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A B S T R A C T   

Background and objectives: The use of COVID-19 convalescent plasma (CCP) has been approved by the FDA. We 
assessed the outcome of patients with moderate and severe COVID-19 following convalescent plasma therapy 
and the association with variables such as antibody titer in CCP units and transfusion time. 
Materials and methods: In this prospective cohort study, 3097 patients with moderate and severe COVID-19 
(according to WHO Progression Scale) had heterogeneous demographic and clinical characteristics received 
plasma with an unknown titer at the transfusion time. Firstly, information about age, sex, blood group, the time 
interval from hospitalization to CCP transfusion, underlying disease, and antibody titer with the outcome were 
investigated. Then, multivariate logistic regression and area under the curve (AUC) were performed for the 
association between disease severity and intubation variables with transfusion time and outcome. 
Results: Patients with younger age receiving CCP in the first five days of hospitalization had lower mortality (P <
0.0001). Moreover, patients without the underlying disease had lower mortality (P < 0.001). The mortality rate 
also decreased in severe patients who were intubated receiving CCP for less than five days (P < 0.001). In pa
tients with moderate severity (score less than 5) who received IgG antibody levels above 1:320 in less than five 
days had lower mortality (P < 0.0001). 
Conclusion: Our findings suggested that COVID-19 patients with the moderate type of disease receiving CCP units 
with high antibody titers in the early stages of the disease experienced greater effectiveness of CCP therapy.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-COV-2), as 
the causative virus of COVID-19 disease, was first recognized in Wuhan, 
China, in December 2019. The prevalence of the disease has become a 
significant global concern. Aside from supportive care, such as 
oxygenation, specific medications for the disease are still being 
researched [1]. However, no specific treatment has been shown to be so 
far effective for SARS-CoV-2 infection. Evidence suggests that conva
lescent plasma of patients who have recovered from viral infections can 
be used as a treatment without severe side effects [2]. Convalescent 

plasma has been used to treat respiratory infectious diseases for more 
than a century [3,4]. 

Various studies have shown that the length of hospital stay in pa
tients receiving COVID-19 convalescent plasma (CCP) was shorter than 
in non-recipients [5]. Preliminary clinical studies have shown different 
results of the effectiveness of this product [6–8]. The FDA issued an 
Emergency Use Authority (EUA) for CCP to treat patients admitted with 
COVID-19 on August 23rd, 2020 [9], so the administration of COVID-19 
hyperimmune plasma was acknowledged. The reason for the effective
ness of CCP may be that antibodies derived from convalescent plasma 
may suppress viremia [2]. 
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Previous studies have shown that plasma with higher antibody titers 
is likely to affect viral load significantly [10]. It has also been shown that 
the transfusion of CCP with high titers of antibodies at the early days of 
disease diagnosis has a better effect on reducing disease mortality [11]. 

Since the small sample size of studies and the need for further in
vestigations have encouraged us to assess the effect of antibody titer in 
CCP units, the time interval between admission and CCP transfusion, 
and the severity of the disease on the patient’s outcome. 

2. Materials and methods 

A prospective cohort study including a total of 3097 COVID-19 pa
tients included in our cohort. 

2.1. Participants 

CCP unit was collected from recovered COVID-19 patients in 25 
collection centers in Iran, and physicians authorized hospitals were 
eligible to apply for CCP from the Iranian Blood Transfusion Organiza
tion (IBTO). All patients who received CCP from November 21th, 2020, 
to March 20th, 2021 are incorporated in this analysis. Written informed 
consent was obtained from all patients. Ethical approval was obtained 
from High Institute for Education and Research in Transfusion Medicine 
(No: IR.TMI.REC.1399.029). Inclusion/exclusion criteria and in
dications for hospital referral are outlined in supplement 1. All CCP 
requests were reviewed and accepted based on these criteria. Patients 
could be given medications based on the guidance of the diagnosis and 
treatment of COVID-19 disease in the levels of outpatient and inpatient 
services published by Center for Disease Control and Prevention (CDC) 
of Iran’s Ministry of Health and Medical Education (MOHME) [12]. The 
grading of COVID-19 disease severity in patients based on WHO rating 
[13] was defined as supplement 2. 

