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Potential for jaktinib hydrochloride to treat cytokine storms in
patients with COVID-19

Xianmin Meng', Yun Ling’, Li Zhang', Qian Zhang', Ping Dong', Tongyu Zhu’,
Hongzhou Lu**

' Department of Pharmacy, Shanghai Public Health Clinical Center, Fudan University, Shanghai, China;

* Department of Infection, Shanghai Public Health Clinical Center, Fudan University, Shanghai, China;

’ Department of Urology, Shanghai Public Health Clinical Center, Fudan University, Shanghai, China;

* Department of Infection and Imuunity, Shanghai Public Health Clinical Center, Fudan University, Shanghai, China.

SUMMARY Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has become a serious
public health threat to the whole world, and the number of infected is still rising dramatically at
this moment. Several studies have confirmed that cytokine storms play a critical role in causing
a case to worsen from mild to severe or critical. The current treatment for cytokine storms is
limited, so the international medical community is focusing on a specific and effective remedy.
Jaktinib hydrochloride is a broad spectrum JAK inhibitor. It can inhibit cytokine-induced immune
activation by multiple mechanisms and also slow viral proliferation by inhibiting AAK1 without
causing unacceptable toxicity. Jaktinib hydrochloride has potential for the treatment of patients with
coronavirus disease 2019 (COVID-19).

Keywords severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), coronavirus disease 2019

(COVID-19), cytokines, jaktinib hydrochloride, feasibility

1. Introduction

The outbreak of novel coronavirus-related pneumonia
(coronavirus disease 2019, or COVID-19) not only poses
a serious threat to Chinese public health and economic
and social development but has also become a global
public health problem. Among all of the challenges for
medical professionals, treatment of critical patients has
always been the top priority (/-4). Studies indicate that
a "cytokine storm" is an important signal that a patient's
condition had changed from mild to severe or critical
and even life-threatening. In fact, how to suppress that
cytokine storm is one of the keys to hopefully curing
those critical patients (5-7).

In the "Guidelines for the treatment of COVID-19,
Version 7" issued by Chinese health authorities, an
elevated level of human interleukin-6 (IL- 6) should be
treated with tocilizumab in patients in relatively severe
condition with extensive lung lesions (8,9). Suppressing
cytokine storms prior to their occurrence or in their
carly stages has been crucial to reducing the severity of
COVID-19 in patients and improving their prognosis.
This implies that a medication to suppress cytokine
storms would hold promise. Jaktinib hydrochloride is a
broad spectrum novel JAK (Janus kinase, JAK) inhibitor

that is expected to inhibit cytokine storms in patients
with COVID-19 (10,11).

The current article describes the pathogenesis of
and relevant treatments for cytokine storms induced by
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and how jaktinib hydrochloride may play a role
in inhibiting those storms in clinical practice.

2. Pathogenesis of SARS-CoV-2 infection

SARS-CoV-2 belongs to a new type of coronavirus of
the genus Betacoronavirus. It has an envelope, and the
particles are round or oval, often polymorphic, with a
diameter of 60-140 nm. SARS-CoV-2 and SRAS-CoV
have similar pathogenic mechanisms and pathological
processes. SARS-CoV-2 invades cells with S protein by
receptor-mediated endocytosis of angiotensin-converting
enzyme 2 (ACE2) on pulmonary alveolar II epithelial
cells (AT2) (12,13). After entering the lung cells, the
virus replicates in large quantities, triggering humoral
and cellular immune responses, perhaps systematically.
In the early stages of infection, the body deploys a
large number of T cells to fight the virus while some
patients will have a lower cellular immunity because
of over consumption of T cells. Meanwhile, anti-virus-
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specific antibodies will also begin to be produced. As
the disease progresses, the destruction of lung cells by
the virus increases, and the body's immune response
and leukocyte-related cytokine release further kills and
eliminates the virus along with necrotic lung cells. In
addition, the excessive increase in inflammatory factors,
such as various interleukins, can trigger a series of
cytokine storms. These excessive inflammatory reactions
backfire, resulting in injury and causing overwhelming
pulmonary inflammation or secondary fibrotic lesions;
they can also ultimately lead to respiratory failure or
even death in severe cases.

At present, one of the direct clinical manifestations
of COVID-19 in severe cases is the multiple organ
damage caused by cytokine storms. Although the virus
is the initiating factor, immune overexpression caused
by cytokine storms is a direct cause of systematic injury.
For instance, clinical evidence indicates that after
reaching the turning point of cytokine storms, high-
flow oxygen and invasive ventilation are ineffective,
eventually resulting in the use of extracorporeal
membrane oxygenation (ECMO) (5). One of the direct
reasons for this is that patients with COVID-19 have
scarce surfactants in the alveoli, impaired lung interstitia,
impaired ventilation, and thusly as a consequence of
unconvertible ventilation failure, ECMO is the only
potential rescue technique. Although the factors that
cause COVID-19 to worsen from mild to severe or
critical are similar, the main problem has to be handled
in a quite different manner. The major problem in a
mild case is the viral infection, while the main problem
in severe or exacerbated illness is the series of cytokine
storms.

3. SARS-CoV-2-induced cytokine storm

Cytokine storm syndrome (CSS) is usually defined
as abnormal activation of the immune system and
uncontrolled release of cytokines, leading to systemic
inflammation and multiple organ dysfunction. Several
studies have indicated that CSS is also the main reason
for death due to SARS and MERS (/4-17). Cytokine
storms can directly damage the pulmonary capillary
mucosa, leading to alveolar edema and inactivation
of surfactant proteins, which can further induce
inflammatory factors to diffuse in the lungs, cause
alveolar structures to damaged and degenerate, and
result in pulmonary ventilation dysfunction (/8). During
a cytokine storm, the immune system produces pro-
inflammatory cytokines that facilitate the progression
of the disease while anti-inflammatory factors can
accelerate pathogen removal and contribute to tissue
repair. The extent of the immune response is correlated
with prognosis to an extent.

As mentioned, the first step in the early stages of
infection is a non-specific immune response; as the
infection progresses, T or B lymphocytes begin to

function as the main effector cells of specific immune
responses (/4). In the stage of a specific immune
response, pulmonary endothelial cells produce a large
volume of inflammatory factors (/9). Tumor necrosis
factor (TNF), IL-1, IL-8, and monocyte chemoattractant
protein 1 (MCP-1) are the first to increase, followed by
IL-6 and IL-10 (20). IL-6 is produced by stimulation
caused by TNF and IL-1p, and the peripheral blood
concentration can be used to evaluate the intensity of the
systemic inflammatory response (217).

The mechanism by which SARS-CoV-2 causes
cytokine storms is not fully understood. Early studies
indicated that patients with COVID-19 have high levels
of expression of IL-1B, IFN-y, interferon-induced
protein 10 (IP-10), and MCP-1, and these may activate
a Thl cell response (22). In comparison to patients
with mild or moderate COVID-19 not necessitating
treatment in the ICU, patients with severe COVID-19
in the ICU have higher serum levels of granulocyte
colony-stimulating factor (GCSF), IP-10, MCP-1, and
macrophage inflammatory protein 1A (MIP-1A) as well
as higher levels of expression of TNF-a , suggesting
a correlation between the severity of disease and the
occurrence of a cytokine storm. In addition, serum
levels of IL-2, IL-7, and IL-10 are also significantly
elevated (22). An autopsy of patients with COVID-19
revealed diffuse alveolar injury with fibrous mucus-
like exudates in both lungs, large numbers of shed
cells and the formation of transparent membranes,
and inflammatory infiltration of monocytes in the
alveolar stroma (23). In peripheral blood samples from
patients who died of COVID-19, CD4" and CD8" T
lymphocyte counts were decreased, human leukocyte
antigen DR (HLA-DR) and the CD38 double-positive T
lymphocyte ratio significantly increased, implying that
these immune T lymphocytes are excessively activated.
In CD4" T lymphocytes, an incremental increase in
the proportion of CC chemokine receptor 4 (CCR-4)
and CCR6-positive highly proinflammatory Th17 cells
was also detected. CD8" T lymphocytes contain high
concentrations of cytotoxic particles, suggesting that
during the occurrence of cytokine storms in COVID-19,
excessive activation of T lymphocytes may be
accompanied by serious immune impairment (24). Based
on the above findings, Janus kinase/signal transducer and
activator of transcription (JAK/STAT) pathways may
exist in patients with COVID-19, resulted in immune
overreaction and inducing a cytokine storm, eventually
causing an excessive immune inflammatory response
and/or secondary lung injury/fibrosis, possibly leading to
respiratory failure.

4. Current treatment options for SARS CoV-2-
induced cytokine storm

Previous versions of the "Guidelines for the treatment
of COVID-19" issued by Chinese health authorities
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have displayed a gradual increase in the recognition
of cytokine storms in COVID-19, and recommended
therapeutic strategies are being updated accordingly. The
fifth edition mentions that a cytokine test is necessary if
available for the first time, and corticosteroid treatment
in an appropriate dosage that does not exceed the
equivalent of methylprednisolone 1-2 mg/kg/day (25)
can be administered to patients with inflammatory
overactivation for a brief period (3-5 days). The seventh
edition indicates that severe and critical cases usually
involve complex inflammatory factors, consistently
reduced peripheral blood lymphocytes, and conversely
increased levels of inflammatory cytokines such as
IL-6 and C-reactive protein. After the seventh edition,
immunotherapy has been recommended for the
management of severe and critical patients, tocilizumab
is indicated for patients with severe disease, extensive
lung injury, and elevated IL-6 levels according to
laboratory results (8). The following medications and
therapies are listed to inhibit cytokine storms in patients
with COVID-19:

i) Glucocorticoids. For critical cases or patients
with immune activation, the benefits and risks should
be promptly assessed, and caution should always be
exercised regarding duration and dosage. Usually, the
principle is to start with small doses (< 0.5 to 1.0 mg/
kg-d methylprednisolone or equivalent) and short-term
treatment (< 7d) (8,26).

ii) IL-6 antagonist (tocilizumab), a recombinant
humanized anti- IL-6 receptor monoclonal antibody, is
most frequently used in clinical practice for treatment of
general infection and the ensued inflammation caused
by a cytokine storm (8,27). Recent studies have found
tocilizumab to be an effective therapeutic strategy, and
especially in patients with severe COVID-19 (9,28).
Therefore, if laboratory results reveal elevated IL-6 in a
systematic infection, tocilizumab is indicated.

iii) Chloroquine and hydroxychloroquine. By
inhibiting the production and release of TNF and IL-6,
these two drugs suppress the occurrence of a cytokine
storm. Nearly 300 clinical studies are currently examining
different dosages of chloroquine, hydroxychloroquine,
or both to treat COVID-19 worldwide, and some of them
actually involve severe and critical patients. However,
there has been some controversy regarding the safety and
efficacy of the two drugs in the treatment of COVID-19
(29,30).

iv) Vitamin C in high doses. Vitamin C is
administered intravenously at a dose of 100 to 200 mg/kg
daily. Some evidence has potentially indicated significant
improvement in the oxygenation index (37).

v) Ulinastatin. Ulinastatin is a broad-spectrum
hydrolase inhibitor, 1.6 million units every 8 h. Under
mechanical ventilation, when the oxygenation index is >
300 mmHg, it can be reduced to 1 million units/d (37).

vi) Unfractionated heparin. Anticoagulation therapy
protects endothelial cells and reduces cytokine release,

alleviating the immune response. Unfractionated heparin
(3 to 15 IU/kg per hour) is recommended when FDP >
10 pg/mL and/or D-dimer > 5 pg/mL (37).

vii) Continuous renal replacement therapy (CRRT).
Inflammatory factors can be continuously removed,
including cytokines and complement activation products
by extracorporeal blood purification, thereby suppressing
the systemic inflammatory response (32,33).

5. Jaktinib hydrochloride as a drug to treat SARS-
CoV-2-induced cytokine storm?

Jaktinib hydrochloride is a broad-spectrum JAK
inhibitor with an innovative structure. It is a class 1
new drug according to the Chinese classification, and
its development has been sponsored by the National
Thirteenth Five-Year Plan. Currently, this compound
has passed the milestone of phase I, II, and III
clinical trials for five indications, including idiopathic
pulmonary fibrosis and primary myelofibrosis.

5.1. Rationale to treat SARS CoV-2- induced cytokine
storm by jaktinib hydrochloride

The JAK family of non-receptor protein-tyrosine
kinases consists of JAKI, JAK2, JAK3, and tyrosine
kinase 2 (TYK2). JAK transmits intracellular signals
from cell surface receptors that act on various cytokines
and growth factors involved in inflammation and
immune function, thus affecting the immune process.
Different receptors can activate different subtypes of
JAK, thus exhibiting differentiated biological functions
(34). JAK-STAT signaling pathways are associated
with the pathogenesis of a variety of inflammatory
diseases, such as rheumatoid arthritis (35). Over the
past 30 years, JAK has become a very important
target, and several JAK inhibitors such as baricitinib,
ruxolitinib, and tofacitinib have been successfully
developed and marketed for the treatment of primary
myelofibrosis, bone marrow fibrosis, and rheumatoid
arthritis (36,37). As a new JAK inhibitor, jaktinib
hydrochloride can suppress JAKI, JAK2, JAK3, and
TYK2 at the cell level, block the JAK-STAT signaling
pathways to stop the release of cytokines by multiple
mechanisms including IL-2, of IL-4, of IL-6, IL-7, and
IL-10, and significantly relieve the inflammation due to
immune reactions.

The pathophysiological mechanism of SARS-
CoV and MERS-CoV has yet to be fully clarified.
Earlier studies found that increased levels of pro-
inflammatory factors (such as IL-1B, IL-6, IL-12,
IFN-y, IP-10, and MCP-1) in plasma of SARS patients
are associated with pneumonia and severe lung injury
(38,39). Patients with a MERS-CoV infection were
also found to have elevated levels of pro-inflammatory
factors (such as IFN-y, TNF-a, IL-15, and IL-17) in
plasma (/7). Patients with SARS-CoV-2 have been
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found to have elevated levels of Th2 cytokines (e.g.
IL-4 and IL-10) besides elevated levels of cytokines.
This inhibits the inflammatory response and differs
in a SARS-CoV infection. JAK inhibitors can inhibit
the JAK-STAT signaling pathway, reducing the level
of IP-10 expression induced by S protein in mouse
lungs and repairing the damage caused by a virus on
the immune system. JAK inhibitors do not completely
inhibit the antiviral action of IFN-y. Therefore, in
addition to antiviral therapy, JAK inhibitors can
provide a new therapeutic strategy for virus-mediated
immune damage, and especially in the treatment of
excessive immune inflammation and/or secondary lung
injury or fibrosis caused by SARS-CoV-2 (10,40).
A prospective, multicenter, single-blind, randomized
controlled phase II trial has indicated that recipients of
ruxolitinib had numerically faster clinical improvement,
significant improvement according to chest CT, faster
recovery from lymphopenia, and less severe adverse
reactions compared to a group receiving a placebo
(11). By inhibiting JAK1, JAK2, JAK3, efc., jaktinib
hydrochloride can prevent abnormal activation of the
JAK-STAT pathway and inhibit leukocyte-mediated
inflammation via multiple channels. It is expected to
significantly counteract the inflammation/cytokine
storm caused by the immune response in patients with
COVID-19 (Figure 1). Jaktinib hydrochloride inhibits
the development of pneumonia caused by cytokine
storms via a similar mechanism and thus prevents the
development of pulmonary fibrosis.

Studies have found that SARS-COV-2 invades cells
by ACE2 receptors on AT2 alveolar epithelial cells in
the lungs (/2). AP2- associated protein kinase 1 (AAK1)
is an endocytosis regulator. Inhibition of AAKI1 may
block virus transmission in cells and the intracellular
assembly of virus particles. Blocking this process of
infection may help to slow disease progression (47).
Jaktinib hydrochloride can inhibit the activity of AAKI
and may block endocytosis whereby the virus enters
a cell, interrupting the process of virus assembly,
reducing the proliferation of the virus in vivo, and
having direct antiviral action (Figure 1).

In animal experiments, jaktinib hydrochloride
significantly inhibited inflammation and reduced
tissue damage. In a bleomycin-induced pulmonary
fibrosis model, jaktinib hydrochloride significantly
alleviated the damage and inflammation of the terminal
bronchioles and accompanying small pulmonary
arteries in areas of fibrotic lesions and surrounding
areas. Moreover, jaktinib hydrochloride had a
significant result on lung injury and inflammation
in fibrotic lesions in comparison to the positive
control drug pirfenidone. A study of lung samples
from autopsied patients with confirmed COVID-19
revealed characteristic interstitial lung disease, thereby
indicating the fundamental potential for use of jaktinib
hydrochloride.

5.2. Registered clinical trials on JAK inhibitors
including jaktinib hydrochloride to treat COVID-19

JAKTINIB

IL-4 IFN-y GAK

IL-8 MCP-1 IP-10

Lung Alveolar Epithelial Cell

Cytokine Storm: IL-6 IL-1B IL-12

T-Cell

Figure 1. Mechanism of jaktinib in inhibition of viral entry and initiation of a cytokine storm. (1) Via its spike protein, SARS-CoV-2 binds
to ACE2 on the surface of pulmonary alveolar II epithelial cells, inducing activation of clathrin-mediated endocytosis. AAK1- and GAK-mediated
phosphorylation of clathrin adapter proteins starts the assembly of the clathrin cage around the enclosed virus. Inhibition of AAK1 and GAK
by jaktinib thereby inhibits viral entry. (2) Jaktinib stops the release of cytokines such as, IL-1f, IL-12, and IL-6, avoiding the occurrence of a
cytokine storm by suppressing JAK. (SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ACE2, angiotensin-converting enzyme 2;
AAKI1, AP2-associated protein kinase 1; GAK, cyclin G-associated kinase; JAK, Janus kinase)
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In view of the pathogenesis of SARS-CoV-2 and the role
of cytokine storms in the progression of COVID-19 in
severe cases, JAK inhibitors may be an effective option
for treatment of COVID-19. In light of the worldwide
pandemic, JAK inhibitors are now being used clinically
to treat COVID-19. To survey clinical trials on JAK
inhibitors as an intervention strategy in COVID-19,
a search of the databases of ClinicalTrials.gov was
conducted using COVID-19, ruxolitinib, baricitinib,
and tofacitinib as keywords. Prior to May 28, 2020,
28 studies related to JAK inhibitors and COVID-19
were identified (Table 1). Those studies included 24
interventional studies and 4 observational studies. The
estimated study start date was mainly from March to
May 2020 and the estimated completion date was mainly
from May to October 2020. Thirteen studies had an
estimated enrollment of 100 patients or more, 5 had
an estimated enrollment of 100 to 200, and 10 had an
estimated enrollment of more than 200. Notably, there
were only 4 multicenter randomized controlled trials, 3
with baricitinib and 1 with ruxolitinib.

Because many patients with severe respiratory
disease due to COVID-19 have features consistent with
cytokine release syndrome and increased activation of
the JAK/STAT pathway, JAK inhibitors might play
a useful role in treating those patients. As shown by
Table 1, this view is shared by numerous researchers
in many countries and regions around the world. A
clinical trial on jaktinib hydrochloride by the current
authors is still in the recruitment stage (Registration
NO.: ChiCTR2000030170). This study will follow the
principles of the Declaration of Helsinki and it has been
approved by the ethics committee of the Shanghai Public
Health Clinical Center.

6. Conclusion

Humans are now facing SARS-COV-2 globally.
There is no established specific treatment available to
inhibit cytokine storms in patients with COVID-19,
so effective treatments should have top priority. New
drugs or vaccines are not likely to be developed soon,
but nevertheless the potential of existing innovative
medicines could be explored as a plausible alternative
(42). As a broad-spectrum JAK inhibitor, jaktinib
hydrochloride can mitigate the cytokine storms by
inhibiting the immune activation induced by IL-6, IL-
2, IL-1, granulocyte-macrophage colony-stimulating
factor, IFN-y, efc. In addition, jaktinib hydrochloride
has the potential to inhibit the proliferation of SARS-
CoV-2 in vivo by inhibiting AAKI activity. For patients
whose condition has worsened from mild to severe
or potentially life-threatening due to cytokine storms,
jaktinib hydrochloride may play a dual role in inhibiting
cytokine storms and virus replication. This could
potentially delay or reverse disease progression, thereby
reducing the mortality of COVID-19.

Table 1. Registered clinical trials on baricitinib, ruxolitinib, and tofacitinib for COVID-19

Masking

Intervention Model

Centers Allocation

Study Phase

Recruitment Status

Listed

No. of

%)
o0
£

A
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Double Other
Blind

Open

Single Group Other

Assignment

Parallel
Assignment

Non

-randomized

Randomized

Single
-center

Multicenter

Recruiting Completed Phase 2 Phase 3 Other

Not yet

studies Countries

Label

recruiting

10

14

Baricitinib

12

Ruxolitinib
Tofacitinib

total

2
28

19

14

17

19

14

14

13
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SUMMARY

Our purpose was to explore the status of laparoscopic radical resection of hilar cholangiocarcinoma
(LRRHcca) in Mainland China. Studies published before February 2020 were retrieved from CNKI
database, Pubmed database and Wanfang database. Search terms included "hilar cholangiocarcinoma",
"Klatskin tumor", "laparoscopy", "radical operation". Relevant articles regarding LRRHcca in
Mainland China were also retrieved. 13 articles were included in this study, with a total of 189 cases.
The operation time was 354 min (weighed average, WA), and the mean intraoperative blood loss was
324 mL (WA). The rate of negative margin (RO rate) was 95.2%, and the number of lymph nodes
received was 9.5 (WA). 2.6% of cases were converted to laparotomy. The incidence of postoperative
complications was 21.2%, with 3.2% for those classified as Clavien-Dindo > 3, 12.2% for bile leakage,
1.6% for postoperative abdominal hemorrhage, 1.6% for liver insufficiency, and 1.1% for abdominal
infection. In-hospital mortality was 0.5%, with mean postoperative hospital stay of 15 days (WA), and
the rate of reoperation was 1.1%. The mean postoperative follow-up time was 16 months (WA), and
1-year overall survival rate was 84.5%. In conclusions, laparoscopic radical hilar cholangiocarcinoma

is safe and feasible in experienced hands after careful selection of HCCA cases.

Keywords

1. Introduction

Hilar cholangiocarcinoma (HCCA), also known as
Klatskin tumor, accounts for 60 -70% of the total
incidence of cholangiocarcinoma. Radical surgical
resection is the only chance for long-term survival of
HCCA patients (/,2). Common bile duct resection,
major liver resection, radical lymph node dissection,
biliary reconstruction, and even vein or artery resection
are required for RO resection of HCCA. Laparoscopic
radical resection of HCCA (LRRHcca) is rarely reported
due to its technically demanding. Laparoscopy was
originally used for HCCA exploration and tumor staging
(3-5). Compared with laparoscopic surgery for liver or
pancreatic cancer, LRRHcca is still in the exploratory
stage. However, experience gained in other complex
abdominal laparoscopic procedures and improvements
of laparoscopic instruments have motivated surgeons
to try LRRHcca. Since the first report of LRRHcca
in Mainland China in 2003 (6), more and more
hepatobiliary surgery centers in Mainland China have
begun to perform this operation. Total laparoscopic
resection was performed even for HCCA of Bismuth-IV

hilar cholangiocarcinoma, Klatskin tumor, laparoscopy, radical operation

in the experienced center. Current limited clinical data
suggest that LRRHcca was associated with minor injury,
less pain, faster recovery, and fewer complications. These
advantages have prompted more hepatobiliary surgeons
to explore LRRHcca. This article reviewed the relevant
articles of LRRHcca in Mainland China, and performed
data extraction and analysis on China Mainland cases.
This article reviewed the current status of LRRHcca
and mainly focuses on the safety and feasibility of this
operation.

