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a b s t r a c t

COVID-19 is known for its magical infectivity, fast transmission and high death toll based on the large
number of infected people. From the perspective of the clinical manifestation, autopsy examination and
pathophysiology, the essence of COVID-19 should be viewed as a sepsis induced by viral infection, and
has the essential characteristics as sepsis induced by other pathogens. Therefore, in addition to etio-
logical and supportive treatment, immunomodulatory therapy is also appropriate to severe COVID-19.
Although there is still a lack of consensus on immunotherapy for sepsis so far, relatively rich experi-
ences have been accumulated in the past decades, which will help us in the treatment of severe COVID-
19. This article will elaborate immunotherapy of sepsis, though it may not be consistent.
© 2020 Production and hosting by Elsevier B.V. on behalf of Chinese Medical Association. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
In late 2019, COVID-19 ravagedWuhan, China, and then spreads
rapidly to the whole world. This outbreak has led to hundreds of
thousands people being killed to date, huge economic losses and
public panic. What's the COVID-19 pathophysiological essence of
COVID-19? How to treat it more effectively? This is a great chal-
lenge to global medical and public healthcare systems. COVID-19 is
known for its magical infectivity and the speed of transmission, but
its essence is worth to be explored that will more effectively guide
the treatment. This paper will expound from several aspects.

Clinical manifestation and autopsy discovery

Major clinical symptoms of COVID-19 are fever, fatigue, cough,
and breathing difficulties.1,2 Some critical patients needmechanical
ventilation or extra-corporeal membrane oxygenation. If severe
enough, shock andmultiple organs failurewill occur, which require
other corresponding supportive treatment. Hematological exami-
nations presented hypoxemia, elevated cytokines and C-reactive
protein (CRP), abnormal liver and myocardial enzymes, decreased
lymphocytes, declined platelets and increased D-dimmer. Imaging
shows that there is a significant inflammatory infiltration and part
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consolidation of the lungs. Pathogens tested positive for 2019-
nCoV, and accompanied with or without evidences of bacterial
infection. Elderly patients are at high risk of critical illness and
death. At present, the data of autopsy were mainly from a small
number of elderly patients who died. Owing to lack of formal lit-
eratures published, the limited information mainly obtained from
some conferences and information reports on the internet. The
lungs bear the most severe damage, i.e. serious inflammatory cells
infiltration, a large amount of exudation, hyaline membrane, part
fibrosis, even bleeding and necrosis. Heart, liver, kidney and other
organs also have different degrees of inflammatory response and
damage. Spleen and lymphatic tissue reveal serious atrophy. There
may be disseminated intravascular coagulopathy (DIC), etc. The
above symptoms are similar to sepsis caused by bacterial infections.
It is reasonable to speculate that the essence of severe COVID-19 is a
sepsis induced by viral infection, which has the all hallmarks of
sepsis including specific pathogen (2019-nCoV), severe systemic
inflammatory response (so-called inflammatory storm), deep
immunosuppression (lymphocyte depletion and lymphatic tissue
atrophy) andmultiple organs failure, even persistent inflammation,
immunosuppression, and catabolism syndrome (PICS) in some
patients.
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What's the sepsis?

Sepsis is defined as infection causes themaladjusted response of
body and the deadly organ failure, which is a common syndrome in
critical patients and the most serious threat to the prognosis in that
patients.3 The pathogens can be bacteria, fungi, viruses or other
microbes. As early as the 19th century, Osler, the father of modern
medicine, had pointed out that disease was an undesirable reaction
of body to the pathogenic agents. Although over one hundred years
passed, it is still a great help for us to understand many diseases,
especially the pathogenesis of sepsis.

The human immune system has the ability to protect the body
from foreign substances invasion. When the body detects an in-
vasion of foreign antigens, it mobilizes the immune system and
other cells such as endothelial cells, epithelial cell, fibroblast,
mastocyte, etc. through the pathogen associatedmolecular pattern/
damage associated molecular pattern pathway to release and
activate a variety of pro-inflammatory substances, including pro-
inflammatory cytokines, cytotoxic proteases, oxygen radicals, an-
tibodies, activated complement and clotting factors, etc. creating a
so-called “cytokine storm”.4,5 The occurrence of inflammatory
storm in severe COVID-19 has been awide argument in clinicians.6,7

In fact, inflammatory storms are not unique to COVID-19, but also in
other respiratory viral infections, such as influenza, SARS, avian
influenza, swine flu and MERS, etc.8e11 COVID-19 is just a new
member following them.

Though inflammatory response can certainly help to kill and
clear pathogens, it also may damage normal tissue and cells.
Excessive inflammatory reactions will lead to a series of significant
pathological changes, such as coagulation activation and DIC,
mitochondria damage, cellular apoptosis, immunosuppression, in-
crease of vasopermeability and hypermetabolism, etc. To alleviate
the excessive inflammatory response, immune systemweakens the
ability of antigen present cell, increases Treg cell, accelerates lym-
phocytic apoptosis, induces immune checkpoints, and releases
large amounts of myeloid-derived suppressor cells, and so on,12e14

thus immune suppression is formed. The biological significance of
immune suppression is to enhance the tolerance to inflammation
and pathogens loading of the body.

Inflammatory response and immune suppression occur almost
simultaneously, but their actions are contradictory as two sides of a
coin. Both moderate inflammatory response and immune sup-
pression are the body's adaptive protection mechanism, which are
beneficial. Along with the elimination of pathogens, the body will
eventually restore to a normal state. However, if the inflammatory
response or/and immune suppression are excessive and uncon-
trolled, this protective compensation is transformed into a
destructive and decompensated status, sepsis then develops. With
sepsis, some patients die from early over-inflammation reactions,
many of whom go into a chronic course with persistent low in-
tensity inflammation, deep immunosuppression and metabolic
failure, known as PICS or chronic critical illness.15e17 In that, pa-
tients are repeatedly attacked by unexpected variety of infections,
resulting in a very high mortality following extended observation
time, which is similar to a “boiling a frog in warm water” state.

The mortality rates of severe COVID-19 and other critical dis-
eases are higher in the elderly group than in other age groups.18e20

Why? In addition having more underlying chronic diseases, the
elderly are also at high risk for sepsis. Angus et al.21 speculated an
overall incidence of sepsis was 3/1000, but 26.2/1000 in the elderly
(>85) years old, and the mean age of severe sepsis was 63.8 years
old. Martin et al.22 published data from 500 hospitals in the US,
showing that patients over 65 years old accounted for about 12% of
the total hospitalized population, but accounted for 65% of sepsis
(relative risk ¼ 13.1). Why are the older patients more likely to get
into sepsis? Immunosenescence is an important factor that causes
internal stability imbalance and a higher baseline level of inflam-
mation named as “inflamm-ageing”.23e25 As a result, the aging
patients are far less resistant to inflammatory attacks, more difficult
for treatment, and have a higher risk of death than younger
patients.