2.2. Convalescent plasma donors 

IBTO encouraged general Iranian population via a public 
announcement through the traditional or social media to donate CCP. 
Donors were identified as an allogeneic donor, and these individuals 
were considered healthy if a physician who had examined the clinical 
history and confirmed them at the time of referral. Inclusion criteria for 
the CCP donation were considered with the following:  

• Proven prior COVID-19 infection by real-time PCR  
• Elapse of at least 28 days since full recovered 

All donors expressed their informed consent to donate CCP. Also, 
they met the standard criteria for plasma donation, including a negative 
serological result for hepatitis B, C, HIV, HTLV, and syphilis. The study 
was approved by High Institute for Education and Research in Trans
fusion Medicine: IR.TMI.REC.1399.018. The maximum plasma volume 
was 500 cc, collected from apheresis equipment, MCS+ (HAEMO
NETICS, USA) and XJC2000 (NIGALE, China). 

The prepared CCP was frozen within less than one hour after dona
tion at a temperature of ≤-30 ◦C by blast freezer. The titration tube was 
centrifuged; consequently, the prepared serum was stored in the freezer 
at -20 ◦ C. 

2.3. Determination of IgG level against S1 spike protein and its titration in 
the donated CCP 

Measurement of anti-SARS-CoV-2 IgG antibody levels in CCP units 
was performed by enzyme-linked immunosorbent assay (ELISA) method 
via commercial kit (Euroimmun AG, Luebeck, Germany) according to 
the manufacturer’s instruction. Patient samples were diluted at 1:101 in 
sample buffer for the evaluation of antibody titers. The ratios for this 
dilution are linearly interpolated based on the results obtained for 1:80 

and 1:160. This assay applies a specific calibrator to report the ratio of 
specimen absorbance divided by calibrator absorbance. A ratio above 
the cutoff value (≥ 1.1) defines the final interpretation of positivity. 

2.4. Treatment protocol 

Frozen CCP units were transferred to the hospital and transfused to 
patients after thawing, according to standard procedure. IgG antibody 
titers were unknown at the time of CCP administration and were 
determined solely as these tests became available. CCP units were 
transfused 10 ml per kg body weight into patients, up to a maximum of 
500 cc within 4 h. 

2.5. Data collection tools 

Data were collected prospectively using predetermined case report 
forms (supplement 2) from 25 collection centers in Iran. All data was 
meticulously reviewed by a committee consisting of several physicians 
and experts in IBTO headquarter. 

2.6. Outcome measure 

The primer outcome was considered as the rate of improvement in 
patients receiving CCP. Clinical improvement was determined according 
to one of the criteria mentioned in supplement 3. The second outcome 
assessed in the condition in which the mortality was at the lowest rate. 
Indeed, we examined the effect of various antibody levels at the several 
lengths of CCP transfusion time after admission in the recipients with 
different disease severity on the secondary outcome. Outcome mea
surements were performed until the patient was discharged or passed 
away. 

2.7. Statistical analysis 

The analysis was done using SPSS software version 25. Descriptive 
statistics [mean, median, standard deviation (SD) and interquartile 
range (IQR)] were used appropriately. We assessed the independent 
factors with clinical outcome using logistic regression. After that, 
Receiver operating characteristic (ROC) analysis was performed and 
Area under the curve (AUC) was calculated. The results presented as OR 
with a 95 % confidence interval (CI). We used the Chi-Square test to 
evaluate the relationship between antibody titer and rapid test results. 
The Mann-Whitney U test was used to execute analyses of continuous 
variables. The categorized data were appropriately compared using the 
Chi-Square test or Fisher’s test. Significance was set at p < 0.05. 

Role of funding source: The study received no funding and relied on 
IBTO’s internal resources. 

3. Results 

3.1. Recipient characteristics 

This study investigated information about COVID-19 patients 
receiving CCP (Table 1). Most of them were men (59.8 %). About 27 
percent had comorbidity, including lung disease, heart disease, hyper
tension, hyperlipidemia, and diabetes. 1459 of 2626 patients (55.5 %) 
had the severe disease; 17.8 percent of whom were on mechanical 
ventilation at the time of transfusion. 

3.2. Anti-SARS-CoV-2 IgG antibody titers in CCP units 

The median antibody titers received in moderate and severe patients 
was 1:320, with IQR: 1:301.5− 1:333.5 and 1:299.5− 1:327.3, respec
tively. Antibody titers were above the threshold of 1:320 in 1673 (54 %) 
CCP units (Table 2). 509 of 1147 (44.4 %) patients with moderate dis
ease and 638 of 1147 (55.6 %) patients with severe disease received CCP 
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units with antibody titers above the threshold of 1:320 (Fig. 1). 

