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A B S T R A C T   

Convalescent plasma (CP) therapy has been suggested as a treatment for emerging viral diseases. Moreover, 
many studies have been conducted to evaluate the efficacy of COVID-19 CP therapy, with some of them indi
cating that CP may be a promising treatment for the disease. However, the evidence for CP therapy’s effec
tiveness in severe COVID-19 cases is limited. So, this study aimed to assess the probable effects of CP therapy in 
patients diagnosed with severe COVID-19. The study was designed as a single-arm, retrospective cohort of pa
tients with severe COVID. Demographic data, laboratory test reports, and convalescent plasma transfusion doses 
were collected from medical records for patients before and after convalescent plasma transfusion. The clinical 
outcomes were hospital discharge and death. Also, laboratory parameters considered secondary outcomes. 

After CP therapy, some symptoms improved, especially in patients under 55 years old, as follows. Respiratory 
function was significantly enhanced after convalescent plasma transfusion, and the inflammatory biomarkers’ 
values decreased significantly (p < 0.05). Moreover, the estimated median of partial thromboplastin time (PTT) 
and Prothrombin time (PT) in patients did not change after CP therapy (p > 0.05). Regarding COVID-19 mor
tality, a strong association was found between older ages and death (p < 0.001). Also, CP transfusion in the early 
days of admission was effective in treatment outcomes (p = 0.023). Other characteristics, including sex, blood 
group, number of CP transfusions, and preexisting conditions, did not significantly correlate with mortality. 

In conclusion, this study demonstrates the effectiveness of CP therapy in patients under the age of 55. Despite 
some improvement, we could not say that they were entirely due to the CP treatment. More extensive ran
domized clinical trials that cover different stages of the disease are needed.   

1. Introduction 

In December 2019, the severe acute respiratory syndrome corona
virus 2 (SARS-CoV-2) emerged in Wuhan, China. The virus spreads to 
other cities in China and also other countries. The disease caused by this 
virus is currently identified as coronavirus disease-2019 (COVID-19) 
[1]. Based on Worldometer on August 31, 2021, the cumulative number 
of infected people is over 218 million cases and more than 4.5 million 
deaths [2]. Currently, various treatment strategies like antiviral drugs, 
anti-SARS-CoV-2 monoclonal antibodies, anti-inflammatory drugs, and 
immunomodulators agents are available. Some treatment procedures 

seem to be beneficial, most have failed, and many treatment strategies 
are under assessment. However, no licensed specific antiviral agent can 
efficiently target the virus, and treatment of COVID-19 remains obscure 
[3–5]. Moreover, several studies are designed to assess convalescent 
plasma (CP) therapy as a treatment for the disease with the CP obtained 
from individuals who have recovered from COVID- 19 [6]. 

SARS-CoV-2 spike protein is responsible for cell attachment via the 
ACE-2 receptor, and neutralizing antibodies can block the S protein as 
well as viral entry. It has been suggested that CP therapy can suppress 
viremia in patients by neutralizing antibodies present in plasma, which 
enhance viral clearance [7,8]. Neutralizing antibodies are detectable in 
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the patient’s plasma around 10–15 days following the initial 
SARS-CoV-2 infection [9]. 

CP therapy generally has not been associated with adverse results 
and improves outcomes in patients with other infectious agents [10]. 
Moreover, many studies have been conducted to evaluate the efficacy of 
COVID-19 CP therapy, with some of them indicating that CP may be a 
promising treatment for COVID-19. The evidence for the efficacy of CP 
therapy in severe COVID-19 cases is, however, limited. So, this study 
was designed to assess the probable effects of convalescent plasma 
therapy in patients diagnosed with severe COVID-19. 