2. Articles search strategies and analysis methods
2.1. Articles search strategies

Studies published before February 2020 were
retrieved from CNKI database, PubMed database
and Wanfang database. Search terms included "hilar
cholangiocarcinoma", " Klatskin tumor", "laparoscopy",
"radical operation". This study collected perioperative
and prognostic data of LRRHcca from the retrieved
articles. These data were subjected to statistical analysis.
We screened out the following articles: (i) Chinese

www.biosciencetrends.com



BioScience Trends. 2020, 14(3):168-173. 169

articles without English abstracts. (if) Articles with data
loss. (iii) Articles using the same hospital cases, Articles
with fewer cases (Figure 1).

2.2. Data extraction

(i) Basic information of the article: first author, year of
publication, number of cases. (ii) Related conditions
during the operation: surgical method, Bismuth
classification, operation time, intraoperative blood
loss, RO resection rate, lymph node positive rate, and
number of lymph node dissections during operation. (ii7)
Relevant postoperative conditions: morbidity, clavien-
Dindo > 3, mortality, length of hospital stay, reoperation
rate, follow-up after discharge, tumor metastasis or
recurrence after discharge, and 1-year overall survival
rate.

2.3. Statistical analysis
Weighted average (WA) is used to represent the

statistical weighted average of different variables
(operation time, intraoperative blood loss, etc.):

WA = (wlxl +w2x2 + ... + wnxn) / (Wl + w2 +
... t wn).

Where w is the number of cases in related articles, and x
is the average value provided in the article or calculated
after our statistics. For data presented as a median x
value or missing data, x and its corresponding w is
excluded.

3. Results

This article systematically reviewed 13 articles of
LRRHcca in Mainland China (7-79). The total number of
included cases was 189 (Table 1). Surgical method was
described for 73.5% (139/189) of total cases. Among
these cases, 43.2% (60/139) underwent liver resection.
54 patients underwent liver resection combined with
caudate lobectomy, 2 patients did not receive caudate
lobectomy, and 4 patients received caudate lobectomy
alone. The distribution rates for Bismuth type I, II,
IIT and IV were 41.8% (79/189), 22.8% (43/189),
24.3% (46/189), and 11.1% (21/189), respectively.
The number of articles reported of laparoscopic radical

All articles about LRRHcca in Mainland China (before February 2020) (n = 27)

Missing English abstracts or missing

data (n=2)

criteria (n = 25)

Articles that meet the first round of screening

Belong to the same hospital and

have fewer cases (n = 12)

Included articles (n = 13)

Figure 1. Screening process of LRRHcca related articles.

Table 1. Research Status of LRRHcca in Mainland China

Operation method Bismuth-type classification

First author (Ref.) Publication year Cases (Hepatectomy, caudate lobectomy) (LILIIEIV)
Jun Xu (7) 2010 4 1,0 1:1:1:1
Andong Zhu (8) 2012 38 NANA 13:18:7:0
Jianjun Li (9) 2012 3 1,0 2:0:1:0

Jun Li (10) 2017 9 2,4 1:3:2:3
Hongchao Zhu (/1) 2018 7 0,0 7:0:0:0
Xueqing Liu (/2) 2019 32 8,8 12:2:7:11
Yuhua Zhang (/3) 2019 14 9,9 5:0:8:1
Xinyu Liu (/4) 2019 6 6,6 0:0:3:3
Ruofan Wang (75) 2019 15 10,12 2:3:8:2
Yuxiao Zhu (16) 2019 14 2,2" 7:5:2:0
Hua Luo (17) 2019 4 33 1:1:2:0
Chang Duan (/8) 2019 13 0,0 13:0:0:0
Junjian Yuan (/9) 2019 30 14,14 15:10:5:0
Total/mean - 189 56,58 79:43:46:21

NA, not applicable. *, This article only reported the surgical methods for 2 cases.
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hilar cholangiocarcinoma in Mainland China increased
significantly in 2019 (Figure 2), accounting for 61.5%
(8/13), and only 38.5% during the nine years from
2010 to 2018 (5/13). The number of cases reported
in laparoscopic radical hilar cholangiocarcinoma in
Mainland China in 2019 accounted for 67.7% (128/189)
and 32.3% (61/189) between 2010 and 2018.

3.1. Intraoperative situation

The intraoperative data of LRRHcca are demonstrated
in Table 2, including operation time, intraoperative
blood loss, negative rate of surgical margin (RO rate)
and so on. Mean operative time was reported in 92.6%
(175/189) of cases, with WA value of 354 min. The
mean intraoperative blood loss was reported in 75.7%
(143/189) of cases, with WA value of 324 mL. The
intraoperative margin negative rate (R0 rate) was
reported in 100% (189/189) of cases, with a total rate
of 95.2% (180/189). Lymph node-positive rates were
reported in 58.7% (111/189) of cases, with a total

rate of 14.4% (16/111). The number of lymph nodes
received was reported in 61.9% (117/189) of cases, with
WA value of 9.5. Of the 189 patients, 5 patients were
converted to laparotomy (2.6%), with 3 patients having
tumor invasion of the portal vein, 1 patient having severe
abdominal adhesions, and 1 patient having difficulty in
separating tumor and bile duct under laparoscopy.

3.2. Postoperative situation

The postoperative conditions of LRRHcca are presented
in Tables 3, 4 and 5. The postoperative complication
rate was reported in 100% (189/189) of cases, and the
overall complication rate was 21.2% (40/189); serious
complications (Clavien-Dindo > 3) occurred in 3.2%
(6/189) of patients. The reoperation rate was 1.1%
(2/189). In-hospital mortality was 0.5% (1/189). The
average postoperative hospital stay was reported in
92.6% (175/189) of patients, ranging from 9.6 days to
27.6 days, and WA was 15 days.

Bile leakage is the most common complication

Status of LRRHcaa Research in Mainland China

number
of
cases

w b N 0 W

- <"'Y.’2;'41‘

2010 2012

> & \\:\ /
1 1 1/
1 / -~ {

2017
Year

3 140
128

120
/ 100
/ g0 number

/ of
/ 60  articles

2018 2019

I Number of articles published by LRRHcca === Number of cases published by LRRHcca

Figure 2. The number of cases and articles of LRRHcca in Mainland China. The line chart shows the number of articles published by
LRRHcca over the years, and the bar chart shows the number of cases published by LRRHcca over the years.

Table 2. Intraoperative situation of LRRHcca in Mainland China

Operation time

lymph node Harvested Conversion to

First author (Ref.) (min) Blood loss (mL) RO, n (%) positive rate, n (%) lymph node, n laparotomy, 1 (%)
Jun Xu (7) Mean 384 Mean 440 4 (100%) NA NA 0 (0%)
Andong Zhu (8) Mean 267 Mean 83 38 (100%) 2 (5.3%) Mean 9.4 0 (0%)
Jianjun Li (9) Mean 520 Mean 333 3 (100%) 0 (0%) NA 0 (0%)
Jun Li (10) Mean 438 Mean 503 9 (100%) NA NA 0 (0%)
Hongchao Zhu (/1) Mean 248 Mean 156 7 (100%) 0 (0%) Mean 9.3 0 (0%)
Xueqing Liu (12) Mean 366 300 (75, 450) 24 (75%) NA NA 1 (3.1%)
Yuhua Zhang (/3) Mean 519 Mean 821 14 (100%) NA Mean 9.7 2 (14.3%)
Xinyu Liu (/4) Mean 590 Mean 400 5(83.3%) NA NA 0 (0%)
Ruofan Wang (/5) Mean 404 Mean 502 15 (100%) 1(6.7%) Mean 9.5 2 (13.3%)
Yuxiao Zhu (16) 285 (190, 400) 175 (100, 500) 14 (100%) 3(21.4%) 8(6,15) 0 (0%)
Hua Luo (/7) Mean 616 Mean 468 4 (100%) 0 (0%) NA 0 (0%)
Chang Duan (/8) Mean 260 Mean 177 13 (100%) NA Mean 9.6 0 (0%)
Junjian Yuan (/9) Mean 287 Mean 140 30 (100%) 10 (33.3%) Mean 9.4 0 (0%)
Total/mean 354 (WA) 324 (WA) 180 (95.2%) 16 (14.4%) 9.5 (WA) 5(2.6%)

NA, not applicable.
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Table 3. Postoperative situation of LRRHcca in Mainland China

Clavien-Dindo > 3

First author (Ref.) Morbidity (%) Mortality n (%) LOS (days) complications 1 (%) Reoperation 7 (%)
Jun Xu (7) 0% 0 (0%) Mean 15 0 (0%) 0 (0%)
Andong Zhu (8) 13.2% 0 (0%) Mean 12 1 (2.6%) 1 (2.6%)
Jianjun Li (9) 66.7% 0 (0%) Mean 16.7 0 (0%) 0 (0%)
Jun Li (10) 44.4% 0 (0%) Mean 15.7 0 (0%) 0 (0%)
Hongchao Zhu (11) 0% 0 (0%) Mean 10.7 0 (0%) 0 (0%)
Xueqing Liu (/2) 15.6% 0 (0%) Mean 27.6 0 (0%) 0 (0%)
Yuhua Zhang (13) 50% 1(7.1%) Mean 17.8 5(35.7%) 1 (7.1%)
Xinyu Liu (14) 16.7% 0 (0%) Mean 16.5 0 (0%) 0 (0%)
Ruofan Wang (/5) 20% 0 (0%) Mean 9.6 0 (0%) 0 (0%)
Yuxiao Zhu (/6) 14.3% 0 (0%) NA 0 (0%) 0 (0%)
Hua Luo (/7) 25% 0 (0%) Mean 14.3 0 (0%) 0 (0%)
Chang Duan (/8) 23.1% 0 (0%) Mean 10.6 0 (0%) 0 (0%)
Junjian Yuan (/9) 23.3% 0 (0%) Mean 8.9 0 (0%) 0 (0%)
Total/mean 40 (21.2%) 1 (0.5%) 15 (WA) 6(3.2%) 2 (1.1%)

LOS, length of hospital stay. NA, not applicable.

Table 4. Details of postoperative complications of LRRHcca in Mainland China

First author (Ref) Hemﬁf}i’arg:‘il ) " ;:'C’Sgrf?}%) Bile leak, 1 (%) Hepancn”(‘ﬁ;:)fﬁ“em’ Others, 1 (%)

Jun Xu (7) 0 (0%) 0(0%) 0 (0%) 0 (0%) 0(0%)

Andong Zhu (8) 1 (2.6%) 0 (0%) 3(7.9%) 0 (0%) 1 (2.6%)

Jianjun Li (9) 0 (0%) 0 (0%) 1(33.3%) 0 (0%) 1(33.3%)

Jun Li (10) 0 (0%) 0 (0%) 2(22.2%) 0(0%) 2(22.2%)

Hongchao Zhu (11) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Xueqing Liu (12) 0 (0%) 0 (0%) 1(3.1%) 2(6.3%) 2(6.3%)

Yuhua Zhang (/3) 1(7.1%) 0(0%) 5(35.7%) 0 (0%) 1(7.1%)

Xinyu Liu (14) 0 (0%) 0 (0%) 1 (16.7%) 0 (0%) 0 (0%)

Ruofan Wang (/5) 0 (0%) 0 (0%) 1(6.7%) 0 (0%) 2 (13.3%)

Yuxiao Zhu (/6) 0 (0%) 0(0%) 2 (14%) 0 (0%) 0(0%)

Hua Luo (/7) 0 (0%) 0 (0%) 1 (25%) 0 (0%) 0 (0%)

Chang Duan (/8) 0 (0%) 2 (15.4%) 1 (7.8%) 0 (0%) 0 (0%)

Junjian Yuan (/9) 1 (3.3%) 0(0%) 5(16.7%) 0 (0%) 1(3.3%)

Total/mean 3 (1.6%) 2 (1.1%) 23 (12.2%) 3 (1.6%) 9 (4.8%)

Table 5. Short-term effect of LRRHcca in Mainland China

First author (Ref.) follow-up time (months) Metastasis or mortality during 1-year overall Survival, (%)
’ Recurrence, n (%) the follow-up, 7 (%) ?

Jun Xu (7) NA NA NA NA

Andong Zhu (8) Mean 12.5 1 (2.6%) 2 (5.3%) 97.4%

Jianjun Li (9) Mean 57 0 (0%) 0 (0%) 100%

Jun Li (10) Mean 17 NA 2 (22.2%) 77.8%

Hongchao Zhu (11) 12-18 0 (0%) 0 (0%) 100%

Xueqing Liu (/2) NA NA NA 80%

Yuhua Zhang (/3) NA NA NA 62.5%

Xinyu Liu (14) 7(1,42) 0 0 (0%) NA

Ruofan Wang (75) 6-60 3(20%) 4(26.7%) NA

Yuxiao Zhu (/6) 16 (3,24) 1(7.1%) 1(7.1%) NA

Hua Luo (/7) 1-4 0 (0%) 0 (0%) NA

Chang Duan (/8) 36-60 NA NA 74.4%

Junjian Yuan (/9) 6-12 3 (10%) 3 (10%) NA

Total/mean 16 (WA) 8 (6.8%) 12 (8.6%) 84.5%

NA, not applicable.

after laparoscopic hilar cholangiocarcinoma radical
resection, with a result of 12.2% (23/189). The rates
of ascites fluid, pulmonary infections, stress ulcers,
anastomotic edema, wound infection, liquefaction of
the incision fat were 1.1% (2/189), 1.1% (2/189), 1.1%

(2/189), 0.5% (1/189), 0.5% (1/189), and 0.5% (1/189),
respectively. The incidence of postoperative abdominal
bleeding was 1.6% (3/189). Liver dysfunction
happened at the rate of 1.6% (3/189) and the incidence
of abdominal infection was 1.1% (2/189).
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The average postoperative follow-up time was
reported in 26.5% (50/189) of cases, the median
postoperative follow-up time was reported in 47%
(89/189) cases, and data was lost in 26.5% (50/189)
cases, the mean follow-up time was 16 months (WA).
Detailed follow-up results were obtained in 61.9%
(117/189) of the cases, disease free survival rate was
93.2% (109/117). Since the follow-up time corresponding
to disease free survival is median or missing, the time for
disease free survival is not summarized. 74.1% (140/189)
of cases reported the survival situation in detail, 8.6%
(12/140) of cases died during follow-up. Death due to
tumor recurrence and metastasis, cardiovascular and
cerebrovascular disease, liver failure were 5.7% (8/140),
2.1% (3/140) and 0.7% (1/140), respectively. The 1-year
overall survival rate was 84.5%.

4. Discussion
4.1. Development history

The first case of LRRHcca in Mainland China was
reported by Professor Liu (6) in 2003. Since this article
lacks English abstract, it is not included in this study.
This article reported a case of hilar cholangiocarcinoma,
who underwent hemi-hepatectomy without caudate lobe
resection and extrahepatic bile duct resection. A negative
margin of bile duct incision was achieved. In 2008,
Chen et al. (20) conducted LRRHcca for 4 patients. All
4 patients underwent extrahepatic bile duct resection
combined with partial hepatic hilar resection, but did
not undergo extensive hepatectomy with caudate lobe
resection. These indicate that laparoscopic techniques
were feasible for the resection of hilar bile duct tumors,
hilar lymph node dissection, and biliary reconstruction.
After 2012, the series of LRRHcca articles gradually
increased (9,/1,21). In recent years, LRRHcca has
developed very rapidly in Mainland China. The number
of articles in 2019 was 1.6 times the total from 2010
to 2018, and the number of cases reported in 2019 was
2.1 times the number from 2010 to 2018. Although
this failed to represent the annual LRRHcca operation
volume, it suggested that LRRHcca has gradually
become a hot spot for hepatobiliary surgeons. More and
more minimally invasive hepatobiliary centers have
begun to try this operation.

4.2. Technical aspects

Radical surgery for hilar cholangiocarcinoma requires
extensive hepatectomy including combined caudate lobe
resection, thorough lymph node dissection, and difficult
bile-enteric anastomosis techniques to ensure adequate
margins. This is technically difficult even in traditional
open surgery. The development of LRRHcca represents
the development of laparoscopic techniques. In recent
years, the accumulated experience of laparoscopic liver

resection, laparoscopic radical gastrectomy, laparoscopic
pancreaticoduodenectomy, and other complex
operations laid a solid foundation in technical aspects
for exploring LRRHcca. Currently, laparoscopic caudate
lobe resection, high bile-gut anastomosis, and thorough
lymph node dissection have become routine and mature
techniques in many China Mainland laparoscopic
centers. This will inevitably lead to the exploration and
development of LRRHcca. However, for cases requiring
vascular resection and reconstruction, laparoscopy is
not recommended. Even if successful cases of portal
vein resection and reconstruction under laparoscopy
were reported, open surgery is still recommended to
ensure the safety of the operation. Only 3 (1.6%) of
the 189 patients underwent portal vein resection and
reconstruction (/2,74), and none underwent hepatic
artery resection and reconstruction. Preoperative CT,
MRCP and 3D imaging results were used to determine
the location, size and invasion range of the tumors.
Preliminary judgment of resectability can be achieved
by preoperative examination while final judgment can
only be confirmed through intraoperative exploration.
Although vascular resection and reconstruction is
feasible during laparoscopic pancreatoduodenectomy
(LPD), which has good operating space and stump
angle, it is extremely difficult and risky for LRRHcca,
which has limited vascular angle and operating space.
Among 189 cases, Bismuth-I type accounted for 41.8%,
Bismuth-II type accounted for 22.8%, Bismuth-III type
accounted for 24.3%, and Bismuth-IV type accounted
for 11.1%. Since difficulty of operation is dramatically
increased for cases of Bismuth III and IV, surgeons are
recommended to explore LRRHcca starting from cases
of Bismuth-I and II.

4.3. Perioperative safety

Although the data regarding the average operation time,
average blood loss and postoperative complication
rate in this article suggest that LLRHcca in Mainland
China is safe and reliable, these retrospective studies
probably have selection bias of data reporting. Based
on the recently published data from our center (/3), the
average postoperative hospital stay was 23 days, and the
Clavien-Dindo > 3 rate was 35%. More clinical research
is needed to further confirm safety and prognosis of
LRRHcca.

4.4. Oncology efficacy

The statistical data in this study showed that the RO rate
of LRRHcca in Mainland China was 95.2%, suggesting
that laparoscopy is associated with a better RO rate. The
positive rate of resection margin directly affects the
prognosis of patients (22). Hepatectomy was performed
in 43.2% (60/139) of the patients that described the
specific surgical method, and less than half of the patients
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underwent liver resection to achieve a rate of nearly
100% RO. Since Bismuth-I type and Bismuth-II type
accounted for a total of 64.6% of the patients, most of
these two types of patients can achieve curative resection
after bile duct resection. In the initial stage of LRRHcca,
the surgeon will tend to choose cases of Bismuth-I
and Bismuth-II. Compared with the 1-year overall
survival data of open radical hilar cholangiocarcinoma
in Mainland China (23), the postoperative efficacy of
LLRHcca is not significantly different from that of open
surgery (71.1%).

5. Conclusions

The data in this paper indicates that laparoscopic
radical hilar cholangiocarcinoma is safe and feasible
in experienced hands after careful selection of HCCA
cases. Surgeons with enough experience in laparoscopic
operations and sophisticated skills are encouraged to
explore this challenging operation. The clinical value of
this operation will be verified by high-quality clinical
trials in the future.
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SUMMARY

Japan has observed a surge in the number of confirmed cases of the coronavirus disease (COVID-19)
that has caused a serious impact on the society especially after the declaration of the state of
emergency on April 7, 2020. This study analyzes the real time data from March 1 to April 22, 2020
by adopting a sophisticated statistical modeling based on the state space model combined with the
well-known susceptible-infected-recovered (SIR) model. The model estimation and forecasting are
conducted using the Bayesian methodology. The present study provides the parameter estimates of
the unknown parameters that critically determine the epidemic process derived from the SIR model
and prediction of the future transition of the infectious proportion including the size and timing of
the epidemic peak with the prediction intervals that naturally accounts for the uncertainty. Even
though the epidemic appears to be settling down during this intervention period, the prediction
results under various scenarios using the data up to May 18 reveal that the temporary reduction in
the infection rate would still result in a delayed the epidemic peak unless the long-term reproduction

number is controlled.

Keywords COVID-19, epidemic peak, SIR model

1. Introduction

Since the first case of the coronavirus disease 2019
(COVID-19) in Japan was confirmed on January
15, 2020, the number of confirmed cases has been
increasing day by day. Although the Japanese
government declared a state of emergency on April
7, it does not have a legal force to regulate individual
activities and remains at only requesting the avoidance
of outings. Although the spread of the epidemic seems
to have slowed down, one still needs to remain cautious.
Needless to say, Japanese economy has been seriously
shocked and the public interest mainly lies on how the
number of infected persons transits in the future and
when the outbreak will converge. Although there already
exists a rapidly increasing number of statistical analyses
of the epidemic, the statistical evidence focusing on
the situations in Japan is still limited except for (/-
3). Therefore, the purpose of this study is to provide a
statistical evidence regarding the future transition of the
infectious proportion in Japan, including the intensity
and timing of the epidemic peak, based on the real-time
data on the cumulative number of confirmed, recovered
and deceased persons, shown in Figure 1. Specifically,

the observations up to about two weeks after the state
was declared (left panel of Figure 1) is first used to
prediction under the various scenarios for the effect and
length of the intervention. Then using the extended data
that includes more recent observations (right panel of
Figure 1), the prediction results are validated.

We consider the famous susceptible-infected-
recovered (SIR) model (4) for modeling the epidemic
process as widely adopted in the existing literature
on COVID-19. However, this deterministic model is
not necessarily sufficient to explain the variability of
the transition since the observed number is subject to
nonignorable randomness. To handle such randomness
in the data, we employ the state spate models combined
with the SIR model (SS-SIR model) developed by
(3,6). The model was originally proposed for statistical
modeling of the seasonal trend of influenza. The
advantages of the SS-SIR model are mainly three points;
(7) the unknown parameters in the SIR model can be
estimated with little knowledge about the true values
by adequately using the data information; (if) future
prediction of a variety of quantities such as the number
of infections or the epidemic peak as well as uncertainty
quantification of the prediction can be carried out easily;
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Figure 1. The cumulative numbers of confirmed, recovered and deceased persons in Japan from March 1, 2020 to April 22 (left) and to May

18 (right).

(iif) whether the real-time data follows the assumed SIR
model or not can be assessed through the parameter
estimate; (iv) the effect of the intervention can be
estimated by appropriately extending the model. These
advantages are quite essential because (i) information
required for modeling the epidemic trend of a new virus
is scarce, (ii) it is important to compute not only point
prediction but also interval prediction to understand the
possible worst and best scenarios of future transition, and
(iif) understanding if the real-time data actually follows
the SIR model is critical for the reliability of future
simulations based on the SIR model.

