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Abstract

On December 29, 2019, an epidemic of an infectious disease caused by severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2)
was declared in Wuhan, China. The first case of COVID-19 in Iran (Qom Province) was reported in February 2020, and within a short
period, the number of infected cases increased rapidly around the country. Evidence suggests that the levels of pro-inflammatory cy-
tokines are high in critically ill patients, and there is a correlation between the high level of cytokines and the pathogenesis of COVID-
19; consequently, COVID-19 may have complications, such as acute respiratory distress syndrome (ARDS) and even death. These in-
flammatory factors can lead to a cytokine storm, while counteracting this storm seems to be an effective therapeutic approach. In
this case series, we reported two critically ill patients with COVID-19, undergoing plasmapheresis with convalescent plasma, corti-
costeroid therapy, and interferon administration.
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1. Introduction

On December 29, 2019, an epidemic of an infectious
disease caused by severe acute respiratory syndrome-
coronavirus 2 (SARS-CoV-2) was first reported in Wuhan,
China (1, 2). After extensive research and examination,
on March 24, 2020, the World Health Organization (WHO)
called this new RNA virus the novel coronavirus 2019 (2019-
nCoV) (3-5). Evidence suggests that this virus originated
from a local seafood market in Hubei Province, China (4). It
seems reasonable to assume a relationship between early
infected cases and a history of exposure to the original
seafood market (3, 6, 7). Following exposure to the seafood
market, humans were recognized as the secondary source
of the virus.

Considering our limited knowledge of 2019-nCoV, be-
sides the asymptomatic nature of this disease in some pa-
tients, this virus has spread rapidly around the world (8,
9). On March 18, 2020, infected cases were reported in al-
most 195 countries (10, 11). The first case of coronavirus dis-
ease 2019 (COVID-19) in Iran (Qom Province) was reported
in February 2020, and within a short period, the number
of infected cases increased rapidly around the country (12).
According to the latest Chinese health guidelines, the incu-
bation period of COVID-19 ranges from two to 14 days (4, 13).

The clinical manifestations of COVID-19 are diverse, includ-
ing cough, fever, cardiovascular, taste, and olfactory dis-
orders, myalgia or fatigue, productive cough, runny nose,
and headache (4, 14-16). However, symptoms and their
severity are not completely identified yet, although the res-
piratory system is recognized as the main affected system
(17).

Depending on the patient’s critical condition, they can
be classified into three groups: group 1 with respiratory
failure requiring mechanical ventilation; group 2 with sep-
tic shock, receiving vasopressor therapy (lactate level > 2
mmol/L); and group 3 with a critical condition requiring
admission to the intensive care unit (ICU) (17). According
to a report by Shen, the most common age group of CVOID-
19 patients is 35 - 55 years, while there are fewer reports in
children and infants (17, 18). Therefore, a strong relation-
ship has been proposed between the immune system and
the risk of infection.

According to a study by Prompetchara et al., the levels
of pro-inflammatory cytokines are high in critically ill pa-
tients (19), and there is a correlation between high levels
of cytokines and the pathogenesis of COVID-19 (20). There-
fore, complications, such as acute respiratory distress syn-
drome (ARDS) and even death, may occur in these patients
(16). So far, no specific drug has been developed for this dis-
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ease, and several therapies are under investigation. There-
fore, one of the most important challenges in the man-
agement of COVID-19 is to introduce appropriate agents to
control and treat the disease (4, 7).

In this case series, we reported two critically ill COVID-
19 patients, undergoing plasmapheresis with convalescent
plasma, corticosteroid therapy, and interferon administra-
tion.

2. Case Presentation

This study was performed at the internal medicine de-
partment of Shahid Beheshti Hospital, Qom, Iran, from
January 20 to March 25, 2020. In this study, the ethical
principles were observed. Informed consent was obtained
from two conscious patients with COVID-19, confirmed by
a quantitative reverse transcription-polymerase chain re-
action (qRT-PCR) assay.

The treatment plan for the patients included a
single dose of hydroxychloroquine sulfate (400 mg),
lopinavir/ritonavir (100 mg/400 mg), and ribavirin (1200
mg), each for five days, as well as three doses of interferon-
β (250µg of IFN-β) every other day. The antiviral treatment
protocol applied for other patients was also used for these
two patients. After antiviral treatment, the severity of
symptoms did not decrease in these patients; conse-
quently, they were candidates for corticosteroid therapy
(4 mg of dexamethasone TDS: Three times a day) to re-
duce the inflammatory response and improve the clinical
status.

