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A B S T R A C T   

Introduction: Cytokine storm is one of the consequences of the severe forms of COVID-19 due to excessive immune 
response. In this study, we investigated the therapeutic effect of plasmapheresis and its role on the inflammatory 
cytokines levels in patients suffering from severe COVID-19. 
Methods: In plasmapheresis group, 22 severe cases of COVID-19 receiving three cycles of plasmapheresis with 
time interval of 24–36 h and 22 COVID-19 patients as the control group were enrolled. Clinical history and 
laboratory parameters as well as IL-1, IL-6, IFN-γ and IL-17 cytokines serum levels in the time points of before 
and after plasmapheresis were studied. 
Results: In severe COVID-19 patients, plasmapheresis significantly improved clinical and laboratory parameters 
such as cough, weakness, fever, blood oxygen saturation and CRP levels. Serum levels of IL-1, IL-6, IFN-γ and IL- 
17 in the group of patients receiving plasmapheresis, had a significant decrease following plasmapheresis 
courses. Although only IL-6 level in the control group had a significant decrease between the days 1–14 of 
disease. Also, at both time points of before and after plasmapheresis, serum levels of IL-1, IL-6, IFN-γ and IL-17 
were inversely correlated to blood oxygen saturation. 
Conclusion: Based on the obtained results, plasmapheresis therapy in severe forms of COVID-19 can effectively 
improve the clinical symptoms of the disease and reduce inflammatory markers. Therefore, it is suggested that 
plasmapheresis can be evaluated in standard treatment protocols for severe forms of COVID-19.   

1. Introduction 

Cytokine storm is one of the consequences of the COVID-19 
involvement and subsequent severe immune response that causes se
vere systemic complications. In viral infections such as COVID-19, the 
innate immune system induces secretion of pro-inflammatory cytokines 
centered on IL-1, IL-6 and IFNs due to involvement of innate immunity 
receptors such as MDA-5 and RIG-1. The massive secretion of mentioned 
cytokines can cause severe immune system responses and infiltration of 
immune cells to affected organs such as lungs [1–3]. 

One of the main treatment strategies of COVID-19 patients is to 
modulate the immune response and suppress the excessive cytokines 

secretion. In the early stages cytokine storm in COVID-disease immu
nosuppressive drugs such as corticosteroids, as well as cytokine antag
onist inhibitors are used. Other therapies such as intravenous 
immunoglobulins and Januskinase (JAKs) inhibitors have also been 
used to reduce inflammatory cytokine levels in COVID-19 patients 
which is directly related to reduced mortality [1,4–6]. 

One of the methods used in the clinic to reduce serum elements such 
as cytokine and coagulation factors is the physical elimination using 
plasmapheresis method [4]. Plasma Exchange (TPE) or plasmapheresis 
was first used in 1950s to control excessive viscosity in multiple 
myeloma patients. The basis of plasmapheresis is the physical removal of 
selected elements from the patient’s plasma based on two methods of 
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filtration or centrifugation. Studies on the effect of plasmapheresis on 
the several diseases such as COVID-19, influenza and sepsis showed role 
of plasmapheresis in controlling the symptoms of improving the general 
condition [7–10]. 

Therefore, according to clinical observations, plasmapheresis has 
been able to improve the critical conditions of various diseases through 
dialysis and physical removal techniques and provide appropriate clin
ical outcome. So, in the present study, we aimed to investigate the 
therapeutic role of plasmapheresis in patients with severe form of 
COVID-19 and its effect on clinical symptoms, laboratory factors and 
inflammatory cytokines before and after plasmapheresis. Also, accord
ing to the obtained results, we investigated the correlation between the 
inflammatory cytokines serum levels with clinical and laboratory pa
rameters in patients following plasmapheresis. 