2. Methods
2.1. Data

We use the numbers of confirmed, recovered and
deceased persons collected on an open source platform
(https://www.kaggle.com/lisphilar/covidl9-dataset-in-
Jjapan). Although the original data starts from February
6, the numbers before the end of February are treated
collectively. This is because the confirmed numbers
in this period are relatively small and using the data
from March 2020 would be useful to reliably predict
the future numbers of infectious persons after May
2020. Hence, the period of the data used in our analysis
consists of 7= 53 days from March 1 to April 22. We
use the difference between the cumulative numbers of
confirmed persons and recovered plus deceased persons,
denoted by Z(¢) for =1, ... , T, which can be interpreted
as the number of confirmed persons being infectious.
It is further assumed that only p (0 < p < 1) fraction of
infectious individuals can be identified by diagnosis,
which is called identification rate hereafter. Then we
define Y(¢) as Z(f) = Np x Y(t) where N = 1.265 x 10° is
the population of Japan, thereby Y(7) is the proportion
of the infectious population at time ¢. Regarding the
specific values of p, we follow the discussion in (7).
Since (7) reported that 77 persons were confirmed
among the possible 940 infected population, the 95%
confidence interval of p is (0.059, 0.105). Based on this
argument, the results under the following three scenarios

p=0.05,0.1 and 0.2 are compared.
2.2. Statistical model

Here the model proposed by (6) is described. Let S(z),
I(¢) and R(?) denote the proportions of individuals being
susceptible, infected and recovered population at the time
t, respectively, satisfying S(7) + 1(z) + R(f) = 1. The SIR
model describes the epidemic over time via the nonlinear
ordinary differential equations (ODE) given by

S'(0) = -pSOI),
1'(0) = pSOI) - yI(0), (D
R(®) =y1(0),

where the unknown infection rate > 0 and removal rate
y > 0 control the transition from one compartment to the
next and jointly determine the epidemic process. Let 6(¢)
= (8(9), I(¥), R(¢)) define the three-dimensional vector of
the unobserved true proportion at the time ¢. To allow
randomness in the evolution of 6(f), the following model
is considered:

0(0)|0(¢-1) ~ Dir(xf(0(t-1); B, p), t=1,...,T, (2)

where Dir(+) denotes the Dirichlet distribution, f{0(¢-1);
£, ) is the solution of the deterministic SIR model Eq.(1)
starting the ODE at #(¢-1) and x > 0 is the unknown
parameter controlling the randomness in the evolution.
In the above model, the conditional expectation of 6(¢)
given the previous state O(z-1) is f6(¢-1); f, v), so the
distribution of #(¢) is centered around the deterministic
model Eq.(1). It is noted that the conditional variance
of 6(¢) decreases as « increases, thus the validity of the
assumption of the deterministic model Eq.(1) can be
verified through the estimate of .

Let Y(?) be the observed value of /(¢). Since Y(f) is not
necessarily equal to the true /(£), Y(¢) is observed based
on the following probabilistic model:

YO)I(t) ~ BetaQ(t), }(1-I))), t=1,...,T, (3)

where Beta(-,") denotes the Beta distribution and 4
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> 0 is an unknown parameter having a similar role
to x in Eq.(2). The statistical model for Y(¢) with the
combination of Eq.(2) and (3) is seen as a state space
model.

The unknown parameters in the model are the two
parameters S and y in the SIR model and two scale
parameters x and A that control the randomness in the
two equations Eq.(2) and (3). The estimation of these
parameters and future prediction is conducted within
the Bayesian framework in which we assign prior
distributions for these parameters and compute the
posterior distribution via the Bayes rule. Due to the
complexity of the model, the analytical derivation of the
posterior distribution is not feasible. Instead, we rely on
the simulation-based method known as Markov Chain
Monte Carlo (MCMC) algorithm (8) to generate random
numbers from the posterior distribution. Then the
parameter estimates are calculated and future prediction
is carried out based on the output of the MCMC
algorithm.

Regarding the prior distributions, we assign slightly
non-informative priors to reflect the uncertainty about the
new epidemic and let the data tell the truth adequately.
The details of the settings of the prior distributions and
algorithm are provided in Supplementary Material (http.//
www.biosciencetrends.com/action/getSupplementalData.
php?ID=67).

3. Results

3.1. Prediction of epidemic peak

The SS-SIR model is applied to the Japanese data with
the three identification rates p. First, we found that the
estimates of the precision parameters x and 4 are very
large. For example, the point estimates are 7 =1.76 x
10° and x = 3.00 x 10° for p = 0.1 indicating that the
deterministic SIR model explains the transition of the
real-time data well. Table 1 reports the estimates and
95% credible intervals of the representative parameters.
Under the three settings for p, the point estimates of S
are between 0.20 and 0.25 and those of y are between
0.13 and 0.17. The estimates of the basic reproduction
number R, are between 1.42 and 1.49. For p = 0.1, for
example, the 95% credible interval of R, is (1.20-1.65).
The estimates of PI and PT appear to vary depending
on the identification rate. Figure 2 reports the future
predictions of the proportion of the infectious proportion
under the three identification rates. The figure allows
us to easily understand the degree of uncertainty in
prediction, and worst and best scenarios for the future
epidemic process through the interval prediction. It
is seen that the predicted timing of the epidemic peak
and peak intensity depend on the identification rate
through the differences in the estimates of PT and PI.
Specifically, the point predictions of the trajectory of
the infectious proportion have the timing of the peak
on July 19, July 21 and August 1 with the intensities
and 95% prediction intervals of 3.84% (1.23%-7.37%),
2.60% (0.42%-6.40%) and 2.25% (0.19%-6.14%) for
p =0.05, 0.1 and 0.2, respectively. The sensitivity of
prediction results with respect to p was also found in
(1), but that under our setting of p is far less dramatic.
Moreover, all the scenarios predict that the epidemic

Table 1. Estimates and 95% credible intervals of parameters of the SS-SIR model under the three identification rates p.

Estimate (95% interval)

p=0.1 p=02

Parameter Description p=0.05
s Infection rate 0.20 (0.12- 0.32)
y Removal rate 0.13 (0.07 - 0.24)
R, (=p/)  Basic reproduction number 1.49 (1.30 - 1.70)
PT Peak timing 156 (105 - 249)
PI (%) Peak intensity 4.55(1.86 - 7.92)

0.25 (0.13 - 0.47)
0.17 (0.09 - 0.39)
1.42 (1.20 - 1.65)
151 (96 - 255)
3.46 (0.77 - 7.20)

0.25 (0.14 - 0.53)
0.17 (0.09 - 0.44)
1.42 (1.19 - 1.65)
160 (97 - 261)
3.34(0.68 - 7.22)

p=0.05
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Figure 2. Results of the prediction of the proportion of the infectious population with p = 0.05 (left), 0.1 (center) and 0.2 (right). The

observed data points {¥(7), 7= 1, ..., T} are shown by the black circles.
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peak comes during the summer 2020. This result is also
consistent with (/).

3.2. Effect of intervention

On April 7, 2020, the Japanese government declared a
state of emergency aiming at reducing human contacts
by 80%, which is considered to be sufficient to terminate
the epidemic. However, the government reports that the
actual reduction is still limited to around 60% or 70%
(https://corona.go.jp), mainly because the state does not
have a legal force to regulate individual activities. Also,
the Japanese government was initially planning to lift the
state on May 6, but the public concern lay on whether
such a short period of the state of emergency is sufficient
or not.

Through simulation, we here assess the efficacy of
further intervention and public awareness on mitigating
the infection risk under various scenarios. Specifically,
we consider various settings for the degrees of reduction
in human contacts that are achieved by the government
during the intervention and by the public awareness
after the intervention, and the period of intervention
denoted by 7°, under the state of emergency and predict
the future epidemic transitions. Here, we focus on p
= 0.1. The results under p = 0.05 and 0.2 are found in
Supplementary Material (http://www.biosciencetrends.
com/action/getSupplementalData.php?ID=67). 1t is
recognized that the realization of the effect of reducing
human contacts takes about two weeks since the
incubation period of COVID-19 is at most 2 weeks as
reported by World Health Organization. Since April 22,
the last date in the real-time data, is almost two weeks
after the declaration of the state of emergency, we
assume that the infection rate changes from £ to ¢f from
April 23. For the degree of reduction in human contacts,
the following six scenarios are considered: ¢ = 0.6, 0.5,
0.4, 0.3, 0.2 and 0.1 If 80% reduction of human contacts
was achieved, the reality would have corresponded to ¢ =
0.2 or 0.1. In view of the current situation, however, ¢ =
0.4 or 0.3 would be closer to the reality. We also suppose
that the intervention will continue for 7° days from April
23 with the three scenarios, 7' = 14, 28 and 45. Note that
7" = 14 corresponds to May 6 on which the government
was initially planning to lift the state. The other two dates
to respectively correspond to the two-week and one-
month extension of the intervention that continue until
May 20 and June 6, respectively. We further suppose
that the infection rate becomes ¢* after the intervention
period with the three scenarios: ¢ = 1, 0.9 and 0.8. The
first scenario implies that the level of human mobility
after the intervention returns to the original level before
the intervention. The latter two scenario can reflect the
remaining strain in the public awareness on mitigating
the spread of infection through, for example, voluntary
avoidance of outings and social distancing.

Figure 3 presents the nine panels on the future

prediction under the combinations of the three scenarios
of each 7" and ¢". Comparing the different scenarios of
T", the figure reveals that setting c to smaller values is
effective only when it is combined with larger 7". For
example, the left upper panel of Figure 3 exhibits little
differences among the six choices of ¢ when ¢* = 1 and
T" = 14. Contrary, the small values of ¢ such as ¢ = 0.2
with 7" = 28 and 45 can lead to a convergence of the
epidemic. Under ¢ = 0.2 and ¢* = 1, the epidemic can be
terminated in terms of point prediction when 7" = 45,
while the epidemic peak belatedly comes on September 3,
2020 with 2.2% of the peak intensity when 7" = 14. The
result suggests that the termination of the intervention
due to the initial plan of lifting the state of emergency on
May 6 would have been too early and only resulted in a
slight delay in the epidemic peak and a slight reduction
in the peak intensity.

The degree of reduction in f after the intervention,
¢, also has a dramatic effect on the consequence of
the epidemic. The upper panels of Figure 3 show that
the efficacy of the temporary reduction in § under the
intervention can be quite limited if f returns to the
original level after the intervention. In contrast, if at least
20% reduction in f can be achieved for a sufficiently
long period of time after the intervention, the epidemic
can be effectively suppressed. In the case of ¢* = 0.9,
for example, the peak intensity is more than halved to
1.11% with the peak on September 13 even under the
mild degree of intervention for a short period of time (¢
= 0.6 and 7" = 14). When a longer intervention 7° = 45
is carried out, the peak is further delayed to November
11 with 0.81% of the peak intensity. Furthermore, in the
case of ¢* = 0.8, the figure shows the epidemic is almost
completely suppressed in terms of point prediction
regardless of the degree of intervention and length of
intervention period. This would be because that the
infectious proportion decreases during the intervention
and the reproduction number under ¢* = 0.8 remains
close to one even after the intervention. To summarize,
our results show that not only the degree of reduction in
§ during the intervention but also and more importantly
the length of intervention and the long-term level of S
after the intervention is critical to control the spread of
the epidemic.

Figure 4 presents a more detailed picture of the
prediction results around the dates indicated by 7"
The figure shows that there are scenarios under which
the proportion of the infectious population comes to
increase again as the infection rate changes from cf to ¢".
Whether there will be another wave generally depends
on the combination of ¢, 7" and ¢*, but there most likely
would have been to see a rise in the infectious proportion
in the case of 7" = 14. In the figure, the more recent
observations between April 23 and May 18 are also
plotted. The figure shows that the predicted trajectories
do not seem to follow well the stationary and reduction
in the infectious proportion due to the sudden change
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in the infection rate under the scenarios. It seems that
the decline in the trajectories in the case of ¢ = 0.6
appear to resemble the actual rate at which the observed
infectious proportion decreased. In the following section,
a modified model is estimated using an extended dataset
to validate our prediction method.

3.3. Validating the prediction results

As requested by one of the reviewers, the dataset is
updated to include more recent observations. Given
that the unsettled epidemic situation, the Japanese
government has decided to postpone the lifting of the
state until the end of May (7' = 79). On May 14, the

state was partially lifted for the 39 prefectures among
out of where the situation is somewhat milder. For the
remaining 8 prefectures, the government is planning
to lift the state by the end of May. Using the updated
dataset, the effect of the intervention can be estimated
based on a modified version of the model Eq.(2) and the
foregoing prediction results can be validated. Based on
the current plan of the government, the infection rate
is assumed to become c¢f, 0 < ¢ < 1, from April 23 as in
Section 3.2, but now c is estimated from the data. The
estimate of ¢ stands for the effect of the intervention
under the state of emergency.

For p = 0.1, the point estimate of ¢ is 0.583 with the
95% credible interval (0.307-0.787). Therefore, this
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Figure 3. Future prediction under the nine combinations of 7* (the period of the intervention) and ¢* (the multiplier for # after the
intervention) for p = 0.1. The red, black and grey curves respectively represent the future point prediction without intervention shown in Figure 2,
point prediction under each scenario and upper bounds of the 95% prediction intervals. The black circles represent the observed data points. The
grey vertical lines indicate the dates on which there is a change in the infection rate represented by c*.
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Figure 4. Details Figure 3. around the dates on which the infection rate changes according to c¢*. The curves represent the future point
prediction. The black circles are the observed data points up to April 22 and white circles are the observed data points additionally obtained after

April 22 up to May 18. The grey vertical lines indicate the dates on which there is a change in the infection rate represented by c*.

estimate is consistent with the conjecture in Section 3.2
that the actual reduction in human contact under the
intervention is by about 40%. The estimate for R, is 1.482
(1.273-1.723). Our estimate for R, remains unchanged
even when the data include more recent observations.
The estimate of the effective reproduction number cR,
during the intervention period is 0.854 (0.495-1.091).
Although the upper bound of the 95% credible interval
of cR, slightly exceeds one, the posterior distribution
is concentrated mainly below one, implying that the
epidemic would progress towards convergence if the
value of ¢ continues to remain around our estimate. Some
more details are found in Supplementary Material (http://
www.biosciencetrends.com/action/getSupplementalData.
php?ID=67).

As in Section 3.2, the future trajectories of the
infectious proportion are simulated under the following
scenarios. The infection rate remains to be ¢f until
7" days from May 18 where 7" = 13, 27, 43 and 74,
corresponding to May 31, June 14, June 30 and July
31. Then it becomes ¢*f with ¢*= 1,0.9 and 0.8 after
the intervention period. Figure 5 presents the predicted
infectious proportions under the various scenarios.
Similar to Figure 3, a smaller ¢* combined with a larger
7" will suppress the epidemic. While the estimate of
¢” implies that the intervention is successful to some
extent, the prediction results suggest the possibilities
of a second wave in the case of, for example, ¢*= 1
and 7" = 13. Finally, Figure 6 provides a more detailed
picture of Figure 5 around the dates indicated by 7°. It
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Figure 5. Future prediction under the combinations of 7* (the
period of the intervention) and ¢* (the multiplier for f after the
intervention) for p = 0.1 using the extended dataset. The black and
grey curves respectively represent the future point prediction under
each scenario and upper bounds of the 95% prediction intervals. The
grey vertical lines indicate the dates on which there is a change in the
infection rate represented by c*.

is seen that the infectious proportions are successfully
suppressed until the day on which ¢ changes to ¢*. The
rate at which the infectious proportions decline naturally
follows that at which the observed proportions decline.
As in the previous analysis, the infectious proportions
are most likely predicted to rise again after those change
points. Since a further extension of the intervention does
not seem very feasible under the recent decline in the
newly confirmed cases and the public pressure caused
by the economic crisis, controlling the post-intervention
infection rate represented by c” is critical as in the
previous prediction results.

4. Discussion

In this research, we have employed the probabilistic
version of the famous SIR model, called SS-SIR
model, to model the real-time data on the infectious
population of COVID-19 in Japan. The advantage of
the SS-SIR model is that we can obtain not only future
point prediction but also uncertainty quantification
through, for example, the future prediction intervals.
The basic reproduction number R, is estimated to be
approximately between 1.4 and 1.5 in this study. This
is smaller than the estimate of 2.6 in (/) obtained from
the SEIR model applied to the early stage data in Japan.
Note, however, that (/) did not estimate the removal
rate and onset rate but fixed their values to those found
in the existing studies. We also confirmed that the
estimate of R, remains unchanged even when the model
is estimated by using the extended dataset. Moreover,
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Figure 6. Details Figure 5 around the dates on which the infection
rate changes according to ¢’. The black and grey curves respectively
represent the future point prediction and 95% prediction intervals. The
black circles represent the observed data points along with the 95%
credible intervals. The grey vertical lines indicate the dates on which
there is a change in the infection rate represented by c*.

our estimate in the case of Japan is also smaller than
those reported from the case studies in China (9-14).
Our result may have reflected the fact that the number
of cases in Japan does not increase as rapidly as other
countries (15).

Through the future prediction under the various
scenarios on the possible reduction in the infection rate
f and the length of the intervention period, we have
obtained the following epidemiological insights:

* Even if a large reduction in the infection rate could
be achieved during the intervention period (e.g. the state
of emergency), the convergence of the epidemic can still
depend on the long-term value of the infection rate ¢’/
after the intervention.

* As long as the value of ¢*f can be maintained to
be slightly smaller even after the intervention period
than the value of § before the intervention (¢ < 1),
there is a possibility that the epidemic terminates with a
significantly smaller epidemic size than the case without
intervention.

e Using the extended dataset, the effect of
intervention under the state is about 40% reduction in
the infection rate.

These findings confirm that the intervention under
the state of emergency and its extension has been
successful to suppress the epidemic to some extent.
Under the public pressure, the government will most
likely lift the state for all prefectures by the end of
May. Our findings suggest that a long-term effort to
control the infection as indicated by the parameter ¢” is
indispensable.
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SUMMARY

Keywords

In China, Voluntary HIV Counseling and Testing (VCT) services are mostly provided by Civil Society
Organizations (CSOs). This cross-sectional study investigated the association between CSOs' social
capital and VCT service availability in eight Chinese provinces during July—-December 2015. Data
on CSOs' characteristics were collected through questionnaire-based interviews. Social capital was
measured using a purpose-developed questionnaire. Logistic regression models tested the association
between social capital and the scale of VCT services. A total of 103 CSOs that provided VCT to MSM
(MSM-focused CSOs), and 109 CSOs that provided such service to non-MSM population (other
CSOs) were included. Overall, 144 (67.9%) CSOs were not registered with local governments, while
106 (50%) received RMB 50,000 ($7,670) funding in 2014. Multivariate logistic regression analysis
indicated that the CSOs with a higher level of shared vision were more likely to provide a large-scale
of VCT service than those with a lower level of shared vision (AOR = 1.95). Moreover, intra-networks
were positively associated with the VCT service (AOR = 2.87) among other CSOs, while the level
of shared vision was positively associated with the VCT service (AOR = 3.08) among other-MSM-
focused CSOs. There was no significant association between social capital and total service scale.
Our findings suggest that increasing social capital can potentially enhance VCT service and play an
important role in AIDS prevention.

HIV/AIDS, Civil Society Organizations, Social Capital, Voluntary Counseling and Testing service,

China

1. Introduction

Voluntary HIV counseling and testing (VCT) are
important diagnostic services for early detection and
treatment for people living with HIV (PLWH) and
for implementing HIV/AIDS prevention and control
strategies (/). Over the past decade, VCT services have
played an important role in the management of the
HIV/AIDS epidemic (2). Since the detection strategy
expansion in 2004, the detection rate and number of new
diagnoses has been increasing substantially. However, in
China, approximately one third of HIV infected people
have not yet been diagnosed (3-7). These undiagnosed
individuals are not only the main source of infection
for the spread of the disease, but owing to the lack of
diagnosis, they may miss the appropriate time at which
treatment should be administered. Previous studies
have focused on individual factors associated with
willingness or acceptance rates of HIV interventions (8,

9), while only a few studies have addressed the VCT
service utilization from the perspective of social capital,
especially social capital of Civil Society Organizations
(CSOs). From a public health perspective, this study
hopes to provide information on other diseases or
subsequent evaluation through a retrospective analysis of
data.

Currently, the mode through which AIDS spreads
in China is not evident. With the rapid development of
Internet technology and wide use of social software,
the risk factors of HIV transmission are increasing. The
latest report on AIDS epidemic in China showed that
71.1% and 22.7% of the 41,351 new HIV cases occurred
through heterosexual and homosexual transmission,
respectively, in the third quarter of 2018 (/0). These data
indicate that the VCT services in China need to target
men who have sex with men (MSM), commercial sex
workers (CSWs), and other hard-to-reach populations
(11). Often these groups are not socially accepted
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and VCT services do not reach them. Aware of this
problem, the Chinese authorities have launched CSOs
that promote HIV/AIDS intervention strategies. Non-
governmental, not-for-profit, voluntary entities formed
by volunteers work independently from the state and
market, representing a separate set of interests and ties.
These CSOs are a conglomerate of community-based
organizations (CBOs), scientific research institutions
or universities, governmental and non-governmental
organizations, and grassroots organizations. The
number of CSOs specifically dedicated to HIV/AIDS
has increased from 0 in 1988 to more than 700 in 2019.
CSOs provide all advantages of easy access to high-risk
behavior groups and those infected with HIV/AIDS. The
currently existing CSOs are involved in nearly all aspects
of HIV/AIDS prevention, treatment, and care, attracting
attention on research focused on capacity building and
effective management (/2-7/4). They also improve
their working ability constantly and play an important
auxiliary role. Therefore, CSOs are an indispensable
force and an important complement to the AIDS
prevention and control team. However, few previous
studies have examined the organizational social capital,
such as VCT service, which may improve the success
rate of the HIV/AIDS management strategy.

In recent years, social capital has gained a great
amount of attention in public health, although there has
been very little consensus on its definition. Understood
as "features of social organization, such as networks,
norms, and trust, which facilitate coordination and
cooperation for mutual benefit" (/5), social capital
can be an individual or a collective asset stored
within relationships among individuals, groups, or
organizations. Furthermore, social capital might be
an important factor in eradicating HIV/AIDS. Studies
have explored and discussed the association between
social capital and individual knowledge, attitude, or
behavior (/6-19). However, few investigations on the
effect of social capital of CSOs on HIV/AIDS have been
conducted.

In this study, we adopted a perspective of structural,
relational, and cognitive on organizational social capital
described by Ghoshal as our operational definition
(20,21). Questionnaires were designed to measure
the intra-organizational social capital, which present
members' interactions and relationships within the CSOs.
Structural social capital within CSOs refers to social
interaction ties; relational social capital includes assets
that are rooted in these relationships, such as trust and
support, and cognitive social capital is embodied in
attributes like a shared code or a shared paradigm that
facilitates a common understanding of collective goals.
Within the context of this definition, we hypothesized
that social capital is positively associated with the VCT
service offered by the CSOs.

2. Materials and Methods

2.1. Ethics statement

Ethical approval for the study was obtained from
the Biomedical Ethics Committee, Anhui Medical
University (Approval No. 20131235).

2.2. Study sites, participants, and procedure

According to the Classification Criteria of AIDS
Epidemic Level in China (22), the AIDS epidemic is
currently distributed in 12 T Type provinces, 14 II Type
province, and 5 III Type provinces, representing 38.71%,
45.16%, and 16.13% of the country, respectively. Based
on the epidemic status and geographic distribution of
HIV/AIDS, the sample size is allocated according to the
ratio. We selected eight provinces: Hunan, Sichuan, and
Yunnan (high epidemic areas); Anhui, Hubei, Shandong,
and Jilin (medium epidemic areas); Gansu (low
epidemic areas). Inclusion criteria for the CSOs were
(7) organizations listed as social organizations working
on HIV/AIDS, and (ii) they have existed for 1 year or
longer. Following the methodology described by Tsai
and Ghoshal, we collected data through a questionnaire-
based survey. We sampled 1-3 members of each CSO,
who were key informants for this CSO. To be eligible
for inclusion, these members had to meet the following
criteria: (i) occupy director/manager-level post, and (if)
having worked at that organization for 1 year or longer.

Cross-sectional surveys were conducted in the
selected provinces between July and December 2015.
Respondents were asked to sign consent forms ahead of
the interview. Information on the survey was explained
to the interviewee before trained investigators from the
Anhui Medical University collected survey responses
through a face-to-face interview. Data were collected on
the basic information, VCT service scale, total service
scale, and social capital of the CSO. The collective level
of the variable was defined by respondent who is the
director of the CSO or the mean value of 2-3 respondents
accordingly.

2.3. CSOs' basic information

Based on literature review (/2), we collected basic
information regarding the participating CSOs, which
includes factors that might be related to the VCT
service. These factors are shown in Table 1.

