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ARTICLE INFO ABSTRACT

Keywords: Background: Coronavirus disease 2019 (COVID-19) is an emerged pandemic disease with no specific treatment.
COVID-19 One of the potential treatments in newly found infectious disease is plasma exchange (PE) with convalescent
SARS-CoV-2 plasma transfusion (CPT). This case series aimed to evaluate the primary PE and CPT in five Iranian COVID-19

Plasma exchange

patients.
Convalescent plasma

Methods: Five patients with confirmed COVID-19 who had acute respiratory distress syndrome and were sup-
ported by mechanical ventilation were treated with two consecutive PE containing fresh frozen plasma (FFP) of
healthy donors and 0.9 % saline solution containing 5 % human albumin. Thereafter, CPT was performed just
like PE, except that the FFP in this step was substituted with convalescent ABO-matched plasma. Clinical and
laboratory factors were evaluated before and after treatments.

Results: Three to Four patients showed lower body temperature and improved oxygen saturation as well as
reduced laboratory factors such as c-reactive protein, lactate dehydrogenase, creatine phosphokinase (total and
myocardial isoform), aspartate aminotransferase, blood urea nitrogen, bilirubin (total and direct), D-dimer,
interleukin-6, and CD4+/CD8 + T cells ratio initially after PE and continued to improve so that they were
discharged. One patient due to secondary hemophagocytic lymphohistiocytosis and extensive lung fungal
infection was expired.

Discussion: Overall, the PE followed by CPT was beneficial in reducing acute inflammation led to a considerable
improvement in patients’ clinical features. It seems that PE along with CPT could provide clearance of pro-
inflammatory mediators as well as the positive effects of CPT. Controlled studies are required to confirm the
effect of PE/CPT compared with other therapeutic approaches.

1. Introduction COVID-19 emerged in Wuhan, China, and on 11 March 2020 the World
Health Organization (WHO) declared it as a pandemic disease [4].

The outbreak of coronaviruses has caused three epidemic diseases Patients with COVID-19 present clinical symptoms including high
during the recent two decades, namely, severe acute respiratory syn- fever, dry cough, dyspnea, malaise, fatigue, headache, and gastrointes-
drome (SARS), Middle East respiratory syndrome (MERS), and corona- tinal problems. In progressed conditions, patients may suffer from
virus disease 2019 (COVID-19). These diseases could cause acute lung breath shortness, ARDS, and even septic shock, metabolic acidosis,
injury (ALI) and acute respiratory distress syndrome (ARDS) which leads irreversible bleeding, and coagulation dysfunction might develop [5,6].
to pulmonary failure and eventually death [1-3]. In December 2019, Massive cytokines overproduction by the immune system in SARS,
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MERS, and COVID-19 patients result in a cytokine storm. Cytokine storm
is characterized by the release of a series of cytokines like tumor necrosis
factor (TNF)-a, interleukin (IL)-1p, IL-2, IL-6, interferon (IFN)-a, IFN-p,
and IFN-y, that could potentially cause ARDS [7].

Different treatment procedures have been proposed to treat SARS,
MERS, and other viral diseases. For COVID-19 patients, however, there
is not much experience and mainly supportive care and other treatment
procedures for viral diseases could be provided. Suggested therapies
include antiviral drugs like lopinavir/ritonavir, remdesivir, ribavirin,
and IFN-a to reduce the virus load. Oxygen therapy for respiratory
supports, steroids to reduce the severity of inflammatory damages,
convalescent plasma (CP) therapy and plasma exchange (PE) are also
supportive treatments. PE and CP are two old approaches which was
used to treat infectious disease as passive therapy before drug or vaccine
development [7-9].

The application of convalescent plasma collected from patients who
had recovered from the Ebola virus, SARS-CoV, H5N1 avian influenza,
and HIN1 influenza was recommended by WHO as an empirical treat-
ment during outbreaks. Recently, studies have reported that the
administration of CP containing neutralizing antibody to patients with
COVID-19 and ARDS, could improve their clinical status [10,11].

