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Abstract. Background/Aim: Convalescent plasma collected
from COVID-19 survivors contains antibodies against
receptor binding domains with potent antiviral activity. The
use of this therapy for COVID-19 is still under investigation,
as the pathophysiological and immunological mechanisms
responsible for the evolution of the disease have not been
fully identified. Patients and Methods: In this retrospective
observational study, we included all patients with a
confirmed SARS-Cov-2 infection based on positive RT-PCR
testing, who received convalescent plasma treatment in
addition to standard therapy, between 17.05.2020 and
27.11.2020, following hospitalization in the Anaesthesia and
Intensive Care Unit of the Sibiu County Emergency Clinical
Hospital, Romania. Results: Convalescent plasma therapy of
patients with SARS-Cov-2 infection and severe forms of the
disease (requiring only high-flow oxygen therapy or non-
invasive ventilation) significantly improved inflammatory
markers (CRP, fibrinogen) and ventilatory parameters
(Sa02, paO2, paO2/FiO2) reducing the need of
supplemental oxygen delivery (p<0.05). Other factors that
had a significant influence on the outcome were age and
comorbidity. Conclusion: Inflammatory markers and
ventilatory parameters were significantly improved and the
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convalescent plasma,

need of supplemental oxygen delivery was reduced in
COVID-19 patients treated with convalescent plasma.

The new SARS-Cov-2 coronavirus causes COVID-19
disease leading to high morbidity and mortality. The
mortality rate of COVID-19 patients in intensive care has
been declining very slowly since the beginning of the
pandemic, however, still remains high (from 60% in March
2020 and 46% in May to 36% in October 2020) (1-5).

Although most people infected with the new SARS-CoV2
coronavirus develop mild forms of the disease, some patients
develop severe disease, with acute respiratory distress
syndrome and systemic inflammatory response, and even
multiple organ dysfunction syndrome. As a result of an
inadequate response of the host to infection, COVID-19 may
become a systemic disease with endothelial damage resulting
in generalized thrombotic microangiopathy (6). Today, there
is unanimous agreement on the need to provide early and
individualized treatment. Treatment with convalescent
plasma (CP) is of particular interest in the management of
this disease.

Studies have suggested that CP collected from COVID-19
survivors contains antibodies against receptor binding
domains (RBD) with potent antiviral activity. The use of CP
has been approved in both the USA and Europe and is
included in the FDA and European Commission
recommendations. In Romania, treatment with CP is
instructed by a Ministerial Order (6, 7).

The eligibility criteria included the following: patients
with COVID-19 admitted to the ICU who have a rapid
progression of severe pneumonia/pulmonary infiltrates
(>50% in 24-48 h), PaO2/FiO2 <300, patients mechanically
ventilated for less than 10 days or on the threshold of
intubation and mechanical ventilation, severe dyspnoea with
less than 6 1 O2/min, respiratory rate >30/min, SpO2 <93%,
PaCO2 >55 mmHg in patients without chronic obstructive
pulmonary disease (COPD).
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The use of CP required the following: the presence of anti-
SARS-CoV-2 antibodies in sufficient titer (FDA recommends
a neutralizing antibody titer of at least 1/160), and a donor that
meets blood donation criteria (8, 9). The optimal time of
harvest would be in the first 2-3 months after healing (10, 11).

In this retrospective observational study, we present the
results of the use of CP on the evolution of critically ill
patients with severe forms of COVID-19.

Patients and Methods

In this retrospective observational study, we included all patients
with confirmed SARS-Cov-2 infection, who received CP treatment
in addition to standard therapy, between 17.05.2020 and 27.11.2020,
following hospitalization in the Anaesthesia and Intensive Care
ward of the Sibiu County Emergency Clinical Hospital, Romania.
This study was performed with the approval of the Ethics
Commission of the Sibiu County Clinical Hospital. The study
included 23 patients with a severe form of COVID-19. Informed
consent was obtained from a legal representative of the patient (the
patients included in the study receiving high-flow oxygen therapy,
ventilation, sedation), by telephone, for biosecurity reasons. The
recommendation of CP administration was made by the intensive
care physician according to the national and international guidelines
for COVID-19.

