are known to circulate in
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the human population (3). The other two Hu-CoVs, known
as severe acute respiratory syndrome-CoV (SARS-CoV) and
middle east respiratory syndrome-CoV (MERS-CoV), caused
two previous epidemics in 2003 (4) and 2012 (5), respectively.
Both SARS-CoV and MERS-CoV were the results of recent
spillover events from animals. These two epidemics highlighted
how easy it is for spillover events in CoVs to occur and cause
outbreaks in humans.

In December 2019, another spillover event occurred and a
seventh Hu-CoV appeared known as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), previously named 2019-
nCoV (6). SARS-CoV-2 has been spreading rapidly across the
world since it was first reported in Wuhan, Hubei province,
China (6, 7). The advances and accessibility of sequencing
technologies have allowed researchers all over the world to
quickly sequence the genome of SARS-CoV-2 (8, 9). Zhou et al.
(9) showed that SARS-CoV-2 shared 79.6% sequence identity
to SARS-CoV and 96% sequence identity to a bat CoV further
supporting the theory of another spillover event.

Genomic analysis of SARS-CoV-2 genomes suggested that
there were two major genotypes in the early phase of the
outbreak, known as L type and S type, based on almost complete
linkage between two SNPs (10). Tang et al. (10) proposed that
the S type was more ancient while the L type evolved later and
may be more aggressive in replication rates and spreads more
quickly. Recent reclassifications of SARS-CoV-2 proposed the use
of clade nomenclature and divided all viral genomes into 7 major
clades including O, S, L, V, G, GR, and GH, with the S clade
corresponding to the S type in the Tang study (11-13). Here we
present a comprehensive epidemiological and genomic analysis
of SARS-CoV-2 genomes from 10 patients in Shaoxing (Zhejiang
Province), a mid-sized city about 500 miles away from Wuhan at
the early stages of the outbreak.

MATERIALS AND METHODS
Study Design and Ethics

Ten remnant nasopharyngeal swab samples collected between
1/27/2020 and 2/7/2020, and tested positive by a SARS-CoV-2
real-time PCR assay with cycle threshold (Cy) values of <28, were
included in this study. The samples were de-identified except the
associated epidemiological data were retained. Since the patient
identification was removed and the samples used in this study
were remnant and otherwise would be discarded, the Shaoxing
Center for Disease Control and Prevention had determined that
the institutional review boards (IRB) approval was waived for this
project, and the informed consent form was not required.

SARS-CoV-2 PCR and RNA Sequencing

Total nucleic acid was extracted from the nasopharyngeal swabs
using the Total Nucleic Acid Extraction Kit (IngeniGen XMK
Biotechnologies, Inc., Zhejiang, China). Real-time PCR was
performed by using the IngeniGen XMKbio 2019-nCoV (SARS-
CoV-2) RNA Detection kit, which targets the highly specific
sequences in the ORFIlab and N genes of the virus, on the
ABI 7500 system (ThermoFisher Scientific, Inc., MA, USA). The
RNA libraries were constructed using the Ingenigen XMKbio

RNA-seq Library Prep Kit (IngeniGen XMK Biotechnologies,
Inc., Zhejiang, China). Briefly, DNase was used to remove
residual human DNA and the RNA was fragmented, followed
by double-strand cDNA synthesis, end-repair, dA-tailing, and
adapter ligation. Sequencing was performed by using the 2
x 75 bp protocol on the Nextseq 550 system (Illumina, Inc.,
CA, USA). Sequencing data have been deposited to NCBI SRA
under BioProject PRJNA638211, and to GISAID with accessions
EPI_ISL_463889 and EPI_ISL_463894 to 463902.

Data Analysis

Quality control and trimming of paired-end reads was performed
using custom Python scripts as follows: (1) trim 3" adapters; (2)
trim reads at ambiguous bases; (3) filter reads shorter than 40 bp;
(4) filter reads with average quality score <20. Host-derived reads
were removed by alignment against the GRCh38.p13 genome
reference using bowtie2 (v2.3.4.3) (14) with default parameters.
The retained reads were then mapped to 163 published SARS-
CoV-2 reference genomes obtained from GISAID (https://
www.gisaid.org/CoV2020/, accessed March 2, 2020) by bowtie2
(v2.3.4.3) with default parameters. Snippy (v4.5.0) was used for
variant and indel calling, and core SNP alignment against the
Wuhan-Hu-1 (NC_045512.2) reference (6), FastTree (v2.1.3)
which infers approximately-maximum-likelihood phylogenetic
trees (15) was used for tree construction using default parameters,
and Figtree (v1.4.4) (16) was used to visualize the resulting
phylogenetic tree. HISAT2 (v2.2.0) and StringTie (v2.1.3)
were used for RNA-Seq alignment and transcript assembly
to identify novel isoforms (17, 18). Additional statistical
analyses and visualizations were performed using the “ggplot2”
package in the R statistical environment (v3.6). The clade

TABLE 1 | Epidemiological history of the 10 Shaoxing patients.

ID Age History of travel or sick Date of Date of
range contact symptom sample
onset collection
Shaoxing-01  30-39 Family members traveled 1/24/20 1/27/20
Shaoxing-02 ~ 70-79 together to Hubei 1/29/20 1/30/20
Shaoxing-03  60-66 Province (1/15-1/24) 1/28/20 1/30/20
Shaoxing-04  50-59 1/29/20 1/31/20
Shaoxing-05  50-59 Traveled to Hubei 1/29/20 1/31/20
(1/16-1/23)
Shaoxing-06 ~ 30-39 Resident of Wuhan; 1/29/20 1/31/20
Traveled to Shaoxing
on1/17
Shaoxing-07 <10 Traveled to Hubei 1/30/20 1/30/20
(1/11-1/24);
Two family members were
confirmed cases
Shaoxing-08  50-59 Unknown 1/31/20 2/7/20
Shaoxing-09  30-39 Family members living 2/2/20 2/5/20
Shaoxing-10 together no travel history; 2/5/20 2/6/20

contact with a confirmed
case from Ningbo,
Zhejiang on 1/27

30-39
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and lineage nomenclature was determined by using pipeline = Hubei province while the other three patients had symptom onset
pangolin (https://github.com/hCoV-2019/pangolin) as described ~ 4-5 days after coming back to Shaoxing (Table 1). The second
previously (13). cluster involves two patients who are family members that live
together and did not travel to Hubei province. One of the family
members (Shaoxing-09) had a sick contact with a confirmed case
RESULTS who visited her but lived in Ningbo, a more populated city in

Epidemiology of Shaoxing Patients Zhejiang province (Table 1).

All 10 patients presented with symptoms (fever and cough)

consistent with COVID-19 in late January and early February Metagenomic Sequencing

of 2020. The patients can be categorized into two epidemiologic =~ The patients were confirmed to have SARS-CoV-2 infection

groups with either a travel history to the Hubei province or by a commercial Real-time PCR assay. The average C; values

sick contact with a confirmed case (Table 1). There was one  for the 10 patient samples were 23.17 for ORFlab and 24.54

case where we were unable to obtain a travel or exposure for N (Table2). Metagenomic sequencing was performed to

history (Shaoxing-8). recover the full viral genome. The total number of sequence
There are two apparent clusters in these 10 patients. The  reads per samples ranged from 10.4 to 27.5 million with an

first cluster involves four patients who are relatives and traveled  average of 17.1 million. A small percentage of these reads

together to Hubei province for a wedding in late January. The = mapped to SARS-CoV-2 RNA genome and we did not identify

first patient in this cluster had symptom onset on their last dayin ~ any novel transcripts or fusion events, nor did we detect

TABLE 2 | Summary of sequencing results of 10 Shaoxing patient samples.

ID Ct value (ORF1ab) Ct value Total reads 2019-nCoV RNA 2019-nCoV RNA Genome coverage (%) Mean depth (X)
N) (PE 75) (raw reads) (log value)
Shaoxing-01 21.57 23.62 17,158,277 40,057 4.60 99.4 219
Shaoxing-02 18.86 20.93 13,602,710 149,682 5.18 99.9 929
Shaoxing-03 20.09 22.25 24,769,343 163,158 5.21 99.8 1,024
Shaoxing-04 24.02 24.68 21,609,477 15,424 419 100.0 81
Shaoxing-05 21.81 23.81 14,043,326 99,521 5.00 99.9 591
Shaoxing-06 25.88 27.08 18,909,299 3,535 3.55 99.9 18
Shaoxing-07 23.11 23.87 10,480,051 5,063 3.70 99.8 26
Shaoxing-08 23.34 24.53 11,506,909 2,413 3.38 99.9 12
Shaoxing-09 26.81 27.85 27,517,291 8,897 3.95 99.9 47
Shaoxing-10 26.24 26.8 11,071,595 2,911 3.46 99.7 15
Min 18.86 20.93 10,480,051 2,413 3.38 99.4 12
Max 26.81 27.85 27,517,291 163,158 5.21 100.0 1,024
Mean 23.17 24.54 17,056,828 49,066 4.22 99.8 296
A B
0 SARS-CoV-2 RNA Reads (Log Value) vs Ct (ORF1ab) " SARS-CoV-2 RNA Reads (Log Value) vs Ct (N)
L]
o s | T e
< | T—n > Z . Rt o
L B om e Z . T
% ........ iz o ® o .
= | T — .
&5 y=-2.9936x + 35.813 = 20 Y Zlé‘z)gxsé()?'()“
R*=0.6678 ° 55
15 15
3.00 3.50 4.00 4.50 5.00 5.50 3.00 3.50 4.00 4.50 5.00 5.50
SARS-CoV-2 RNA Reads (Log Value) SARS-CoV-2 RNA Reads (Log Value)
FIGURE 1 | Correlation of C; values and SARS-CoV-2 RNA reads. (A) ORF7ab gene target. The X-axis plots the log value of the SARS-CoV-2 RNA reads while the
Y-axis plots the C; values for the ORF7ab gene for the 10 Shaoxing patients. (B) N gene target. The X-axis plots the log value of the SARS-CoV-2 RNA reads while the
Y-axis plots the C; values for the N gene for the 10 Shaoxing patients.
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any insertion or deletion (Table2). The range of sequence
reads that mapped to SARS-CoV-2 RNA was 2,413-163,158
with an average of 49,066. We observed a clear negative
correlation between the C; values of each gene (ORFlab and
N) and the log value of SARS-CoV-2 RNA reads (Figure 1).
However, the linearity is not significant (R* = 0.6628, 0.5595
for ORFlab and N, respectively), indicating that the number
of RNA reads measured by metagenomics sequencing are
only semi-quantitative and cannot be interpreted directly as
viral loads.

With a large variation in the SARS-CoV-2 RNA mapped
reads, we were still able to obtain excellent coverage and
depth when each genome was mapped to the first SARS-
CoV-2 genome, Wuhan-Hu-1 [(6); Figure 2A]. The coverage
for all genomes was above 99% and the mean depth for
the genomes ranged from 12X to 1024X (Table 2, Figure 2B).
Genomes sequenced to a relatively low mean depth (12X to
47X) were still able to be genotyped successfully but our results
suggest that SARS-CoV-2 read counts of at least 15,000 yield
sufficiently high depth to characterize even low prevalence or
rare mutations.

Estimation of Mutation Rate

To determine the single nucleotide polymorphisms (SNPs) of
SARS-CoV-2 in these 10 patients, we mapped each genome
to the original Wuhan-Hu-1 reference which was collected
on December 31, 2019 (6). The genomes contained a fairly
moderate number of SNPs (mean of 4 SNPs, range 1-9) (Table 3),
consistent with previous reports of relatively low mutation rates

(19). The genomes with the largest number of SNPs came from
individuals who had contact with a confirmed case from Ningbo,
Zhejiang and no travel history to the Hubei province (Table 3,
Shaoxing-9 and 10).

TABLE 3 | Summary of genomic descriptions for the Shaoxing
SARS-CoV-2 genomes.

ID Clade No.of No.of Mutation Mutationrate Mutation
SNP? DaysP rate (#SNP/day/nt) rate
(#SNP/day) (#SNP/yr/nt)
Shaoxing-01 S 2 27 0.07 2.48E-06 9.04E-04
Shaoxing-02 S 2 30 0.07 2.23E-06 8.14E-04
Shaoxing-03 S 2 30 0.07 2.23E-06 8.14E-04
Shaoxing-04 S 2 31 0.06 2.16E-06 7.87E-04
Shaoxing-05 L 2 31 0.06 2.16E-06 7.87E-04
Shaoxing-06 S 3 31 0.1 3.24E-06 1.18E-03
Shaoxing-07 L 5 30 0.17 5.57E-06 2.03E-03
Shaoxing-08 L 1 38 0.08 8.80E-07 3.21E-04
Shaoxing-09 S 9 36 0.25 8.36E-06 3.05E-03
Shaoxing-10 S 9 37 0.24 8.13E-06 2.97E-03
Min 1 27 0.038 8.80E-07 3.21E-04
Max 9 38 0.25 8.36E-06 3.05E-03
Mean 4 32 0.11 3.74E-06 1.37E-03

4SNP calculated by mapping each genome to the genome of Wuhan-Hu-1
(NC_045512.2) (6).

bNumber of days between the date that the sample was collected and the date the
Wuhan-Hu-1 sample was collected (12/31/2019).

fricy

to the specified depth.

B Percent of bases covered at specified depth

FIGURE 2 | Coverage and depth. (A) Coverage and depth map. Normalized depth at each position along the genome are shown for each sample, with SNPs marked
by the alternate allele. (B) Depth ratio. The X-axis plots the log value of the depth for each genome while the Y-axis plots the cumulative percentage of bases covered

E)
coverage
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TABLE 4A | Summary of SNPs in the 10 SARS-CoV-2 genomes.

SNP# Position Gene Reference MutationString MutationString2 Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing-

nt 01 02 03 04 05 06 07 08 09 10
1 207 Non- ¢} NA NA T (non-
coding coding)
2 889 orftab T A208A orf1ab:A208A CA
3 946 oftab T G227G orflab:G227G C(©) C(©)
4 5099 orftab T S1612T orflab:S1612T A(S->T) A(S->T)
5 7420 orftab  C 12385l orf1ab:12385I T() T()
6 8344 orftab  C D2693D orflab:D2693D T(D)
7 8782* orftab  C S$2839S orf1lab:S2839S T (§)* T(S)* T(S)* T(S)* TS TS TS
8 9962 orftab  C H3233Y orflab:H3233Y T (H->Y)
9 11430 orffab A Y3722C orflab:Y3722C G (Y->C) G (Y->C)
10 11916 orffab C S3884L orflab:S3884L T (S->L)
11 15324  orffab C N5020N orflab:N5020N T(N)
12 21676 S C Y38Y S:Y38Y T(Y) T(Y)
13 22081 S G Q173Q S:Q173Q AQ)
14 25672  ORF3a C L94l ORF3a:L94l A (L->1)
15 28000 ORF8 C P36L ORF8:P36L T (P->L)
16 28144* ORF8 T L84S ORF8:L843 C (L->S) C(L->8)* C((L->9 C(L->9" C (L->9)* C(L->9)* C(L->9)"
17 29095 N C F274F N:F274F TF
18 29303 N C P344S N:P344S T (P->S)
19 29625  ORF10 C S23F ORF10:S23F T(S->F) T(S->F)
Non- Synonymous
Synonymous

SNP analysis was based on NC_045512.2 (Wuhan-Hu-1) as the reference genome (6). Variants are denoted as nucleotides vs. the reference base. Amino acid changes listed in parentheses with synonymous mutations listed as a single
residue. The non-synonymous mutations are bolded.
*Mutations of the S clade.
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TABLE 4B | Depth of SNP in the 10 SARS-CoV-2 genomes.

Position MutationString Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing- Shaoxing-
01 02 03 04 05 06 07 08 09 10
207 NA 147 421 643 65 380 11 20 5 17 7
889 A208A 363 1,091 1,666 177 1,018 21 44 19 74 21
946 G227G 166 453 746 80 434 12 24 5 45 17
5099 S1612T 192 617 784 60 575 8 23 7 49 10
7420 12385l 97 384 4083 34 211 5 9 6 10 5
8344 D2693D 161 492 598 63 350 20 4 12 22 ihl
8782 S§2839S 319 948 1,102 108 697 18 29 9 43 20
9962 H3233Y 285 973 1,085 116 796 23 33 23 60 13
11430 Y3722C 180 642 642 78 336 12 18 16 39 17
11916 S3884L 170 698 761 80 444 15 12 21 28 13
15324  N5020N 232 840 877 92 528 22 14 15 35 14
21676  Y38Y 246 1,010 941 105 543 30 36 12 62 14
22081 Q173Q 157 841 694 56 347 15 7 17 41 8
25672 L94l 124 557 476 4 328 7 15 7 37 11
28000 P36L 313 1,112 1,090 113 814 33 57 25 106 44
28144 L84S 189 815 728 79 495 29 44 21 53 19
29095 F274F 386 1,271 1,331 106 798 29 81 25 105 34
29303 P344S 497 1,438 1,452 168 1,067 43 128 36 173 67
29625  S23F 296 1,063 1,004 108 618 34 62 26 100 30

Orange highlighted cells indicate detected mutations and the unhighlighted cells indicate wild-type.

Using the SNP analysis, we calculated the various mutation
rates using the number of days between the date that the
sample was collected and the date the Wuhan-Hu-1 sample
was collected. The mutation rate (SNP per day) ranged from
0.03 to 0.25 (Table 3). We used this mutation rate to calculate
the nucleotide substitution per site per day and the nucleotide
substitution per site per year. We saw an average mutation rate
of 3.74 x 10~° nucleotide substitution per site per day and an
average mutation rate of 1.37 x 1073 nucleotide substitution per
site per year (Table 3).

We investigated each SNP to determine if there were any
non-synonymous mutations in genes important to the virus
lifecycle. Several non-synonymous mutations were found in the
following genes: orflab, orf3, N, orf8, and orflI0 (Table 4A).
These mutations were identified with sufficient confidence as
at least 5X depth was achieved in all the SNPs (Table 4B,
highlighted in orange), and at least 4X depth was achieved at the
positions of these SNPs in all samples (Table 4B, unhighlighted).
In 7 samples, we identified C8782T and T28144C mutations
which are the landmark events of the S clade (Table4A).
We did not identify other GISAID clade defining mutations
outlined by Mercatelli and Giorgi (12). No non-synonymous
mutations were found in the S gene, which encodes the spike
protein thats critical for viral binding to human receptor
ACE2 (9). Notably in the cluster of the two family members
(Shaoxing-9 and—10), the two viruses are closely related but not
identical. Shaoxing-9 was infected first and then transmitted to
Shaoxing-10, whose virus gained a non-synonymous mutation
C9962T in the ORFlab gene (Table 4). This could be explained
by the sequential transmission, however, we could not rule

out a possibility of intra-host viral heterogeneity in the
two patients.

SARS-CoV-2 Genotype and Phylogenetic

Characteristics

Previous reports demonstrate that SARS-CoV-2 has two
genotypes known as L type and S type in the early phase of
the outbreak (10); however, recent classification has divided the
SARS-CoV-2 genomes into 7 different clades (O, S, L, V, G,
GR, GH) (12). We decided to compare our 10 SARS-CoV-2
genomes to 163 other SARS-CoV-2 genomes obtained from
GISAID (8) published by mid-March. Although the majority
of the SARS-CoV-2 genomes obtained from GISAID in the
early phase of the pandemic belonged to the L clade (Figure 3,
green), the 10 Shaoxing SARS-CoV-2 genomes (Figure 3, black
boxes) were distributed throughout these genomes with more
of them classified in the S clade (Figure 3, orange). The more
detailed phylogenetic tree with bootstrap values is shown in
Supplementary Figure 1.

Interestingly, four of the Shaoxing SARS-CoV-2 genomes
(Shaoxing—1 to—4) were identical to six other GISAID SARS-
CoV-2 genomes (Figure 3, Cluster 1). These six other genomes
were isolated from patients all over the world: two from Wuhan,
two from Taiwan, one from Belgium, and one from Australia
(Figure 3, Cluster 1). Shaoxing-6 is identical to five other
genomes isolated in Shenzhen, Guangdong Province in Southern
China (Figure 3, Cluster 2). Notably, in all 10 Shaoxing patients,
we found no virus with D614G Spike gene mutation, which
was shown to start spreading in Europe in early February, and
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FIGURE 3 | Phylogenetic comparison of SARS-CoV-2 genomes. Phylogenetic comparison of 163 published genomes from GISAID (8) and the 10 Shaoxing genomes

rapidly become the dominant form in the rest of the world out of
China (20).

DISCUSSION

In this study, we sequenced the SARS-CoV-2 genome from
10 patient samples from Shaoxing, Zhejiang, China. Using
metagenomic sequencing, we were able to obtain above 99%
coverage and an average depth of 296X for all 10 SARS-CoV-2
genomes. Although not statistically significant, there does appear
to be a clear negative correlation between the C; values of both
gene targets and the log count of SARS-CoV-2 RNA sequence

reads acquired by metagenomics sequencing. This suggests
that the log value of RNA sequence reads by metagenomics
sequencing may be used as a semi-quantitative measurement for
SARS-CoV-2 viral loads.

The rapid spread of this virus is highlighted by the fact
that four SARS-CoV-2 genomes from Shaoxing individuals were
identical to six other SARS-CoV-2 genomes from patients all over
the world. Our data support recent publications that the virus had
spread rapidly around the world especially in Europe before the
United States (21-23).

Overall, we did not see a large number of SNPs in
these SARS-CoV-2 genomes. The greatest number of SNPs
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seen was 9 and these two SARS-CoV-2 genomes were from
individuals with no travel history to Hubei province (Table 3,
Shaoxing-9 and 10). Instead, Shaoxing-9 and 10 had contact
with a confirmed case from Ningbo, another city outside
of Hubei. We can use these data to infer that the virus
accumulated more mutations when it was spread to another
city outside of Hubei first before coming to Shaoxing,
compared to the virus from people traveled to Shaoxing directly
from Hubei.

We combined epidemiologic data with the SNP analysis to
estimate the mutation rate of the SARS-CoV-2 from these 10
patients. We saw an average mutation rate of 1.37 x 1073
nucleotide substitution per site per year for SARS-CoV-2, which
is consistent with other reports on the mutation rate of SARS-
CoV-2(19, 24) and SARS-CoV-1 with a reported mutation rate
of 0.80-2.38 x 10~% nucleotide substitution per site per year
(25). These data demonstrate that SARS-CoV-2 is similar in the
mutation rate as other coronaviruses.

The major limitation of this study is that we only had 10
samples analyzed due to the requirement of sufficient SARS-
CoV-2 RNA from a metagenomic sample. However, with the
development of SARS-CoV-2 probe enrichment or multiplex
PCR protocols, this type of viral sequencing analysis may be
applied to samples with lower viral loads, thereby enabling more
complete molecular epidemiological surveillance. In addition,
the C; value cut-off of 28 established in this study may not
be directly applicable to other real-time PCR assays due to
the technical differences. Inevitably, exclusion of samples with
lower viral load could introduce bias in the genomic surveillance
of SARS-CoV-2 and potentially lead to missed identification
of important genotypes. Last, we did not analyze or predict
the potential biological changes that may be caused by the
identified mutations, such as alterations in RNA secondary
structure, protein stability, interaction with host proteins, and
codon usage, etc.

In summary, we demonstrated that a full viral genomic
analysis is feasible via metagenomics sequencing directly on
nasopharyngeal samples, which allows retrospective molecular
surveillance on SARS-CoV-2 to understand the dynamics
of the outbreak in the early phase. The identical virus
found in patients in Shaoxing, a mid-sized city outside
of Hubei, China, and patients in Europe and Australia
was striking. Our analysis added to the growing body of
evidence that SARS-CoV-2 spread extremely quickly around
the globe as early as January. Although only 10 patients
were included in this study, we found numerous mutations
(both synonymous and non-synonymous) across the entire
viral genome. Our study contributed to the understanding
of the SARS-CoV-2 evolution in the early phase of the
COVID-19 pandemic.

REFERENCES

1. Cascella M, Rajnik M, Cuomo A, Dulebohn SC, Di Napoli R. Features,
evaluation and treatment coronavirus (COVID-19). In: StatPearls. Treasure
Island, FL: StatPearls Publishing LLC.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The raw FASTQ files have been deposited to
NCBI SRA under BioProject PRJNA638211, and the snippy-
based consensus genome sequences have been deposited to
GISAID. They can be found with accessions EPI_ISL_463889 and
EPI_ISL_463894 to EPI_ISL_463902.

ETHICS STATEMENT

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent from
the participants’ legal guardian/next of kin was not required
to participate in this study in accordance with the national
legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

JC, EH, FL, ZL, JT, and SY conceived and planned the
experiments. JC, ZJ, QZ, JW, and YW carried out the
experiments. EH, HW, and FL performed the data analysis. JC
and EH took the lead in writing the manuscript. ZL, JT, and
SY supervised the research project. All authors provided critical
feedback and helped shape the research, analysis and manuscript.

FUNDING

This study was funded by Shaoxing IngeniGen XMK
Biotechnologies, Inc.

ACKNOWLEDGMENTS

We would like to thank Yong-Zhen Zhang (Fudan University)
and Eddie Holmes (University of Sydney) for sharing the
sequence of the first SARS-CoV-2 isolate in a very timely
manner. We would also like to thank Fanchao Meng, Bin Hu,
Haihao Shou, and Yuanyuan Cai from Shaoxing IngeniGen
XMK Biotechnologies, Inc. for their technical assistance. This
manuscript has been released as a pre-print at MedRxiv: Chen
et al. (26).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2020.567621/full#supplementary-material

Supplementary Figure 1 | Phylogenetic tree of SARS-CoV-2 genomes with
bootstrap values.

2. Weiss SR, Leibowitz JL. Coronavirus pathogenesis. Adv Virus Res. (2011)
81:85-164. doi: 10.1016/B978-0-12-385885-6.00009-2

3. Corman VM, Muth D, Niemeyer D, Drosten C. Hosts and sources
of endemic human coronaviruses. Adv Virus Res. (2018) 100:163-88.
doi: 10.1016/bs.aivir.2018.01.001

Frontiers in Public Health | www.frontiersin.org

46

September 2020 | Volume 8 | Article 567621


https://www.frontiersin.org/articles/10.3389/fpubh.2020.567621/full#supplementary-material
https://doi.org/10.1016/B978-0-12-385885-6.00009-2
https://doi.org/10.1016/bs.aivir.2018.01.001
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Chen et al.

Genomic Epidemiology of SARS-CoV-2 in Shaoxing

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Rota PA, Oberste MS, Monroe SS, Nix WA, Campagnoli R, Icenogle

JP, et al. Characterization of a novel coronavirus associated with
severe acute respiratory syndrome. Science. (2003)  300:1394-9.
doi: 10.1126/science.1085952

. Zaki AM, Van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier RA.

Isolation of a novel coronavirus from a man with pneumonia in Saudi Arabia.
N Engl ] Med. (2012) 367:1814-20. doi: 10.1056/NEJMoal211721

. WuE Zhao S, Yu B, Chen YM, Wang W, Song ZG, et al. A new coronavirus

associated with human respiratory disease in China. Nature. (2020) 579:265-9.
doi: 10.1038/s41586-020-2008-3

. Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus

outbreak of global health concern. Lancet. 395:470-3.

doi: 10.1016/50140-6736(20)30185-9

(2020)

. Shu Y, McCauley J. GISAID: global initiative on sharing all influenza

data - from vision to reality. Euro Surveill. 22:30494.

doi: 10.2807/1560-7917.ES.2017.22.13.30494

(2017)

. Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, et al. A pneumonia

outbreak associated with a new coronavirus of probable bat origin. Nature.
(2020) 579:270-3. doi: 10.1038/s41586-020-2012-7

Tang X, Wu C, Li X, Song Y, Yao X, Wu X, et al. On the origin
and continuing evolution of SARS-CoV-2. Natl Sci Rev. (2020) 7:1012-23.
doi: 10.1093/nsr/nwaa036

Han AX, Parker E, Scholer F, Maurer-Stroh S, Russell CA. Phylogenetic
clustering by linear integer programming (PhyCLIP). Mol Biol Evol. (2019)
36:1580-95. doi: 10.1093/molbev/msz053

Mercatelli D, Giorgi F. Geographic and genomic distribution of SARS-CoV-2
mutations. Preprints. (2020). doi: 10.20944/preprints202004.0529.v1
Rambaut A, Holmes EC, Hill V, O’Toole A, Mccrone JT, Ruis C, et al.
A dynamic nomenclature proposal for SARS-CoV-2 to assist genomic
epidemiology. bioRxiv [preprint]. (2020). doi: 10.1038/s41564-020-0770-5
Langmead B, Salzberg SL. Fast gapped-read alignment with Bowtie 2. Nat
Methods. (2012) 9:357-9. doi: 10.1038/nmeth.1923

Price. MN, Dehal PS, Arkin AP. FastTree 2-approximately maximum-
likelihood trees for large alignments. PLoS ONE. (2010) 5:29490.
doi: 10.1371/journal.pone.0009490

Yu G, Smith DK, Zhu H, Guan Y, Lam TT-Y. ggtree: an r package
for visualization and annotation of phylogenetic trees with their
covariates and other associated data. Methods Ecol Evol. (2017) 8:28-36.
doi: 10.1111/2041-210X.12628

Pertea M, Kim D, Pertea GM, Leek JT, Salzberg SL. Transcript-level expression
analysis of RNA-seq experiments with HISAT, StringTie and Ballgown. Nature
Protocols. (2016) 11:1650-67. doi: 10.1038/nprot.2016.095

Kim D, Paggi JM, Park C, Bennett C, Salzberg SL. Graph-based genome
alignment and genotyping with HISAT2 and HISAT-genotype. Nat Biotechnol.
(2019) 37:907-15. doi: 10.1038/s41587-019-0201-4

Wang C, Liu Z, Chen Z, Huang X, Xu M, He T, et al. The establishment of
reference sequence for SARS-CoV-2 and variation analysis. ] Med Virol. (2020)
92: 667-4. doi: 10.1002/jmv.25762

Korber B, Fischer W, Gnanakaran S, Yoon H, Theiler J, Abfalterer W, et al.
Spike mutation pipeline reveals the emergence of a more transmissible form
of SARS-CoV-2. bioRxiv [preprint]. (2020). doi: 10.1101/2020.04.29.069054
Deng X, Gu W, Federman S, Du Plessis L, Pybus O, Faria N, et al.
A genomic survey of SARS-CoV-2 reveals multiple introductions into
northern California without a predominant lineage. medRxiv [preprint].
(2020). doi: 10.1101/2020.03.27.20044925

Gonzalez-Reiche AS, Hernandez MM, Sullivan M, Ciferri B, Alshammary H,
Obla A, et al. Introductions and early spread of SARS-CoV-2 in the New York
City area. medRxiv [preprint]. (2020). doi: 10.1101/2020.04.08.20056929
Schuchat A. Public health response to the initiation adn spread of the
pandemic COVID-19 in the United States. MMWR Morbid Mortail Weekly
Rep. (2020) 551-6. doi: 10.15585/mmwr.mm6918e2

Li X, Wang W, Zhao X, Zai ], Zhao Q, Li Y, et al. Transmission dynamics
and evolutionary history of 2019-nCoV. J Med Virol. (2020) 92:501-11.
doi: 10.1002/jmv.25701

Zhao Z, Li H, Wu X, Zhong Y, Zhang K, Zhang YP, et al. Moderate mutation
rate in the SARS coronavirus genome and its implications. BMC Evol Biol.
(2004) 4:21. doi: 10.1186/1471-2148-4-21

Chen J, Hilt E, Wu H, Jiang Z, Zhang Q, Wang J, et al. Epidemiological and
genomic analysis of SARS-CoV-2 in ten patients from a mid-sized city outside
of Hubei, China in the early phase of the COVID-19 outbreak. medRxiv
[preprint]. (2020). doi: 10.1101/2020.04.16.20058560

20.

