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A binary model for the classification of chronic diseases has formerly been proposed. The
model classifies chronic diseases as “high Treg” or “low Treg” diseases according to the
extent of regulatory T cells (Treg) activity (frequency or function) observed. The present
paper applies this model to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. The model correctly predicts the efficacy or inefficacy of several immune-
modulating drugs in the treatment of severe coronavirus disease 2019 (COVID-19)
disease. It also correctly predicts the class of pathogens mostly associated with SARS-
CoV-2 infection. The clinical implications are the following: (a) any search for new immune-
modulating drugs for the treatment of COVID-19 should exclude candidates that do not
induce “high Treg” immune reaction or those that do not spare CD8+ T cells; (b) immune-
modulating drugs, which are effective against SARS-CoV-2, may not be effective against
any variant of the virus that does not induce “low Treg” reaction; (c) any immune-modulating
drug, which is effective in treating COVID-19, will also alleviate most coinfections; and (d)
severe COVID-19 patients should avoid contact with carriers of “low Treg” pathogens.
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INTRODUCTION

In an earlier paper, a binary classification of chronic diseases was proposed (1). Chronic diseases
were classified according to the extent of regulatory T cell (Treg) activity, estimated in peripheral
blood or within tissues implicated in the disease. Diseases with high Treg activity as a driver of
pathogenicity were classified as “high Treg” diseases (most solid cancers, for example). Diseases with
low Treg activity as a driver of pathogenicity were classified as “low Treg” diseases (autoimmune
diseases, for example). This classification explains the association of particular pathogens with
cancer and the association of others with autoimmune diseases. It also explains why certain specific
pathogens are involved in coinfections. The effectiveness or ineffectiveness of certain immune-
modulating drugs in the treatment of autoimmunity and cancer is also elucidated by this binary
model (1). In addition, it explains why “high Treg” inflammation promotes many solid cancers,
while “low Treg” inflammation promotes lymphomas (2). Most COVID-19 patients present mild
disease with typical symptoms such as fever, cough, and fatigue. The illness however may progress
in some patients to a severe condition with acute respiratory distress syndrome which may lead to
multiple organ failure and death (3). Data from coronavirus disease 2019 (COVID-19) patients
indicated a decrease in Tregs frequency and function, from mild to severe disease (4, 5). A decrease
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in CD45RA+ Treg cells frequency between mild and severe states
was observed in another study, but the total Tregs frequency was
maintained (3). One work reports of an increase in Tregs from
mild to severe state and a decrease in Tregs from severe to critical
state (6). However, the literature, in general, points to an increase
in proinflammatory cytokines, which extenuates in severe
disease. This so called cytokine storm includes cytokines such
as interferon gamma (IFN-g), interleukin (IL)-1, IL-6, IL-8, IL-
12, and transforming growth factor b (TGF-b) and chemokines
like C–C motif ligand 2 (CCL2), CXCL9, and CXCL10. Elevated
levels of plasma IL-2, IL-7, IL-10, tumor necrosis factor-a (TNF-a),
granulocyte-macrophage colony stimulating factor (GM-CSF),
macrophage inflammatory protein 1-a (MIP1-a), and MCP-1
have also been reported. This cytokine storm results in a collateral
damage, especially to lung tissues, which may progress to a critical
condition and death (7). It is clear that COVID-19 may evolve
progressively into a proinflammatory “low Treg” state. This is in
contrast to cancers like hepatocellular carcinoma that progress from
a “low Treg” state to a “high Treg” state (8).

Mild COVID-19 may be regarded as a self-resolving acute
inflammation. Severe COVID-19, on the other hand, is a
persistent “chronic” proinflammatory disease, classified as a
“low Treg” disease by the binary model of chronic diseases (1)
(see Figure 1). As such, the binary model may be useful in (a)
screening for effective immune-modulating drugs that may
improve the outcomes of severe COVID-19 and (b) explaining
why some pathogens are more frequently associated with severe
COVID-19 while others are not.
IMMUNE-MODULATING DRUGS IN
SEVERE COVID-19

According to the binary model, drugs that induce Tregs activity
(either frequency or function) are expected to have a beneficial
effect on severe COVID-19 if they do not hamper the specific
antiviral immune reaction.
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Specific immunity against severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection is double arm: humoral
antibody response and T-cell response (9), mainly CD8+ T cells
(cytotoxic T lymphocytes [CTL]) (10). Immune response to
infection is diverse and redundant in order to allow reaction
when a certain branch of immunity is hampered (11). For
example, CTL robust reaction may cover up for impaired
specific antibody reaction in hematological cancer patients
with SARS-CoV-2 infection (12).