Moreover, PE is a potential therapeutic procedure in which some
amount of plasma is removed to decrease large-molecular weight sub-
stances include anti-immune complexes, endotoxins, pathogenic auto-
antibodies, cryoglobulins, and protein-binding agents [12]. Noteworthy,
TPE also remove the anti-inflammatory mediators and anti-SARS-CoV-2
antibodies that are potentially beneficial for patients [13]. However,
due to the inflammatory condition of severe COVID-19 patients, the
amount of removed pro-inflammatory mediators are much more than
anti-inflammatory molecules. Hence, the overall result of TPE is
ameliorating the inflammation through the removal of
pro-inflammatory mediators and harmful molecules. It is necessary to
replace the discarded plasma with a replacement fluid to avoid hypo-
tension and hypovolemia [14,15]. The 4-5 % human albumin in phys-
iologic saline (0.9 %) is the most common replacement fluid using for PE
[16]. Huang C et al. published the first case series of patients infected
with COVID-19 and declared that severe conditions in these patients had
caused increased plasma cytokine concentrations [17]. Sungim Choi
et al. showed that treating a patient with severe fever and thrombocy-
topenia syndrome (SFTS) complicated by SFTS-associated encephalop-
athy with 4-day PE followed by two-time CP therapy could successfully
decrease the plasma cytokines IFN-a, inducible protein-10 and plasma
viral load [18].

In this case series, we used CP from patients recovered from COVID-
19 after two cycles of PE to evaluate the effectiveness of PE followed by
CP therapy in ameliorating the symptoms and management of the dis-
ease in five COVID-19 patients.

2. Material and Methods
2.1. Patients

This study was conducted in Taleghani Hospital, Tehran, Iran be-
tween March and April 2020. The study was approved by the ethics
committee from Shahid Beheshti University of Medical Sciences, Teh-
ran, Iran (IR.SBMU.REC.1398.148) and each patient gave written
informed consent. Five patients (2 males and 3 females) with COVID-19
were recruited for this study. The patients’ age was 48-76 years. The
SARS-CoV-2 detection was assessed on nasopharyngeal specimens using
a quantitative reverse-transcriptase polymerase chain reaction (qRT-
PCR) kit specific for E and N genes of SARS-CoV-2 (OSANG Healthcare,
South Korea) based on the manufacturer and WHO guideline. The in-
clusion criteria in our study include patients with respiratory distress;
respiratory rate (RR) > 30 beats/min, required mechanical ventilation,
oxygen saturation level < 90 % in resting-state wearing an oxygen mask,
and positive SARS-CoV-2 after antiviral treatment. Allergic patients to
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plasma or injectable albumin, patients with severe organ failure, and
those who were positive for HBV, HCV, and HIV were excluded from the
study. The reason for excluding patients with severe organ failure is that
these patients usually receive multimodal treatment (such as dialysis
and severe corticosteroids) that could affect the results of PE/CP ther-
apy. Patients continued receiving the conventional treatment (Lopina-
vir/ritonavir, hydroxychloroquine, azithromycin, steroids, and special
treatments for their comorbidities) along with the PE/CP therapy.

2.2. Convalescent plasma Donors

The donors had recovered from COVID-19 infection and donated
their convalescent plasma after giving written informed consent. All
donors showed negative results of the qRT-PCR assay for SARS-CoV-2
(double-checked in different days) and other respiratory viruses. They
were also negative for hepatitis B virus, hepatitis C virus, HIV (1 and 2),
varicella-zoster virus, cytomegalovirus, herpes simplex virus (I and II),
Epstein-Barr virus, toxoplasma and syphilis antigens/IgM antibody at
the time of plasma donation. The donors were men between the ages of
30 and 67 years and had been afebrile with alleviated respiratory
symptoms for at least 14 days after the second negative SARS-CoV-2
result. The donors were checked for SARS-CoV-2 specific immunoglob-
ulin G (IgG) and IgM in serum. The titration of IgG and IgM on donor
serum was performed using commercial ELISA kits (PishtazTeb, Iran).
Briefly, 100 pL of titrated serum or positive/negative control was added
to the pre-coated wells and incubated for 30 min. at a 37 °C incubator.
The wells were washed five times with the working wash solution and
100 pL of HRP-conjugated anti-human IgG/IgM was added to the wells
for an extra 30 min. at 37 °C incubation. After a five-time wash, 100 pL
chromogen-substrate solution was dispensed to the wells and incubated
for 15 min. at room temperature in dark. The reaction was stopped by
addition of 100 pL stop solution, and the optical density was read at
450 nm. The sensitivity and specificity of the IgG and IgM kits are 94.1
%, 98.3 %, 79.4 %, and 97.3 %, respectively. Donors with IgM titer
lower than 1:10 and IgG titer higher than 1:1000 were selected for
plasma donation. Approximately, 600—900 mL of CP were collected
from each donor and infused (exchanged with their plasma) on the same
day to the patients (Table 1). All mentioned donor tests were performed
before the day of CP collection.