The patients’ response to treatment with corticos-
teroids was poor, and they still showed significant hypoxia.
Based on our previous successful experience of treatment
for severe COVID-19 using plasmapheresis, this procedure
was performed to suppress the cytokine storm. The
plasmapheresis (plasma exchange) procedure included
daily filtration (2 L), compensated for with four units of
fresh frozen plasma (FFP), two vials of calcium gluconate
(20%) depending on the patient’s serum calcium level and
5 vials of albumin. According to the sample size estima-
tion status, the remaining volume was replaced with nor-
mal saline.

Since plasmapheresis has potential side effects, we
would terminate the plasma exchange process if any
change occurred in the patient’s condition. Every 10 to
15 minutes during apheresis, the patient’s vital signs were
monitored. Although the patients did not experience any
side effects of plasmapheresis, after three sessions, no im-
provement was observed in their status. In the next ses-
sion, the plasma of patients, who were previously diag-
nosed with COVID-19 and had recovered, was used. The
donated plasma, examined twice by PCR, was negative for

COVID-19. It was also examined using an ELISA assay, which
showed high levels of immunoglobulins (IgG and IgM)
against COVID-19.

Following stage 4 (plasmapheresis), the patients’ con-
ditions improved. Based on the findings, their oxygena-
tion and respiratory status improved, and both of them
were extubated. Finally, both male and female patients
were discharged from the hospital in a better general con-
dition after 35 and 45 days, respectively. Besides respi-
ratory distress symptoms, one of the two patients (a 48-
year-old woman) had symptoms of quadriplegia that per-
sisted after endotracheal extubation. In this case, Guillain-
Barré syndrome was ruled out based on neurological and
rheumatological guidance by performing electromyog-
raphy (EMG) and nerve conduction velocity (NCV). After
plasmapheresis, myopathy improved, and the patient’s
status improved.

3. Discussion

We reported two critically ill COVID-19 patients, under-
going convalescent plasma therapy, which could success-
fully improve their clinical status. After treatment, pa-
rameters, such as the oxygenation index (PAO2/FIO2), body
temperature, and quadriplegia, improved, and CT scans in-
dicated a significant reduction in the pulmonary involve-
ment and viral load. In this study, the treatment protocol
consisted of three essential stages for critically ill patients:
(1) reduction of virulence; (2) reduction of cytokine pro-
duction; and (3) elimination of cytokines produced. In the
first stage, different antiviral agents were used; IFN is a rec-
ommended agent. In the second stage, based on the satis-
factory early data on corticosteroid use, they were consid-
ered to be suitable. To achieve the goal of the third stage,
we had performed plasmapheresis for patients in a previ-
ous study (16). However, in the present case series, plasma-
pheresis with convalescent plasma from a donor, who had
been tested positive for COVID-19, was performed, which
could successfully improve the patients’ clinical condi-
tion.

In this case series, plasmapheresis was performed
based on a method proposed in recent studies. However,
in the final stage (fourth stage), since the patients’ con-
ditions had deteriorated, plasmapheresis was performed
with the plasma of patients who had been previously in-
fected with the virus and had recovered. By using this life-
saving method, besides improving their clinical condition,
laboratory markers, such as cytokine level and inflamma-
tory markers, were also suppressed. Overall, it was found
to be an ideal method for treating and controlling COVID-
19.
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According to previous research, including a study by
De Jong on the level of cytokines and viral load, a strong
link was found between the viral load, disease progression,
and disease severity (21). In addition to antiviral treatment,
specific neutralizing antibodies play an important role in
restriction and clearance of viruses by preventing viral en-
try (targeting cells) and accelerating viral clearance (17, 21).
Also, the correlation of cytokines and inflammatory mark-
ers with plasma exchange has been highlighted in recent
studies. In this regard, a previous study reported treat-
ment of a severe influenza infection (H1N1) using an effec-
tive method that could reduce mortality (22).

In our method, inflammatory cytokines, such as
interleukin-6, reduced in patients treated with corticos-
teroid therapy (methylprednisolone) and plasmapheresis,
and they recovered completely. The therapeutic effects of
convalescent plasma in the treatment of COVID-19 patients
have been reported in the literature (23). Evidence suggests
that convalescent plasma antibodies are correlated with vi-
ral clearance and improvement of patient’s symptoms.

In a previous study, we had a promising experience in
the treatment of critically ill patients with COVID-19 using
plasmapheresis (16). Therefore, we applied plasmaphere-
sis for our critically ill patients in this case series. The use
of this treatment in the third session usually improved the
patient’s general condition. In our two patients, because
no improvement was detected, convalescent plasma was
used in the final session of plasmapheresis. To the best of
our knowledge, this report is the first to use this treatment
method successfully. Besides, in the first session of plasma-
pheresis, by removing the patient’s plasma, the risk of cy-
tokine storm was eliminated, and in the final session, the
patient’s plasma was replaced with convalescent plasma
rich in antiviral antibodies.
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