It is reasonable therefore to assume that Tregs inducers,
which suppress the inflammatory response but spare specific
CD8+ T-cell anti-CoV-2 activity, will be effective in treating
severe COVID-19. Similarly, Tregs inducers that have a direct
antiviral activity are expected to be effective in severe COVID-19,
as well.

Here are some examples of drugs that conform to these
conditions, drugs that do not, and drugs that may affect the
corona virus in additional modes of action, which do not involve
the immune system:

A. Corticosteroids: corticosteroids (CS) have shown to promote
Tregs proliferation in vitro (13) and in vivo (14).
Corticosteroids are used for years as immune suppressors
in the treatment of autoimmune diseases. Nevertheless, CS
upregulated leukotriene B4 receptor 1 (BLT1) expression on
effector memory CD8+ T cells and potentiated airway
inflammation induced by these cells in mice (15).
Moreover, dexamethasone promoted apoptosis of naive
and memory CD8+ T cells in a mouse model of
herpesvirus infection, but virus-specific CD8+ T cell were
preserved (16). In addition, CS did not suppress high-affinity
tumor-specific memory CD8+ T cells in a mouse tumor
model (even though low-affinity cells were suppressed) (17).
Corticosteroids are therefore anticipated to improve the
outcomes of severe COVID-19. Indeed, the World Health
Organization recommends the use of CS in severe COVID-
19 but not in mild disease (see Discussion).
FIGURE 1 | A schematic presentation of cytokines and Treg cells blood levels (arbitrary units) in COVID-19 patients as a function of time (days). The dashed lines
represent the mild disease. Mild COVID-19 may be regarded as an acute and self-resolving inflammation. Severe COVID-19 may be regarded as “low Treg” chronic
inflammation where the binary model of chronic diseases can be applied.
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B. JAK inhibitors: most JAK inhibitors induce an anti-
inflammatory effect expressed by increased Tregs activity and/
or decreased Th17 activity (18). The effect of JAK inhibitors on
CTL may vary from drug to drug. In rheumatoid arthritis
patients, tofacitinib did not affect the absolute number of
cytotoxic T lymphocytes (CTL) (19). Baricitinib supported
CTL activation in severe COVID-19 patients (20).
Ruxolitinib, however, suppressed CTL numbers and cytokine-
producing capacity in hemophagocytic lymphohistiocytosis
mouse model (a cytokine storm disease model) (21).
Ruxolitinib also suppressed CTL in mice immunized with
ovalbumin (an allergic reaction model) (22). Considering
their effect on TCL, tofacitinib and baricitinib are expected to
be effective in treating severe COVID-19 while ruxolitinib may
not. Recent large clinical studies support the use of tofacitinib
and baricitib but not of ruxolitinib in severe COVID-19
patients. In addition, Food and Drug Administration (FDA)
issued an authorization for the emergency use of baricitinib in
severe COVID-19 patients (see Discussion).

C. Rapamycin: rapamycin induces Tregs expansion in vitro (13)
and Tregs expansion and function in diabetic or IPEX patients
(23, 24). Mouse models demonstrated a promotion of memory
CTL differentiation and function by rapamycin (25–27). By its
immune-modulating effects, rapamycin is expected to improve
severe COVID-19 outcomes if the drug have no other effects on
the virus vitality or life cycle. However mTOR, the mammalian
target of rapamycin, is a master regulator of several key cellular
processes, including protein nucleotide and lipid synthesis,
glutamine metabolism, glycolysis, and autophagy (28). In
addition, mTOR lowers the intrinsic barrier to some viral
infections (29). The overall effect of rapamycin in COVID-19
is therefore hard to forecast by the binary model alone.

D. Statins: Tregs induction—simvastatin and lovastatin induced
Tregs proliferation in vitro (13) and in vivo (30, 31).
Atorvastatin and rosuvastatin induced Tregs proliferation
in vivo (32). Fluvastatin and pravastatin did not promote
Tregs expansion in vitro (13).

