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Insufficient Data to treatment





A minimum required sample size based on ratio 
between number of independent variables and number 
of case such as 30 to 1

Pedhazur EJ, Schmelkin LP. Measurement, design, and analysis: An
integrated approach. Hillside, NJ: Lawrence Erlbaum. 1991.



Formula of “50 + 8m”

The number of factors

Tabachnick BG, Fidell LS. Using Multivariate Statistics. 6th ed. Boston: Pearson Education. 2013.

The minimum required sample size 



The minimum sample size for treatment of  COVID-19 in the RTX. Patients with Cytokine storm 

Excellent Fair

No
response

Severity 
Of

disease

GFR I.S.
drugs

>60 45-60 30-45 <30

IL6
Ferritin
Lymphopenia
Thrombotic 
events

Ventilator
+/_

Comorbidity 
factors

Corticosteroids, Type1 interferons, Plasma from 
convalescent patients, IL6R inhibitors, IL1 inhibitors, 
Nucleoside analogs, Proteasome inhibitors, IVIG,
Plasmapheresis, Hemoperfusion, CVVHD





Interleukins
COVID-19 Victim



Clinical presentation of 
Cytokine Release Sy.

Shimabukuro-Vornhagen et al. Journal for 
ImmunoTherapy of Cancer (2018) 6:56 



1) Sudden deterioration of disease around one to two weeks after onset
2)  Much lower level of lymphocytes, especially natural killer (NK)
3)  High inflammatory parameters, CRP and pro-inflammatory cytokines (IL-6, 
TNFα, IL-8
4) Destroyed immune system revealed by atrophy of spleen and lymph nodes, 
along with reduced lymphocytes in lymphoid organs
5) Majority of Infiltrated immune cells in lung are monocytes and macrophages, 

but minimal lymphocytes 
6) Mimicry of vasculitis, hypercoagulability and multiple organs damage.

common features of critical COVID-19 patients



increased inflammatory factors
in patients with COVID-19

increased inflammatory factors
In  patients with COVID-19 and cytokine storm

IL-1B, IL1RA, IL-7, IL-8, IL-9, IL-10, fibroblast 
growth factor (FGF), granulocytemacrophage
colony stimulating factor (GM-CSF), IFNγ, 
granulocytecolony stimulating factor (G-CSF), 
interferon-γ-inducible protein
(IP10), monocyte chemoattractant protein 
(MCP1), macrophage inflammatory protein 1 
alpha (MIP1A), platelet derived growth factor
(PDGF), tumor necrosis factor (TNFα), vascular 
endothelial growth
factor (VEGF)

IL-2, IL-7, IL-10, G-CSF,

IP10, MCP1, MIP1A, TNFα,IL6

Cytokines in the COVID-19 with VS. without storm







progression of COVID-19 infection and potential adjuvant interventions.

Cell Death & Differentiation (2020) 27:1451–1454

(Pre-activated by IF-G/IL1)

(Niacin/Nicotinamide)

(Hyaluronan absorbs water)

IL-1, TNF



COVID-19: risk for cytokine targeting in chronic inflammatory diseases? ,272, May 2020

Red risk
Green no risk

Cytokine suppressions for COVID-19 compared to bacterial and fungal infections

Targeting TNF and IL-6 increases the risk of bacterial infections but has lesser 
effects on viral infections (except for hepatitis B activation). 



COVID-19: risk for cytokine targeting in chronic inflammatory diseases? ,272, May 2020

Cytokine suppressions for COVID-19 compared to bacterial and fungal infections



leukopenia, lymphocytopenia, thrombocytopenia, hypoalbuminemia, 
significantly elevated CRP and IL-6, hyperfibringenemia, and 

prolonged thrombin time

Risk factors for Cytokine Storm



During the first stage a specific adaptive immune response is required to 
eliminate the virus and to preclude disease progression to severe stages

strategies to 
boost immune 
response

Anti-sera
Pegylated IFNαEpithelial cells



Strategies to 
suppress 

inflammation

blocking IL-6
Blocking IL-1 

Blocking TNF
Use of MSC

During the second stage a specific increased immune response 
is triggered and causes Cytokine storm

Immune cells



 Anti-shock therapy (treatment of symptoms, life-saving first): infusion to
ensure blood volume, application of vasoactive drugs, mechanical
ventilation if necessary, protection of important organ functions

 Symptomatic treatment (restoration of physical strength): routine
infusion, maintaining water, electrolyte and acid-base balance, nutrition
support.

 Inhibit excessive immune cell activation and cytokine production:
hormone therapy (adrenal corticosteroids, etc.) with appropriate doses
and treatments is often used, and free radical scavengers ( A lot of
vitamin C, vitamin E) and so on.