2.4. VCT service and total service scale

The VCT services offered by the CSOs were measured
according to the following criteria: (i) VCT sites
were government-based, for example, established
within municipal Centers for Disease Prevention and
Control (CDC), and the service users chose to get
tested introduced and encouraged by the CSOs, and (ii)
the CSOs provided VCT services independently, for
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Table 1. Basic characteristics and intra-organizational social capital level among study CSOs n (%)

Items Overall (n=212) MSM-focused CSOs (n = 103) Other CSOs (n = 109) X P

Number of core staff 11.30 <0.001”
<3 47 (22.2) 14 (13.6) 33(30.3)
3-5 113 (53.3) 56 (54.4) 57 (52.3)
>5 52 (24.5) 33 (32.0) 19 (17.4)

Funding (Dollar) 1.39 0.50
<3,068 53 (25.0) 23 (22.3) 30 (27.5)
3,068-18,408 106 (50.0) 51(49.5) 55(50.5)
> 18,408 53 (25.0) 29 (28.2) 24 (22.0)

HIV/AIDS service year 7.44 0.02°
<5 70 (33.0) 26 (25.2) 44 (40.4)
5-9 98 (46.2) 57 (55.3) 41 (37.6)
>9 44 (20.8) 20 (19.4) 24 (22.0)

Registration 5.50 0.02°
No 136 (64.2) 59 (57.3) 77 (70.6)
Yes 76 (35.8) 44 (42.7) 32(294)

AIDS epidemic situation 14.02 <0.001”
Low 24 (11.3) 8(7.8) 16 (14.7)
Middle 84 (39.6) 54 (52.4) 30 (27.5)
High 104 (49.8) 41 (39.8) 63 (57.8)

Net-works 1.59 0.21
Low 100 (47.2) 44 (42.7) 56 (51.4)
High 112 (52.8) 59 (57.3) 53 (48.6)

Trust 1.09 0.30
Low 87 (41.0) 46 (44.7) 41 (37.6)
High 125 (59.0) 57 (55.3) 68 (62.4)

Support 0.22 0.64
Low 92 (43.4) 43 (41.7) 49 (45.0)
High 120 (56.6) 60 (58.3) 60 (55.0)

Shared vision 0.53 0.47
Low 96 (45.3) 44 (42.7) 52 (47.7)
High 116 (54.7) 59 (57.3) 57 (52.3)

'p<0.05; "p<0.001.

example, setting up a small room to provide counseling
and testing with strict adherence to guidelines. The scale
of the VCT services provided by CSOs was measured
with a question: How many people among your service
users have received VCT during the past year? The total
service scale was measured with a question: How many
people from the target population did your organization
provide HIV/AIDS service to in the past year?

2.5. Key elements of social capital

Based on classic research on organizational social
capital within firms (2/) and our previous research (23-
25), we considered four dimensions of social capital
in this study: networks, trust, support, and shared
vision. The networks dimension assessed the members'
interaction within the organization. The trust dimension
referred to members' trust and trustworthiness in the
organization. The support dimension represented how
well the members could help each other. Shared vision
captured the common understanding of collective goals
and proper ways of acting within the organization. Key
members were asked to describe the level to which they
agreed with the description of each item on a 5-point
response scale. The social capital questionnaire is
reported in an appendix.

2.6. Data analysis

The continuous variables constituting CSO basic
information, including the number of core staff, amount
of funding, and duration of HIV/AIDS service were
transformed into ordinal variables, using the upper
and lower quartiles as cutoff points. Quantitative data
about the VCT service and number of service users
were collected from the key informants. To evaluate
the association between VCT service characteristics
and social capital, the level of VCT service and number
of service users were converted into binary variables.
The median was used as the cutoff point to define a
high level of VCT service (= 200) vs. low level of VCT
service (< 200), as well as high number of service users
(= 600) vs. low number of service users (< 600).

Cronbach's a values were calculated to estimate the
reliability of the social capital scale. The social capital
of CSOs was measured by a component score of each
dimension, using factor analysis. It was grouped into
a binary variable and the mean component score was
used as the cutoff point between high social capital
(component score > 0) vs. low social capital (component
score < 0) (24).

All data were manually entered into Epidata
3.0 software, crosschecked, and verified by trained
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staff. Separate analyses were performed on MSM-
focused CSOs and other CSOs. A descriptive analysis
was performed, and the results were expressed as
frequencies and percentages; differences between
groups were tested with the X* test and Fisher's exact
test. Multivariate logistic regression models were
used to calculate odds ratios (ORs) and corresponding
95% confidence intervals (Cls), which measured the
association between VCT service scale (high level of
VCT service vs. low level of VCT service ) and total
service scale (high number of service users vs. low
number of service users), adjusted for the following
potential confounders: core staff size, funding, HIV/
AIDS service year, registration state, and district status
of the HIV/AIDS epidemic. IBM SPSS Statistics
23.0 was used for all statistical analyses (SPSS Inc.,
Chicago, IL).

3. Results
3.1. Descriptive statistics

A convenience sample of 327 individuals (key
informants) from 212 organizations was selected for this
study, including 61 individuals from 28 organizations
in Sichuan, 103 individuals from 63 organizations
in Yunnan, 39 individuals from 30 organizations in
Anhui, 22 individuals from 13 organizations in Hubei,
21 individuals from 16 organizations in Shandong,
34 individuals from 25 organizations in Jilin, and 34
individuals from 24 organizations in Gansu. According
to the National HIV/syphilis/HCV sentinel surveillance
report in 2018 (26), sexual transmission accounted for
95% of the annual newly reported infections, and sexual
contact between men and men was the main mode of
transmission. According to the different service objects
of CSOs, is divided into two orientations: included
MSM and excluded MSM. The total of 212 CSOs
included 103 (48.6%) MSM-focused and 109 (51.4%)
other organizations (Table 1). The median received
funding was RMB 50,000 (equivalent to $7,670)
(interquartile range RMB20,000-120,000 [equivalent
to $3,068-18,408]). Nearly half of the included CSOs
had two or fewer core staff. Overall, 44 (20.8%) CSOs
had participated in HIV/AIDS prevention and control
for more than 9 years. Additionally, 144 (67.9%) CSOs

were unregistered and 104 (49.8%) CSOs were based in
districts classified as high HIV/AIDS epidemic. There
were significant differences in core staff size, HIV/
AIDS service year, registration state, and districts' HIV/
AIDS epidemic level between MSM-focused CSOs and
non-MSM-focused CSOs. However, the differences
between MSM-focused CSOs and non-MSM-focused
CSOs in scores on each dimension of social capital were
not statistically significant (Table 1).

Participants at the director level of the organization
were asked to report the number of total service
users and objects who adopted VCT services in their
organization during last year. The total service scale
and VCT service scale differed between MSM-focused
CSOs and other CSOs (Table 2).

3.2. Factor analysis and social capital characteristics

Four factors were extracted with eigenvalues above
1.0. After running a varimax orthogonal rotation, the
four factors explained 73.1% of the total variance.
The overall Cronbach's a coefficient for social capital
was 0.98, with dimension-specific coefficients of 0.91
(networks), 0.89 (trust), 0.86 (support), and 0.68 (shared
vision).

3.3. Correlates of organizational social capital and total
service scale

As shown in Table 3, CSOs participated in HIV/AIDS
prevention and intervention over 9 years than below
5 years (AOR = 5.09), registered CSOs (AOR = 2.25)
were likely to provide service to larger target population
than not registered CSOs. Compared to CSOs located in
low-epidemic areas, CSOs based in middle- and high-
epidemic areas were more likely to provide services to
a smaller target population (AOR = 0.23/0.30). Among
the MSM-focused CSOs, the organizations in receipt
of funding between RMB 20,000 ($3,068) and RMB
120,000 ($18, 408), which also had participated in
HIV/AIDS prevention and control for 9 years or more,
were more likely to provide service to a larger target
population (AOR = 4.53 and AOR = 6.68, respectively)
compared to organizations in receipt of funding <
RMB 20,000 ($3,068) that had participated in the HIV/
AIDS prevention and control < 5 years. Among other

Table 2. Distribution of service scale among MSM-focused CSOs and non-MSM-focused CSOs n (%)

Items Overall (n=212) MSM-focused CSOs (n = 103) Other CSOs (n = 109) X P
Number of service people 4.76 0.03"
<600 111 (52.4) 46 (44.7) 65 (59.6)
> 600 101 (47.6) 57(55.3) 44 (40.4)
Number of VCT people 6.68 <0.001"
<200 116 (54.7) 47 (45.6) 69 (63.3)
>200 96 (45.3) 56 (54.4) 40 (36.7)

'p<0.05; "p<0.001.
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Table 3. Multivariate logistic regression analysis of organizational social capital associated with total service scale (total

service people < 600 vs. total service people > 600)

Adjusted OR (95 % CI)
Items
Overall CSOs MSM-focused CSOs Other CSOs

Number of core staff

<3 1.00 1.00 1.00

3-5 1.99 (0.82-4.82) 0.96 (0.21-4.34) 3.56 (1.06-11.98)

>5 2.75(0.97-7.76) 0.75 (0.15-3.70) 8.60 (1.70-43.66)"
Funding (Dollar)

<3,068 1.00 1.00 1.00

3,068-18,408 1.63 (0.72-3.73) 4,53 (1.25-16.38)" 0.54 (0.16-1.87)

> 18,408 1.38 (0.50-3.84) 3.07 (0.61-15.41) 0.41 (0.08-2.04)

HIV/AIDS service year
<5

1.00

5-9 1.70 (0.81-3.57)
>9 5.09 (1.97-13.17)
Registration
No 1.00
Yes 2.25(1.23-4.50)"

AIDS epidemic situation
Low

1.00

Middle 0.23 (0.07-0.71)"

High 0.30 (0.10-0.94)"
Net-works

Low 1.00

High 1.62 (0.85-3.06)
Trust

Low 1.00

High 1.17 (0.62-2.01)
Support

Low 1.00

High 1.88 (0.98-3.59)
Shared vision

Low 1.00

High 0.81(0.43-1.53)

Service object
MSM-focused CSOs
Other CSOs

1.00
1.91 (0.99-3.68)

1.00
2.58 (0.78-8.54)
6.68 (1.32-33.97)"

1.00
1.57 (0.57-4.35)

1.00
0.11 (0.01-1.16)
0.13 (0.01-1.21)

1.00
1.07 (0.41-2.81)

1.00
1.29 (0.51-3.28)

1.00
2.37 (0.84-6.69)

1.00
0.46 (0.16-1.31)

1.00
1.12 (0.38-3.25)
4.29 (1.16-15.89)"

1.00
2.56 (0.89-7.34)

1.00
0.19 (0.04-0.88)"
0.70 (0.15-3.23)

1.00
2.01 (0.75-5.38)

1.00
1.25 (0.45-3.48)

1.00
1.54 (0.56-4.19)

1.00
0.88 (0.33-2.33)

p <0.05.

CSOs, organizations with more core staff and longer
service tenure were more likely to serve a larger target
population (AOR = 3.56, AOR = 8.60, and AOR =
4.29). Concurrently, CSOs located in the middle- and
low-level epidemic areas were more likely to provide
services to a smaller target population (AOR = 0.19).
The multivariate logistic regression analysis did not
reveal any association between the social capital level
and the total service scale.

3.4. Correlates of organizational social capital and VCT
service scale

The number of core staff (3-5 core staff, AOR = 3.65;
> 5 core staff, AOR = 5.59) was correlated with a larger
VCT service scale among all participating CSOs (Table
4). More importantly, the level of shared vision was
positively associated with the number of VCT service
users (AOR = 1.95). Among the MSM-focused CSOs,
the level of networks was positively associated with the
number of VCT service users (AOR = 2.87). Among

other CSOs, the number of core staff (3-5 core staff,
AOR = 6.34; > 5 core staff, AOR = 12.77), and the
HIV/AIDS epidemic level in the district (high epidemic
district, AOR = 8.50) were correlated with a larger
scale of the VCT service. Finally, high support level
component of social capital was positively associated
with the number of VCT service users (AOR = 3.08).

4. Discussion
4.1. CSOs working on HIV/AIDS in China

Over the past 20 years, CSOs in China have significantly
increased their involvement in the AIDS response
(12). Consistent with previous studies, our analyses
have shown that CSOs working on HIV/AIDS had
played a valuable role in all aspects of HIV/AIDS-
related prevention and control efforts (27,28). In our
study, 103 (48.6%) CSOs focused on MSM, hard-to-
reach populations such as IDUs, and CSWs still took
a small proportion, which reflected the political and
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Table 4. Multivariate logistic regression analysis of organizational social capital associated with VCT service scale (VCT

service people <200 vs. VCT service people > 200)

Adjusted OR (95 % CI)

Overall CSOs MSM-focused CSOs Other CSOs

Number of core staff

<3 1.00 1.00 1.00

3-5 3.65 (1.43-9.35)" 1.96 (0.43-8.91) 6.34 (1.57-26.32)"

>5 5.59 (1.88-16.64)" 3.01 (0.59-15.29) 12.77 (2.14-76.38)"
Funding (Dollar)

<3,068 1.00 1.00 1.00

3,068-18,408 1.71 (0.75-3.90) 1.03 (0.32-3.37) 3.18 (0.75-13.61)

> 18,408 1.95(0.71-5.33) 1.28 (0.27-6.00) 1.93 (0.37-10.13)

HIV/AIDS service year
<5

1.00

5-9 1.21 (0.57-2.56)

>9 1.98 (0.79-4.97)
Registration

No 1.00

Yes 1.41 (0.71-2.77)

AIDS epidemic situation
Low

1.00

Middle 1.38 (0.44-4.36)

High 2.27(0.71-7.28)
Net-works

Low 1.00

High 1.67 (0.89-3.14)
Trust

Low 1.00

High 1.03 (0.54-1.93)
Support

Low 1.00

High 1.09 (0.58-2.06)
Shared vision

Low 1.00

High 1.95 (1.02-3.72)

Service object
MSM-focused CSOs
Other CSOs

1.00
1.79 (0.93-3.44)

1.00
2.13 (0.65-6.96)
4.31(0.91-20.35)

1.00
0.69 (0.05-9.54)

1.00
0.38 (0.06-2.61)
0.77 (0.12-5.19)

1.00
2.87 (1.08-7.63)

1.00
1.73 (0.69-4.35)

1.00
1.38 (0.51-3.78)

1.00
1.57 (0.58-4.22)

1.00
0.53 (0.15-1.91)
1.66 (0.44-6.34)

1.00
0.34 (0.04-2.79)

1.00
3.11 (0.44-21.78)
8.50 (1.12-64.60)"

1.00
0.81 (0.29-2.27)

1.00
0.68 (0.23-1.99)

1.00
1.27 (0.45-3.63)

1.00
3.08 (1.03-9.21)

p <0.05.

cultural context of CSOs in China (/4,29). Moreover,
67.9% of the CSOs included in the present study were
unregistered, higher than in previous studies, which
reported that 55-65% of China's CSOs working on
HIV/AIDS were unregistered (/2,30). It is widely
acknowledged that the legal status of a CSO is
paramount to its performance (3/,32). For example,
unregistered CSOs are typically unable to manage their
own finances and bank accounts, making it difficult for
them to mobilize large-scale resources (33). In the last
few years, registration restrictions on CSOs have been
loosened in China (/4). However, without reforms to
the registration process, most CSOs continue to face
difficulties as professional organizations, which prevent
them from expanding the services they provide (/2).
According to previous studies, CSOs working on
HIV/AIDS usually receive financial support from three
sources: i) government investment, i7) international
programs, and iii) corporate and individual donations.
An examination into Chinese CSOs working on HIV/
AIDS has revealed that these organizations typically

have annual budgets of $US 7,000 (34). However, in
our study, we found that a majority of the included
organizations lacked funding. In 2014, the median
amount of funding available to these organizations was
RMB 50,000 ($US 7,670), while 22.6% of the included
CSOs had not received any grants in the preceding year.
Kaufman noted that despite large amounts donated to
AIDS in China, little funding reaches the local NGOs
(28). In June, 2014, the Global Fund to fight AIDS had
reached its financial goal for operations in China, and
a "Fund for Social Organizations Participating in HIV/
AIDS Prevention and Control" was initiated by the
Chinese government in June 2015 (35). These efforts
notwithstanding, as Minghui ef al. commented, China
must make a parallel commitment to supporting at-risk
groups and the civil society organizations that represent
them (36).

4.2. VCT service offered by the CSOs

The VCT service is a delivery point for prevention and
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treatment of AIDS/HIV. The Chinese government had
launched the VCT service through local health agencies
in major cities in 2003 (37). By 2012, 9016 VCT
service sites had been established, and over 2,300,000
people received voluntary counseling and testing
(38). Despite these developments, the rate of VCT
access among MSM, IDUs, CSWs, and other high-risk
populations remained low.

Our study indicated that over 104,000 individuals
received a VCT service provided by one of the 212
CSOs, suggesting that more attention should be paid
to service feasibility. The leader of China's National
Centre for AIDS/STD Control and Prevention
(NCAIDS/STD) stated that stigma and discrimination
were significant obstacles to HIV VCT (39). However,
CSOs have advantages to effectively offer and expand
the VCT service even to under-served populations. For
example, Chen (37) reported on VCT outreach among
IDUs, in which potential service users were recruited
by peer workers with a history of injection drug use,
and knowledge of relevant behaviors and locations to
effectively recognize and approach members of the
target population. As commented by Van de Perre (40),
the challenge is no longer to show the efficacy of the
VCT service but to make it accessible to people who
need it and to render it acceptable, accessible, and
affordable.

4.3. Social capital and its measurement

In our study, careful attention was given to the design
and validation of the social capital measurement
questionnaire. As noted above, the analytical units
of social capital can be on the level of an individual,
organization, or society. Nevertheless, the research
available on social capital specifically in the context
of CSOs' is rare. We obtained better internal reliability
values for the collective-social capital questionnaire used
in our survey (0.68-0.91) than the values obtained by
previous studies conducted in mainland China (47).

4.4. Social capital and VCT service

Our study is the first to explore the potential association
between the VCT service and collective-social capital
of CSOs dedicated to HIV/AIDS management in China.
The results indicated that social capital, in particular,
shared vision, was significantly associated with the
level of VCT among all CSOs, while networks and
shared vision were significantly associated with VCT
service scale among MSM-focused CSOs and other
CSOs, respectively. The multivariate logistic regression
analysis did not reveal any association between social
capital level and total service scale. These findings
indicate that VCT service scale, rather than total service
scale, can be used as a performance indicator for CSOs
working on HIV/AIDS management. Capacity building

and policy-making efforts should be separate and
specific for MSM-focused and other CSOs.

In this study, networks could facilitate the VCT
activities among MSM-focused CSOs. As Tsai and
Ghoshal noted, frequent and close social interactions
permit actors to know one another, share important
information, and create a common point of view (21).
This suggests that meetings and discussions between
core and general members of CSOs staff could identify
goals and strategies relevant to the organizations. They
could also help implement suitable activities, including
health and peer education, professional training, and
communication and behavioral interventions more
efficiently. Moreover, active interactions within
organizations could help recruit new members and
spread to them knowledge of HIV through conversations
and discussions. In fact, a previous study conducted
in China revealed that influence of acquaintances and
peers is associated with the willingness to attend a VCT
(42). Concurrently, other studies have suggested that
knowledge about AIDS and perceptions of HIV/AIDS-
associated risks also impact on VCT utilization (16, 43-
45).

Previous research has defined cognitive social capital
as a common understanding between social actors
through shared language and narratives (/5,27). It is
embodied in attributes such as shared vision or shared
values that facilitate individual and collective action.
As cognitive social capital increases, the more likely a
common perception and interpretation of events is to
develop (46). When a shared vision was present within
a CSO, the organization was dynamic and cohesive. The
staff and members were more likely to unite and fulfill
the collective aim and duty. Moreover, shared values
indicate how the group should do things and enable
individuals to be more committed to interpersonal
relationships (47). Together, these factors contribute to
the utilization of VCT.

As for the high-risk populations, examples from
China and other Asian countries have shown that
criminalization and stigma remain as obstacles to rights
protection and disease prevention(/4,48,49). As such,
the goal for the CSOs should be to identify, understand,
and reach the most vulnerable groups.

It was not surprised to find that CSOs focused on
high-risk populations use a set of symbols and codes in
line with the service population in daily communication,
actually, many core members just came from the service
population (29). When people within organizations use
commonly-known symbols and codes, they might gain
credibility and acceptance from service users, which, in
turn, might help reduce fears of AIDS, making a higher
level of VCT use achievable (50).

In the present study, the CSO registration status was
positively associated with the level of VCT service.
In China, official registration for CSOs takes place
with the Ministry of Civil Affairs (MOCA) and criteria

www.biosciencetrends.com



BioScience Trends. 2020, 14(3):182-191. 189

for registration are high (/2). At the same time, only
the registered CSOs are legally recognized, leaving
unregistered CSOs struggling with personnel recruitment
and participation in open-bidding for domestic or
international AIDS programs, which might be obstacles
to reaching service users.

No association was found between trust or support
and the level of VCT. Some scholars have proposed
that trust measures only capture psychological
aspects that might be relevant but are not necessarily
indicative of social capital (57). This framework might
account for some of our findings. Another possible
factor is that trust and support were mainly rooted in
organizations, while in consideration of VCT modality
already defined above, VCT service could be offered
by CDC and other governmental institutions, thus
despite the high level of trust and support obtained
from CSOs, the service objects still hesitated to have
counseling and testing for HIV because of stigma
and discrimination (52). Further research is needed to
elucidate the association between support, trust, and
the level of the VCT service. Additionally, a shift from
the present clinic-based approach to a more routine and
widespread public health model should be established
(53), and Chinese CSOs have the capacity to fill this
need (37). The current structure and number of AIDS
prevention and control professionals are not sufficient
to provide intervention to all vulnerable AIDS groups,
and cannot meet the needs associated with the rapid
increase in prevention and control tasks every year.
After standardized training and daily guidance, CSOs
involved in the prevention and control work will
implement the advantages of a flexible working mode,
will find it easier to work with the target population,
and will be competent in the prevention and control
work. CSOs in the field of AIDS prevention and
treatment can compensate for the lack of professionals,
provide more convenient testing and consulting
services, and the communication between companions
makes it easier to achieve the humanistic care needs
of the infected people. Such communication can help
relieve mention trauma and burdens.

Chinese governments at all levels coordinate and
promote cooperation between CSOs, the Chinese
Center for Disease Control and Prevention in the
field of AIDS prevention and control (54). With the
coordinated effort, they can gradually establish an
information disclosure mechanism for CSOs, improve
credit management systems, and ensure healthy and
orderly development of CSOs participating in the
prevention and control of AIDS. CSOs should clearly
indicate the work orientation and development direction
in AIDS prevention and control, and strengthen the
organizational construction of rules and regulations,
personnel team, working conditions, supervision and
management, social reputation, the working advantages,
working capacity, work performance and cooperation

level, in AIDS prevention and control. They should
also focus on stimulating their own vitality and actively
participate in AIDS prevention and control activities.
The Chinese Center for Disease Control and Prevention
should establish a work information communication
mechanism with CSOs, coordinate and solve the
technical difficulties and problems related to CSO
work, strengthen the training of professional skills and
management ability regarding prevention and control,
and assist CSOs in purchasing prevention and control
services offered by the government.

There are some limitations associated with our
study. First, the CSOs included in the present survey
were a convenient sample, which might not represent
all Chinese CSOs. Second, because of the nature of a
cross-sectional study design, the reported relationship
is an association, and no conclusions can be drawn
regarding causality. Third, because social capital, as
defined in this study, was measured at a collective level,
the individual- and social-level impact of social capital
were not considered. Fourth, due to the limitation
in data source and data integrity, some important
indicators are still lacking. The rate of VCT use, social
discrimination, stigma, and other important factors are
all significant variables of CSOs. These variables will
be assessed in future studies. Regardless, our study
provides a base upon which future surveys examining
the impact of CSOs' social capital on the use of VCT
service in the Chinese context can be built and applied
to low and middle-income countries.