The characteristics of sepsis in severe COVID-19

Although severe COVID-19 is speculated to be a sepsis induced
by SARS-CoV-2, it does have some characteristics different from the
sepsis induced by bacteria that we are familiar with.

In bacterial infection, a violent inflammatory response is often
triggered quickly by bacteria. However, early invasion of 2019-nCoV
does not cause an obvious inflammatory response because of its
concealment of antigenicity, until it is replicated in a large number
within cells, and then released. It creates an incubation period
different from common bacterial infections, and has a relatively
chronic course. However, if the virus is explosively released, it must
appear the violent inflammatory which may explain a phenome-
non posed by some clinicians: a few patients seemingly stable may
suddenly deteriorate and die within a very short period of time.

It also has been observed that there was a low level of
pro-inflammatory cytokines in a few cases. Can inflammatory
response be ruled out in them? Perhaps it is resulted from deep
suppression of immune cells, since a large number of pro-
inflammatory cytokines are derived from these cells. It should be
emphasized that the inflammatory response is never driven alone
by pro-inflammatory cytokines, but also by many stressful or
damaging products,26e28 such as heat shock proteins, highmobility
group proteins, activated thrombin, cellular contents, mitochon-
dria, etc. They are released by different cells under attack by
pathogenic agents, then initiate and promote the inflammatory
responses. Those substances are not yet routinely tested clinically
as indexes of inflammatory response currently. Strong evidence of a
systemic inflammation in severe COVID-19 is the mysterious
decline in lymphocytes and the severe atrophy of lymphatic organs.
According to the current understanding, the inflammation
response is the one of the most important mechanism of lympho-
cytes apoptosis through the membrane and mitochondrial path-
ways.29,30 In short, low levels of pro-inflammatory cytokines alone
are not enough to rule out the existence of inflammatory responses.

Lungs bear with the most serious damage among all organs as
found in autopsy, whether it means the 2019-nCoV is more specific
to the lung or not. This is not necessarily, which may be more
related to the histological and anatomical characteristics and the
vulnerability of the lung. Macrophages are densely located in the
lung, accounting for more than 95% of the leukocytes. Inflammation
can result in the massive death of macrophages by means of cell
pyroptosis, necroptosis and necrosis, which not only decreases
defense ability of the lung, but also ignitemore heavy inflammatory
response, therefore more severe damage in lung than others.7,31

Moreover, the alveolar cavity is separated from the blood only
by a thin layer of endothelial-epithelial septum, of which the
destruction allows a large amounts of plasma and cells into the
mesenchyme, even flooding the alveoli. In fact, the development of
acute lung injury (ALI)/respiratory distress syndrome (ARDS) is
always the earliest and the most common signs in all kinds of
critical patients, not just in COVID-19.

Based on the above understanding, it is important to suppress
the excessive inflammatory response and repair the deep immu-
nosuppression in treatment of sepsis and severe COVID-19 patients,
which is so-called “immunomodulatory therapy” or “immuno-
therapy”. And due to a lack of effective antiviral drugs at present, it
could be regarded as “sub-etiological treatment”.
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Immunomodulatory therapy

The researches of immunomodulatory therapy in sepsis have
been going on for decades, and countless anti-inflammatory and
immune-enhanced drugs have been tried, but the vast majority
have become passers-by, so far no one obtained solid support by
enough evidences and to be unanimously accepted by clinicians.32,33

In the surviving sepsis campaign guidelines, immunotherapy is
really in a blank state,34 including its latest version of the anti-
COVID-19 guideline.35 In China, there is also no specific item of
immunomodulatory therapy in the COVID-19 diagnosis and treat-
ment protocol (trial version 7) released by the National Health
Commission (NHC). However, some drugs with immunomodulatory
potential are recommended, including Xuebijing (a Chinese medi-
cine), corticosteroid (methylprednison), tocilizumab, chloroquine.
Nevertheless, more therapeutic regimens add thymosin a1 (Ta1) and
ulinastatin for critical patients which are released by NHC, several
national critical care medicine societies and local societies.

No matter what drugs are adopted for immunotherapy, a basic
principle should be emphasized that anti-inflammatory therapy
should do as little damage to immune function as possible and
immune enhancement therapy should avoid inflammatory
rebound as much as possible. Based on the principle, there are
actually only a few drugs to be chosen. The goal of immunotherapy
should be to curb the excessive but retain moderate inflammatory;
repair of the deep immunosuppression should allow retaining
moderate. It is actually the normal compensatory response in the
case without complete infection control. This paper will focus on
analyzing the use of corticosteroids, ulinastatin (UTI) and Ta1 for
severe COVID-19 treatment.

Corticosteroids

Corticosteroids are the traditional and the most classic anti-
inflammatory drugs, which can inhibit the release of pro-
inflammatory substances, stabilize the cell membrane, and
improve the permeability. However, corticosteroids are also the
powerful immunosuppressive agents, the most important and
common drugs used for immunosuppressive treatment in organ
transplantation, autoimmune and allergic diseases. This dual at-
tributes make corticosteroids a double-edged sword in treatment
of sepsis.

