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The article is devoted to the treatment of the new coronavirus infection (COVID-19) in the advanced stages of the disease. The
types of response of the immune system to the viralload of SARS-CoV-2 with the start of the inflammation process are considered.
The situation is analyzed in detail in which the growing autoimmune inflammation (up to the development of a «cytokine
storm> ) affects not only the pulmonary parenchyma, but also the endothelium of the small vessels of the lungs. Simultaneous
damage to the alveoli and microthrombosis of the pulmonary vessels are accompanied by a progressive impairment of gas exchange,
the development of acute respiratory distress syndrome, the treatment of which, even with the use of invasive ventilation, is
ineffective and does not really change the prognosis of patients with COVID-19. In order to interrupt the pathological process at
the earliest stages of the disease, the necessity of proactive anti-inflammatory therapy in combination with active anticoagulation
treatment is substantiated. The results of the first randomized studies on the use of inhibitors of pro-inflammatory cytokines
and chemokines (interleukin-6 (tocilizumab), interleukin-17 (secukinumab), Janus kinase blockers, through which the signal
is transmitted to cells (ruxolitinib)), which have potential in the early treatment of COVID- 19. The use of a well-known anti-
inflammatory drug colchicine (which is used for gout treatment) in patients with COVID-19 is considered. The design of the
original COLORIT comparative study on the use of colchicine, ruxolitinib and secukinumab in the treatment of COVID-19 is
presented. Clinical series presented, illustrated early anti-inflammatory therapy together with anticoagulants in patients with
COVID-19 and the dangers associated with refusing to initiate such therapy on time.
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nder the continuing worldwide increase in the
Uincidence of the novel coronavirus 2019 disease
(COVID-19), with around 4% mortality, and enormous
challenges in treating patients with severe bilateral viral
pneumonia, it has become apparent that rational approaches
to managing this disease at different stages of its progression
are required. Of those infected with SARS-CoV-2, about 40%
of patients are asymptomatic virus carriers, approximately

another 25% have a mild form of the disease and do not need
hospitalization [1]. However, a third of patients have such
complications as specific viral pneumonia, which prompts
the search for effective therapy. Of the hospitalized patients
with moderate to severe disease, about 10% require intensive
care and 5% require invasive ventilation (IV). In-hospital
mortality reaches 10% or more and increases with age and
several comorbidities [1].
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Figure 1. Development of various presentations
of the new coronavirus disease (days of the disease)
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A total of 424 patients with coronavirus pneumonia
were treated at the Medical Research and Educational
Center (Lomonosov University Clinic) from April 21
to June 13, 2020: 48 (11.3%) patients stayed in the
intensive care unit, 24 patients (50% of ICU patients and
5.7% of all patients) were put on IV, which was generally
consistent with worldwide statistics [2—4].

Of those, four (0.94%) patients died, the mean age was
78 + 8 (72-86) years, all had three or more comorbidities.
It should be noted that another ten patients were
transferred to other hospitals due to the closure of the
COVID-hospital in the Lomonosov University Clinic, and
five of them died in other hospitals. The oldest discharged
patient with bilateral viral and bacterial pneumonia was
97 years old. The stage-by-stage progression of the new
coronavirus disease is shown in Figure 1.

At the first stage (blue line in Figure 1), most of the
negative impact is due to viral load, which begins before
the first symptoms appear and leads to the first early peak
of mortality (end of week one of the disease). This is
the most dangerous period for elderly and senile obese
patients with comorbidities, such as cardiovascular
pathologies, diabetes mellitus, lung and kidney diseases.
The prognosis was particularly low in patients who
discontinue conventional therapy, primarily renin-angio-
tensin-aldosterone system (RAAS) inhibitors, statins,
and modern antidiabetic drugs, and who do not control
optimal blood pressure (BP), cholesterol, and glucose
levels [5-7]. During this period, the focus is on the
earliest use of antiviral drugs and agents that prevent the
virus from entering the cell, which was discussed in a
dedicated article [8].

In this article, we analyze the attempts to approach
the best possible combination therapy for the new
coronavirus disease at advanced stages, when the use
of anti-inflammatory therapy and anticoagulants takes
center stage.
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After days 7-10 of the disease, other factors (other
than viremia) are more involved in its progression and
poor prognosis for patients. The disease is expected
to progress at this period, if in visible well-being and
slightly decreased blood oxygen saturation, the body
temperature remains subfebrile, there is still a sense of
dyspnea, asthenia, and most importantly lymphopenia
persists or progresses; there is even a non-critical increase
in C-reactive protein (CRB) and interleukin-6 (IL-6)
levels. As can be seen in Figure 1, other factors emerge
at this time: a gradually increasing inflammation (green
line), which overloads the immune system, causes a
sharp increase in the production of cytokines stimulating
the development of infiltrative fibrosis, exudative soli-
dification of pulmonary tissue, desquamation of lung
epithelial cells, and loss of aeration of the alveoli [9]. This
condition resembles more the onset of alveolitis than true
pneumonia. Alveoli drown, and the lungs lose the ability
to exchange gases. Pulmonary tissue becomes airless and
pronouncedly swollen with atelectasis areas [10]. In such
cases, even mechanical ventilation is useless.

Figure 2 shows the types of cytokine-mediated
immune reactions and inflammation during the new
coronavirus disease.

The normal immune response (blue line in Figure 2)
allows the body to cope with increasing inflammation
gradually. The most significant risk falls on days 10-14 of
the disease [11, 12]. In relatively young patients without
comorbidities, it may result in moderate pulmonary
lesions (stages 1-2 according to the Classification of the
Ministry of Healthcare of the Russian Federation) such
as ground-glass nodules with reduced aeration but with
alveoli still capable of gas exchange [13]. These patients
can usually clear the infection without anti-inflammatory
therapy, but the risk of pneumonia cannot be eliminated
[14, 15]. However, early anti-inflammatory therapy
helps them suppress infection more quickly and avoid
prolonged asthenia and recovery. Mortality is less than
1% in such patients, the same as of seasonal flu.