Effect on CTL—simvastatin promoted the function of CTL
within tumor microenvironment (33) and in sepsis mouse
model (34). Lovastatin inhibited the proliferation of virus-
specific CTL without affecting their cytolytic capacity (35).
Atorvastatin induced reduction and exhaustion in CTL in
HIV patients, while pravastatin have shown no effect (36).
Fluvastatin-pretreated donor cells attenuated CTL function in
acute graft-versus-host disease mouse model (37). Rosuvastatin
suppressed CTL activity in some subpopulations of healthy
subjects (38) and HIV-infected patients (39).

Direct antiviral effect—inhibition or slowing down viral
replication is common to several statins, due to their ability of
inhibiting cholesterol production, reducing the availability of
some isoprenoids that are essential for regulating the virus life
cycle and by inhibiting the activity of regulatory proteins related
to virus intracellular life cycle (40). Reduction of viral entry into
host cells is another antiviral effect of statins (41). A recent work
examined the effect of several statin on SARS-Cov-2 cell entry
and infection in human respiratory epithelial cell line. Only
Frontiers in Immunology | www.frontiersin.org 3
fluvastatin demonstrated a statistically significant effect on the
reduction in infection (41). It should be realized, however, that
fluvastatin concentration used in this work, 10 mM (=4.11 mg/ml), is
about one order of magnitude higher than the observed maximum
blood concentration of the drug (Cmax), at steady state, following
40mg daily dosing offluvastatin tablets, to healthy subjects (Cmax =
0.438 mg/ml) (42). At 0.4 mg/ml drug concentration, the effect of
fluvastatin on SARS-Cov-2 infectivity in human respiratory
epithelial cells is negligible, by a dose–response curve (41). It can
be concluded that at therapeutic drug levels, a direct antiviral effect
of statins on SARS-Cov-2 infection is not plausible.

Cholesterol synthesis effect—compared to healthy subjects,
COVID-19 patients present lower levels of serum cholesterol,
high-density lipoproteins (HDLs), and low-density lipoproteins
(LDL), which correlate with disease severity (43). The inhibitory
effect of statins on cholesterol synthesis may protect against
COVID-19 infection. Simvastatin has been shown to reduce
polymorphonuclear cells membrane cholesterol and affect
membrane cell fluidity (44). It may be hypothesized that these
membrane changes by simvastatin reduce SARS-CoV-2 cell entry.

Table 1 summarizes the effect of several statins on Tregs and
CD8+ T cells.

Considering their effect on Tregs and CTL, simvastatin and
lovastatin are expected to be the most effective in severe COVID-
19, while fluvastatin is expected be the least effective if statins
have no other effects on the pathology of the disease. It should be
added that the data in Table 1 has not been evaluated under
SARS-CoV-2 infection conditions, which may affect their
validity in any assessment related to COVID-19.
COINFECTIONS IN SEVERE
COVID-19 PATIENTS

According to the binary model, “low Treg” disease such as severe
COVID-19 is expected to be associated with “low Treg” pathogens.

A review of coinfections observed in hospitalized COVID-19
patients indicate the following bacterial infections (in a
descending order of their prevalence) (45): Mycoplasma
pneumoniae, Pseudomonas aeruginosa, Haemophilus influenza,
Klebsiella pneumoniae, Enterobacter spp., Chlamydia spp.,
Acinetobacter baumannii, Serratia marcescens, methicillin-
resistant Staphylococcus aureus, and Enterococcus faecium.

Seven out of these 10 bacteria have demonstrated a “low Treg”
reaction (either Tregs reduction or Th17 expansion or both): M.
TABLE 1 | The effect of several statins on Tregs and CD8+ T cells.

Tregs (Ref.) CD8+ T cells (Ref.)