2. Material and methods 

2.1. Patients and study design 

This study was performed in the COVID-19 wards of Shahid 
Mohammadi hospital in Bandar Abbas, Iran. This study was approved by 
the ethics committee of Hormozgan University of Medical Sciences 
(HUMS.REC.1399.174) and Iran Clinical Trials Center 
(IRCT20200611047735N2). 22 patients who admitted to the COVID-19 
wards of Shahid Mohammadi hospital in Bandar Abbas in the period 
between November and December 2020 were included in the study. All 
of the included patients were transferred to the ICU and did not improve 
their clinical symptoms after receiving standard severe COVID-19 
treatments. The inclusion criteria were as follows: Patients with posi
tive COVID-19 Real-time PCR result, dyspnea, tachypnea and respira
tory rate more than 30 per minute, oxygen saturation lower than 88% 
and fraction of inspired oxygen/PaO2 ratio lower to equal 300 without 
oxygen therapy in room air, lung involvement more than 50% on CT 
scan, patient under mechanical ventilation, COVID-19 patient with 
multiple organ failure or presence of two highly positive inflammatory 
markers including: Ferritin greater than 1000 ng/mL, C-Reactive Protein 
(CRP) above 50 mg/dl, lactate dehydrogenase (LDH) greater than 1000 
U/L, lack of proper response to antiviral and corticosteroid therapy. 

The exclusion criteria of the patients were as also follows: Hemo
dynamic instability, coagulation disorders such as thrombocytopenia 
and dissatisfaction with participating in the study. Written consent was 
obtained from patients to enter the study. Clinical examinations as well 
as laboratory findings were recorded before starting and after the last 
cycle of plasmapheresis. 

To compare the serum levels of patients treated with plasmapheresis 
with those who did not receive plasmapheresis (control group), 22 pa
tients with COVID-19 who were hospitalized due to COVID-19 but did 
not have criteria of receiving plasmapheresis (according to the inclusion 
criteria) were selected. At the time of admission to the hospital and 14 
days after hospital admission, blood samples were taken and clinical 
examinations and laboratory and cytokines measurements were done. 

In order to perform plasmapheresis, the COVID-19 management 
scientific committee in Hormozgan University of Medical Sciences was 
developed the plasmapheresis protocol for the treatment of COVID-19 
patients and the present study was performed according to the 
mentioned written protocol. After selecting patients for plasmapheresis, 
three sets of plasmapheresis with an interval of 24–36 h were performed 
based on daily evaluation. Plasmapheresis was performed by centrifu
gation with continuous flow method. The volume of plasma removed 
from each patient’s blood for plasmapheresis depended on the patient’s 
hematocrit and ranged from 30 cc/kg to 40 cc/kg and crystalloid solu
tions such as normal saline or 5% albumin solution and Fresh frozen 
plasma (FFP) was used as the replacement solution. Sodium citrate 4% 
also was used as an anticoagulant. 

2.2. Data collection and inflammatory serum cytokine measurements 

In order to evaluate the laboratory and serum levels of cytokines 
before and after plasmapheresis, blood samples were collected in two 
time points of before and after plasmapheresis. Then, serum was isolated 
from patients’ blood samples and stored in a freezer at − 70C until 
performing experiments. In order to evaluate the effect of plasmaphe
resis on the level of inflammatory cytokines, IL-6, IL-1β, IL-17, IFN-γ 
cytokines assays were done using commercial ELISA kits (Karmania Pars 
Gen, Iran), according to the manufacturer’s instructions. Then, the as
sociation between serum levels of cytokines before and after plasma
pheresis with clinical factors and laboratory findings were studied. 

2.3. Statistical analysis 

The statistical analysis was done using GraphPad PRISM software, 
version 8. Results have been reported as individual value, percentage or 
mean ± standard deviation. The obtained results were checked by Kol
mogorov–Smirnov test for normality distribution. Independent sample t- 
test and Analysis of variance (ANOVA) tests were used to compare mean 
difference of variables between two and more than two groups, 
respectively. Pearson correlation test was to study the correlation be
tween quantitative variables. Fisher’s exact and Chi square tests were 
also used to compare proportions between the groups. P.value < 0.05 
was considered as statistically significant. 