If inflammation persists and there is no improvement
by day 10 of the disease, an exaggerated immune response
is possible (green line in Figure 2), which is called
cytokine release syndrome [14, 16]. A rapid (sometimes
instantaneous) progression of the pulmonary lesions
occurs, which appears as a crazy-paving pattern, i.e.,
irregular opacities in various ground-glass areas with the
progression to consolidation. This indicates a gradual
loss of aeration [17]. The post-mortem examinations
of patients who had died of COVID-19 identified the
cellular fiber-myxoid exudates in the consolidation areas
[18]. Such patients require emergency proactive anti-
inflammatory therapy, which changes the course quickly
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enough within 5-7 days and can prevent the patient’s
transfer to the ICU and being put on ventilation, which
should be the treatment goal in COVID-19. Continuous
oxygen support, prone positioning for as long as possible,
and careful introduction of respiratory actions make
a valuable contribution. Thus, such an approach was
dynamically used in Lomonosov University Clinic [19].
Mortality in this group of patients is 2-3% and can be
reduced by the timely start of anti-inflammatory therapy.
The end of week two and the beginning of week three
of the disease are the most critical period (red line in
Figure 1).

This critical course is possible in elderly and senile
patients and specifically in male patients with overweight,
diabetes mellitus, cardiovascular and pulmonary diseases
[20, 21]. This is a delayed cytokine release syndrome
(red line in Figure 2). Activation of IL-6 and other pro-
inflammatory cytokines and chemokines in response
to the entrance of SARS-CoV-2 into alveolar epithelial
cells leads to vigorous stimulation of the CD-4 and
CD-8 lymphocytes as a protective reaction [22]. It is
accompanied by the onset of lymphopenia, the severity
of which allows the most accurate diagnosis of the
disease severity, and even the prognosis for patients [23].
Granulocytes accumulate in the lesions (small bronchi
and alveoli) as neutrophilic and macrocytic infiltration
[16]. High neutrophil levels are detected in the blood,
as well as a continuing decrease in lymphocyte count. In
this case and after day 15 of the disease, viral pneumonia
steadily progresses as the volume of the pulmonary
parenchymal lesions increases despite all efforts [24].
Even proactive anti-inflammatory therapy changes the
situation very slowly in such patients. Alarge area oflesion
remains on control MSCT scans for a long time [25].
Dyspnea, low blood oxygen saturation, asthenia persist
for up to four weeks. The aforementioned sometimes
reaches extreme severity. Continuous oxygen therapy is
needed in such cases. If possible, patients should be prone,
which makes breathing deeper and improves ventilation
of the posterior segments of the lungs. Nevertheless,
some patients require emergency anti-inflammatory
therapy with IL-6 receptor inhibitors or glucocorticoids
(GCs). Transfer to the ICU and putting on ventilation
often results in a week or more of ventilation. Intensivist
skills are the key to preventing hospital-acquired
infection. Patients should be transferred to non-invasive
ventilation and spontaneous breathing as soon as possible,
which was also a fundamental rule in the Lomonosov
University Clinic. About 14% of hospitalized patients
with COVID-19 are transferred to the ICU in the United
States and Europe, and 12.2% (!) of patients are put on
ventilation, which corresponds to 80-90% of all ICU

Figure 2. Autoimmune inflammation in COVID-19
and the possibility of anti-inflammatory
therapy (see details in the text)
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patients; mean duration of ventilation is 12 to 18 days
[26-28]. Such overactive management potentially may
determine higher mortality rates than those in China and
the Russian Federation. Mortality reaches 10-15% in this
group of patients.

Finally, the critical development of events, such as a
persistent progression of autoimmune inflammation, was
called a cytokine storm (lilac line in Figure 2). Cytokine
storm involves an acute activation of IL-6 and other pro-
inflammatory cytokines and chemokines, a multifold
increase in CRB, a decreased lymphocyte count and
an increased neutrophil count and progressing acute
respiratory distress syndrome (ARDS) [29, 30]. This
all results in a total lesion of both lungs in the form
of pneumonitis (heavy, drowning lungs), which is
manifested by progressing ARDS and accompanied by an
unfavorable prognosis for patients with COVID-19 [10].
Patients stay in the ICU for a long time (up to a month
or more) and are ventilated for several weeks. Such
complications as pneumothorax or pneumomediastinum
are not uncommon [31, 32]. We observed five unique
cases of spontaneous pneumothorax and/or pneumo-
mediastinums in critical patients onlong-term ventilation;
these cases require a separate discussion. In critical cases,
even the most proactive anti-inflammatory therapy with
tocilizumab (a seeming panacea) and high-dose GCs does
not always stop the progression of the disease and lead
to successful treatment of viral pneumonia [33]. SARS-
CoV-2 affects not only the lungs but also other organs and
systems (heart, kidneys, pancreas, and even the brain)
[9, 34, 35]. In these cases, severe ARDS is accompanied
by the onset and progression of multiple organ failure
(myocarditis, heart failure, kidney failure, exacerbation
of diabetes mellitus). According to the global statistics,
mortality in such patients varies from 50-60 to 80-90%,
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depending on the ventilation efforts and duration [26,
36]. The third peak of mortality (red line in Figure 1) falls
on days 25-30 of the disease.

Given the above types of disease progression, it is
important to be aware of the clinical manifestations
of the disease, which allow the adverse course to be
assessed to initiate specific anti-inflammatory therapy
as early as possible. These manifestations include
worsening of the clinical condition in the form of
continuing fever, persistent dyspnea and the sensation
of chest congestion, occasional exhausting cough, low
blood oxygen saturation, mandatory oxygen support,
and progressing bronchial asthma. On the basis of our
experience, persistently decreased lymphocyte count,
increased levels of neutrophils, CRB, and especially
IL-6 are a warning sign for the progression of viral
pneumonia (pneumonitis) during the second week of
the disease, which requires proactive anti-inflammatory
therapy.

A lymphocyte count is the simplest and most
informative criterion for distinguishing patients with
either a mild, moderate, or critical course of COVID-19
[23]. Their absolute count and changes over time
should be closely monitored during the observation and
treatment of patients.