21.

22.

23.

24.

25.

26.

Conflict of Interest: HW and YW were employed by the company Shaoxing
IngeniGen XMK Biotechnologies. FL was the Chief Executive Officer of the
company Three Coin Analytics. The authors declare that this study received
funding from Shaoxing IngeniGen XMK Biotechnologies. The funder had the
following involvement with this study: providing sequencing data and preliminary
bioinformatics analysis.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Chen, Hilt, Li, Wu, Jiang, Zhang, Wang, Wang, Li, Tang and Yang.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Public Health | www.frontiersin.org

47

September 2020 | Volume 8 | Article 567621


https://doi.org/10.1126/science.1085952
https://doi.org/10.1056/NEJMoa1211721
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.2807/1560-7917.ES.2017.22.13.30494
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1093/nsr/nwaa036
https://doi.org/10.1093/molbev/msz053
https://doi.org/10.20944/preprints202004.0529.v1
https://doi.org/10.1038/s41564-020-0770-5
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1371/journal.pone.0009490
https://doi.org/10.1111/2041-210X.12628
https://doi.org/10.1038/nprot.2016.095
https://doi.org/10.1038/s41587-019-0201-4
https://doi.org/10.1002/jmv.25762
https://doi.org/10.1101/2020.04.29.069054
https://doi.org/10.1101/2020.03.27.20044925
https://doi.org/10.1101/2020.04.08.20056929
https://doi.org/10.15585/mmwr.mm6918e2
https://doi.org/10.1002/jmv.25701
https://doi.org/10.1186/1471-2148-4-21
https://doi.org/10.1101/2020.04.16.20058560
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

1’ frontiers
In Medicine

CASE REPORT
published: 25 September 2020
doi: 10.3389/fmed.2020.562875

OPEN ACCESS

Edited by:

Jeanne Marie Fair,

Los Alamos National Laboratory
(DOE), United States

Reviewed by:

Kelly Grace Magalhaes,
University of Brasilia, Brazil
Lin Wang,

University of Cambridge,
United Kingdom

*Correspondence:

Bo Fu
fubo.22@163.com

Wei Liu
15563575558@163.com

Specialty section:

This article was submitted to
Infectious Diseases - Surveillance,
Prevention and Treatment,

a section of the journal

Frontiers in Medicine

Received: 16 May 2020
Accepted: 07 September 2020
Published: 25 September 2020

Citation:

Chen S, SiJ, Tang W, Zhang A, Pan L,
An M, Zhang H, Xue S, Wu K, Chen S,
Zhang W, Liu W and Fu B (2020) An
Asymptomatic SARS-CoV-2-Infected
Infant With Persistent Fecal Viral RNA
Shedding in a Family Cluster: A Rare
Case Report. Front. Med. 7:562875.
doi: 10.3389/fmed.2020.562875

Check for
updates

An Asymptomatic
SARS-CoV-2-Infected Infant With
Persistent Fecal Viral RNA Shedding
in a Family Cluster: A Rare Case
Report

Shen Chen', Jiafeng Si?, Wenqiang Tang?®, Anqi Zhang?, Li Pan®, Meng An*,
Huawei Zhang®, Shoukun Xue®, Kunpeng Wu’, Shuangfeng Chen?, Wei Zhang', Wei Liu**
and Bo Fu®*

" Department of Breast and Thyroid Surgery, Liaocheng People’s Hospital, Liaocheng, China, 2 Department of Clinical
Laboratory, Dong’e People’s Hospital, Liaocheng, China, ¢ Department of Central Laboratory, Liaocheng People’s Hospital,
Liaocheng, China, * Department of Clinical Laboratory, Liaocheng People’s Hospital, Liaocheng, China, ° Department of
Thoracic Breast and Thyroid Surgery, Liaocheng Infectious Disease Hospital, Liaocheng, China, ¢ Department of Breast and
Thyroid Surgery, Shandong Maternal and Child Health Hospital, Jinan, China, ” Department of CT, Liaocheng People’s
Hospital, Liaocheng, China

An outbreak of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has become pandemic worldwide. A better
understanding of asymptomatic infections is crucial to prevent and control this epidemic.
Here, we report the epidemiological and clinical characteristics of a family cluster with
SARS-CoV-2 infection. In the family cluster, a 32-year-old male (case 1) and a 53-year-old
female (case 2, the mother-in-law of case 1) exhibited clinical symptoms of COVID-19,
while case 1’s 32-year-old wife (case 3) and their 11-month-old daughter (case 4) were
both asymptomatic. Notably, case 4’s nasopharyngeal swab samples was negative for
nearly 80 days, and her immune system has been boosted for at least 57 days, but the
fecal samples have tested positive for 100 days (May 13, 2020), suggesting SARS-CoV-2
may invade enterocytes and may exist in individuals with low antiviral immunity for a long
term. This report highlights that asymptomatic infections should be managed with caution
and vigilance. For SARS-CoV-2 testing of asymptomatic cases, besides the normally
used nasopharyngeal swab, fecal sample testing is also needed.

Keywords: SARS-CoV-2, COVID-19, asymptomatic, fecal viral RNA shedding, family cluster

INTRODUCTION

An outbreak of coronavirus disease 2019 (COVID-19), caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has become pandemic worldwide. Although most
individuals with SARS-CoV-2 infection exhibit clinical symptoms, a few [1.2% in China (1)]
cases do not. Mounting evidence indicates asymptomatic carriers may still be infectious (2-4).
Given that asymptomatic cases are not easily identified from the population, they are often
neglected by infection prevention and control protocols, and they therefore have a greater
potential transmission risk. A better understanding of asymptomatic infections is crucial to
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Case 2

Case 3

Case 1 .—

/

Case 4

FIGURE 1 | Pedigree of the clustered SARS-Cov-2 infection cases. Arrow
indicates the proband (case 1). Case 2, 3, and 4 are close contacts of case 1.
Full black fills indicate the individuals with COVID-19 symptoms (case 1 and 2),
while partial black fills indicate asymptomatic carriers of SARS-CoV-2 (case 3
and 4).

prevent and control of this epidemic. Here, we report the
epidemiological and clinical characteristics of a family cluster
with SARS-CoV-2 infection, notably including an 11-month-old
infant with persistent fecal viral RNA shedding for 100 days until
now (May 13, 2020).

CASE PRESENTATION

In this family cluster, a 32-year-old male (case 1) and a 53-
year-old female (case 2, the mother-in-law of case 1) exhibited
clinical symptoms, while case 1’s 32-year-old wife (case 3) and
their 11-month-old daughter (case 4) were both asymptomatic
(Figure 1).

On Jan 19, 2020, case 1 (index patient) visited Wuhan (Hubei,
China) for a meeting and then took a train from Wuhan on
Jan 21 and arrived at Liaocheng (Shandong, China) on Jan 22
(Figure 2). He had a fever of 37.8°C and a productive cough after
4 days (Figure 2 and Table 1). On Jan 28, he was taken to Dong’e
People’s Hospital (Liaocheng, Shandong, China) by ambulance.
After pre-screening and triage, he was admitted to the Infectious
Disease Unit for isolation as a suspected case. His chest computed
tomogram (CT) scans showed multiple mottling and ground-
glass opacities in the bilateral lung (Figure 3A), suggesting
this patient has developed to pneumonia. SARS-CoV-2 nucleic
acid tests (ORFlab and N genes) of the nasopharyngeal swab
samples were positive by QRT-PCR (BioGerm, Shanghai, China).
According to the instruction, the kit covers 100% of known
COVID-19 sequences and has no cross-reactivity with other
pathogens, and the limit of detection of the kit is 1,000 copies/mL.

Abbreviations: COVID-19, coronavirus disease 2019; SARS-CoV-2, severe
acute respiratory syndrome coronavirus 2; CT, computed tomogram; ACE2,
angiotensin-converting enzyme 2.

His clinical classification was moderate. Remission was achieved
after treatment with antiviral and traditional Chinese medicine.

Case 2 was a close contact of case 1 from Jan 22 to 26,
and afterwards she developed to a fever of 38.9°C and cough
(Figure 2). On Feb 1, she visited the hospital for diagnosis
and treatment. Her chest CT showed multiple inflammatory
changes and bronchitis in the bilateral lung (Figure 3B). Her
nasopharyngeal swab sample was detected with positive SARS-
CoV-2 RNA. She was classified as a moderate case. After
antiviral treatment and supplement of albumin and human
immunoglobulin, her symptoms were gradually relieved. After
two consecutive negative SARS-CoV-2 nucleic acid tests of
nasopharyngeal swabs with 24h interval, case 1 and 2 were
discharged on Feb 15 (Figure 2).

As close contacts of case 1 and 2, case 3, and 4 visited the
Fever Clinic for further examination on Feb 4 (Figure 2). Both
individuals did not show any clinical symptoms, such as fever,
chills, cough, sore throat, rhinorrhea, or diarrhea, and no signs
of pneumonia was observed on chest CT scans (Table 1 and
Figures 3C,D). However, their nasopharyngeal swab and fecal
samples were both tested positive for SARS-CoV-2. On the same
day, the two cases were admitted to the Infectious Disease Unit
for isolation as asymptomatic cases. After 36 days of isolation
and observation, case 3’s nasopharyngeal swab and fecal samples
turned negative for SARS-CoV-2 (Figure 2).

For case 4, her nasopharyngeal swab samples turned negative
after 22 days of isolation, but the fecal samples have tested
positive until now (100 days by May 13; Figure 2). Repeated
blood routine examination showed decreased neutrophils and
elevated lymphocytes (Supplementary Table 1), indicating a
persistent viral infection. Flow cytometry showed that the counts
of NK cells, B cells, and T-cell subtypes were all out of the
reference ranges (Supplementary Table 1), indicating activated
innate and adaptive immunity responses. The SARS-CoV-2
specific IgG was detectable on Mar 18 and Apr 12, indicating an
active humoral immune reaction against the virus (5, 6).

DISCUSSION

The transmission concealment, symptom subjectivity and
detection limitations increase the transmission risk of
asymptomatic infections. In this report, case 2 and case 1
appeared symptoms of infection almost at the same time,
suggesting that the infection seems to be transmitted during
the incubation period of the index patient. To the best of our
knowledge, case 4 represents the longest SARS-CoV-2 virus
RNA shedding (100 days) in asymptomatic carriers. Although
RT-PCR-based SARS-CoV-2 tests of the nasopharyngeal swab
samples have turned negative for nearly 80 days, and the infant’s
immune system has been boosted for nearly 60 days, her fecal
samples have still been SARS-CoV-2 positive.

Currently, case 4 has no respiratory symptoms; considering
the negative SARS-CoV-2 of nasopharyngeal swab samples, the
viruses might have been eliminated from the respiratory system.
Since RNA fragments’ half-life is very short (7), we speculate
that SARS-CoV-2 viruses, rather than the RNA fragments, still
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FIGURE 2 | Timeline of the cases exposed to SARS-CoV-2.
TABLE 1 | Epidemiological and clinical characteristics of the family-clustered cases with SARS-CoV-2 infection.
Characteristics Case 1 Case 2 Case 3 Case 4
Age 32 years 53 years 32 years 11 months
Gender Male Female Female Female
Symptoms at admission
Fever v v X X
Chills X X X X
Cough v v X x
Sore throat X X x X
Rhinorrhea X X X X
Diarrhea X X X X
Chest CT scan
Mottling and ground-glass opacity N N X X
Blood analysis
Leukocytes (x 10%/L; normal range 5-12) 4.85 6.46 7.00 11.35
Neutrophils (x 10%/L; normal range 1.8-6.3) 3.07 4.74 4.56 1.33
Lymphocytes (x 10°%/L; normal range 1.1-3.2) 1.37 1.30 1.88 9.27
CRP (mg/L; normal range 0-10) 10.90 22.70 0.50 3.00
Antibody of respiratory pathogen test
Influenza A X X X X
Influenza B X X X X
Parainfluenza X X X X
Respiratory syncytial virus X X X X
Adenovirus X X X X
Mycoplasma pneumoniae X X X X
Chlamydia pneumoniae X X X X
Legionella pneumophila X X X X

J/, with; x, without; CRR, C-reactive protein.

exist, which is supported by the reduced neutrophils and elevated
lymphocytes. As fecal samples have been constantly positive, we
suspect that the viruses may be present in the gastrointestinal
tract. Previous studies have shown that angiotensin-converting
enzyme 2 (ACE2), a critical SARS-CoV-2 receptor (8), is not only
expressed in the lung cells but also in the enterocytes (9).

Even though the enterocytes of case 4 may have viruses, she
did not show any gastrointestinal symptoms, such as diarrhea,
abdominal pain, nausea, or vomiting. Despite the production
of IgG, the immune function of infants under 3-year-old has
not been fully developed (10), which could be the reason for
incomplete elimination of SARS-CoV-2 viruses in this case.
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FIGURE 3 | Chest CT images of the four family-clustered cases. (A) Case 1. (B) Case 2. (C) Case 3. (D) Case 4.

Although carrying viruses, the body might be in an immune-
tolerance stage and as such may not present related symptoms.
It is still unpredictable whether and when the SARS-CoV-2
infection would turn negative in this case. It is still unknown
whether SARS-CoV-2, like hepatitis B, could exist in individuals
with low anti-viral immunity for a long time and who may
become long-term carriers.

The infectivity, transmissibility, and epidemiology of
asymptomatic carriers have not been clearly illustrated, and
further knowledge is urgently needed. Nevertheless, before
thorough understanding, asymptomatic infections still should be
managed with caution and vigilance. According to the clinical
experience management for asymptomatic carriers, here are
some suggestions: (1) pay close attention to asymptomatic
infections with intensive monitor and detection; (2) similar
to the confirmed COVID-19 patients, asymptomatic carriers
should also be isolated and observed until the nucleic acid
test turns negative; (3) close contacts of asymptomatic carriers
should also be screened for SARS-CoV-2 infection; and (4) for
the SARS-CoV-2 nucleic acid test, besides the normally used
nasopharyngeal swab, fecal sample-testing is also needed.
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Background: Acute respiratory illnesses (ARIs) are the most common respiratory
infectious diseases among humans globally. Surgical mask (SM) wearing has been shown
to be effective in reducing ARI among healthcare workers. However, the effectiveness of
SM in reducing ARI in the non-healthcare settings remains unclear. This review aims to
summarize and assess the association between SM wearing and ARI incidence, from
existing interventional and observational studies conducted in non-healthcare settings.

Methods: Systematic literature searches conducted in PubMed, Cochrane Library,
and Embase databases identified 503 unique studies. After screening, 15 studies
(5 randomized controlled trials and 10 observational studies) were assessed for
reporting and methodological qualities. Proportions of ARI episodes in each group and
adjusted summary statistics with their relevant 95% Cls were extracted. Data from 10
observational studies were pooled using the generic inverse variance method.

Results: A total of 23,892 participants between 7 and 89 years old involved across 15
studies from 11 countries were involved. Key settings identified were Hajj, schools, and
in-flight settings. A modest but non-significant protective effect of SM on ARI incidence
was observed (pooled OR 0.96, 95% CI 0.8-1.15). Subgroup analysis according to age
group, outcome ascertainment and different non-healthcare settings also revealed no
significant associations between SM use and ARI incidence.

Conclusion: Surgical mask wearing among individuals in non-healthcare settings is not
significantly associated with reduction in ARl incidence in this meta-review.

Keywords: surgical mask, systematic review, acute respiratory infection, non-healthcare settings, prevention

INTRODUCTION

Acute respiratory infections (ARIs) have resulted in significant morbidity and mortality globally.
Many respiratory viruses attribute to ARI. These include influenza viruses, rhinoviruses, and
coronaviruses. Coronaviruses, namely, human coronavirus NL63, 229E, OC43, and HKU1,
attributed to a significant proportion of ARI (1, 2). Similarly, SARS-CoV (2003) (3), MERS-CoV
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(2012) (4), and the recent SARS-CoV-2 (5) are transmitted via
droplet/aerosols and close contacts and resulted in significant
fatality. At the time of writing, the global toll of COVID-19 stands
at 2,145,512 cases, including 143,308 deaths (6).

In the absence of pharmaceutical interventions such as
vaccine and anti-virals for most respiratory viruses including
coronavirus disease 2019 (COVID-19) (7), non-pharmaceutical
interventions such as personal protection equipment are crucial
to curb community spread (7). However, there are inconsistent
policies and recommendations on the use of surgical masks
(SM) in the community in the early stage of the COVID-19
pandemic. WHO (8), Centers for Disease Control and Prevention
(CDCQ), and national authorities have advocated the usage of
SM, as opposed to N95 respirators, only among symptomatic
individuals. Otherwise, one is to practice good personal and hand
hygiene as the key mitigation measure.

WHO only conditionally recommends SM wearing by
asymptomatic individuals in the community in situations
of epidemic and pandemic (9). However, as community
transmission becomes more rampant in many countries at the
early phase of the pandemic, mask wearing has become a norm,
as asymptomatic transmission remains a possibility with limited
evidence to show otherwise (10, 11). With an increase in SM
usage worldwide, a global shortage which is detrimental to the
healthcare setting and pandemic control ensues.

The efficacy of SM usage to prevent transmission of influenza-
like illness (ILI) and laboratory-confirmed influenza have been
shown in a number of studies among symptomatic patients
(12-14). However, the protective effect of SMs among healthy
individuals in a community setting remains unclear. Existing
systematic reviews and meta-analyses consistently found SMs
ineffective at preventing ILI or influenza episodes when worn
by an uninfected individual (15-17). However, a study that
examined the protective effect of SM use against secondary
influenza episode in a household setting, found a 70% reduction
in reported episodes when participants were compliant in SM
use (18).

Conflicting stance regarding the usage of SMs among healthy
individuals to reduce the risk of respiratory infections remains
even with the publication of a systematic review assessing the
efficacy/effectiveness of SM against respiratory infections in 2011
(16). The review found face mask to be the best performing
non-pharmaceutical intervention across seven included studies.
However, all included studies primarily assessed SARS incidence
only, and were predominantly hospital based (85.7%) or only
involved healthcare workers (71.4%). The remaining non-
hospital-based study involved SM usage in households with
healthcare workers as the index case, and another included non-
healthcare workers who were hospitalized. In hospital settings
and/or among healthcare workers, occupational requirements,
and increased knowledge on personal protection increase
compliance to SM usage. However, SM usage may differ
significantly in non-healthcare-related settings or workers. Thus,
the review’s findings may not extend to a community setting
and/or a non-healthcare setting. With the limited supply of
surgical mask for the healthcare workers globally to manage the
large influx of COVID-19 patients, there is a pressing need to

investigate the efficacy or effectiveness of SM use in the non-
healthcare settings so as to guide policyholder on the usage
of SM in the community. Thus, the study aims to perform a
systematic review and meta-analysis to assess the effectiveness or
efficacy of SM usage in decreasing the incidence of respiratory
infectious disease and non-influenza respiratory infection in
the community.

MATERIALS AND METHODS

Search Identification and Selection
Systematic literature searches were conducted in PubMed,
Cochrane Library, and Embase databases. Eligible studies
were assessed for the reporting and methodological quality.
Proportions of populations reporting ARI episodes in each group
and adjusted summary statistics with their relevant 95% ClIs were
extracted when reported. A pooled odds ratio was estimated
using the generic inverse variance method and heterogeneity
was assessed. Relevant peer-reviewed literature that assessed the
effectiveness/efficacy of surgical face masks (SM) in preventing
community-acquired acute respiratory infections (ARIs) were
identified and extracted from PubMed, EMBASE, and Cochrane
databases on February 25, 2020. Specific search terms defined
by the Population, Intervention/Exposure, Comparator, and
Study design (PICOS/PEOS; Supplementary Table 1) utilized
for each database are provided in (Supplementary Table 2).
In all databases, a filter to identify studies published from
2010 was applied to capture more recent published studies
that are more representative of the current social, behavioral,
educational, and economic status of the general population,
which may be attribute to the risk of ARI and compliance to
SM usage. Reference lists of relevant reviews were also hand-
searched to identify additional studies. This study was conducted
in accordance to Cochrane’s Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
Identified publications were screened according to criteria in
the following hierarchy by three authors, and any disagreement
was reviewed by the fourth author to reach a final consensus, and
included in the review if they fulfilled all criteria:

e Type of intervention/exposure: Surgical face mask usage in
comparison with a comparable control group (no surgical face
mask usage or use of hand hygiene practices only).

e Type of study: Peer-reviewed publications on interventional
(randomized controlled trials) and observational (cohort
studies, cross-sectional studies, and case-controlled
studies) studies.

e Type of participants: Participants are individuals living in a
general community setting, not healthcare workers or patients
in clinical and medical setting.

e Types of outcomes: Incidence or episodes of (i) acute
respiratory infectious disease and (ii) non-influenza
respiratory infections in a community setting.

This review defines ARI as any acute respiratory infectious
disease, including influenza-like illnesses and non-influenza
respiratory infections, regardless whether the illness was clinically
diagnosed, laboratory confirmed, or self-reported as defined by
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2 additional studies identified from other sources or hand-
screening of relevant reviews

446 studies excluded, for reasons:

Exposure/Intervention: Not surgical face mask, with or
without hand hygiene, with suitable comparator group (343
studies)

Study Design: Not a randomised controlled trial, cohort,
case-control or cross-sectional study (19 studies)
Population: Not general population in community i.e.non-
human population or are healthcare workers (24 studies)
Outcome: Not measuring episodes or incidence from acute
respiratory infection or community outbreaks of respiratory
infection as an outcome (39 studies)

Relevant reviews (21 studies)

_§ 621 studies identified through
E database searching
=
£ v
T 501 studies after 120 duplicates
D removed L
2.
_'é‘ 3.
g
g 503 studies screened for titles 4.
L] and abstracts
L
Fy
= 57 full-text studies assessed for
2 . el sps
) eligibility
w

42 full-textstudies excluded, for reasons:

1. Language: Not published in English (2 studies)

2. Exposure/Intervention: Not surgical face mask, with or
without hand hygiene, with suitable comparator group (21
studies)

3. Study Design/Publication Type: Not the full-textofa
randomised controlled trial, cohort, case-control or cross-
sectional study (8 studies)

4. Population: Not general population in community i.e. non-
human population or are healthcare workers (2 studies)

5. Outcome: Not measuring episodes or incidence from acute
respiratory infection or community outbreaks of

. . respiratory infection as an outcome (8 studies)

6. Relevant reviews (1 study)

15 studies included in systematic
review
(5 randomised controlled trials,
10 observational studies)

Included

10 studies included in meta-
analysis
(10 observational studies)

FIGURE 1 | Flowchart of the process of screening and study selection.

the study. Studies utilizing variations of facial protective gear
(e.g., respirators and goggles) as an intervention/exposure or
were conducted in settings outside of the general community
were excluded in alignment with the goal to assess the
recommendation of SM usage in a community setting. Relevance
of the extracted studies was first assessed with titles and abstracts,
before full texts of relevant studies were retrieved for further
screening and validation based on the aforementioned criteria.
A PRISMA flow diagram of the study selection process is shown
in Figure 1.

Data Extraction

Data extracted from included studies were consolidated
with Microsoft Excel 2016, and presented in Tables1, 2.
Corresponding authors of included studies were contacted

when clarification or more information were required. The
following data were extracted from each study: authors, year of
publication, study and population characteristics, description of
the measures implemented in intervention and control groups,
and outcomes. Study designs of included studies were also
assessed based on their design features as recommended by the
Cochrane Handbook for Systematic Reviews and Meta-analyses
(33), in addition to extracting their reported study design.
Outcome measures extracted for the intervention and control
groups, when available, include (1) number of ARI episodes, (2)
summary statistic for ARI incidence [relative risk (RR), odds
ratio (OR), or hazard ratio (HR)] and their corresponding 95%
confidence interval (95% CI), and (3) any other key findings.

In addition, the review authors noticed some of the
selected studies had an additional intervention group which
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TABLE 1 | Characteristics of included studies.

References Study design Country of study;

study duration

Population size (% men); percentage
with recent flu vaccine

Age group, mean age (SD) in Description of measures

years; description of
population health status

implemented

Overall quality

Overall Control Intervention Control Intervention Reporting Methods
Randomized controlled trials
Aiello et al. (19) Cluster USA; 6 weeks 930 (26.7%); 552 (18.1%); 378 (39.2%); Adult; 18.7 (0.8); Participants ~ Basic hand hygiene Wearing surgical High High
randomized 13.8% 14.7% 12.4% are seemingly healthy college  education facemask as much as
trial students from University of possible in residence
Michigan during the 2006-2007 hall during intervention
influenza season period
Simmerman et al.  Cluster Thailand; 1 week 583 (40.5%); 292 (40.1%); 291 (40.9%);  Adult; 34 (24-42)*; Household  Hand washing education ~ Mask wearing in index High High
(20) randomized 0% 0% 0% contacts of a pediatric index and kit patients and all
trial case with influenza-like iliness, household contacts
health status of participants not from any point in time
reported within 7 days from
randomization, and
hand washing
education and kit
Aiello (2012) (21) Cluster USA; 6 weeks 762 (43.0%); 369 (43.9%); 391; (42.5%); Adult; 18.95 (0.9); Participants  Basic education on proper Wearing surgical High High
randomized 16.3% 17.6% 15.1% are seemingly healthy college  hand hygiene and use of ~ facemask for >6h in
trial students from University of standard surgical face residence hall during
Michigan during the 2007-2008 masks intervention period
influenza season
Suess et al. (18) Cluster Germany; 8 days 151 (48.3%); 82 (47.6%); 69 (49.3); Adult and child Provision of general Healthy household High High
randomized 9.3% 7.3% 11.6% Control*: information on infection members to wear
trial 2009: 35 (18-40) control to household masks at all times

2010: 38 (12-43)
Intervention™:

2009:37 (12-43)

2010: 35 (17-42)

Household members of
laboratory-confirmed index
patients during 2 consecutive
influenza seasons (Nov
2009-Jan 2010 and Jan-Apr
2011) in Berlin. Chronic illness
was present in household
members in the following

proportions: 19.8% of the control

group and 15.4% of the
intervention group

when in one room with
the index patient and/or
any other household
member with
respiratory symptoms

(Continued)
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TABLE 1 | Continued

References

Study design Country of study;
study duration

Population size (% men); percentage
with recent flu vaccine

Age group, mean age (SD) in
years; description of
population health status

Description of measures
implemented

Overall quality

Overall Control Intervention Control Intervention Reporting Methods
Barasheed et al. Cluster Australia; 1 week 89 (NR); NR 53 (NR); NR 36 (NR); NR  Adult and child No face masks provided;  Provision of face Low High
(22) randomized Control: 41.6 (17-72)* only general information on masks, and advice and
trial Intervention: 48 (19-80)* hygiene was provided instructions on mask
Australians attending Hajj in usage through
2011, health status of the participants’ stay in
pilgrims were not reported but Mina
36 of them were aged 65 and
above or had chronic disease
Observational studies
Deris et al. (23) Cross-sectional Malaysia; entire hajj 387 (56.6%); 105 (NR); NR 282 (NR); NR  Adult; 50.4 (11); Health status ~ Non-usage of face masks Use of face mask Low
duration 72.9% of Malaysian pilgrims attending  during Hajj during Hajj
Hajj in 2007 was not reported
Gautret et al. (24)  Cohort France; 4 weeks 274 (NR); NR 56 (NR); NR 218 (NR); NR  Adult; 58 (23-83)*; French Non-usage of face masks Use of face mask Low
pilgrims attending Hajj in 2009  during Hajj during Hajj
had varying health status: 23.7%
had diabetes mellitus, 5.5% had
chronic respiratory disease,
3.3% had chronic cardiac
disease, and 2.2% had other
chronic conditions
Al-dasser et al. (25) Cross-sectional Saudi Arabia; 1,607 328 (NR); NR 216 (NR); NR  Adult; 37.9 (12.2); Hajj pilgrims  Never used face mask Use of face mask most High
2 weeks (61/7%); living in Riyadh city who were  during Hajj in Mecca of the time during Hajj
94.4% performing Hajj in 2010, 18.4% in Mecca
of the pilgrims had chronic
diseases including diabetes,
hypertension, cardiac diseases,
bronchial asthma and renal
diseases
Al-Jasser et al. (25) 328 (NR); NR 635 (NR); NR Never used face mask Use of face mask
during Hajj in Mecca sometimes or
occasionally during Hajj
in Mecca
Balaban et al. (26) Cross-sectional USA; 24.1 weeks* 186 (49.5%); at 54 (NR); NR 89 (NR); NR  Adult and child; 48.9 (16-89)*  Non-usage of face masks Use of face mask High
least 74.2%" US pilgrims attending the 2009  during Hajj during Hajj
Hajj, who resided in Michigan
and Minnesota, of which 31
pilgrims were with chronic
conditions (diabetes,
hypertension, asthma), of which
13 were <65 years old
(Continued)
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TABLE 1 | Continued

References Study design Country of study;

study duration

Population size (% men); percentage
with recent flu vaccine

Age group, mean age (SD) in Description of measures
years; description of implemented
population health status

Overall Control Intervention

Overall quality

Control Intervention

Reporting Methods

Kim et al. (27) Cross-sectional South Korea;

3 weeks

Kim et al. (27)

Gautret et al. (28)
Hajj seasons

Hashim et al. (29)  Cross-sectional Malaysia; 1 week

Uchida et al. (30)  Cross-sectional Japan; 1 week

Cross-sectional France; 3 consecutive 360 (NR);

7,449
(42.3%);
23.1%

2,082
(NR); NR

466 (NR); NR

2,082 (NR); NR 2,819 (NR); NR

167 (NR); NR 193 (NR); NR

31.6%A

468 (56.2%);
65.2%

80 (NR);; NR 322 (NR); NR

10,524 (51%); 5,050 (NR);
48.1% NR

5,474 (NR); NR

Continued use of face
mask

Child; 12.97 (3.03);
School-aged children between 7
and

18 years old, attending schools
in Seodaemun-gu, Seoul, some
children had the following
conditions: asthma (n = 171),
atopy (n = 891), cardiac disease
(n = 20), renal disease (n = 12),
liver disease (n = 11), diabetes
(n=6)

Non-usage of face mask

Non-usage of face mask  Irregular use of face

mask

Adult; 60.6 (22-85)% French
pilgrims attending Hajj from
2012 to 2014 were with the
following comorbidities: 55.1%
had a chronic disease; 30.2%
with hypertension, 27.5% with
diabetes, 8.4% with chronic
cardiac disease, 7.6% with
chronic respiratory disease,
1.3% with immune deficiency,
and 0.3% with chronic renal
disease

Adult and child; 52.52 (10.15);
60% of the Malaysian pilgrims
attending the 2013 Hajj had at
least one medical illness: 26.5%
had hypertension, 15.4% had
diabetes mellitus, 9.0% had
allergic rhinitis, 5.6% had
bronchial asthma and others
(3.6%)

Children; 9.45 (7-12)*; 10.6%
of the schoolchildren recruited
from elementary schools in
Matumoto City had underlying
diseases

Use of face mask
during Hajj

Non-usage of face masks
during Hajj

Use of face mask
during Hajj

Non-usage of face masks
during Hajj

Use of face mask at
any place or time
during the 2014/2015
influenza season
(response provided by
guardians of the
children)

Non-usage of face masks

High

Low

High

High
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TABLE 1 | Continued

References Study design Country of study;

study duration

Population size (% men); percentage

with recent flu vaccine

Age group, mean age (SD) in Description of measures

years; description of
population health status

implemented

Overall quality

Overall Control Intervention Control Intervention Reporting Methods
Emamian et al. (31) Nested Saudi Arabia; During 95 (57.9%); 38 (NR); NR 57 (NR); NR  Adult; NR, but 54.7% of the Non-usage of face masks Use of face mask Low
case—control Hajj 75.8% pilgrims were <60 years and during Hajj during Hajj
47.3% were >60 years old;
38.95% of recruited Hajj pilgrims
had at least systemic disease,
defined as asthma, diabetes
mellitus, hypertension, chronic
obstructive pulmonary disorder
and cardiovascular diseases)
Zhang et al. (32) Retrospective  China; 2 weeks 41 (48.8%); NR 26 (NR); NR 15 (NR); NR  Adult and child; Not reported Non-usage of face masks Use of face mask Low
case—control but age demographics are as  during any leg of the flight  during either leg of the

follows: 19.5% were <20 years
old, 46.3% were between 20
and 40 years old, and 34.2%
were >40 years old; Health
status of passengers on the flight
from New York to Hong Kong,
including a stopover in
Vancouver, was not reported

flight: (1) New York to
Vancouver, (2)
Vancouver to

Hong Kong, (3) New
York to Hong Kong,
and (4) Hong Kong to
Fuzhou

*Median (interquartile range); ¥ mean (range).
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TABLE 2 | Key findings of wearing surgical face masks on ARl incidence.