2.3. Therapeutic plasma exchange

A total of 1500—2000 mL of patients’ plasma was replaced with an
equal amount of solution containing the same proportions of 0.9 % sa-
line with 5 % human albumin (Biotest, Germany) and ABO-compatible
fresh frozen plasma (FFP) from healthy donors for two consecutive
days. The plasma volume (PV) for each patients was calculated using the
following formula [19,20] : PV = 0.065 x weight (kg) x (1-hematocrit).
Due to the critical status of patients such as cardiovascular disorders and
coagulopathy, the plasma volume replaced for all patients was less than

Table 1
Characteristics and specific antibody titer of convalescent plasma of donors.
Donors
Characteristic
1 2 3 4 S
Sex Male Male Male Male Male
Age (year) 30 66 30 67 32
Blood group A+ O+ O+ A+ A+
Interval between symptom 10 17 19 20 12
onset and discharge (day)
Interval between discharge 16 20 17 16 22

and plasma donation (day)
Total donated plasma volume  900/3 600/1 700/1 750/1 650/1

(mL)/cycle
SARS-CoV-2 specific IgM titer ~ 1:1400  1:2200 1:1800  1:1600  1:1600
SARS-CoV-2 specific IgG titer 1:6 1:8 1:6 1:4 1:8
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one PV (0.75 PV). The day after second PE, CP therapy was performed
just like PE, except that the FFP in this step was substituted with
convalescent ABO-matched plasma. All the PE and CP therapy was
performed using the apheresis system (MCS 3 P, Haemonetics, Brain-
tree, MA). In one case (patient 1), two doses of 200 mL convalescent
plasma were infused to the patient at two consecutive days after CP
therapy.

2.4. Evaluation of clinical and laboratory features

Demographic and primary clinical data of patients, such as principal
symptoms, comorbidities, intervals between symptom onset and
admission as well as therapy onset, and given treatments were collected.
Clinical and laboratory findings, including body temperature, oxygen
saturation, C-reactive protein (CRP), lactate dehydrogenase (LDH),
creatine phosphokinase (CPK), creatine kinase myocardial band (CK-
MB), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
blood urea nitrogen (BUN), creatinine (Cr), total and direct bilirubin,
fibrinogen, D-dimer, white blood cell (WBC), and platelet (PLT) count
were measured before and several days after therapy (PE and CP). The
number of CD4 + T and CD8 + T cells, as well as serum IL-6, were
measured before and after the treatment procedure.

Patient fresh blood samples were collected from COVID-19 patients.
Plasma, serum, and whole blood were used based on the purpose of the
study. Serum concentrations of IL-6 were measured by electro-
chemiluminescent immunoassay (ECLIA) method using the Elecsys IL-6
kit (Roche Diagnostics, Basel, Switzerland) according to the manufac-
turer protocol. The analytical sensitivity of the kit was 1.5 pg/mL. The
number of CD3+ (APC-conjugated), CD4+ (PE-conjugated), and CD8+
(FITC-conjugated, all from BD Bioscience, USA) cells were measured on
lymphocyte population using flow cytometry (BD FACSLyric, BD
Bioscience, USA).

The computed tomography (CT) scan of patients’ lung were
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performed before the first PE and after the CP therapy.
3. Results

In the present case series, five patients (age 48-76 years) in the
critical stage were chosen for PE and CP therapy. All patients’ comor-
bidity beside COVID-19 were treated accordingly. One male patient was
diagnosed with CLL. All patients were supported by an oxygen mask and
are currently alive except for one (patient 4) who developed secondary
hemophagocytic lymphohistiocytosis (sHLH) before the PE/CP therapy
as well as an extensive lung fungal infection, despite anti-fungal treat-
ment and intubation. PE was performed within 10 days post-admission
(1-9 days), except patient 4 for which the onset of PE was one month
after her admission. Antiviral and antibacterial treatments were pre-
scribed for all patients, while steroid and anti-fungal treatments were
administered based on the patients’ conditions (Table 2). Patient 1,
experienced a myocardial infarction (MI) before PE/CP therapy and
underwent cardiopulmonary resuscitation as well as medical treatment
(furosemide). He also received two extra infusions of CP due to his heart
failure.