It is worth noting that there are two additional easily
calculated variables, as well as an essential assessment of
the changes in lymphocyte count, that very accurately
predict the progression of inflammation and crisis hazard
in patients with progressing ARDS. The second is the
neutrophil/lymphocyte ratio (NLR), which is the ratio
of the absolute number of neutrophils to the lymphocyte
count [37]. This variable is used to predict the severity of
inflammation and the probability of the adverse clinical
course of the disease initially when it is higher than 3 [38,
39]. This ratio is significantly and directly correlated with
lung lesions seen in multislice computed tomography
(MSCT) scans (r=0.823; p<0.001) [40]. Moreover, an
increase in NLR by one unit is associated with an 8%
increase in the risk of death in patients with COVID-19.
The cut-off level is five units [41]. Interestingly, NLR>10
at admission insignificantly increases the risk of invasive
ventilation and death. However, by day 7 of the treatment,
the same ratio predicts a 3.3-fold increase in the need for
invasive ventilation (p=0.008) and an 11-fold increase in
the risk of death (p<0.0001) [42]. The lymphocyte-to-C-
reactive protein ratio (LCR) is the second variable, which
is easy to use to estimate the severity of inflammation,
the course of the disease and the prognosis for patients
with COVID-19. It is a ratio of lymphocyte count (in
thousands) to the CRB level [43]. Unlike NLR, the
higher LCR, the better, and vice versa. LCR >100 by day 7
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of hospital stay within COVID-19 lowers the probability
of poor prognosis by 80% (p=0.001) [42].

Early (proactive) anti-inflammatory treatment was
not recommended for a long time. As a result, pulmonary
lesions rapidly progressed, sometimes even in younger
patients with a seemingly favorable onset of the disease.
In these cases, the monitoring of patients (persistent fever,
dyspnea, severe asthenia), estimation of lymphocyte
count, NLR, LCR, and CRB levels are essential to make
timely decisions on the intensification of treatment. Any
delay can lead to a deterioration of the prognosis for
patients. The MSCT pattern of the lungs is often time
lagged compared to the inflammation markers.

The attempt of anti-inflammatory treatment with IL-6
inhibitors (tocilizumab or sarilumab) is late in most cases
and made in patients already on ventilation, i.e., it is more
a “therapy of despair”. Such treatment has been included
in the interim guidelines of the Ministry of Healthcare of
the Russian Federation [44]. Retrospective studies have
shown that tocilizumab effectively reduces the duration of
vasopressor support and does not decrease the time to the
normalization of the COVID-19 patients’ clinical status
[45]. In other cases, a reduction in the time to the clinical
improvement of ventilated patients with COVID-19 was
reported, rather than those not on ventilation. There was
also a decrease in mortality, but only in the most severe
patients [46]. In a thorough study conducted at Yale
University, the use of tocilizumab was associated with a
45% decrease in the risk of death and improvement in the
clinical status of patients with COVID-19. However, it
increased the risk of superinfections (hospital-acquired
pneumonia) from 26% to 54% (p<0.001) [47].

The association between the use of tocilizumab and
the development of mycosis [48] and its inefficacy in
diabetes mellitus and hyperglycemia [49] were described.
However, relatively small randomized clinical trials
have not yet confirmed the beneficial effect of anti-
cytokine therapy on the prognosis for patients with
severe COVID-19. At the end of July, the first large-scale
randomized trial COVACTA, including 450 patients with
COVID-19, was completed. Unfortunately, tocilizumab
was shown to influence the prognosis for patients and the
need for ventilation, although it brought some decrease
in the time of hospital stays of patients with COVID-19
[50]. Moreover, patients with moderate COVID-19
who received sarilumab tended to deteriorate [S1].
Nevertheless, the trials of these agents are still underway.
In particular, the REMDACTA protocol studies the
combination of antiviral remdesivir and tocilizumab [52].
The MARIPOSA [53] and EMPACTA [54] trials examine
the possibility of using tocilizumab in addition to the
standard therapy of coronavirus-associated pneumonia.
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In the absence of IL-6 antagonists recommended by
the Russian Ministry of Healthcare for use in critical
patients, we had to use the pulse therapy with high-
dose intravenous GCs, which allowed interrupting the
progression of inflammation, preventing the cytokine
storm, reducing the need for mechanical ventilation,
and achieving the stabilization of the clinical status of
patients [S5]. It has become clear that we were right,
and steroid therapy of patients with COVID-19, in the
absence of other possibilities, is entirely possible. In the
large randomized RECOVERY trials, including more
than 6,400 patients with COVID-19, dexamethasone
(6 mg/day for ten days) significantly reduced the risk of
death by 17%. However, excellent results were achieved
in patients on invasive mechanical ventilation. The risk
of death increased by 19% in mild patients [S6]. In other
words, the results were the same as with sarilumab. In
another study, the pulse therapy with intravenous (IV)
methylprednisolone 250 mg in the first 24 hours followed
by 80 mg for another five days in combination with
intravenous tocilizumab 8 mg/kg significantly reduced
the risk of mechanical ventilation in 43% of patients and
the risk of death by 65% [57]. Despite the high efficacy,
the GC therapy was accompanied by a clear trend of an
increased risk of pulmonary embolism (21% vs. 11%,
p=0.059). In our study WAYFARER, similar to other
trials, GCs showed a significant increase in NLR, as well
as a good clinical effect and a decrease in CRB levels [42].
As a result, the prothrombotic action of GCs caused the
risk of thrombotic and thromboembolic complications,
which could require more intense anticoagulant therapy
and delayed recovery [55].

The lack of effect even of the aggressive anti-inflam-
matory and anti-cytokine therapy in severe patients
with mysterious pneumonia in COVID-19 raised the
question of possible additional mechanisms of the
onset and progression. The increase in the levels of pro-
inflammatory cytokines and chemokines turned out to
be several-fold lower in patients with COVID-19 than in
patients with ARDS of other origins [58]. Thus, despite
the commonly used term “cytokine storm”, inflammation
is not the only factor in disease severity. The rapid onset
of coagulopathy and increased thrombosis (brown line
in Figure 1) is the third unique mechanism of the onset
and progression of COVID-19 (besides viral infection
and autoimmune inflammation). The early Chinese trials
showed that the D-dimer levels in multivariate analyzes
determined the adverse course of the disease, increased
risk of mechanical ventilation, and higher mortality
[59-61]. The incidence of massive venous thrombosis
and thromboembolism in COVID-19 ranges from 20 to
35%, which allowed considering this viral disease as a

8

prothrombotic condition [62-65]. In this case, NLR may
be of great use as its elevation above 5.7 units increases
the risk of massive thromboembolism by 10.8 times,
and the risk of death [66]. A significant direct positive
correlation was identified in the WAYFARER study
between changes in NLR and D-dimer levels and the risk
of venous thrombosis and thromboembolism [55].