The administration of CP was performed according to one of the
recommended regimens, namely a single administration of a volume
of 600 ml of plasma (3 units of CP of 200 ml each). Neutralizing
antibody titer was over 1:160 in most patients and at least 1:80 in
two patients. The rate of administration was 100-250 ml plasma per
hour. The time of administration was in the first 14 days of illness.
No severe adverse effects were observed.

Patients with severe form of the disease were considered as those
who had at least one of the following: respiratory rate >30/min, SaO2
<93%, PaO2/FiO2 <300, pulmonary infiltrates that increased by more
than 50% in 24-48 h. Critical patients were considered as those with
at least one of the following: acute respiratory distress (paO2/FiO2
ratio <200, requiring orotracheal intubation), sepsis, impaired
consciousness, multiple systems organ failure (MSOF) (6, 7).

Standard treatment administered in the intensive care unit (ICU)
included high-flow oxygen therapy, non-invasive mechanical
ventilation, invasive  mechanical ventilation,  antivirals
(hydroxychloroquine, lopinavir/ritonavir, remdesivir), anticoagulants
(heparin fractionated in therapeutic doses), antibiotic therapy
(azithromycin or meropenem in combination with linezolid),
tocilizumab, depending on the clinical condition and paraclinical
parameters of each patient.

Data analysis. Data were collected from patient observation sheets
and analysed using Microsoft Excel programme. p-Values <0.05
were considered statistically significant. The primary outcome was
the evolution of the patients, namely the survival rate. We used
descriptive analysis and t-test for analysing two samples assuming
equal variances. We recorded or assayed for the following: the
ventilatory parameters, SaO2, paO2, paO2/FiO2 ratio, markers of
inflammation, PCR, fibrinogen, ferritin, leukocytes, lymphocytes,
the evolution of D-dimers. We used the average values of these
parameters. SARS-Cov-2 extraction was performed using an
automatic extractor certified and validated CFX96 real-time PCR

Table 1. Patients’ comorbidities.

Comorbidities No. of patients

Obesity
Hypertension

11 (47.82%)
13 (56.52%)

Coronary heart disease 6 (26.08%)
Diabetes mellitus 4 (17.39%)
Hypothyroidism 2 (8.69%)
Chronic hepatopathy 3 (13.04%)
Chronic kidney disease 2 (8.69%)
Chronic respiratory disease 2 (8.69%)
Heart failure 2 (8.69%)
Thrombophilia 1 (4.34%)
Chronic digestive disease 2 (8.69%)

Detection System (Bio-Rad). The CFX96 Touch System is a precise
real-time PCR detection System. This six-channel real-time PCR
instrument is used by Laboratory Department of the Sibiu County
Emergency Clinical Hospital, Romania and combine advanced
optical technology with precise thermal control.

Results

In total, 23 patients with severe COVID-19 who received CP
treatment, were included in the study. Of these, 8 were
women and 15 men, aged between 35 and 70 years,
respectively. All patients in the study had comorbidities. The
frequency of comorbidities in patients treated with CP
hospitalized in the ICU, are summarized in Table I. Of the
23 patients who received CP, 14 died (60.86%) and 9
(39.13%) showed improvement in symptoms and were
transferred to the Infectious Diseases ward, where they were
subsequently discharged from.

Regarding pulmonary computed tomography imaging at
admission, 16 patients presented with severe bilateral
interstitial pneumonia (more than 50% damage of the lung
parenchyma) 6 patients presented with a moderate form of
the disease (25-50% damage of lung parenchyma) and 1
patient presented with a mild form (<25% damage of lung
parenchyma).