Outcome measured and
ascertainment

References

Outcome definition

% Population infected
(infected/population size)

Reported summary risk estimate:
risk ratio (RR), odds ratio (OR), or
hazard ratio (HR) (95% Cl);
p-value (if significant)

Key findings

Control Intervention RR OR HR
Aiello et al. (19)  Self-reported ILI through weekly ILI defined as presence of  32.1% (177/552) 26.2% 0.9 Decreased but not statistically different ILI
survey on ILI symptoms, and cough and at least 1 (99/378) (0.77-1.050 incidence rate (p > 0.025) in face mask-only
clinical diagnosis of ILI by study constitutional symptom group, compared with control group from 4th week
nurse during scheduled visits (fever/feverishness, chills, or of intervention onwards
body aches) Adjusted rate ratio? (95% ClI):
4th week: 0.72 (0.53-0.98)
5th week: 0.65 (0.42-0.98)
6th week: 0.58 (0.34-1.00)
Simmerman Laboratory-confirmed Positive rRT-PCR result on  19.2% (58/302) 22.7% No significant difference in odds for secondary
et al. (20) secondary influenza episode days 3 or 7 or a fourfold rise (66/291) influenza infection in mask-wearing group compared
in influenza HI antibody with original control group provided with unrelated
titers with the virus type and health education and no relevant
subtype matching the index non-pharmaceutical intervention
case Adjusted ORP (95% Cl) 1.16 (0.74-1.82)
No significant difference in individual-level secondary
attack rate across all experimental arms, including
original control arm (Pearson y? for difference
among the three intervention arms, adjusted for
within-household correlation of 0.18 = 0.63)
Aiello et al. (21)  Self-reported ILI through weekly Presence of cough and at  13.8% (51/302) 11.8% 11 No significant reductions in ILI or
survey on ILI symptoms, and least 1 constitutional (46/291) (0.88-1.38)°  laboratory-confirmed influenza incidence in the face
clinical diagnosis of ILI by study symptom mask only group compared with the control, through
nurse during scheduled visits (fever/feverishness, chills, or the entire intervention duration, regardless whether
body aches) summary estimates were adjusted® or unadjusted
Laboratory-confirmed influenza  Positive RT-PCR result 4.3% (16/302) 3.1% 0.92
episode (only tested when ILI (12/291) (0.59-1.42)°

was self-reported/clinically
diagnosed)

Suess et al. (18) Self-reported ILI, defined by the

Presence of fever and

presence of fever with cough or cough or sore throat

sore throat

34.1% (14/41)

17.1% (6/35) 0.61

(0.2-1.87)¢

No significant difference in secondary attack rate
across the groups, regardless whether the case was
defined with ILI or laboratory-confirmed influenza
definition, and after stratification for influenza
season, virus subtype or timing of the first
household visit (p-values ranged from 0.16 to 0.57)
70% reduction in odds of laboratory-confirmed
influenza incidence in mask-only group when
per-protocol analysis was utilized

Control OR (95% Cl): reference

Mask group OR? (95% Cl) 0.30 (0.1-0.94), p=0.04

(Continued)

‘e 18 Buepp

sBuneg aleoylesH-UoN Ul dse [eo1bing


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

BIO"UISIONUOL MMM | BUIDIPBIA Ul SISIUOI-

08296 oMY | 2 8WN|oA | 0Z0g tequieides

TABLE 2 | Continued

References

Outcome measured and
ascertainment

Outcome definition

% Population infected
(infected/population size)

Reported summary risk estimate:
risk ratio (RR), odds ratio (OR), or
hazard ratio (HR) (95% CI);
p-value (if significant)

Control

Intervention RR OR HR

Key findings

Barasheed et al.
(@2)

Deris et al. (23)

Laboratory-confirmed influenza
episode

ILI determined subjectively
(questionnaire responses and
symptom diaries) and
objectively (results of testing on
nasal swabs with point-of-care
diagnostic test and nucleic acid
tests)

Self-reported ILI during stay in
Mecca, through a
self-administered questionnaire

Positive gRT-PCR result,
with fever (>38.0), cough,
or sore throat

Subjective or proven fever
plus one respiratory
symptom (dry/productive
cough, runny nose, sore
throat, shortness of breath),
positive results in both point
of care test (QuickVue A+B
Influenza and Nucleic acid
test for influenza and other
respiratory viruses)

Triad of cough, sore throat,
and fever (WHO definition)

46.3% (19/41)

52.8% (28/53) 30.6%
(11/36)"

32.4% (34/105) 42.9%
(121/282)

17.6% (6/34) 0.39

0.013-1.17)¢

1.57
(0.98-2.52)

Significant reduction in odds of
laboratory-confirmed influenza incidence in
households who implemented intervention <36 h
after symptom onset in index case. Intervention
includes mask-only and mask and hand hygiene
interventions in households

Control OR (95% Cl): reference

Mask group + mask and hand hygiene group OR®
(95% Cl) 0.16 (0.03-0.92), p=0.04

Significantly lower ILI incidence in mask group than
in control group (p = 0.04)

Significantly lower rate of ILI in subjects who wear
facemasks for >8h compared with those who wear
them for <8h (p = 0.01)

Proportion with ILI symptoms in following group (%):

~8 h: 1/35 (2.9%)
<8 h: 8/35 (22.9%)

No significant difference in ILI incidence in mask
group than in control group (p > 0.05)

Significant difference in sore throat incidence (OR
1.89; 95% Cl 1.20-2.97, p = 0.006), and duration
of sore throat and fever between mask wearing and
control groups

Mean duration (SD) for mask vs. no mask:

Sore throat: 2.0 days (7.0) vs. 0.0 days (5.0), p =
0.008

Fever: 2.0 days (4.0) vs. 1.0 days (3.0), p = 0.039
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TABLE 2 | Continued

Outcome measured and
ascertainment

References

Outcome definition

% Population infected
(infected/population size)

Reported summary risk estimate:
risk ratio (RR), odds ratio (OR), or
hazard ratio (HR) (95% ClI);

p-value (if significant)

Key findings

Control Intervention RR OR HR
Gautret et al. Self-reported ILI during their triad of cough, sore throat  3.6% (2/56) 9.2% 2.57 No significant effect of preventive measures
(24) stay in Saudi Arabia and and fever (WHO definition) (20/218) (0.62-10.66) implemented on occurrence of cough, sore throat,
participation in the Hajj ritual, rhinorrhea, voice failure, shortness of breath, and
through a post-travel gastrointestinal symptoms during Hajj
questionnaire Preventive measures include vaccination, wearing a
face mask, washing of hands, and use of hand
disinfectants or disposable handkerchief
Al-Jasser et al. ~ Self-reported URTI during Presence of at least one of 54.9% (180/328) 45.4% RR: 1.21 Significantly decreased risk for URTI for those
(25) Hajj in Makkah or within 2 weeks the constitutional symptoms (98/216) (1.03- using face mask most of the time during Hayjj,
from return to Riyadh, through  (fever, headache, myalgia) 1.42)#. compared with those who never used it (o = 0.014)
phone interview and one of the local or only used it sometimes (0.045) during the Hajj
symptoms (running nose, Significantly lower URTI incidence in pilgrims who
sneezing, throat pain, cough stayed at least 8 days in the Hajj area
with or without sputum) RR (95% ClI) 0.78 (0.65-0.92), p = 0.006
Al-Jasser et al. 55.2% (181/328) 53.7% RR: 1.17
(25) (341/635) (1.00-1.38)
H#it,*
Balaban et al.  Self-reported respiratory Presence of one or more of 33.3% (18/54) 41.6% 1.42 No significant difference in odds for ILI incidence
(26) iliness’ during their Hajj stay, the following localizing signs (387/89) (0.70-2.88) between the mask and control groups (p > 0.05)
through a telephone or or symptoms: cough, Reduced odds for ILI incidence when the social
in-person interviews within 14 congestion, sore throat, distancing, hand hygiene and contact avoidance
days of sneezing, or breathing were practiced
pilgrims’ return problems OR' (95% Cl) for the following protective behaviors:
Social distancing: 0.44 (0.22-0.90), p = 0.02
Hand hygiene: 0.36 (0.14-0.94), p = 0.03
Contact avoidance: 0.51 (0.24-1.11), p = 0.06
Kim et al. (27)  Laboratory-confirmed influenza Positive RT-PCR, influenza  5.8% (120/2082) 3.0% 0.51 Significant difference in protective effects of
A(H1TN1) infection rapid antigen test, or viral (14/466) (0.3-0.88)* facemask use and H1N1 infection (p = 0.004)
cultures results 49% reduction in odds for HIN1 infection with
continuous facemask use, compared with
occasional use or non-usage of facemasks
Kim et al. (27) 5.7% (119/2082) 5.8% 1.02
(164/2819) (0.83-1.25)*
Gautret et al. Self-reported episodes Presence of cough 78.4% (131/167) 81.9% RR: 1.04 No significant difference in cough prevalence
(28) of cough during Haj travel, (158/193) (0.94-1.16) between the mask wearing and control groups (p =

through a post-travel
questionnaire

0.477)

No significant effect of preventive measures
practiced in reducing cough prevalence
Preventive measures include frequent hand
washing, use of hand sanitizer, disposable tissues
or face mask, and influenza and/or invasive
pneumococcal disease vaccination
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TABLE 2 | Continued

References Outcome measured and Outcome definition % Population infected Reported summary risk estimate: Key findings
ascertainment (infected/population size) risk ratio (RR), odds ratio (OR), or
hazard ratio (HR) (95% ClI);
p-value (if significant)
Control Intervention RR OR HR
Hashim et al. Self-reported respiratory illness? Presence of at least one of NR NR 1.65 No significant difference in odds for respiratory
(29) while on Hajj in Saudi Arabia the following respiratory (0.79-3.47) illness between the mask and control groups (o >
through pro-forma distributed symptoms: cough, 0.05)
before travel subjective fever, or sore Significant reduction in odds for respiratory illness
throat (non-ILI) or a triad of for groups with the following factors: previous
the listed symptoms (ILI) experience of hajj or umrah, and those with good
hand hygiene
OR9 (95% Cl) for the following factors:
Previous Hajj experience: 0.24 (0.10-0.56)
Previous umrah experience: 0.19 (0.07-0.52)
Good hand hygiene: 0.35 (0.16-0.79)
Uchida et al. Clinically diagnosed influenza Seasonal influenza 21.4% (1080/5050) 19.5% 0.86 Influenza incidence was associated with the
(30) episode by physician, reported (1069/5474) (0.78-0.95)8 following protective measures: mask wearing (p =
by child’s guardian through 0.008), hand washing (p < 0.001), gargling (o <
questionnaire at the end of 0.001), and vaccination in this season (0.004)
2014/2015 influenza season Significant protective effect of wearing a mask or
vaccination during the influenza season against
seasonal influenza incidence
OR" of vaccination during influenza season (95% Cl)
0.87 (0.79-0.95), p = 0.004
Increased odds of seasonal influenza incidence
when gargling or hand washing was practiced
OR", gargling (95% Cl) 1.32 (1.18-1.47)
OR", hand washing (95% Cl) 1.45 (1.27-1.64)
Emamian et al.  Clinical diagnosis of respiratory  All types of respiratory tract 28.9% (11/38) 36.8% 0.64 No significant difference in respiratory tract
(31) tract infections by study infections including (21/57) (0.23-1.78) infections between mask wearing and control group

staff, at point of entry to Mecca
and Medina

tonsillitis, pharyngitis,
laryngitis, sinusitis, otitis
media, bronchitis,
pneumonia, and influenza,
except common cold

(o > 0.05)

No significant effect of other demographic variables
or protective measures on odds of respiratory tract
infection incidence

Demographic variables include gender, age, years
of education, room contact with other patients,
room size, mean duration in holy places daily, body
mass index, presence of systemic diseases, and
smoking status

Protective measures include mask usage, influenza
vaccination status, salt water gargling, and use of
personal prayer carpet

(Continued)
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TABLE 2 | Continued

References Outcome measured and Outcome definition % Population infected Reported summary risk estimate:
ascertainment (infected/population size) risk ratio (RR), odds ratio (OR), or
hazard ratio (HR) (95% ClI);
p-value (if significant)

Control Intervention RR OR HR

Key findings

Zhang et al. Laboratory-confirmed Positive PCR result (RT-PCR 34.6% (9/26) 0% (0/15) 0.00 (0-0.71)*
(82) influenza A(H1N1)pdm09 and standard PCR) between

infection, through a post-travel 21 May to 4 June 2009

telephone interview

Decreased odds of H1N1 infection in the mask
group compared with the control group

Significantly higher proportion of face mask usage in
controls than in cases at all legs of the flight

New York-Vancouver leg: p = 0.037
Vancouver-Hong Kong leg: p = 0.018

New York-Hong Kong leg: p = 0.018

Factors not associated to a case-passenger include
exposure to any lavatories or specific lavatories,
talking with other passengers, moving around the
aircraft, and reported hand hygiene during the New
York to Hong Kong leg (p > 0.05)

*p < 0.05.

##Reference group was wearing mask most of the time.

aAdjusted for age, sex, race/ethnicity, handwashing practices at baseline, sleep quality, stress, alcohol consumption, and flu vaccination.

b Adjusted for household-level and individual-level characteristics (unspecified) in multivariable logistic regression analyses.

CAdjusted for gender, race, ethnicity, smoking status, physical activity, and having ever received a vaccination for influenza, intracluster correlation coefficient: —0.0005.
9 Adjusted for age, sex, timely therapy of the index, vaccination of household contacts, time spent at home.

®Adjusted for age, sex, timely therapy of the index, time spent at home.

" Adjusted for (1) demographic and health factors (age, gender, education, whether respondent was US-born, health risk factors, seasonal influenza vaccination in the previous 12 months, influenza A(H1N1) vaccination before Hajj, and
taking medication for respiratory illness during or post-Hajj), (2) travel-related factors (length of trip, international travel in the previous 12 months, and whether respondent had made a previous Hajj), and (3) influenza A(H1N1) knowledge
and attitudes (if respondent received pre-travel health information, level of influenza A(H1N1) knowledge, perceived severity of influenza A(H1N1), and noticing influenza A(H1N1)-related health messages during the Hajj).

9Adjusted for previous experience of Hajj or umrah, contact with pilgrims having respiratory illness and good practice of hand hygiene.
hAdjusted for gender, grade, underlying disease, sibling, regularly go out, vaccination in this season, mask wearing, hand washing, influenza in previous season.
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Surgical Mask in Non-Healthcare Settings

implemented SM usage with hand hygiene practices in the
general community. These studies were excluded from the main
analysis, but the relevant data are also extracted and presented in
Supplementary Table 8.

Quality Assessment

Included studies were individually evaluated for their reporting
and methodological quality using methods described in
(Appendix B). For observational studies, reporting quality
was evaluated using the STrengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement
(34, 35), and methodological quality was evaluated using the
National Heart, Lung, and Blood Institute (NHLBI) quality
assessment tool for Quality Assessment Tool for Observational
Cohort, Cross-sectional and Case-Control Studies (36). For
interventional studies, reporting, and methodology qualities
were, respectively, assessed using the Consolidated Standards of
Reporting Trials (CONSORT) statement (37), and Cochrane’s
Risk of Bias Tool (RoB 2.0) for cluster-randomized trials (38).

Statistical Analysis

Pooled ORs with their corresponding 95% CIs were estimated
with a random-effects model and the generic inverse variance
method. The inbuilt RevMan calculator was used to estimate
each study’s OR and the corresponding 95% CIs when raw event
data were available, otherwise the reported ORs were utilized.
The estimated OR was subsequently utilized to calculate the
log(OR) and standard errors of each individual study with the
RevMan calculator. The I? statistic and Cochran Q-test was used
to evaluate statistical heterogeneity, where heterogeneity was
characterized as minimal (<25%), low (25-50%), moderate (50—
75%), or high (>75%) and was significant if p < 0.05. Subgroup
analyses analyzing the effects of (1) study design (interventional
vs. observational), (2) outcome ascertainment (self-reported or
clinically diagnosed ARI episode vs. laboratory-confirmed ARI
episode), (3) age, and (4) study setting (hajj setting vs. school
setting vs. flight setting) on the protective effect of wearing SM
on ARI incidence was also explored. Publication bias for studies
included in the meta-analysis was assessed with conventional and
contoured funnel plots. All statistical tests were two sided and
performed using Review Manager 5.3, except for funnel plots that
were generated with STATA 13 (StataCorp, Texas).

All stages of screening, data extraction, and study quality
assessments were conducted in duplicate by MW, SG, and PC.
Discrepancies were resolved by consensus with JP at the end of
each procedure before moving on to the next stage of analysis.

RESULTS

Screening Results and Characteristics of

Included Studies

A total of 503 unique studies identified through our literature
search were screened after the removal of 120 duplicates, and
inclusion of two additional studies identified from external
sources. The full texts of 57 potential studies were further
assessed for eligibility and a total of 15 studies were selected
for final inclusion into the review. The studies included in

this systematic review are five cluster-randomized controlled
trials (cluster RCT), seven cross-sectional studies, one cohort
study, one nested case—control study, and one retrospective
cohort study. All five RCTs and a cross-sectional study (29)
were excluded from the meta-analysis. The reported summary
statistics of three cluster RCTs were appropriately adjusted to
account for the cluster design but were not the same measure
[two studies reported HRs (19, 21), one study reported OR
(18)]. Conventionally, only the same summary statistics across
studies can be pooled using the generic inverse variance method
when raw event data were unavailable. Hence, these reported
summary statistics from these three cluster RCTs could not
be pooled via the inverse generic variance method, whereas
the remaining two cluster RCTs did not report summary
statistics (20, 22). Thus, a total of 10 observational studies were
included in the meta-analysis. The flow chart of the screening
process and specific reasons for article exclusion are shown
in Figure 1.

To provide readers with a general idea on the causal effect
of SM usage on ARI incidence, the authors also explored
combining the different summary measures reported using the
generic inverse variance method (Figure 4). Summary statistics
for all cluster RCTs were pooled after calculating the RRs
for studies not reporting any summary statistics, with the
RevMan calculator. Nonetheless, the authors did not consider
the pooled estimate from cluster RCTs as part of the main
meta-analysis results due to possible inaccuracy of the pooled
estimate. Inaccuracy is likely present due to different summary
measures across studies and the crude summary statistics [which
were not adjusted for the clustering and other confounders
present in the original study (39)] utilized to generate the pooled
summary estimate.

An overview of the study characteristics is presented in
Table2. A total of 23,892 participants between 7 and 89
years old involved across 15 studies from 11 countries were
included in this review. The health status of participants in
all studies was all mixed, except for two studies which did
not specify the health status of their participants (19, 21).
Design features of seven studies suggested a retrospective cohort
study design, although these studies were reported as cross-
sectional (23, 25, 26, 29) or observational design (24, 30),
or had no reported study design (28). The remaining eight
studies had design features that corresponded to their reported
study designs.

It is worthy to note that 8 of the 15 studies examined the
effectiveness/efficacy of SM in hajj settings (22-26, 28, 29, 31)
whereas the remaining investigated the same effect in students
living on- or oft-campus [4 studies (19, 21, 27, 30)], in households
[2 studies (18, 20)], and in a flight setting [1 study (32)]. Of
the five interventional studies included in this review, only one
study compared hand washing with SM usage; the remaining
four studies compared basic education—hand hygiene and/or
SM usage and/or infection control-with mask wearing. The 10
observational studies included mainly compared the general lack
of SM usage with its general use among participants; only 2
observational studies explored the effects with varying extents of
SM usage on ARI prevention (25, 27).
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Systematic Review of Surgical Face Mask

Wearing on ARI Incidence

Key findings on the effectiveness/efficacy of SM usage on ARI
incidence are summarized in Table 3. Most studies assessed ARI
incidence through self-reported influenza-like illness (ILI) as the
sole (n = 4) or one of the outcomes together with laboratory-
confirmed influenza (n = 2). The remaining studies assessed
ARI incidence through laboratory-confirmed influenza (n = 3),
clinically defined influenza (n = 1) or study-defined respiratory
outcomes encompassing respiratory illness (n = 2), (upper)
respiratory tract infections (n = 2), and cough (n 1). A
variety of summary risk estimates were reported when used, with
seven studies reporting ORs, four studies reporting RRs, and two
studies reporting HRs.

Across the studies, mixed effects of SM use on ARI incidence
were observed, ranging from significantly decreased incidence
(22, 25, 27, 30, 32) to no significant difference (18-21, 23, 24, 26,
28,29, 31) compared with non-usage of SMs. Infection rates were
generally lower in groups with SM usage, except in six studies (20,
23, 24, 26, 28, 31). Moreover, lower proportions of participants
with ARI were consistently observed in groups who wore SMs
for a longer duration [>8 vs. <8h (22)] or more persistently
[frequent/continued SM usage vs. occasional/irregular SM usage
vs. non-SM usage (25, 27)] when studies stratified findings
according to varying levels of SM usage. This suggests that
varying extents of SM usage is associated with SMs’ effectiveness
in ARI prevention. Nonetheless, this difference in infection rates
between groups were not significantly different (p > 0.05) in all
but one study [p = 0.04 (22)].

It is worthy to note that when Suess et al. (18) analyzed
data from compliant participants (i.e., per-protocol analysis),
only a 70% reduction in odds of laboratory-confirmed secondary
influenza episode was observed among household members with
SM usage compared with household members without it (OR
0.30, 95% CI 0.10-0.94; p = 0.04) (18). A significant reduction
in odds of laboratory-confirmed secondary influenza incidence
was also observed in households who implemented interventions
(used SM solely or in conjunction with hand hygiene practices)
<36h after symptom onset of the index case, regardless of
participant compliance to the interventions (OR 0.16, 95% CI
0.03-0.92; p = 0.04).

Meta-Analysis of Surgical Mask Wearing

on ARl Incidence
The estimated pooled odds ratio suggests that SM usage is not
associated to preventing ARI incidence, and hence ineffective
in preventing ARI incidence in non-healthcare settings. This
is because the protective effect of SMs did not reach statistical
significance (95% CI 0.8-1.15), although it lowered odds of ARI
incidence by 4% compared with non-usage (pooled OR 0.96,
Figure 2). Nonetheless, moderate heterogeneity was detected
across the pooled studies (I> = 58%, p = 0.006; Figure 2),
indicating certain inconsistency in the findings on efficacy of SMs
in ARI prevention.

The protective effect of SMs was more evident among
children, demonstrated by a 15% lowered odds of ARI incidence

(pooled OR 0.85; Figure2). In contrast, increased odds for
ARI incidence were observed among the adult-and-child and
the adult-only populations with SM usage. SM usage was
estimated to increase odds for ARI incidence in the adult-and-
child population by 16% (pooled OR 1.16; Figure2) and by
2% increased odds in the adult-only population (pooled OR
1.02; Figure 2). Nonetheless, the associations in all mentioned
sub-populations were non-significant (95% CI: children-only:
0.75-1.40, adult-and-children: 0.4-2.89, adult-only: 0.75-1.40;
Figure 2), indicating the ARI incidence was not associated with
increased harm or protection from SM usage. Unexplained
heterogeneity between studies were still observed in each
subpopulation, particularly in the adult-only subpopulation (I2
= 56%, p = 0.04; Figure2), with no statistically significant
subgroup differences detected (p = 0.58; Figure 2). This suggests
that age group of participants does not modify the effect of SM
usage on ARI incidence, and hence is unlikely to be a factor
behind the differential effects observed across pooled studies.
Conventional and contoured funnel plots of the studies pooled
in the meta-analysis suggests a slight asymmetry in the areas
of mid to high statistical significance on the right side of the
funnel plot (Supplementary Figures 1, 2). However, publication
bias is unlikely to be the underlying cause of the observed
plot asymmetry, as much as there is a lack of studies realizing
a statistically significant harm associated with SM usage on
ARI incidence. Subgroup analysis of the studies according to
whether the ARI episode was laboratory-confirmed or not (i.e.,
self-reported or clinically confirmed) showed differential results
on the effectiveness of SM usage on ARI prevention. A non-
significant protective effect with SM usage was demonstrated
when ARI incidence was laboratory-confirmed (pooled OR
0.82, 95% CI 0.63-1.07; Figure 3). When ARI incidence was
self-reported or clinically confirmed, a non-significant harmful
effect with SM usage was shown (pooled OR 1.10, 95%
CI 0.84-1.45; Figure 3). Nonetheless, the subgroup difference
detected was not statistically significant (p = 0.14; Figure 3).
Unexplained inconsistencies in study findings was also detected
within each subgroup, especially in the laboratory-confirmed
outcomes subgroup where significant moderate heterogeneity
was detected (I> = 68%, p = 0.02). This indicates that the
outcome ascertainment method used in pooled studies does not
influence the association between SM usage and ARI incidence,
and thus an unlikely cause for differential effects observed across
pooled studies.

When studies were stratified by study settings, results suggest
that SM use has limited protective effect, and may even be
harmful in mass gathering settings such as Hajj (pooled OR 1.10,
95% CI 0.45-1.45; Figure 4). However, in enclosed settings such
as in schools or flights, a statistically non-significant protective
effect against ARI was observed with SM use in studies conducted
in schools, the same as that observed amongst children-only
studies (Figure 4). This was attributable to the exact same studies
included in these two subgroups.

Subgroup analysis of the outcome according to study design
could not be performed in this review as there were insufficient
interventional studies with suitable data to generate a pooled
summary estimate.
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SM  No SM Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
4.1.1 Adult only
Deris (2010} 0.45107562 0.240934 282 106  86% 1.57 [0.98,2.52] 2010
Gautret (2011) 1.0033 0.7573 218 56 1.4% 2.73[0.62,12.03] 2011
Al-Jasser {2012h) -0.0618754 0.136612 635 328 14.3% 0.94[0.72,1.23] 2012 ——
Al-Jasser {2012a) -0.3815 0176 216 328 11.9% 0.68[0.48 0.96] 2012 I
Emamian {2013) -0.4462871 0522013 57 | 27% 0.64[0.23,1.78] 2013 _ 1
Gautret {2015) 0.2156 0.2652 193 167 T7E% 1.24[0.74,2.09] 2015 S
Subtotal (95% CI) 1601 1022 46.5% 1.02 [0.75, 1.40] e

Heterogeneity: Tau®= 0.07; Chi*=11.38, df= 5 (P = 0.04); = 56%
Test for overall effect: Z=0.14 (P = 0.89)

4.1.2 Adult & Children

Balaban {2012) 0.35065687 0.360833 a9 54 50% 1.42[0.70,2.88] 2012 N
Zhang {2013) -2.82: 1.4923 15 26 04% 0.06[0.00,1.11] 2013 4
Hashim (2016} 0.5008 0.3758 322 80 47% 1.65[0.79, 3.45] 2016 —l——
Subtotal (95% CI) 426 160 10.0% 1.16 [0.47, 2.89] R E—
Heterogeneity: Tau®=0.33; Chi*=4.67, df=2(P=010); F=57%
Testfor overall effect Z=033{P=0.74)
4.1.3 Children only
Kim (2012h) 0.01980263 0104457 2819 2082 165% 1.02[0.83,1.25 2012 .
Kim (2012a) -0.67334455 0.274525 466 2082 T.3% 0.51 [0.30,0.87] 2012 e
Uchida {2017} -0.15198636 0.050684 5474 5050 19.7% 0.86[0.78, 085 2017 -
Subtotal (95% CI) 8759 9214 43.5% 0.85 [0.68, 1.07] B
Heterogeneity: Tau®=0.02; Chi*= 615, df= 2 (P = 0.05), F= 67%
Test for overall effect: Z=1.36 (P=017)
Total (95% Cl) 10786 10396 100.0% 0.96 [0.80, 1.15] ?
it 2 — . 2= - - 2= ] } } }  § 1
Heterogeneity: Tau®= 0.04; Chi®= 26.01, df=11 {P = 0.006); F= 58% 102 o' ] 3 : 10

Test for overall effect: Z=0.47 (P = 0.64)
Testfor subaroup differences: Chi*=1.10, df= 2 {P=0.58), F=0%

Favours SM Favours no SM

FIGURE 2 | Pooled odds ratio for ARI incidence when surgical masks were worn, compared with not wearing surgical masks, in observational studies (n = 10
studies) estimated with the generic inverse method and a random-effects model. SM, surgical face mask; No SM, no surgical face mask; OR, odds ratio.