The treatment of sepsis with large doses of corticosteroids has
been clearly denied more than 30 years ago. A study reported by
Bone et al.36 showed that no significant benefits were found in the
prevention of shock, reversal of shock and decrease of mortality by
the treatment with high-dose methylprednisolone (30 mg/kg, 4
times a day). The mortality at 14 days in the subgroup of patients
with renal impairment (>2 mg/dl) was significantly increased (59%
vs. 29%, p < 0.01), and all death cases were significantly relative to
secondary infection. In 1990s, a meta-analysis of the treatment of
sepsis with corticosteroids showed a trend toward the increased
mortality (relative risk (RR) ¼ 1.13, 95% CI: 0.99e1.29) and gastro-
intestinal bleeding (RR ¼ 1.17, 95% CI: 0.79e1.73).37 The authors
concluded “Current evidence provides no support for the use of
corticosteroids in patients with sepsis or septic shock, and suggests
that their use may be harmful”. But many clinicians are still
reluctant to give up the treatment and try to challenge the above
conclusion with low dose of the corticosteroids. The results were
still controversial and not encouraging. Some studies did obtain
positive results that the low-dose corticosteroids were helpful in
reversing hypotension and shortening the duration of administra-
tion of vasopressors in septic shock, but mainly in cases with
relative adrenal insufficiency.38,39 It did not mean that the use of
corticosteroids as an conventional anti-inflammatory strategy for
the treatment of sepsis or septic shock was advisable. Corticoste-
roids were recommended for use only in cases where septic shock
cannot be corrected by adequate fluid resuscitation and vasopres-
sors. Once the hypotension was corrected, corticosteroid was
required to discontinue.33 A meta-analysis published in 2018 also
concluded that though the duration of shock, mechanical ventila-
tion and intensive care unit (ICU) stay are reduced, the short- and
longer-term mortality are unaffected and adverse events increased
regarding septic shock treated with low dose corticosteroids.40

More impressive, a survey of more than 1.5 million out-of-
hospital users of prednisone showed that even in short-term
(5e7 days) and with low-dose (17.5e20 mg/d) of oral prednisone,
the incidence rate of fractures, venous thrombosis and sepsis were
still very high.41 The sepsis had the highest incidence rate of 5.3
(95% CI: 3.80e7.41) within 30 days of drug initiation.

Notably, corticosteroids had been widely used in previous out-
breaks as anti-inflammatoryagents, but controlled trialswere lacked
for prognosis. In the treatment of SARS, it was found that although
corticosteroids temporarily alleviated the inflammatory response,
the duration of virus clearance was significantly prolonged.42,43 An
analytical study concluded that “Despite an extensive literature
reporting on SARS treatments, it was not possible to determine
whether treatments benefited patients during the SARS outbreak.
Somemaybe evenharmful”.44 A harsh fact is that corticosteroids can
accelerate lymphocyte apoptosis. If critical patients had severe
lymphocytic depletion and lymphatic organ atrophy, corticosteroids
may further aggravate their immune function, then deteriorate their
later course and prognosis. In the current treatment of COVID-19,
corticosteroids are also criticized by some clinicians,45 while still
are advocated by others.46,47 Indeed, we may have to focus it as
“lifesaving therapy” in emergency situations. If corticosteroids are
maintained as an anti-inflammatory strategy for several days, the
risk of exacerbating immunosuppression will be significantly
increased. If we have other safer choices, corticosteroids are not the
only choice. This is the reason why UTI was proposed here.

UTI

UTI, an active trypsin inhibitor in urine, was first discovered by
Bauer from urine in 1909, then successfully purified by Sumi and
developed by Mochida Co. (Japan). The medicine was named Mir-
aclid (miracle þ drug) to market in 1985. Currently, Techpool Co.
(China) is the largest manufacturer in the world with the capable of
producing UTI on a large scale.

Trypsin inhibitor is actually serine protease inhibitors, whose
inactive precursors is activated by serine proteases, in turn, inhibits
those enzymes containing serine proteases, thus creates a negative
feedback regulation of anti-inflammatory. The strongest known
activator is elastase, as well as other cytotoxic proteases released by
immune cells, all of which have pro-inflammatory properties. In
addition to inhibiting serine protease, trypsin inhibitor can also
stabilize cell membranes, inhibit calcium influx and NF-k B acti-
vation, and antagonize oxygen free radicals. Several clotting factors
are also serine proteases, which are also inhibited by trypsin in-
hibitor, and can prevent coagulatory activation and DIC induced by
systemic inflammatory response and sepsis.48e50 UTI is the proto-
type of active trypsin inhibitors in urine, and has the same bio-
logical activity as trypsin inhibitor as a natural anti-inflammatory
and anticoagulant barriers in the body. Previous studies have
observed that many inflammatory diseases are accompanied by
elevated levels of UTI,51 which is the reflection of the activation of
anti-inflammatory mechanism in body. However, the occurrence of
diseases indicates that the self-compensation no longer provides
adequate protection for body, and giving exogenous UTI is appro-
priate and necessary.
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Currently, the on-label of UTI only lists acute pancreatitis and
circulatory failure. In fact, it is used far beyond our imagination.
According to an analytic reported in 2013, there were more than
3000 literatures of experimental and clinical studies with UTI,
covering dozens of diseases, and involving genetics/metabolism,
inflammation/immunity, coagulation, tumor, and so on.52 Up to
2014, during 15 years since UTI became available in China, there
have been more than 2.5 million cases using this drug, whose ef-
ficacy and safety have been fully demonstrated. A double-blind
study of UTI safety was conducted in 51 healthy subjects.53 Sub-
jects were 3 � 105 u -80 � 105 u one-off injection within 2 h. There
are 10 subjects in 11 cases of adverse events, characterized by mild
dizziness, pain at the injection site and leukocyte count down, but it
does not occur in the highest dose group (8� 105 u). All the adverse
events can automatically disappear, not found to have serious
adverse reactions. This study suggested that UTI has sufficient
safety properties to be well tolerated by humans. With the
consideration of that UTI is constantly consumed in the inflam-
matory response, it can be inferred that the sepsis patients may
have a greater tolerance to UTI than healthy individuals. Currently,
UTI has been recommended for anti-inflammatory therapy for a
variety of diseases by consensus of ten academic societies in China,
which reflects the practitioner's trust to it. To date, no serious
adverse reactions, including immune suppression, were reported,
even at very large doses.54

For treatment of sepsis, there have been a large number of lit-
eratures with almost consistent positive evaluation. In 2018, a
causal mediation analysis showed that it had a significantly lower
mortality rate at 28-day in UTI group than that in control group
(31% vs. 55%; p < 0.001), in that 35% of cases were directly associ-
ated with reduced inflammatory response e.g. CRP, and also did not
rule out a role in protecting glycocalyx, endothelial cells, and
inhibiting cells apoptosis.55 A meta-analysis in 2019 showed that
UTI significantly decreased the all-cause mortality (OR ¼ 0.48, 95%
CI: 0.35e0.66, p < 0.00001), APACHE II score, the incidence of
multiple organ dysfunction syndrome.56 Another meta-analysis of
treatment with UTI for ALI and ARDS also demonstrated57 its effi-
cacy in improving lung oxygenation (mean standard
deviation ¼ 1.85, 95% CI:1.42e2.29, p < 0.00001) and significantly
reducingmortality in ICU (RR¼ 0.48, 95% CI: 0.38e0.59), whichwas
reasonable as an evidence to be recommended in severe COVID-19
treatment. It should also be noteworthy that some German and
Japanese authors recently proposed that camostat or nafamostat
respectively has the action of against 2019-nCoV invasion cells.58,59