Of the 23 patients with severe COVID-19 included in this
study, 16 were critically ill patients at admission to the ICU.
Depending on the severity of the disease, patients required
high-flow oxygen therapy (5 patients), non-invasive
ventilation (7 patients), or invasive ventilation with
orotracheal intubation (11 patients). The average duration of
hospitalization was 19.28+10.85 days, ranging from 3 to 46
days.

To determine the response of patients to treatment, we
followed the ventilatory parameters (SaO2, paO2,
paO2/FiO2 ratio), markers of inflammation (PCR,
fibrinogen, ferritin), leukocytes, lymphocytes, and the
evolution of D-dimers (Table II). The most important
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Table II. Biological parameters at admission to ICU.

Table III. Biological parameters at admission to ICU.

Deceased
patients
(14) (mean value)

Patients with
favourable evolution
(9) (mean value)

Parameter

Sa0, (NV 95-100%) 84.5% 79.2%
paO, (NV>80 mmHg) 7291 mmHg 68.87 mmHg
Pa0,/FiO, (NV=400) <200 <100
PCR (NV<0.5 mg/dl) 35.95 mg/l 200.77mg/1
Fibrinogen (NV 2.0-4.0 g/1) 658.1mg/dl 538.7mg/dl
Ferritin (NV male 12-300 ng/l, 831.03 ng/ml 1,158.05 ng/ml

female 12-150 ng/l)
Leukocytes (3.5-10.5x109/1)
Lymphocytes

(NV 800-5,000/pul)

D-dimers (NV 100-250 ng/ml)

11,430x1,000/ml
1,022.31/ul

13.922x1,000/ml
902.4/ul

3,338.99 ng/ml 1,772.07 ng/ml

CRP: C reactive protein; SaO,: blood oxygen level; paO,: partial
pressure of oxygen in the arterial blood; ICU: Intensive Care Unit; N'V:
normal value.

correlations with favourable outcome were the values of the
partial pressure of oxygen in the arterial blood, oxygen
saturation, the ratio PaO2/FiO2, and the values of fibrinogen
and PCR, with a statistical p-value <0.05 (Table III).

Our results indicated that CP therapy of patients with
SARS-Cov-2 infection presenting with severe forms of the
disease but requiring only high-flow oxygen therapy or non-
invasive ventilation could significantly reduce inflammatory
markers (CRP, fibrinogen) and ventilatory parameters (SaO2,
pa02, paO2/Fi02), reducing the need of supplemental
oxygen administration (p<0.05).

The majority of patients (75%) who were not intubated at
the time of CP administration but were only treated with
high-flow oxygen or non-invasive ventilation, had a
favourable evolution unlike intubated and mechanically
ventilated critically ill patients who showed an unfavourable
evolution and death (p<0.05). Most of the patients who died
were intubated at the time of plasma therapy [11 patients out
of 14 (78.57%)] (Table 1V).

In terms of age, patients with good evolution were
significantly younger 52.37+6.62 years, in comparison to those
with an unfavourable outcome 67.8+8.08 (p<0.005) (Figure 1).
The factors that influenced the outcome were: age,
comorbidities, and the severity of disease. All patients had
comorbidities; however, those with a single comorbidity had a
more favourable outcome than those with more comorbidities.

Most patients (86.95%) had more than one associated
comorbidity (Table V). The most common comorbidities
encountered were hypertension (56.52%) and obesity
(47.82%). The most common association of comorbidities
was between hypertension and obesity (43.47%). In patients
with unfavourable outcome, hypertension was more
frequently associated with the pathological antecedents