2. Methods 

This research was carried out in Amir Alam hospital, Tehran, Iran, 
from Jun 2020 to August 2021. Because of limitations associated with 
the use of historical controls [11], the study was designed as a 
single-arm, retrospective cohort of patients with severe COVID-19 who 
have received routine medications without any clear clinical improve
ment. According to the WHO’s most recent guidelines, all of the patients 
had severe COVID-19 pneumonia. Patients were eligible for CP trans
fusion if they met one or more of the following criteria: 1) respiratory 
distress with a respiration rate of fewer than 30 breaths per minute; 2) 
oxygen saturation less than 90%; 3) 50% or more progression in lung 
infiltrates; and 4) respiratory failure requiring ventilation (non-invasive 
or mechanical ventilation). 

2.1. Donors 

The Blood Transfusion Organization of Iran conducted activities to 
collect CP from donors. Donor assessments were performed according to 
the Eligibility Criteria for COVID-19 Convalescent Plasma established by 
the Iranian Ministry of Health as follows: 1) The CP donors must range 
from 18 to 60 years old; 2) All donors should have been previously 
diagnosed with laboratory-confirmed COVID-19; 3) Symptoms must 
have subsided for at least 28 days before donation and negative tests for 
SARS-CoV-2 and HIV, hepatitis B, hepatitis C, and syphilis; And 4) 
Specific antibody titer against SARS-CoV-2 must be greater than 1:1000. 
Following the donation, 500 mL of CP was collected from each donor by 
apheresis and then stored at − 25 ◦C. 

2.2. Data collection 

Age, sex, comorbidities, blood groups, laboratory test reports, and 
convalescent plasma transfusion dose were all collected from medical 
records for patients before and after convalescent plasma transfusion. 
The clinical outcomes were hospital discharge and death. Also, labora
tory parameters including complete blood count (CBC), coagulation and 
inflammation factors, biochemical tests, and arterial blood gasses 
(ABGs) were considered secondary outcomes. 

3. Statistical analysis 

Continuous and categorical variables were shown as median (IQR) 
and n (%), respectively. To examine differences between independent 
groups, the Wilcoxon rank-sum test was applied. Also, Wilcoxon signed- 
rank test was used to compare before and after interventions. 
Kaplan–Meier estimates from the time of CP transfusion were used to 
assess the overall survival. The log-rank test was used to compare sur
vival curves between the groups that received CP therapy in the early 
days of admission (within six days) and those that received it in the late 
days of admission (after six days). A two-sided α of less than 0⋅05 was 
considered statistically significant. Statistical analyses were performed 
using R version 4.1.0 (2021-05-18). 

Table 1 
Demographic and clinical characteristics of study subjects.  

Variable Total N = 89a 

Sex 89  
Female  34 (38%) 
Male  55 (62%) 
Age group (Years) 89  
Under 55  34 (38%) 
≥55  55 (62%) 
Blood Group 89  
A  31 (35%) 
AB  4 (4.5%) 
B  19 (21%) 
O  35 (39%) 
Number of transfusions 89  
One unit  36 (40%) 
Two units  53 (60%) 
Outcome 89  
Alive  65 (73%) 
Dead  24 (27%) 
Comorbidity (all causes) 89 46 (52%) 
Hypertension  24 (27%) 
Coronary heart disease (CHD)  10 (11%) 
Diabetes  12 (13%) 
Other preexisting conditions  28 (31%) 
Days from admission to CP transfusion 89 5 (3, 11) 
Days from CP transfusion to discharge 65 7 (5, 15) 
Days from CP transfusion to death 24 7 (3, 14)  

a N (%), Median (IQR). 

Table 2 
Laboratory findings in patients with severe COVID-19 pneumonia before and 
after convalescent plasma transfusion.  