Six time-points were considered to assess the treatment responses,
comprising the day before the first PE (day O, before treatment), day
after first PE (day 2), day after second PE and before CP therapy (day3)
to assess the effect of PE, one day after CP therapy (day 4), four days
after CP therapy (day 7), and one week after CP therapy (day 11). The
body temperature of patients was between 37.5 and 38.6 °C prior to
treatment and decreased to normal range in 4 alive patients
(36.7—37 °C). Oxygen saturation with oxygen mask was between 68 and
90 % before PE and raised time-dependently to >97 % in 4 alive patients
(Table 3 and Fig. 1A and B). Fever of patient 4 was eliminated after PE/
CP therapy and also oxygen saturation increased in initial days, but then
started to get worst in days later. The laboratory findings such as CRP,
LDH, CPK, CK-MB, AST, BUN, total and direct bilirubin, and D-dimer

Table 2
Clinical characteristics of COVID-19 patients.
Patients
Clinical Characteristics
1 2 3 4 S
Sex Male Female Male Female Female
Age 55 48 76 71 62
Weight 80 67 72 52 60
Blood Group A" ot o" A" At
Smoking history No No No No No
Principal symptoms Shortness of Cough, Shortness Cough, Shortnessof ~ Cough, Fever, Shortness Cough, Shortness of breath, Chest pain
breath of breath breath of breath, Sputum
Comorbidity Hypothyroidism Diabetes Anemia, CLL, sHLH Diabetes, Asthma, Hypertension,
MI Hypertension Hypercholesterolemia CABG
Disease severity' Critical Critical Critical Critical Critical
Mechanical Ventilation Mask Mask Mask Mask/Intubation Mask
Duration (day) 10 13 18 34/3 8
Interval between symptom onset and 20 NA 30 16 NA
admission (day)
Interval between admission and plasma 1 3 9 30 3
exchange (day)
Interval between admission and 4 6 12 33 6
convalescent plasma transfusion
(day)
Bacterial/viral/fungal infection Yes/Yes/No Yes/Yes/No Yes/Yes/No Yes/Yes/Yes Yes/Yes/No
Length of admission (day) 12 13 20 38 10
Current status Alive /discharged Alive /discharged Alive/ discharged Dead Alive/ discharged
Treatments
Steroids Yes Yes Yes Yes No
Antiviral Yes Yes Yes Yes Yes
Antibiotic/antifungal Yes/No Yes/No Yes/No Yes/Yes Yes/No
Other treatments” Yes No Yes Yes Yes

MI. Myocardial infarction; CLL. Chronic lymphocytic leukemia; sHLH. Secondary Hemophagocytic lymphohistiocytosis; CABG. Coronary artery bypass grafting; NA.

Not available.

! Ppatients with respiratory problem requiring ventilation support, have comorbidity and requiring intensive care.
2 Treatments based on the comorbidity of patients.
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Table 3 Table 3 (continued)
Clinical and laboratory findings before and after PE/CP therapy. Patients
: Clinical findings —
Clinical findings Patlems 1 2 3 4 S
1 2 3 4 3 Before first PE 3.4 0.8 1.2 0.6 2
Body temperature (°C) Before second PE 2 0.8 1 NA 0.9

Before first PE 37.5 38.6 38.5 38.5 37.7 Before CPT 1.1 0.7 NA 0.4 0.6

Before second PE 36.8 36.5 37.5 36.9 37.2 Day 1 After CPT 1.5 0.8 0.9 1 NA

Before CPT 36.4 37 36.5 37.5 37 Day 4 after CPT 1 0.8 0.6 NA 0.5

Day 1 After CPT 36.5 36.8 36.9 36.8 37.5 Day 7 after CPT 0.8 0.5 0.9 NA NA

Day 4 after CPT 37 36.9 36.5 38.8 36.9 Direct bilirubin (mg/dL)

Day 7 after CPT 36.8 37 36.7 NA NA Before first PE 2.9 0.2 0.5 0.2 1.2
Oxygen saturation (%) Before second PE 1.6 0.4 0.5 NA 0.4

Before first PE 82 68 89 85 90 Before CPT 0.7 0.4 NA 0.2 0.3

Before second PE 90 75 91 90 95 Day 1 After CPT 0.9 0.3 0.4 0.6 NA

Before CPT 93 89 93 88 93 Day 4 after CPT 0.8 0.3 0.3 NA 0.2

Day 1 After CPT 96 95 93 79 95 Day 7 after CPT 0.4 0.2 0.3 NA NA

Day 4 after CPT 98 96 96 62 98 Fibrinogen (mg/dL)

Day 7 after CPT 98 97 97 NA NA Before first PE 186 332 346 NA 269
Laboratory findings Before second PE 161 269 255 173 340
C-reactive protein (mg/L) Before CPT 151 NA 210 NA NA

Before first PE 45 18 80 3.2 20 Day 1 After CPT 194 186 303 NA 303

Before second PE 38 6 NA NA 16 Day 4 after CPT NA 210 180 NA 220

Before CPT 21 3 69 3 9 Day 7 after CPT 167 346 173 NA NA

Day 1 After CPT 28 NA 61 NA 5 D-dimer (mg/dL)