A distinguishing characteristic of the new coronavirus
disease is the increased risk of microthrombosis of small
pulmonary vessels found in about 70-80% of pa-
tients with COVID-19 and severe pneumonia [67-
69]. It should be kept in mind that the more severe the
condition, the higher the severity of vascular damage and
coagulopathy. However, such changes are identified from
the earliest stages of the disease [70, 71]. Simultaneously,
gas exchange is disrupted even more, and permanent
ARDS rapidly progresses within 1-2 days [63, 72].
Multiple thrombosis foci of small pulmonary vessels are
found in autopsies that prevent oxygen diffusion from the
alveoli into the blood [10, 12]. Pulmonary changes are
obviously considered as autoimmune lesions of alveoli
(diffuse dilation, filling with exudate and desquamated
epithelial cells) combined with the involvement of pulmo-
nary micro vessels (damaged endothelium and multiple
clots) [73]. For patients who are put on ventilation,
however, the efficacy is still not guaranteed in this case
since the pulmonary damage should be treated not as vi-
ral pneumonia but as an autoimmune pneumonitis with
the total lesion of both pulmonary tissue (drowning
alveoli) and vessels [ 74, 75].

The presence of coagulopathy from the early stages of
the disease suggests that COVID-19 is a prothrombotic
condition requiring intense anticoagulant therapy in
almost all patients, which was applied in the Lomonosov
University Clinic from the first day of treatment of the
new coronavirus disease (our recommendations). There
are different expert opinions on whether coagulopathy
in COVID-19 is a variant of disseminated/septic intra-
vascular coagulation syndrome (DIC/SIC) [76-78].
However, it is evident that prothrombotic status largely
determines the prognosis for patients with COVID-19
[79, 80].

endothelium of various organs (kidneys, intestine, heart,

Autoimmune inflammation of vascular
and even prostate) with typical microthrombosis has
been shown. There is clear evidence that anticoagulant
therapy significantly improves the prognosis for patients
with COVID-19 [62, 64]. Moreover, there is evidence
that the more aggressive anticoagulant treatment, the
better the prognosis for patients with COVID-19 [81].
Thus, mandatory anticoagulant therapy is the backbone
of the management of patients with COVID-19 from
the early stages of the disease, and its intensity should be
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increased as the disease progresses [82, 83]. The risk of
bleeding should naturally be carefully controlled during
active anticoagulant therapy [84].

The need for active anticoagulant therapy in patients
with COVID-19 at all stages of the disease is beyond
doubt and was shown to be effective [83, 85]. However,
it is only a correction of the effects associated with
autoimmune inflammation. There islittle hope for success
without affecting the pulmonary damages root cause
in COVID-19 [86]. Control of systemic inflammation
should therefore be the cornerstone of the management
of COVID-19, particularly its severe forms. Given that
active anticoagulant therapy with low-molecular-weight
heparins (LMWHs) was used in ALL of our patients, the
subject of our study was the choice of proactive specific
anti-inflammatory therapy.

The main factors stimulating autoimmune inflam-
matory responses in viral infectious diseases are shown in
Figure 3.

As can be seen, when SARS-CoV-2 enters the bronchi
and alveoli, the inflammasomes and the multiprotein
complex are activated. The latter promotes pyroptosis,
i.e.,, programmable cell death, through the activation of
the enzyme capapase-1 [87]. It is a mechanism of cell
protection from the infection attack, which is accompa-

nied by the desquamation of alveolar epithelial cells [88].
The cell membrane is destroyed, and pro-inflammatory
cytokines IL-1f and IL-18 are secreted in this case [89].
One of the main consequences is the increased production
of IL-6 in response to the ongoing viremia [90]. IL-6 is a
crucial promoter of autoimmune protection transferring
into inflammation and, in its excessive secretion, into a
cytokine storm exacerbating the course of coronavirus-
associated pneumonia [91]. This process in COVID-19
involves activation of a sufficient number of various
chemokines and cytokines capable of supporting the
state of autoimmune inflammation and elevated clotting,
including IL-17 [92] and tumor necrosis factor-alpha
(TNFa) [93].

This concept suggests various points of application of
the drug-induced effects that can interrupt the progress
of inflammation and clotting, which theoretically can be
useful in the treatment of COVID-19 (Figure 3). Specific
anti-interleukin IL-1p antibodies can be used to try to
reduce the production of IL-6 [94]. For example, the drug
with such an effect, canakinumab, significantly reduced
death risk in patients after myocardial infarction by
reducing the severity of autoimmune inflammation [95].
The most popular method for controlling the cytokine
storm turned out to be anti-IL-6 receptor antibodies

Figure 3. Autoimmune inflammation, pro-inflammatory factors, and possible points of actions of potential drugs in COVID-19
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(tocilizumab and sarilumab), which were considered
from the very beginning of the epidemic. Unfortunately,
this method can be used as the last resort in the fight
against cytokine storm in patients who are already put
on ventilation [96], as discussed above. The use of janus
kinases (JAK-1,JAK-2) blockers is an alternate. The effect
of the main cytokines, including IL-6, is transmitted to
cells through janus kinases. Here, we are talking about
ruxolitinib, which has already been studied in small yet
promising trials in patients with COVID-19 [97]. IL-
17 can also be an important element in the autoimmune
response that stimulates a pro-inflammatory state and
tendency to thrombosis when overactivated [98-100].
Italian researchers made an interesting observation that
the course of COVID-19 in patients routinely treated
for psoriasis with secukinumab was extremely mild
[101]. Given this observation, the use of monoclonal
antibodies blocking IL-17 (e.g., secukinumab) in the
treatment of COVID-19 also seems promising [92, 102].
The use of biological anti-immune drugs in the treatment
of viral infections, including COVID 19, seems to be an
exploratory option, since it is impossible to predict and
even justify the efficacy of anti-cytokine agents [103,
104]. Moreover, aggressive anti-cytokine therapy can
lead to the onset of superinfections, which may outweigh
the benefit of anti-inflammatory therapy in patients with
COVID-19 [105].