SM  No SM Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
4.2.1 Self-reported/Clinically diagnosed
Deris (2010} 045107562 0240934 282 105  BE% 1.57[0.98,2.52] 2010
Gautret (2011) 1.0033 0.7573 218 86 1.4% 273[0.62,12.03] 2011
Al-Jasser (2012h) -0.0618754 0.136612 635 328 143% 0.94[0.72,1.23] 2012 .
Al-Jasser {2012a) -0.3815 0176 216 328 11.9% 0.68[0.48 0.96) 2012 —
Balaban (2012) 035065687 0360833 a9 54 50% 1.42[0.70,2.88) 2012 S [ A—
Emamian (2013) -0.4462871 0522013 57 8/ 27% 0.64[0.23,1.78] 2013 —_—
Gautret (2015) 0.2156 0.2652 193 167  7E% 1.24[0.74,2.09] 2015 —r—
Hashim {2016) 0.5008 0.3758 322 a0 47% 1.65[0.79,3.45 2016 -
Subtotal (95% CI) 2012 1156 56.1% 1.10 [0.84, 1.45] L

Heterogeneity: Tau*=0.07; Chi*=14.26, df=7 (P =0.05); F=51%
Testfor overall effect Z= 070 (P = 0.48)

4.2.2 Laboratory-confirmed

Kim {2012h) 0.01980263 0104457 2819 2082 16.5% 1.02[0.83,1.25) 2012 =
Kim {2012a) -0.B7334455 0.274525 466 2082 T7.3% 0.51 [0.30,0.87] 2012 —_—
Zhang {2013) -2.823 1.4923 15 26 04% 0.06[0.00,1.11] 2013 4

Uchida (2017} -0.15198636 0.050684 5474 5050 19.7% 0.86[0.78, 095 2017 indl
Subtotal (95% CI) 8774 9240 43.9% 0.82 [0.63, 1.07] I

Heterogeneity: Tau*=0.04; Chi*= 940, df=3 (P=0.02), F=68%
Testfor overall effect Z=1.43{P=0.158)

Total (95% CI) 10786 10396 100.0%  0.96 [0.80, 1.15] *

Heterogeneity: Tau®= 0.04; Chi*= 26.01, df= 11 (P = 0.006), F=58% 1 02 0% 7 5 : A
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Test for overall effect: Z= 047 (P = 0.64)
Testfor subaroup differences: Chi*= 223, df=1 {P=014), F=55.2%

FIGURE 3 | Subgroup analysis of ARI incidence when surgical masks were worn compared with not wearing surgical masks, according to outcome ascertainment
methods, estimated with the generic inverse method and a random-effects model. SM, surgical face mask; No SM, no surgical face mask; OR, odds ratio.

Frontiers in Medicine | www.frontiersin.org 67 September 2020 | Volume 7 | Article 564280


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Wang et al.

Surgical Mask in Non-Healthcare Settings

TABLE 3 | Summary of reporting and methodological quality of randomized controlled trials.

Study design Randomized controlled trials
Reporting quality? uthor, year | Aiello et al. | Simmerman | Aiello et al. | Aiello et al. | Suess et al. | Suess et al. | Barasheed
Section/domain —__|(19) etal.(20) | (21) (1) (21) (2) (18) (1) (18) (2) etal. (22)
Title, abstract, and introduction | Fair Fair Fair Fair High
Methods High High High High High
Results Fair High High High Low
Discussion High High High High High
Other information High Low High High Low
Overall High High High High Fair
Methodological quality? Randomization High High High High High High High
(risk of bias judgement)
Timing of identification and High Low High High Low Low Low
recruitment of individual
participants in relation to timing
of randomization
Deviations from intended Some Low Low Low High High Some
interventions concerns concerns
Missing outcome data Low Low Low Low Low Low Low
Measurement of outcome data | Some Low Low Some Low Some High
concerns Concern concerns
Selection of the reported result High Low Low High Low Low High
Overall High High High High High High High

aReporting quality assessed with the Consolidated Standards of Reporting Trials (CONSORT) statement. ® Methodological quality assessed with the Cochrane’s Risk of Bias Tool (RoB

2.0) for cluster-randomized trials.

Aiello et al. (21) (1) and Suess et al. (18) (1) assess risk of bias in the following outcome: laboratory-confirmed influenza episode. Aiello et al. (21) (2) assesses risk of bias in the following
outcome: self-reported ILI episode. Suess et al. (18) (2) assesses risk of bias in the following outcome: clinically confirmed ILI episode.

However, the authors did estimate the pooled summary
statistic on the effects of SM wearing on ARI incidence in cluster
RCTs and found a similar non-significant protective effect of SM
usage on ARI incidence (Figure5). A 13% reduction in ARI
incidence was noted with SM usage, compared with non-SM
usage or implementation of hand-hygiene practices, although
this reduction is not statistically significant (pooled summary
statistic: 0.87, 95% CI 0.74-1.04; Figure 4). Nonetheless, the
authors would like to highlight that the estimated pooled
summary statistic only intends to provide a general idea on the
direction of relationship between SM usage and ARI incidence.
The pooled summary statistic in Figure 4 does not intend to, and
is unable to quantitatively summaries the effects of SM usage on
ARI incidence across the cluster RCTs included in this review.
This is largely a result of the inaccuracy arising from reasons
mentioned in Section Screening results and Characteristics of
included studies.

Reporting and Methodological Quality
Assessment

High overall reporting quality was generally observed in the
cluster RCTs, whereas only half of the observational studies had
high overall reporting quality (25-27, 29, 30). The remaining
observational studies had a low overall reporting quality, of which
low-quality reporting was found in methods and results section
of a study (31), and in either of the section in the remaining four
studies (23, 24, 28, 31, 32) (Tables 3, 4).

Methodological quality was poor in general across all studies.
All cluster RCTs are at a high risk of overall bias, indicating

poor overall methodological quality (Tables 3, 4). The generally
high overall risk can be attributed to a high risk of bias from
randomization as subversion was likely absent in all cluster RCTs.
Bias from timing of identification and recruitment of individual
participants in relation to timing of randomization is also likely
to be present in two studies with baseline imbalances across
groups that suggest the likelihood of recruitment bias (19, 21).
Suess et al. (18) was at high risk of bias from reported deviations
that arose because of trial context that may have affected the
outcome. Three studies also measured multiple outcomes but
reported only a single outcome (22), or measured the same
outcome at multiple instances but only reported the outcome at a
single instance (19, 21), rendering them at high risk of bias from
selective reporting. The observational studies were generally at
low risk of selection bias, except for three studies which were
at moderate risk of selection bias (23, 24, 26). However, unclear
or low participation rate was a common issue identified in all
cross-sectional and cohort studies included in this review. All
but three studies (23, 27, 29) did not specify the number of
eligible subjects identified in the course of the study, of which
two studies had a participation rate <50% (27, 29). Most studies
were also at high risk of misclassification and detection bias,
with only three studies at low or moderate risk of bias in these
two domains (24, 27, 31). In the misclassification bias domain, a
moderate- to high-risk recall bias mainly exists due to the use of
retrospectively collected participant-reported exposures to assess
exposure across all studies. It was also unclear whether a study
utilizing a self-administered questionnaire was able to assess
exposures across participants consistently because interpretation
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Heterogeneity: Tau®*= 0.04; Chi*= 26.01, df=11 (P = 0.006); F= 58%
Test for overall effect: Z=0.47 (P = 0.64)
Test for subgroup differences: Chi*= 540, df= 2 (P=007), F=63.0%

SM  Control Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
4.3.1 Hajj setting
Al-Jasser (2012a) -0.3814 0176 216 328 11.9% 0.68 [0.48, 0.96] —
Al-Jasser (2012h) -0.0618754 0136612 635 328 14.3% 0.94[0.72,1.23] —.—
Balaban {2012) 0.35065687 0.360833 a9 54 50% 1.42[0.70, 2.88] T
Deris (2010) 0.45107562 0.240934 282 105 BE% 1.57[0.98, 2.52] ——
Emamian {2013) -0.4462871 0522013 a7 38 27% 0.64[0.23,1.78] —
Gautret (2011) 1.0033 0.7573 218 86 1.4% 2.73[0.62,12.03]
Gautret (2015) 0.2156 0.2652 183 167  7.6% 1.24 [0.74, 2.09] —_—r—
Hashim (2016) 0.5008 0.3758 322 a0 47% 1.65[0.79, 3.45] N
Subtotal (95% CI) 2012 1156 56.1% 1.10 [0.84, 1.45] <
Heterogeneity: Tau*= 0.07; Chi*=14.26, df=7 (P = 0.05); F=51%
Testfor overall effect Z=0.70 (P = 0.48)
4.3.2 School settings
Kim {2012a) -0.67334455 0.274525 466 2082 7.3% 0.51[0.30, 0.87] —_—
Kim {2012h) 0.01580263 0104457 28149 2082 16.45% 1.02[0.83,1.25] b
Uchida (2017) -0.15198636 0.050684 5474 8080 19.7% 0.86 [0.78, 0.95] i
Subtotal (95% CI) 8759 9214 43.5% 0.85[0.68, 1.07] L2
Heterogeneity: Tau*=0.02; Chi*=6.15, df=2 (P=0.05);, F=67%
Testfor overall effect Z=1.36 (P=017)
4.3.3 Enclosed (flight) setting
Zhang {2013) -2.8231 1.4923 15 26 0.4% 0.06[0.00,1.11] 4
Subtotal (95% CI) 15 26 0.4% 0.06 [0.00, 1.11] [ IE——
Heterogeneity: Mot applicable
Test for overall effect: Z=1.89 (P = 0.06)
Total (95% CI) 10786 10396 100.0% 0.96 [0.80, 1.15]
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FIGURE 4 | Pooled summary statistic for ARI incidence according to study settings, estimated with the generic inverse variance method and a random-effects model.
SM, surgical face mask; No SM/HH, no surgical face mask or hand hygiene practices; OR, odds ratio.

Testfor averall effect: Z=1.583{P=013)

practices; RR, risk ratio; OR, odds ratio; HR, hazard ratio.

SM  No SMHH RR/IORHR RR/ORHR

Study or Subgroup log[RR/ORHR] SE Total Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Alello {20100 -0.10536052 0079121 651 552 52.3% 0.80[0.77,1.08] 2010 -
Simmerman {2011} ] 01536 291 292 239% 1.00[0.74,1.35] 2011 -
Aiello {2012) -0.08338161 0224053 391 369 13.0% 0.921[0.59,1.43] 2012 -
Suess (2012) -0.94160854 0560516 34 41 2.4% 0.38[013,117] 202 —
Barasheed {(2014) -0.5447 0.2877 36 53 84% 0.58[0.33,1.02] 2014 —
Total (95% CI) 1403 1307 100.0% 0.87[0.74, 1.04] L2

e e P - _ . , ; ) : )
Heterogeneity: Tau®=0.01; Chi*=5.00, df=4 (P=0.29); F= 20% 1 02 0 3 10

t
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FIGURE 5 | Pooled summary statistic for ARI incidence when surgical masks were worn compared with not wearing surgical masks in cluster randomized controlled
trials, estimated with the generic inverse variance method and a random-effects model. SM, surgical face mask; No SM/HH, no surgical face mask or hand-hygiene

may vary across participants (23). Most of the observational
studies were also at high risk of other biases, mainly arising from
lack of sample size justification and/or attrition rates >20%.

Detailed results for the quality assessment of included studies
can be found in Supplementary Tables 5-7.

DISCUSSION

Effectiveness of Surgical Mask Usage on

ARI Incidence in Non-healthcare Setting
Our results found that SM usage had a non-significant protective
effect in reducing the risk of ARI among asymptomatic

individuals in non-healthcare settings (pooled OR 0.96, 95% CI
0.8-1.15; Figure 2). The protective effect is also observed within
or outside healthcare settings [healthcare setting pooled OR =
0.53; 95% CI 0.16-1.71 (17); community pooled RR = 0.78,
95% CI 0.51-1.20 (40)], regardless of those who were infected
or uninfected (15). This contrasts with a review by Jefferson
et al. (16), which found face mask to be the best performing
intervention compared with other physical non-pharmaceutical
interventions studied across different population and settings.
Nonetheless, SM was only found to be significantly protective
against SARS in the case—control subgroup (pooled OR 0.32, 95%
CI 0.26-0.39), and studies related to SM usage was largely based
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aReporting quality assessed with the STrengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement. ®Methodological quality assessed with the National Heart, Lung and Blood Institute (NHLBI) Quality

Assessment Tool for Observational Cohort, Cross-sectional, and Case—Control Studies.

in the healthcare setting and among healthcare workers (16).
This limits the generalizability of the study given the different
compliance in SM wearing between healthcare workers and the
general population.

This review observed a non-significant protective effect
that was more prominent in the younger age group (pooled
OR 0.85, 95% CI 0.75-1.40; Figure 2). This contradicts with
an experimental study that assessed transmission reduction
potential by personal respirators, surgical masks, and homemade
masks. The study attributed a significantly less protective effect
of all types of mask usage for children, plausibly due to an
inferior fit of masks on their smaller faces (41). The observed
age-specific difference in effect is also likely because majority
of the observational studies among the adult and adult-and-
children populations were conducted in Hajj settings. As shown
in Figure 4, there were differential effects of SM use in mass
gatherings such as Hajj, and other enclosed settings in schools
or flights. The annual Hajj, which involves as many as 2 million
pilgrims nested in highly dense areas for a prolonged period,
cannot be generalized to a regular community. Other conditions
favoring the spread of infectious diseases include the physical
exertion of pilgrims in overcrowded conditions, limited access to
resources, humid conditions, and low compliance to mask usage
due to religious beliefs (42-44). The combined effects of greater
compliance with mask usage and hygiene practices in a more
controlled environment could amplify the protective effect of SM
usage among children.

SM use was protective against ARI incidence when outcomes
were laboratory-confirmed episodes (pooled OR 0.82, 95% CI
0.63-1.07; Figure 3), but harmful when outcomes were self-
reported or clinically diagnosed. The contrasting observations
might be attributed to the subjective nature of self-reported
or clinically diagnosed outcome and retrospective collection
of self-reported outcomes in most included studies. Such
data collection methods are liable to inaccuracies from
the participants’ judgment of personal condition and recall
bias (45). Effects of SM usage in studies utilizing self-
reported or clinically diagnosed episodes could also have been
diminished by (1) participants overstating the actual experience
of illness at the baseline or understating the condition at
the end point, and (2) the inability to detect asymptomatic
carriers. Conversely, a laboratory-confirmed outcome is more
objective and does not require any participant judgment,
enabling more accurate evaluation of ARI even among
asymptomatic participants.

The effectiveness of face mask in source control hinges
on the specific mode of transmission of etiological agent.
Studies included in this review measured influenza or ILI,
which are collectively caused by a broad range of viruses
of varying infectivity and transmission routes (46). Direct
and indirect contact are the primary transmission routes of
respiratory syncytial virus and adenovirus, which causes ILI,
whereas SARS is mainly spread through contact and droplet
transmission (3, 47). Influenza is thought to be primarily
transmitted through droplet expulsion, although evidence
supporting airborne transmission is growing (48). A recent study
found significant reduction in influenza virus emitted through
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droplets and not aerosols produced by infected individuals
after SM usage (13). Another study showed that SM is more
effective at reducing influenza viral RNA copies in coarse particles
>5pm (25-fold) than fine aerosols <5um (2.8-fold) emitted
by an infected wearer (12). SM’s effectiveness in preventing
influenza decreases with decreasing particle size. As short-
range aerosol inhalation is currently the main transmission
mode of SARS-CoV-2 in the ongoing COVID-19 pandemic, the
usage of SMs may not be highly effective to filter these fine
aerosols completely.

The effectiveness of SM usage at reducing environmental
risk faced by uninfected individuals remains unclear as existing
evidence is limited to mechanistic challenge on masks with
largely conflicting results. A study observed lower amount of
influenza virus by 1.1- to 55-fold with an average of 6-fold
with varying SM design (49). Conversely, SM has also been
found to allow penetration of particles as small as 0.04-0.2 pm
(influenza virus: 0.08-0.12 wm) (50). Specifically, Bae et al. (51)
reported a low effectiveness of filtering SARS-CoV-2 on the
basis of the small particle size as SARS-CoV (0.08-0.14 um). At
the time of conducting this review, research found increasing
evidence of asymptomatic transmission of SARS-CoV-2 (10,
11). A sweeping change in recommendations to encourage SM
usage by the general public was made amidst growing concerns
of an increasing asymptomatic infected population, to prevent
asymptomatic infected individuals from exposing uninfected
individuals to the virus. Despite limited evidence on SM’s
effectiveness in reducing SARS-CoV-2 transmission due to its
plausible airborne transmission mode and small viral particle
size, the mechanistic feasibility of masking combined with large-
scale uptake by populations might reap effectiveness that have yet
to be measured in clinical trials (52).

Effectiveness of Hand Hygiene on ARI

Incidence

Three studies included in this review also found no significant
protective effect of SM coupled with hand-sanitizer use
(SM+HH) on ARI incidence (18, 19, 21) compared with
control groups [adjusted HR (95% CI) 0.87 (0.73-1.02) (19),
0.78 (0.57-1.08) (21), adjusted OR (95% CI) 0.62 (0.23-1.65)
(18); Appendix D, Supplementary Table 8]. However, the results
could have been limited by differential protective effect conferred
by different types of hand sanitizer used and potential improper
application. Gel-based sanitizers were used in two studies (19,
21) and the remaining study likely used liquid-based sanitizer
(18). The superiority of liquid-based hand sanitizers to its gel-
based counterparts may have resulted in the lack of effectiveness
observed (53). More recent evidence also points to increased
effectiveness of hand sanitizer in reducing microorganism
burden when properly applied in accordance to EN 1500
standards (54).

Nonetheless, WHO recommends that masks are only effective
when used in tandem with proper and frequent hand hygiene
(55). Findings from a household cluster RCT (56) suggested
the risk of influenza transmission is significantly low when
healthy family members practice SM usage and frequent hand

hygiene within 36h of symptom onset of an infected family
member [adjusted OR 0.16, 95% (CI 0.03-0.92), p = 0.04 (18)].
There is also evidence on hand washing with soap and/or hand
sanitizer’s effectiveness in removing influenza virus (57, 58).
These conflicted findings supported inconclusive findings from
a review on hand hygiene’s protective effect in the community
setting (59). Hence, although hand hygiene shows potential in
reducing influenza infection and transmission, its effectiveness
depends on the types of hand hygiene practiced (e.g., hand
sanitizer, washing with soap, and water), usage frequency, proper
application, and the setting in which practices are implemented.

Apart from use of SM and hand hygiene, other non-
pharmaceutical interventions commonly employed
conjunction will also influence the risk of ARI in the community
(60). However, the effectiveness of these measures is beyond the
scope of this review and has been extensively evaluated in this
other recently published review (61).

in

Strengths and Limitations

A strength of this review lies in the comprehensive outcomes
examined, utilizing an extensive list of pathogens referenced
from Jefferson et al. (16) in our search strategy. This compares
with the review by Xiao et al. (40) which examined laboratory-
confirmed influenza outcomes, or that by Cowling et al. (15)
which focused on influenza, flu, and respiratory infections.
The period in which evidence for this review was collected
also sets it apart from existing reviews. Jefferson et al. (16)
explored studies from 1980 to 2010 and Xiao et al. (40) went
as far back as 1946. By including studies published in the past
decade only, this review presents evidence more representative
of the current and rapidly evolving environmental and social-
behavioral factors. Next, no limits were imposed on health status
and age of populations studied. This diversification increases
the representativeness and generalizability of our findings to a
community profile. Collectively, the study constitutes an update
of SM efficacy investigated in Jefferson’s review (16).

This review also complements the review by Xiao et al.
(40) in terms of intervention and population evaluated. We
focused on assessing SM usage, a more feasible apparatus
for the general public as opposed to more intricate facial
protective gear included in Xiao et al. (40), that should be
reserved for healthcare workers or vulnerable populations.
Unlike Xiao et al. (40), this review focused solely on assessing
SM’s efficacy among the uninfected population. In addition, the
included studies were assessed for reporting and methodological
qualities, providing additional insight to the reported findings
and inadequacy in existing studies to constitute strong evidence
on SM efficacy.

However, limitations exist in this review. First, the study
settings were largely homogenous. More than half of the studies
included were conducted during Hajj, which is unique and
distinctly different from the general community setting. This
limits the external validity of our results. Second, the authors
pooled adjusted summary measures of studies included in
the meta-analysis, but residual confounding may still exist in
the reported summary measures. Third, the RCTs included
cannot be pooled accurately as summary estimates reported
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were incompatible for a meta-analysis. Analysis of pooled RCT
data, where SM use is better complied with and purposely
differentiated between groups, would have constituted more
robust evidence on the efficacy of SMs between wearers
and non-wearers. Fourth, poor methodological quality was
determined across all studies included in this analysis. This
review highlights a paucity in well-conducted research examining
the efficacy/effectiveness of SMs against ARI incidence in the
general community. Non-standardization of methodologies and
assessed outcomes inhibited accounting for inconsistencies in
compliance to SM usage by the study populations, likely
undermining the effectiveness of SMs in preventing ARI. On the
contrary, compliance tend to be unusually high during epidemics
due to increased risk perception (62). Next, although the funnel
plots only showed slight asymmetry (Supplementary Figures 1,
2), there is a likelihood of publication bias as we only searched
published literature. Lastly, there is diminished relevance for SM
use in resource constrained conditions amidst epidemics. The
strict focus on SM in this review was to examine the effectiveness
of personal protection equipment that was accessible for the
general population. However, there is extensive substitution of
SM using reusable cloth masks or face coverings in the current
pandemic due to supply constraints. Their efficacy/effectiveness
in preventing ARI have not been widely evaluated, and future
trials should compare the efficacy/effectiveness of reusable
cloth masks to a standard (either SMs or even respirators) to
inform policies on cloth mask usage. Nonetheless, such trial
findings need to be interpreted with caution as cloth mask
production is not regulated, and the quality and construct
between products in this category may vary widely. This is
unlike SMs which have a consistent quality and construct
due to them being a regulated product under 21 CFR
878.4040 (63).

Existing studies are characterized by weak methodologies and
a lack of overall significant effect, possibly constrained by small
sample sizes. Well-designed, executed, and adequately funded
trials are needed to provide robust evidence on SM efficacy in
reducing transmission in the general community. Larger studies
could be beneficial given their increased sensitivity to small
effect sizes, and RCTs have the added benefit of establishing
causality over observational studies (although it may be more
resource intensive). Well-designed in vivo studies on uninfected
individuals wearing SM could also be conducted to investigate
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Centrality of G6PD in COVID-19:
The Biochemical Rationale and
Clinical Implications

Yuliya Buinitskaya ™", Roman Gurinovich ', Clifford G. Wlodaver?" and
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" Sci.Al, Tallinn, Estonia, 2 Oklahoma University Health Sciences Center, Oklahoma City, OK, United States, ° Anesthesiology
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Introduction: COVID-19 is a novel and devastating disease. Its manifestations vary
from asymptomatic to lethal. Moreover, mortality rates differ based on underlying
health conditions and ethnicity. We investigated the biochemical rationale behind these
observations using machine reasoning by the sci.Al system (https://sci.ai/). Facts were
extracted and linked from publications available in nim.nih.gov and Europe PMC to form
the dataset which was validated by medical experts.

Results: Based on the analysis of experimental and clinical data, we synthesized
detailed biochemical pathways of COVID-19 pathogenesis which were used to explain
epidemiological and clinical observations. Clinical manifestations and biomarkers are
highlighted to monitor the course of COVID-19 and navigate treatment. As depicted
in the Graphical Abstract, SARS-CoV-2 triggers a pro-oxidant (PO) response leading
to the production of reactive oxygen species (ROS) as a normal innate defense.
However, SARS-CoV-2’s unique interference with the antioxidant (AO) system, through
suppression of nitric oxide (NO) production in the renin- angiotensin-aldosterone system
(RAAS), leads to an excessive inflammatory PO response. The excessive PO response
becomes critical in cohorts with a compromised AO system such as patients with
glucose-6-phosphate dehydrogenase deficiency (G6PDd) where NO and glutathione
(GSH) mechanisms are impaired. GBPDd develops in patients with metabolic syndrome.
It is mediated by aldosterone (Ald) which also increases specifically in COVID-19.

Conclusion: G6PD is essential for an adequate immune response. Both G6PDd and
SARS-CoV-2 compromise the AO system through the same pathways rendering G6PDd
the Achilles’ heel for COVID-19. Thus, the evolutionary antimalarial advantage of the
G6PDd cohort can be a disadvantage against SARS-CoV-2.

Keywords: COVID-19, glucose-6-phosphate dehydrogenase (G6PD), reactive oxygen species, nitric oxide - NO,
glutathione, aldosterone (Ald), Metabolic syndrome
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GRAPHICAL ABSTRACT |
INTRODUCTION (a) A pro-inflammatory pro-oxidant (PO) system mediates
inflammation. It attacks pathogens with free radicals of
Based on our previous discussion about the basic mechanisms of the reactive oxygen species (ROS). However, when there
coronavirus disease 2019 (COVID-19) pathogenesis (1), in this is increased production and/or decreased neutralization,
paper, we will focus on particular parts of it to explain the present a heightened level of ROS occurs, and excessive levels
clinical and epidemiological observations. cause collateral damage to normal cells and is referred
The human host defends itself against infection through its to as “oxidative stress,” “cytokine storm,” and “systemic
immune response with two cooperative phases. inflammatory response syndrome (SIRS).”
1. The first phase occurs early, is innate and nonspecific, and has ~ (b) An anti-inflammatory antioxidant (AO) system balances the
two components. PO response (2).
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2. The second phase occurs with a delay and is adaptive and
specific. It is mediated through antibody expression.

These two arms of immune response usually eradicate the
pathogen (3). However, in COVID-19, both phases are delayed
due to suppression of the host’s gene expression by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)’s nspl
protein (4).

Wu et al. (5) demonstrated, in vitro, that glucose-6-
phosphate dehydrogenase deficiency (G6PDd) cell lines are
vulnerable to coronavirus infection. There are two types of
G6PDd: congenital and acquired. Congenital G6PDd is the
most prevalent enzyme deficiency in the world, affecting
4.9% of the global population. It evolved against malaria
and predominates in specific ethnic cohorts such as the
Mediterranean, Asian, and African (6). Interestingly, these
cohorts have been particularly affected by the COVID-19
pandemic (7-10). Acquired G6PDd develops in patients with
underlying health conditions, especially the metabolic syndrome
(11). The metabolic syndrome is prevalent and it spreads
acquired G6PDd worldwide.

This paper presents a detailed description of how
SARS-CoV-2 affects the innate PO and AO responses and
how G6PDd potentiates COVID-19. In addition, we highlight
accompanying clinical manifestations and biomarkers that are
useful to monitor the clinical course and navigate treatment.

METHODS

We used the sci.AI machine reasoning system (https://sci.ai/)
to operate on publicly available datasets from nlm.nih.gov
and Europe PMC. The process consisted of two stages:
Representation and Reasoning.

Representation algorithms translate unstructured individual
papers, documents, and files from heterogeneous sources
into embeddings and graphs of entities relations. It goes
beyond classic Named Entity Recognition (NER) and arbitrarily
recognizes individual and composite biological entities and
how they relate to each other. For example, in this sentence:
“Obese patients with MetSyn had a significantly lower nitric
oxide production rate (0.21 £ 0.13 pwmol/h per kg; P
0.009) than healthy normal-weight individuals (0.63 % 0.30
pmol/h per kg), whereas nitric oxide (NO) production rate
was intermediate in obese patients without MetSyn (0.49
£+ 022 pmol/h per kg P = 0.33)” (12); the machine
recognizes the conditions “obesity” and “metabolic syndrome”
and recognizes substance “nitric oxide” and links it to
CHEBI:16480. Ultimately, “lower nitric oxide production rate”
in the context of “metabolic syndrome” is recognized as
a biomarker.

The second, Reasoning stage, synthesizes knowledge based on
a subset of findings that appear to be relevant to COVID-19.
The discovery process was triggered by textual queries “SARS”
and “ARDS.” Traversing through the interlinked representations
computed at the first stage produced multiple subgraphs.
We progressively refined the generated knowledge and, in
the last step, linked these excerpts to synthesize biochemical

pathways to help explain the pathophysiology of COVID-19. We
translated complex pathways into clinically relevant applications,
conforming to our clinical observations.

Pathways were constructed iteratively; it is not a result of
one time inference. Generally speaking, typical machine learning
algorithms approximate previous data distributions. In contrast,
our reasoning algorithm is based on graph traversing and
utilizes biochemical properties in context. It allows to avoid bias
caused by frequently mentioned terms, for example, angiotensin-
converting enzyme 2 (ACE2). Subgraphs were interactively
validated by a domain expert at every iteration. For instance, the
term “SARS” mentioned together with “TLR” and “ACE2” led to
the creation of two axes as described in our previous work (1):
TLR/TNFa/NADPH oxidase (NOX2)/ROS, which is
positively regulated, and

- ACE2/NOS3/NO, which is negatively regulated by SARS.
Both axes turn out to be composed mainly of canonical pathways:
renin-angiotensin system, glutathione (GSH) metabolism,
pentose phosphate pathway, aldosterone (Ald) synthesis and
secretion, and NO production. When we placed all these
pathways on the same canvas, reduced nicotinamide adenine
dinucleotide phosphate (NADPH) appeared to be the cofactor
of both axes and, in turn, is produced by glucose-6-phosphate
dehydrogenase (G6PD). This biochemical rationale, together
with the worldwide prevalence of congenital and acquired
G6PDd, is consistent with COVID-19 outcomes at individual
and epidemiological levels.

A limitation of our research is that it focuses on the
centrality of G6PD. Yet, we acknowledge that there is certainly
other biochemistry relevant to COVID-19 that remains open
for investigation.

RESULTS AND DISCUSSION

Based on machine reasoning of data from 30M papers, we
demonstrate the results.

Severe Acute Respiratory Syndrome
Coronavirus 2 Affects the Innate Immune

Response

The PO System

The PO system is triggered by SARS-CoV-2, as for any pathogen,
through toll-like receptors (TLRs) on macrophages, the first-
line cell of innate defense (13). As depicted in Figure 1,
this results in tumor necrosis factor-alpha (TNFa)-induced
inflammation, which has two clinically relevant molecular
effects: inactivation of insulin receptor signaling on endothelial
cells (see Graphical Abstract) and activation of NOX2 on
macrophages (14, 15). This response is acute and transient.
Activated NOX2 produces ROS, particularly superoxide anion
(02*-) from oxygen (O2). Then a hydroxyl radical (OH*)
is produced through the Fenton reaction (16). It destroys
microorganisms (17). At the same time, it stresses the
host’s cells, especially platelets, lymphocytes, erythrocytes, and
muscle cells (18-20). Muscle cell damage manifests with
rhabdomyolysis (21). Damage of erythrocyte membranes results
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FIGURE 1 | SARS-CoV-2 triggers the PO response resulting in ROS.

in latent hemolysis leaking lactate dehydrogenase (LDH), and
hemoglobin (Hb) is oxidized to methemoglobin (MetHb)
(22-24).

Clinical Pearls

e Hyperglycemia occurs during COVID-19. It is transient
and reversible if there is no antecedent insulin resistance.
Otherwise, underlying insulin resistance is aggravated by the
stress of infection (25).

e Ferritin production is induced by TNFa and can be used to
monitor the degree of the PO response (26).

e Thrombocytopenia and lymphopenia reflect the degree of
oxidative stress and can be followed as biomarkers (27, 28).

e Since statins cause rhabdomyolysis as a complication, avoid
these drugs in COVID-19 patients (29, 30).

e Erythrocytes are decreased due to latent hemolysis, which can
be monitored by LDH levels (31).

e Increased MetHb makes SpO, calculation inaccurate. It
causes a low SpO, by pulse oximetry in patients with

a normal PaO, (32, 33). This can be misleading and
can result in an unnecessary administration of O, the
substrate of ROS.