Day 4 after CPT 15 5 54 18 6 Before first PE 0.40 12 3.8 2.9 14

Day 7 after CPT 5 4 11 NA NA Before second PE 0.30 9.1 NA 1.3 6
Lactate dehydrogenase (IU/L) Before CPT 1 7.2 1 0.4 5

Before first PE 1338 1430 1124 897 816 Day 1 After CPT 0.5 6.4 2.9 NA 9

Before second PE 642 1253 836 NA 462 Day 4 after CPT 8 2 3.3 NA 7

Before CPT 649 1122 690 612 414 Day 7 after CPT 2.3 11 1.6 NA NA

Day 1 After CPT 602 905 553 715 512 IL-6 (pg/mL)

Day 4 after CPT 674 851 479 950 603 Before PE 53.68 69.29 425 109.4  69.07

Day 7 after CPT 557 704 576 NA NA Before CPT 7.86 4.27 20.43 52.4 14.55
Creatine phosphokinase (IU/L) Day 7 After CPT 3.52 3.66 5.98 NA NA

gz:;z ?ercS;[}:fPE i&g 12? ;T ;‘:\ ;i NA. Not available; PE. Plasma exchange; CPT. Convalescent plasma transfusion.

Before CPT 120 132 228 NA 68

Day 1 After CPT 118 NA NA 71 39

Day 4 after CPT 95 167 78 91 45

Da§ 7 after CPT 46 NA NA NA  NA A) ‘ ~ BodyTemperature A

. R . —Patient 1 —Patient2 —Patient 3 Patient 4 —Patient 5
Creatine kinase-myocardial band

(/L) 39

Before first PE 71 32 41 11 17 G385

Before second PE NA 28 NA NA 25 %

Before CPT 27 25 39 NA 19 é 38

Day 1 After CPT 26 NA NA 18 12 g

Day 4 after CPT 24 24 21 21 18 2373 Normal value < 37.2

Day 7 after CPT 18 NA NA NA NA 2 37
Alanine aminotransferase (IU/L) = <

Before first PE 66 28 32 28 73 B36.5 M

Before second PE 35 20 NA NA 40 i Normal value 2 36.1

Before CPT 30 22 50 29 35

Day 1 After CPT 35 21 54 23 22 0 2 3 4 7 1

Day 4 after CPT 30 23 58 10 69 Days post-PE

Day 7 after CPT 12 31 24 NA NA B) Oxygen Saturation
Aspartate aminotransferase (IU/L) —Patient 1 —Patient 2 —Patient3 Patient4 —Patient5

Before first PE 111 42 50 11 43 100

Before second PE 38 36 NA NA 26 Normalvalue295 o

Before CPT 27 32 45 12 14 .

Day 1 After CPT 26 42 42 58 29 5:' 90

Day 4 after CPT 21 31 22 64 54 S gs /

Day 7 after CPT 20 26 19 NA NA < 80
Blood urea nitrogen (mg/dL) §

Before first PE 29 247 21 298 52 e 75

Before second PE 29 24 21 NA 64 %" 70

Before CPT 37 23 19 19 63 O 65

Day 1 After CPT 23 22 20 64 68 60

Day 4 after CPT 28 15 22 58 63 0 2 3 4 7 1

Day 7 after CPT 24 16 17 NA NA Days post-PE
Creatinine (mg/dL)

ﬁ:gi z:z;:(pr 83 (1)83 gz (13];1 1; Fig. 1. Trends of body temperature and oxygen saturation. Trends of changes

Before CPT 0.8 0.8 0.8 0.8 17 in body temperature (A) and oxygen saturation (B), in different time-points.

Day 1 After CPT 0.9 NA 0.9 1.5 1.7 The day before the first PE was considered as day 0. Values in day 0, 2, 3, 4,

Day 4 after CPT 1.1 0.80 1 0.9 1.8 7, and 11 are attributed to the baseline value (the day before the first PE),