3. Results 

3.1. Demographic data and clinical outcome of plasmapheresis therapy in 
COVID-19 patients 

As shown in Table 1, 11 (50%) female and 11 (50%) men with the 
mean age of 62.8 ± 20.4 years and 58.5 ± 15.1 years, respectively were 
enrolled to the plasmapheresis treatment study. Based on Table 1, there 
was no significantly difference in terms of age and sex (P > 0.05). The 

Table 1 
Demographic variables of COVID-19 patients in Plasmapheresis and Control 
groups.  

Variables Plasmapheresis P. 
value 

Control P. 
value 

Sex Male: 11 (50%) 
Female: 11 
(50%) 

>0.99 Male: 14 
(63.6%) 
Female: 8 
(36.4%) 

0.13 

Age (Years) Mean: 60.7 ±
17.3 
Max: 88 
Min:31  

Mean:48.55 ±
11.04 
Max:66 
Min: 27  

Age in male 
participants (years) 

62.8 ± 20.4 0.58 48.79 ± 11.76 0.89 

Age in Female 
participants (years) 

58.5 ± 15.1 48.13 ± 10.43  

HIV positive 1 (4.5%)  –  
Hypertension 7 (31.8%)  –  
Cardiovascular 

diseases 
2 (9.1%)  –  

Type II diabetes 7 (31.8%)  –  
Renal calculi 2 (9.1%)  –  
End-stage renal disease 

(ESRD) 
1 (4.5%)  –  

Cerebrovascular 
accident (CVA) 

1 (4.5%)  –  

Lung involvement (CT 
Scan) 
Mild (<30%) 
Moderate (30- 
<60%) 
Severe (>60%) 

Mild: 0 (0%) 
Moderate: 2 
(9.1%) 
Severe: 20 
(90.9%)  

Mild: 1 (4.5%) 
Moderate:11 
(50%) 
Severe: 10 
(45.5%)  

Quantitative results are shown as Mean ± SD. 
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underlying diseases in these patients are also shown in Table 1. In the 
other side, in the control group, 8 (36.4%) female and 14 (63.6%) male 
with the mean age of 48.79 ± 11.76 years and 48.13 ± 10.43 years, 
respectively were included in the study (P > 0.05). Also, the medications 
used in plasmapheresis and control treatment groups are shown in 
Table 2. 

According to Table 3, there was a significant reduction in the clinical 
symptoms of fever, muscular pain, weakness, cough and shortness of 
breath in patients after treating with plasmapheresis. The biggest dif
ference was related to the reduction of shortness of breath in patients 
after completing the plasmapheresis treatment (P: 0.0004). 

Clinical and laboratory findings in patients receiving plasmaphe
resis, as shown in Table 4, heart rate, blood oxygen saturation and CRP 
levels showed significant difference between two time points of before 
and after plasmapheresis (P < 0.05). The notable point was the signifi
cant changes in blood oxygen saturation from 89.5 ± 4.4% before 
plasmapheresis to 94.3. 5.2% after plasmapheresis (P: 0.013). Also, 
serum 3+ positive CRP level dropped from 68.2% of patients before 
plasmapheresis to 22.7% of patients after plasmapheresis (P: 0.01). 
According to the final follow-up results of patients in the plasmapheresis 
group, 6 (27.3%) of patients were connected to mechanical ventilation 
and 5 (22.7%) of them died. 17 (77.3%) others discharged from the ICU. 