Thus, SARS-CoV-2
system, and adequate
antimicrobial defense.

PO
first-line

the innate
are a

with
levels

interacts
ROS

The AO System

The AO system balances the PO response through two central
mechanisms: suppression of ROS production by NO and ROS
neutralization by GSH (34, 35).

As depicted in Figure 2, SARS-CoV-2 binds to the ACE2
receptor in order to enter cells and, in turn, destroys this
receptor. The ACE2 receptor is involved in the protective
ACE2/endothelial nitric oxide synthase (eNOS)/NO pathway
of the renin-angiotensin—aldosterone system (RAAS). It leads
to the suppression of eNOS, the most prevalent isoform of
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FIGURE 2 | SARS-CoV-2 interferes with the AO response through RAAS resulting in excessive ROS.

NOS, and consequently decreased NO levels (36). In addition
to its antioxidant property, NO is also essential for vasodilation,
prevention of platelet aggregation, and inhibition of the
replication of SARS-CoV (37, 38).

Suppression of ACE2 activity also leads to an inability to
convert angiotensin II (Ang II) to angiotensin 1-7 (Ang 1-
7). Ang II is a potent vasoconstrictor and also stimulates
Ald (39). This results in a transient increase in Ald that
induces TNFa through mineralocorticoid receptor (MCR) on
macrophages (40). NOX2 hyper-activation by TNFa, which is
induced by the virus and Ald, and its disinhibition by virus-
induced NO inhibition perpetuate ROS production, making
it excessive.

It is also noteworthy that adrenocortical glomerulosa cells
are extremely sensitive to dissolved O, blood levels (41).
And fever shifts the O,-Hb dissociation curve to the right,
lowering the affinity of Hb to O,, further contributing to ROS
production (42).

Clinical Pearls

e An increased Ald level is a specific biomarker of the
SARS-CoV-2 infection. This is acute, transient, and
Ang II-dependent.

e The virus-induced decrease in NO and increase in Ald
(NO/RAAS dysbalance) render the immune response
to COVID-19 excessive. This manifests with fever
and hematological complications, especially progressive
hemolysis, and thrombus formation (43).

e Vasoconstriction, mediated by NO/RAAS dysbalance, is a
main pathophysiological component of COVID-19-associated
acute respiratory distress syndrome (ARDS) and manifests as
acute vascular distress syndrome (AVDS) (44).

e Pulmonary edema is potentiated by elevated levels of Ald and
aggravates ARDS (45).

e Excessive O, therapy can be deleterious.

Thus, SARS-CoV-2 interferes with the AO system, rendering
the PO response excessive. Moreover, SARS-CoV-2-induced
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increases of Ald aggravate the condition, especially in patients
with underlying health conditions.

The Role of Underlying Health Conditions
Individuals probably contract COVID-19 at similar rates.
However, once infected, some persons do worse than others.
The inoculum of infection may be an important variable
(46) but will not be further discussed here. We will focus
on the role of underlying health conditions. And we will
relate these to the PO and AO immune responses that we
discussed above.

As noted above, COVID-19 induces an excessive PO response.
This needs to be balanced by AO mechanisms: NO and GSH.
As depicted in Graphical Abstract, these two mechanisms are
dependent on the cofactor NADPH (47, 48). It is produced
mainly by G6PD in a rate-limiting manner in the pentose
phosphate pathway (PPP) of glucose metabolism. In addition
to NO and GSH, there are several other systems that require
NADPH and compete for it: macrophage NADPH oxidase
(NOX2) for antimicrobial defense, NADPH methemoglobin
reductase for Hb recovery, and thyroid NADPH oxidase for
triiodothyronine (T3) production (49). The inability of G6PD
to supply enough NADPH for the excessive immune response,
along with these other demands, aggravates G6PDd. Thus,

G6PD is essential for both components of innate immune
response and, particularly, for the AO system to balance the PO
system (50).

NO and GSH are also dependent on flavin adenine
dinucleotide (FAD). FAD production is catalyzed by
T3, which requires NADPH for its synthesis by thyroid
NADPH oxidase (51). Thus, G6PDd ultimately decreases
T3, NO, and GSH, thereby compromising the body’s
defensive mechanisms.

Acquired G6PDd

While congenital G6PDd is well known, its acquired deficiency
is less appreciated. It accompanies insulin resistance (52)
and hypertension (53, 54), grouped together as the metabolic
syndrome. In addition, advancing age also lowers it (55). We
demonstrate the biochemical rationale of these findings and why
these cohorts do worse with COVID-19.

As depicted in Figure3, adipocytes secrete leptin.
Obesity-induced hyper-leptinemia is chronic and progressive
and directly stimulates Ald (56). Moreover, leptin suppresses
atrial natriuretic peptide (ANP), which helps to “escape” Ald
activity (57). Increased Ald, as discussed previously, results
in increased TNFa (37). In addition to NOX2 activation,
chronic TNFa stimulation also causes insulin resistance (14, 58).

Edema,
Hypertension

Metabolic
syndrome

FIGURE 3 | How the metabolic syndrome leads to acquired G6PDd.
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Under normal conditions, insulin receptor signaling is required
for glucose entrance into cells. Glucose is phosphorylated to
glucose-6- phosphate, which activates the carbohydrate response
element-binding protein (ChREBP) (59). ChREBP regulates
the expression of rate-limiting enzymes in glucose metabolism,
in particular G6PD (60). Thus, decreased intracellular glucose
results in decreased G6PD gene expression and, consequently,
lower NADPH (61).

Moreover, Liao et al. (62) showed that there is no significant
difference in the expression of TNFa between G6PDd and
normal patients.

Clinical Pearls

e Even when SARS-CoV-2 can no longer be detected
and antibodies have formed, clinical manifestations of
inflammation may ensue due to Ald-triggered TNFa.
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e Leptin-induced increase of Ald is chronic, progressive,

and Angll-independent, and it is not controlled
by the RAAS, so angiotensin II receptor blockers
(ARBs) and ACE inhibitors can be ineffective as

antihypertensives (63).

e Decreased ANP levels in patients with metabolic syndrome
render them vulnerable to COVID-19-induced acute
increased Ald (64, 65).

e In COVID-19 patients with metabolic syndrome,
hypertension, edema, and hyperglycemia accentuate.

e Chronic hyperglycemia can cause insulin resistance
and can be a biomarker of developing G6PDd
(66, 67).

e Laboratory values of G6PD levels and resulting NADPH
activity can differ for several reasons: highly variable glucose
level-dependent G6PD gene expression; the unique rate-
limiting catalyzation of NADPH production; and the overload
of immune mechanisms competing for NADPH, especially in
patients with developing G6PDd.

o T3 levels reflect the NADPH activity but also can be involved
in thyroid gland disorders.

e Metabolic syndrome-related chronic G6PDd
aggravated by COVID-19-induced insulin resistance.

e As a consequence, patients with metabolic syndrome have a
decreased level of NO and exogenous NO treatment can be
considered (12, 68).

e Optimal control of underlying chronic diseases helps defend
against COVID-19.

can be

Thus, metabolic syndrome causes G6PDd. And G6PDd, by
reducing NO, dysbalances the immune response to COVID-19.
In addition, GSH plays a critical role as discussed below.

The Role of GSH System

GSH is an essential endogenous antioxidant. As depicted in
Figure 4, it is composed of three amino acids: glycine, cysteine,
and glutamate. The sulfhydryl (-SH) moiety of cysteine is
responsible for the neutralization of toxic substances, both
endogenous such as ROS and exogenous such as xenobiotics.
During this reaction, GSH is oxidized to its inactive form, GSSG.
The recycling requires NADPH and FAD (69).

GSH depletion can be caused by G6PDd, which leads to
an inability to recycle it (70, 71). It can also be caused by
excessive levels of toxic substances that overload the capacity
for its neutralization. Furthermore, the GSH system can be
compromised by exogenous substances, e.g., the paracetamol
metabolite, N-acetyl-p-benzoquinone imine (NAPQI), which
inactivates glutathione synthetase (GS) of GSH production, and
by endogenous substances, e.g., homocysteine, which inactivates
glutathione peroxidase (GPx) of GSH function (72, 73). The
body responds with y-glutamyl transferase (GGT) upregulation
to replete intracellular amino acids from extracellular GSH and
also by de novo production of cysteine from methionine (74,
75). These amino acids then enter the y-glutamyl cycle. When
there is abundant GSH, it suppresses its own production by
blocking y-glutamyl cysteine synthase (y-Gcs). Otherwise, GSH

depletion results in increased y-Gecs, leading to accumulation of
pyroglutamic acid (76).

Clinical Pearls

e Exogenous stresses such as infection, medications, e.g.,
chloroquine (CQ), aspirin (ASA), and medical procedures, are
accompanied by increased ROS production, which exacerbates
GSH deficiency (77-80).

e In COVID-19, paracetamol is used as an antipyretic to avoid
NSAIDs, and it accentuates GSH deficiency (69).

e Exacerbation of G6PDd manifests with fever and hematologic
complications, especially hemolytic anemia. If a patients Hb
decreases after 2-3 days on certain treatments, e.g., CQ or
O, therapy, and the LDH level has increased, G6PDd should
be considered.

e In critically ill patients, severe G6PDd manifests with transient
hypothyroidism also known as the “low T3 syndrome” or the
“euthyroid sick syndrome” (81).

e Patients with metabolic syndrome have increased levels of
homocysteine. Consider folic acid and/or cyanocobalamin
deficiency in these patients to prevent aggravation of GSH
depletion (82, 83).

e Severe GSH deficiency clinically manifests with unexplained
anion gap metabolic acidosis. This should be considered as
pyroglutamic acidosis until proven otherwise. This acidemia,
by itself, is not clinically important, but it is a sign of serious
metabolic stress (73).

e An increased level of GGT can be used as a biomarker of
GSH depletion.

CONCLUSION

G6PD activity is essential for the adequate functioning of both
the PO and AO components of the innate immune response
to counteract COVID-19-induced immune dysregulation.
Therefore, in COVID-19 patients, inadequate G6PD activity
should be considered and can be monitored with biomarkers.
Recognizing these interactions is critical to avoid inappropriate
treatment. “Primum non nocere.”
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Zhipei Zhang', Shuonan Xu*, Jinbo Zhao ™ and Tao Jiang ™

! Department of Thoracic Surgery, Tangdu Hospital, Air Force Military Medical University (Fourth Military Medical University),
Xi'an, China, ? Department of Thoracic Surgery, Shaanxi Provincial People’s Hospital, Xi’an, China, ° Department of
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Background: Few studies have reported the transmission characteristics of coronavirus
disease (COVID-19) in low-density populations. This study has therefore analyzed
the epidemiological characteristics and clinical outcomes of COVID-19 patients in
Northwestern China, an area with low population density.

Methods: From January 21 to March 11, 2020, data from patients diagnosed with
novel coronavirus pneumonia (NCP) in areas of Northwestern China with lower population
densities were retrospectively analyzed. Certain variables were categorized as numbers
and percentages, with the ratio between resident patients (no history of going out
during the epidemic) and imported patients representing the contagiousness of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) responsible for COVID-19.
Hospitalization time was also calculated.

Results: A total of 617 COVID-19 patients were reported in Northwestern China,
and the morbidity and mortality rates of 0.000005 and 0.011, respectively. Further
analysis showed that the morbidity was inversely proportional to population density
and distance from Wuhan City. This study enrolled 473 confirmed cases; among these
patients, there were 248 residents and 225 imported cases with a ratio of 1:1. The
youngest and oldest patients were 1 and 94 years of age, respectively, with a median
age of 42 years. Fifteen (8.2%) patients were children or infants. Two patients were
pregnant, and one patient gave birth to a healthy baby with negative results during
her disease course. About 17.3% of patients (82 cases) were healthy carriers without
any symptoms during their disease course. One male patient (0.2%) had recurrence
of a positive test result 4 days after discharge. The median hospitalization time was
16.0 days, ranging from 2.0 to 43.0 days. Further analysis showed that age (P = 0.03)
and severity status (P < 0.001) were significantly correlated with hospitalization time.
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COVID-19 Patients in Northwestern China

Conclusions: The morbidity and mortality rates of COVID-19 patients in the regions
with a low population density were lower than those of the national average in China.
All populations were susceptible to infection by SARS-CoV-2. Asymptomatic patients
with positive results should be taken seriously, and the hospitalization time of patients is
associated with their age and severity status.

Keywords: COVID-19, low density population, public health intervention, epidemiological characteristics,

outcomes

INTRODUCTION

Coronavirus disease (COVID-19) (1), also called novel
coronavirus pneumonia (NCP) by Chinese officials, emerged
in Wuhan City in late December 2019 and remains an ongoing
outbreak that has spread globally (2). After critical management
of COVID-19 by restricting transmission and treating patients,
the number of infected people from China has declined but
has sharply increased outside China, especially in Middle Asia,
Europe, and the United States (3). On March 3, 2020, the World
Health Organization (WHO) reported that more than 132,000
cases had been diagnosed from 123 countries and regions, with
more COVID-19 cases reported in Europe every day than were
reported in China at the height of its pandemic (4). In addition,
recent studies have shown that the infection rate of COVID-19
has been higher than that of Severe Acute Respiratory Syndrome
(SARS) (5). To identify the infection source, transmission
route, and susceptible population, researchers have focused
on investigating the epidemiology of COVID-19 in densely
populated areas of China (6, 7); however, only few have reported
on regions with lower population densities. Northwestern
China is adjacent to Middle Asia and far from the outbreak
area; moreover, it has a low population density, inconvenient
transport system, and insufficient medical facilities. The potential
differences in this epidemic disease in other countries and regions
are not clear. We consequently performed this study on the
clinical features of COVID-19 cases in these regions compared
to epidemiology and clinical prognosis of NCP patients from
Northwestern China to contribute to NCP prevention and
control and to help other countries similar to the geography and
demographic distribution of Northwestern China.

MATERIALS AND METHODS

Study Design

From January 21 to March 11, 2020 (January 24 was the
Chinese New Year), all patients diagnosed with NCP from seven
provinces or autonomous regions in Northwestern China with
a low population density were retrospectively analyzed. The
diagnostic criteria were based on the seventh edition of the
National New Coronavirus Pneumonia Diagnosis and Treatment
Program (8) developed by the National Health Commission of
the Peoples’ Republic of China. The patient inclusion criteria
were the following: (1) positive severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) result by reverse transcription-
polymerase chain reaction (RT-PCR); (2) receiving treatment at

a designated hospital; (3) definite outcome (discharge or death);
and (4) adequate clinical information and available follow-up
data. This study was approved by the ethics committee of Tangdu
Hospital. Written informed consent was waived due to the nature
of open-access data. The last follow-up was on March 11, 2020.

Setting and Population Density

Northwestern China is adjacent to Middle Asia, far from
the outbreak epicenter. This region has a low population
density, inconvenient transport system, and insufficient medical
facilities. Northwest China consists of four autonomous regions
(Tibet Autonomous Region, Xinjiang Uygur Autonomous
Region, Ningxia Hui Autonomous Region, and Inner Mongolia
Autonomous Region) and three provinces (Shaanxi Province,
Qinghai Province, and Gansu Province) (Table 1). The seven
provinces or autonomous regions of Northwestern China cover
~57.5% of Chinas total territory, with an area of 5,490,400
km?; however, its total population from the 2018 census data is
only 131,590,000 (9). Hubei Province, located in Central-Eastern
China, the COVID-19 outbreak area, has a population density
of 318.3 people/km?. The population density of Northwestern
China is, however, relatively low (23.8 people/km?)—lower even
than the national average (145.4 people/km?). The distances
between the capital of the province or the autonomous region
and Wuhan City are also shown in Table 1.

Data Collection

We obtained data on the exposure history, age, sex, clinical
signs and symptoms, diagnosis time, treatment, and outcome
from the news reports and press releases reported by the
Health Commission of Tibet Autonomous Region, Xinjiang
Uygur Autonomous Region, Ningxia Hui Autonomous Region,
Inner Mongolia Autonomous Region, Shaanxi Province, Qinghai
Province, and Gansu Province. The degree of severity, diagnostic
criteria, and discharge criteria refer to the seventh edition of the
National New Coronavirus Pneumonia Diagnosis and Treatment
Program. All data were collected by Doctors Zhu, Zhang, and
Jia, and major disagreements between these three doctors was
checked by a fourth reviewer (Doctor Xu). Data are verified with
the National Health Commission and the Chinese Center for
Disease Control and Prevention.

Follow-Up

The follow-up of patients after discharge was equally important;
all discharged patients should continue to be isolated for
medical observation for 14 days. During the isolation period,
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TABLE 1 | The population and geography features of seven provinces or autonomous regions in Northwestern China.

Region Distance (km)? Population density Confirmed cases® Infection density® Morbodity
Shaanxi province 731 187.8 245 0.001 0.000006
Qinghai province 1,697 8.4 18 0.00002 0.000003
Tibet autonomous region 3,568 2.8 1 0.0000008 0.0000003
Xinjiang Uygur autonomous region 3,267 15.0 76 0.00005 0.000003
Ningxia Hui autonomous region 1,468 103.6 75 0.001 0.00001
Gansu province 1,383 58.1 127 0.0003 0.000005
Inner Mongolia autonomous region 1,436 21.5 75 0.00006 0.000003
Hubei province - 318.3 67,781 0.4 0.001

aDistance: between the capital of province or autonomous region and Wuhan city; bConfirmed cases: cumulative confirmed cases as at March 11th, 2020; ©Infection density: Number
of confirmed cases/km?; Morbodity: The proportion of confirmed cases in the total population.

the body temperature, physical signs, and other conditions
should be monitored daily in observation. All patients reviewed
the pathogenic test of SARS-CoV-2 at last quarantine day,
and nucleic acid testing will be performed at any time if any
symptoms appear after discharge.

Statistical Analysis

Hospitalization time was defined as the time from the final
diagnosis to discharge or death. According to severity status,
all patients were divided into group for general, severe, and
critical (8). Categorical variables are summarized as numbers and
percentages. T-tests were performed to compare the differences
in hospitalization time among groups; when the cases were
not normally distributed, Mann-Whitney U or Kruskal-Wallis
H-tests were used. A bilateral P < 0.05 was considered
statistically significant. All analyses were performed using IBM
SPSS Statistics for Windows, version 22.0.

RESULTS

Epidemiological Characteristics

As of March 11, 2020, 80,793 patients had been diagnosed with
COVID-19 in China; of these, 67,781 were in Hubei Province,
while 617 were in seven northwestern provinces or autonomous
regions, accounting for 0.8%. The morbidity and mortality rates
were 0.000005 and 0.011, respectively, in the low population-
density region. The epidemic map of China (Figure 1) showed
that the cumulative confirmed cases in the seven northwestern
provinces or autonomous regions were far less than those in
Hubei and other provinces. Figure 2A showed that the number
of infected patients increased with population density. The Tibet
Autonomous Region, with the lowest population density of
China, reported only one imported case, without indigenous
secondary cases, with an infection density of only 0.0000008
people/km?. There were 245 cases in Shaanxi Province, which
is the most densely populated of these seven provinces, with
an infection density of only 0.001 people/km?. The number of
cumulative confirmed cases was associated with the distance
between the capitals of the province or autonomous region and
Wuhan City (Figure 2B, Table 1).

China epidemic map (2020.03.11)

Xinjiang
(23/76) Inner Mongolia

ansy ©8/75)

(85/127)
Ningxia

Qinghai (67/75)

(18/18)
Shaanxi
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Hubei
(>60000)

> =1000
500~999
100~499
10~99
1~9

@

FIGURE 1 | Northwestern China and the epidemic map of China.

According to the inclusion criteria, a total of 473 patients
were finally enrolled in our study for analysis (Table2). Of
the 473 confirmed cases, one was from the Tibet Autonomous
Region, 23 from the Xinjiang Uygur Autonomous Region, 67
from the Ningxia Hui Autonomous Region, 68 from Inner
Mongolia Autonomous Region, 211 from Shaanxi Province, 18
from Qinghai Province, and 85 from Gansu Province (Figure 1).
The first confirmed and discharged patients were reported
on January 21 and January 31, 2020, respectively. The peak
period for confirmed cases was from January 25 to February
8, 2020 (Figure3). A total of 194 patients (41.0%) had a
history of living or traveling in Hubei Province, 33 patients had
an absence of contact history, and two patients had traveled
from Iran.

Public Health Interventions and Their
Effects

From the beginning of the COVID-19 outbreak in Wuhan,
the confirmed cases in Northwestern China have gradually
been on the increase. On January 21, 2020, the first imported
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FIGURE 2 | Correlation between geographical factors and COVID-19. (A) Distribution of cumulative confirmed cases and population density in Northwestern China.
(B) Distribution of cumulative confirmed cases and distances between the provincial capital and Wuhan City and Northwestern China.

patient emerged, with confirmed local cases increasing with the
growth of imported cases within 6 days despite the shutdown
of Wuhan on January 23, 2020. Four days after the Wuhan
shutdown, the number of new imported patients peaked at
22 cases. Approximately 76.9% of imported cases (173/225)
were diagnosed within 10 days of the closure of Wuhan
City. To better prevent and control COVID-19 spread, strict
countermeasures designed and approved by local authorities
were implemented on January 30, 2020, which included raising
the public health response level to Class A, setting up health
checkpoints in public areas, and locking down the regional
border. The daily numbers of imported cases decreased,
and more new local cases were confirmed 3 days after the
implementation of these control measures. On February 2,

2020, the number of new local patients surpassed imported
patients and simultaneously peaked. The next day, the numbers
of imported and local patients had significantly decreased
and on February 18, 2020 no newly confirmed patients were
reported. On February 26, 2020, however, the first imported
case from overseas was reported in Northwestern China. The
details of the public health events, government anti-virus
measures, and related dynamic results are separately displayed in
Figure 4.

Clinical Characteristics

The final analysis included 473 patients (246 men and 227
women). The youngest and oldest patients were 1 and
94 vyears of age, respectively, with a median age of 42
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FIGURE 3 | Time distribution of cumulative cases in Northwestern China through March 11th, 2020.

years. Fifteen patients (3.2%) were <12 years of age. Two
patients were pregnant. One of them was full-term. She was
infected with SARS-CoV-2 during the delivery period and
eventually gave birth to a baby girl. Among all patients,
82 (17.3%) were asymptomatic in their disease course. Fever
was the most common symptom (53.9%), ~2.7% of patients
presented with diarrhea, and 26.0% of patients with other
symptoms. According to severity status, 429 patients (90.7%)
were general, 26 patients (5.5%) were severe, and 18 patients
(3.8%) were critical. Detailed patient information is listed in
Table 2.

Clinical Outcomes
The current discharge criteria are based on the seventh edition
of the COVID-19 diagnosis and treatment guidelines (8).
These include the disappearance of clinical symptoms and two
consecutive negative nucleic acid tests with an interval time of
over 24h. Of the 473 patients, 466 met the discharge criteria.
One male patient (0.2%) had a recurrence of positive test 4 days
after discharge.

From March 11, 2020, seven patients died, corresponding
to a mortality rate of 1.1% (7/617), which is lower than that
of the national average (3.9%) (10); the other patients were all
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TABLE 2 | Clinical characteristics of COVID-19 patients.

presenting with diarrhea had shorter hospitalization times than
those of patients presenting the other symptoms, the difference

Characteristics N(473) % was not of statistical significance (16.0 vs. 17.0 vs. 14.0 vs. 14.0

Age, median (range) 42.0 year 1.0-94.0 days, P = 0.091).

Gender Of the seven patients who died, four were male and three
Male 248 52.0% were female (Table 4). Only one patient was younger (aged 48
Female 207 48.0% years); the other patients were aged over 70 years (70, 73, 76, 77,

Religion 82, and 89 years). According to disease severity two and five of
Shaanxi province 211 44.6% these patients were categorized as severe and critical, respectively.
Qinghai province 18 3.8% Only two patients died without comorbidity; three patients were
Tibet autonomous region ! 0.2% diagnosed with hypertension, and two patients were diagnosed
Xinjiang Uygur autonomous region 23 4.9% with chronic obstructive pulmonary disease (COPD).

Ningxia Hui autonomous region 67 14.2%
Gansu province 85 18.0%
Inner Mongolia autonomous region 68 14.4% DISCUSSION

Age
<42 228 47'1:/" Three months ago, the COVID-19 outbreak started in Wuhan

Pa?::t ype 20 52.9% City (1), the capital of Hubei Province, which is located in the
Local cases 048 52.4% central region of China and is known as “Chinese Chicago”—
Imported cases 05 47.6% a developed transportation hub for advanced railway, water

Exposure history carriage, and aviation systems. The population density of Wuhan
Living or traveling in Hubei 194 21.0% is 1,249 people/km?. The main transmission routes of SARS-
Contact with confirmed patients 244 51.6% CoV-2 include droplets and aerosols (11). Compared to other
Without contact history 35 7.4% infectious diseases, such as SARS and Middle East Respiratory

Symptom Syndrome (MERS), COVID-19 thus has higher infectivity (5). A
Fever 255 53.9% previous study proved that high population density catalyzes the
Diarrhea 13 2.7% spread of COVID-19 (12). To our knowledge, the present was
Other symptom 123 26.0% the first study to assess the impact of government public health
Without symptom 82 17.3% interventions on the spread of COVID-19 in low population

Severity status density areas. A total of 617 patients were identified in these
General 429 907% " regions, accounting for 0.8% of the total number of Chinese cases.
Severe 2 5.5% The prevalence of COVID-19 in Northwest China was 0.000005,
Critical 18 3.8%

discharged (Figure 3). The median hospitalization time was 16.0
days, ranging from 2.0 to 43.0 days. Further analysis showed that
age (P = 0.03) and severity status (P <0 .001) were significantly
correlated with hospitalization time (Table 3). While patients

which is lower than the national average (0.00006).

The lower morbidity in Northwest China might be attributed
to its low population density and geographical distance from
the epicenter. A previous study proved that high population
densities catalyze the spread of COVID-19 (12), a finding
consistent with our results. In our study, compared to high-
density areas, low-density areas had lower morbidity. In
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TABLE 3 | Clinical outcomes of COVID-19 patients.

Variable N Hospitalization time (days) Percentiles P
In total 473 43.0 -
Gender 0.323
Male 246 17.0 (12.0, 21.0)
Female 207 16.0 (11.0, 20.0)
Age 0.030
<42 223 16.0 (11.0,20.0)
>42 250 17.0 (12.0, 21.0)
Patient type 0.196
Local cases 248 16.0 (11.0, 20.0)
Imported cases 225 17.0 (12.0, 21.0)
Exposure history 0.303
Living or traveling in Hubei 194 17.0 (12.0, 21.0)
Contact with confirmed patients 244 16.0 (11.0, 21.0)
Without contact history 35 16.0 (11.0, 20.0)
Symptom 0.091
Fever 255 17.0 (13.0, 21.0)
Diarrhea 13 14.0 (10.75, 21.5)
Other symptom 128 16.0 (12.0, 20.0)
Without symptom 82 14.0 (10.75, 20.0)
Severity status <0.001
General 429 16.0 (11.5, 20.0)
Severe 26 20.5 (14.75, 26.0)
Critical 18 23.5 (16.25, 32.25)
TABLE 4 | Clinical characteristics of seven patients died from COVID-19.
No Age Gender Exposure history Symptom Severity status Comorbidity
1 89.0 Male Contact with confirmed patients Cough Critical Hypertension, cerebral infarction, gout
2 82.0 Female Contact with confirmed patients Cough Severe Hypertension, Alzheimer disease
3 77.0 Male Living or traveling in Hubei Without symptom Critical Hypertension, COPD
4 73.0 female Contact with confirmed patients Fever severe Hypertension
5 76.0 Female Without contact history Without symptom Critical Hypertension, Atrial fibrillation, Chronic bronchitis
6 70.0 Male Without contact history Without symptom Critical Without
7 48.0 Male Without contact history Fever, cough and diarrhea Critical Without

addition to population density, the regions and autonomous
regions in this study are far from the urban center of
China. Compared to other regions closer to Hubei, the
lower incidence in the seven northwestern provinces farther
from Wuhan was related to the geographical distance. Our
findings confirmed that Xinjiang and Tibet Autonomous Region,
far from Wuhan, had a much lower incidence than in
Shaanxi Province, which is relatively close to Wuhan. The
traffic conditions and proportion of floating population in
Wuhan also implied that distance is a factor affecting the
epidemic (13).

Moreover, public health interventions, advocated by the
government, also played an important role in preventing and
controlling the spread of COVID-19. Tian et al. reported that
the Wuhan City shutdown delayed the spread of COVID-19

to other cities for 2.91 days (95% confidence interval [CI]:
2.54-3.29 days) (14). A simulation analysis by Chinese scholars
proved that both quarantine and traffic blockage were significant
methods to control the outbreak (15). The economic level,
the ability of government management and the activities of
medical treatment have great impact on the incidence rate
and mortality rate of different regions (16, 17). In our study,
public health interventions designed and approved by local
authorities included setting up health checkpoints in public
areas and locking down the regional border. Four days after the
implementation of control measures, the number of imported
and local cases decreased significantly, and no newly confirmed
cases occurred after 19 days, Surprisingly, in the first 3 days
after restricting activities, the number of new cases increased,
which may be related to the familial spread of COVID-19.
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Related research confirmed family clustering sin the spread of
COVID-19 (18).

In addition, quarantine and medical observation of potentially
infected populations are effective methods of epidemic control
(19), especially in screening asymptomatic patients. It remains
controversial whether asymptomatic patients are contagious.
A study from Henan Province of China showed that an
asymptomatic carrier transmitted COVID-19 virus to her
five family members (20); therefore, the management of
asymptomatic patients is critical for preventing outbreaks. We
reported that ~17.3% of patients were asymptomatic carriers,
all of whom were detected during the period of quarantine or
medical observation.

Early research has suggested that infants and young children
belong to a disease-exempt population. However, the results of
later studies (21, 22) refuted these initial findings. In our study,
the youngest confirmed patient was only 1 year of age and 15
infants or children accounted for 3.2% of the total cases. It is
worth noting that the confirmed specimen was a stool sample
from a 1-year-old child, which indirectly proved the possibility
of fecal-oral transmission of COVID-19, especially in children
(23, 24).

In China, the current discharge criteria are based on the
seventh edition of the COVID-19 diagnosis and treatment
guidelines (8). These consist of the disappearance of clinical
symptoms two consecutive negative nucleic acid test results at
least 24 h apart. There are, however, sporadic case reports of
recurrence worldwide (25), and we also observed one patient
(0.2%) with recurrence of positive test 4 days after discharge.

The mortality rate of patients diagnosed with COVID-19
in this study was 1.1%, which was significantly lower than
those reported in Wuhan City, Europe, and Central Asia (3).
A possible reason for the low mortality rate is that, although
the medical resources of Northwestern China are relatively
insufficient compared to those of the eastern regions of China and
European countries, every single patient can receive sufficient
medical support, and most of the cases were imported young
patients who left Wuhan City for work and had returned
home (13).