Day 7 after CPT 0.9 0.76 0.8 NA NA before second PE, before CP, one day post-CP, 4 days post-CP, and one week
Total bilirubin (mg/dL) post-CP, respectively. Each line represents a patient. Normal range is illustrated

as dashed lines in each figure.
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were high in patients before treatments and started to decrease toward
normal range in 3-4 of patients after treatment (Table 3). The majority
of these inflammatory factors were decreased after the first and second
PEs and continue to decrease after CP therapy (Table 3). CPK and CK-MB
were considerably high in patient 1 who had MI, however, they fell to
the normal range following PE and remained normal in the next days.
ALT levels in patients 1 and 5 were high and came into the normal range
after first PE. Creatine and fibrinogen levels were in the normal range in
patients (Table 3). As the treatment proceeds, the CRP level showed a
decreasing trend for all patients, except for patient 4 which was in the
normal range and increased 4 days after CP transfusion (Fig. 2A). The
serum level of IL-6 as a key inflammatory cytokine in COVID-19 was
measured in patients before and after PE/CP therapy. The level of IL-6 in
patients was 6-15 times higher than the normal level prior to treatment.
PE eliminated more than half of IL-6 and CP therapy further decreased
IL-6 to normal range in 3 patients (Fig. 2B).

WBC of two patients increased post-CP transfusion and the others
showed subtle changes during the treatment. Lymphocyte and neutro-
phil percent increased and decreased, respectively in 4 patients in a
time-dependent manner. PLT count remained high in patient 1 and
reached high in the patient 2 post-CP therapy, while it fell in the patient
4 after treatment. Patient 3 showed a fall in PLT count after PE but got
back to normal range 4 days after CP. The absolute number of total T
cells, CD4 + T cells, and CD8 + T cells increased in patients 1, 2, and 5
after PE and CP therapy. CD4 + T cells/ CD8 + T cells ratio was
increased in patients 1 and 5 after treatment, while it slightly decreased
in patients 2 and 3 (Table 4).

The CT scan of patients, generally, showed sever pneumonia and
ground-glass opacity before the treatment (Fig. 3). An overall resolution
of the pulmonary lesions is seen in the patients’ lung after the treatment.
Patient 1 illustrated a significant improvement in CT scan and the others

A) C-Reactive Protein
—Patient1 —Patient2 —Patient3

80 —
=70 —
S

o
E60
£50
5
& 40
230
20

410 Normal.value.s.6
5 -

Patient4 —Patient5

el

React

0 2 3 4 7 11
Days post-PE
B) Interleukin-6
—Patient1 —Patient2 —Patient3
110

Patient4 —Patient5

0 =

\

0 3 7 11
Davs post-PE

0 INormal value < 7

Fig. 2. Trends of CRP and IL-6 levels. Trends of changes c-reactive protein
(CRP) level (C), and IL-6 level (D) in different time-points. The day before the
first PE was considered as day 0. Values in day O, 2, 3, 4, 7, and 11 are
attributed to the baseline value (the day before the first PE), before second PE,
before CP, one day post-CP, 4 days post-CP, and one week post-CP, respectively.
Each line represents a patient. Normal range is illustrated as dashed lines in
each figure.
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Table 4
Blood cell findings before and after PE/CP therapy.
Patients
Blood cell findings
1 2 3 4 S
White blood cell count
(x1000/pL)
Before first PE 12.20 9.3 159 20.1 10.8
Before second PE 13.34 10.4 NA 19.9 10.8
Before CPT 13.1 12,5 16.9 12.9 10.6
Day 1 After CPT 11.9 15.8 19.6 19 11
Lymphocyte percent (%)
Before first PE 8 9 71 10 5
Before second PE 6 10 NA 6
Before CPT 10 10 87 2 9
Day 1 After CPT 13 11 88 3 8
Day 4 after CPT 14 12 89 5 14
Day 7 after CPT 33 15 82 NA NA
Neutrophil percent (%)
Before first PE 90 85 25 95 91
Before second PE 83 88 NA 95 84
Before CPT 85 85 6 96 80
Day 1 After CPT 85 85 7 95 82
Day 4 after CPT 88 78 10 92 76
Day 7 after CPT 62 80 13 NA NA
Platelet count (x1000/
pL)
Before first PE 529 302 121 186 155
Before second PE 466 252 73 74 163
Before CPT 453 216 83 52 180
Day 1 After CPT 563 282 84 55 203
Day 4 after CPT 685 481 125 27 235
Day 7 after CPT 491 669 177 NA NA
T cell count/pL, (%)
Before PE 429, 646, 466, 273, 474,
(39) (64) 5) 74 (60)
After CPT 723, 753, 361, NA 1500,
(54) (54) ) 67)
CD4* T cell count/pL, (%)
Before PE 297, 524, 280, 213, 308,
27) (52) 3) (58) (39)
After CPT 535, 595, 180, NA 1074,
(40) (41) (€] (48)
CD8™ T cell count/pL, (%)
Before PE 121, 111, 186, 44, 189,
an (1n ) (12) 24)
After CPT 174, 145, 180, NA 447,
(13) (10) (€8] (20)
CD4* T cell/CD8™ T cell
ratio (%)
Before PE 2.45 4.7 1.5 4.8 1.63
After CPT 3.07 4.1 1 NA 2.40

NA. Not available; PE. Plasma exchange; CPT. Convalescent plasma transfusion.
showed an acceptable lesion healing after the PE/CP therapy (Fig. 3).