In conclusion, our study provides an initial
exploration of correlations between aspects of social
capital and the level of VCT service promoted by CSOs
dedicated to HIV/AIDS management in China. To
our knowledge, this is the first China-based study to
investigate such associations. With further research, our
findings can be used to develop evidence-based policy
to improve the level of VCT service.
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SUMMARY

Keywords

A series of 4-phenoxybenzenesulfonyl pyrrolidine derivatives were designed, synthesized, and
evaluated as matrix metalloproteinases (MMPs) inhibitors. All of the synthesized compounds
displayed inhibitory activity against MMP-2 and MMP-9. Compounds 4a, 4e, and 4i displayed more
potent activity than the other compounds. While the three compounds mildly or moderately inhibited
the proliferation of cancer cells, they significantly suppressed the migration and invasion of cancer
cells at relatively low concentrations as determined by a wound healing assay and transwell assay.
In addition, compound 4e suppressed vascular endothelial cell tube formation and sprouting of
microvessels from aortic rings in vitro in a dose-dependent manner. Compound 4e markedly
suppressed the pulmonary metastasis of H22 cells in mice. These findings along with molecular
docking results suggested that compound 4e might be a promising candidate for further structural
optimization to develop MMP inhibitors as potential anticancer agents.

MMP inhibitor, pyrrolidine derivatives, anticancer agent

1. Introduction

Enzymatic proteolysis of cell surface proteins and
extracellular matrix (ECM) is critical for tissue
homeostasis and cell signaling (/). These proteolytic
activities are mediated predominantly by a family of
structurally and functionally related zinc-dependent
endoproteinases termed matrix metalloproteinases
(MMPs) (2). MMPs are involved in many aspects of
physiological processes, as well as in pathologies, such
as arthritis, cardiovascular, inflammation, tumor growth,
and metastasis (3-5). Among more than 25 MMPs,
MMP-2 and MMP-9 play an important role in virtually
all aspects of cancer progression, making them important
therapeutic targets for drug development (6).

A number of laboratories have endeavored in recent
decades to discover many potent and orally active broad-
spectrum MMP inhibitors. Some have reached the stage
of an advanced clinical trial, as exemplified by CGS
27023A, prinomastat, and ilomastat (7,8). Colleagues of
the current authors have previously reported several kinds
of synthetic MMP inhibitors, such as caffeoyl pyrrolidine
derivatives (9), sulfonyl pyrrolidine derivatives (/0),
quinoxalinone peptidomimetic derivatives (//), Pro-
Gly peptidomimetic derivatives (/2), and phosphonic
1,4-dithia-7-azaspiro[4,4] nonane derivatives (/3).

In a previous work, the current authors' group

thoroughly studied L-hydroxyproline scaffold-based
derivatives as effective MMP inhibitors. Compound
LY52 in particular potently inhibited MMP-2 and was
found to inhibit tumor invasion and metastasis (/4).
Based on the fact that the sulfonamide group can be
incorporated in metalloenzyme inhibitors to improve
enzyme-inhibitor binding (/5), arylsulfonyl pyrrolidine
derivatives were designed by the current authors. In
those derivatives, the 4-phenoxybenzenesulfonyl group
and different aroyl groups are introduced into the trans-
S-hydroxy-L-proline scaffold (Figure 1). This article
describes the synthesis and evaluation of the biological
activity of these MMP inhibitors.

2. Materials and Methods
2.1. Chemicals

Unless otherwise noted, all commercially available
starting materials, reagents, and solvents were used
without further purification. All reactions were
monitored using TLC with 0.25 mm silica gel plates
(60GF-254) and visualized with UV light, iodine stain,
and ferric chloride. Silica gel or C18 silica gel was
used for column chromatography purification. Flash
chromatography was performed using the automated
CombiFlash Rf system from Teledyne ISCO. '"H NMR
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Figure 1. The structures of CGS27023A, AG3340, LY52, and novel designed 4-phenoxybenzenesulfonyl pyrrolidine derivatives.

and "C NMR spectra were recorded on a Bruker DRX
spectrometer at 600 MHz; chemical shifts (d) were
recorded in parts per million and the coupling constant
(J) was measured in Hertz, and TMS served as an
internal standard. ESI-MS was performed on an API
4000 spectrometer at the Weifang Medical University
Analysis and Test Center in Weifang, Shandong, China.

2.2. In vitro MMP-2 and MMP-9 inhibition assay

Recombinant human MMP-2, MMP-9 and the
fluorogenic substrate Mca-Pro-Leu-Gly-Leu-Dap(Dnp)-
Ala-Arg-NH2 were all purchased from Enzo Life
Sciences (Farmingdale, NY, USA). Compounds 4a-i
and the positive control LY52 were assayed for their
inhibitory activities against MMP-2 and MMP-9 using
the Fluorometric Drug Discovery Kit. Twenty pL of
the enzyme solution and 20 uL of the tested compound
with different gradient concentrations were added to the
96-well plate. The 100% group contained no inhibitor
and the blank group contained no enzyme. After
incubation for 45 min at 37°C, 10 pL of the fluorogenic
substrate was added to start the reaction, and the
resulting solution was measured at 328 nm/420 nm.

2.3. MTT assay

Cell proliferation was determined using an MTT
(3-[4, 5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2H-
tertazolium bromide) assay. Cells were plated on 96-
well plates (10000 cells/well) and cultured for 4 hours
in RPMI1640 medium containing 10% FBS at 37°C in
a 5% CO, humidified incubator, and then treated with
various concentrations of the tested compounds (with
LY52 as the positive control). After incubation for 48
h, 0.5% MTT was added to each well. Four h later,
formazan formed by MTT was dissolved with DMSO
for 15 min. The OD value was measured using an
ELISA reader at 570 nm.

2.4. Colony formation

A549 cells were seeded on 6-well plates at a density of
500 cells/well and treated with the tested compounds at
a concentration of 5 uM for 24 hours. After incubation
for 2 wks, the cells in each well were washed twice

with PBS, fixed with methanol for 15 min, and stained
with 0.1% crystal violet for 10 min. Then colonies
were photographed and counted under an inverted
microscope.

2.5. Wound healing assay

A wound healing assay was performed by plating cells
on 6-well culture dishes. After A549 cells were allowed
to attach and reach 80% confluence, a scratch (I mm)
was made through the culture dish with a sterile plastic
200 pL micropipette tip to generate one homogeneous
wound along each well. After wounding, non-adherent
cells were removed and washed twice with PBS. Cells
were further incubated without or with the indicated
compounds for 48 h and the wound width was measured
under a microscope using an ocular grid.

2.6. Transwell assay

Migration and invasion assays were performed on a 24-
well plate using a transwell chamber (Darmstadt, Hesse,
Germany) with a pore size of 8 microns. Then, 1 x 10°
of A549 cells were added to the upper chamber pre-
coated with Matrigel (BD Bioscience, Bedford, MA,
USA). Each well of cells was seeded with the compound
in RPMI 1640 medium containing 1% FBS in the upper
chamber. The lower chamber contained 10% FBS as a
chemoattractant. After incubation at 37°C for 24 h, the
cells were carefully removed from the upper side of the
filter with a cotton swab. The membrane was then fixed
with methanol for 10 minutes and stained with 0.1%
crystal violet, and cells were photographed and counted
under an inverted microscope.

2.7. Tube formation assay

A 24-well chamber was coated with 100 pL Matrigel
(BD Biosciences, Bedford, MA, USA) and allowed
to gel for 30 min at 37°C. Then, 1 x 10° of human
umbilical vein endothelial cells (HUVECs) per well
were suspended in growth medium without or with
increasing concentrations of compound 4e or LY52.
The formation of capillary tubes was identified after
incubation for 8§ h. Images were captured with an
inverted microscope. Tube formation was determined
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by counting branch points of the formed tubes, and the
average numbers of branch points were calculated.

2.8. Rat thoracic aorta ring (TAR) assay

A 96-well chamber was coated with 100 pL. Matrigel
(BD Biosciences, Bedford, MA, USA) and allowed to
gel for 30 min at 37°C. Thoracic aortas were removed
from 6-wk-old male SD rats. After carefully removing
the perivascular tissue, the thoracic aorta was roughly
cut into a 1-mm-long ring, and each ring was embedded
in an independent Matrigel-coated well. Aorta rings
were treated every other d with tested compounds for 9
d and photographed on the 10" d at 200x magnification.

2.9. In vivo H22 tumor transplant model

In this experiment, Kunming mice were subcutaneously
inoculated with 1 x 10"/mL murine H22 cells (/6).
Seven d after inoculation with H22 cells, the transplanted
mice were randomly divided into four groups with 7
mice per group. The mice were treated with 4e or LY 52
at the specified dose for 5 d/wk for two wks (4e Low:
50 mg/kg/d; 4e High: 100 mg/kg/d; LY52: 50 mg/kg/d).
Mice in the blank group were treated with PBS. After
14 d of treatment, mice were sacrificed, and their lungs
were fixed with Bouin solution and the number of lung
nodules was counted.

2.10. Computational docking assay

A docking study was conducted as follows: the selected
compound was constructed with a Sybyl/Sketch module
and optimized using the Powell Energetic Gradient
method with a Tripos force field with the convergence
criterion set at 0.05 kcal/mol A, and charges were
assigned using the Gasteiger-Hiickel method. The

\\”0 ©/ \©\" o \\—o
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docking study of the selected compound 4e with the
active site of MMP-2 was performed using the Sybyl/
FlexX module. The radius of the active site was 10.0 A
surrounding Zn’* (PDB: IHOV).

2.11. Statistical analysis

Data were analyzed using one-way analysis of variance
(ANOVA) followed by Dunnett's multiple range tests,
and data are expressed as the mean £ SD. p < 0.05
was considered to indicate a statistically significant
difference. Statistical analysis was performed using the
software SPSS/Win 16.0 (SPSS, Chicago, USA).

3. Results
3.1. Chemistry

The target compounds were efficiently synthesized
following the procedures shown in Scheme 1. The
chemical structures of all target compounds are also
listed and were analytically confirmed using 'H-NMR
and "C-NMR.

Starting from (2S,4S5)-1-tert-butyl-2-methyl-4-
aminopyrrolidine-1,2-dicarboxylate (1), intermediates
(2a-i) were prepared via a condensation reaction with
various aromatic acids or pyridine-3-sulfonic acid
and isobutyl chloroformate (IBCF) as a condensation
agent and triethylamine (TEA) as a base. After
deprotection of the compounds 2a-i in the presence of
hydrogen chloride, the crude products without further
purification were treated with 4-phenoxybenzene-1-
sulfonyl chloride to yield compounds 3a-i, which were
treated with NH2OK in anhydrous methanol to yield
the target compounds 4a-i. For specific procedures for
synthesis and spectroscopic data on all compounds,
see Supplementary Data (http://www.biosciencetrends.
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Schemel. Reagents and conditions. (i) Isobutyl chloroformate, Et;N, THF; (ii) HCI/EtOAC; 4-phenoxybenzene-1-sulfonyl chloride, DCM,

TEA; (iii) NH,OK, McOH, 65%.
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com/action/getSupplementalData.php?ID=65).

3.2. Suppression of the activity of MMP-2 and MMP-9
by synthesized compounds

The newly synthesized 4-phenoxybenzenesulfonyl
pyrrolidine derivatives were assayed for their inhibitory
activity against MMP-2 and MMP-9, and LY52 served
as the positive control. The inhibition results (ICs,) are
summarized in Figure 2. Compounds 4a-i all displayed
potent inhibitory activity against MMP-2 and MMP-9.
Notably, 4a, 4e, and 4i displayed more potent inhibitory
activity against MMP-2 and MMP-9 than the other
synthesized compounds and LY52; 4i in particular
displayed the most potent activity at the nanomole level
(IC5,=0.05 uM for MMP-2 and 0.08 uM for MMP-9).

3.3. Inhibition of cell growth by compounds 4a, 4e, and
4i

Compounds 4a, 4e and 4i were chosen to evaluate their

antiproliferative activity against different tumor cell
lines: A549 (lung cancer cells), ES-2 (ovarian clear
cell carcinoma cells), Hela (human cervical carcinoma
cells), K562 (chronic myelogenous leukemia cells), and
MDA-MB-231 (human breast adenocarcinoma cells).
LY52 served as a positive control. Results are shown
in Figure 3A. Compound 4e displayed the most potent
activity against the proliferation of cancer cells among
the tested compounds. To confirm the anti-growth
activity of the tested compounds, a colony formation
assay was performed to measure the effect of 4a, 4e, and
4i at a concentration of 5 uM in A549 cells. As shown in
Figures 3B and 3C, compound 4e was superior to other
compounds in suppressing clone formation by A549
cells.

3.4. Suppression of cell migration and invasion by
compounds 4a, 4e, and 4i

The activity of compounds 4a, 4e, and 4i on the
migration of A549 cells was assessed using a wound
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Figure 2. The inhibitory activities of the target compounds (4a-4i) against MMP-2 and MMP-9.
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Figure 3. Inhibitory effects of 4a, 4e, and 4i on the growth of cancer cells. (A) IC;, values for 4a, 4e, and 4i in A549, ES-2, Hela, K562, and
MDA-MB-231 cells as determined by an MTT assay. (B and C) Inhibitory effect of 4a, 4e, and 4i on clone formation of A549 cells. The rate of
inhibition was estimated by counting the number of colonies containing > 50 cells, p < 0.05 vs. control; ~p < 0.01 vs. control.
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Figure 4. Inhibitory effects of 4a, 4e, and 4i on the migration and invasion of A549 cells as determined by a wound healing assay (A and C)
and transwell assay (B and D). Cells were treated with 4a, 4e, or 4i at a concentration of 5 uM for 48 h in a wound healing assay. Cells were treated
with 4e at incremental concentrations for 24 h. p < 0.05 vs. control; “p < 0.01 vs. control.

healing assay. The concentration of all of the tested
compounds was 5 uM. As shown in Figures 4A and
4C, compounds 4a, 4e, and 4i markedly suppressed the
migration of A549 cells as reflected by delayed wound
closure. Compound 4e was superior to other compounds
in delaying wound closure. The anti-invasive activity
of compound 4e was evaluated using a transwell assay.
Results indicated that it markedly reduced the number
of invading cells in a dose-dependent manner (Figures
4B and 4D).

3.5. Suppression of angiogenesis by compound 4e in
vitro

To study its anti-angiogenesis action, compound 4e was
first evaluated for its cytotoxicity against HUVECs.
Compound 4e displayed relatively low cytotoxic
activity with an ICs, of 22.42 uM. A HUVEC tube
formation assay was then performed in vitro with
4e and LY52 at concentrations of 1, 2, 4, and 8 uM.
Results in Figure 5 indicate that 4e reduced the number
of branch points of HUVECs in a dose-dependent
manner and almost completely inhibited tube formation
at a concentration of 8 uM. Compared to HUVEC tube
formation, the rat TAR model more closely resembles
in vivo conditions during the process of angiogenesis.
Compound 4e was evaluated for microvessel formation
at different concentrations (1, 2, 4, and 8§ uM). Results
indicated that the number of microvessels sprouting
from aortic rings was significantly decreased by 4e in a
dose-dependent manner (Figure 6).

3.6. Suppression of cancer metastasis by compound 4e
in vivo

Treatment of A549 cells with compound 4e at a
concentration of 8 uM markedly decreased cancer cell
migration and invasion in vitro. Encouraged by this
finding, together with the potent anti-angiogenesis
effects of 4e in vitro, its anti-metastasis activity was
examined in a H22 pulmonary metastasis model in
vivo. As shown in Figures 7A and 7B, there were much
fewer metastatic pulmonary nodes in mice treated
with 4e than in the LY52 group. Mice treated with 4e
did not experience any discernible adverse reactions
or significant changes in body weight during the
experiment.

3.7. Molecular docking results

Compound 4e was chosen for a docking study to
investigate its binding mode at the active site of MMP-
2 (PDB: 1HOV). Results in Figure 8A suggest that the
hydroxamic acid group can chelate with catalytic Zn>
and that the 4-phenoxybenzenesulfonyl group can enter
the S1' pocket, while the bromo- and chloro- substituted
benzoyl group can occupy the S2' pocket. For a detailed
understanding of the interactions of 4e with the residues
along the active site of the protein, a diagram of H-bond
interactions was created (Figure 8B). The hydroxyl
group and imido group of hydroxamic acid can form
hydrogen bonds with Glu'*' and the carbonyl group can

form hydrogen bonds with His'"’.
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Figure 5. Compound 4e suppressed vascular endothelial cell tube
formation in vitro. HUVECs were incubated with the indicated
concentrations of 4e or LY52 for 8 h. The images were captured with
an inverted microscope. Tube formation on Matrigel was determined
by counting the branch points of formed tubes. ‘p < 0.05 vs. control; 'p
<0.01 vs. control.
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Figure 6. Compound 4e suppressed sprouting of microvessels from
aortic rings. Thoracic aortas excised from 6-wk-old male SD rats were
treated every other d with 4e or LY52 for 9 d and photographed on
the 10" d at 200 x magnification. p < 0.05 vs. control; ~p < 0.01 vs.
control.
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Figure 7. Compound 4e reduced metastatic pulmonary nodes in mice. Mice that were inoculated subcutaneously with H22 cells were treated
with 4e or LY52 at the specified dose for 5 d/wk for two wks. At the end of experiment, the lungs were removed and fixed with Bouin solution
and the number of lung nodules was counted. "p < 0.05 vs. control; ~p < 0.01 vs. control.

A

Glul21

Figure 8. The FlexX docking (A) and binding mode (B) of compound 4e with MMP-2.
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4. Discussion

Reported here is the synthesis and biological evaluation
of 4-phenoxybenzenesulfonyl pyrrolidine derivatives
as MMP-2/MMP-9 inhibitors. All of the synthesized
compounds displayed potent inhibitory activity
against MMP-2/MMP-9; 4a, 4e, and 4i were more
potent than the other compounds. These compounds'
ability to suppress cell proliferation, migration, and
invasion, angiogenesis in vitro, and cancer metastasis
in vivo were also examined. Results suggested that the
target compounds have a mild or moderate inhibitory
effect on cancer cell proliferation. However, they
significantly suppressed cell migration and capillary
tube formation at low concentrations in vitro. Compound
4e also significantly suppressed the metastasis of H22
cells in mice. These results suggest that the novel
4-phenoxybenzenesulfonyl pyrrolidine derivatives
synthesized in this study have the potential to suppress
cancer metastasis.

This study investigated the structure-activity
relationship (SAR) of all target compounds. There is
no obvious subtype selectivity between MMP-2 and
MMP-9 for these 4-phenoxybenzenesulfonyl pyrrolidine
derivatives. Among compounds 4c-h containing a
substituted benzoyl group, the bromo- and chloro-
substituted compound 4e had more potent inhibitory
activity. Chloro- or methoxy- substitution at the ortho
position of the benzoyl group results in no marked
differences in inhibitory activity, but the p-chloro-
substituted compound 4h displayed more potent
inhibitory activity. Among the synthesized compounds,
compound 4i containing a 3-pyridine-sulfonamide group
displayed the most potent activity against MMP-2 and
MMP-9. This result might be due to the contribution
of electronegative nitrogen atoms, which can more
easily form hydrogen bonds with the enzyme backbone,
thus stabilizing the bond between the compound and
the enzyme. However, results indicated that the anti-
proliferative and anti-migration activity of 4i was not
superior to that of 4e. Linking the enzyme-inhibiting
activity of MMPs with their cellular potency is difficult
because several other variables should be considered,
such as cellular membrane permeability, metabolic
stability, subcellular localization, and cellular xenobiotic
export. There is also a possibility that compound 4e has
other targets involved in cell proliferation and migration,
so further study is warranted.

In conclusion, the current study synthesized a series
of 4-phenoxybenzenesulfonyl pyrrolidine derivatives as
MMP-2/MMP-9 inhibitors. Representative compound
4e inhibited the proliferation, migration, angiogenesis,
and metastasis of cancer cells. These results indicate
that 4e is a promising candidate for further structural
optimization and evaluation to develop MMP inhibitors
in the future.
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SUMMARY

Chest radiographs should be obtained at the peak of inspiration so that radiological findings can be
precisely interpreted. However, this is not easily achieved, particularly in young children who do not
follow the instruction to hold their breath. We developed a sensor that detects the breathing movements
and conducted a randomized controlled study to determine whether the sensor would increase the
proportion of chest radiographs obtained in the inspiration phase. We recruited 124 infants and
children aged less than 3 years, who visited the pediatric department of a general hospital in Tokyo,
Japan, and allocated them into one of two groups: with-sensor and without-sensor groups. Overall,
81% of all images were obtained during inspiration. The proportion of chest radiographs taken during
inspiration was not statistically different between the two groups (81% vs. 82%). In the with-sensor
group, radiologic technologists were able to obtain chest radiographs of the same quality while not
observing the chest movement, but the sensor. The use of the sensor did not increase the proportion of
chest radiographs taken in the inspiration phase in this study. However, this null result may indicate the

possibility of utilizing the sensor for automatizing chest radiography in the future.

Keywords chest radiographs, device, respiratory

1. Introduction

Since Wilhelm Conrad Rontgen discovered the X-rays
in 1859, chest radiographs have been one of the most
commonly used diagnostic tools in medicine, both in
adults and children (/). A chest radiograph produces
images of the body structures in that area, such as
the airways, lungs, heart, blood vessels, diaphragm,
and the bones of the spine and chest (2), and provides
support for the diagnosis of various diseases, including
pneumonia, lung and mediastinal tumors, and heart
failure.

In order to interpret chest radiographs, standardized
definitions of radiological findings are required as well
as appropriate training to utilize the definitions (3).
However, the quality of radiographic images is crucial
to precisely interpret the radiological findings. The

quality of chest radiographs is determined by several
factors, such as deep inspiration, proper positioning,
inclusion of all areas of interest, and absence of blurring
or external objects overlying the lungs. "Performed
at peak of inspiration, except for suspected foreign
body aspiration" is one of the quality criteria for
proper diagnosis in children (4). In adults, 10 posterior
ribs should be visible above the diaphragm when
chest radiographs are obtained at peak of inspiration,
according to the World Health Organization manual of
diagnostic imaging (5). The criteria for young children
and infants are different because of their smaller body
size and different body composition. The optimal
inspiration depth is demonstrated by eight visible
posterior ribs in children younger than 3 years and nine
posterior ribs in children between 3 and 7 years old (6).

To take appropriate chest radiographs in the
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Figure 1. Images of the sensor device. (A) A monitor that shows the breathing waveforms; (B) An egg-shaped lamp indicating the inspiration

phase; (C) An air pad detecting subtle body movement.

inspiration phase, patients are asked to stay still, take
a deep breath, and then hold it for a few seconds.
However, young children and infants are usually not
able to hold their breath on command. Therefore,
radiologic technologists judge the timing of the peak
of inspiration by visually observing their thoracic
movements. The high respiratory rates in children
make it difficult to determine the appropriate timing.
Furthermore, they usually do not cooperate and act
up under unfamiliar circumstances. Few studies have
analyzed whether chest radiographs were taken in the
inspiration or the expiration phase. Tschauner et al.
reported that only 49% of pediatric chest radiographs
were obtained at the peak of inspiration (6).

Recent efforts to address this problem include
training radiologic technologists and using assisting
devices. Langen et al. developed a training program
for radiologic technologists using video clips on how
to obtain an infant's chest radiographs at the time
of the deepest inspiration (7). After the simulation
training with three infants in the video clips, radiologic
technologists were more successful in performing
chest radiography at the peak of inspiration, although
the degree of improvement varied among individuals.
Various types of body immobilization devices are also
commonly used to reduce body movement and keep the
individual in an appropriate position (&). However, to
the best of our knowledge, there is no device that assists
radiologic technologists to judge the timing of the peak
of inspiration.

We developed and evaluated a sensor that detects
the breathing movements in infants and young children
aged less than 3 years. We hypothesized that the use of
this sensor would increase the proportion of pediatric
chest radiographs obtained during the inspiration phase.