3.2. Effect of plasmapheresis therapy on the serum cytokine levels in 
COVID-19 patients 

In the study of serum levels of inflammatory cytokines in COVID-19 
patients receiving plasmapheresis compared with patients who did not 
receive plasmapheresis, as shown in Fig. 1, the serum level of IFN-γ in 
the group of patients receiving plasmapheresis, before and after plas
mapheresis showed a significant reduction from 177.9 ± 45.2 pg/ml and 
101 ± 38.2 pg/ml (P < 0.0001), while there was no statistically sig
nificant change in the control group (P > 0.05). (Fig. 1A). Serum IL-1 
level were also showed a significant reduction from 111.4 ± 43.7 pg/ 
ml and 78.9 ± 20 pg/ml, respectively (P < 0.05), without significant 
difference between serum IL-1 level on the first and the fourteenth days 
of disease in control group. (P > 0.05). (Fig. 1B). Also, as shown in 
Fig. 1C, in the plasmapheresis group, serum levels of IL-6 before and 
after plasmapheresis were 119.7 ± 60.4 pg/ml and 33.8 ± 23.3 pg/ml, 
respectively (P < 0.0001). Moreover, in the control group, IL-6 was 
observed with a significant reduction from 112.2 ± 53.7 pg/ml to 73 ±
24.6 pg/ml in the two time points of the first and the fourteenth days of 
disease (P < 0.01). Serum levels of IL-17 cytokine, as shown in Fig. 1D, 
treatment of plasmapheresis significantly reduced serum IL-17 from 
189.2 ± 84.4 pg/ml to 76.9 ± 34.3 pg/ml (P < 0.0001). However, the 
serum level of IL-17 in patients in the control group did not show a 
significant decrease (P > 0.05). 

3.3. Correlation between serum levels of cytokines and blood oxygen 
saturation levels 

As seen earlier in Table 4, a significant increase in oxygen saturation 
levels was observed after plasmapheresis treatment in patients with 
COVID-19. Fig. 2 also shows the correlation between serum levels of 
cytokines and blood oxygen saturation levels. In all cases, the serum 
cytokines were inversely correlated to the blood oxygen saturation 
levels, so that with increasing levels of cytokines, the amount of blood 
oxygen saturation levels decreased. This inverse correlation was more 
highlighted after plasmapheresis, compared to pre-plasmapheresis 
point. (Fig. 2A–H). 

3.4. Correlation between the assessed serum cytokines before and after 
plasmapheresis treatment 

Another finding was the correlation between the assessed serum 
cytokines before and after plasmapheresis treatment in COVID-19 pa
tients. As shown in Fig. 3A, before plasmapheresis, there was a direct 
correlation between the studied cytokines serum levels. The correlation 
was the most directly among IL-6 and IL-1 cytokines (Pearson correla
tion: 0.69). Also, the lowest correlation was observed between IL-17 and 
IL-1 with Pearson correlation equal to 0.04. Also, the correlation be
tween serum levels of cytokines after plasmapheresis is shown in Fig. 3B. 
In the post-plasmapheresis time point, all cytokines were directly 
correlated together, with the highest direct correlation between IL-1 and 
IL-6 (Pearson correlation: 0.34) and the lowest correlation between IL- 
17 and IFN-γ (Pearson correlation: 0.07). 

4. Discussion 

To date, the treatments to control cytokine storm are corticosteroids, 
intravenous immunoglobulins, Januskinase (JAKs) inhibitors and cyto
kine antagonists such as IL-6 inhibitors [1,4,5]. However, one study 
noted the difficulty of deciding to suppress the immune system due to 
secondary infections and complicated treatment processes [6]. In the 
present study, plasmapheresis therapy was done to reduce the serum 
levels of inflammatory cytokines including IL-1, IL-6, IL-17 and IFN-γ. As 
seen in the results, the use of plasmapheresis significantly reduced the 
inflammatory cytokines serum levels in COVID-19 patients. In general, 
rapid control of inflammatory cytokine levels in COVID-19 patients is 
one of the main strategies in COVID-19 severe conditions. 

Table 2 
Medications intake in two groups of Plasmapheresis and Control.  

Medications Plasmapheresis 
(n = 22) 

Control 
(n = 22) 

Dosage 

Kaletra 18 (81.8%) 13 (59%) P.O, Two tabs, twice a 
day (BD) for 14 days. 