4. Discussion

Most studies identified ARDS as the leading cause of death in COVID-
19 patients [16]. The immune dysregulation in SARS-CoV-2 infection
causes uncontrolled systemic inflammatory responses and releases an
extensive amount of pro-inflammatory cytokines and chemokines called
cytokine storm [17,21,22]. The cytokine storm can provoke the immune
response against organs that cause organ failure and ARDS which could
be fatal [23]. Hence, one of the potential treatment in such an acute
inflammation is removing the inflammatory mediators through PE [24].
Accordingly, researchers are performing PE along with the other treat-
ments such as steroids and showed beneficial effects in decreasing in-
flammatory mediators in COVID-19 [23,24]. Similar studies in ARDS
caused by other etiologies reported respiratory function improvement
by decreasing the inflammation following PE [26-28]. Basically, PE is
the substitution of the patients’ plasma with FFP from healthy donors
[29]. This technique is widespread to reduce the concentration of cy-
tokines and inflammatory mediators. It could be used even in



E. Roshandel et al. Transfusion and Apheresis Science 60 (2021) 103141

Fig. 3. Computed tomography (CT) scan of the lung of patients. The CT scan of the lung of patients before (A, C, E, G, I) and 4-9 days after the first plasma exchange
(B, D, F, H, J) is illustrated. The images are in the order of the patients.
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non-infectious inflammation [30]. FFP used in the PE could decrease the
inflammatory cytokines and modulate the hypercoagulation by
providing the ADAMTS13 enzyme [29]. In the case of COVID-19, it has
been shown that PE alone was able to modulate the hyperinflammatory
state and reduce mortality [31].

On the other hand, CP therapy is commonly used in infectious dis-
eases [10,27]. CP is enriched with neutralizing antibodies against
certain infectious agents and could be beneficial in controlling the in-
fectious agent [32]. So, the purposes of PE therapy and CP therapy are
different. In the case of COVID-19, which is a hyper-inflammation
following an infectious disease, we can reduce the inflammation using
PE and then provide neutralizing antibodies using CP therapy [32]. CP
as a replacement for patients’ plasma could afford the blood proteins
and enriched the patient’s plasma with anti-SARS-CoV-2 antibodies [33,
34]. Several case studies have shown the effectiveness of CP therapy in
COVID-19, two most prominent of which are Duan et al. [27] and Shen
et al. [10] studies. In the first study, 10 patients were given CP and 3
patients showed improvement of respiratory status and laboratory pa-
rameters [35]. The latter study, showed fever alleviation within three
days post-CP transfusion while Sequential Organ Failure Assessment
(SOFA) score, oxygen saturation, and inflammatory parameters (CRP,
procalcitonin, and IL-6) improved after 10 days post-treatment [10].
High levels of IL-6 and CRP are reported to be associated with mortality
in COVID-19 [10]. PE could decrease the inflammatory factors through
plasma clearance, while CP therapy could afford neutralizing antibodies
against SARS-CoV-2. Recent reports have provided recommendations
regarding CP therapy in COVID-19 [33,34]. Noteworthy, it has been
proposed that CP therapy is better to combine with PE to achieve a
better result [36]. Thrombocytopenia, organ failure and a high level of
LDH in COVID-19 patients are in common  with
thrombocytopenia-associated multiple organ failure (TAMOF) in which
rapid PE could significantly improve the outcomes [37]. Kesici et al.
recommended that performing PE along with CP transfusion could
provide clearance of pro-inflammatory cytokines as well as the positive
effects of CP transfusion [36].