Laboratory test N Before transfusiona After transfusiona p-valueb 

A) CBC 
WBC 89 10.4 (7.9, 14.3) 11.5 (8.8, 14.5) 0.2 
Lymphocyt 89 9 (5, 13) 8 (5, 14) 0.4 
Neutrophil 89 88 (83, 93) 90 (83, 93) 0.066 
Plt 89 248 (191, 320) 264 (194, 322) 0.6 
B) Coagulation markers 
PT 89 13. (12.4, 13.7) 13.03 (11.9, 13.6) 0.4 
PTT 89 28.1 (25.7, 31.3) 26.8 (25.0, 32.2) 0.5 
C) Inflammation markers 
CRP 89 29 (10, 70) 12 (4, 33) <0.001c 

ESR 89 44 (19, 67) 30 (14, 44) <0.001c 

D) Biochemical indexes 
SGOT 89 36 (27, 52) 32 (25, 49) 0.063 
SGPT 89 46 (31, 68) 48 (30, 66) 0.12 
LDH 89 1110 (899, 1266) 972 (721, 1254) 0.033c 

Bilirubin-Total 89 0.76 (0.50, 1.26) 0.85 (0.60, 1.22) 0.3 
Alb 89 3.16 (2.85, 3.43) 3.20 (2.96, 3.37) 0.5 
Creatinine 89 1.03 (0.90, 1.23) 0.99 (0.87, 1.17) 0.011c 

E) Arterial Blood Gases 
BEB 89 − 0.11 (− 1.62, 1.63) 1.30 (− 0.48, 3.90) <0.001c 

BEecf 89 − 1.0 (− 2.7, 1.6) 1.7 (− 1.0, 3.8) <0.001c 

HCO3- 89 24.2 (22.7, 27.2) 26.7 (24.3, 29.7) <0.001c 

PCO2 89 40 (35, 46) 42 (37, 51) 0.005c 

pH 89 7.40 (7.29, 7.46) 7.41 (7.28, 7.44) 0.6 
PO2 89 44 (30, 52) 46 (34, 59) 0.058 
SO2 89 77 (62, 87) 75 (64, 88) 0.4 

Abbreviations: CBC, Complete blood count; WBC, White blood cells; Plt, Plate
lets; PT, Prothrombin time; PTT, Partial thromboplastin time; CRP, C-reactive 
protein; ESR, Erythrocyte sedimentation rate; SGOT, Serum glutamic oxalo
acetic transaminase; SGPT, Serum glutamic pyruvic transaminase; LDH, Lactate 
dehydrogenase; Alb, Albumin; BEB, Base excess; BEEcf, Base excess in the 
extracellular fluid compartment; HCO3-, Bicarbonate; PCO2, Partial pressure of 
carbon dioxide; pH, Power of hydrogen; PO2, Partial pressure of oxygen; SO2, 
Oxygen saturation. 

a Median (IQR). 
b Wilcoxon rank-sum test; Wilcoxon rank-sum exact test. 
c Statistically significant. 
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4. Results 

This study included 89 confirmed severe COVID-19 pneumonia pa
tients who received CP transfusion (34 females and 55 males). The 
median age of the subjects was 60 years (IQR: 47 - 70). The median time 
from hospital admission to CP transfusion was five days. Moreover, the 
median time from CP transfusion to hospital discharge or death was 
eight days and seven days, respectively. Also, there were 46 cases with 
comorbidities, including hypertension, coronary heart disease, diabetes, 
and other preexisting medical conditions (Table 1). The SARS-CoV-2 IgG 
antibody titer in all convalescent plasma units was higher than 1:1000. 
Thirty-six patients received one unit (500 mL), while the other 53 
received two units of convalescent plasma transfusion. Finally, 24 pa
tients died, while 65 were discharged alive. 

Lymphocytopenia is a common symptom of COVID-19 patients. As a 
result, the lymphocyte count in these patients can be used to assess 
treatment outcomes. In the present study, the CBC findings, including 

WBC, neutrophil, and lymphocyte, were not significantly different 
before and after convalescent plasma transfusion (p > 0.05) (Table 2A; 
Fig. 1). 

It has been reported that another important factor associated with 
covid-19 mortality is the elevation in coagulation markers like PT and 
PTT [12]. According to the findings of our study, the estimated median 
of PTT and PT in patients was in the normal range before CP transfusion 
and did not change significantly after the CP transfusion (Table 2B; 
Fig. 2). 