The use of colchicine, a well-known drug for treating
acute gout flares, is of greatinteresthere [ 106]. Attention to
colchicine in recent years has continued, since its efficacy
was shown in patients with acute myocardial infarction
[107]. The main anti-inflammatory effects of colchicine
are associated with the inhibition of inflammasomes, the
reduction of pyroptosis, and the decreased activation
of cytokines [108]. Moreover, colchicine bound to the
intracellular protein tubulin, which forms microtubules,
can disrupt the entrance of viruses into the cell nuclei
and subsequent replication, thus reducing the viral load
[109]. The first completed randomized trial of colchicine
in patients with COVID-19, GRECCO-19, found that it
might be a potential cure for this disease [110]. The use
of colchicine shortened the time to the normalization of
the clinical condition. However, there was no significant
reduction of CRB as a marker of inflammation. Colchicine
is one of the most studied drugs used to treat COVID-19
(randomized prospective protocols COLCORONA
[111] including 6,000 patients and COLCOVID [112]
with 2,500 patients).

We also conducted a prospective randomized trial
COLORITE [113] of early proactive anti-inflammatory
therapy in patients with COVID-19, which is presented
in Figure 4.
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Patients with confirmed COVID-19 and two other
signs: fever >37.5°C and persistent cough, dyspnea
with respiratory rate >24 breaths per minute or blood
oxygen saturation <93%, and CRB level >60 mg/L, were
randomized to four groups: control (without specific
anti-inflammatory therapy); colchicine 1 mg on day 1
followed by 0.5 mg/day; ruxolitinib (Jakavi®) S mg bid;
secukinumab (Cosentyx®) 300 mg subcutaneously,
single dose. The primary endpoint was the SHOKS-
COVID score, which had been used earlier in the
WAYFARER trial of GCs [55]. The secondary endpoints
were changes in the clinical condition, components of the
primary endpoint, CRB and D-dimer in the first instance,
assessment of the quality of life using the visual analog
scale (VAS) and the validated EQ-SD questionnaire, and
duration of hospital stays, need for mechanical ventilation,
and prognosis for days 14 and 45 of treatment.

The background therapy included high doses of anti-
coagulants (LMWHs), the combination of bromhexine
and spironolactone, and antibiotics as appropriate, in all
patients. As a priority, we are going to finalize this work as
soon as practicable.

In the following section of this paper, we will present
a number of case studies including clinical observations,
which demonstrate the feasibility of proactive anti-
inflammatory therapy interventions.

Patient I., 53 years old, a positive test for SARS-
CoV-2 (polymerase chain reaction (PCR)), was treated
for bilateral coronavirus-associated pneumonia in a
Moscow clinic for 21 days (without specific anti-inflam-
matory therapy) and was discharged after clinical
improvement with normal body temperature, minimal
dyspnea, grade 1 pulmonary damage (MSCT, Guidelines
of the Ministry of Healthcare of the Russian Federation),
normal lymphocyte count and CRB level (1.0 mg/L).
Three days after discharge, the patient’s body temperature
raised again, dyspnea increased, and plinavir/ritonavir,
azithromycin, paracetamol, and bacterial lysates were
recommended. The patient did not improve and was
hospitalized in the Lomonosov University Clinic on May
6 (four days after the onset of their symptoms). A PCR
test for SARS-CoV-2 RNA was negative.

At admission: subfebrile fever 37.9°C, moderate
dyspnea (18 breaths per minute); blood oxygen satu-
ration 98%; lymphocytes at lower limit of normal
1.01x109/L; NLR 3.8; erythrocyte sedimentation rate
(ESR) 21 mm/h; IL-6 11.9 pg/mL; CRB 54.8 mg/L,
and D-dimer 0.72 pug/mL. There was a small pulmonary
lesion on an MSCT (Figure S) scan, mainly on the
left, 6.1% in volume, but with consolidations. It was
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Figure 4. Colchicine versus ruxolitinib and secukinumab

in thw open-label prospective randomized trial in patients with COVID-19 (COLORIT)

Patients above 18 years old PCR- or CT-confirmed COVID-19 (diagnoses U 07.1 and U 07.2) + 2 more signs: fever >37.5°C,
or cough, dyspnea (RR > 24), or SpO2 <93%, CRB >60 mg/L

[ [

I

Conventional Conventional therapy
therapy + Colchicine
(control) 1 mg-> 0.5 mgx bid

Conventional therapy
+ Ruxolinitib (Jakavi),
5 mg —> bid for 14 days

Conventional therapy
+ Secukinumab (Cosentrix),

2 .
300 mg, s/c

14-day administration IN ADDITION TO ACS and * antibiotics + Bromhexine 8 mg x qid + spironolactone 50 mg/day

Primary endpoint = changes of the SHOKS-COVID score (Yu.V. Mareyev)
1. RR: <18 = 0; 18-22 = 1; 23-26 = 2; >26 (mechanical ventilation) = 3 2. t°C >37.1-38.5 = 2; >38.5 = 3. 3. Sp02: >93% = 0; 90-92.9% = 1; <90% = 2.
4. Ventilation: no = 0; low-flow ventilation in room air = 1; non-invasive ventilation in ICU = 2; mechanical ventilation = 3.
5. CRP, mg/L: <10 = 0.10-60 = 1; 60-120 = 2; >120 = 3.
6.D-dimer (mg/L): <0.5 = 0; 0.51-2.00 = 1; 2.01-5.00 = 2; >5.00 = 3.
7.MSCT (% of pulmonary lesions): 0-24 = 1; 25-49 = 2; 50-74 = 3; 75-100 = 4.

Secondary endpoints: changes in the CRP levels; changes in the D-dimer levels; days 14 and 45 of treatment.
Pulmonary damage at MSCT; quality of life by the VAS and EQ-SD scores on days 14 and 45 of treatment.
Clinical status and combination of death + need for pulmonary ventilation on days 14 and 4S5 of treatment.

|
|

PCR, polymerase chain reaction; CT, computed tomography; ICU, intensive care unit; SHOKS-COVID, COVID-19 clinical status scale;
RR, respiratory rate; CRP, C-reactive protein; MSCT, multislice computed tomography; VAS, visual analog scale.