2. Materials and Methods
2.1. Development of the breathing movement sensor

The original sensor was designed by THE YOSHIDA

DENTAL MFG. CO., LTD. (Tokyo, Japan) based on
the patent JP, 5607912, B, and was used to measure
vital signs, such as heart rate and breathing rate. For
the purpose of our study, the sensor was modified to
focus on the breathing condition. It consists of an air
pad (5.5 cm x 4 cm x 0.56 cm) that detects subtle body
movement by the change in air pressure, a monitor
that shows breathing waveforms (i.e., ascending
waves during inspiration and descending waves during
expiration), and an egg-shaped lamp that lights in
green and beeps at the peak of inspiration (Figure 1A,
IB). The air pad was not completely radiotransparent.
Therefore, to avoid interference with the chest image,
the air pad was placed on the left lateral abdomen,
which moves to pull down the diaphragm for breathing,
and covered by an elastic mesh bandage (Presnet”
ALCARE Co., Ltd. Tokyo, Japan) (Figure 1C). We
confirmed that the breathing waveforms produced by
the air pad were consistent with those produced by
CHESTAC-8900 (CHEST M.L., INC. Tokyo, Japan) in
an adult test case, simultaneously using the air pad and
the spirometer.

2.2. Randomized controlled study

We evaluated the effectiveness of this sensor by
conducting a randomized controlled study to compare
the proportion of chest radiographs obtained during the
inspiration phase, with and without the sensor, among
infants and young children aged less than 3 years. We
conducted a pilot study of 10 patients to evaluate the
feasibility before the main study.

2.2.1. Study population

We recruited children aged less than 3 years who
visited the pediatric outpatient department during the
regular working hours and were indicated to undergo
chest radiography for clinical reasons by pediatricians
at the Center Hospital of the National Center for Global
Health and Medicine (NCGM), Tokyo, Japan, between
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September 2018 and October 2019. Children with life-
threatening conditions, severe chest wall malformation,
and foreign body aspiration were excluded.

2.2.2. Sample size calculation

To identify the sample size for this study, we
retrospectively assessed the pediatric chest radiographs
taken at the hospital in May 2017. We found that 18
of the 59 radiographs (31%) were not taken during the
inspiration phase (i.e. eight posterior ribs were visible
above the diaphragm). We expected that by using
the sensor this percentage would be reduced to 20%.
With an 80% power, at the 5% significance level, the
estimated sample size was calculated to be 124 (62 per

group).
2.2.3. Randomization

We randomized participants by restricted randomization
using random permuted blocks (9). The block size
was two for 1:1 randomization to the intervention and
control groups from numbers 1 to 124. We allocated 62
"intervention" cards and 62 "control" cards in 124 non-
transparent envelopes according to the randomization
results. The envelopes were sealed and numbered
from 1 to 124, and each contained a card showing
either "intervention" or "control". These envelopes
were saved at the radiology department and were not
opened until the participants arrived at the department.
When a participant would come to the department
for imaging ordered by a pediatrician, a radiologic
technologist opened one envelope in sequential order.
The technologist used the sensor when there was an
"intervention" card in the envelope. There was no
crossover between the pediatricians who ordered the
chest radiographs, researchers who conducted the
randomization assignment, and radiologic technologists
who opened the envelopes.

2.2.4. Chest radiography

Chest radiography was performed by certified
radiologic technologists at the radiology department
of the NCGM. Since the department operates in shifts,
every technologist in the department was involved
in the study. Children were separated from their
caregivers in the radiographing room. The technologist
decided to obtain chest radiographs in the posterior-
anterior or supine anterior-posterior position based on
the child's age and condition. Immobilization devices
were mostly used when radiographs were taken in the
posterior-anterior position. After taking the radiograph,
technologists recorded which modality they used to
judge the imaging timing (i.e. breathing movement,
waveform, light, sound, or a combination of these).
One or two researchers attended almost all imaging

procedures to observe the whole procedure.
2.2.5. Interpretation of chest radiographs

In this study, the inspiration phase in children younger
than 3 years was defined by the presence of eight
posterior ribs visible above the diaphragm. The two
trained radiologists, with more than three years of
experience, were assigned for interpreting the chest
radiographs.

After 124 participants had undergone chest
radiography, the two radiologists at the NCGM
independently interpreted the radiographs and identified
whether they were taken in the inspiration phase. Any
discordance between the two readers was resolved by
discussion to reach an agreement.

2.2.6. Statistical analysis

Data analysis was conducted using Stata 14 (Stata
corporation, College Station, TX). The chi-squared
test and Fisher's exact test were used to assess the
correlation between sensor use and radiography in the
inspiration phase. Stratified analyses were conducted
by age and presence of cry.

2.3. Ethical approval

This study was approved by the Ethical Committee of
the National Center for Global Health and Medicine
(approval ID: NCGM-G-002310-00). Written informed
consent was obtained from the caregivers of all
participants.

3. Results and Discussion

A total of 125 children were recruited between
September 20, 2018, and October 8, 2019. One child
was excluded due to inadequate informed consent.
Thus, 124 children were included in the analysis.

Table 1 shows the general characteristics of the
study participants. The average age was 15.3 (0-32)
months, with about half being 1 year old. Eighty-
one percent of the participants were crying during the
imaging. There were 61 participants in the without-
sensor group and 63 in the with-sensor group.

Table 1. General characteristics of the study participants

Without sensor With sensor Total
Age groups (y)
0-1 21 (34%) 22 (35%) 43 (35%)
1-2 29 (48%) 31 (49%) 60 (48%)
2-3 11 (18%) 10 (16%) 21 (17%)
Crying
Yes 51 (84%) 50 (79%) 101 (81%)
No 10 (16%) 13 (11%) 23 (19%)

61 63 124

www.biosciencetrends.com



BioScience Trends. 2020, 14(3):200-205. 203

Table 2. Results of chest radiographs with and without
sensor

Table 3. Result comparison between non-crying and crying
participants

Without sensor ~ With sensor Total P Without sensor ~ With sensor Total ¥4
0.9 No cry 1.0”
Expiration 11 (18%) 12 (19%) 23 (19%) Expiration 4 (40%) 5 (38%) 9 (39%)
Inspiration 50 (82%) 51 (81%) 101 (81%) Inspiration 6 (60%) 8 (62%) 14 (61%)
61 63 124 Cry 1.0”
: - _ Expiration 7 (14%) 7 (14%) 14 (14%)
determined by chi-square test Inspiration 44 (86%) 43(86%) 87 (86%)

The proportion of radiographs taken in the inspiration
phase was similar between the intervention (with-
sensor) and control (without-sensor) groups (81% vs.
82%, p = 0.9; Table 2).

In the intervention group, the imaging timing was
judged according to the waveform on the monitor in
31 cases (49%), the light signal of the egg-shaped
lamp in 5 cases (8%), the chest movement of the study
participants in 21 cases (33%), by the combination of
light and waveform or sound and waveform in 3 cases
(5%), and unknown in 3 cases (5%). After excluding
the 21 radiographs taken by looking at the chest
movement and 3 unknown cases, 87% (34/39) were
obtained in the inspiration phase that examined the sole
effect of the sensor.

When we stratified by age, we found that the
proportion of images taken in the inspiration phase was
much smaller among children 2-3 years old (7/21, 33%)
than in those 0-1 (37/43, 86%) and 1-2 years old (57/60,
95%). However, there was no significant difference in
the proportion of images taken in the inspiration phase
between the intervention and control groups in all three
age groups (Fisher's exact test: p = 0.7, p=1.0, p =
0.7, respectively). When participants were not crying
during imaging, only 61% (14/23) of the radiographs
were obtained in the inspiration phase. However,
the proportion of chest radiographs obtained in the
inspiration phase was similar regardless of the sensor
use (Table 3).

The quality of chest radiographs largely depends
on the skills of technologists. This is particularly true
for pediatric chest radiographs because the timing of
the inspiration phase exclusively relies on the eyes of
the technologist. To the best of our knowledge, this is
the first attempt to develop and evaluate a sensor that
detects the breathing movements of infants and young
children aged less than 3 years to judge the imaging
timing in the inspiration phase on chest radiography.

Contrary to our hypothesis, our study showed no
statistical difference in the proportion of radiographs
taken in the inspiration phase according to the
sensor use. Moreover, the overall proportion of chest
radiographs obtained in the inspiration phase in our
study (81%) was higher than that in our pilot study
(69%). This proportion is also higher than that reported
in a previous study (49%) (6). One of the reasons might
be observer bias (/0). One or two researchers attended

"determined by Fisher's exact test

almost all imaging procedures during the study to
observe the procedure and this might have affected
the technologists' behavior. Additionally, in our pilot
study, we analyzed all chest radiographs, including
those obtained in the emergency department during
non-working hours, which may have had lower quality
than those taken at the radiology department during
regular working hours. At the emergency department in
our hospital, there is less staff and no immobilization
device for pediatric chest radiography. Without the
device, radiologic technologists usually have to hold
infants and young children to maintain their good
position during the procedure, which may distract them
from optimizing the imaging timing.

Although the proportion of chest radiographs
obtained in the inspiration phase in the overall results
was high, the participants who did not cry and those in
the 2-3 years age group was relatively low. Radiologic
technologists often had difficulty in detecting chest
movement in non-crying children. Moreover, elder
children might be difficult to keep in the required
position during the procedure. The immobilization
device in our hospital could be used for children with
body weight up to 15 kg, but some children in our study
did not allow us to use it. Unfortunately, the sample
size of non-crying participants and also those in the
2-3 years age group were both not sufficient to conduct
sub-analyses in this study. In a future study, it might be
intriguing to target non-crying children or recruit adults
having difficulties communicating and/or following
directions.

Among the 39 chest radiographs obtained by
observing the waveform, light, or according to the
beep sound of the sensor, 34 (87%) were taken in the
inspiration phase. This result indicates that this type
of sensor could be utilized for automatizing chest
radiography. Ideally, artificial intelligence could be
used to analyze the patterns of a respiratory waveform
to automatically shoot chest radiographs at the peak of
inspiration. This new device may reduce the workload
and occupational radiographic exposure of radiologic
technologists without influencing the quality of
images. Respiratory gating in computed tomography
(CT), positron emission tomography/CT, or magnetic
resonance imaging, in particular for radiation therapy,
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have been already put into practical use (/7). Our sensor
is simpler than those systems and could, therefore,
lead to a better quality of chest radiographs in a cost
effective way. Moreover, in response to economic
growth and the changes in social development, there
has been an increasing demand for diagnostic imaging
in low- and middle-income countries. Although there is
often a shortage of qualified radiologic technologists,
this device could be of assistance in those countries.

The study has several limitations. First, double-
blinding was not feasible. The two radiologists who
interpreted the chest radiographs were blinded to
the participants' allocation; however, the radiologic
technologists and participants recognized it because
of the use of the sensor in the intervention group
and non-use in the control group. We could have
placed a nonfunctional air pad in the control group;
however, the radiologic technologists would still not
have been blinded. Second, the subgroup analysis by
category or severity of the diseases was not conducted
since the focus of our study was on the effect of the
sensor regardless of disease or condition within our
criteria. Third, our estimation of the proportion of
chest radiographs obtained in the inspiration phase
in the control group was lower than the actual result.
Therefore, our sample size was too small to have
sufficient statistical power. Finally, we could not make
children stop crying during the procedure even though
the crying affects the chance to obtain radiographs
in the inspiration phase (/2). In general, children cry
during the radiographic examination because they feel
stress, fear, or anxiety (/3). For future research, it might
be interesting to include adult participants who were
not able to move and communicate with others.

In conclusion, in this study, the use of the body
movement sensor did not increase the proportion of
chest radiographs taken during the inspiration phase
among infants and young children aged less than
3 years. However, this null result may indicate the
possibility of utilizing the sensor for automatizing chest
radiography in the future.
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SUMMARY

Following a containment phase of two months, China has transitioned to the mitigation phase.
However, China still faces the risk of COVID-19 spreading due to not only to sporadic new cases and
imported cases but also asymptomatic carriers. According to daily reports from the National Health
Commission of the People's Republic of China from March 31, 2020 to April 7, 2020, the number of
new asymptomatic cases reported daily greatly exceeded that of new imported cases. As of 24:00 on
April 7, there were a total of 1,095 asymptomatic cases with COVID-19 under medical observation
on the Chinese mainland, including 358 imported cases. A growing number of studies have indicated
that asymptomatic carriers are infectious to an extent and can potentially transmit COVID-19. At
present, China's measures for managing asymptomatic carriers are 14 days of centralized quarantine
and observation; in principle, people with two consecutive negative nucleic acid tests (at an interval
of at least 24 hours) can be released from quarantine. However, asymptomatic carriers will not be
included in confirmed cases unless they develop clinical manifestations while in quarantine. As
"silent spreaders", asymptomatic carriers warrant attention as part of disease prevention and control.
The testing and follow-up of asymptomatic carriers should be expanded to include people in close
contact with patients with confirmed COVID-19 and asymptomatic cases, clusters of outbreaks, and
key areas and populations with a high risk of infection.

Keywords

According to a World Health Organization report, China
has transitioned to the mitigation stage following a two-
month containment phase (/). Currently, the sporadic
cases of COVID-19 have appeared in China for several
days, but the epidemic is still rapidly worsening in
Europe and the United States. The number of confirmed
imported cases of COVID-19 has exceeded that of
autochthonous cases, placing pressure on patient
treatment, disease control and investigation, nucleic acid
detection, and quarantine facilities of cities of entry.
According to daily reports from the National Health
Commission of the People's Republic of China, this
situation has arisen as the number of new imported cases
has exceeded that of new domestic cases since March
13, 2020 (Figure 1). Although the number of imported
cases is still low, there may be imported cases for a
considerable period of time. China still faces the dual
risk of a COVID-19 spread due to sporadic new cases
and imported cases. At present, most regions in China
are focusing on the prevention and control of imported
cases from overseas, and all overseas arrivals must be

coronavirus disease 2019 (COVID-19), asymptomatic infections, China

quarantined in designated places for 14 days. However,
asymptomatic carriers are "silent spreaders" and also
warrant attention in terms of disease prevention to
contain the epidemic.

On February 5, 2020, the "Diagnosis and Treatment
Protocol for COVID-19 (Fifth ed., Trial)" was released by
the National Health Commission of the People's Republic
of China, and asymptomatic infection was first included
as a source of infection (2). Recently, asymptomatic
carriers have been detected in Liaoning, Zhejiang,
Shandong, and other provinces of China, and suspected
asymptomatic carriers have even appeared in some areas.
The existence of asymptomatic infections is one feature
that distinguishes the COVID-19 epidemic from the
SARS epidemic in 2003. Moreover, a study by Chu ef al.
(3) found that SARSCoV-2 replicated more efficiently
but induced significantly less of a host interferon and
proinflammatory response than SARS-CoV, which
suggests that SARS-CoV-2 is transmitted person-to-
person in a highly efficient manner and that it frequently
causes asymptomatic infections. Some of the first detailed
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Figure 1. New COVID-19 cases in China from March 4, 2020 to April 7, 2020. Data source: National Health Commissionof the People's

Republic of China , http://www.nhc.gov.cn/xcs/yqtb/list_gzbd.shtml

estimates suggested that covert cases of COVID-19 could
represent some 60% of all infections (4).

Furthermore, asymptomatic carriers may be highly
infective during the incubation period. A recent study
found that the viral load detected in asymptomatic
carriers was similar to that in symptomatic patients,
which suggests the transmissible potential of
asymptomatic or minimally symptomatic patients (5).
Scientists with the Ningbo Center for Disease Control
and Prevention in East China's Zhejiang Province
recently found that 6.3% of the close contacts of
patients with confirmed COVID-19 were ultimately
infected with the virus; 4.4% of the close contacts of
asymptomatic carriers were ultimately infected (6).
Another recent study involving 24 cases found that
asymptomatic carriers have a certain level of infectivity
and that the period of viral infection can be up to 29
days (7). The researchers in that study pointed out the
importance of identifying and isolating asymptomatic
carriers and patients with mild symptoms in order to
contain the epidemic (7).

The National Health Commission of the People's
Republic of China has included asymptomatic cases in
its daily report since April 1 (8). From March 31 to April
7, the number of new asymptomatic cases reported daily
greatly exceeded that of new imported cases (Figure
1). As of 24:00 on April 7, 2020, there were 1,095
asymptomatic carriers under medical observation on the
Chinese mainland, including 358 imported cases (9). At
present, China's measures for managing asymptomatic
carries are 14 days of centralized quarantine and
observation; in principle, people with two consecutive
negative nucleic acid tests (at an interval of at least
24 hours) can be released from quarantine. However,
asymptomatic carriers will not be included in confirmed
cases unless they develop clinical manifestations while
in quarantine (/0).

As "silent spreaders", asymptomatic carriers warrant
attention as part of disease prevention and control; more

efforts should be made to monitor, track, quarantine, and
treat asymptomatic carriers. The testing and follow-up
of asymptomatic carriers should be expanded to include
people in close contact with patients with confirmed
COVID-19 and asymptomatic cases, clusters of
outbreaks, and key areas and populations with a high risk
of infection. Once asymptomatic carriers are identified,
an epidemiological investigation should be promptly
conducted, the sources of infection for those cases
should be determined as early as possible, and relevant
information should be published publicly and openly.
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SUMMARY

Recently, an increasing number of reports have indicated that a few patients who were believed to

have recovered from COVID-19 initially tested negative but later tested positive. Several hospitals
in different countries have detected SARS-CoV-2 RNA in the semen and cerebrospinal fluid of
patients with severe COVID-19. Given the fact that the testes and central nervous system are both
immune privilege sites and the fact that Ebola virus and Zika virus can avoid immune clearance and
continue proliferating and spreading by hiding in those sites, the question of whether SARS-CoV-2
is present in immune privilege sites, it attacks those sites, and it spreads again after proliferating in

those sites needs to be investigated.

Keywords

Since December 2019, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has caused nearly 4
million cases of coronavirus disease 2019 (COVID-19)
worldwide, including over 274,000 deaths, as of 11 May
2020 (/). Generally, COVID-19 is less severe and less
fatal than SARS, but some patients, and especially those
who are elderly with co-morbidities, are prone to develop
more severe symptoms and require emergent medical
interventions (2). An increasing number of patients with
COVID-19 have been discharged and undergone regular
follow-up and observation. Studies have reported that
some recovered patients have test positive again for
SARS-CoV-2 RNA (3-5). There may be two reasons
why patients test positive again for SARS-CoV-2 RNA:
first, the patients were re-infected by another carrier of
the virus; second, the virus was not completely cleared
and instead reappeared in recovered patients. Since there
is little evidence that recovered patients were re-infected,
Vineet Menachery, a virologist at the University of
Texas Medical Branch, said testing positive after
recovery could simply mean that the test result was a
false negative and that the patient was still infected (6).
The leads to the question of whether the virus is still in
the bodies of patients and, if so, where it is hiding. After
considering a number of possibilities, the current authors
hit upon immune privilege.

Certain sites in the human body have immune
privilege, meaning that they are able to tolerate
the introduction of antigens without eliciting an
inflammatory immune response. Immunologically

SARS-CoV-2, COVID-19, immune privilege, re-detectable positive, semen, CNS

privileged sites include: the eyes, the placenta and fetus,
the testicles, the central nervous system (CNS), and the
anagen hair follicles (7) (Figure 1). Immune privilege is
thought to be an evolutionary adaptation to protect vital
structures from the potentially damaging effects of an
inflammatory immune response. Inflammation in the
brain or eye can lead to loss of organ function, while
immune responses directed against a fetus can lead to
a miscarriage. Thus, these are niches where viruses
may be protected from the host immune response.
Immunoprivileged sites gained attention as places
where viruses can persist after disease recovery during
the 2013-16 West African Ebola virus outbreak (8). In
addition, Zika virus can also be detected in the semen
of recovered patients (9). There are reports of patients
who had these viruses in their semen months after they
were originally infected even though the viruses had
been cleared from elsewhere in their bodies. Ebola virus
was still detectable in the semen of some survivors for
more than three years, and Ebola virus transmission
through sexual intercourse can occur months after
the patient has recovered. In one of the most extreme
cases, Zika virus was detected in the semen of a man
in Italy at least 134 days after symptoms of the disease
(mainly a fever) first emerged, even though blood and
saliva samples revealed no trace of the virus. A semen
test on day 188 still indicated the presence of virus (his
blood and saliva were not tested). The testes seem to
be a particularly understudied area among immune-
privileged sites, which also include the eye and the
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Figure 1. SARS-CoV-2 could hide in immune privilege sites to
avoid immune clearance. To date, SARS-CoV-2 has been detected
in the central nervous system and semen but not in the eyes, hair
follicles, placenta, or fetus.

brain (/0). Coincidentally, SARS-CoV-2 shares some
characteristic with those viruses.

A study of 38 patients undergoing treatment for
severe COVID-19 at a Chinese People’s Liberation
Army General Hospital looked for SARS-CoV-2 in
their semen (/7). Fifteen of the patients provided a
semen sample during the acute phase of their illness and
23 shortly after recovering. SARS-CoV-2 RNA was
found in semen samples from 4 of the 15 patients with
acute disease and 2 of the 23 recovering patients. These
new findings differ from the results of an earlier study
involving 12 COVID-19 patients and a case report which
suggested that semen of infected patients tested negative
(12,13). However, the earlier studies focused on patients
with mild disease after they had recovered, whereas the
more recent study focused on hospitalized patients with
severe disease, and all samples in this latest study were
collected while symptoms were evident or very shortly
after recovery. In fact, all of the semen samples from
recovering patients that were found to have viral RNA
were collected 2 or 3 days after recovery. Thus, different
findings from the earlier studies and the more recent one
are probably the result of differences in disease severity
and the timing of sample collection. Other studies found
that infected patients had neurologic manifestations (e.g.
cerebrovascular disease and impaired consciousness)
and skeletal muscle injury, and SARS-CoV-2 RNA was
even detected in the cerebrospinal fluid of an infected
patient (/3,14).

However, the presence of viral RNA in immunologically
privileged sites in patients does not necessarily mean
that an infectious virus is present. Thus, what must
be determined is whether infectious viruses can also
be isolated from immunologically privileged sites in
COVID-19 patients and survivors. Isolation of SARS-
CoV-2 in those sites would lead to 3 questions: first, will

the virus attack eyes, CNS, testes, or a fetus; second,
will SARS-CoV-2 spread through sexual transmission
or pregnancy; and third, can detection of SARS-CoV-2
in immunologically privileged sites serve as a prognostic
marker or is it a necessary indicator for recovered
patients, and especially those who with severe disease.
In the future, more studies need to investigate whether
immunologically privileged sites play an important
role in SARS-CoV-2infection and the recurrence of
COVID-19. In the meantime, the sensible move would
be for patients recovering from COVID-19 to remain in
self-isolation until further research determines how long
the virus remains in immunologically privileged sites.
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SUMMARY

During the COVID-19 outbreak, China made great progress in controlling the epidemic, and

the number of confirmed and suspected cases continues to decrease thanks to the various efforts
employed. Mobile field hospitals have played a huge role in the centralized management of patients
and they have effectively reduced transmission. This article describes some of our experiences
operating mobile field hospitals in order to provide a reference and to better inform countries that

are dealing with this crisis.

Keywords

1. Introduction

A novel coronavirus has caused severe pneumonia in
Wuhan, China since December 2019. In order to better
describe the global spread of this severe respiratory
infection (SARI), the condition was designated
COVID-19 (/) by the World Health Organization on
February 12, 2020. Thus far, COVID-19 has infected
more than 120,000 people and led to more than 3,500
deaths globally (2,3), and those numbers are still
increasing.

China was the first place affected by this disease, and
Chinese medical personnel and the local government
were initially caught off guard and overwhelmed by
this sudden event (4). In Wuhan, a labor shortage and
a lack of medical facilities presented major obstacles.
In response, numerous medical personnel from the
rest of China were dispatched; mobile field hospitals
also arrived to build temporary hospitals, 2 for patients
in critical condition and 15 for patients with mild
symptoms. During the outbreak, mobile field hospitals
played a great role in epidemic control. This article
describes some of our experience operating mobile field
hospitals in the City of Wuhan, China.