The mechanism was interpreted that 2019-nCoV invading cells
requires S protein to bind to membrane ACE2, also to be activated
and cleaved by a serine protease named transmembrane protease
serines (TMPRSS2) on the membrane to achieve membrane fusion,
which is a key step for invasion. Camostat and nafamostat can
prevent S protein from activation and cleavage through inhibiting
TMPRSS2, thereby to prevent membrane fusion. With camostatin,
two clinical studies of “Camoco-19" (NCT04321096) and “CLOCC”
(NCT04338906) to treat severe COVID-19 are under way. Both
camostat and nafamostat are synthetic serine protease inhibitors,
but UTI is a nature serine protease inhibitor which almost has the
same pharmacological action and indications as camostat or nafa-
mostat. Therefore, it is possible that UTI also has the similar effect of
antiviral invasion like camostat and nafamostat. However, an
experiment study conducted by Yamamoto et al.60 excluded this
speculation with a MERS virus model. It is necessary to further
clarity the cause of UTI's failure and to seek solutions.

Not only in China, UTI also appears as an anti-inflammatory drug
in theWHOR&DBlue book61 and in the Indian Experts Consensus62

in this outbreak. More significantly, Stanford University will
conduct amulticenter, double-blind, controlled clinical study of UTI
for COVID-19 treatment in June 2020 (NCT04393311),63which is the
first clinical study to use UTI in the US.

Ta1

Ta1, from thymic hormone fragment 5 (F5), is a 28-amino acid
peptide that is the central of thymic hormone function andwas first
described by Goldstein. After the success of synthetic Ta1 in 1970s,
Italian SciClone Co. and Patheon pharmaceutical factory launched
the medicine named Zadaxin, which entered China market in
1990s. Currently, there are two other Ta1 products made in China,
named Maipuxin and Heri respectively.

Ta1 can promote the proliferation, differentiation and matura-
tion of T cell; induce the transformation of stem cells (CD34) to
mature CD4 and CD8; up-regulate T lymphocyte receptor expres-
sion to activate dendritic cell (DC); improve the ability of DC to
engulf bacteria and release cytokines; increase the antigen pre-
senting cells MHCII expression; enhance the expression of IL-2
receptor in T cells; and antagonize corticosteroid-induced
lymphocyte apoptosis etc,64,65 so it is a strong immune booster
and at least 100 times powerful than F5.64 A study of Ta1 antago-
nizing the pro-apoptotic effect induced by corticosteroid showed
that in a dexamethasone pretreated model, the anti-apoptotic ef-
ficacy of Ta1 lasted for about 12 h. The range of dose should be
limited, which is not the bigger the dose was, the better the
effective was.66 The time-dependent and dose-dependent features
of Ta1 have certain references for guiding the use of Ta1 clinically.

In 2013, Wu et al.67 reported a multicentric randomized
controlled trial using Ta1 with 1.6 mg, twice per day for 7 days for
the treatment of sepsis, which showed a trend of reducing mor-
tality (26% vs. 35%, p¼ 0.062) at 28-day and a significant decrease of
mortality in hospital (28.7% vs. 39.4%, p¼ 0.032). A meta-analysis in
2017 on the treatment of sepsis with Ta1 showed that the 28-day
mortality was reduced about 30% (RR ¼ 0.69, 95% CI: 0.60e0.80,
p < 0.0001), and CD3þ, CD4þ, CD4þ/CD8þ were significantly
increased, and the levels of TNFa, IL-1 beta and IL-6 were signifi-
cantly decreased, suggesting that Ta1 does not only cause no in-
flammatory rebound, but also may inhibit the release of
proinflammatory cytokines.68 No clear explanation for that, it
maybe that Ta1 ensured the pathogens were more effectively
cleared by means of improving the immune function, therefore
weakened the inflammatory response. Moreover, Ta1 may be
involved in a negative immunomodulatory effects. Indeed, we have
learnt that Ta1 has biphasic regulation effects through acting on
DC.69 In traditional DC and plasmacytoid DC (pDC), Ta1 plays a
positive immunomodulatory role by activating MyD88. In pDC, it
can exert negative immune regulation by activating indoleamine 2,
3-dioxygenase (IDO) to induce Treg to realize immune tolerance,
depending on the status of the body.70 These characteristics make
Ta1 as the safest and most effective immunomodulator for the
treatment of a variety of immune disorders, including autoimmune
diseases. The use of Ta1 has obvious advantages for treatment of
complex immune disorders, such as sepsis which both inflamma-
tion and immunosuppression always coexist.

UTI combination with Ta1

Based on the understanding that sepsis is a biphasic event of
inflammatory response and immunosuppression, a combinative
treatment with anti-inflammatory and immunoenhancement may
be more reasonable and complement each other. This idea was
supported by an experimental study in a rat cecal ligation and
perforation model,71 in which the 96-h mortality in the control
group was 66.7%, in the UTI group alone 50.0%; in the Ta1 group
alone 44.4%; and in the combination group 30.6%. In 2003, the first
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multi-center randomized controlled trial (RCT) of UTI combination
with Ta1 for treatment of sepsis in China was conducted.72 The
results showed this regimen reduced absolute mortality at 28- and
90-day respectively 13.18% (from 38.32% down to 25.14%,
p¼ 0.0088) and 14.96% (from 52.10% down to 37.14%, p¼ 0.0054). A
meta-analysis of treatment of sepsis with Ta1 and UTI showed a
RR ¼ 0.67 of the treatment group compared with the control group
(95% CI: 0.57e0.80, p < 0.00001).73 Another meta-analysis of
different authors also showed a similar results like the above
(RR ¼ 0.68, 95% CI: 0.57e0.81, p < 0.00001).74