3.3. Clinical outcome 

The composite outcome of discharge (improve)/death, outlined in 
supplement 2, was attained in all patients by the mean 24.7 days 
(Table 2). At this time, 1838 of 2626 (70.3 %) patients were discharged, 
70.4 % of men and 71.1 % of women. The mean age of discharged and 
deceased patients was 53.8 and 60.9 years, respectively. Of 643 patients 
with comorbidity, (60.5 %) improved, while the recovery rate in pa
tients without underlying disease was 73.6 %. Of 1459 patients (55.6 %) 
with severe disease at the time of CCP transfusion, 779 (53.4 %) patients 
improved. Among patients with severe disease (55.6 %), the rate of 
improvement was as follows: 951 (65.2 %) patients who received high- 
pressure oxygen/ non-invasive ventilation (without intubation), 467 
(32.0 %) patients on mechanical ventilation, and 41 (2.8 %) patients 
required special procedures such as dialysis, vasopressor, hemoperfu
sion, and ECMO, as well as respiratory ventilation. In the group of pa
tients with moderate disease, 1059(90.7 %) patients improved. Patients 

with A blood group had the highest discharge rate (72.4 %) and the 
lowest mortality rate (27.6 %) among other blood groups (Table 2). 

3.4. Anti-SARS-CoV-2 IgG antibody titers, CCP transfusion time, and 
disease severity related to clinical outcome 

Although there was no significant relationship between antibody 
titers and outcome alone (Fig. 1), there was an association between 
patients’ discharge and antibody levels related to the time elapsed from 
hospital admission and disease severity (Fig. 2). In patients receiving 
CCP transfusion five days or less after admission, 373 of 529 improved 
(70.5 %) in the group with low antibody titers versus 452 of 621 (72.8 
%) in the group that received high titer CCP, OR 2.251 (95 % CI 
1.663_3.047), P < 0.0001. In patients receiving CCP more than five days 
after diagnosis, 133 of 218 (61.0 %) improved in the group with low 
antibody titers versus 139 of 256 (54.3 %) in the group that received 
high titer CCP, OR 1.528 (95 % CI 1.098_2.126), P < 0.001. 

3.5. Logistic regression for disease severity, the time interval from 
hospitalization to CCP transfusion in association with clinical outcome 

Logistic regression model calculated by the two-state outcome as a 
dependent variable and intubation and the time interval from hospi
talization to CCP transfusion (less and more than 5 days) as independent 
predictors (AUC: 0.76, 95 %CI: 0.74− 0.79) (Table 3). 

Logistic regression model calculated by the two-state outcome vari
able as a dependent variable and the variables severe type of disease and 
the time interval between hospitalization time and plasma transfusion of 
more and less than 5 days as independent variables (AUC: 76 %, 95 %CI: 
74–78) (Table 4). 

Table 1 
Demographics and clinical parameters of convalescent plasma recipients before 
transfusion.  

Independent variable Patients 
with mild 
disease 

Patients 
with Severe 
disease 

Total 
patients 

P value 

age (years) - median 
(IQR) 

54(23) 58(22) 56(67) P<0.0001 

male – no. (%) 714 (45.6 
%) 

852 (54.4 
%) 

1566 
(59.8 %) 

P>0.05 

Blood types – no. (%)    P>0.05 
A 401(45.2 

%) 
486(54.8 %) 887(34.3 

%)  
B 275(43.6 

%) 
356(56.4 %) 631(23.8 

%)  
AB 102(42.9 

%) 
136(57.1 %) 238(9.0 

%)  
O 388(44.9 

%) 
477(55.1 %) 865(32.9 

%)  
Time between hospital 

admission and 
receiving CCP (days) - 
median (IQR) 

3(4) 4(5) 4(6) P<0.0001 

Time between receiving 
CP and outcome (days) 
- median (IQR) 

5(5) 6 (8) 5(9) P<0.0001 

Time between hospital 
admission and 
outcome (days) - 
median (IQR) 

10 (11) 13(11) 11 (18) P<0.0001 

Underlying disease – 
Positive (%) 

227(40.2 
%) 