estimated as a resolution to long-term inflammation.
Despite a moderate increase in pro-inflammatory factors
(IL-6 and CRB), the relatively calm clinical course and
minimal pulmonary damage with a negative PCR test for
COVID-19 did not prompt us to start anti-inflammatory
treatment. Anticoagulant therapy (enoxaparine 0.6 mL
od, subcutaneously), antibiotic (moxifloxacin 400 mg/
day), and a combination of bromhexine 8 mg qid and
spironolactone 50 mg/day were prescribed. The disease
progressed rapidly. Two days later, on May 8, the body
temperature was subfebrile (37.8°C), dyspnea increased
to 22 breaths per minute, blood oxygen saturation
decreased to 96% in the prone position, ESR increased
to 56 mm/hour, lymphocyte count and NLR changed
little. However, IL-6 levels increased to 36.3 pg/
mL (S-fold higher than normal), and CRB increased
sharply to 214.8 mg/dL (43-fold higher than normal).
D-dimer also increased to 1.16 pg/mL. The volume of
pulmonary damage increased to 44% (both lungs were
involved, mainly new ground-glass nodules) within two
days. This example illustrates how easy it is to make a
mistake and underestimate the severity of patients with
COVID-19. This patient had a second-type response to
the infection in the form of increased cytokine release
syndrome (green line Figure 2). Thus, colchicine
1 mg was started on day one, followed by 0.5 mg/day.
The dose of enoxaparin was increased to 0.6 mL bid
subcutaneously. The patient recovered gradually, and
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observable improvement was achieved two weeks later:
body temperature 36.5°C, blood oxygen saturation
98%, RR 16 breaths per minute, IL-6 1.5 pg/mL, CRB
2.42 mg/dL, D-dimer 0.2 pg/mL, and the volume
of ground-glass nodules decreased from 44% to 7%.
It is worth noting that such inflammatory response
transforms rapidly into massive pulmonary damage
in the second-type immune response. Timely specific
anti-inflammatory therapy also enables recovery from
coronavirus-associated pneumonia relatively quickly
(within 1-2 weeks).

Patient S., 69 years old, body mass index 30.7 kg / m?,
with PCR-confirmed COVID-19 and bilateral multi-
segmental pneumonia, was admitted to the clinic on day
12 of the disease with persistent fever (39°C maximum,
37.5°C at admission), dyspnea with RR 20 breaths per
minute, persistent dry cough, and reduced blood oxygen
saturation up to 96%. Comorbidities: hypertension
hypertensive heart disease grade 2, aortic atherosclerosis,
brachiocephalic arteries, dyslipidemia. Losartan 50 mg
bid, bisoprolol 2.5 mg od, rosuvastatin 10 mg od were
continued to control BP and lipid levels.

Blood tests showed a significant decrease in lympho-
cyte count 0.5x109/L, NLR elevated to 23 (!); IL-6 52.9
pg/mL; CRB 159.5 mg/dL; D-dimer 0.84 ug/mL. MSCT
revealed bilateral pulmonary damage, a total volume of
30%, mainly as ground-glass nodules (Figure 6).
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The patient’s condition was considered a severe auto-
immune inflammation requiring emergency intervention.
This is the third type of immune response to viral infec-
tion in the form of decreased cytokine release syndrome
(red line in Figure 2) and long-term persistent course of
difficult-to-treat viral infectious disease.

Bromhexine 8 mg qid, spironolactone 50 mg/day,
enoxaparin 0.8 mL od subcutaneously, ceftriaxone
1000 mg bid. After signing an informed consent form, the
patient received ruxolitinib (Jakavi®) S mgbid on the first
day of the hospital stay (small doses are used to avoid the
reaction of hemopoiesis reduction).

The patient’s clinical state improved relatively
quickly. Two days later, body temperature normalized,
RR decreased to 18 breaths per minute, blood oxygen
saturation increased to 98%, CRB decreased to 98.3 mg/
dL on day two of the treatment, 49.4 mg/dL on day hour,
and 6.76 mg/dL by the end of week one. The lymphocyte
count increased to the lower limit of normal 1.1x109/L,
and NLR decreased sharply to 2.7, and D-dimer dec-
reased to 0.55 pg/mL. Nevertheless, the area of the
pulmonary damage almost did not decrease (Figure 6).

Six days later, the patient’s condition normalized: body
temperature 35.5°C, no dyspnea (RR 16 breaths per minute)
and cough, blood oxygen saturation 99%, lymphocyte count
increased tonormal 1.63x109/L,and NLR was 2.0. D-dimer
normalized to 0.25 pug/mL as inflammation decreased and
IL-6 reduced to 2.09 pg/mL, and CRB to 1.08 mg/dL.

There were still ground-glass nodules in MSCT, mainly in
the right lung, with a total volume of 20%. It is typical of
the third-type immune response to viral infection when the
onset of pneumonia is gradual and reaches the maximum by
weeks 2 to 3. In such cases, even active, effective, and timely
anti-inflammatory therapy, e.g., ruxolitinib (Jakavi®), does
not eliminate pulmonary fibrosis quickly. It has been shown
that not all symptoms disappeared in the acute period of
the disease and were often observed within a month after
hospital treatment [114].

Patient K., 31 years old, with PCR-confirmed viral
pneumonia and concomitant chronic obstructive pulmo-
nary disease and bronchial asthma, was admitted on
day 8 of the disease with complaints of fever (37.6°C),
dyspnea (RR 20 breaths per minute), feeling of chest
congestion during physical activity, headache, dyspnea
mainly at night, low-productive cough with scanty light
sputum with brownish inclusions, loss of taste and smell,
nausea, weakness. The patient used beclomethasone
2 breaths bid and occasionally ipratropium bromide +
phenoterol for bronchial asthma since childhood. Due to
the suspicion of COVID-19, the patient took imidazolyl
ethanamide pentandioic acid and paracetamol on an
outpatient basis for seven days. From day four of the
disease, hydroxychloroquine 400 mg/day (canceled due
to urticaria) and azithromycin (no apparent beneficial
effect) were prescribed.

Figure S. MSCT scan of the lungs of $3-year-old patient I. with COVID-19 and bilateral pneumonia (see details in the text)

Normal pulmonary tissue — 93,89%

Dense ground glass opacity - 3,9%
Consolidation - 2,1%

Normal pulmonary tissue — 56,0%

Dense ground glass opacity - 7,3%
Consolidation - 3,6%

Normal pulmonary tissue — 93,1%

Dense ground glass opacity — 0%
Consolidation — 0%
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Figure 6. MSCT scan of the lungs of 69-year-old patient I. with COVID-19 and bilateral pneumonia (see details in the text)

R
i

Normal pulmonary tissue — 70,9%

Dense ground glass opacity — 0,4%
Consolidation - 0,2%

Normal pulmonary tissue — 70,5%

Dense ground glass opacity — 0,9%
Consolidation - 0,1%

Normal pulmonary tissue — 80,6%

Dense ground glass opacity - 0,3%
Consolidation - 0,1%

On admission, a significant reduction in blood oxygen
saturation to 93% was considered to be due more to
bronchial asthma than viral pneumonia. On 12.05.2020,
an MSCT (Figure 7) scan showed the area of lesion was
only 14% in the form of mild ground-glass opacities.
Lymphocyte count (2.03x109/L), NLR, and D-dimer
level (0.33 pg/mL) were normal. IL-6 was not estimated,
and CRB elevated to 69.4 mg/dL combined with a
moderate increase in lactate level to 3.91 mmol/L which
could be associated with acute exacerbation of bronchial
asthma. Moreover, the thrombocyte count was decreased
(135x109/L). Bromhexine 8 mg qid, dual antibiotic
therapy with ceftriaxone 1000 mg bid and amoxicillin
1000 mg + clavulanic acid 1000 mg intravenously tid,
and anticoagulant enoxaparin 0.4 mL od subcutaneously
were added.