Summary

As a new disease, severe COVID-19 tends to overwhelm our
efforts in the treatment. In spite of many new therapies being
proposed, they are hard to be used if without adequate evaluation
because of the uncertainty and higher risks. In contrast, it may be
more worthwhile to use those therapies accumulated in normal
times from other similar diseases, such as sepsis, ARDS, multiple
organ system etc., depended on our understanding to severe
COVID-19. Based on the clinical and autopsy data, it should consider
that the essence of severe COVID-19 is a sepsis induced by viral
infection. Thus it is reasonable to adopt the treatment strategy
similar to sepsis, such as immunomodulatory treatment, in which
UTI and Ta1 should be the safest andmost effective drugs according
to the accumulated data. To date, there is no evidence showing that
UTI is an anti-inflammatory agent can results in immunosuppres-
sion, and Ta1 as an immunopotentiator can causes inflammatory
rebound, which is the great advantage over other treatments in
sepsis and severe COVID-19. The problems are that up to date,
relevant studies with UTI and Ta1 were mainly carried out in China
and there were some defects in the sample size and protocol
design, which leave a gapwith the first level of evidences. However,
the near-universal praises are not by chances. It can be a better
choice than other controversial treatments in the treatment of se-
vere COVID-19. The specific usage of UTI and Ta1 is still uncertain.
Considering the influence of age, basic state, disease severity,
pharmacokinetics, additional treatments and other factors, it may
be more reasonable to guide the treatment according to the pa-
tient's response and the dynamic trend of the diseases, which is so-
called individuality.

Funding

Nil.

Ethical Statement

Not applicable.

Declaration of Competing Interest

The authors have no conflicts of interest relevant to this article.

References

1. Huang CL, Wang YM, Li XW, et al. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet. 2020;395:497e506. https://
doi.org/10.1016/S0140-6736(20)30183-5.

2. Wu ZY, McGoogan JM. Characteristics of and important lessons from the
coronavirus disease 2019 (COVID-19) outbreak in China: summary of a report
of 72314 cases from the Chinese center for disease control and prevention.
JAMA. 2020. https://doi.org/10.1001/jama.2020.2648.

3. Singer M, Deutschman CS, Seymour CW, et al. The third international
consensus definitions for sepsis and septic shock (sepsis-3). JAMA. 2016;315:
801e810. https://doi.org/10.1001/jama.2016.0287.
4. Teijaro JR. Cytokine storms in infectious diseases. Semin Immunopathol.
2017;39:501e503. https://doi.org/10.1007/s00281-017-0640-2.

5. Chousterman BG, Swirski FK, Weber GF. Cytokine storm and sepsis disease
pathogenesis. Semin Immunopathol. 2017;39:517e528. https://doi.org/
10.1007/s00281-017-0639-8.

6. Mehta P, McAuley DF, Brown M, et al. COVID-19: consider cytokine storm
syndromes and immunosuppression. Lancet. 2020;395:1033e1034. https://
doi.org/10.1016/S0140-6736(20)30628-0.

7. Huang CL, Wang YM, Li XW, et al. Clinical features of patients infected with
2019 novel coronavirus in Wuhan, China. Lancet. 2020;395:497e506. https://
doi.org/10.1016/S0140-6736 (20) 30183-5.

8. Penn R, David-Sanchez RY, Long J, et al. Aberrant RNA replication products of
highly pathogenic avian influenza viruses and its impact in the mammalian
associated cytokine storm. Access Microbiol. 2019. https://doi.org/10.1099/
acmi.ac2019.po0457.

9. Chihrin S, Loutfy MR. Overview of antiviral and anti-inflammatory treatment
for severe acute respiratory syndrome. Expert Rev Anti Infect Ther. 2005;3:
251e262. https://doi.org/10.1586/14787210.3.2.251.

10. Spencer JV, Religa P, Lehmann MH, et al. Editorial: cytokine-Mediated organ
dysfunction and tissue damage induced by viruses. Front Immunol. 2020;22:2.
https://doi.org/10.3389/fimmu.2020.00002.eCollection2020.

11. Boomer JS, To K, Chang KC, et al. Immunosuppression in patients who die of
sepsis and multiple organ failure. JAMA. 2011;306:2594e2605. https://doi.org/
10.1001/jama.2011.1829.

12. Patil NK, Guo Y, Luan L, et al. Targeting immune cell checkpoints during sepsis.
Int J Mol Sci. 2017;18:2413. https://doi.org/10.3390/ijms18112413.

13. Cuenca AG, Delano MJ, Kelly-Scumpia KM, et al. A paradoxical role for myeloid-
derived suppressor cells in sepsis and trauma. Mol Med. 2011;17:281e292.
https://doi.org/10.2119/molmed.2010.00178.

14. Mira JC, Gentile LF, Mathias BJ, et al. Sepsis pathophysiology, chronic critical
illness, and persistent inflammation-immunosuppression and catabolism
syndrome. Crit Care Med. 2017;45:253e262. https://doi.org/10.1097/
CCM.0000000000002074.

15. Gentile LF, Cuenca AG, Efron PA, et al. Persistent inflammation and immuno-
suppression: a common syndrome and new horizon for surgical intensive care.
J Trauma Acute Care Surg. 2012;72:1491e1501. https://doi.org/10.1097/
TA.0b013e318256e000.

16. Rosenthal MD, Kamel AY, Rosenthal CM, et al. Chronic Critical illness: appli-
cation of what we know. Nutr Clin Pract. 2018;33:39e45. https://doi.org/
10.1002/ncp.10024.

17. Liu Y, Mao B, Liang S, et al. Association between age and clinical characteristics
and outcomes of COVID-19. Eur Respir J. 2020;55:2001112. https://doi.org/
10.1183/13993003.01112-2020.

18. Li Q, Guan XH, Wu P, et al. Early transmission dynamics in Wuhan, China, of
novel coronavirusinfected pneumonia. N Engl J Med. 2020;382:1199e1207.
https://doi.org/10.1056/NEJMoa2001316.

19. Chellur L. Critical illness in the elderly: revieve of pathophysiology of aging and
outcome of intensive are. J Intensive Care Med. 2001;16:114e127. https://
doi.org/10.1046/j.1525-1489.2001.00114.x.

20. Angus DC, Linde-Zwirble WT, Lidicker J, et al. Epidemiology of severe sepsis in
the United States: analysis of incidence, outcome, and associated costs of care.
Crit Care Med. 2001;29:1303e1310. https://doi.org/10.1097/00003246-
200107000-00002.

21. Martin GS, Mannino DM, Moss M. The effect of age on the development and
outcome of adult sepsis. Crit Care Med. 2006;34:15e21. https://doi.org/
10.1097/01.ccm.0000194535.82812.ba.

22. Kale SS, Yende S. Effects of aging on inflammation and hemostasis through the
continuum of critical illness. Aging Dis. 2011;2:501e511.