Simvastatin ↑ (13, 30, 31) ↑ (33, 34)
Lovastatin ↑ (13, 30, 31) ↔ (35)
Atorvastatin ↑ (32) ↓ (36)
Fluvastatin ↔ (13) ↓ (37)
Rosuvastatin ↑ (32) ↓ (38, 39)
Pravastatin ↔ (13) ↔ (36)
September 2021 | Volume
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pneumonia (46), P. aeruginosa (1), H. influenza (47), K.
pneumoniae (48), Chlamydia (1), A. baumannii (49), and
methicillin-resistant S. aureus (50). Enterococcus faecium, the only
species in the list that exhibits a “high Treg” reaction (51), is the last
in the list and has the lowest prevalence. No data regarding the effect
of S. marcescens on the immune adaptive system could be found. No
data could be found regarding the effect of the Enterobacter genus.
However, E. coli, a member of the Enterobacteriaceae family,
induced a Th17 reaction (52). Another member of the
Enterobacteriaceae family, Citrobacter rodentium, presented a
strong Th17 reaction during gut infection, but this reaction
required the presence of Treg cells (53). Table 2 summarizes
these observations.

The following 12 viruses are associated with SARS-CoV-2
infection (in a descending order of their prevalence) (45):
respiratory syncytial virus (RSV), influenza A virus, rhinovirus,
enterovirus, influenza B virus, parainfluenzae, other corona viridae,
adenovirus, human metapneumovirus(hMBV), Epstein–Barr virus
(EBV), Coxsackievirus (COX), and cytomegalovirus (CMV).

Ten out of these 12 viruses have shown to elicit “low Treg”
immune response (Th17 expansion or enhanced Th17 cytokine
signature):RSV (54), influenza A virus (55), enterovirus (56),
influenza B virus, parainfluenzae (57), Middle East respiratory
syndrome coronavirus (MERS-CoV) (58), adenovirus (59),
hMPV (60), COX (61), and CMV (62).

EBV may induce either “low Treg” or “high Treg” reaction,
depending on the disease or infection (1). Table 3 summarizes
these observations.
DISCUSSION

As mentioned above, mild COVID-19 may be regarded as an
acute self-resolving inflammation, while a severe disease may be
viewed as a chronic “low Treg” disease (Figure 1). According to
the binary model of chronic diseases, Treg inducers may be
effective in chronic “low Treg” diseases such as autoimmune
diseases, “low Treg” infections, asthma (1), and lymphomas (2);
however, their use is not recommended in acute inflammations.
Frontiers in Immunology | www.frontiersin.org 4
Immune-modulating drugs may disturb the delicate balance
between the pro- and anti-inflammatory arms of the immune
system, needed in acute inflammations for a successful pathogen
elimination without causing an excessive collateral damage.

In order to allow its use for assessing the efficacy of drugs in
COVID-19, the original binary model has been modified to
include the effect of the drugs on the specific immunity against
the virus. Several works demonstrate the importance of specific
CD8+ T cells in the pathology of COVID-19. For example,
impaired CTL response has been reported in COVID-19 elderly
patients (63). On the other hand, strong and broad memory
CD8+ (and CD4+) T cells were detected in convalescent
population following COVID-19 (64). The induction of virus-
specific CTL in mice conferred substantial protection against
lethal dose of SARS-CoV-2 challenge (65).

Corticosteroids in general are Treg promoters (1). As stated above,
dexamethasone anti-inflammatory effect spares the herpesvirus-
specific CTL reaction. Hence, dexamethasone is a good candidate
for treating severe COVID-19 but not mild COVID-19. Indeed, a
large clinical study investigating the use of dexamethasone in
hospitalized COVID-19 patients concluded that “the use of
dexamethasone resulted in lower 28-day mortality among those
who were receiving either invasive mechanical ventilation or
oxygen alone at randomization but not among those receiving no
respiratory support” (66). Based on clinical data, the World Health
Organization recommends the use of oral CS for the treatment of
patients with severe and critical COVID-19 but not in the treatment
of patients with non-severe COVID-19 (67).

As for JAK inhibitors, the model predicts the efficacy of
tofacitinib and baricitinib in the treatment of severe COVID-19.
Ruxolitinib is expected to be less effective due to its suppressive effect
on CTL number and function (21, 22). Small-scale clinical studies
have demonstrated the positive effect of baricitinib and ruxolitinib
on the clinical outcomes of COVID-19 (68). However, a recent
placebo-controlled Phase III clinical trial of ruxolitinib in COVID-
19 patients has failed to meet its primary endpoint of reducing the
number of hospitalized COVID-19 patients who experienced severe
complications (69). Another Phase III clinical trial (the DEVENT
study) which evaluated the efficacy and safety of ruxolitinib 5 mg
TABLE 2 | Bacterial co-infections in COVID-19 patients (in a descending order
of their prevalence) (45) and Treg reaction to the bacteria in the absence of
SARS-CoV2.