Inflammation-related parameters have previously been shown to be 
elevated during acute phases of COVID-19. In this study, after the CP 
therapy, the values of the inflammatory biomarkers like CRP and ESR 
decreased significantly (p < 0.001) (Table 2C; Fig. 3). 

Also, many studies suggested various biochemical tests as important 
prognostic factors associated with COVID-19 severity. The results of our 
study showed that except for creatinine that decreased slightly (p =
0.011), the median value of biochemical factors, including SGOT, SGPT, 

Fig. 1. CBC findings in patients before and after convalescent plasma transfusion.  
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LDH, bilirubin-total, and albumin, were not significantly different 
before and after CP transfusion (p > 0.05) (Table 2D; Fig. 4). 

Finally, the arterial blood gases (ABGs) report showed no significant 
differences in Po2, PH, and So2 before and after CP therapy, while Beb, 
BEecf, HCO3-, and Pco2 improved significantly after convalescent 
plasma transfusion (p < 0.05) (Table 2E; Fig. 5). 

Regarding COVID-19 mortality, a strong association was found 

between older ages and death (p < 0.001). Also, CP transfusion in the 
early days of admission was found to be effective in treatment outcomes 
and patients survival (p = 0.023) (Fig. 6). Other characteristics, 
including sex, blood group, number of CP transfusions, and preexisting 
conditions, did not significantly correlate with mortality (Table 3). 

Fig. 2. Coagulation parameters in patients before and after convalescent plasma transfusion.  

Fig. 3. Inflammation-related parameters in patients before and after convalescent plasma transfusion.  
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5. Discussion 

This retrospective study examined the efficacy of CP therapy in 89 
subjects with severe COVID-19. Clinical symptoms of most patients with 
less than 55 years old improved after CP therapy. Also, the respiratory 
function was slightly improved, and patients’ need for oxygen supply 
was reduced. Moreover, coagulation and inflammation parameters 
significantly decreased in patients. These findings suggest that anti
bodies found in CP may help to reduce immune system inflammation 
and improve clinical outcomes. 

Recent findings on COVID-19 discovered that lymphocyte counts in 

the peripheral blood were significantly lower and plasma levels of in
flammatory cytokines were significantly higher in severe patients 
compared to patients with moderate COVID-19 [13,14]. In this study, 
the lymphocyte count did not change in the early days after CP therapy, 
while CRP and ESR levels were significantly reduced, which shows that 
this therapy may decrease the cytokine storm [15,16]. 

Our data suggest that the dose of injected CP has no effects on its 
therapeutic impact. This may be due to our study’s lack of data on 
neutralizing antibody titration for stratified analysis. In contrast, Zeng 
and colleagues in their study, observed a relation between clinical 
outcome and the volume of CP infused [17]. 

Fig. 4. Biochemical tests in patients before and after convalescent plasma transfusion.  
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The treatment time point is the essential component that influences 
CP-therapy efficacy. Our results showed that patients who received CP 
in the early days of admission had a better treatment outcome (p-value: 
0.023), emphasizing the necessity of early CP therapy. The Median time 
from the admission and the CP transfusion in the survived patients was 
four days compared to 7.5 days in dead patients, which was consistent 
with earlier findings [17,18]. 

COVID-19 has been known to be deadly in older people [19]. Most of 
the subjects in this study who did not survive despite receiving early CP 
therapy were also more than 55 years old. This result suggests that CP 
therapy is probably ineffective in the elderly with severe disease. 

Duan et al. used 200 mL of CP with neutralizing antibody >1:640 in a 
prospective cohort of 10 severe patients and ten historical controls. They 
conclude that CP therapy could potentially improve clinical outcomes in 
severe COVID-19 cases [18]. 

In a multicenter retrospective study of critically ill patients (6 in the 
intervention group and 15 controls), Zeng et al. found that CP therapy 
can prevent SARS-CoV-2 shedding but not decrease mortality in criti
cally ill patients in the end stages of the disease [20]. 