2. The configuration of a mobile field hospital
2.1. The general characteristics of a mobile hospital

Mobile field hospitals were located at sites with good

coronavirus, epidemic, COVID-19, mobile field hospital, patient management

ventilation, abundant space, and convenient patient
transport. The medical staff consisted of a medical
team from a regional hospital, two emergency medical
teams from the national government, one local medical
assistance team, and one biosafety level 3 (BLS-
3 or P3) mobile laboratory (Figure 1A). There were
approximately 1,000 medical personnel and 1,000-1,500
beds in each mobile field hospital (5).

In terms of their specialties, personnel comprised
four teams that were respectively in charge of managing
information, providing medical care, controlling
nosocomial infections, and managing logistics.

The information management group is responsible
for formulating plans, deciding work flows, dividing and
coordinating work, gathering, processing, announcing,
and reporting information, coordinating patient transfer
and admission, managing personnel schedules, and
handling problems.

The medical team is responsible for deciding treatment
plans, devising and implementing core regulations,
allocating physicians and nurses, summarizing medical
information, and arranging the schedules of medical
personnel.

The nosocomial infection control team is responsible
for devising and implementing nosocomial infection
control regulations, providing protective equipment and
training, and inspecting and supervising nosocomial
infection control.

The logistics team is responsible for distributing
resources, providing daily essentials, maintaining
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Figure 1. (A) Organization of a mobile field hospital. (B) Flow chart for patient management in a mobile field hospital.

facilities, preparing medication, environmental sanitation,
medical waste management, and sewage.

The mobile field hospital was divided into four
sections based on function: wards, Radiology, routine lab
testing, and SARS-CoV-2 nucleic acid detection. Wards
were designed for patient care and observation and were
equipped with one critical care and observation unit and
three infectious isolation units. Radiology consists of
several mobile imaging vehicles performing radiography,
computed tomography, and ultrasonography. Routine lab
testing consists of several mobile laboratories providing
routine lab testing such as blood tests and blood
biochemical panels. Nucleic acid detection consists of a
BLS-3 mobile lab that is responsible for SARS-CoV-2
nucleic acid detection and confirming the diagnosis of
COVID-19.

2.2. Principles for management of a mobile field hospital

The general rules: Specialized admission, centralized
quarantine, modular management, standardized
treatment, and two-way referral of patients. A flow chart
for patient management is shown in Figure 1B.

Admission criteria: Based on Chinese Guidelines for
the Diagnosis and Management of COVID-19, version
5.0 (6), patients with confirmed COVID-19 must fulfill
all criteria in Table 1A.

Discharge criteria: The patient must fulfill at least 3

criteria in Table 1B.

Criteria for admission to the critical care and observation

unit. Any of the criteria in Table 1C must be fulfilled.
Criteria for referral to a hospital specializing in

critical care. Any of the criteria in Table 1D must be

fulfilled.

3. Conclusion

The biggest advantage of a mobile field hospital is its
convenient centralized management of patients with mild
symptoms. Those patients are able to walk and mingle
with healthy people; without centralized management,
they could spread the infection rapidly in the community
and impede control of the disease. After mobile field
hospitals were set up, regular hospitals were spared and
patients with confirmed COVID-19 were isolated and
treated in a centralized location, greatly helping to control
the epidemic. More than 12,000 patients with COVID-19
have been treated by 15 mobile field hospitals over the
past 30 days, and the rate of referral to a designated
hospital has been around 35%.The mobile field hospitals
were literally "a field of life". This article has described
our experiences operating mobile field hospitals to deal
with COVID-19 in China. Topics described here include
the location of the hospital, regulations for patient
management, and principles for patient admission and
referral. The hope is that this information can serve as
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Table 1. Rules for patient management at a mobile field hospital

(A): Admission criteria

1.

Mildly symptomatic patients.

Nucleic acid testing is positive and/or a pulmonary CT scan is indicated.
Capable of independent living, older than 18 and younger than 65.

No severe underlying cardiopulmonary, neurological, or renal condition.

No history of a mental disorder.

A S o

Able to walk without assistance.

(B): Discharge criteria
1. Afebrile for at least 3 days.
Respiratory symptoms have improved significantly.

Sa0, greater than 93% and a respiratory rate less than 24 breaths per minute at rest.

2.
3. Pulmonary inflammation has decreased markedly according to Radiology.
4. Nucleic acid testing is negative two consecutive times (with at least 1 day between tests).

(C): Admission to the critical care and observation unit.

1. Tachypnea or a respiratory rate greater than 30 breaths per minute at rest.

2. Sa0, less than 93% at rest.
3. PaO,/FiO, < 300.
4. Other potentially fatal underlying risk factors.

(D): Criteria for referral to a hospital specializing in critical care.

Younger than 18 or older than 65.

Living with others.
Has a mental disorder like hypomania.
Other specific reasons (to be noted).

NN hR WD~

Patients in the critical care and observation unit whose condition fails to improve or deteriorates after initial interventions.
Persistent hyperthermia for two days with a body temperature higher than 38.5 °C after proper treatment.

Has a severe underlying cardiopulmonary, neurological, or renal condition, including the need to undergo dialysis.

a reference and better inform countries that are dealing
with COVID-19.
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SUMMARY

The World Health Organization (WHO) has deemed coronavirus disease 2019 (COVID-19) to be a

pandemic. The strict prevention and control measures taken by China have proven to be effective,
creating a window of opportunity for other countries. The tracking and management of contacts
of patients with COVID-19 are important components of prevention and control measures. This
article briefly describes the placement of close contacts of patients with COVID-19 under collective
quarantine for medical observation in China from the perspective of frontline staff. This article focuses
on a community in the Jiading District of Shanghai to provide a reference for placement of close
contacts of patients with COVID-19 under collective quarantine for medical observation in other

countries and regions.

Keywords

1. Introduction

The World Health Organization (WHO) deemed
coronavirus disease 2019 (COVID-19) to be a pandemic
(1); as of April 10, 2020, there were 1,521,252
confirmed cases and 92,798 deaths globally (2). Eight
fundamental measures to respond to COVID-19
were cited by the WHO (3); identifying, tracking,
and isolating contacts, a crucial task, was mentioned
several times (3-5). On January 20, 2020, the Chinese
Government classified COVID-19 as a category B
infectious disease under the Law on the Prevention and
Treatment of Infectious Diseases but it is regulating the
disease as a category A infectious disease. COVID-19
was categorized as a quarantinable infectious disease
pursuant to the Frontier Health and Quarantine Law
(6). China implemented measures such as "Four Early
Actions" (early detection, reporting, treatment, and
isolation) and "Four Specifications" (the infected will
be treated in dedicated facilities by senior medical
professionals from around the country and with all
necessary resources), and these strong prevention and
control measures created a window of opportunity
for other countries (7). The measures taken by China
have proven to be effective (§-77). The tracking and
management of contacts of patients with COVID-19

COVID-19, close contact, community, collective quarantine for medical observation

were both cited in the prevention and control suggestions
offered by WHO (/2,13) and in Chinese guidelines on
prevention and control measures (/4).

Here, a town in Jiading District, Shanghai is cited as
an example. This article briefly describes the placement
of close contacts of patients with COVID-19 under
collective quarantine for medical observation in China
from the perspective of frontline staff.

2. Overview of collective quarantine for medical
observation

Since the outbreak of COVID-19, the WHO and Chinese
Government have issued several control and treatment
protocols and implemented responses to prevent
the transmission of the virus. Individual provinces
and cities in China have initiated first-level public
health emergency responses (/5). The tracking and
management of contacts of patients with COVID-19
is an important component of prevention and control
measures. The WHO issued a guidance document on
collective quarantine for medical observation (/6),
the Chinese Government published a series of related
documents (/4,20,21), and Shanghai issued prevention
and control documents based on the aforementioned
documents that were particular to the region (/7-19,22).
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The documents provide guidance on the tracking and
management of close contacts of patients, the selection
of a site for collective quarantine, staff assignment and
responsibilities, disinfection and protection, efc. Details
on those documents are shown in Table 1.

2.1. Related departments, personnel, and their
responsibilities

Individuals in China that need to be quarantined for
medical observation and isolation efforts follow WHO
guidelines. Tasks are mainly classified into management
and coordination, medical and health care, and
logistical support. Details on departments, personnel,
and their responsibilities are shown in Table 2.

2.2. Tasks

Tasks at the quarantine sites are performed according
to the required 14-day quarantine. Specific timepoints
include the preparatory stage, preliminary observation
(Day 1), intermediate observation (Day 2-Day 13),
late observation (the afternoon of Day 13), and the day
on which the individual is discharged from medical
observation (Day 14). Staff should use self-protection
and conduct regular disinfection according to related
documents every time they come in contact with
individuals under observation and they should enter and
leave the quarantine area through specific entrances and
exits. Detailed tasks are shown in Table 3.

2.3. Procedures for referral and first aid

When individuals under observation are in discomfort,
they will be diagnosed and treated by general
practitioners at the collective quarantine sites. If the
individual needs to be referred, a Proof of Treatment
Form from a Collective Quarantine Site for Medical
Observation is needed. At that point, the community/

subdistrict is responsible for designating people and
a vehicle to transport the individual. If the individual
is suspected of having COVID-19 or under other
special circumstances, community health center
administrative staff at the quarantine site will contact
a regional emergency center or fever clinic at a nearby
medical facility, and designate people and a vehicle to
transport the individual to the fever clinic along with
regional first-aid personnel. Accompanying personnel
should be in level-one protection and the transporting
vehicle should be disinfected. In line with the protocol,
if the individual is excluded as having COVID-19,
the community/subdistrict will arrange a vehicle and
personnel to pick the individual up. If the individual
is confirmed as being infected, then the hospital that
received the individual will refer the individual to the
Shanghai Public Health Clinical Center for further
treatment. The referral flowchart is shown in Figure 1.

3. Factors that influence the effectiveness of medical
observation

From the perspective of frontline staff, there are 6
factors that may influence the effectiveness of medical
observation of close contacts of patients with COVID-19:

i) The ability to lead and mobilize: The Chinese
political system enables the Chinese Government to
implement a series of powerful measures for epidemic
prevention and control. Government at all levels
and the entire society were mobilized, which was
highly efficient (23). Hotels that met requirements
were selected to serve as quarantine sites for medical
observation, and the logistical management teams led
by the government distributed and allocated resources
in a standardized manner (24,25).

i) Inter-agency collaboration: Epidemic prevention
and control is a task for society as a whole. It is not
a job for the health department alone. A government
at all levels approach is required (26). Staff at

Table 1. Documents related to placement of close contacts of patients with COVID-19 under collective quarantine for medical

observation in China

Date Issued Issuing Institutions

File Name (Ref")

2020.01.28 Shanghai Municipal Health Commission
2020.02.07 Shanghai Municipal People's Congress
2020.02.11 Shanghai Government

2020.02.29 National Health Commission
2020.03.04 National Health Commission
2020.03.07 National Health Commission
2020.03.13 Shanghai Municipal Health Commission

Notice on comprehensive health screening of people arriving in
Shanghai and isolation and observation (quarantine) of key groups for
prevention and control of COVID-19 in Shanghai (/7).

Decision to implement extensive efforts to prevent and control
COVID-19 (18).

Notice on further implementing strict individual prevention and control
measures (/9).

Notice on the further standardization and enhancement of disinfection
efforts amid the COVID-19 epidemic (20).

Notice on the issuance of the Diagnosis and Treatment Protocol for
COVID-19 (7" ed., draft) (21).

Notice on the issuance of the Protocol for Prevention and Control of
COVID-19 (6" ed.) (14).

Notice on the issuance of the Shanghai Protocol for Prevention and
Control of COVID-19 (5" ed.) (22).
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Table 2. Departments, personnel, and corresponding responsibilities at the collective quarantine sites for medical observation
of close contacts of patients with COVID-19

Category of tasks

Related Department

Personnel (code)

Responsibilities

Management and ~ Government departments

coordination administrative staff (A)
Health Administration Health administrative staff (B)
department

Health supervision and

enforcement personnel (C)
Medical and Medical and health care Community health center
health care facilities administrative staff (D)

Logistical support Fire department

Community/subdistrict

General practitioner (E)

Psychologists (F)

Public health physicians (G)

Nurses (H)

Pharmacists (I)
CDC professionals (J)

Firemen (K)

Public security and civil Policemen (L)
affairs authorities

Security department Security staff (M)
Foreign affairs Interpreters (N)
department

Sanitation and cleaning Cleaner (O)

Disinfection worker (P)

Sanitation worker (Q)

Social organizations Volunteers (R)

Hotels Hotel staff (S)

Organize, manage and coordinate all persons sent by each
department and assign tasks; better allocate materials; deal
with all emergencies.

Assist A to manage and coordinate personnel within the health
system and to better allocate health resources.

Supervise health and enforce the law, evaluate areas of
isolation; evaluate pollutants and sewage treatment.

Manage and coordinate the quarantine site, arrange food and
materials, assign tasks to site staff; convey information on
individuals under observation and arrange material reserves
and supplies.

Receive and instruct individuals under observation; perform
medical evaluation and routine diagnosis and treatment of
individuals under observation; train the staff and individuals
under observation in the prevention and control of the
epidemic; disinfect contaminated areas.

Provide psychological assessment, counseling, and treatment
to individuals under observation.

Perform an infection risk assessment and epidemiological
investigation of individuals under observation; disinfect
contaminated areas.

Provide care to individuals under observation, train staff and
the individuals under observation in the prevention and control
of the epidemic; prepare disinfectants and instruct disinfection
workers to thoroughly disinfect public areas and partially
contaminated areas; dispose of medical waste and provide
related instructions.

Instruct individuals under observation in taking medication.
Collect, analyze, and transmit information on individuals
under observation; guide quarantine sites to prevent and
control the epidemic.

Evaluate and supervise fire safety and respond to fires.
Evaluate and ensure safety.

Provide safety; keep order in quarantine sites; deliver
materials like daily essentials and food.

Interpret, communicate, and coordinate; convey information
to foreigners.

Clean surroundings and rooms, dispose of waste collectively.
Disinfect public areas, partially contaminated areas, and
vehicles.

Collect and transport waste and medical waste.

Register information on and communicate with individuals
under observation; register and report on the needs of
individuals under observation and give feedback.

Operate hotels and ensure the supply of materials.

quarantine sites consisted of agency officials, health
administrators, medical personnel, firemen, policemen,
security personnel, foreign affair personnel, sanitation
workers, volunteers, and hotel staff. This inter-agency
collaboration contributed to the coherence of epidemic
prevention and control.

iii) The establishment of health emergency teams
and funding and material support: An experienced and
well-trained team can calmly deal with a public health
emergency and play a major role. The development
and continuous training of health emergency teams
can improve their capabilities. Abundant funding and
materials can ensure the consistency of collective

quarantine under medical observation and help medical
personnel to perform tasks in an orderly manner.

iv) Efficient transmission of information:
Convenient and efficient transmission and integration
of information facilitates inter-agency collaboration,
promotes efficiency, and facilitates the effective and
reasonable allocation of human resources and materials
to ensure highly efficient epidemic prevention and
control. Valid news can prevent the spread of rumors
and reduce risks caused by misinformation (26).

v) The psychological status of individuals under
observation: Individuals under observation can be
affected by their physical health or by psychological
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Table 3. Efforts at sites for medical observation of close contacts of patients with COVID-19

Time Efforts Details Executor
Preparatory stage  Location selection Select hotels that meet requirements as collective quarantine sites for A,B
medical observation.
Evaluation Evaluate pollutants, sewage treatment, and quarantine areas. C
Fire safety assessment. K
Security assessment. L
Training Provide preliminary training to all staff. D,E,F, H
Day 1 Collection of information Collect and confirm information on individuals under observation. D
Accommodations Arrange rooms and order meals for individuals under observation. D
Task assignment Assign the task of receiving individuals under observation. D
Reception of individuals Contact medical personnel who will transfer individuals and confirm E
for observation information.
Inform close contacts of patients about issues related to collective quarantine E
for medical observation.
Have individuals sign a Consent to Medical Observation Form for close E
contacts of patients with COVID-19 in Shanghai and the Shanghai Jiading
Form for Placement in Collective Quarantine.
Inform people under medical observation at quarantine sites about self- E
protection and disinfection and provide friendly reminders about the
psychological support hotline.
Evaluation Preliminary evaluation of infection risks: perform an epidemiological E
investigation.
Disease evaluation: inquire about clinical symptoms and medical history. E
Evaluate the mental health of individuals under observation. F
Check-in guidance Instruct individuals under observation to enter rooms via a specific entryway E
and describe things, equipment, and devices in the room and how to use
them.
Inform individuals of how to take their temperature and train them in self- E
protection and disinfection.
Documentation of Record information on individuals under observation and complete the E
information health status information registration form.
Reassessment of infection Communicate by phone, confirm and supplement the individual's G
risk epidemiological history.
Routine communication Communicate by phone and ascertain the individual's living conditions and R
report their needs to D.
Taking an individual's Take the individual's temperature twice a day. E
temperature
Waste disposal Household waste of asymptomatic individuals under observation can be 0,Q,G,H
disposed of as general household waste after disinfection; that of individuals
with symptoms should be disposed of as infective medical waste.
Environment disinfection Train disinfection workers to disinfect surroundings. P
Day 2-Day 13 Routine communication Communicate by phone and ascertain the individual's living conditions and R
report their needs to D.
Evaluation and observation  Evaluate infection risk and prior disease risk and deal with those risks, E
inspect rooms, and take the individual's temperature.
Disease diagnosis and Diagnose and treat individuals with a risk of infection and disease, and E
treatment refer them if treatment is not feasible (see the Referral flowchart for close
contacts under medical observation)
Psychological counseling Provide psychological counseling to depressed individuals. F
Day 13 Preliminary evaluation Inquire about medical history and take the individual's temperature. E
before discharging
Providing information Deliver a Notification of Discharge from Isolation. E
Documentation of Complete the Notification of Discharge from Medical Observation for Close E
information Contacts of Patients with COVID-19 in Shanghai.
Day 14 Re-evaluation before Ask individuals about their medical history and take their temperature. E
discharge
Discharge from medical Give out Discharging Notification to Close Contacts of Patients with E
observation COVID-19 in Shanghai and one mask to those who are healthy.
Guidance upon departure Instruct individuals to leave via specific exits. E
Final disinfection Perform a final disinfection of the room. E
Information documentation ~ Record related information on Registration Log of Medical Observation E

Discharging.
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| Individuals under observation seek medical care |

|

GP on site confirms that the individual should be sent to a
medical facility for treatment after preliminary diagnosis.

|

GP on site completes the “Proof of Treatment Form from a
Collective Quarantine Site for Medical Observation.”

|

}

‘ Have a fever and/or respiratory symptoms

| ‘ No fever or respiratory symptoms ‘

|

I Go to a nearby fever clinic and show the Proof of Treatment Form ‘

‘ Following the Protocol ‘

|

‘ Diagnosed as a suspected case ‘

'

Observed and treated in the observation
room of a designated hospital

‘ Following the Protocol ‘

|
! |

| Exdluded | | confirmed |

l l

)

I Excluded as a suspected case

}

Continue to be isolated for medical
observation after regular treatment

Continue to be isolated Shanghai Public
for medical observation Health Clinical Center

Figure 1. Referral flowchart for close contacts of patients with COVID-

factors. The diversity of needs and whether those
needs are met have an impact on individuals, including
the risk of disease during observation and mental
health. During the preliminary stage of observation,
a psychological assessment should be performed on
individuals under observation as early as possible, and
effective interventions should be implemented to help
facilitate medical observation.

vi) Attention to key groups: During medical
observation, more attention should be paid to key
groups (such as children, the elderly, pregnant women,
patients with chronic diseases, and patients with
particular diseases). They have lower immunity and
need special care. An early assessment of the risk of
infection and disease should be performed for these
groups, and effective interventions should be promptly
implemented to help facilitate medical observation.

According to information on the distribution of
cases of COVID-19 from the Chinese Center for
Disease Control and Prevention (27), the number of
cases tended to decline in mid-February in most regions
of China. As of March 31, 2020, there were 81,554
confirmed cases, 76,238 cases cured, and 3,312 deaths

19 under medical observation in Shanghai.

(28). Currently, important results have been achieved
by China's phased epidemic prevention and control.
Local transmission of COVID-19 has basically been
blocked on the Chinese mainland. The overall status
of the epidemic is improving (29). However, there is a
possibility of recurrence, and attention should be paid
to cured patients who later test positive for the virus,
patients with false-negative results, asymptomatic
carriers, and new patients (30). Overseas, the pandemic
is rapidly spreading, bring greater pressure on China
to regulate imported cases of COVID-19. More strict
management of travelers arriving in China is needed
(31). When individuals who have already arrived in
China are placed under medical observation, attention
must be paid to different cultures and different values
in order to avoid unnecessary conflicts and to sustain
the effectiveness of medical observation. In the long
run, attention should be paid to post-traumatic stress
disorder (PTSD) among individuals under observation.
A psychological support hotline was instituted and
guidelines on psychological support, counseling, and
crisis interventions were issued in China to alleviate
the psychological harms caused by the epidemic and to
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actively prevent, alleviate, and control the social effects
of the epidemic on the mental state of those affected
(32-36). These efforts aim to identify high-risk groups

and

avoid the incidence of extreme events.
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SUMMARY

Keywords

The new coronavirus (COVID-19) has been characterized as a world pandemic by WHO since
March 11, 2020. Although it is likely that COVID-19 transmission is primarily via droplets and close
contact, airborne transmission and fecal-oral route remains a possibility. The medical staff working
in the operating room, such as anesthesiologists, surgeons and nurses, are at high risk of exposure
to virus due to closely contacting patients. The perioperative management is under great challenge
while performing surgeries for patients suffering COVID-19, including emergency cesarean section,
which is one of the most common surgeries under such circumstances. How to prevent medical staff
from cross-infection is an issue of great concern. In this article, we give a practice of anesthesia
scenario design for emergency cesarean section in a supposed standard patient suffering COVID-19,
aimed to optimize the work flow and implement the protective details through simulation of a real
operation scenario, which may be useful for training and clinical practice of anesthesia management
for patients suffering COVID-19 or other fulminating infectious diseases.

COVID-19, SARS-CoV-2, anesthesia management, cesarean section, scenario design

1. Introduction

The new coronavirus (COVID-19) outbroke in many
countries of the world and has been characterized as
a world pandemic by the World Health Organization
on March 11, 2020 (/). It is now generally considered
that the transmission happens mainly through
respiratory droplets and close contact (2,3), and in
some exceptional cases airborne or aerosols may also
be involved (4). The medical staff working in the
operating room (OR) are at high risk of exposure to
virus due to close contact with patients, procedures
of surgeries and anesthesia being possible to produce
airborne or aerosols in a comparitivly confined
space. However, urgent and emergency surgeries for
confirmed or highly suspected COVID-19 patients,
especially emergency cesarean sections are inevitable.
Thus, it is important to provide systemic preventive
precautions and training to improve the personal
protective ability during perioperative anesthesia
management.

In this article, we provide our practice and
experience for planning a training program for an

anesthesia scenario based on the role of a standard
patient to optimize work flow and implement
protective details.

2. Methods and Results
2.1. Establishment of emergency response team

In order not to disturb regular operation and anesthesia
work, we recruited doctors and nurses based on
voluntary registration and established emergency
response teams (ERTs) including 6 formal ERTs
and 3 backup ERTs. Each ERT included two senior
anesthesiologists, a resident doctor and an anesthesia
nurse with department head. The ERT has been
regularly arranged and scheduled and each ERT
takes charge of one week of anesthesia work for
surgical patients with confirmed or highly-suspected
COVID-19 in turns. The staff included in ERT must be
strictly trained and practiced wearing and undressing
personal protective equipment (PPE), including
adequate precautions, good hand hygiene, properly
fitted N-95 masks and other essential PPE.
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2.2. Establishment of surgical and anesthesia rule and
workflow for cesarean section based on the role of a
standard patient

It is necessary to establish an understandable rule and
workflow for surgeons, anesthesiologists and nurses,
which must be strictly obeyed and performed by all
departments to obtain interdisciplinary cooperation
(Figure 1). It is important to classify the normal,
suspicious and confirmed patients by screening the
patient from COVID-19 before being admitted to the
hospital or being sent to OR.