Bacterium Treg reaction in
the absence of

SARS-CoV2 infection

Reference

Mycoplasma pneumoniae Low (46)
Pseudomonas aeruginosa Low (1)
Haemophilus influenza Low (47)
Klebsiella pneumoniae Low (48)
Enterobacter spp. Not available –

Chlamydia spp. Low (1)
Acinetobacter baumannii Low (49)
Serratia marcescens Not available –

Methicillin-resistant Staphylococcus
aureus

Low (50)

Enterococcus faecium High (51)
TABLE 3 | Viral coinfections in COVID-19 patients (in a descending order of their
prevalence) (45) and Treg reaction to the viruses in the absence of SARS-CoV2.

Virus Treg reaction in
the absence of

SAS-CoV2 infection

Reference

Respiratory Syncytial Virus Low (54)
Influenza A virus Low (55)
Rhinovirus Not available –

Enterovirus Low (56)
Influenza B virus Low (57)
Parainfluenzae Low (57)
MERS-CoV Low (58)
Adenovirus Low (59)
Human metapneumovirus Low (60)
Epstein–Barr virus Low/high (depending on the disease) (1)
Coxsackievirus Low (62)
Cytomegalovirus Low (61)
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and 15 mg plus standard of care (SOC) compared to SOC plus
placebo in patients with severe COVID-19, “did not meet its
primary endpoint—mortality due to any cause through day 29—
adjusted for ARDS severity between the two treatment arms versus
placebo” (70). On the other hand, a Phase III clinical trial
demonstrated that “baricitinib plus remdesivir was superior to
remdesivir alone in reducing recovery time and accelerating
improvement in clinical status among patients with COVID-19,
notably among those receiving high-flow oxygen or noninvasive
ventilation” (71). In addition, a Phase III placebo controlled clinical
study of baricitinib in 1,525 hospitalized adults with COVID-19
receiving SOC have demonstrated that “treatment with baricitinib
in addition to SOC (predominantly dexamethasone) significantly
reduced mortality with a similar safety profile between groups of
hospitalized COVID-19 participants.”On the other hand, reduction
in disease progression did not achieve statistical significance in this
study (72). Accordingly, on November 19, 2020, FDA issued an
Emergency Use Authorization (EUA) for the emergency use of
baricitinib (Olumiant), in combination with remdesivir (Veklury),
for the treatment of severe COVID-19 patient. On July 28, 2021,
FDA renewed this EUA. At the same date, FDA issued an EUA for
the emergency use of (stand-alone) baricitinib for the treatment of
severe COVID-19 patients (73).

A recent placebo controlled study in 289 COVID-19 Brazilian
patients hospitalized with pneumonia, have shown that
“tofacitinib led to a lower risk of death or respiratory failure
through day 28 than placebo” (74).

The binary model is useful in predicting the efficacy of drugs
that modulate the immune response. However, when immune-
modulating drugs affect the disease by additional mechanisms
that do not engage the immune system, the model may fail. As
presented above, statins may affect SARS-CoV-2 infection by
immune-related and immune-unrelated modes of action.
Therefore, the binary model may fail to explain their effect in
COVID-19. Here is an example: atorvastatin or simvastatin
routine use by a group of cardiovascular patients seemed to
have a protective role against SARS-CoV-2. All-cause mortality
among COVID-19 patients in this group was lower, relative to a
control group of COVID-19 patients with cardiovascular
background who did not take statins. On the other hand,
rosuvastatin or pravastatin use by COVID-19 patients with a
cardiovascular history was associated with a higher all-cause
mortality compared to the control group (75). About 85% of the
patients in the first group used atorvastatin and about 87% of the
patients in the second group used rosuvastatin. Hence,
atorvastatin seems to have a protective effect on COVID-19
outcomes, while rosuvastatin worsen COVID-19 outcomes in
patients with cardiovascular history. This favorable effect of
atorvastatin over rosuvastatin cannot be explained by their
immune-modulating impacts as presented in Table 1. Since
direct antiviral effects are generally low at therapeutic blood
levels of statins, as explained before, different effect by each drug
on epithelial cell membrane is a possible cause for the observed
difference in their impact on the disease outcomes. Evidently, the
binary model alone is not sufficient for elucidating the different
effects of these two statins on the prognosis of severe COVID-19.
Frontiers in Immunology | www.frontiersin.org 5
Rapamycin is another example where the binary model alone
cannot foretell the drug efficacy or inefficacy in the treatment of
COVID-19 due to possible immune-unrelated effects.