Despite the therapy, the patient’s condition did not
improve significantly, although cough and chest congestion
disappeared, subfebrile temperature, and dyspnea with
blood oxygen saturation of 93-94% yet persisted. Five days
later (day 13 of the disease), IL-6 increased to 46.2 pg/mL
(6.6-fold higher than normal) and CRB to 201.1 mg/dL
(40-fold higher than normal) with D-dimer remaining at
a normal level of 0.17 pg/mL, which allowed us to assume
the intermediate (transition from the second to the
third) type of autoimmune response and cytokine release
syndrome (Figure 2). The pulmonary lesion increased
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very rapidly in the form of disseminated ground-glass
opacities (MSCT) in both lungs from 14 to 57% within
five days. When informed consent was received, anti-IL-17
monoclonal antibody secukinumab (Cosentrix®) 300 mg
was injected subcutaneously.

The effect was observed by day 3 of treatment as
body temperature normalized, the patient’s sense of
smell returned, and CRB decreased to 33.8 mg/dL
(6-fold within three days). Day S of the treatment:
body temperature 36.5°C; RR 16 breaths per minute;
blood oxygen saturation 99%; lymphocyte count
2.41x109/L; NLR 1.1; platelet count increased from
135 to 309x109/L; IL-6 2.23 pg/mL; CRB 11.7 mg/
dL; D-dimer 0.53 pg/mL. Rapid reduction of the MSCT
pulmonary damage area from 56 to 6% (also within five
days). It should be noted that the dose of the LMWH was
low because the patient had a low platelet count. It may
be partly associated with a borderline level of D-dimer
by the end of treatment. Therefore, oral anticoagulants
(rivaroxaban 10 mg/day) were recommended at discharge.
Otherwise, this is one more vivid example of the rapid
effect of anti-inflammatory therapy with secukinumab
in a young patient with the second-type autoimmune
response despite concomitant bronchial asthma. The
delay of the anti-inflammatory treatment was not crucial
due to the patient’s young age and responsive immune
system.
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Figure 7. MSCT scan of the lungs of 31-year-old patient K. with COVID-19, bilateral pneumonia, and bronchial asthma (see details in the text)

Normal pulmonary tissue - 86,2%

Dense ground glass opacity - 1,5%
Consolidation - 0,6%

Normal pulmonary tissue — 43,6%

Dense ground glass opacity - 4,6%
Consolidation - 0,4%

Normal pulmonary tissue — 93,1%

Dense ground glass opacity - 1,0%
Consolidation — 0%

Patient A., 80 years old, was admitted on day 6 of the
disease with a positive PCR which indicated COVID-19
and bilateral coronavirus-associated pneumonia. Co-
morbidities: type-2 diabetes mellitus (compensated with
drugs), grade 2 hypertension, chronic (latent) glomeru-
lonephritis, bilateral kidney cysts, stage S chronic kidney
disease, postoperative hypothyroidism (compensated
with drugs), gout, benign prostatic hyperplasia,
spondyloarthritis. Therapy for comorbidities included
glimepiride 1 mg/day and alogliptin 25 mg/day to
control glycemia within 6.0-8.0 mmol/L, losartan 25 mg
bid, furosemide (periodically controlled by diuresis) and
nebivolol 7.5 mg/day to control BP at 140/80 mmHg;
atorvastatin 40 mg od to control cholesterol levels.

The disease onset was acute with an increase in
body temperature to 39°C, dyspnea, cough, sore throat,
pronounced weakness, complete loss of smell, diarrhea.
Outpatient treatment included cefazolin, bromhexine,
paracetamol. Despite the therapy, during a few days,
the patient complained of deteriorating the condition,
worsening of dyspnea, and asthenia. Outpatient MSCT:
bilateral polysegmental pneumonia, highly-likely stage 1
coronavirus-associated pneumonia (area of the pulmo-
nary damage less than 25%).

On admission to Lomonosov University Clinic, body
temperature was 37.9°C, severe dyspnea (RR 22 breaths
per minute); heart rate 100 bpm, BP 140/70 mmHg,

blood oxygen saturation 92%. The patient was not able to
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lay in the prone position due to acute spondyloarthritis.
MSCT showed moderate pulmonary damage 28.8%,
more on the left with 11% of dense ground-glass
nodules (areas of airless parenchyma) (Figure 8), which
already corresponds to stage 2 damage (according to
the classification of the Russian Ministry of Healthcare).
Blood tests: increased leukocyte count 12.3x109/L;
relatively low lymphocyte count 1.11x109/L, and very
high neutrophil count 10.69x109/L; NLR elevated to
9.6; ESR 38 mm/h. All pro-inflammatory factors were
elevated: IL-6 up to 150.6 pg/mL (20-fold), CRB up
to 232 mg/dL (46-fold), and ferritin up to 621 pg/L.
D-dimer was significantly increased to 2.62 upg/mL
(more than S-fold). Renal failure complicated the situa-
tion: creatinine was increased to 344 pmol/L and glo-
merular filtration rate (GFR) was reduced to 14 mL/
min/1.73 m? (CKD-EPI). Glucose was slightly increased
to 6.8 mmol/L, but there was a risk of lactoacidosis
(lactate 7.1 mmol/L).