23. Hinojosa E, Boyd AR, Orihuela CJ. Age-associated inflammation and toll-like
receptor dysfunction prime the lungs for pneumococcal pneumonia. J Infect
Dis. 2009;200:546e554. https://doi.org/10.1086/600870.

24. Boe DM, Boule LA, Kovacs EJ. Innate immune responses in the ageing lung. Clin
Exp Immunol. 2017;187:16e25. https://doi.org/10.1111/cei.12881.

25. Cinel I, Opal SM. Molecular biology of inflammation and sepsis: a primer. Crit
Care Med. 2009;37:291e304. https://doi.org/10.1097/CCM.0b013e31819267fb.

26. Mezayena RE, Gazzara ME, Seeds MC, et al. Endogenous signals released from
necrotic cells augment inflammatory responses to bacterial endotoxin.
Immunol Lett. 2007;111:36e44. https://doi.org/10.1016/j.imlet.2007.04.011.

27. Land WG. Damage-Associated Molecular Patterns in Human Diseases. Springer;
2018:219e268. https://doi.org/10.1007/978-3-319-78655-1_12.

28. Hotchkiss RS, Nicholson DW. Apoptosis and caspases regulate death and
inflammation in sepsis. Nat Rev Immunol. 2006;6:813e822. https://doi.org/
10.1038/nri1943.

29. Delogu G, Famularo G, Tellan G, et al. Lymphocyte apoptosis, caspase activation
and inflammatory response in septic shock. Infection. 2008;36:485e487.
https://doi.org/10.1007/s15010-008-7070-y.

30. Fan EKY, Fan J. Regulation of alveolar macrophage death in acute lung
inflammation. Respir Res. 2018;19:50. https://doi.org/10.1186/s12931-018-
0756-5.

31. Vincent JL, Sun QH, Dubois MJ. Clinical trials of immunomodulatory therapies
in severe sepsis and septic shock. Clin Infect Dis. 2002;34:1084e1093. https://
doi.org/10.1086/339549.

32. Liu Q, Zhou YH, Yang ZQ. The cytokine storm of severe influenza and devel-
opment of immunomodulatory therapy. Cell Mol Immunol. 2016;13:3e10.
https://doi.org/10.1038/cmi.2015.74.

https://doi.org/10.1016/S0140-6736 (20) 30183-5
https://doi.org/10.1016/S0140-6736 (20) 30183-5
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1007/s00281-017-0640-2
https://doi.org/10.1007/s00281-017-0639-8
https://doi.org/10.1007/s00281-017-0639-8
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736 (20) 30183-5
https://doi.org/10.1016/S0140-6736 (20) 30183-5
https://doi.org/10.1099/acmi.ac2019.po0457
https://doi.org/10.1099/acmi.ac2019.po0457
https://doi.org/10.1586/14787210.3.2.251
https://doi.org/10.3389/fimmu.2020.00002.eCollection2020
https://doi.org/10.1001/jama.2011.1829
https://doi.org/10.1001/jama.2011.1829
https://doi.org/10.3390/ijms18112413
https://doi.org/10.2119/molmed.2010.00178
https://doi.org/10.1097/CCM.0000000000002074
https://doi.org/10.1097/CCM.0000000000002074
https://doi.org/10.1097/TA.0b013e318256e000
https://doi.org/10.1097/TA.0b013e318256e000
https://doi.org/10.1002/ncp.10024
https://doi.org/10.1002/ncp.10024
https://doi.org/10.1183/13993003.01112-2020
https://doi.org/10.1183/13993003.01112-2020
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1046/j.1525-1489.2001.00114.x
https://doi.org/10.1046/j.1525-1489.2001.00114.x
https://doi.org/10.1097/00003246-200107000-00002
https://doi.org/10.1097/00003246-200107000-00002
https://doi.org/10.1097/01.ccm.0000194535.82812.ba
https://doi.org/10.1097/01.ccm.0000194535.82812.ba
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref22
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref22
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref22
https://doi.org/10.1086/600870
https://doi.org/10.1111/cei.12881
https://doi.org/10.1097/CCM.0b013e31819267fb
https://doi.org/10.1016/j.imlet.2007.04.011
https://doi.org/10.1007/978-3-319-78655-1_12
https://doi.org/10.1038/nri1943
https://doi.org/10.1038/nri1943
https://doi.org/10.1007/s15010-008-7070-y
https://doi.org/10.1186/s12931-018-0756-5
https://doi.org/10.1186/s12931-018-0756-5
https://doi.org/10.1086/339549
https://doi.org/10.1086/339549
https://doi.org/10.1038/cmi.2015.74


H.-Y. Lin / Chinese Journal of Traumatology 23 (2020) 190e195 195
33. Russell JA, Williams MD. Trials in adult critical care that show increased
mortality of the new intervention: inevitable or preventable mishaps? Ann
Intensive Care. 2016;6:17. https://doi.org/10.1186/s13613-016-0120-1.

34. Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis campaign: interna-
tional guidelines for management of sepsis and septic shock: 2016. Intensive
Care Med. 2017;45:304e377. https://doi.org/10.1007/s00134-017-4683-6.

35. Alhazzani W, Møller MH, Arabi YM, et al. Surviving sepsis campaign: guidelines
on the management of critically ill adults with coronavirus disease 2019
(COVID-19). Intensive Care Med. 2020;46:854e887. https://doi.org/10.1007/
s00134-020-06022-5.

36. Bone RC, Fisher CJ, Clemmer TP, et al. A controlled clinical trial of high-dose
methylprednisolone in the treatment of severe sepsis and septic shock.
N Engl J Med. 1987;317:653e658. https://doi.org/10.1056/NEJM198
709103171101.

37. Cronin L, Cook DJ, Carlet J, et al. Corticosteroid treatment for sepsis: a critical
appraisal and meta-analysis of the literature. Crit Care Med. 1995;23:
1430e1439. https://doi.org/10.1097/00003246-199508000-00019.

38. Jurney TH, Cockrell JL, Lindberg JS, et al. Spectrum of serum cortisol response
ACTH in ICU patients. Correlation with degree of illness and mortality. Chest.
1987;92:292e295. https://doi.org/10.1378/chest.92.2.292.

39. Annane D, Sebille V, Charpentier C, et al. Effect of treatment with low doses of
hydrocortisone and fludrocortisone on mortality in patients with septic shock.
JAMA. 2002;288:862e871. https://doi.org/10.1001/jama.288.7.862.