Methylprednisolone 18 (81.8%) 0 I.V, 50–250 mg, daily. 
Interferon (IFN) beta- 

1a 12000000 
17 (77.3%) 0 S.C, Every other day 

for 5 doses. 
Atazanavir 2 (9.1%) 0 P.O, 300 mg daily for 

14 days 
Dexamethasone 1 (4.5%) 19 

(86.4%) 
I.V, 8 mg every 8 h, 
daily according to 
patient’s status. 

Aspirin (ASA) 4 (18.2%) 0 P.O, 80 mg daily. 
Vancomycin 1 (4.5%) 0 I.V, 1 gr, twice a Day 

(BD) for 10 days. 
Meropenem 1 (4.5%) 0 I.V, Meropenem 1gr 

every 8 h for 5 days.  

Table 3 
Clinical data of COVID-19 patients in Plasmapheresis and control groups.   

Plasmapheresis Control 

Clinical 
signs and 
symptoms 

Before 
(n = 22) 

After (n 
= 22) 

P. 
value 

Before 
(n = 22) 

After 
(n =
22) 

P.value 

Fever ◦C) 36.8 ±
0.4 

36.7 ±
0.3 

0.73 36.65 ±
0.35 

26.59 
± 0.22 

0.45 

Chills 2 (9.1%) 0 (0%) 0.48 4 
(18.8%) 

0 (0%) 0.1 

headache 4 
(18.2%) 

0 (0%) 0.1 9 
(40.9%) 

0 (0%) <0.0001 

Sore throat 2 (9.1%) 0 (0%) 0.48 9 
(40.9%) 

0 (0%) <0.0001 

diarrhea 3 
(13.6%) 

0 (0%) 0.23 2 (9.1%) 0 (0%) 0.48 

Muscular 
pain 

7 
(31.8%) 

1 (4.5%) 0.04 12 
(54.5%) 

0 (0%) <0.0001 

weakness 13 
(59%) 

3 
(13.6%) 

0.0040 12 
(54.5%) 

0 (0%) <0.0001 

Cough 12 
(54.5%) 

2 (9.1%) 0.0028 11 
(50%) 

0 (0%) 0.0002 

Shortness 
of breath 

14 
(63.6%) 

2 (9.1%) 0.0004 12 
(54.5%) 

0 (0%) <0.0001 

Quantitative results are shown as Mean ± SD. 
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Plasmapheresis therapy is performed with two methods of discon
tinuous and continuous flow. In the discontinuous flow method, 
125–375 ml of blood is taken from the patient and after mixing with 
anticoagulants using a high-speed centrifuge, the plasma or other 

desired plasma components are separated and the rest is returned to the 
patient blood circulation. In the continuous flow method, the volume of 
blood that is out of the body at any one time is about 80 ml and performs 
in a shorter time. As a result, it causes less hemodynamic disturbances 

Table 4 
Para clinical characteristics of COVID-19 patients in Plasmapheresis and Control groups.   

Plasmapheresis Control 

Para clinical variables Before (n = 22) After (n = 22) P.value Before (n = 22) After (n = 22) P.value 

Systolic pressure 117.2 ± 17.5 115.2 ± 22.7 0.69 121.2 ± 7.7 117.7 ± 7.5 0.15 
Diastolic pressure 67 ± 16.9 73.3 ± 11 0.19 83 ± 8.3 77.1 ± 8 0.06 
Respiratory rate (Per minute) 20 ± 4 18 ± 2 0.23 21 ± 2 20 ± 3 0.08 
Heart rate (Per minute) 90 ± 7 81 ± 10 0.006 86 ± 8 88 ± 9 0.41 
Oxygen Saturation level (SO2) % 89.5% ± 4.4 94.3% ± 5.2 0.013 91.7% ± 5.4 96.9% ± 1.2 <0.0001 
PaO2/FiO2 (PF) ratio 65.36 ± 13.83 89.66 ± 21.11 <0.0001 182 ± 56.69 252.8 ± 52.56 <0.0001 
WBC count × 103/microliter 6.83 ± 3.15 8.71 ± 4.04 0.46 5.71 ± 2.1 7.1 ± 1.7 0.0042 
Lymphocyte percent 17.4 ± 9.7 13.8 ± 9.9 0.119 24.1 ± 12.2 3.04 ± 11.5 0.02 
Neutrophil percent 76.9 ± 10.2 80.2 ± 12.5 0.19 67.9 ± 14.9 61.3 ± 13.1 0.03 
Platelet count × 103/microliter 195.1 ± 65.3 170.3 ± 85.7 0.169 185.5 ± 43.4 190.2 ± 46.8 0.73 
C-Reactive Protein (CRP) Neg: 1 (4.5%) 