According to the binary model, as a “low Treg” disease, severe
COVID-19 is expected to be associated mainly with “low
Treg” coinfections.

Indeed, at least 7 out of 10 bacteria and 10 out of 11 viruses
associated with COVID-19 are “low Treg” pathogens, as
aforementioned. No “high Treg” virus is reported among
viruses prevalent in COVID-19. The only “high Treg” bacteria
reported (Enterococcus faecium) has the lowest prevalence in the
list of bacterial coinfections in COVID-19. It is seen that
coinfections associated with COVID-19 are almost exclusively
“low Treg” infections, as asserted by the binary model.
CLINICAL IMPLICATIONS

There are several clinical implications of the findings of
this work:

(a) Drugs that do not induce “high Treg” immune reaction or do
not spare CD8+ T cells should be excluded from any search
for new immune-modulating drugs for the treatment of
severe COVID-19.

(b) Immune-modulating drugs, which are effective against
SARS-CoV-2, may not be effective against any variant of
the virus that does not induce “low Treg” reaction.

(c) In the case of severe COVID-19 associated with coinfection,
any immune-modulating drug that is effective against SARS-
CoV-2 is expected to alleviate the coinfection as well.

(d) Severe COVID-19 patients should avoid contact with carriers
of “low Treg” pathogens (whether or not these pathogens are
known to be highly associated with the disease).
CONCLUSIONS

The binary model of chronic diseases correctly predicts the
efficacy of several immune-modulating drugs in treating severe
COVID-19. It also correctly predicts the class of pathogens
mostly associated with COVID-19. These observations have
important clinical implications.
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31. Rodrıǵuez-Perea AL, Montoya CJ, Olek S, Chougnet CA, Velilla PA. Statins
Increase the Frequency of Circulating CD4+ FOXP3+ Regulatory T Cells in
Healthy Individuals. J Immunol Res (2015) 2015:762506. doi: 10.1155/2015/
762506

32. Forero-Peña DA, Gutierrez FR. Statins as Modulators of Regulatory T-Cell
Biology. Mediators Inflamm (2013) 2013:167086. doi: 10.1155/2013/167086

33. Ma X, Bi E, Lu Y, Su P, Huang C, Liu L, et al. Cholesterol Induces CD8+ T Cell
Exhaustion in the Tumor Microenvironment. Cell Metab (2019) 30(1):143–
56.e5. doi: 10.1016/j.cmet.2019.04.002

34. Kong B, Wang X, Yang W, Zhao X, Zhang R, Wang Y. Effects of Simvastatin
on the Function of Splenic CD4+ and CD8+ T Cells in Sepsis Mice. Immunol
Res (2018) 66(3):355–66. doi: 10.1007/s12026-018-8994-7

35. Li D, Li Y, Hernandez JA, Patenia R, Kim TK, Khalili J, et al. Lovastatin
Inhibits T-Cell Proliferation While Preserving the Cytolytic Function of EBV,
CMV, and MART-1-Specific CTLs. J Immunother (2010) 33(9):975–82.
doi: 10.1097/CJI.0b013e3181fb0486

36. Overton ET, Sterrett S, Westfall AO, Kahan SM, Burkholder G, Zajac AJ, et al.
Effects of Atorvastatin and Pravastatin on Immune Activation and T-Cell
Function in Antiretroviral Therapy-Suppressed HIV-1-Infected Patients.
AIDS (2014) 28(17):2627–31. doi: 10.1097/QAD.0000000000000475

37. Zhao K, Tian Y, Wang J, Chen C, Pan B, Yan Z, et al. Fluvastatin-Pretreated
Donor Cells Attenuated Murine aGVHD by Balancing Effector T Cell
Distribution and Function Under the Regulation of KLF2. BioMed Res Int
(2020) 2020:7619849. doi: 10.1155/2020/7619849