Symptomatic treatment was initiated: bromhexine
8 mg qid and acetylcysteine, ketoprofen intravenously
administered for pain, tizanidine hydrochloride 2 mg/
day, and omeprazole. Levofloxacin 500 mg od intra-
venously administered was ordered as antibacterial
therapy. Anticoagulant treatment included enoxaparin
0.6 mL subcutaneously bid. The condition was regarded
as severe autoimmune inflammation, which could
progress to a cytokine storm (lilac line in Figure 2). After
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the patient gave his informed consent, treatment with
secukinumab (Cosentyx®) 300 mg subcutaneously and
oral dexamethasone 8 mg bid was immediately initiated.

Within the next three days, body temperature was not
higher 37.2°C; dyspnea and weakness decreased slightly,
but blood oxygen saturation remained very low 86%
with atmospheric air and 94% with oxygen-enriched air
(V 5 L/min). Creatinine levels remained almost the same,
but glucose increased to 10.3 mmol/L despite ongoing
hypoglycemic therapy. Leukocyte count remained
elevated at 12.7x109/L; lymphocyte count decreased
more up to 0.41x109/L, NLR increased to 31, and
D-dimer was 1.3 pg/mL. IL-6 significantly decreased to
23.5 pg/mL, CRB gradually decreased (by day): 232 mg/
dL; 231 mg/dL; 121 mg/dL; 110 mg/dL. Nevertheless,
MSCT on 02.06.2020 (day 11 day of the disease) (Figure
8) showed significantly increased lesion of the pulmonary
parenchyma, especially in the lower lobes up to 66.8%
with dense ground-glass opacities with reduced airiness
up to 34.3%, which corresponded to stage 3 lesion
(classification of the Russian Ministry of Healthcare).

The board of physicians of Lomonosov University
Clinic evaluated the patient’s condition as progressive
autoimmune inflammation developing into a full-blown
cytokine storm unresponsive to anti-IL-17 antibodies
andlow-dose GCs. It was decided to change the antibiotic
therapy (transfer patient to cefaperazone+sulbactam

1000 mg bid) and order emergency pulse therapy with
high-dose GCs (methylprednisolone 500 mg - S00
mg — 250 mg - 125 mg intravenously administered
in combination with colchicine 1 mg on day one
followed by 0.5 mg/ day). Taking into account the risk
of acidosis, acetazolamide 250 mg bid was added to the
therapy. After an endocrinological consultation, it was
decided to transfer the patient to insulin. This treatment
allowed for a decrease in IL-6 to 11 pg/mL and CRB
to 37.2 mg/dL within S days (by day 16 of the disease),
but the patient’s condition worsened: dyspnea and chest
congestion increased, blood oxygen saturation remained
low (85 to 88% with atmospheric air and 92 to 94%
with oxygen-enriched air (V 10 L/min)). Weakness,
asthenia progressed. The patient felt depressed and
anxious. Thus, hydroxyzine 25 mg at bedtime was
ordered. Low lymphocyte count 0.5x10 9/L persisted,
leukocyte count increased more up to 20.2x109/L,
and NLR increased sharply to 38.4. Blood glucose
remained high 10.9 mmol/L and lactate increased
moderately 4.2414 mmol/L, creatinine level was high
382 mmol/L and estimated GFR was critically low at
12 mL/min/1.73 m? (CKD-EPI). The relative density
of urine was low — 100S; proteinuria 0.5 g/L, glucosuria
(+), ketones (+), hematuria 65,9 cell/UL, and increased
levels of yeast in urine up to 58.8 kl/UL. D-dimer levels
remained elevated up to 1.78 pg/mL. Control MSCT

Figure 8. MSCT scan of the lungs of 80-year-old patient K. with COVID-19,
bilateral pneumonia, and type 2 diabetes mellitus, CKD stage S, hypertension, podagra (see details in the text)

Normal pulmonary tissue - 72,2%
16,1%
Dense ground glass opacity — 11,1%
Consolidation - 0,6%

Ground glass opacity Ground glass opacity

Normal pulmonary tissue — 33,2%
31,1%
Dense ground glass opacity — 34,3%
Consolidation - 1,4%

Normal pulmonary tissue - 18,2%
Ground glass opacity - 28,7%
Dense ground glass opacity - 51,3%
Consolidation - 1,8%
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(Figure 8) showed continuing progression of pulmonary
damage up to more than 80% bilaterally, and almost
airless zones in the form of dense ground-glass lesions
involving more than half of the pulmonary parenchyma
(stage 4 according to the classification of the Russian
Ministry of Healthcare).

Antibiotic therapy was changed one more time,
and meropenem 2-3 g/day depending on GFR and
metronidazole 500 mg bid were ordered. The next day,
breathing became more difficult, tachypnoea increased
to 28 breaths per minute with auxiliary muscles involved
in the act of respiration and decreased blood oxygen
saturation to 88% when breathing with humidified
oxygen-enriched air. The patient was transferred to the
ICU, where non-invasive ventilation of the lungs was
initiated (10 L/min) through a mask. Water-electrolyte
disbalance was corrected. Small doses of noradrenaline
and symptomatic therapy were used to stabilize
hemodynamics. Intensive double anti-inflammatory
(dexamethasone and colchicine) and anticoagulant (eno-
xaparin) therapies continued. The patient’s condition
remained severe. As the COVID-19 treatment center
was closed in the clinic, the patient was transferred to the
intensive care department of a city hospital (day 17 of the
disease), where he was pronounced dead the next day
(day 18 of the disease).

This last case is a typical course of cytokine storm and
progressive pulmonary damage in COVID-19, when all

efforts cannot achieve efficacy and any therapy, including
combined anticoagulantand anti-inflammatory treatment,
is ineffective. Of course, age and multiple comorbidities
were the aggravating factors in this case and event, then
only proactive therapy could give a chance for success
and full recovery of the patient. By the time of the active
anti-inflammatory treatment (day 7 of the disease), levels
of IL-6, CRB and ferritin had already increased multifold,
and NLR was as high as 9.6 (normal level less than 3).
Moreover, pneumonia rapidly progressed despite intense
anti-inflammatory and anticoagulant therapy. Although
IL-6 and CRB decreased during the treatment with high-
dose GCs + secukinumab + colchicine, it was changes in
NLR (9.6 at admission, 31 in S days, and 38.4 in other
five days) that were most closely correlated with the
progression of coronavirus-associated pneumonia and
indicative of adverse prognosis. However, the main
lesson of this case is the assumption that proactive anti-
inflammatory therapy (such as colchicine), especially
in high-risk patients, should begin as early as possible
together with antiviral treatment (possibly even before
hospitalization).
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