1+: 3 (13.6%) 
2+: 3 (13.6%) 
3+: 15 (68.2%) 

Neg: 8 (36.4%) 
1+:6 (27.3%) 
2+: 3 (13.6%) 
3+: 5 (22.7%) 

0.01 Neg: 2 (9.1%) 
1+: 3 (13.7%) 
2+: 5 (22.7%) 
3+: 12 (54.5%) 

Neg: 18 (81.8%) 
1+:0 (0%) 
2+: 3 (13.6%) 
3+: 1 (4.6%) 

<0.0001 

Potassium (mg/dl) 4.36 ± 1.19 4.11 ± 0.53 0.366 – – – 
Sodium 138 ± 4.2 137.4 ± 3.8 0.593 – – – 
PTT (second) 36 ± 8.3 38.4 ± 15.6 0.495 33.7 ± 5.72 34.57 ± 8 0.69 
PT (second) 14.1 ± 1.7 13.1 ± 2.4 0.073 13.8 ± 1.7 14 ± 1.6 0.78 
International Normalized Ratio (INR) 1.16 ± 0.18 1.12 ± 0.1 0.252 1.15 ± 0.13 1.15 ± 0.2 0.42 
ALT (IU/L) 50.3 ± 37.5 59.3 ± 46.7 0.235 – – – 
AST (IU/L) 38.5 ± 15.7 43.3 ± 19.19.4 0.337 – – – 
LDH (IU/L) 668.9 ± 267.4 637.3 ± 210 0.616 607.5 ± 256.2 443 ± 119.8 0.009 
Ferritin (pg/ml) 878.9 ± 833.4 813.9 ± 558.9 0.769 – – – 
Creatinine (mg/dl) 1.34 ± 0.88 1.35 ± 1.34 0.984 – – – 

Quantitative results are shown as Mean ± SD. 

Fig. 1. Evaluation of serum levels of cytokines before and after plasmapheresis in patients with Covid-19 compared with the control group. A: Evaluation of IFN-γ 
serum level in Plasmapheresis group in compare with the control group. B: Evaluation of IL-1 serum level in Plasmapheresis group in compare with the control group. 
C: Evaluation of IL-6 serum level in Plasmapheresis group in compare with the control group. D: Evaluation of IL-17 serum level in Plasmapheresis group in compare 
with the control group. 
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Fig. 2. Evaluation of the correlation between serum cytokine levels and Saturated oxygen level percent (SO2) in COVID-19 patients, before and after plasmapheresis. 
A and B: The correlation between IFN-γ serum level and SO2%, Before and after plasmapheresis. C and D: The correlation between IL-1 serum level and SO2%, Before 
and after plasmapheresis. E and F: The correlation between IL-6 serum level and SO2%, Before and after plasmapheresis. G and H: The correlation between IL-17 
serum level and SO2%, Before and after plasmapheresis. 
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which is suitable for patients suffering from severe anemia and younger 
ages. Plasmapheresis usually takes about 4 h in the discontinuous 
method and about 1.5 h in the continuous flow method. However, the 
continuous flow method requires the involvement of two peripheral 
vessels. The collected plasma is eventually discarded and replaced by 
alternative components such as Fresh Frozen Plasma (FFP), albumin or 
crystalloid fluids [11]. The cellular part of the blood is then returned to 
the patient. Also, anticoagulants such as Citrate, Sodium citrate, Triso
dium citrate, ACDA and ACDB are usually used to prevent blood clot
ting. However, complications of plasmapheresis include hypotension, 
arrhythmia, thrombocytopenia and electrolyte disorders [4,11]. 