 Antibody-neutralizing cytokine storm (precise treatment): neutralizing
monoclonal antibodies against elevated cytokines to prevent severe
disease and death.Therapy for Cytokine storm includes anti viral
therapy + Imunotherapy with minimal side effect for the allograft

How to Treat COVID-19 Cytokine Storm in RTX?





Pathogenesis of COVID-19 and potential adjuvant use of melatonin

Life Sciences 250 (2020) 1175832





Cyclosporine: inhibits the 
replication of several
coronaviruses in vitro at 
noncytotoxic concentrations and 
independently of its 
immunosuppressive effect

inhibitory effect of 
cyclosporine on hepatitis C 
virus replication in vitro is well 
documented

Both commonly 
prescribed CNIs, 
cyclosporine and 
tacrolimus, have 
inhibitory potential in 
SARS-CoV

continued use as the preferred maintenance immunosuppressant in 
transplant recipients with SARS-CoV-2 infection





The guideline



Lymphopenia, very high ferritin and
D dimer levels, and raised troponin levels are
seen in severe disease and may be of prognostic
Value in the 7 patients



Organ Transplantation

COVID-19 induced Cytokine storm 



Organ Transplantation

COVID-19 induced Cytokine storm 

Are predisposed to COVID-19
Subtle prodromal symptoms
Predisposed to secondary infections (because of lymphopenia)
patients are not at higher risk for mortality than the general 

population except if other comorbidities coexist; such as DM, 
Cardiomyopathy, decreased GFR
Prolonged virus spreading



Organ Transplantation

COVID-19 induced Cytokine storm 

 Be careful for anti viral drugs
 Rejection???the expression of HLA-DR in CD4 + and 

CD8 + cells was increased, increased CCR4 + CCR6 + Th17 
cells, increased perforin, decreased regulatory T cells

 Tolerance???Lymphocytopenia CD4+ effector and 
memory T cells



1-effective as possible.

2-safe for the patient.

3-safe for the allograft.

4-Multi drug interactions should be considered.

5- Attention about the risk of allograft malfunction.

The applicable points to treatment of 
Cytokine storm in the RTX. Patients:



Immunosuppressive drugs in TX.

Treatment modalities of Cytokine storm in COVID-19

Corticosteroids
CNI

Antimetabolites 
MTOR inhibitors

Corticosteroids, Type1 interferons, Plasma from convalescent patients, 
IL6R inhibitors, IL1 inhibitors, Nucleoside analogs, Proteasome 
inhibitors, IVIG, Plasmapheresis, Hemoperfusion, CVVHD



Potential therapeutic targets in COVID-19 

Clinical Immunology 215 (2020),1-13 



Interferon therapy

 IFN-β1b and IFN-β1a are the most potent subtypes for SARS-CoV inhibition 
 Type-I IFN must be administered as soon as possible after infection (ideally before 

symptom onset) although not in the late phase, because of possible tissue damage.
 Although IFN-α inhalation can lower SARS-CoV-2 infection rate and serve in prophylaxis or 

treatment, the preferred rout is intravenous and subcutaneous.
 Acute humoral rejection (15-64%) three to six months after beginning treatment may be 

occurred (mostly in the allograft <6 months of transplantation)
 No interaction with the I.S. drugs



Lancet Rheumatol: May 7;2020, 1-7

hyperinflammation: (defined as serum CRP ≥100 mg/L, ferritin ≥900 ng/mL, or both)

29 patients received high-dose intravenous anakinra, non-invasive ventilation, and standard treatment. 
16 patients received non-invasive ventilation and standard treatment



Survival and mechanical ventilation-free survival at 21 days

Lancet Rheumatol: May 7;2020, 1-7



Conclusion

Lancet Rheumatol: May 7;2020, 1-7

 Treatment with high-dose Anakinra was safe and associated with 
clinical improvement in 72% of patients.

 Reduced frequency of neutropenia and hepatotoxicity when 
compared to Tocilizumab.



Plasma from convalescent patients????



In many survivors, antibody titers were not high enough, thus further 
limiting the donor pool.  
Using of variable dosages. 
 issues surrounding donor recruitment in times of rapidly increasing 

patient numbers.
safety of widespread use of blood products (i.e. serum sickness).
non-neutralizing antibodies are ineffective or even may be harmful for 

the recipients.
Irradiated cellular blood components are currently recommended for 

solid organ transplant patients who have received alemtuzumab (anti-
CD52) as immunosuppressive therapy

Drawbacks



(1) the  benefits  and harms should be carefully weighed before using cortico
steroids.

(2) corticosteroids  should  be  used  prudently  in  critically  ill  patients  with  
2019-nCoV  pneumonia. 

(3) for  patients  with  hyp-oxaemia due  to  underlying  diseases  or  who  
regularly  use  corticosteroids  for  chronic  diseases,  further  use  of  
corticosteroids   should   be   cautious.