The limitations of this study cannot be ignored. First, the
laboratory results of patients could not be further analyzed due to
the data came from news reported by the CDC in the provinces

REFERENCES

1. Novel Coronavirus — China (2020). Available online at: https://www.who.
int/csr/don/12-january- 2020- novel- coronavirus- china/en/ (accessed May 26,
2020).

2. Hui DS, Azhar, EI, Madani TA, Ntoumi E, Kock R, Dar O, et al. The continuing
2019-nCoV epidemic threat of novel coronaviruses to global health - The
latest 2019 novel coronavirus outbreak in Wuhan, China. Int J Infect Dis.
(2020) 91:264-6. doi: 10.1016/j.ijid.2020.01.009

3. Coronavirus latest: WHO says Europe now epicentre of pandemic (2020).
Available online at: https://www.nature.com/articles/d41586-020-00154-w
(accessed May 26, 2020).

4. WHO. Coronavirus disease (COVID-2019) situation report 51(2020).
Available online at:  https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/situation-reports (accessed May 26, 2020).

and autonomous regions; Second, although we have compared
the incidence and mortality of COVID-19 in low-density areas
with the national average, the data in other high-density areas
outside the epidemic area were deficient; Finally, further analysis
was limited because of the small sample size of this study.

In summary, the results of this study revealed that
population density and distance from the epicenter are important
factors affecting the prevalence of COVID-19. Public health
interventions are useful for COVID-19 prevention and control.
Additionally, the management of asymptomatic patients and
children is more efficient when attempting to restrict the
outbreak. Finally, the hospitalization time of patients was
associated with their age and severity status.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary materials, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The study was approved by the review board of Tangdu hospital
of Air Force Medical University. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

AUTHOR CONTRIBUTIONS

TJ, JZha, and SX participated in study design and study
conception. JZhu, QZ, WuW, JC, YX, WeW, XW, MW, HW,
and ZZ performed data analysis. JZhu, QZ, CJ, and SX recruited
patients. JZhu, QZ, CJ, WuW, and JC drafted the manuscript. All
authors provided critical review of the manuscript and approved
the final draft for publication.

FUNDING

This research was supported by grants from the Wu Jieping
Medical Foundation (320.6750.17527) and the Provincial Key
R&D Program of Shaanxi (2017ZDCXL-SF-01-04-01).

5. Peeri NC, Shrestha N, Rahman MS, Zaki R, Tan Z, Bibi S, et al. The SARS,
MERS and novel coronavirus (COVID-19) epidemics, the newest and biggest
global health threats: what lessons have we learned? Int ] Epidemiol. (2020) 49:
717-26. doi: 10.1093/ije/dyaa033

6. Tian S, Hu N, Lou J, Chen K, Kang X, Xiang Z,
Characteristics of COVID-19 infection in Beijing. ] Infect.
80:401-6. doi: 10.1016/j.jinf.2020.02.018

7. Qian GQ, Yang NB, Ding F, Ma AHY, Wang ZY, Shen YE, et al. Epidemiologic
and clinical characteristics of 91 hospitalized patients with COVID-19 in
Zhejiang, China: a retrospective, multi-centre case series. Q/M. (2020) 113:
474-81. doi: 10.1093/qjmed/hcaa089

8. National Health Commission of the PRC. The National New Coronavirus
Pneumonia Diagnosis and Treatment Program (Trial edition 7). (2020)
Available  online  at:  http://www.nhc.gov.cn/yzygj/s7653p/202003/
46¢9294a7dfe4cef80dc7f5912eb1989.shtml (accessed May 26, 2020).

et al
(2020)

Frontiers in Medicine | www.frontiersin.org

93

October 2020 | Volume 7 | Article 564250


https://www.who.int/csr/don/12-january-2020-novel-coronavirus-china/en/
https://www.who.int/csr/don/12-january-2020-novel-coronavirus-china/en/
https://doi.org/10.1016/j.ijid.2020.01.009
https://www.nature.com/articles/d41586-020-00154-w
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports
https://doi.org/10.1093/ije/dyaa033
https://doi.org/10.1016/j.jinf.2020.02.018
https://doi.org/10.1093/qjmed/hcaa089
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Zhu et al.

COVID-19 Patients in Northwestern China

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. National Bureau of Statistics of China (2020). Available online at: http://www.

stats.gov.cn/ (accessed May 26, 2020).

National Health Commission of the People’s Republic of China
(2020). Available online at: http://www.nhc.gov.cn/xcs/yqtb/202003/
37¢1536b6655473f8c2120ebdc475731.shtml (accessed May 26, 2020).

Group of Interventional Respiratory Medicine CTS. Expert consensus for
bronchoscopy during the epidemic of 2019 novel coronavirus infection
(Trial version). Zhonghua Jie He He Hu Xi Za Zhi. (2020) 43:199-202.
doi: 10.3760/cma.j.issn.1001-0939.2020.03.012

Rocklov ], Sjodin H. High population densities catalyze the spread of COVID-
19. ] Travel Med. (2020) 27:taaa038. doi: 10.1093/jtm/taaa038

Horton R. Offline: 2019-nCoV outbreak-early lessons. Lancet. (2020)
395:322. doi: 10.1016/S0140-6736(20)30212-9

Tian H, Liu Y, Li Y, Wu CH, Chen B, Kraemer MUG, et al. An investigation
of transmission control measures during the first 50 days of the COVID-19
epidemic in China. Science. (2020) 368:638-42. doi: 10.1126/science.abb6105
Li DQ, Liu ZC, Liu QH, Gao ZF, Zhu Jk, Yang JY, et al. Estimating the efficacy
of traffic blockage and quarantine for the epidemic caused by 2019-nCoV
(COVID-19). medRxiv [Preprint]. (2020). doi: 10.1101/2020.02.14.20022913
Oh J, Lee JK, Schwarz D, Ratcliffe HL, Markuns JE Hirschhorn
LR. National Response to COVID-19 in the Republic of Korea and
Lessons Learned for Other Countries[]]. Health Syst Reform. (2020)
6:¢1753464. doi: 10.1080/23288604.2020.1753464

Deng XW, Yang J, Wang W, Wang XL, Zhou JX, Chen ZY. Case fatality
risk of novel coronavirus diseases 2019 in China. medRxiv [Preprint].
(2020). doi: 10.1101/2020.03.04.20031005

Pan XF, Chen DX, Xia Y, Wu XW, Li TS, Ou XT, et al. asymptomatic cases
in a family cluster with SARS-CoV-2 infection. Lancet Infect Dis. (2020)
20:410-1. doi: 10.1016/S1473-3099(20)30114-6

Zhou XK, Wu ZG, Yu RR, Cao SN, Fang W, Jiang Z, et al. Modelling-
based evaluation of the effect of quarantine control by the Chinese
government in the coronavirus disease 2019 outbreak. medRxiv [Preprint].
(2020). doi: 10.1101/2020.03.03.20030445

20.

21.

22.

23.

24.

25.

Bai Y, Yao L, Wei T, Tian E Jin DY, Chen L, et al. Presumed
asymptomatic carrier transmission of COVID-19. JAMA. (2020) 323:1406-
7. doi: 10.1001/jama.2020.2565

Dong YY, Mo X, Hu YB, Qi X, Jiang E Jiang ZY, et al. Epidemiology
of COVID-19 among children in China. Pediatrics. (2020)
2020:€20200702. doi: 10.1542/peds.2020-0702

Hong H, Wang Y, Chung HT, Chen CJ. Clinical characteristics of
novel coronavirus disease 2019 (COVID-19) in newborns, infants and
children. Pediatr Neonatol. (2020) 61:131-2. doi: 10.1016/j.pedneo.2020.
03.001

Xu Y, Li XE Zhu B, Liang HY, Fang CX, Gong Y, et al. Characteristics
of pediatric SARS-CoV-2 infection and potential evidence for persistent
fecal viral shedding. Nature Med. (2020) 26:502-5. doi: 10.1038/s41591-020-
0817-4

Zhang TQ, Cui XJ, Zhao X, Wang JH, Zheng JF, Zheng GF, et al. Detectable
SARS-CoV-2 viral RNA in feces of three children during recovery period of
COVID-19. ] Med Virol. (2020) 92:909-14. doi: 10.1002/jmv.25795

Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, et al. Positive RT-PCR test
results in patients recovered from COVID-19. JAMA. (2020) 323:1502-
3. doi: 10.1001/jama.2020.2783

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Zhu, Zhang, Jia, Wang, Chen, Xia, Wang, Wang, Wen, Wang,
Zhang, Xu, Zhao and Jiang. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Medicine | www.frontiersin.org

9

October 2020 | Volume 7 | Article 564250


http://www.stats.gov.cn/
http://www.stats.gov.cn/
http://www.nhc.gov.cn/xcs/yqtb/202003/37c1536b6655473f8c2120ebdc475731.shtml
http://www.nhc.gov.cn/xcs/yqtb/202003/37c1536b6655473f8c2120ebdc475731.shtml
https://doi.org/10.3760/cma.j.issn.1001-0939.2020.03.012
https://doi.org/10.1093/jtm/taaa038
https://doi.org/10.1016/S0140-6736(20)30212-9
https://doi.org/10.1126/science.abb6105
https://doi.org/10.1101/2020.02.14.20022913
https://doi.org/10.1080/23288604.2020.1753464
https://doi.org/10.1101/2020.03.04.20031005
https://doi.org/10.1016/S1473-3099(20)30114-6
https://doi.org/10.1101/2020.03.03.20030445
https://doi.org/10.1001/jama.2020.2565
https://doi.org/10.1542/peds.2020-0702
https://doi.org/10.1016/j.pedneo.2020.03.001
https://doi.org/10.1038/s41591-020-0817-4
https://doi.org/10.1002/jmv.25795
https://doi.org/10.1001/jama.2020.2783~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

1’ frontiers
In Medicine

ORIGINAL RESEARCH
published: 04 November 2020
doi: 10.3389/fmed.2020.571069

OPEN ACCESS

Edited by:
Marc Jean Struelens,
Université Libre de Bruxelles, Belgium

Reviewed by:

Deb Yamamura,

Hamilton Health Sciences, Canada
John Hay,

University at Buffalo, United States

*Correspondence:
Yan-Hui Chen
cyhxl68@foxmail.com
Jianping Xu
Jjpxu@mcmaster.ca

T These authors have contributed
equally to this work

Specialty section:

This article was submitted to
Infectious Diseases—Surveillance,
Prevention and Treatment,

a section of the journal

Frontiers in Medicine

Received: 09 June 2020
Accepted: 19 October 2020
Published: 04 November 2020

Citation:

Hong J-M, Hu L-H, Zhong Q-S,

Zhu L-C, Hang Y-R, Fang X-Y,

Sun H-B, Huang Z-H, Xu J and

Chen Y-H (2020) Epidemiological
Characteristics and Clinical Features
of Patients Infected With the
COVID-19 Virus in Nanchang, Jiangxi,
China. Front. Med. 7:571069.

doi: 10.3389/fmed.2020.571069

Check for
updates

Epidemiological Characteristics and
Clinical Features of Patients Infected
With the COVID-19 Virus in
Nanchang, Jiangxi, China
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Objectives: The 2019 novel coronavirus disease (COVID-19) pandemic is the biggest
public health crises in the 21st century. While most patients infected with the COVID-19
virus have no to moderate symptoms, there is currently limited clinical information about
these patients.

Methods: In this study, we retrospectively investigated 41 patients infected with the
COVID-19 virus in Nanchang, Jiangxi province, China, from February 4 to March 2, 2020.
Nanchang is about 260 km southeast of Wuhan, the initial epicenter of the COVID-19
pandemic. We retrieved information on patient demographics, physical examination
results, epidemiology, clinical manifestations, underlying conditions, laboratory analyses,
radiological images, and treatment outcomes.

Results: Most patients (70.7%) had a history of close contact with patients with
confirmed COVID-19, and 16 patients (39.0%) showed a high degree of family clustering.
All 41 patients had no to moderate symptoms. The median age was 39.9 years and
common symptoms of illness were fever (69.2%), cough (65.4%), and fatigue (19.2%).
The dominant patient group was middle-aged women, with hypertension (14.6%) and
chronic liver disease (12.2%) as the most frequent underlying conditions. All patients
recovered, with the mean time of viral nucleic acid clearance at 10.6 days. Chest
CT scans presented ground-glass opacities in 53.7% of patients while 26.8% had
normal CT images. Laboratory results showed that lymphocyte counts, lymphocyte
percentages, ESR, CRP, IgG, Fib, and cytokines were correlated to patients’ conditions.
Approximately 60-90% of patients had abnormally high levels of cytokines IL-4, IL-6,
IL-10, and/or TNF-a.

Conclusions: Our results showed variable clinical and laboratory presentations among
this group of patients infected with the COVID-19 virus. Though all 41 patients recovered,
our results suggest that cytokine levels and other biochemical indicators should be
monitored for patients infected with the COVID-19 virus showing no to moderate
symptoms to ensure quick access for critical medical attention, if needed.

Keywords: COVID-19, cytokines, asymptomatic, epidemiogy, close contact, biochemical & physiological
biomarkers
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COVID-19 in Nanchang, Jiangxi, China

INTRODUCTION

The 2019 coronavirus disease (COVID-19) was first identified
in December 2019 in Wuhan, China (1). It's caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
commonly known as the COVID-19 virus (2, 3). Since then, the
virus has spread globally, resulting in an ongoing pandemic. As
of June 4, 2020, over 6 million cases have been reported across
216 countries and territories, resulting in more than 382,000
deaths (4). Within China where the pandemic originated, there
have been 84,614 confirmed cases of infection by the COVID-
19 virus (data on June 4, 2020) (5). Among the reported cases
in China, about 20% of the patients had severe or critical illness,
with the remaining 80% showing moderate to no symptom (5).
A similar pattern is found globally where over 80% of infected
patients have shown moderate to no symptom (4). Among the
total of 84,614 cases in China, 932 were reported from Jiangxi
(6), a province immediately to the southeast of Hubei province
where the pandemic originated. Among the 932 cases in Jiangxi,
931 have since recovered and one patient died (6). There has been
no active COVID-19 indigenous case in Jiangxi province since
February 27, 2020, except for two imported cases from abroad on
March 21, 2020 and March 28, 2020, respectively.

Based on sequence analyses, the Coronaviridae Study Group
(CSG) of the International Committee on Taxonomy of Viruses
revealed that the virus causing COVID-19 was similar to that
causing the severe acute respiratory syndrome (SARS) epidemic
in 2003 (7, 8). However, unlike patients infected with SARS-
CoV, those infected with the COVID-19 virus typically have
a longer incubation period, and with the majority of infected
patients showing apparently no to moderate symptoms (9, 10). A
large number of studies have shown that these asymptomatic to
moderate cases have contributed significantly to the transmission
and spread of the virus in communities throughout the world (11,
12). Indeed, the large proportion of asymptomatic carriers with
no to moderate symptoms represents among the most difficult
challenges to the prevention and control of the pandemic. Thus,
understanding the epidemiological and clinical features of these
patients could help future prevention and control of COVID-19.

Several studies have investigated the epidemiology and clinical
features of COVID-19 patients in China. Those studies have
come from either Wuhan, Hubei province, the original epicenter
of the outbreak or large metropolitan areas such as Beijing and
Shenzhen where travel between Wuhan and these cities were very
frequent in the initial phase of the outbreak (December 2019 to
January 23, 2020) before the lockdown of Wuhan. In contrast,
cases from other provinces, including Jiangxi, located immediate
to the southeast of Hubei, have not been reported. Compared
to Wuhan (a mega-transport hub in central China), Jiangxi
province is relatively isolated, and not a typical travel destination
for tourists, especially in winter months. Thus, even though it
was close to Wuhan, the number of cases in Jiangxi province was
relatively small, with a cumulative 932 cases in a population of
45.2 million, a prevalence of COVID-19 at ~0.002% and a case-
fatality rate of 0.11% (1/932). At present, the epidemiological
and clinical feature of COVID-19 in Jiangxi is not known.
The objective of this study is to retrospectively analyze the

epidemiological and clinical characteristics of patients infected
with the COVID-19 virus in a designated hospital for treating
COVID-19 patients in the capital of Jiangxi province, Nanchang.

MATERIALS AND METHODS
Study Population

We retrospectively reviewed the medical records of inpatients
between February 4, 2020 and March 2, 2020 at the Ninth
Hospital of Nanchang, the designated hospital for treating
patients infected with the COVID-19 virus. For all patients,
the diagnostic criteria followed the guidelines for diagnosis
and treatment plan of COVID-19 issued by the National
Health Commission (trial version 7) (13). Specifically, the tests
were based on real-time, reverse-transcription polymerase chain
reaction using the primers and probes targeting the ORFlab and
N genes of the COVID-19 virus, as recommended by the Chinese
Center for Disease Control and Prevention (14). There must
be a positive laboratory test showing the respiratory specimens
containing nucleic acid of the COVID-19 virus in order for the
patient to be included in this study.

Ethics Statement

This work, which involved retrospectively reviewing medical
records, was approved by the Ethics Committee of the Second
Afhliated Hospital of Nanchang University, and the Ninth
Hospital of Nanchang in Jiangxi province, China (License
Number: 202004, Date: 13 March 2020). This was a retrospective
study without intervention. However, when additional clinical
specimens were needed for analyses, informed consent was
obtained from all involved subjects.

Data Collection

From the electronic medical record for each eligible patient,
we extracted information on demographic characteristics (age,
sex, and others), physical examination (highest temperature),
epidemiology (Wuhan exposure history, history of contact
with confirmed cases, and family and social gathering), and
underlying disease conditions (high blood pressure, diabetes
mellitus, chronic liver disease, and others). Clinical symptoms
such as fever, cough, dyspnea, headache, fatigue, muscle ache,
diarrhea, and others were obtained. Laboratory analytical results
included white blood cell count (WBC), Lymphocyte percentage
(Lym%), C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), procalcitonin (PCT), heart function, liver and kidney
function, coagulation test, cytokines test, immunoglobulin, cycle
threshold (Ct) value in RT-qPCR, etc. Information on chest
computerized tomography (CT), drug treatment, and prognosis
of disease progression were also retrieved and evaluated. The
virus clearance criteria were defined as two continuous negatives
of nucleic acid tests according the guidelines for diagnosis and
treatment plan of COVID-19 issued by the National Health
Commission (trial version 7) (13). All of the patients’ laboratory
and radiological information were performed at admission, thus,
some patients may have missing data.
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Case Classifications

All the retrieved cases for patients infected with the COVID-
19 virus were classified into the following clinical categories:
(i) Asymptomatic: no apparent symptom; (ii) Mild: mild
fever without pneumonia manifestation through image results;
(iii) Moderate: fever and other respiratory symptoms with
pneumonia manifestation through image results; (iv) Severe:
fever, respiratory distress with pneumonia manifestation through
image results, hypoxia or abnormal results of blood gas analysis;
(v) Critical: respiratory failure requiring mechanical ventilation,
shock, or other organ failure requiring intensive care unit
monitoring and treatment; and (vi) death.

Statistical Analysis

For the statistical analysis, the associations between
qualitative/categorical variables were analyzed wusing the
Chi-square test or Fisher’s exact test. Continuous variables were
expressed as mean = SD or median (interquartile range; IQR)
and analyzed using Student’s ¢-test, Mann-Whitney U-test or the
Kruskal-Wallis H-test as appropriate. All tests were two-tailed,
with P < 0.05 considered as statistically significant. All analyses

were performed using SPSS version 20.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Demographic Characteristics

Between February 4, 2020 and March 2, 2020, a total of
41 hospitalized patients were identified as infected by the
COVID-19 virus at the Ninth Hospital of Nanchang. Of the 41
patients, 15 (36.6%), 7 (17.1%), and 19 (46.3%) were categorized
into asymptomatic, mild, and moderate groups, respectively
(Table 1). There was no severe or critical COVID-19 case in this
hospital. All 41 individuals were identified as infected by the
COVID-19 virus during their medical or home isolation. The
median age of all patients was 39.9 years (range 15-83 years), with
a female/male ratio of 1.56. Among the 41 patients, 5 (12.2%)
were younger than 20 years old; 12 (29.3%) were between the ages
of 21 and 40 years old; 19 (46.3%) were in patients aged from
41 to 60 years old; and 5 (12.2%) were aged 61 years and older
(Table 1).

TABLE 1 | Demographics, underlying diseases, and signs and symptoms on admission of 41 patients with COVID-19: 15 asymptomatic, 7 mild, and 19 moderate cases.

Characteristics demographics All cases Asymptomatic Mild cases Moderate cases
(n=41) cases (n=7) (n=19)
(n =15)
Sex ratio (F/M) 1.66 1.5 0.4 2.8
Age in years, mean (range) 39.9 (15-83) 42.7 (18-83) 30.6 (15-48) 41.2 (20-66)
Age groups (years)
<20 5(12.2%) 2 (13.3%) 2 (28.6%) 1(5.3%)
21-40 12 (29.3%) 4 (26.7%) 3 (42.8%) 5 (26.3%)
41-60 19 (46.3%) 6 (40.0%) 2 (28.6%) 11 (67.9%)
>60 5(12.2%) 3 (20.0%) 0 2(10.5%)
Underlying diseases 13 (31.7%)
Hypertension 6 (14.6%) 2 (13.3%) 1(14.3%) 3(15.8%)
Diabetes mellitus 2 (4.9%) 1(6.7%) 0 1(6.3%)
Chronic liver disease 5(12.2%) 2 (13.3%) 0 3 (15.8%)
Signs and symptoms on admission
Fever 69.2% (18/26) 0 5(71.4%) 13 (68.4%)
Highest temperature, °C
37.3-38.0 44.4% (8/18) 0 80.0% (4/5) 30.8% (4/13)
38.1-39.0 44.4% (8/18) 0 20.0% (1/5) 53.8% (7/13)
>39.0 11.1% (2/18) 0 0 15.4% (2/13)
Cough 65.4% (17/26) 0 4 (57.1%) 13 (68.4%)
Fatigue 19.2% (5/26) 0 1(14.3%) 4(21.1%)
Dyspnea 7.7% (2/26) 0 0 2 (10.5%)
Muscle ache 7.7% (2/26) 0 0 2 (10.5%)
Headache 3.8% (1/26) 0 0 1(5.3%)
Diarrhea 3.8% (1/26) 0 0 1(5.3%)

The most common patient group was middle-aged women, with hypertension (14.6%) and chronic liver disease (12.2%) as the predominant underlying condition. Fever (69.2%), cough

(65.4%), and fatigue (19.2%) are the common symptoms.
Data are presented as the median (range), or proportion (%), as appropriate.
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TABLE 2 | Epidemiological history, chest CTs, and outcomes of 41 patients with COVID-19.

Characteristics demographics All cases Asymptomatic Mild cases Moderate cases
(n=41) cases n=7) (n=19)
(n =15)
Epidemiological history
Wuhan exposure history 9 (22.0%) 2 (13.3%) 2 (28.6%) 5 (26.3%)
Contact with confirmed cases history 29 (70.7%) 13 (86.7%) 3 (42.8%) 13 (68.4%)
No clear epidemiological history 3 (7.3%) 0 2 (28.6%) 1(6.3%)
Family/social gathering 16 (39.0%) 6 (40.0%) 2 (28.6%) 8 (42.1%)
Duration
Incubation period 9.1+5.1 - 84 +27 8.7+56
Duration from onset of symptoms to admission 42 +3.0 0 59+43 3.6+23
Duration of viral nucleic acid clearance 10.6 +4.2 9.7+3.5 10.7 £ 4.6 11.2+47
Duration of lesion absorption evidenced on CT images 13.7 £ 6.1 93+49 - 16.4 £ 51
Chest CT scan
Ground-glass opacity 22 (53.7%) 8 (563.3%) 0 14 (73.7%)
Focal lesion 5(12.2%) 2 (13.3%) 0 3 (15.8%)
Bilateral lung patch shadow 3 (7.3%) 1(6.7%) 0 2 (10.5%)
No abnormal lesion 11 (26.8%) 4 (26.7%) 7 (100.0%) 0
Outcomes after treatment
Discharge 41 (100.0%) 15 (100.0%) 7 (100.0%) 19 (100.0%)
Secondary bacterial pneumonia 2 (4.9%) 0 1(14.3%) 1(6.3%)
Abnormal liver function 3 (7.3%) 1(6.7%) 0 2 (10.5%)

Most patients (70.7%) had a history of close contact exposure with patients with confirmed COVID-19, and 16 patients (39.0%) were related to family/social clustering. Chest CT scans
presented ground-glass opacity (563.7%), focal lesion (12.2%), bilateral lung patch shadow (7.3%), and normal CT image (26.8%). The mean time of viral nucleic acid clearance was

10.6 days.
Data are presented as the percentage (%), or mean + SD, as appropriate.

Among the 41 patients infected with the COVID-19 virus, 9
(22.0%) had a history of recent travel to or living in Wuhan,
and 29 patients (70.7%) had close contact with individuals
with confirmed COVID-19 viral infection. Known family/social
gathering accounted for 39.0% (16/41) of all cases. Of these 16
family/social clustering cases, 7 were due to family members
returning from Wuhan, 6 had dinners together with people
returning from Wuhan, and 3 unknowingly socialized with
others who were later identified as having COVID-19. However,
3 of the 41 cases (7.3%) had no clear epidemiological history
(Table 2). At least 13 of the 41 cases (31.7%) had underlying
disease conditions, including 6 cases of hypertension, 2 cases
of diabetes mellitus, and 5 cases of chronic liver disease. The
other 28 (68.3%) patients had no known underlying condition
(Table 1).

Clinical Characteristics

On admission to the Ninth Hospital of Nanchang, the most
frequent symptom was fever (18/26, 69.2%) in the mild and
moderate disease categories. For patients with fever, an equal
proportion (at 44.4% each) suffered a low fever (37.3-38.0°C)
and moderate fever (38.1 to 39.0°C). Two patients had high
fever (>39°C). Cough (65.4%) and fatigue (19.2%) were also
common symptoms in these patients. However, headache,
dyspnea, muscle soreness, and diarrhea were relatively rare
(Table 1). Seven patients were asymptomatic from exposure
to admission, however, during the course of hospitalization,

2 asymptomatic ones developed mild fever and cough. Chest
CT examination served as an important basis for the diagnosis
of COVID-19 (Figure 1). Among the 41 patients, 22 showed
ground-glass opacities, 5 cases showed focal lesions (patch
or strip-shaped shadow), 3 cases showed bilateral lung patch
shadow, and the remaining 11 showed no CT scan image
abnormality. Interestingly, all seven mild cases showed normal
CT scan images while 11 of the 15 asymptomatic cases showed
abnormal CT scan images (Table 2).

Treatment and Clinical Outcome

Among the 41 cases, the average incubation period was 9.1
days, with the longest being 20 days. The mean time from
onset of symptoms to hospital admission was 4.2 days (Table 2).
Antiviral therapy was given to 33 cases (80.5%) as the initial
therapy which included lopinavir/ritonavir with ribavirin or
arbidol. All 33 patients also took the traditional Chinese medicine
Lotus Qingwen capsules as supplement to the antiviral therapy.
The initial therapy followed the guidelines for diagnosis and
treatment plan of COVID-19 issued by the National Health
Commission (trial version 7) (13). In some cases, the patients
also received antibiotic therapy, immunoglobin therapy, and/or
bronchial nebulization of interferon-a2f. All 41 cases recovered
and were discharged after two consecutive negative nucleic
acid tests. They were then isolated at home for 14 additional
days. None of the cases developed severe pneumonia, requiring
systemic corticosteroids treatment, mechanical ventilation, or
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Bilateral lung patchy shadow (yellow arrow) in a 42-year-old female patient.

FIGURE 1 | (A) Chest computed tomography showing bilateral diffuse ground-glass opacity (red arrow) in a 43-year-old male patient. (B) Patchy shadow of the right
lung (green arrow) in a 44-year-old female patient. (C) Consolidation and Strip-shaped shadows of the right lung (blue arrow) in a 43-year-old female patient. (D)

admission to ICU. In addition, there was no recurrence of clinical
manifestations or positive nucleic acid tests in their follow-up
visits at 2nd and 4th week after discharge. The duration of viral
nucleic acid clearance, defined as the interval from the 1st day of
positive nucleic acid tests to the two continuous negative tests,
ranged from 4 to 20 days (mean: 10.6 days). The mean duration
of lesion absorption as evidenced on CT scan was 13.7 & 6.1 days.
Secondary bacterial pneumonia was empirically diagnosed in two
patients, one had a mild COVID-19 symptom and the other had
a moderate symptom. However, neither patient had persistent
pathology from bacterial infection and both patients recovered
from the bacterial pneumonia after antibiotic treatment. Among
the 41 cases, three (1 asymptomatic case and 2 moderate cases)
had secondary abnormal liver function after antiviral therapy
(Table 2).

Laboratory Test Results

The laboratory results of the three groups of patients
(asymptomatic, mild, and moderate cases) were summarized
in Table 3, Supplementary Tables 1,2. The results for blood
routine markers, conventional inflammatory markers, cytokines,
heart function, liver and kidney functions, immunity, and
coagulation indicators are all presented in these tables

as the median (IQR) or mean =+ SD, as appropriate.
The averages of the laboratory test results of 41 patients
that showed above normal ranges included CRP, ESR,
interleukin-4 (IL-4), interleukin-6 (IL-6), interleukin-10
(IL-10), interferon-y (IFN-y), tumor necrosis factor-a (TNF-
a), and immunoglobulin G (IgG) (Supplementary Table 1).
Statistical comparisons between asymptomatic cases and
mild/moderate cases revealed that patients with relatively
severe condition showed significantly higher levels of ESR,
IL- 6, TNF-a, and fibrinogen (Fib) (p < 0.05) than the
asymptomatic cases. However, no statistically significant
difference was observed between the two groups of patients
in their values of Lym%, CRP, IL-4, IL-10, IgG, or Ct-reading
(Table 3).

On admission, the majority of patients (37 of 41, 90.2%)
had normal values of WBC counts. More than 50% of
patients had lymphocyte counts (<0.8 x 10° cells/L) and
percentages (<20%) below the normal range in all three
groups of patients (Supplementary Table 2). Between 60 and
90% of the patients had abnormally high cytokine levels in
IL-4, IL-6, IL-10, and TNF-a (Supplementary Table 2). There
were 21 (21 of 41, 51.2%) and 19 (19 of 41, 46.3%) patients
with CRP and ESR above the normal range, respectively.
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TABLE 3 | Statistical analyses of abnormal biochemical indicators in
asymptomatic cases and mild/ moderate cases.