In the present study, we performed PE twice consecutively to reduce
the inflammatory mediators and alleviate acute inflammation. As ex-
pected, both first and second PE decreased the concentration of in-
flammatory mediators. These results were parallel to the findings of
other studies and suggested the benefit of PE to mitigate the hyper-
inflammatory conditions [18,36,38]. Thereafter, to further decrease the
inflammatory mediators as well as supplement the patients’ blood with
plasma proteins and specific anti-SARS-CoV-2 antibodies, in the third
cycle of PE, the FFP was substituted by CP. The blood group-matched
donors were evaluated carefully to confirm the negative SARS-CoV-2
infection for at least two weeks and also having high titers of IgG anti-
body against SARS-CoV-2. Interestingly, the patients that have been
chosen for PE/CP therapy had either A" (three patients) and O (two
patients) blood group. Studies about the association of ABO blood group
with the susceptibility to COVID-19 and its clinical outcomes are
controversial. Generally, it has been stated that the blood group A"
might be associated with higher COVID-19 susceptibility and more un-
favorable outcomes [39-41]. On the other hand, blood group O is
believed to have the lowest risk of COVID-19 [38,40]. However, evi-
dence suggests that the COVID-19 severity is not associated with the
ABO blood group [40]. Regarding the high frequency of blood groups,
A" and O™ in the Iranian population [42], it seems normal to have a high
frequency of A" and O™ patients. As the results illustrated, the inflam-
matory factors such as CRP, LDH, D-dimer, and IL-6 are decreased
following the PE/CP therapy cycles indicating the inflammation subsi-
dence. IL-6, CRP, and coagulation parameters such as D-dimer are re-
ported to be hallmarks of COVID-19, and reducing these factors
correlates with better prognosis of patients [17,43,44]. Moreover, the
body temperature and oxygen saturation which are the two most critical
parameters in COVID-19 were improved after PE/CP therapy showing
the efficacy of the treatment. Patient 4 manifested alleviated fever after
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PE. However, her body temperature raised several days after CP therapy,
which might be due to the sHLH and fungal infection. Regarding the
received steroids and antipyretic medications, the exact role of PE/CP
therapy in the management of fever is difficult to interpret. However,
PE/CP therapy might reduce the fever by decreasing the pyrogenic
mediators such as IL-6 and inflammatory molecules [45]. Parallel to the
laboratory findings, the lung CT scans showed considerable improve-
ments in lesions after PE/CP therapy. The resolution of lesions in the
lung occurs gradually as we can see in the Fig. 3 that the CT scans which
has been taken beyond one week post-CP therapy (patient 1 and 3)
showed more lesion healing and less involvement in the lung.

One patient (patient 4) did not respond well to the treatment and
expired due to the extensive lung fungal infection. One explanation for
her unresponsiveness could be the late onset of treatment (one-month
post-admission). Although PE is recommended for sHLH, the right time
of treatment onset is a critical factor to determine the response of the
patient. As can be seen in results, the initial response of the patients post-
PE was promising, but the fungal infection that spread throughout the
lung despite anti-fungal treatment led to respiratory distress and death.
PE was performed within 10 days post-admission (1-9 days), except
patient 4 for which the onset of PE was one month after her admission.
One possible reason for the unresponsiveness of patient 4 might be the
delay in the onset of PE/CP therapy. It has been reported that PE/CP
therapy is more effective when used at the early stages of the disease
[34]. Accordingly, several clinical and laboratory findings of patient 4
contrasted the others. Putting patient 4 aside, the other patients showed
satisfactory responses to the treatment resulted in negative PCR results
and discharge of patients even one week after CP therapy (patient 5).
This study has several limitations. The small sample size and uncon-
trolled method of the study are the most important limitations. The
result that comes from such a small sample size could not be conclusive
enough. However, Regarding the fact that the overall result is parallel to
the findings of other studies, it could be indicative of the beneficial ef-
fects of PE/CP therapy in COVID-19 patients. The other limitation was
the missing data that was too many for such a small data set. Regarding
the emergency condition of the COVID-19 pandemic and the expiration
of patient 4, missing data was increased. There were confounding factors
such as concurrent antiviral, antibacterial, and steroid therapies that
made the actual effects of PE/CPT unclear. Due to the necessity of
receiving such medications, cutting them could have threatened the
lives of COVID-19 patients.

Despite the promising result of PE/CP therapy in COVID-19 patients,
the question is: Can this method be widely used for COVID-19 patients?
Although PE/CP therapy is capable of resolving inflammation, its po-
tential survival benefit is still a matter of debate [31,13]. PE/CP therapy
is a laborious strategy that might not worth to be used in regular
COVID-19 patients. It might be a method of choice for those patients
who are refractory to less laborious conventional therapies.

5. Conclusion

To sum up, our study is in line with the previous findings and is
suggestive of possible benefit of CP therapy in COVID-19 patients. It also
suggests PE cycles prior to CP transfusion as a possible complementary
treatment in critical patients to reduce the inflammation and then
replenish the patients’ plasma with SARS-CoV-2-specific antibody-con-
taining plasma. Further controlled investigations with larger sample size
are required to prove the efficacy of the suggested protocol compared to
the other conventional therapies.
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