40. Rygard SL, Butler E, Granholm A, et al. Low-dose corticosteroids for adult pa-
tients with septic shock: a systematic review with meta-analysis and trial
sequential analysis. Intensive Care Med. 2018;44:1003e1016. https://doi.org/
10.1007/s00134-018-5197-6.

41. Waljee AK, Rogers MAM, Lin P, et al. Short term use of oral corticosteroids and
related harms among adults in the United States: population based cohort
study. BMJ. 2017;357:j1415. https://doi.org/10.1136/bmj.j1415.

42. Wong SSY, Yuen KY. The management of coronavirus infections with particular
reference to SARS. J Antimicrob Chemother. 2008;62:437e441. https://doi.org/
10.1093/jac/dkn243.

43. Zhang XS, Alekseev K, Jung K, et al. Cytokine responses in porcine respiratory
coronavirus-infected pigs treated with corticosteroids as a model for severe
acute respiratory syndrome. J Virol. 2008;82:4420e4428. https://doi.org/
10.1128/JVI.02190-07.

44. Stockman LJ, Bellamy R, Garner P. SARS: systematic review of treatment effects.
PLoS Med. 2006;3:e343. https://doi.org/10.1371/journal.pmed.0030343.

45. Russell CD, Millar JE, Baillie JK. Clinical evidence does not support corticoste-
roid treatment for 2019-nCoV lung injury. Lancet. 2020;395:473e475. https://
doi.org/10.1016/S0140-6736(20)30317-2.

46. Zhou W, Liu YS, Tian DD, et al. Potential benefits of precise corticosteroids
therapy for severe 2019-nCoV pneumonia. Signal Transduct Target Ther.
2020;5:18. https://doi.org/10.1038/s41392-020-0127-9.

47. Shang LH, Zhao JP, Hu Y, et al. On the use of corticosteroids for 2019-nCoV
pneumonia. Lancet. 2020;395:683e684. https://doi.org/10.1016/S0140-
6736(20)30361-5.

48. Kobayashi H. Endogenous anti-inflammatory substances, inter-Alpha-inhibitor
and Bikunin. Biol Chem. 2006;387:1545e1549. https://doi.org/10.1515/
BC.2006.192.

49. Pugia MJ, Lott JA. Pathophysiology and diagnostic value of urinary trypsin in-
hibitors. Clin Chem Lab Med. 2005;43:1e16. https://doi.org/10.1515/
CCLM.2005.001.

50. Fries E, Blom AM. Bikunin–not just a plasma proteinase inhibitor. Int J Biochem
Cell Biol. 2000;32:125e137. https://doi.org/10.1016/S1357-2725(99)00125-9.

51. Kuwajima S, Noda T, Izumi Y, et al. Urinary trypsin inhibitor as an acute phase
reactant. Rinsho Byori. 1992;40:751e755.

52. Lin SH, Zhan SY. A study of visual expression on Ulinastatin usage. Zhonghua
Wei Zhong Bing Ji Jiu Yi Xue. 2013;25:754e759. https://doi.org/10.3760/ema.-
J.issn.2095-4352.2013.12.015.

53. Chen Q, Hu CY, Liu Y, et al. Safety and tolerability of high-dose Ulinastatin after
2-hour intravenous infusion in adult healthy Chinese volunteers: a random-
ized, double-blind, placebo-controlled, ascending-dose study. PloS One.
2017;15, e0177425. https://doi.org/10.1371/journal.pone.0177425.
54. Xu QC, Yan Q, Chen SH. Ulinastatin is effective in reducing mortality for criti-
cally ill patients with sepsis: a causal mediation analysis. Sci Rep. 2018;8:
14360. https://doi.org/10.1038/s41598-018-32533-9.

55. Wang HF, Liu B, Tang Y, et al. Improvement of sepsis prognosis by ulinastatin: a
systematic review and meta-analysis of randomized controlled trials. Front
Pharmacol. 2019;10:1370. https://doi.org/10.3389/fphar.2019.01370.

56. Leng YX, Yang SG, Song YH, et al. Ulinastatin for acute lung injury and acute
respiratory distress syndrome: a systematic review and meta-analysis. World J
Crit Care Med. 2014;3:34e41. https://doi.org/10.5492/wjccm.v3.i1.34.

57. Bittmann S, Luchter E, Moschüring-Alieva E, et al. COVID 19: camostat and the
role of serine protease entry inhibitor TMPRSS2. J Regen Biol Med. 2020;2:1e2.
https://doi.org/10.37191/Mapsci-2582-385X-2(2)-020.

58. Hoffmann M, Hannah KW, Schroeder S, et al. SARS-CoV-2 cell entry depends on
ace2 and tmprss2 and is blocked by a clinically proven protease inhibitor.
2020;181:271e280. https://doi.org/10.1016/j.cell.2020.02.052.

59. Yamamoto M, Matsuyama S, Li X, et al. Identification of nafamostat as a potent
inhibitor of Middle East respiratory syndrome coronavirus S protein-mediated
membrane fusion using the split-protein-based cell-cell fusion assay. Antimicrob
Agents Chemother. 2016;60:6532e6539. https://doi.org/10.1128/AAC.01043-16.

60. WHO. R&D Blueprint and COVID-19. https://www.who.int/teams/blueprint/
covid-19; 2020.

61. Mehta Y, Dixit SB, Zirpe KG, et al. Cytokine storm in novel coronavirus disease
(COVID-19): expert management considerations. Indian J Crit Care Med; 2020.
https://www.ijccm.org/doi/IJCCM/pgf/10.5005/jp-journals-10071-23415.

62. Kevin V Grimes. Ulinastatin for the Treatment of COVID-19 in Hospitalized Pa-
tients. Stanford University; 2020. https://clinicaltrials.gov/ct2/show/
NCT04393311?term=Ulinastatin&draw=2&rank=4.

63. Cynthia WT, Robert SK. Thymosin Apha1-A peptide immune modulator with a
broad range of clinical applications. Clin Exp Pharmacol. 2013;3:4. https://
doi.org/10.4172/2161-1459.1000133.

64. Romani L, Francesco B, Montagnoli C, et al. Thymosin a1: an endogenous
regulator of inflammation, immunity, and tolerance. Ann NY Acad Sci.
2017;1112:326e338. https://doi.org/10.1196/annals.1415.002.

65. Ohta Y, Sueki K, Yoneyama Y, et al. Immunomodulating activity of thymosin
fraction 5 and thymosin Alpha 1 in immunosuppressed mice. Cancer Immunol
Immunother. 1983;15:108e113.