Although there was a sign for improved outcomes among the elderly, 

Rogers et al. in a cohort study with 64 patients in the intervention group 
and 177 matched controls, found no significant reduction in in-hospital 
mortality or increased hospital discharge rate associated with the use of 
CP [21]. 

In a large multicenter prospective study with propensity score- 
matched controls, Salazar et al. concluded that CP use in severe and 
critically ill patients with COVID-19 might improve survival if delivered 
early in the course of disease [22]. 

In a multicenter non-randomized study involving 115 moderate to 
severe patients in the intervention group and 74 controls, Abolghasemi 
et al. discovered that CP therapy significantly improved patients’ sur
vival, reduced hospitalization time considerably, and reduced the need 
for intubation in COVID-19 patients when compared to the control 
group [23]. 

Bradfute et al. in a single-arm trial in 12 COVID-19 patients with 
severe to life-threatening disease, concluded CP infusion did not develop 
recipient neutralizing antibody titers. They also stated that pre- 
screening of CP is essential for selecting donors with high neutralizing 
antibodies [24]. 

Fig. 5. Arterial Blood Gases (ABG) in patients before and after convalescent plasma transfusion.  
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6. Limitations 

Also, our research had some limitations. 1) As mentioned before, the 
study was designed as a single-arm, retrospective cohort because of 
limitations associated with historical controls. So, it is critical to conduct 
well-designed randomized clinical trials with larger patient cohorts and 
COVID-19 stages. 2) We were unable to obtain antibody titers from CP 
recipients due to the retrospective nature of the study. 3) Because the 
test for determining SARS-CoV-2 NAb was not available, convalescent 
donor testing for SARS-CoV-2 NAb was not performed. 4) Patients were 
given a combination of antiviral drugs. Corticosteroid treatment was 
also given to the most severe patients, which may have influenced the 
disease’s outcome [25,26]. 

7. Conclusions 

In conclusion, this study demonstrates the effectiveness of CP ther
apy in severe COVID-19 patients under the age of 55. Despite some 
improvement, we could not say that they were entirely due to the CP 
treatment. More extensive randomized clinical trials that cover different 
stages of the disease are needed. 
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Fig. 6. Kaplan-Meyer survival analysis after convalescent plasma transfusion based on early and late use of CP transfusion.  

Table 3 
Demographic and clinical characteristics of patients with mortality.  

Variable Alive, N =
65a 

Dead, N =
24a 

p- 
valueb 

Sex   0.3 
Female 27 (42%) 7 (29%)  
Male 38 (58%) 17 (71%)  
Age group (years)   <0.001c 

Under 55 32 (49%) 2 (8.3%)  
>55 33 (51%) 22 (92%)  
Blood group   0.5 
A 20 (31%) 11 (46%)  
AB 3 (4.6%) 1 (4.2%)  
B 16 (25%) 3 (12%)  
O 26 (40%) 9 (38%)  
Number of transfusions   0.3 
One unit 24 (37%) 12 (50%)  
Two unit 41 (63%) 12 (50%)  
Comorbidity (all causes)   0.2 
Negative 34 (52%) 9 (38%)  
Positive 31 (48%) 15 (62%)  
Hypertension   0.8 
Negative 48 (74%) 17 (71%)  
Positive 17 (26%) 7 (29%)  
Coronary heart disease   >0.9 
Negative 58 (89%) 21 (88%)  
Positive 7 (11%) 3 (12%)  
Diabetes   0.7 
Negative 57 (88%) 20 (83%)  
Positive 8 (12%) 4 (17%)  
Other preexisting conditionsd 0.076 
Negative 48 (74%) 13 (54%)  
Positive 17 (26%) 11 (46%)  
Days form admission to CP 

transfusion 
4.0 (3.0, 8.0) 7.5 (4.8, 

12.0) 
0.023c  

a n (%); Median (IQR). 
b Pearson’s Chi-squared test; Fisher’s exact test; Wilcoxon rank-sum test. 
c Statistically significant. 
d Include different types of cancer, liver disease, and thyroid disorders. 
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