38. Karmaus PW, Shi M, Perl S, Biancotto A, Candia J, Cheung F, et al. Effects of
Rosuvastatin on the Immune System in Healthy Volunteers With Normal Serum
Cholesterol. JCI Insight (2019) 4(21):e131530. doi: 10.1172/jci.insight.131530

39. Weiss L, Chevalier MF, Assoumou L, Paul JL, Alhenc-Gelas M, Didier C, et al.
IMEA 043-CESAR Trial Working Group. Rosuvastatin Is Effective to
Decrease CD8 T-Cell Activation Only in HIV-Infected Patients With High
Residual T-Cell Activation Under Antiretroviral Therapy. J Acquir Immune
Defic Syndr (2016) 71(4):390–8. doi: 10.1097/QAI.0000000000000879

40. Gorabi AM, Kiaie N, Bianconi V, Jamialahmadi T, Al-Rasadi K, Johnston TP,
et al. Antiviral Effects of Statins. Prog Lipid Res (2020) 79:101054. doi: 10.1016/
j.plipres.2020.101054

41. Moeller R, Zapatero-Belinchón FJ, Lasswitz L, Kirui J, Brogden G, Gunesch
AP, et al. Effect of Statins on SARS-CoV-2 Infection. medRxiv (2020).
doi: 10.1101/2020.07.13.20152272

42. Tse FL, Jaffe JM, Troendle A. Pharmacokinetics of Fluvastatin After Single and
Multiple Doses in Normal Volunteers. J Clin Pharmacol (1992) 32(7):630–8.
doi: 10.1002/j.1552-4604.1992.tb05773.x
September 2021 | Volume 12 | Article 716084

https://doi.org/10.2147/JIR.S227279
https://doi.org/10.2147/JIR.S249384
https://doi.org/10.1172/jci.insight.137799
https://doi.org/10.1093/cid/ciaa248
https://doi.org/10.1172/JCI137244
https://doi.org/10.1038/s41423-020-0447-2
https://doi.org/10.1080/08830185.2021.1883600
https://doi.org/10.1016/j.jhep.2014.08.010
https://doi.org/10.1016/j.cell.2020.09.013
https://doi.org/10.1016/j.bcmd.2020.102437
https://doi.org/10.1016/j.immuni.2011.05.009
https://doi.org/10.21203/rs.3.rs-162289/v1
https://doi.org/10.1016/j.bcp.2013.03.013
https://doi.org/10.1016/j.celrep.2014.03.004
https://doi.org/10.1016/j.jaci.2008.01.035
https://doi.org/10.3389/fimmu.2019.01521
https://doi.org/10.1084/jem.20190738
https://doi.org/10.2147/JIR.S303750
https://doi.org/10.1093/rheumatology/ket466
https://doi.org/10.1172/JCI141772
https://doi.org/10.1182/blood.2019000761
https://doi.org/10.1182/blood-2013-03-484642
https://doi.org/10.4049/jimmunol.177.12.8338
https://doi.org/10.1016/j.jaci.2019.11.043
https://doi.org/10.1111/j.0105-2896.2010.00898.x
https://doi.org/10.1038/nature08155
https://doi.org/10.1038/nature08097
https://doi.org/10.1016/j.cmet.2014.01.001
https://doi.org/10.1073/pnas.1811892115
https://doi.org/10.1111/j.1365-2567.2010.03269.x
https://doi.org/10.1111/j.1365-2567.2010.03269.x
https://doi.org/10.1155/2015/762506
https://doi.org/10.1155/2015/762506
https://doi.org/10.1155/2013/167086
https://doi.org/10.1016/j.cmet.2019.04.002
https://doi.org/10.1007/s12026-018-8994-7
https://doi.org/10.1097/CJI.0b013e3181fb0486
https://doi.org/10.1097/QAD.0000000000000475
https://doi.org/10.1155/2020/7619849
https://doi.org/10.1172/jci.insight.131530
https://doi.org/10.1097/QAI.0000000000000879
https://doi.org/10.1016/j.plipres.2020.101054
https://doi.org/10.1016/j.plipres.2020.101054
https://doi.org/10.1101/2020.07.13.20152272
https://doi.org/10.1002/j.1552-4604.1992.tb05773.x
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Elkoshi The Binary Model
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