66. Baumann CA, Badamchian M, Goldstein AL. Thymosin a1 is a time and dose-
dependent antagonist of dexamethasone-induced apoptosis of murine thy-
mocytes in vitro. Int J Immunopharm. 2000;22:1057e1066. https://doi.org/
10.1016/S0192-0561(00)00065-5.

67. Wu JF, Zhou LX, Liu JY, et al. The efficacy of thymosin Alpha 1 for severe sepsis
(ETASS): a multicenter, single-blind, randomized and controlled trial. Crit Care.
2013;17:R8. https://doi.org/10.1186/cc11932.

68. GuWJ, Gu XP, Ma ZL, et al. Thymosin a1-based immunomodulatory therapy for
sepsis: a meta-analysis with trial sequential analysis of randomized controlled
trials. J Anesth Perioper Med. 2017. https://doi.org/10.24015/JAPM.2017.0017.

69. Romani L, Bistoni F, Perruccio K, et al. Thymosin Alpha 1 activates dendritic cell
tryptophan catabolism and establishes a regulatory environment for balance of
inflammation and tolerance. Blood. 2006;108:2265e2274. https://doi.org/
10.1182/blood-2006-02-004762.

70. Puccetti P, Grohmann U. Ido and regulatory T cells: a role for reverse signalling
and non-canonical NF-B activation. Nat Rev Immunol. 2007;7:817e823. https://
doi.org/10.1038/nri2163.

71. Guo JY, Deng Q, Guo XS, et al. Ulinastatin combined with thymosin a1 for
treatment of severe sepsis: a histopathological observation in rats. Nan Fang Yi
Ke Da Xue Xue Bao. 2012;32:830e834.

72. LinHY. Clinical trialwith a new immunomodulatory strategy: treatment of severe
sepsis with ulinastatin and Maipuxin. Zhonghua Yixue Zazhi. 2007;87:451e457.

73. Li CC, Bo LY, Liu QQ, et al. Thymosin alpha1 based immunomodulatory therapy
for sepsis: a systematic review and meta-analysis. Int J Infect Dis. 2015;33:
90e96. https://doi.org/10.1016/j.ijid.2014.12.032.

74. Fan H, Zhao Y, Zhu JH, et al. Ulinastatin and Thymosin a1 therapy in adult
patients with severe sepsis: a meta-analysis with trial sequential analysis of
randomized controlled trials. Iran J Public Health. 2016;45:1234e1235.

https://doi.org/10.1186/s13613-016-0120-1
https://doi.org/10.1007/s00134-017-4683-6
https://doi.org/10.1007/s00134-020-06022-5
https://doi.org/10.1007/s00134-020-06022-5
https://doi.org/10.1056/NEJM198709103171101
https://doi.org/10.1056/NEJM198709103171101
https://doi.org/10.1097/00003246-199508000-00019
https://doi.org/10.1378/chest.92.2.292
https://doi.org/10.1001/jama.288.7.862
https://doi.org/10.1007/s00134-018-5197-6
https://doi.org/10.1007/s00134-018-5197-6
https://doi.org/10.1136/bmj.j1415
https://doi.org/10.1093/jac/dkn243
https://doi.org/10.1093/jac/dkn243
https://doi.org/10.1128/JVI.02190-07
https://doi.org/10.1128/JVI.02190-07
https://doi.org/10.1371/journal.pmed.0030343
https://doi.org/10.1016/S0140-6736(20)30317-2
https://doi.org/10.1016/S0140-6736(20)30317-2
https://doi.org/10.1038/s41392-020-0127-9
https://doi.org/10.1016/S0140-6736(20)30361-5
https://doi.org/10.1016/S0140-6736(20)30361-5
https://doi.org/10.1515/BC.2006.192
https://doi.org/10.1515/BC.2006.192
https://doi.org/10.1515/CCLM.2005.001
https://doi.org/10.1515/CCLM.2005.001
https://doi.org/10.1016/S1357-2725(99)00125-9
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref51
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref51
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref51
https://doi.org/10.3760/ema.J.issn.2095-4352.2013.12.015
https://doi.org/10.3760/ema.J.issn.2095-4352.2013.12.015
https://doi.org/10.1371/journal.pone.0177425
https://doi.org/10.1038/s41598-018-32533-9
https://doi.org/10.3389/fphar.2019.01370
https://doi.org/10.5492/wjccm.v3.i1.34
https://doi.org/10.37191/Mapsci-2582-385X-2(2)-020
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1128/AAC.01043-16
https://www.who.int/teams/blueprint/covid-19
https://www.who.int/teams/blueprint/covid-19
https://www.ijccm.org/doi/IJCCM/pgf/10.5005/jp-journals-10071-23415
https://clinicaltrials.gov/ct2/show/NCT04393311?term=Ulinastatin&amp;draw=2&amp;rank=4
https://clinicaltrials.gov/ct2/show/NCT04393311?term=Ulinastatin&amp;draw=2&amp;rank=4
https://clinicaltrials.gov/ct2/show/NCT04393311?term=Ulinastatin&amp;draw=2&amp;rank=4
https://clinicaltrials.gov/ct2/show/NCT04393311?term=Ulinastatin&amp;draw=2&amp;rank=4
https://doi.org/10.4172/2161-1459.1000133
https://doi.org/10.4172/2161-1459.1000133
https://doi.org/10.1196/annals.1415.002
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref65
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref65
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref65
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref65
https://doi.org/10.1016/S0192-0561(00)00065-5
https://doi.org/10.1016/S0192-0561(00)00065-5
https://doi.org/10.1186/cc11932
https://doi.org/10.24015/JAPM.2017.0017
https://doi.org/10.1182/blood-2006-02-004762
https://doi.org/10.1182/blood-2006-02-004762
https://doi.org/10.1038/nri2163
https://doi.org/10.1038/nri2163
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref71
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref71
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref71
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref71
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref72
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref72
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref72
https://doi.org/10.1016/j.ijid.2014.12.032
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref74
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref74
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref74
http://refhub.elsevier.com/S1008-1275(20)30144-9/sref74

	The severe COVID-19: A sepsis induced by viral infection? And its immunomodulatory therapy
	Clinical manifestation and autopsy discovery
	What's the sepsis?
	The characteristics of sepsis in severe COVID-19
	Immunomodulatory therapy
	Corticosteroids
	UTI
	Ta1
	UTI combination with Ta1

	Summary
	Funding
	Ethical Statement
	Declaration of Competing Interest
	References