338(59.8 %) 565(27.5 
%) 

P<0.0001 

Titer    P>0.05 
1:40 33(39.3 %) 51(60.7 %) 84(4.3 

%)  
1:80 120(45.1 

%) 
146(54.9 %) 266(12.7 

%)  
1:160 133(46.5 

%) 
153(53.5 %) 286(13.6 

%)  
1:320 230(42.1 

%) 
316(57.9 %) 546(25.9 

%)  
1:640 279(46.4 

%) 
322(53.6 %) 601(28.1 

%)  
Negative 100(46.7 

%) 
114(53.3 %) 214(10.5 

%)  
Borderline 40(37.4 %) 67(62.6 %) 107(4.8 

%)  
Outcome    P<0.0001 
Death 108(13.7 

%) 
680(86.3 %) 788(29.7 

%)  
Discharged 1059(57.6 

%) 
779(42.4 %) 1838 

(70.3 %)  

CCP: COVID-19 convalescent plasma. 

Table 2 
The relation between independent variables and outcome.  

Independent variable Death Discharged P-Value 

Number 907 
(29.3 %) 

2190(70.7 
%) 

P<0.001 

Gender– no. (%)   P>0.05 
Male 545 

(29.6 %) 
1298(70.4 
%) 

P>0.05 

Female 362 
(28.9 %) 

892(71.1 
%)  

Age- median (IQR) 61.5 
(72) 

54.0(65) P<0.001 

Comorbidity   P<0.001 
Positive (%) 254 

(39.5 %) 
389(60.5 
%)  

Negative (%) 235 
(26.4 %) 

656(73.6 
%)  

Not clear (%) 226 
(26.5 %) 

628(73.5 
%)  

Blood types – no. (%)   P>0.05 
A 295 

(27.6 %) 
773(72.4 
%)  

B 227 
(30.9 %) 

508(69.1 
%)  

AB 92(33.0 
%) 

187(67.0 
%)  

O 288 
(28.6 %) 

719(71.4 
%)  

The time interval from hospital admission 
to CCP transfusion less and equal 5 Day– 
no. (%) 

393 
(28.3 %) 

997(71.7 
%) 

P<0.001 

Intubation- Positive (%) 409 
(81.8 %) 

91(18.2 %) P<0.001 

Disease severity– no. (%)   P<0.001 
Moderate 108 

(13.7 %) 
1059(57.6 
%)  

Severe 680 
(86.3 %) 

779(42.4 
%)  

CCP: COVID-19 convalescent plasma. 
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4. Discussion 

CCP for many infectious diseases has been applied. Recently, it has 
been used to treat Ebola patients and eventually led to the identification 
of specific antibodies with high neutralizing activity against the virus, 
producing synthetic monoclonal antibodies to treat Ebola [14]. The use 
of CCP to treat patients with COVID-19 began in May 2020 in Iran. Here, 
we conducted a prospective analysis of a large cohort of 3097 COVID-19 
hospitalized patients receiving CCP within the health care system of 
MOHME. Finally, we measured the effect of transfusion of CCP with 
varied titration to patients with moderate and severe COVID-19 un
dertaken within different days of hospitalization on reducing mortality. 
Our finding similar to another study [15] revealed that disease 

prevalence, severity and mortality rate were higher in the male gender 
while difference related to gender and blood type in our study was not 
significant. 

Patients with A blood group had the highest discharge rate (72.4 %) 
and the lowest mortality rate (27.6 %) among other blood groups, 
similar results reported by El-Shitany et al. [16]. 

In line with our findings, another study demonstrated that older 
patients [17] are more likely to experience more severe types of 
COVID-19 infections and deaths. Also, consistent with our results, 
another study of 3082 patients conducted by Joyner et al. [18] in which 
antibody titers in CCP received were compared, resulting in patients 
with higher antibody titers had lower mortality rates. Some studies [8, 
19] revealed that there was no significant difference in clinical status or 
overall mortality between patients treated with convalescent plasma 
and those treated with placebo; however, some studies have also been 
performed to increase the effectiveness of CCPs. The study in 49 patients 
with COVID-19 by Maor et al. showed that patients who received CCP 
with high antibody levels had a lower mortality rate versus those 
receiving CCP with low levels of antibody [10]. In our study, about 54 % 
of CCPs had antibody levels below 1:320. In previous similar studies [20, 
21], 15 % of CCPs were lower than the cut-off. Thus, it is critical to assess 
antibody levels in plasma, ideally before donation, or prior transfusion, 
to assure therapeutic efficacy and provide the required time for antibody 
testing before transfusing the units. At the time of plasma transfusion, 
we did not know the titer of the transfused antibody. This factor caused 
the plasma to be transfused randomly between patients with different 
conditions and made it possible to study and analyze more accurately. 