2.3. Anesthesia scenario setting

A suspected COVID-19 pregnant woman had been sent
to the appointed fever clinic in our hospital. The on-
duty physician immediately performed the detection
of nucleic acid nose or throat swab after consulting the
infection expert and reporting to the Hospital Infection
Administration Division. In accordance with the
contingency plan, all departments were on their way:
the Prevention and Health Section was responsible for
the infectious disease report; the Hospital Infection
Administration Division directed nosocomial infection
control; and the director of the Infectious Disease
Department carried out medical treatment and called for
obstetric consultation. 4 hours later the nucleic acid test
was shown to be positive for coronavirus. Obstetricians
decided that this confirmed COVID-19 patient needed
emergency cesarcan because the woman had a mild
pneumonia with complete placenta previa and 38 weeks

gestation and the fetal heart rate was getting faster
in the last half hour. Dedicated OR equipped with a
negative pressure system was standby and surgery
related staff were in place immediately.

2.4. Anesthesia scenario process

The process of anesthesia scenario setting for this
emergency cesarean section is summarized in Figure 2.

Report: The notice of emergency cesarean with
a confirmed COVID-19 pregnant woman was
immediately reported to the department head and on
call ERT.

Preoperative preparation: ERT members moved
quickly based on their own responsibility (Table 1).
Equipment, consumables, drugs and so on should
follow the strict principle of "only in" policy, which
means they can't be taken out of the dedicated OR. Only
the necessary items need to be brought in. Possible
use or backup items are placed in a nearby clean OR,
including anesthetics for general anesthesia, intubation
supplies with visual laryngoscope, crystal and colloid,
pressurized bag, arterial pressure transducer, central
venous catheter, emergency cart and difficult airway
cart.

Personnel protection and staff arrangement: All
the in-room staff were in place and carried out level 3
PPE under the guidance of infection specialist (Figure
3A and 3B). Related instruments, equipment and drugs
needed for the surgery were checked again. A senior
anesthesiologist and resident doctor were in the room,
another senior anesthesiologist and the anesthesia nurse

Selective
| operation

Confirmed cases transferred to the dedicated
confetious disease hospital, excluded cases
treated with routine surgery

Confirmed

Cesarean
section

———— Transferred to the dedicated

cases
Untransportable

confetious disease hospital

No regular

No suspicious Routine emergency
symptoms? cesarean section
Regular
B ey ) .a.ntenatal st e] Reach consensus? Lo
operation in our hospital e T :cwo protection
——>| or three protection
symptoms after expert %-
consultation

]

antenatal care
in our hospital

Figure 1. The surgical and anesthesia rule and workflow for cesarean section. Annotate:1) Regular antenatal care in our hospital (including
whole blood cell count and nucleic acid test for COVID-19, expert consultation and chest CT screening if necessary). 2) Suspicious symptoms
including contact history; fever, cough and other respiratory symptoms; chest CT screening not excluded. 3) Consensus among the anesthesiology

director, obstetrics director and operating room director.
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Evaluation and preparation

Preoperative
period

Equipment, drugs and consumables

Staff in place with level 3 protection

Emergency
situation

Informed consent, monitoring

Venous access, invasive BP monitoring

Difficult puncture

Combined spinal anesthesia| —— | Decreased fetal HR

Disinfection, general anesthesia induction

Insufficient anesthetics

Operation start, the fetus delivery

Maternal haemorrhage

Maternal hemostasis

l——% Blood pressure drop

Postoperative
period

Inadequate fluid

Patient transfer with protection

Undress protective clothing
Clean clothing after a bath

Figure 2. Flow chart of the anesthesia scenario setting-emergency cesarean section with a confirmed COVID-19 pregnancy woman.

were on standby to provide guidance or support in a
clean OR nearby. Department head (team leader) took
the responsibility of communication and cooperation
with other departments.

Informed consent and monitoring: Patient was
sent to the negative pressure OR strictly following
planned route in advance with a clean area, semi-
contaminative (buffer area) and contaminative area, as
shown in Figure 3C. The patient signed the informed
consent paper after entering the OR. The patient wore a
protective mask all the time, and supplementary oxygen
was given over the mask through a nasal catheter with
low oxygen flow 2-3 L/min. Two venous accesses and
invasive BP monitoring were established.

Prevention and treatment of emergency or
unexpected situations during operation: Emergencies
including hypotension, nausea and vomiting, and
arrhythmia and massive bleeding may occur. 15 minutes
after the fetus' delivery, massive bleeding occurred
and blood pressure dropped quickly to 60/35 mmHg
within 5 minutes. Routine treatment proceeded with
fluid infusion and vasopressor drugs. The backup ERT
members were ready to replenish the colloid solution,
vasoactive drugs and apply for blood transfusion. A
backup anesthesiologist was ready to participate in the
rescue whenever necessary. The newborn was handled
by a neonatologist and sent to the neonatal unit for
isolated medical observation. The group remembered
to change gloves and disinfect hands, avoiding
contamination of other areas of the OR.

Patient Transit: The patient was tranfered to the
Infection Disease Department through the dedicated
patient delivery route.

Postoperative Clean and Sterilize: After handover
of the patient, the relevant medical staff undressed from
the PPE under the guidance of an infectious specialist,
and put on clean clothing after a bath and had rest based
on the hospital's regulations. The OR and anesthesia

machine will be sterilized following the guidance of the
institute. The nurse will deal with the disinfection and
treatment of postoperative medical items and waste.

3. Discussion

Emergency surgery for confirmed or suspected
COVID-19 patients may take a longer time to prepare
than general emergency operations because of the
special requirements for preoperative wear of PPE and
patient transfer. Therefore, it should need rapid action
with close cooperation and orderly preparation to
shorten the waiting time. Repeat practice and training
of perioperative management is necessary for this kind
of patient, and is important. Spinal anesthesia is still
recommended as the primary choice of anesthesia for
cesarean delivery in a confirmed COVID-19 pregnant
woman (5). However, general anesthesia can be used
in patients with contraindications of spinal anesthesia
or serve as a backup plan in case of spinal anesthesia
failure or intraoperative conversion to general
anesthesia.

The ERT in our department are scheduled on a
weekly basis. This schedule will minimally disturb
regular anesthesia work and allow staff to obtain
enough rest after operations. Each member of the ERT
has his own responsibility (Table 1).

The dedicated operating room for COVID-19
surgeries should be equipped with a negative pressure
system. Patients with general anesthesia should be fully
preoxygenated under autonomous respiration to avoid
high flow oxygenation as it may increase the production
of viral droplets and aerosols (6). Two layers of wet
gauze can be used to cover the patient's mouth and nose.
The use of a breathing circuit filter is recommended
during surgery (Figure 3D) because its use can effectively
prevent the anesthesia machine from contamination by
bacteria and viruses (7). To avoid potential exposure risk
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Table 1. Anesthesia Precaution Checklist for COVID-19 infected patients

Itmes

Confirmation (V)

1. Preoperative preparation:
a. ERT anesthesiologists:
o Communication with relevant departments
® Preoperative evaluation
o Informed consent paper for anesthesia
b. ERT nurse:

® Preparation of drugs, equipment and consumables in dedicated OR

® Preparation of drugs, equipment and consumables in a backup clean OR nearby
e Anti-mist treatment for goggles and glasses with iodophor or bath lotion half an hour in advance

1

Personal protective equipment:

e [evel 3 personal protective equipment under the guidance of infection specialist: hand hygiene, operating
scrubs, disposable hair cover, n95 mask, surgery mask, goggles/face shield, protective clothing overall,

medical latex gloves, boot covers, isolation gown

3. Patient transfer and reconfirmation:

e Dedicated access to transport patients. The patient must wear a surgical mask or N95 mask all the time
e Reconsideration of drugs, equipment and consumables by the in-room anesthesiologists

o Other ERT members and nurse on standby in the clean OR nearby

e Spare drugs, consumables, emergency cart, difficult airway cart in place
e Effective and timely communication between ERT members through network video or walkie-talkie

F S

. Patient entry to the dedicated OR:
o Signature of informed consent for anesthesia
e Monitoring, establishment of venous access

wn

. Anesthesia:
a. Spinal anesthesia
e Patient with a surgical mask or N95 mask
e Supplementary oxygen given over the mask
o A backup plan of general anesthesia
b. General anesthesia

e Visual laryngoscope with disposable laryngeal lenses as first choice

e Breath filters installed between the proximal end of the endotracheal tube and the distal end of the circuit

e Fully preoxygenation with appropriate oxygen flow
e Two layers of wet gauze to cover the patient's mouth and nose

e Modified rapid sequence induction with sufficient muscle paralysis

e Avoid coughing and/or bucking

® Oral or tracheal suction performed with a closed suction system after intubation

(=)

. Unexpected difficult airway:
® Place Laryngeal mask if it meets the needs of surgery
o Notify pending support if endotracheal intubation required

=2

. Treatment of intubation utensils:

o Take off the outer layer gloves and put on new latex gloves after hand hygiene
e Alcohol to sterilize the laryngoscope handle three times before putting in the prepared specimen bag

separately for further treatment postoperation

-]

. Supplement of drugs and consumables during operation:

o Sent in the OR from the backup OR nearby through the semi-contaminated area
@ Blood transfusion: all the prepared work done by the backup ERT member before transfusion

N3

. patient transit:
® Be clear about the dedicated patient delivery routes
o Inform the infectious department and get ready for this patient
e Clean files and patient contacted files separately stored
e Attention to staff protection in transit

10. Isolation:
e Undress PPE and put on clean clothing after a bath
@ Isolation based on the hospital's regulations

of aerosols or droplets contamination, modified rapid
sequence induction with sufficient muscle paralysis is
recommended. Opioid analgesics should be given after
loss of consciousness and muscle relaxant to reduce
stiffness of the chest wall. It is also very important
to take measures to avoid coughing and/or bucking
during anesthesia induction, intubation, extubation and
the recovery period (5,8). Video laryngoscopes are a
good choice for normal trachea intubation. For spinal
anesthesia, the infected patient must wear a surgical
mask or N95 mask all the time.

Maintain smooth communication among
departments. The team leader and the backup ERT stay

in a clean OR nearby in case of emergency or need of
rescue. The transfer route, protection requirements of
patient and transported staff should be clearly aware
before the surgery and exactly implemented after the
operation.

Anesthesia drills for different types of operations are
required at regular intervals to get continuous feedback
and improvements. On this basis, we have developed
the "Anesthesia Precaution Checklist for COVID-19
infected patients" (Table 1) and require that each item
of the checklist be ascertained or implemented before
entering the infectious surgical room.

In conclusion, the ERT members should be fully
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Figure 3 Some methods to protect medical staff from infection in
operation room during the practice of anesthesia scenario. (A) The
procedure of wearing PPE. Operating scrubs—shoe covers—hand
hygiene—n95 mask—surgical mask—hair cover—gloves—protective
clothing—boot covers—gloves—goggles/face shield—isolation
gown—gloves; (B) The procedure of undressing PPE. (Contaminative
area) Isolation gown—outer gloves—hand hygiene—new
gloves—goggles/face shield—hand hygiene—(first buffer area)
unclasp the boot covers—outer gloves—hand hygiene—new
gloves—protective clothing—hand hygiene—(second buffer area)
hand hygiene—hair cover—gloves—new gloves—surgical mask—n95
mask—hand hygiene—shoe covers and shoes—gloves—(clean area)
clean clothing after a bath; (C) The area division around negative
pressure OR and the patient in-and -out route. Annotate:1) Dedicated
elevator for patient transmit, 2) Buffer area, 3) Dedicated OR, 4) Clean
OR. Areas in grey mean semi-contaminative area, areas in white are
clean while area in yellow is the contaminative area. The red lines
represent the in-and-out route for covid-19 patients. The green line is
for the evacuation of in-room medical staff; (D) The placement of the
breath filters.

trained in advance based on safe medical practices and
nosocomial infection prevention protocols. Everyone
must make sure they can wear and take off the PPE
correctly through training and appraisals. Anesthesia
drills for different types of operations are required
at regular intervals to get continuous feedback and
improvements.
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SUMMARY

Coronavirus disease 2019 (COVID-19), caused by SARS-CoV-2 virus, is now generating a global

epidemic, leading to a severe public health emergency. Until April 12, 2020 around 1,700,954
confirmed cases and 105,633 deaths have been reported all over the world. The World Health
Organization (WHO) has declared COVID-19 as a Public Health Emergency of International Concern.
Under this circumstance, surgical activities should be carefully evaluated to avoid excessive occupation
of limited medical resources, and to reduce the possibility of hospital infection. China has achieved an
inspiring achievement on epidemic control. Here, we reviewed available studies on surgical activities
during the outbreak, in combination with our current experience, with the aim of providing feasible
suggestions on surgical issues during the COVID-19 pandemic.

Keywords COVID-19, surgery, public emergency

1. Introduction

With the pandemic of coronavirus disease 2019
(COVID-19), most medical resources have been
allocated to its treatment. Diagnosis and treatment of
other diseases have been seriously restricted. As far as
surgical activities, it is suggested that except for the
dedicated COVID-19 center, other hospitals should
only provide urgent or time-sensitive elective surgical
services after deliberated evaluation (/). The exhaustion
of medical resources and the risk of infection during
operations should be a concern. COVID-19 spreads
mainly through respiratory droplets produced by
infected patients. Operations, including endoscopy,
laparoscopy, intubation and extubation, tend to transmit
droplets and aerosols. Surgeons, anesthetists and
operating nurses within the operating room are at high
risk of exposure and infection. Personal protective
equipment (PPE), including N95 mask, disposable
medical protective clothing, surgical cap, sterile gloves,
goggles and face shield, should be provided to all staff
if surgery is recommended (/).

2. Emergency surgery

Screening of symptoms and exposure risk should be
performed for all patients at time of their arrival. If

patient's vital signs are unstable, emergency surgery
should be performed, with the highest level of
protection measures conducted. If the patient's vital
signs are stable, suspected patients should be streamed
into dedicated fever clinic, with all non-urgent surgery
postponed. For the non-suspected, if operation is
needed, further nasopharyngeal swab (NPS) or chest
CT still should be examined. After all screening is
finished and patients triaged, requested surgical activity
is subsequently triggered (2).

For suspected or infected patients, a separate path
for transport should be pre-designed. A dedicated
negative-pressure operating room should be prepared.
Experienced surgeons outside the learning curve and
standardized surgical procedures are recommended to
decrease the operation time, in order to minimize the
possibility of infection. Well-trained operating room
nurses and anesthesia should be in position for pre-
operative preparation. Personal protection equipment is
recommended for all participating medical staff (3).

Special attention should be paid to pregnant women
whose general condition is proved to be worse than
others (4). Thus, caesarean section for infected or
suspected pregnant women is the most challenging
emergency surgery. Compared with vaginal delivery,
caesarean has the advantage of minimized in-patient
stay and reduced physical exertion. Evaluation of
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maternal disease condition, fetal intrauterine status and
gestational age determines the timing of caesarean ().

Application of laparoscopic technique and energy
devices for bleeding control should be carefully
evaluated. Zheng et al. reported that aerosolization
of blood through energy devices has a risk of
spreading virus (6). This leads to concern about the
safety of urgent minimal-invasive surgery, such as
appendicectomy and cholecystectomy. Thus, prevention
of aerosol dispersal, lowering pneumoperitoneum
pressure, lowering electrocautery power setting and
using bipolar cautery should be implemented in
laparoscopic surgery (6).

In addition, some traditional urgent surgeries
can be replaced by alternative treatment. Patients
with uncomplicated appendicitis can receive interval
appendectomy after nonoperative management, which
has proved to have a similar outcome compared with
upfront appendectomy (7). Likewise, percutancous
transhepatic-gallbladder drainage can be performed in
acute cholecystitis followed by cholecystectomy in 3
months (8). These strategies enable surgery teams to be
effectively allocated to other urgent surgeries, and can
reduce the utilization frequency of operating rooms.

3. Elective surgery

Comprehensive consideration of limited medical
resources and severity of the epidemic are needed to
assess the benefit of elective surgery. England's NHS
hospitals have suspended non-urgent elective surgery
at least 3 months to reserve resources in the face of the
COIVD-19 outbreak (9). A recent study suggested that
the median safe postponement period is 3 weeks (/0).

For benign diseases, we suggest that follow-up and
assessment should be performed though telephone or
on-line inquiry, and surgery should be postponed until
the end of outbreak.

For oncological diseases, Liang ef al. reported that
cancer patients are more susceptible to coronavirus
infection, probably due to compromised immune system
and effects of chemotherapy (/7). The Society of
Surgical Oncology (SSO) provided recommendations
for the management of different cancers during the
COVID-19 outbreak, including breast cancer, colorectal
cancer, endocrine tumor, gastric and esophageal cancer,
hepato-pancreato-biliary cancer, melanoma, peritoneal
surface malignancy and sarcoma (/2). All these
recommendations are based on evidence and reported
experiences. However, treatment decisions for each
individual patient should be made on a case-by case
discussion, considering the cancer biology, alternative
strategy, COVID-19 epidemic situation and time
schedule of surgery team. We suggest that decisions
should be made based on triage. In general, patients can
be divided into three categories: 7). Surgical procedures

should be performed without delay; ii). Surgery can
be postponed without severe impact on prognosis; iii).
Surgery can be replaced by other treatment (/3).

The first category refers to patients with severe
complications during tumor progression. For example,
obstruction or perforation as a complication of colorectal
cancer is recommended to receive surgical treatment
(12).

For the second category, postponed surgery may
reduce the possibility of infection with no significant
impact on prognosis (/4). A recent study from Annals
of Surgery proved that surgery can be postponed for
at least 4 weeks in 48% of cancer types. For patients
receiving neoadjuvant chemotherapy, the median safe
postponement period is 8 weeks (10).

For those surgeries that can be replaced by other
treatment, we should note that chemotherapy is
reported to raise susceptibility to COVID-19 (71).
In addition, checkpoint inhibitors, which can induce
hyperinflammation, may raise a cytokine storm and
interstitial mononuclear inflammatory infiltration in a
pneumonia condition theoretically. Lung immune-related
adverse events caused by immune-check point inhibitors
can overlap with COVID-19 related pneumonia (/5).
Thus, decisions should be made deliberately based on
evidence and MDT discussion. Accordingly, intensive
personal protection should be provided to these patients
to decrease the risk of infection.

Robot assisted surgery has the advantage of reducing
hospital stay and minimizing the number of directly
exposed medical staff. Additionally, with support
of robotic arms, pneumoperitoneum pressure can be
reduced to 8 mmHg. It can decrease the infection risk
for both patients and surgeons. Thus, it is suggested to
be implemented for undeferred complex oncological

surgery (16).
4. Anesthesia

Because of the transmission pathway through
respiratory droplets, anesthesia, involving intubation
and extubation, is at an extremely high risk. Awakened
intubation should be prohibited. During the intubation
and extubation operation, non-essential staff should
leave the operating room. All items should obey
the "Only-In" principle. The anesthetist and other
remaining staff should wear FFP3 filter and personal
protective equipment properly, and a negative pressure
operating room is necessary (3). In the pandemic
area, anesthesiologists and ventilators limit general
anesthesia. Even for urgent surgery, epidural anesthesia
and local anesthesia should be considered under some
circumstances (/7).

5. Patient transport

Transport of diagnosed or suspected infected patients
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Table 1. Key points of suggestions

Emergency surgery

1). Screening of symptoms and exposure risk should be performed followed by NPS.
2). For infected or suspected patients, highest level of PPE should be implemented.

3). Separate path should be pre-designed.

4). Dedicated negative-pressure operating room and experienced surgeon are recommended.
5). Application of laparoscopy and energy devices should be carefully evaluated.

6). For infected pregnant women, caesarean is recommended compared with vaginal delivery.
7). Traditional emergency surgery can be replaced by alternative treatment.

Elective surgery
1). For infected patients, elective surgery should be postponed

2). For uninfected patients, non-time-sensitive elective surgery should be postponed

3). For benign disease, telemedicine is suggested for follow-up and assessment

4). For malignancies, surgery can be performed when a severe complication occurs. Otherwise, median safe postponement period is 3 weeks.
5). Robot assisted surgery has advantage of minimizing the number of exposed surgeons in complex oncological surgery

Anesthesia

1). Non-essential staff should not enter the operating room during Intubation and extubation.
2). Epidural anesthesia and local anesthesia is suggested under some circumstances.

Patient transport

1). For non-intubated patient with no oxygen requirement, surgical mask is suggested.

2). For non-intubated patient with oxygen requirement, face mask over surgical mask is recommended.
3). For intubated patient, dedicated ventilator rather than bag-valve mask is suggested.

4). Disinfection measures must be taken immediately if contamination occurs during transport.

before or after surgery needs proper protection
measures. A non-intubated patient is recommended to
wear a surgical mask. Oxygen can be delivered through
face mask over surgical mask. Intubated patient should
be transported with ventilator rather than bag-valve
mask. Staff participating in transport should wear
proper personal protection equipment (/8). A separate
path must be pre-designed to segregate these patients
from the non-infected. Make sure that there is no extra
stay in anesthetic bay and recovery room before arriving
at the dedicated COVID-19 ward (3). If contamination
occurs in transport, disinfection measures must be taken
by dedicated cleaning team.

6. Blood supply

The sudden outbreak of COVID-19 has seriously
influenced blood supply. Decreased donation limits the
reservation of blood derivatives, which in turn, restricts
surgical activity. In addition, blood safety also raises
attention. Although SARS-CoV-2 virus mainly affects
respiratory tract, viral RNA also can be detected in
plasma and serum, resulting in the theoretical possibility
of transmission through blood products. It has been
reported that Wuhan Blood Center has already started
to test for SARS-CoV-2 RNA from blood donations
since February 10. Meanwhile, appropriate measures
are taken to exclude suspected infected donors,
including: 7). Taking body temperature before donation;
ii). Detailed inquiry for related symptoms, and travel
history to epidemic areas within 28 days of donors and
relatives; iii). Telephone follow-up to all blood donors
for subsequent physical condition after donation; iv).
Callback blood products from infected donors (19).

7. Conclusion

Except for all the recommendation above (Tablel), we
suggest that surgical schedule should be made based
on careful consideration of the availability of dedicated
operating room, the exhaustion of PPE, the demand for
ICU beds, the need for blood supply, etc. Standardized
treatment procedures for diagnosed or suspected
COVID-19 patients must be provided to all relative
staff. Don and doff of PPE must be strictly trained for all
medical staff. Face-to-face interaction is recommended
only in emergencies. Telemedicine should be considered
whenever possible to reduce the risk of exposure.
We should note that present control interventions are
based on symptoms. Primary screening is performed
for patients with relative symptoms, such as fever and
cough. Asymptomatic carriers, may be a blind spot
of COVID-19 screening, leading to an unanticipated
resurgence (20). Exposure risk evaluation and contact
history inquiry can help to identify some asymptomatic
patients, but the rest may be a threat to medical security.
Although most of the asymptomatic patients are in the
incubation period, and will develop relative symptoms
later, we are still concerned about the presence of
chronic asymptomatic carriers, just like Typhoid Mary.

Abating spread has not been observed all over the
world, and limitations of medical resources may not be
improved in a short time period. We still need a long
time to overcome this difficulty. The present suggestions
are based on published studies and our experience in
clinical practice during the COVID-19 outbreak in
China. We wish that these recommendations are useful
in the battle against COVID-19 infection around the
world.
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