Laboratory test results Asymptomatic Mild/moderate P-value
cases cases

(n=15) (n =26)
Blood routine test
Lym%, (20.0-40.0)% 20.6+9.8 225+ 9.6 0.59
<20% 6 (40.0%) 15 (57.7%) 0.34
Conventional inflammatory markers
CRP, (0.0-10.0) mg/L 8.9 (3.9-13.9) 11.9 (6.0-15.9) 0.50
>10 mg/L 6 (40.0%) 15 (57.7%) 0.34
ESR, (0.0-20.0) mm/H 18.0 (13.5-23.5) 26.5 (20.0-56.2) 0.03
=20 mm/H 4(26.7%) 15 (57.7%) 0.10
Cytokines
IL-4, (0.0-2.80) pg/mL 59+34 83+45 0.09
>2.80 pg/mL 11 (73.3%) 24 (92.3%) 0.17
IL-6, (0.0-5.30) pg/mL 86+7.3 18.6 + 18.1 0.04
>5.30 pg/mL 9 (60.0%) 22 (84.6%) 0.13
IL-10, (0.0-4.91) pg/mL 89+24 98+75 0.07
>4.91 pg/mL 6 (40.0%) 19 (73.1%) 0.05
TNF-a, (0.0-2.31) pg/mL 3.2+39 6.8 £6.5 0.02
>2.31 pg/mL 6 (40.0%) 19 (73.1%) 0.05
Immune protein and complement
I9G, (7.0-16.0) g/L. 15.5 + 8.1 17.0 £ 10.1 0.36
>16.0 g/L 3 (20.0%) 8 (30.8%) 0.72
Coagulation test
Fib, (2.0-4.0) g/L 27406 3.7+ 1.1 0.03
>4.0g/L 1(6.7%) 11 (42.3%) 0.03
RT-PCR
Ct-values 28.6 £ 5.1 285+4.4 0.98

The patients with relatively severe condition showed significantly high levels of ESR, IL-6,
TNF-a, and (Fib) (o < 0.05).

Data are presented as the percentages (%), or mean + SD, as appropriate. Lym%,
Lymphocyte percentage; CRF, C-reactive protein; ESR, erythrocyte sedimentation rate;
IL-4, interleukin-4; IL-6, interleukin-6; IL-10, interleukin-10; TNF-a, tumor necrosis factor-o,
19G, immunoglobulin G; Fib, fibrinogen; Ct-values, cycle threshold values.

25-30% of the patients had abnormally high IgG (>16.0 g/L)
and Fib (>4.0 g/L) levels (Supplementary Table 2). However,
abnormal levels of PCT, lactate dehydrogenase (LDH), creatine
kinase (CK), creatine kinase-MB (CKMB), myohemoglobin
(MYO), cardiac troponin T (cTnT), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total protein (TP), total
bilirubin (TBIL), blood urea nitrogen (BUN), serum creatinine
(Cr), immunoglobulin A (IgA), immunoglobulin M (IgM),
complement 3 (C3), complement 4 (C4), prothrombin time (PT),
Activation of partial prothrombin time (APTT), thrombin time
(TT), and D-dimer (DD) were uncommon among the 41 patients
(Supplementary Tables 1, 2).

DISCUSSION

In this study, we analyzed the demographic characteristics,
physical examination results, underlying disease conditions,

laboratory test results, and clinical characteristics of 41 patients
infected with the COVID-19 virus who were hospitalized at the
Ninth Hospital of Nanchang in Jiangxi Province, China. The 41
patients belonged to asymptomatic to mild and moderate cases,
with no severe or critically ill cases. All 41 patients completely
recovered. Our analyses identified that most patients had a
history of close contact exposure with patients with confirmed
COVID-19, including a high degree of family/social clustering.
The most common patient group was middle-aged women,
with hypertension and chronic liver disease as the predominant
underlying disease conditions. The most common symptoms
were fever and cough. Chest CT scans showed ground-glass
opacities as the main type, followed by normal images, focal
lesion and bilateral lung patch shadow. The laboratory results
showed that in most COVID-19 cases, lymphocyte counts,
lymphocyte percentages, ESR, CRP, IgG, Fib, and cytokines all
deviated from the normal ranges. Below, we discuss the clinical
significance of our results and their potential implications for the
management of COVID-19.

In our study, 9 patients had a history of toured or lived in
Wuhan in the early stage of the pandemic. These 9 patients were
the primary cases in Nanchang, and most of these patients had
mild to moderate symptoms. Twenty-nine of the 41 patients
had close contact (e.g., living, dining, or socializing together)
with confirmed primary COVID-19 patients in Nanchang. These
29 patients were the secondary cases and the inferred basic
reproductive number (Ro) based on our observed cases is
3.22, consistent with published reports on COVID-19 (1, 9).
Interestingly, the clinical manifestations of the secondary patients
were mostly asymptomatic to mild, consistent with results from
earlier studies (15, 16), which might have been due to their
low-dose exposure to the virus and/or reduced virulence of the
virus. For example, Chen et al. reported that the local cases in
Chongqing were generally asymptomatic (16). Among our 41
cases, we were unable to identify the epidemiological history
for 3 cases. The subsequent no new case in Jiangxi (including
Nanchang) since February 27th (except the two imported cases)
indicated that limiting the flow of people, prohibiting large
gatherings, as well as encouraging people to stay at home and self-
isolation were effective public health policies to reduce the spread
of COVID-19 in Nanchang (17).

Our investigation identified more women (18) than men
(16) infected with the COVID-19 virus in this hospital. This
is different from several previous studies that showed more
males than females with COVID-19 (1, 19, 20). The dominant
patient group in our sample was in middle-aged people (30-
50 years old), similar to the cohorts reported in other studies
(16, 21-23). Interestingly, cases of the younger ages were more
likely to be asymptomatic, or with mild symptoms, and to have
a normal CT image. However, a few older individuals were also
asymptomatic, including an 83-year-old in our patient sample.
This result suggested that expanding the scope of nucleic acid
testing to young people might be crucial to identify potential
carriers to prevent the spread the COVID-19 and to reduce the
risk of second wave of this pandemic (11, 16). Among the 41
patients, 13 (31.7%) had underlying disease conditions, including
6 with hypertension, 5 with chronic liver disease, and 2 with
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diabetes mellitus. Compared with several published studies, the
proportion of our cases with underlying diseases was slightly
higher (15, 21). However, the relatively small sample size of our
study could have contributed to the slight difference.

The most common symptoms of patients with COVID-
19 were fever (69.2%), however, high fever was rare. Cough
was also common (65.4%), with most of the cough being dry
cough without sputum. The other symptoms included fatigue,
dyspnea, muscle ache, headache, and diarrhea, each at <20%.
Our results are consistent with those reported in previous studies
(24, 25). The average incubation period was 9.1 days and the
longest was 20 days, higher than the 3-7 days announced by
the National Health Commission. The asymptomatic carriers
typically had no visible clinical manifestations on admission, and
they often did not receive as much attention as symptomatic
ones (22). However, it took a similar length of time for the
asymptomatic patient group to clear viral nucleic acid as it was
for the mild and moderate symptomatic groups (P = 0.61).
Similarly, no correlation was found between Ct-value and disease
severity, patient age, etc. Consequently, within the community,
the asymptomatic cases could be a significant source of infections
for other people. In the case of governments rushing to re-
open the economy, public health should pay special attention
to this group of people through active contact tracing and
comprehensive health monitoring (11).

The most common chest CT scan of COVID-19 patients were
ground-glass opacity (53.7%) (Figure 1), which is also the most
common image of viral pneumonia (18). Interestingly, normal
CT images were found in 26.8% of patients, with no evidence of
pneumonia. Furthermore, we found that focal lesions were more
likely to occur alone in the right lung, and most cases had variable
lesions (Figure 1). Previous reports have shown that these lesions
may be related to the severity and stage of COVID-19 disease
progression (26). Overall, our results showed that care should be
taken to use a combined set of criteria to diagnose the severity of
COVID-19, separating it from other viral infections.

The mean time from illness onset to visit hospital was 4.2 days,
consistent with Tian et al.’s study (27). The mean times of viral
nucleic acid clearance and lesion absorptions as evidenced based
on CT scan images were 10.6 and 13.7 days respectively. While
we found no correlation between the time to viral nucleic acid
clearance and time to lesion absorption, previous studies have
shown that the lengths of time for both were positively associated
with the severity of COVID-19 disease (21). Patients carrying the
COVID-19 virus longer and with longer lesion absorption time
typically have more severe clinical symptoms. In our cases, while
all patients improved and were discharged from the hospital, and
no cases of reinfection were found during the 30-day follow-
up, a small number of patients developed secondary bacterial
pneumonia and abnormal liver function during hospitalization,
which required extended hospital stays. Thus, care must be taken
to look for co-infections or secondary infections in COVID-
19 patients. Indeed, there has been a suggestion that antibiotics
should be used in COVID-19 patients to prevent secondary
infections (19).

An increasing number of biomarkers have been identified as
related to the severity of COVID-19 disease. For example, one
study indicated that CRP and LDH might be good predictors of

COVID-19 severity (23). Several researchers have also proposed
the use of neutrophil-to-lymphocyte ratio as an independent risk
factor for predicting the severity of COVID-19 (28). In addition,
a recent study showed that abnormal coagulation results,
especially markedly elevated D-dimer and FDP were common
in deaths with severe COVID-19 (29). Consequently, guidelines
for managing COVID-19 patients are continuously updated.
The most recent COVID-19 diagnosis and treatment program
(7th edition) published by the National Health Commission of
China suggested using indicators such as low lymphocyte counts,
high levels of CRP, ESR, CK, AST, and LDH, and high levels
of cytokines in severe patients (13). In our study, the mean
of most laboratory examinations at the time of admission for
most participants with no to moderate symptoms were normal.
However, a large proportion of patients had lymphocyte counts,
lymphocyte percentages, and ESR, CRP, IgG, and Fib levels
beyond the normal range. Notably, the levels of several cytokines
such as IL-6, IL-10, and TNF-a increased dramatically after
COVID-19 viral infection, with the degree of increases positively
correlated with the severity of the disease. However, with patients
improving, the cytokine levels gradually returned to normal.
According to Ricardo et al. (30), the COVID-19 cytokine storms
were likely the results of the interplay between inflammation and
coagulation. Guidelines for the diagnosis and treatment of SARS-
CoV-2 infected pneumonia were first published on January 30th,
2020, and it recommended that cytokine monitoring be applied
to improve the curative rate and reduce mortality (31). Indeed,
several studies showed that dynamic monitoring of cytokine
levels, and several inflammatory biochemical indicators were
important to predict the changes of patients’ conditions and to
carry out effective interventions as early as possible (19).

This research presented the clinical characteristics of patients
infected with the COVID-19 virus in Nanchang, Jiangxi Province.
Though we identified several important features in our data, our
study has certain limitations. Specifically, our patient population
was only part of the infected population in Nanchang and
we were only able to collect data from patients who were
either directly admitted to the Ninth Hospital of Nanchang
or transferred from other hospitals to the Ninth Hospital of
Nanchang. In addition, even though we analyzed all the known
COVID-19 patients visiting our hospital, our patient population
might not be representative of the entire COVID-19 patient
population in Nanchang where severe/critical cases may be
present in other hospitals in Nanchang. In order to obtain
more accurate results, it would be better to conduct large-scale
multicenter studies to extend the collection of more patient data
in the province. Furthermore, the study data were retrospectively
analyzed and mainly collected from patients at admission, with
about 2% data missing. Additional information such as antibody
testing for all patients should provide valuable information about
the potential susceptibility of people with prior exposure to the
COVID-19 virus.

CONCLUSIONS

The COVID-19 pandemic is the biggest public health crises
in the world. Various international and national public health
organizations have been working hard to prevent and control
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the spread of the virus and effectively manage patients with
COVID-19 viral infections. Having epidemiological and clinical
information from early cases in China could help us better
prepare strategies in other parts of the world, including
the potential second wave. In this study, we conducted a
comprehensive epidemiological and clinical analysis of 41
patients infected the COVID-19 virus in a specialized hospital
designated for treating COVID-19 in Nanchang, Jiangxi province
in China. Our analyses revealed that all 41 cases were
asymptomatic, mild or moderate, and all have recovered. Most
patients had a history of close contact exposure with patients
with confirmed COVID-19 and showed a high degree of family
clustering. Among these 41 patients, the most common group
was middle-aged women. The most common symptoms were
fever and dry cough with the majority of patients showing
ground-glass opacity in their chest CT scan images. Laboratory
analyses showed that most patients had abnormal lymphocyte
counts, lymphocyte percentages, and levels of ESR, CRP, IgG,
and Fib. Furthermore, the levels of several cytokines were
significantly higher in these COVID-19 patients than the normal
ranges for healthy individuals, and with the degree of cytokine
elevation positively correlated with the severity of the disease.
Interestingly, we found little differences in most biochemical
test results among the asymptomatic, mild, and moderate group
of cases. Our results suggest the close monitoring of cytokine
levels and other inflammatory and biochemical indicators should
be conducted for all infected patients to help determine their
medical needs. Further follow-up studies are needed to determine
whether the infected patients are immune to future infections by
the COVID-19 virus.
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Objective: To investigate the clinical characteristics of children with coronavirus disease
2019 (COVID-19) and identify the occurrence of viral shedding of severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) during follow-up.

Methods: We retrospectively retrieved data from pediatric patients with COVID-19
from the Shenzhen Third People’s Hospital in China. The dynamics of SARS-CoV-2
and antibodies against SARS-CoV-2 were analyzed during hospitalization and
after discharge.

Results: From January 23 to March 15, 2020, a total of 28 pediatric patients were
diagnosed with COVID-19 and were followed for at least 1 month. The median age was
7 years (IQR 3.5-10) and none of the children progressed to severe COVID-19 during
hospitalization. Ten patients tested positive for SARS-CoV-2 1 month after discharge
while four patients tested positive during the 2nd month after discharge. Only three of 12
children showed detectable immunoglobulin-M (IgM) on day 5, 18, and 21 after illness
onset, respectively.

Conclusions: COVID-19 disease was relatively mild among children while a number did
test positive after discharge from the hospital. Public health initiatives should thus adapt
control measures targeted toward children.

Keywords: coronavirus disease 2019 (COVID-19), severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
pediatric, antibody, clinical features

INTRODUCTION

Coronavirus disease 2019 (COVID-19), a newly emerged respiratory disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), has become a global pandemic. According
to the “Coronavirus Disease 2019 (COVID-19) Situation Report” from the World Health
Organization (WHO), nearly 20 million confirmed cases were reported globally as of August 10,
2020 (1). The current evidence confirms that people of all ages are susceptible to COVID-19, with
the latest available information indicating that from January 16, 2020, to February 8, 2020, ~2, 135
pediatric infections occurred in China (2). With the growing COVID-19 pandemic, more children
are at risk of infection and subsequent negative outcomes. Current studies however, have primarily
focused on the epidemiological and clinical characteristics and outcomes of infected adults (3, 4).
A general understanding of how COVID-19 presents in adolescents and the factors that may lead
to more advanced disease in children needs to be understood.
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In addition, the presence of antibodies in individuals with
COVID-19 lacks conclusive evidence of a protective effect.
A previous study determined that 93.1, 82.7, and 64.7% of
adults infected with SARS-CoV-2 achieved sero-conversion of
total antibody (Ab), immunoglobulin-G (IgG), immunoglobulin-
A (IgA), and immunoglobulin-M (IgM) (5). Although the
presence of these antibodies to SARS-CoV-2 as being protective
or pathogenic has yet to be determined, the production of
antibodies does provide support for the routine application of
serological testing for the diagnosis and management of COVID-
19 patients. To the best of our knowledge, first of all, no other
investigations have thus far reported on the dynamic changes
of antibodies among pediatric patients. Second, only one study
from China found three pediatric cases that tested SARS-CoV-
2 positive in the stool samples of patients within 10 days
after discharge, even though these patients tested negative for
nucleic acid when using throat swab specimens. This implies
that children who have recovered might still be possible carriers
for the virus (6). Finally, no clinical data have been reported
on children who have been followed up for more than 2
months. Thus, it is necessary to investigate the occurrence of
antibodies and reoccurrence of SARS-CoV-2 among children
who have recovered from COVID-19. Further robust analysis
of pediatric patients from multi-centers is still needed in order
to better understand how the disease presents in children,
what associated outcomes may be linked to COVID-19, and
in general, to help support the development of guidelines for
the successful treatment and care of children infected with
COVID-19 through cooperative researches. Hence, we aimed to
investigate the clinical characteristics of children with COVID-
19 and identify the occurrence of viral shedding of SARS-CoV-2
during follow-up.

METHODS
Study Design and Participants

We conducted a retrospective review of medical records from
28 pediatric patients with confirmed COVID-19 pneumonia
admitted to the Shenzhen Third People’s Hospital in China from
January 23, 2020 to March 15, 2020. All children were diagnosed
according to the WHO interim guidance (7). Records were
excluded if the patient was older than 15 years old or without
baseline clinical characteristics. This study was reviewed and
approved by the Medical Ethical Committee of the Shenzhen
Third People’s Hospital (approval number 2020-201). Written
informed consent was obtained from the guardians of the
children enrolled in this study.

Abbreviations: Ab, total antibody; Ab-ELISA, double-antigen sandwich enzyme-
linked immunosorbent assay; COVID-19, coronavirus disease 2019; CMIA,
Chemiluminescence Microparticle Immuno Assay; CT, computed tomography;
CRP, Increasing serum c-reactive protein; IgM, sero-converted immunoglobulin-
M; IgM-ELISA, IgM -chain capture method; IgG, immunoglobulin-G; IgA,
immunoglobulin-A; IQR, interquartile range; IL-6, Increasing serum interleukin-
6; RT-PCR, real-time reverse transcription polymerase chain reaction; RBD,
receptor-binding domain; SARS-CoV-2, severe acute respiratory syndrome
coronavirus 2; WHO, World Health Organization.

Confirmation of COVID-19 Infection

The presence of SARS-CoV-2 was detected by real-time reverse
transcription polymerase chain reaction (RT-PCR) (8). Two pairs
of primers targeting the open reading frame lab (ORFlab) and
the nucleocapsid protein (N) were amplified and examined.
Each sample was run in triplicate with positive and negative
controls set as suggested. Samples identified as positive for
SARS-CoV-2 by the local laboratory were confirmed by the key
laboratory of the Shenzhen Centers for Disease Control (CDC).
These diagnostic criteria were based on the recommendations
by the Chinese Center for Disease Control and Prevention
(China CDC). All patients were classified as mild, ordinary, or
severe cases based on results from chest radiography, clinical
examinations, and symptoms (9).

Data Collection and Follow-Up

Two physicians reviewed epidemiological, clinical, laboratory,
and radiological characteristics and treatment outcomes using
standard data collection forms from electronic medical records.
Baseline was defined as the time of first hospital admission due to
COVID-19 and all pediatric patients underwent routine SARS-
CoV-2 nucleic acid testing every 3 days during hospitalization.
Patients were discharged from the hospital after clearance of
SARS-CoV-2. Viral clearance was defined by the presence of two
consecutive negative results in qRT-PCR detection for SARS-
CoV-2 RNA at an interval of 24 h, and the day of the first one
of these two tests was considered as the clearance day. Within the
Ist month after discharge from the hospital, all patients received
at least four additional tests for the presence of SARS-Cov-2
RNA at day 3-7, 13-14, 20-22, and 28-30 after discharge from
the hospital. After discharged from the hospital for patients who
achieved clearance of SARS-CoV-2, they would be re-admitted
to the hospital if they were tested positive for SARS-CoV-2 RNA
during follow-up. Patients were categorized as the “early virus
clearance group” if they had four consecutive negative results of
qPCR detection for SARS-CoV-2 RNA within 1 month after they
achieved two consecutive negative results of qPCR detection for
SARS-CoV-2 RNA with an interval of 24 h. While patients who
had any positive result of qPCR detection for SARS-CoV-2 RNA
within the 1st month after two consecutive negative results of
qPCR detection for SARS-CoV-2 RNA with an interval of 24 h
were categorized as “delayed virus clearance group.”

Antibody Testing

The SARS-CoV-2 specific Ab, IgG, IgA, and IgM in plasma
was tested using a Chemiluminescence Microparticle Immuno
Assay (CMIA). Briefly, antigens containing the receptor-binding
domain (RBD) were used as the immobilized and horseradish
peroxidase (HRP)-conjugated antigen to detect total antibodies
by double-antigen sandwich enzyme-linked immunosorbent
assay (Ab-ELISA). IgM was tested by the IgM p-chain capture
method (IgM-ELISA), using the same RBD antigen as the
Ab-ELISA. IgA and IgG were tested by indirect ELISA using
RBD antigen. The testing kits were provided by Beijing Wantai
Biological Pharmacy Enterprise Co., Ltd. Fluorescence intensity
was used to measure antibody concentration. The relative
fluorescence of sample to control (COI) was used to estimate the
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result. When COI was more than one, the result was judged to
be positive.

Statistical Analysis

Categorical variables were described as proportions and
continuous variables were described using median and
interquartile range (IQR) values. The Mann-Whitney test
was used to compare the median for continuous variables.
The Fisher exact test was used when the data were limited. All
significance tests performed were two-sided. P-values <0.05
were deemed statistically significant. We also analyzed the
longitudinal changes in clinical characteristics of 10 pediatric
patients at admission to the hospital, at discharge from the
hospital, and at re-admission to hospital due to reoccurrence of
SARS-CoV-2. All analyses were carried out using SAS software
version 9.4 (SAS Institute).

RESULTS

Demographic, Epidemiological, and
Clinical Characteristics

From January 23 to March 15, 2020, a total of 28 hospitalized,
pediatric patients were diagnosed with COVID-19 and were
followed-up for at least 1 month. As seen in Tablel, the
median age was 7 years (IQR 3.5-10), and 18 (64.3%) were
female. Twenty-seven (96.4%) patients had a close contact with
confirmed COVID-19 patients. The median interval between
illness onset and admission to the hospital was 1 day (IQR
0-1). Of the participants, 18 (64.3%) presented symptoms at
admission to the hospital. The most common symptoms at
onset of illness were fever (39.3%), cough (35.7%), and nasal
discharge (10.7%). Six (21.4%) patients remained asymptomatic
until discharge, while four patients had pulmonary computed
tomography (CT) abnormalities, mostly appearing as frosted
glass and nodules. Twenty-five patients received interferon-alpha
treatment, 19 received antiviral therapy with Lopina-velitonavir,
and 14 received treatment with probiotics. None of the children
progressed to severe COVID-19. Of the 28 patients with COVID-
19, more were older than 7 years (n = 10, p < 0.001) and the
majority had close contact with a confirmed COVID-19 patient
(n =15, p = 0.035).

SARS-CoV-2 Test Results Among 10
Pediatric Patients Whom Tested Positive

During Follow-Up

A total of 10 patients tested SARS-CoV-2 positive at least one
time, and 9 (90%) had more than two SARS-Cov-2 positive
tests within 30 days after being discharged from the hospital,
as seen in Figure 1. Eight patients completed 60 days of follow-
up after being discharged from the hospital. During 31-60 days
after discharge, four patients tested negative, while the other four
patients tested positive on day 51, day 54, day 56, and day 76 after
illness onset, respectively (Figure 1).

Clinical Characteristics of the 10 Patients
That Tested Positive During Follow-Up

The most common symptoms at admission to the hospital were
fever (40%), cough (30%), and nasal discharge (20%). None of
patients had fever and nasal discharge at discharge from the
hospital, while three patients had cough during the whole course
of their diseases.

At the first time admission to hospital, various proportions
(10-60%) of patients had abnormal laboratory tests (Table 2).
Three patients maintained lymphocytosis throughout the course
of their hospitalization, and three patients had increasing alkaline
phosphatase at re-admission to hospital compared to the first
time of admission to hospital. Beside lymphocyte and alkaline
phosphatase, other laboratory testing remained normal.

At the time of admission, a total of eight cases had ground
glass and nodular changes on their CT scans. At the time of
discharge and at the re-admission to hospital, the lesions were
not completely absorbed, with a few nodules and inflammatory
lesions remaining.

All 10 children received interferon nebulization therapy
during their hospitalization, and seven of them received antiviral
therapy. However, antiviral therapy was not continued after
discharge. After re-admission to the hospital, 60% of patients
received traditional Chinese medicine and 70% of patients
received probiotics.

Anti-SARS-CoV-2 IgG and IgM Antibodies
in Pediatric Patients With COVID-19

Of 28 pediatric patients, 12 patients tested antibodies against
SARS-CoV-2 with a total of 57 plasma samples collected
throughout the course of their diseases. The cumulative sero-
conversion rate for Ab, IgM, IgA, and IgG was 100.0% (12/12),
25.0% (3/12), 100.0% (12/12), and 100.0% (12/12) during the
follow-up period. Within 7 days of illness onset, the sero-
conversion rate for Ab, IgA, and IgG was 66.7% (4/6), 66.7%
(4/6), and 66.7% (4/6), while all these corresponding rates
increased to 100% (9/9) on day 8-14 after onset, and maintained
positive until day 30. In addition, we found only three children
sero-converted IgM at day 5, day 18, and day 21 after disease
onset, respectively (Figure 2).

DISCUSSION

There has been a substantial gap in understanding the course
and pathogenic features of SARS-CoV-2 infection, especially
for pediatric patients. In this study, we analyzed the clinical
characteristics and antibody responses to SARS-CoV-2 infection
to understand its impact on pediatric patients. This study
observed that COVID-19 was relatively mild in pediatric patients,
mainly representing non-occurrence of severity of disease and
transient abnormal laboratory testing. Moreover, this study
revealed that the reoccurrence of SARS-CoV-2 was common in
pediatric patients, even during the 2nd month of follow-up after
being discharged from the hospital. In addition, this study found
a high sero-conversion rate of antibodies against SARS-CoV-2.
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TABLE 1 | Clinical features of 28 pediatric patients with COVID-19 at the Third People’s Hospital of Shenzhen.

Total <7 years >7 years P-value
(n,%) (n,%) (n,%)
Total number of case 28 13 15
Age, median (IQR), years 7 (3.5, 10) 2(2,5) 10(7,12) 0.000
Sex
Male 10 (35.7) 5(38.5) 5(33.9) 1.000*
Female 18 (64.3) 8 (61.5) 10 (66.7)
Close contact with confirmed COVID-19 patients 27 (96.4) 12 (92.3) 15 (100.0) 0.206*
Number of Days between illness onset and admission to hospital 1(0,1) 10,1 10,1 0.486
Symptoms
Fever 11(39.3) 6 (46.2) 5(33.3) 0.488
Cough 10 (35.7) 6 (46.2) 4(26.7) 0.433*
Nasal discharge 3(10.7) 2(15.4) 1(6.7) 0.583*
Severity of illness
Ordinary 24 (85.7) 13 (100%) 11(83.3) 0.102*
Mild 4(14.3) 0(0.0) 4 (26.7)
Asymptomatic* 6 (21.4) 3(23.1) 3(20.0) 1.000*
Radiological features of CT in Asymptomatic patients
Bilateral pneumonia 3 (50.0) 1(33.3) 2 (66.7) 1.000*
Unilateral pneumonia 1(16.7) 1(33.3) 0(0.0) 0.464*
Frosted glass 2 (338.3) 1(33.3) 1(33.3) 1.000*
Nodules 1(16.7) 0(0.0) 1(33.3) 1.000*
Normal 2(33.9) 1(33.3) 1(33.3) 1.000*
Treatment
Lopina-velitonavir 19 (67.9) 8 (61.5) 11 (73.9) 1.000*
Interferon atmotherapy 25 (89.3) 11 (84.6) 14 (93.9) 1.000*
Probiotics 14 (50.0) 6 (46.2) 8 (53.3) 1.000*

*P-values were obtained by Fisher exact test. IQR, interquartile range; CT, computed tomography.
# Asymptomatic was defined as no clinical discomfort in the course of the disease.
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FIGURE 1 | A summary of illness onset, hospitalization, and test results of 10 participants who tested positive for SARS-CoV-2 during follow-up. PCR, polymerase
chain reaction.

Investigation of SARS-CoV-2 shedding will be the key for  consecutive negative results using qPCR detection for SARS-
determining the risk of transmission and formulating the criteria =~ CoV-2 RNA within 24 h. However, 10 patients had reoccurrence
for being released from quarantine. In this study, the criteria =~ of SARS-CoV-2 RNA during the 1st month of follow-up, and
for being discharged from the hospital were the presence of two  four patients tested positive for SARS-CoV-2 at the 2nd month
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of after being discharged from the hospital. Various reoccurrence
rates of SARS-CoV-2 have also been reported in pediatric and
adult patients in other studies (6, 10, 11). However, the study
showed that the positive rate of SARS-CoV-2 after discharge
in adult group was significantly lower than that in children in
this study (12). Although it has not been confirmed whether
patients with reoccurrence of SARS-CoV-2 are contagious, the
high frequency of reoccurrence of SARS-CoV-2 implies that
the virus may be transmitting, even among patients being
released from quarantine. However, based on the findings in
this study which showed fewer individuals testing positive for
the disease 2 months after discharge, viral clearance could be
completed within longer period than the suggested quarantine
time. Further studies are needed to explore the interaction of host
and SARS-CoV-2.

We also found pediatric patients had relatively milder
clinical symptoms and laboratory abnormalities at admission to
the hospital, which was consistent with several other studies
(13, 14). Particularly, none of pediatric patients progressed
to severe COVID-19, which was much lower than that in
adult patients (15). The large proportion of children with
asymptomatic or mild symptoms may lead to larger public health
uncertainty, as it could be difficult to identify pediatric patients,

resulting in an increased risk of intra-family transmission and
general on-going transmission in China. Thus, though severe
disease manifestation is not as expected in this specific patient
population, public health messaging should still be adamant
about the proper prevention and management strategies in
children. Age appropriate resources and support for parents
should be considered when updating national care and
treatment guidelines.

Compared to PCR, serological testing is advantageous with
faster turn-around time, high-throughput, and less workload.
Based on the accumulated understanding of host antibody
responses during infection, the presence of serum IgM and
IgG antibody against SARS-CoV-2 has been added as one
confirmation criteria of SARS-CoV-2 infection (16). Long
et al. (17) reported that within 19 days after symptom
onset, all 285 patients who were tested were positive for
IgG against SARS-CoV-2. This study found that at 8-14
days after illness onset, 100% of pediatric patients tested
positive for Ab, IgA, and IgG, suggesting that pediatric patients
may achieve sero-conversion earlier than adult patients. A
previous study showed a strong positive correlation between
clinical severity and antibody titer 2 weeks after illness onset
(5), but did not assess this causal relation as all patients
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TABLE 2 | Clinical characteristics of the 10 that tested positive for SARS-CoV-2 during follow up.