Parameter Patients with favourable Deceased
outcome (p-Value) patients
Sa0, 11.3xIMV (<0.005) } 1.1XIMV (<0.09)
PaO, 11.4xIMV (<0.005) | 1.2xIMV (<0.03)
PaO,/FiO, 11.5xIMV (<0.001) | 1.9XIMV (<0.02)
Fibrinogen 1 1.9xIMV (<0.05) | 1.7xXIMV (<0.42)
PCR 13.6xIMV (<0.02) | 1.6XIMV (<0.25)
Leukocytes L 1.1IXIMV (<0.29) 12.4xIMV (<0.32)
Lymphocytes 11.5xIMV (<0.18) 1 1.03xIMV (<0.29)
Ferritin 11.3xIMV (<0.25) 1 1.06xIMV (<0.43)
D-dimers 1 1.24xIMV (<0.33) 14.65xIMV (<0.09)

IMV: Initial mean value; CRP: C reactive protein; SaO,: blood oxygen
level; paO,: partial pressure of oxygen in the arterial blood.

(71.42%) compared to patients with favourable outcome
(44.44%). Among the patients with favourable outcome,
33.33% presented a single associated comorbidity versus
7.14% of the patients with an unfavourable outcome; the rest
had two or more associated comorbidities.

Discussion

The use of CP, also called hyperimmune plasma, has an
historical value; it was used in the late nineteenth century for
the treatment of diphtheria. In the pre-vaccine era, CP was
used for the treatment of viral diseases such as polio,
measles, mumps, influenza, and Ebola with varying degrees
of success (12-15). The principle of the treatment is based
on the action of neutralizing antibodies present in the CP
against the virus (16).

Severe COVID-19 occurs in the first 7 to 10 days after
infection (17-20). Understanding the evolution of the adaptive
immune response mediated by B and T cells after SARS-
Cov-2 infection is essential in the prognosis of COVID-19
disease and in the development of treatment strategies.

Early in the infection, there is an expansion of B cells
with memory and plasmablasts, and IgM and IgA antibodies
are detected from day 5 to 7 after infection. IgG appear on
the 7th-10th day after the onset of symptoms. Serum IgM
and IgA levels decrease after approximately 28 days and IgG
titer reaches a peak after 49 days. At the same time, SARS-
Cov-2 activates T cells in the first week of infection (CD4 T
cells with specific viral memory and CD8 T cells), which
reach a peak at 2 weeks (Figure 2) (17, 18, 21, 22). The
magnitude of IgG RBD antibody titers, which recognize the
receptor binding domain, are strongly correlated with viral
neutralization (17-20).

Antibody levels decrease over time. Gaebler et al.
conducted a study on the humoral response with memory on
a cohort of 87 individuals and found that IgM and IgG levels
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Table IV. Evolution of patients according to respiratory status at the
time of convalescent plasma administration.

Respiratory status
at the time of
convalescent plasma
administration

No. of patients
with favourable
evolution

No of patients
who died

Mortality

Patients with 9 3 25%
high-flow oxygen

therapy or

non-invasive

ventilation

Patients intubated 11 11
and mechanically

ventilated

100%

against the viral spike protein binding domain of SARS-Cov-
2 decreased drastically over time, whereas IgA levels were
less affected (23).

Other immune mechanisms
cytotoxicity, complement activation, or phagocytosis are
possible mechanisms by which CP may exert its therapeutic
effect in patients with COVID-19. In addition, anti-
inflammatory cytokines, defensins, pentraxins, and other
immunomodulatory proteins may have a role in ameliorating
the systemic inflammatory response syndrome, the main
pathophysiological basis for acute respiratory distress
syndrome and mortality from COVID-19 pneumonia (24).
However, the effective titrations of neutralizing antibodies in
CP, the optimal time for plasma donation, the optimal time
for plasma treatment and the severity of the disease of the
patient receiving CP remain unclear (16).