(4) the  dosage  should  be  low-to-moderate  (≤0·5–1  mg/kg  per  day  
methylprednisolone or and the duration should be short (≤7 days)

Corticosteroids???



Dosage for Cytokine storm:
 Recommended to deliver the IVIG in a dose of 2 g per Kg bodyweight in 4 days.
 No interaction wit I.S. drugs.

IVIG
Production: IVIG is composed of immunoglobulin extracted from 20,000 healthy 
normal subjects 

Mechanism of action: 
 Captures activated complement factors.
 Blocks Fcγ receptors.
 Inhibits  B and T lymphocyte differentiation and activation.
 Neutralizes cytokines and antibodies.



An artificial-liver blood-purification 
system in the CRS by blood purification

FGF, GCSF, granulocyte/macrophage-colony-stimulating 
factor, IFN-γ, IL-1R antagonist, IL-12p70, IL-17A, IL-1β, IL-2, IL-
4, IL-5, IL-8, IL-9, PDGF, regulated upon activation normal T 
cell expressed and secreted (RANTES), TNF-α, VEGF



The artificial-liver blood-purification system eliminates inflammatory 
cytokines/chemokines and alleviates cytokine-storm-induced damage in 2019-
nCOV infection.

Engineering: pre-proof

The I.S. drugs must be 
used after procedure



① A plasma concentration of blood inflammatory factors (such as IL-
6) ≥ five-fold above the upper limit of normal, or a daily increase of > 
one-fold; 
②rapid daily progression of lung involvement ≥ 10%, based on lung 
imaging, computed tomography, or X-ray;
③ comorbidities requiring artificial-liver blood-purification therapy. 
It should be noted that conditions ① and ② must be met 
simultaneously, whereas condition ③ alone is sufficient for treatment 
implementation. 

Engineering: pre-proof

indications for hemoperfusion therapy in severely and 
critically ill patients with COVID-19 infection



Inhibition of Janus kinases (JAK)

 JAK inhibitors efficiently limit cytokine expression, and may aid in 
controlling cytokine storms.

 It should not be used at the initial phase of COVID-19.
 No interaction with the I.S. drugs.



JAK inhibitor





The effect of anti-JAK-2 on cytokines derived from TH17 cells



 Dose adjustment in the patients 
with CKD (1mg/D).

 No interaction with CYP450 
enzyme

JAK inhibitor







 CVVH module to eliminate inflammatory cytokines at a clearance 
rate slower than that of cytokine release, as well as ineffective 
clearance of protein-bound cytokines by hemofiltration

 Combination of Plasma exchange with CVVH module can improve the 
management of metabolic disorder, fluid overload, and 
cardiovascular dysfunction 

The role of CVVH in CRS



Mechanism of IL-6



Injury 
of 

IL-6 
in 

each 
organ 
Int. J. Mol. Sci. 2018, 19, 3528 
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IL-6 in Viral Pneumonia and Potential Role in Type II Pneumocyte COVID-19 infection

Autoimmunity Reviews, March 2020;1-7





TCZ was administered to 21 patients. The first administration 
was 8 mg/kg (up to a maximum 800 mg per dose) of Tocilizumab
intravenously, repeated after 12 h if no side effects were 
reported after the first dose. 

Microorganisms 2020, 8, 695; 1-12



 TCZ administration did not 
reduce ICU admission mortality 
rate in a cohort of 21 patients.

Microorganisms 2020, 8, 695; 1-12

 After administration of 
tocilizumab CRP can no longer 
be used as an indicator of CRS 
severity as blockade of IL-6 
signaling results in a rapid 
decrease of CRP

Conclusions



Conclusion
 The clinical management of CRS could further be improved by the 

identification of biomarkers that reliably predict the development of cytokine 
storm in Tx. patients

 Although the prognosis of COVID-19 in the Tx. Patients is not more harmful 
than the normal population, the co-morbidities are risk factors for cytokine 
storm and death in the Tx. Patients.

 Energy failure may play a fundamental role in the  pathogenesis of organ 
dysfunction

 Many unproven studies have contradictory effet on the cytokine storm in the 
Tx. patients 



Immunosuppressive drugs in renal transplantation with COVID-19

In mild infections: no changes.
In the moderate infections: stop antimetabolite drugs 

(Cellcept/AZA), keep the minimum CNI through level.
In severe infections: Stop antimetabolite and Tacrolimus. 

Increased corticosteroid dose. Cyclosporine???

Transplantation is not advisable during this Pandemic; if 
exceptionally done with full survey of the recipients and 
donors, no induction therapy by ATG or Alemtuzumab in the era 
of COVID-19 pandemic. 

Conclusion