Admission to

Discharge from Re-admission

the hospital the hospital to the hospital
Symptoms
Fever 4 (40.0) 0 (0.0 0(0.0)
Cough 3(30.0) 3(30.0) 3(30.0)
Nasal discharge 2 (20.0) 0(0.0) 0(0.0)
Asymptomatic 2 (0.0) 7 (70) 7 (70.0)
Laboratory examination*
Abnormal white blood cell count 2 (20.0) 0(0.0) 0(0.0)
Neutropenia 2 (20.0) 0(0.0) 0(0.0)
Lymphocytosis 3(30.0) 3 (30.0) 3(30.0)
Increasing aspartate aminotransferase 1(10.0) 0(0.0) 0(0.0)
Increasing alkaline phosphatase 6 (60.0) / 9(90.0)
Increasing lactate dehydrogenase 1(10.0) 0(0.0) 0(0.0)
Procalcitonin 3(30.0) 0(0.0) 0(0.0)
Increasing serum interleukin-6 (IL-6) level 1(10.0) 0(0.0) 0(0.0
Increasing serum c-reactive protein (CRP) level 2 (20.0) 0 (0.0 0(0.0)
Chest radiographic imaging
Normal 2 (20.0) 2(20.0) 2(20.0)
Bilateral pneumonia 4 (40.0) 4 (40.0) 4 (40.0)
Unilateral pneumonia 4 (40.0) 4 (40.0) 4 (40.0)
Frosted glass 2 (20.0) 3(30.0) 0(0.0)
Nodules 4 (40.0) 5 (50.0) 3(30.0)
Treatment
Antiviral therapy 7 (70.0) 0(0.0) 0(0.0)
Interferon atmotherapy 10 (100.0) 0(0.0 0(0.0
Traditional Chinese medicine 2(20.0) 0(0.0) 6 (60.0)
Probiotics 7 (70.0) 0(0.0) 7 (70.0)

*Normal range of laboratory examinations: white blood cell count: 5-12 x 10° /L. neutrophil count is 1.8-6.3 x 10° /L. lymphocyte count: 1.1-3.2 x 10° /L. aspartate aminotransferase:
21-72 U/L. alkaline phosphatase: 38-126 U/L. lactate dehydrogenase: 313-618 U/L. Procalcitonin: <0.01 ng/ml. IL-6: <7 pg/ml. CRP: <8 mg/L.

presented with mild disease. Whatsoever, this study provides
important evidences that total antibody and IgG antibody
could be used to understand the epidemiology of SARS-CoV-
2 infection, to assist in diagnosing and managing COVID-19
pediatric patients.

In addition, we found that the positive rate of IgM antibody in
children was only 25% during follow-up, which was significantly
lower than the result of adults in our previous study (5). The
reason of the disparity between children and adults remains
unclear. The positive rate of IgM antibody might varies in
different virus. The low positive rate of IgM antibody also exists in
children infected with influenza A, but it can reach 41-51% after
influenza B infection (18). Therefore, it is necessary to collect
large samples and regular data with dense detection time-points
to explore the positive results of IgM antibody.

There were some limitations in this study. First, the sample
size was small and the study was a case series. Though these
findings may be valuable early data and add to the existing
literature, the results may not be generalizable to the entire
infected population. Second, serum samples were collected from
12 individuals to assess the dynamics of antibodies against
SARS-CoV-2. The results may be biased to sample selection.

Third, the influence of reoccurring SARS-CoV-2 virus on disease
progression and transmission has not yet been confirmed.
Further longitudinal studies assessing these factors in pediatric
patients could help improve diagnostic and treatment criteria in
this unique population.

CONCLUSIONS

Among the 28 pediatric patients diagnosed with SARS-
CoV-2 infection, the clinical symptoms of the disease were
relatively mild, however the reoccurrence of SARS-CoV-
2 was common even after two consecutive negative tests.
While additional cohorts are needed to understand this
phenomena, this study highlights the need to reconsider and
improve existing prevention and control measures, particularly
in children.
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Background: Severe acute respiratory syndrome (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-COV-2), has become a global pandemic in
the past months. An overall defined treatment has not yet been established. Therefore, it
is important to summarize and report treatment experiences and identify patient groups
that have a significantly higher risk of an adverse clinical outcome.

Methods: Two hundred thirty-nine COVID-19 patients were recruited from January 25
to February 15, 2020. Demographic, clinical, laboratory, treatment management, and
outcome data obtained from patients’ medical records were evaluated.

Results: Patients who recovered from PCR positive to negative within 2 weeks
had significantly lower erythrocyte sedimentation rate (ESR) and higher C-reactive
protein (CRP) levels than those recovered post 2 weeks. During antiviral treatment,
COVID-19 patients with older age, comorbidities, and corticosteroid treatment required
a significantly longer time to turn from PCR positive to negative COVID-19 result.

Conclusion: PCR tests are of great importance to evaluate the recovery of
COVID-19-positive patients, and ESR could be an indirect indicator to monitor
SARS-COV-2 activity. Furthermore, our data suggest that older age, the existence
of comorbidities, and corticosteroid treatment of COVID-19 patients during antiviral
treatment could prolong the duration of conversion from SARS-COV-2 positive
to negative.

Keywords: COVID19, SARS-CoV-2, RTPCR, age, comorbidity, corticosteroid
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INTRODUCTION

In December 2019, severe acute respiratory syndrome
coronavirus 2 (SARS-COV-2) was isolated, and the resultant
disease was termed as a novel coronavirus severe acute
respiratory syndrome (COVID-19) (1). In the meantime,
COVID-19 has become a global pandemic, causing enormous
damage to human health and the economy worldwide. One
hundred eighty-eight countries/regions are affected, and more
than 30 million people have been confirmed positive for COVID-
19 (WHO COVID-19 Weekly Epidemiological Update, 5 Oct,
2020). Currently, many therapeutic agents for COVID-19 have
not proven to be effective or are still in clinical trials as confirmed
cases continue to increase worldwide (2). It is promising that
China, severely affected by SARS-COV-2, has shown a static or
declining trend since the pandemic began. By September 2020, a
large number of COVID-19-positive patients had recovered in
China and other countries. However, recent data indicated that
a second COVID-19 wave is ongoing in Europe (3) and most
likely in other parts of the world (4). It is therefore essential to
summarize and report the treatment experiences for salvaged
patients for each affected area and to carry out further studies.

Due to the similarity of the clinical features between SARS-
CoV-2 infection and other viral diseases (5, 6), merely confirming
COVID-19 patients based on clinical symptoms does not seem
to be sufficient. It is believed that the majority of patients
experiences asymptomatic or mild courses of the infection (7).
Under these circumstances, real-time polymerase chain reaction
(rtPCR) screening tests have become the gold standard for
both confirming COVID-19-positive patients and evaluating the
clinical outcome as well as discharging patients (8, 9). It is now
generally accepted that SARS-CoV-2-positive patients can be
discharged from the hospital if two consecutive rtPCR results are
negative at intervals of 24 h (10). The time between positive and
negative results of rtPCR determines the hospital stay and the
associated costs for society. Given the considerable shortage of
medical and financial resources worldwide (11), it will become
increasingly important to identify patient groups that have a
significant risk of extended hospital stays and to choose the right
treatment strategy.

The Hunan province bordered directly on the Hubei province
and was one of the first provinces in China where SARS-COV-2
infections occurred. To date, 1,014 out of 1,019 confirmed SARS-
COV-2 patients have recovered in Hunan province (12). In this
study, we report the clinical experience in epidemiology, clinical
features, and treatment management of 239 recovered COVID-
19 patients from Changsha First Hospital. One focus of this work
reports on the clinical course between SARS-COV-2-positive and
SARS-COV-2-negative rtPCR results.

METHODS

Patients

In this retrospective, single-center study, we recruited patients
from January 25 to February 15, 2020, at The First Hospital
of Changsha in Changsha, Hunan province, China, which is a
designated hospital for COVID-19. Inclusion criteria of a nucleic

acid PCR test for patients in this study were the following: (1)
epidemiological conditions—(i) history of travel to or residence
in Wuhan district or potential contact with people from Wuhan
within 14 days, (ii) contact with confirmed Covid-19 patients
within 14 days, (iii) contact with people from Wuhan district
or pandemic area within 14 days, (iv) contact with people who
had a fever or other respiratory symptoms within 14 days,
and (v) clustered cases (two or more confirmed cases in small
areas like families, schools, offices or workplace within 14 days);
(2) clinical condition—(i) patients with fever or respiratory
symptoms, (ii) radiological changes in the lung, and (iii) white
blood cells decreased or stayed normal, while lymphocyte counts
decreased. In addition, patients with at least one epidemiological
condition and one clinical condition, as well as patients with no
epidemiological conditions but with two clinical conditions, were
tested by rtPCR. Inclusion criteria for patients evaluation of the
present study were as follows: (i) patients who were diagnosed
with COVID-19 according to a positive rtPCR result at the time
of admission; (ii) symptoms recovered after hospitalization; (iii)
rtPCR was negative twice at intervals of 24 h before discharge;
and (iv) received antiviral drugs treatments. The study was
approved by The First Hospital of Changsha Hospital Ethics
Committee, and written informed consent was obtained from all
patients before enrolment.

Procedure

rtPCR was routinely done for patients on days 1, 3, 7, and
10 after admission and tested every 3 days if patients stayed
more than 10 days after admission. The clinical classification
of patients was based on the Diagnosis and Treatment Protocol
for Novel Coronavirus Pneumonia in China (Trial Version 7)
(13). Patients with mild symptoms and no sign of pneumonia
on imaging were considered as mild cases, patients with
fever and respiratory symptoms and radiological findings of
pneumonia were considered as moderate cases, while patients
meeting any of the following criteria were considered as
severe cases: (1) respiratory distress (=30 breaths/min); (2)
oxygen saturation <93% at rest; (3) arterial partial pressure
of oxygen (PaO2)/fraction of inspired oxygen (FiO2) <300
mmHg (I mmHg = 0.133 kPa); and (4) patients with chest
imaging that showed obvious lesion progression within 24-
48h (>50%). Demographic, clinical, laboratory parameters,
treatment management, and outcome data were obtained from
patients’ medical records.

Treatment Management

All patients received supportive and antiviral treatments.
Supportive treatments were staying in bed, protein-calorie
supplementation, maintenance of hydroelectrolyte balance, and
oxygen inhalation were routinely given to all COVID-19-
positive patients. For severe patients, oxygen therapy, mechanical
ventilation, rescue therapy, circulation support, replacement
therapy, or immunotherapy was used. Antiviral drugs were
applied according to the following schema: Lopinavir/Ritonavir
(200/50 mg per pill, twice a day) and Arbidol (200 mg, three
times a day) were used for no longer than 10 days; a-interferon
(five million U or equivalent dose each time for adults, twice
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a day) and Novaferon (20 pg, twice a day) were applied by
aerosol inhalation; three or more drugs combination should be
avoided (13). All patients received at least one antiviral drug
during hospitalization, and the drug could be changed if rtPCR
results were positive for more than 1-2 weeks. Patients with
type 1 respiratory failure, increasing lung lesion, and severe
symptoms (shock, organ dysfunction) received additionally
methylprednisolon, 40 mg, twice a day.

Outcomes

The number of COVID-19 patients in our study was summarized
by age, gender, and symptoms (Table1). The time from the
rtPCR positive to the negative result was defined as the time
between the admission date with SARS-COV-2 positive and the
first time a negative rtPCR result during hospitalization. The
time of an rtPCR result from positive to negative was compared
among groups divided by demographic data (age, gender),
medical history (with or without chronic diseases), symptoms
(with or without typical symptoms), blood inflammation
markers [erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP)], and treatment management (antiviral drugs
and corticosteroids).

Statistical Analysis

Results are represented in the tables and figures (mean + SEM).
The Mann-Whitney U test was used to compare two single
groups. The difference among multiple groups was compared
by the Kruskal-Wallis H test, followed by Dunn’s multiple
comparison test. Statistical analysis was performed using the
GraphPad Prism Software (Version 8, El Camino Real, CA,
USA). p < 0.05 was considered as the minimum level of
statistical significance.

TABLE 1 | Demographics of 239 patients admitted to The First Hospital (January
25-February 25) with COVID-19.

GENDER [NUMBER OF PATIENTS (PERCENTAGE)]

Female 121 (50.6%)
Male 118 (49.4%)
Age [years (range)]

Mean 44.15 (1-84)
Mean in female 46.94 (1-84)
Mean in male 44.08 (8-82)
Age [NUMBER OF PATIENTS (PERCENTAGE)]

<18 11 (4.6%)
18-29 28 (11.7%)
30-39 46 (19.2%)
40-49 54 (22.6%)
50-59 41 (17.2%)
60-69 38 (15.9%)
>70 21 (8.8%)
CLASSIFICATION [NUMBER OF PATIENTS (PERCENTAGE)]
Non-severe patients 201 (84.1%)
Severe patients 38 (15.9%)

RESULTS

Demographics

All patients (239 in total) with SARS-COV-2 infection confirmed
by rtPCR were included in this study. The average age is 44.15,
and middle-aged patients accounted for the main proportion.

There were no gender differences in the selected study group
(Table 1).

The Duration for rtPCR Result From

Positive to Negative

All patients were tested by rtPCR and confirmed SARS-COV-2
positive at the time of hospital admission, and reviewed on days
1, 3, and 7 and every 3 days afterwards when necessary. Most
patients (72.8%) in our study cohort recovered from a positive
COVID-19 rtPCR result to a negative one within 1-4 weeks after
hospital admission (Table 2).

Patients’ Symptoms Did Not Affect the
Duration of rtPCR Result From Positive to
Negative

We summarized patients’ distribution of each symptom at onset
respectively, and the overview of multiple symptoms. Fever
(67.3%), cough (58.2%), fatigue (33.9%), and shortness of breath
(12.6%) were the most common symptoms, and most patients
(60.3%) experienced more than one symptom at the onset.
Rhinorrhea seems not related to COVID-19 (Table 3). We also
compared the time for rtPCR result from positive to negative
between patients with and without four of the most common
symptoms (fever, cough, fatigue, and shortness of breath). As
depicted in Figure 1, there was a significant difference in the
clinical symptoms and the time of change for an rtPCR result
from positive to negative (Figure 1).

Patients With Lung Lesion Progression
Needed More Time to Recover From a
Positive rtPCR Result to a Negative One

During Hospitalization

Chest computed tomography (CT) scans were routinely
performed on patients in the study to determine lung lesions
at the time of hospital admission and reviewed every 3-5
days afterwards. At the time of hospital admission, 24 patients
(10.0%) had no lung lesions, 96 patients (40.2%) had single lung
lesion, and 119 patients (49.8%) had multiple lung lesions. No
significant difference was found among lung lesions of patients
at admission (Figure 2A). Although all patients’ lung lesions

TABLE 2 | The duration from nucleic acid PCR positive to negative.

Mean time (days) 16

<1 week 35 (14.6%)
1-2 weeks 97 (40.6%)
2-4 weeks 77 (32.2%)
>4 weeks 30 (12.6%)
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improved significantly at discharge in our study, 98 patients
(41.0%) experienced progression of their lung lesions during
hospitalization. It is worth noting that patients who experienced

TABLE 3 | Clinical symptoms of patients at admission.

TYPICAL SYMPTOMS [NUMBER OF PATIENTS (PERCENTAGE)]

Fever 161 (67.3%)
Cough 139 (568.2%)
Fatigue 81 (33.9%)
Shortness of breath 30 (12.6%)
Pharyngalgia 27 (11.3%)
Myalgia 23 (9.6%)
Diarrhea 20 (8.4%)
Headache 18 (7.5%)
Dizziness 10 (4.2%)
Nausea and vomiting 8 (3.3%)
Rhinorrhea 5(2.1%)
Without symptoms 17 (7.1%)
With only 1 symptom 65 (17.2%)
With 2 symptoms 70 (23.9%)
With more than 2 symptoms 87 (36.4%)

lung lesion progression took significantly more time to convert
rtPCR results (Figure 2B).

Blood Inflammation Makers Could Be
Useful Indicators for the Duration of
Change for rtPCR From Positive to

Negative

ESR and CRP are classical test parameters that indirectly
measures the degree of inflammation in the blood (14). We
compared ESR and CRP levels at admission of patients to turn
a positive rtPCR result to negative within 2 weeks with patients
that needed more than 2 weeks to turn a positive rtPCR result to
negative. Patients were first divided into non-severe and severe
cases. We found that severe patients had significantly higher
levels of ESR and CRP than non-severe patients. Patients who
recovered from a positive rtPCR result to negative within 2
weeks had lower ESR levels and higher CRP levels than those
who recovered over 2 weeks (Figures 3A,B). Patients were then
divided by the presence of comorbidities. We found that patients
who recovered from a positive rtPCR result to negative within
2 weeks had significantly lower ESR levels than those who
recovered over 2 weeks in both groups. Moreover, we found
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FIGURE 1 | The time for real-time PCR (rtPCR) result transition from positive to negative was compared between patients with or without specific symptom at the
onset. The average time of patients with/without fever was 16.24 + 0.985/15.88 £ 0.696, p = 0.545; the average time of patients with/without cough was 16.92 +
0.882/15.33 + 0.738, p = 0.064; the average time of patients with/without shortness of breath was 15.91 £ 0.589/16.60 + 1.925, p = 0.682; the average time of
patients with/without fatigue was 15.67 + 0.659/16.63 + 1.074, p = 0.770. No significant differences were observed among the different study groups.
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that patients with comorbidities had higher CRP levels than
patients without comorbidities, and patients who recovered from
a positive rtPCR result to negative within 2 weeks had slightly
higher CPR levels than those who recovered over 2 weeks in both
groups (Figures 3C,D).

COVID-19 Patients With Age Above 50,
Comorbidities, and Corticosteroid
Treatment Needed Longer Time to Recover
From a Positive rtPCR Result to a Negative

One Under Antiviral Drug Treatments

There is still an interesting debate as to which treatment strategy
would be best for COVID-19 patients. It is now widely accepted
that antiviral drugs with or without corticosteroids such as
dexamethasone could improve clinical outcome of these patients.
Four antiviral drugs (Lopinavir/Ritonavir, «-interferon, Arbidol,
and Novaferon) were applied to patients in this study. Every study
patient received at least one antiviral drug during hospitalization.
Since there was no clear application strategy of antiviral drugs
to COVID-19 patients at the beginning of this study, the clinical
outcome (symptoms, drug side effects, and nucleic acid PCR
result) of the initial given antiviral drug determined further drug
administration. We summarized the antiviral drugs (used for
patients at least once during hospitalization) applied to patients
and their relationship to age, comorbidities, and corticosteroids
use to see if that were relevant to the time from rtPCR positive to
negative (Table 4). Ninety-four percent of fatalities are uniformly
concentrated in the population over 60 years of age; thus, we
speculate that age would determine the time of conversion from
rtPCR positive to negative. We first analyzed the conversion time
using the cutoff age of 30, 50, and 70 and found that patients
over 50 years old needed a significantly longer time for SARS-
COV-2 conversion (Figure 4A). Therefore, we then compared

the duration of rtPRC conversion for patients under and over the
age of 50 years among different antiviral strategies (Figure 4B).
Comorbidities could be a risk factor for COVID-19 patients (15);
therefore, we compared the duration of rtPCR conversion for
patients with or without comorbidities (Figure 5). Hypertension
and diabetes were the most common comorbidities for patients in
our study, so further comparison for patients with hypertension,
diabetes, multiple comorbidities, and no comorbidities was
made (Figure 6). Moreover, the time of rtPCR conversion was
compared for patients with or without corticosteroid used in
combination with the antiviral drug (Figure 7). Our data showed
that patients over the age of 50, with comorbidities and treated
with corticosteroids, needed significantly longer conversion time
from rtPCR positive to negative. It is worth mentioning that
<10% of patients had diabetes but showed a crucial impact on
the duration of rtPCR conversion in the Arbidol group.

DISCUSSION
SARS-COV-2 is a single-stranded RNA virus (16). Respiratory
specimens  (pharyngeal swabs, bronchial/alveolar lavage

fluid) or blood specimens can be used for rtPCR nucleic
acid testing (9). As an objective marker, PCR detection after
SARS-COV-2 infection is of great significance for -early
diagnosis, treatment, and prevention from virus expansion
(17). Moreover, the nucleic acid result is a vital reference
for recovery if it converses from positive to negative. In the
present study, all 239 COVID-19 patients have recovered
after treatment, 55.2% of the patients converted from an
rtPCR-positive to rtPCR-negative result within 2 weeks,
while 44.8% of the patients needed more than 2 weeks.
For a severe virus pandemic situation, medical resources
(hospitals, supplies, physicians, nurses, and intensive care unit)
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FIGURE 3 | The relationship of the level of erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) at admission and the conversion time from real-time
PCR (tPCR) positive to negative. (A) Patients were divided into two groups by non-severe and severe cases. Blood test results of ESR was compared between
patients recovered from rtPCR positive to negative within 2 weeks and those recovered over 2 weeks. (B) Patients were divided into two groups by non-severe and
severe cases. Blood test results of CRP was compared between patients recovered from rtPCR positive to negative within 2 weeks and those recovered over 2
weeks. (C) Patients were divided into two groups by the presence of comorbidities. Blood test results of ESR was compared between patients recovered from rtPCR
positive to negative within 2 weeks and those recovered over 2 weeks. (D) Patients were divided into two groups by the presence of comorbidities. Blood test results
of CRP was compared between patients recovered from rtPCR positive to negative within 2 weeks and those recovered over 2 weeks. Data are represented the mean
+ SEM. The significance was determined as “p < 0.05, **p < 0.01, and **p < 0.001.

are always in high demand. Shortening of the hospital stay the time from rtPCR-positive to an rtPCR-negative result. As a
could play a crucial role during clinical management of COVID-  clinical center for the treatment of COVID-19 in Germany, we
19; therefore, it is beneficial to determine factors that influence  have facilitated the cooperative study with a designated hospital
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for COVID-19 in China in order to analyze treatments carried
out at the beginning of the pandemic and learn from them.
We believe that this study will provide valuable suggestions for
current and future COVID-19 treatments in Europe, China,
and the world. In the present study, age, symptoms at onset,
inflammation makers, and various treatments of COVID-19
patients during hospitalization were investigated.

The most commonly reported symptoms of COVID-19 are
fever, cough, myalgia, and fatigue, whereas less common reported
symptoms include headache, diarrhea, hemoptysis, and runny
nose (18). Most patients have more than one symptom at
admission (10). Similar results were found in our study that
fever, cough, and fatigue were the most common symptoms,
and the majority of patients experienced at least two symptoms
at admission. Moreover, no significant differences were found

TABLE 4 | The overview of used antiviral drugs during hospitalization.

Antiviral drugs Lopinavir/ Arbidol  «-Interferon  Novaferon
Ritonavir

Patients (n) 176 130 117 134

Age (mean) 43.59 45.6 43.7 44.3

Comorbidity (%) 27.8% 26.9% 30.8% 27.6%

Hypertension (%) 13.1% 12.3% 14.5% 11.9%

Diabetes (%) 6.3% 5.4% 5.1% 9.0%

With multiple 10.2% 8.4% 12.0% 11.9%

comorbidities

Combination with 37% 35.4% 37.6% 26.1%

corticosteroid (%)

between the time from rtPCR conversion from positive to
negative and the four main symptoms. CT examination is
of great importance in the current diagnosis and treatment
of COVID-19, which has become one of the most valuable
methods for the evaluation of COVID-19 patients (19). Most
previous studies demonstrated that COVID-19 patients have
typical CT-detectable lung lesions (20, 21), which was also
confirmed in our patient cohort and our results (40.2% had
single lung lesion and 49.8% had multiple lung lesions). Although
the condition of the lung lesions at admission did not affect
the timing of rtPCR conversion, patients who progressed lung
lesions during hospitalization experienced a significantly longer
conversion time than patients without lung lesion progression.
This correlation suggests that CT monitoring is important for
COVID-19 patients and that lung lesion change is a potential
indicator for assessing SARS-COV-2 evolution. Interestingly, two
classical inflammation markers (ESR and CRP) in circulating
blood were expressed oppositely in COVID-19 patients. Patients
with high ESR levels at hospital admission needed more time
(>2 weeks) to convert rtPCR result from positive to negative.
In comparison, patients with low levels at hospital admission
converted from a positive to a negative rtPCR result within 2
weeks. In contrast, CRP showed an opposite tendency, indicating
that ESR might be a practical reference indicator for dynamic
monitoring of the virus activity in COVID-19 patients. This
could be explained by CRP levels falling more quickly than
the ESR, normalizing 3-7 days after resolution of tissue injury,
whereas ESR can take up weeks to normalize (22). CRP may
respond rapidly during the incubation period of SARS-COV-2,
while ESR keeps increasing along with the progression of the
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The relationship between comorbidities and antiviral treatments
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FIGURE 5 | The relationship between comorbidities and the conversion time from real-time PCR (tPCR) positive to negative during antiviral treatment. Patients were
divided by different used antiviral drugs, and the conversion time from rtPCR positive to negative of patients with or without comorbidities was compared. Patients
with comorbidities had a longer time of tPCR conversion than patients without comorbidities throughout antiviral drug treatment. Data are presented as mean +
SEM. The significance was determined as *p < 0.05.

virus. Further studies are needed to confirm our results and
explain the underlying mechanism.

SARS-COV-2 keeps spreading; no designated drug or
vaccine has yet been approved to treat human coronaviruses.
Lopinavir/Ritonavir, «-interferon, and Arbidol are commonly
used to treat SARS-COV-2 infections (23, 24). Novaferon, a novel
drug approved for the treatment of chronic hepatitis B in China,
exhibits potent antiviral activities and promising antiviral effects
on COVID-19 patients (25). A randomized, controlled, open-
label trial of 199 hospitalized COVID-19 patients showed no
benefit of Lopinavir-Ritonavir to clinical improvement beyond
the standard of care, although Lopinavir-Ritonavir was found
to have a benefit for some secondary endpoints, and the safety
of the treatment was already confirmed (26). «-Interferon
and Arbidol are recommended by different research groups to
treat COVID-19 (27, 28). All study patients received antiviral
drug treatment and converted from SARS-COV-2 positive to
negative in our study, confirming the safety of the mentioned
antiviral drugs. However, the exact efficacy, combination, and
mechanisms of these drugs for SARS-COV-2 still need to be
explored. Furthermore, it is noteworthy that patients responded
to antiviral drugs differently. We found that patients above 50

years of age, with comorbidities, and the supplementation of
corticosteroid needed a significantly longer time to convert from
SARS-COV-2-positive to SARS-COV-2-negative result during
antiviral treatments.

An analysis of 72,314 diagnosed patients in China showed
that people of all ages are generally susceptible. However, the age
group 30-79 years accounts for 87%, while children under the age
of nine accounts for only 1% (29). Older adults and people with
chronic diseases such as asthma, diabetes, and heart disease may
be at increased risk of SARS-COV-2 infection (30, 31). Older age
has been proven to be a potential risk factor to poor prognosis
of COVID-19 patients (31). At the beginning of the epidemic,
patients over 70 years with severe symptoms of COVID-19 were
classified being at risk and isolated (32). After a few months,
the most vulnerable to a COVID-19 infection age group was
decreased to 60 years (33, 34). According to the results of our
study, the vulnerable age for COVID-19 patients could be even
further decreased to 50 years. We found that the rtPCR results
in patients over the age of 50 years took longer to convert from
positive to negative than in the patient group 50 years and
younger. Thus, COVID-19 patients over the age of 50 should
practice strict public health measures due to the increased risk of
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FIGURE 6 | The relationship between specific comorbidities and the conversion time from real-time PRC (tPCR) positive to negative during antiviral treatment. The
time to conversion from rtPCR positive to negative was compared for patients with hypertension, diabetes, multiple comorbidities, and no comorbidities treated with
different antiviral drugs. Patients with diabetes had a longer duration of rtPCR conversion than patients without comorbidities in the Arbidol group during antiviral drug

1 |
a-Interferon Novaferon

prolonged time to carry the SARS-COV-2 virus and consequently
slower conversion from a positive to a negative rtPCR result.

A multitude of previous studies has documented that patients
with comorbidities have escalated risks of poorer clinical
outcomes with avian influenza, SARS-CoV, and Middle East
respiratory syndrome (MERS)-CoV infections. A nationwide
analysis of 1,590 COVID-19 patients in China showed that
patients with any comorbidity yielded poorer clinical outcomes
than those without among laboratory-confirmed cases of
COVID-19 (15). A recent meta-analysis found that underlying
diseases could be risk factors for severe patients compared with
non-severe patients (15). The present study confirms this result,
demonstrating that patients with comorbidities needed longer
times to convert from a positive PCR result to a negative one.
A previous study reported that diabetes could be a significant
predictor of morbidity and mortality of COVID-19 (35). Our
results showed that diabetic patients treated with Arbidol had a

prolonged SARS-CoV-2 conversion, suggesting that the effects of
antiviral drugs differ from patients with specific comorbidities.
This may be related to the pathological changes in the
comorbidities or to the medications for treating comorbidities.
One study has shown that the use of antagonists of the renin-
angiotensin—aldosterone system in diabetes contributes to a poor
prognosis for COVID-19, and treatment of COVID-19 such
as antivirals and corticosteroids may worsen glucose control
in diabetics (36). Therefore, we suggest that the relationship
between the comorbidity treatments and treatments of COVID-
19, as well as drug-drug interactions during the treatment of
COVID-19, are well worth being further studied.

In the past, corticosteroids were widely used during SARS-
CoV1 and the MERS-CoV pandemic (37, 38). A meta-
analysis of corticosteroid uses in SARS patients provided
conclusive results that may delay viral clearance if given
before viral replication is controlled (39). In a retrospective
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FIGURE 7 | The relationship between the use of corticosteroids and the conversion time from real-time PCR (tPCR) positive to negative during antiviral treatment.
Patients were divided by used antiviral drugs and corticosteroids use. Patients treated with corticosteroids showed in all groups a significantly longer conversion time
from rtPCR positive to negative. Data are presented as mean + SEM. The significance was determined as *p < 0.05, *p < 0.01, and ****p < 0.0001.

study of 309 critical patients with MERS, nearly half of the
patients (49%) were treated with corticosteroids, and these
patients were more likely to require mechanical ventilation,
vasopressors, and renal replacement therapy (40). In addition,
influenza respiratory syncytial virus (RSV) indicated that patients
treated with corticosteroids had impaired antibody responses.
For COVID-19 patients, corticosteroids are also widely used
in septic shock despite uncertainty over their efficacy (41).
Dexamethasone is the latest drug touted by experts in the
UK as a possible treatment for COVID-19, with evidence
suggesting that it can successfully reduce deaths from the virus
by up to one-third in critically ill patients (42). According
to the latest version of the WHO guidelines for COVID-
19, severe and critical COVID-19 patients are recommended
to use systemic corticosteroids, while non-severe patients are
not recommended to use corticosteroids (43). In the present

study, all patients had recovery from COVID-19, and no deaths
occurred. Eighty-four percent of patients in our study were
non-severed cases. It is shown for recovered patients that it
took significantly longer time to reverse SARS-COV-2 from
positive to negative in patients who have been treated with
corticosteroids than those without during antiviral treatments,
indicating that corticosteroids have a delaying effect on the
clearance of SARS-COV-2 pathogens. In theory, corticosteroid
therapy may bring direct benefit to symptom recovery. However,
it may act as an immunosuppressive agent and not only
inhibits inflammation of the lung but also suppress the
immune response and pathogen clearance, therefore delaying
the recovery. Overall, corticosteroids are proven to reduce
the mortality of inpatients with critical COVID-19; however,
corticosteroids use is likely to prolong the duration from SARS-
COV-2 positive to negative, especially for non-severe COVID-19
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patients. Therefore, corticosteroids should be used with caution
for non-severe COVID-19 patients.

CONCLUSION

rtPCR test is of great importance to evaluate COVID-19 patients,
serving as a reliable indicator of SARS-COV-2 clearance in
patients. It is of great benefit to reduce the time of SARS-COV-
2 clearance and thus shorten the hospital stay of COVID-19
patients to save medical resources. ESR could be an indirect
indicator to monitor SARS-COV-2 activity in patients over
time. During antiviral treatment, COVID-19 patients at the age
of over 50, having comorbidities, and/or being exposed to a
corticosteroid due to respiratory dysfunction will most likely have
a prolonged conversion from rtPCR positive to negative.
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Background: COVID-19 has been quickly sp