In our study, the majority of patients with SARS-Cov-2
infection who received CP had severe forms of the disease,
requiring high-flow oxygen therapy or non-invasive
ventilation, showed improvement, were cured from the
disease and were subsequently discharged, unlike critically
ill intubated patients with SARS-Cov-2 in whom no
improvement in clinical, paraclinical and laboratory
parameters was observed after plasma administration and
who showed an unfavourable outcome with acute respiratory
distress syndrome (ARDS), MSOF and death. There are
studies that show improved prognosis and increased survival
after treatment with CP. Thus, Murphy et al. published a
literature review on the administration of CP in COVID-19
patients. They identified over 60 studies from 22 countries
and reported a 10% decrease in mortality in patients
receiving CP treatment (25). Also, Sun et al. performed a
meta-analysis and highlighted a number of favourable effects
and favourable clinical implications of CP treatment in
COVID-19 patients (26). Zhang et al. conducted a study on
the impact of CP treatment on the clinical prognosis of

such as cell-mediated
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Figure 1. ROC curve for the association between age and COVID-19
outcome (AUC 0.706, cut-off 58 years). ROC: Receiver operating
characteristic; AUC: area under the ROC curve.

Table V. No. of associated comorbidities.

No. of comorbidities No. of patients

3 (13.04%)
20 (86.95%)

1 comorbidity
>1 comorbidity

COVID-19 patients and reported decreases in viremia from
55 105 copies/ml to 180 copies/ml in 5 days after CP
treatment. On the other hand, negative RT-PCR tests were
reported 10 days after initiation of CP treatment and patients
were discharged in an improved condition (27). A similar
study was performed by Shen et al. who reported decreases
in viremia in patients receiving CP 2-3 days after plasma
administration (28).

In contrast, the largest multicenter PLACID study
conducted in India in October 2020 involving more than 400
patients concluded that there were no differences in the
progression to severe form of the disease and in mortality
between the group of patients receiving plasma and the
group not receiving. One of the strengths of the study is that
it enrolled patients without comorbidities (16).

Unlike other studies, we conducted our study only in
patients with severe and critical forms of COVID-19,
hospitalized in the ICU, this also being the particularity of
the study. All patients in our study had one or more
comorbidities, hypertension being the most frequently
associated with the unfavourable outcome of the patient.
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Figure 2. Adaptive immune response to SARS-Cov-2 (17).

Why is plasma rich in anti- SARS-Cov-2 antibodies not
effective? A possible explanation is that in addition to
immune components, plasma also contains many molecules
and components with prothrombotic effect and plasma can
have a direct effect on endothelial damage (which,
incidentally, is the epicenter of inflammatory mechanisms in
this disease). In addition, antibodies against interferon may
be present in the donor’s plasma and thus the recipient’s
immune response may be affected (29-31).

A more recent randomized clinical trial conducted by
Bandopadhyay et al., concludes that CP also has an anti-
inflammatory effect independent of the level of neutralizing
antibodies against SARS-Cov-2. This study found that, as a
result of CP treatment, neutralizing antibodies as well as
reductions in circulating interleukin 6 and interferon gamma-
induced protein 10 contributed to the rapid and significant
reduction of hypoxia (32).

Why don’t we know if CP is effective? The key could be
the inclusion criteria, optimal dose, and time point.
However, the data on the efficacy and risks of CP are
contradictory and do not allow clear recommendations to be
made. Despite the controversies, CP has therapeutic
application in severe or critical forms of COVID-19, being
included in the administration protocols in our country and
elsewhere (6, 7).

Conclusion

In our study, patients with severe forms of COVID-19
(requiring only high-flow oxygen therapy or non-invasive
ventilation) who received CP, showed, in most cases (75%),
improvement and were cured from the disease. In contrast,
critically ill patients who were intubated at the time of

plasma administration had no improvement in clinical,
paraclinical, and laboratory parameters after plasma
administration. They also showed an unfavourable course
with ARDS and MSOF, and eventually died (100%). Our
results indicate that CP therapy of patients with severe forms
of Covid-19 disease could significantly reduce inflammatory
markers (CRP, fibrinogen) and ventilatory parameters (SaO2,
paO2, paO2/Fi02), reducing the need of supplemental
oxygen delivery. Other factors that had a significant
influence on the outcome were age and comorbidity.
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