One of the main obtained results of the present study was the positive 
therapeutic effect of plasmapheresis on severe COVID-19 and also sig
nificant reduction of inflammatory cytokines serum levels in COVID-19 
patients. In addition, plasmapheresis was directly related to the 
improvement of clinical symptoms such as increased blood oxygen 
saturation level, fever, shortness of breath, as well as laboratory findings 
such as decreased serum CRP. In addition to the present study, several 
other studies have demonstrated the role of plasmapheresis in clinical 
improvement. In a study by Adeli et al., they showed that using plasma 
exchange, the clinical symptoms as well as cytokine storm were 
controlled in Eight severe COVID-19 patients with antiviral and corti
costeroid therapies failure [8]. In another study, in six 
COVID-19-associated meningoencephalitis patients, plasmapheresis 
reduced serum ferritin and improved disease-related clinical signs [9]. 
Morath et al. also conducted a study on plasma exchange of five 
COVID-19 patients suffering from respiratory failure, 
vasopressor-dependent shock, refractory fever, and increased cytokine 
IL-6. The results showed that plasma exchange decreased serum levels of 
CRP, IL-6, ferritin, LDH, D-dimer [12]. 

The above mentioned reports and other studies on the role of plas
mapheresis in the treatment of COVID-19 patients confirm the obtained 
results of our study [9,13–15]. However, the strength of our study is the 
higher number of samples than previous studies and the measurement of 
a wide range of clinical and laboratory parameters along with measuring 
the serum level of inflammatory cytokines. In addition to the studies on 
COVID-19, in 2004 Kawashima et al. used plasma exchange in influenza 
infection treatment and they reported reduced IL-6 cytokine levels and 
the improving condition in the influenza infected patients [16]. Also, in 
a systematic review study, the results showed that the treatment of pa
tients with sepsis using plasma exchange was associated with a reduc
tion in patient mortality; Which confirms the important role of this type 

of treatment in infectious diseases [17]. In one of the studies performed 
on hepatitis C virus (HCV) patients, it was found that treatment with 
therapeutic apheresis, in addition to improving the symptoms of the 
disease, also reduces the viral load in the blood of patients [18]. 
Therefore, this result can be generalized to COVID-19 disease and can be 
considered as another dimension of this type of treatment in viral 
diseases. 

All of the above reports indicate the effectiveness of plasmapheresis 
treatment in inflammatory conditions. However, in this method, we 
observed a decrease in coagulation factors such as a platelets count and 
induced PT and PTT time, which is one of the side effects of plasma
pheresis which requires coagulation considerations before and after 
plasmapheresis in patients. However, reduction of coagulation factors in 
COVID-19 patients due to plasmapheresis can also have positive aspects 
and prevent coagulopathies. Other findings of the present study were 
related to opposite correlations between serum levels of inflammatory 
cytokines and blood oxygen saturation levels in COVI-19 patients. As 
seen in the results, blood oxygen saturation level showed reverse cor
relation in IL-1, IL-6, IL-17 and IFN-γ cytokines, which confirms the 
negative role of inflammatory cytokines in the deterioration of COVID- 
19 patients. 

5. Conclusion 

In conclusion, based on the results of the present study, plasma
pheresis treatment in patients with severe forms of COVID-19 can 
effectively improve the clinical symptoms of the disease and reduce 
inflammatory factors in patients. Therefore, it is suggested that this 
treatment method can be evaluated in standard treatment protocols 
related to severe forms of COVID-19 in order to prevention of cytokine 
storm complications in COVID-19 or similar inflammatory conditions. 
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