The time interval between hospitalization and transfusion was longer 
in the group of patients who passed away; indeed, patients who received 

Fig. 1. Outcome in patients according to dis
ease severity and Anti-SARS-CoV-2 IgG anti
body titers (>1:320 or <1:320) in CCP units. 
Patients were divided according to the mean 
antibody (Ab) titers they received (>1:320 or 
<1:320). Clinical improvement was determined 
according to one of the criteria mentioned in 
supplement 3. 
CCP: COVID-19 convalescent plasma.   

Fig. 2. Relationship between time interval from admission to CCP transfusion 
and outcome. 

Table 3 
Multivariate Logistic regression for association between outcome with intubation and time interval.   

Time interval outcome N Percent P-value* P-value†

Not Intubated 

Less & equal 5 Day 
Discharge (Ref.) 1047 85.3 

Ref. 

Ref. 
Death 181 14.7 

More than 5 Day Discharge (Ref.) 685 76.9 
<0.001 
1.64 

Death 206 23.1 (1.44, 3.4) 

Intubated 

Less & equal 5 Day Discharge (Ref.) 51 19.9 Ref.  
Death 205 80.1 

More than 5 Day 
Discharge (Ref.) 40 16.4 <0.001 <0.001 

Death 204 83.6 
1.64 20.21 
(1.44, 3.4) (15.75, 26.2)  

* Relationship between time interval from admission to CCP transfusion and outcome adjusted for intubation. 
† Relationship between intubation and outcome adjusted for time interval. AUC: 0.76, 95 %CI: 0.74, 0.79. Omnibus chi-square test: P-value<0.001. 
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CCP with high antibody titers in the first five days of hospitalization had 
lower mortality rates than patients with elapsed time from admission 
until CCP transfusion more than five days. Similar to our findings, a 
study on 35,000 COVID-19 patients receiving CCP showed that the 
mortality rate would reduce plasma transfused within the first three 
days of diagnosis [11]. Also, a cohort study conducted by Salazar et al. 
on 351 vaccinated patients found that the best time for CCP transfusion 
and patient recovery was in the first 44 h of hospitalization. The period 
between hospital admission and transfusion was investigated in this 
research similar to ours and their reports confirm our results. 

In patients whose disease severity was more than five based on WHO 
classification, mortality was about 4.5-fold. 

We followed patients until the results were obtained, and this is our 
advantage over similar studies [10] where solely follow-ups were per
formed at specific intervals. 

On the other hand, one of our study’s limitations is the lack of a 
control group that limits the evaluation of CCP effectiveness. Also, 
although patients received standard treatments based on a single pro
tocol, this treatment may interfere with evaluating the impact of anti
body titers on clinical outcomes. 

5. Conclusions 

Our findings explicated that COVID-19 patients with the moderate 
type of disease receiving CCP units with high antibody titers in the early 
stages of the disease experienced greater effectiveness of CCP therapy. 
Therefore, the approaches of CCP transfusion that have been used and 
the quality of transfused CCP are among critical criteria to convalescent 
plasma-mediated resolution of COVID-19. 
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Table 4 
Multivariate Logistic regression for association between outcome with disease 
severity and time interval from admission to CCP transfusion.  

Disease 
severity 

Time 
interval 

outcome N Percent P-value 
* OR 
(95% 
CI) 

P-value† OR 
(95%CI) 

Moderate 

Less & 
equal 5 
Day 

Discharge 
(Ref.) 

705 93.1 
Ref. 

Ref. 

Death 52 6.9 

More 
than 5 
Day 

Discharge 
(Ref.) 414 87.7 <0.001 

Death 58 12.3 
1.44 
(1.81, 
5.56) 

Severe 

Less & 
equal 5 
Day 

Discharge 
(Ref.) 

393 54.1 

– 

<0.001 

Death 334 45.9 9.7 
More 
than 5 
Day 

Discharge 
(Ref.) 311 46.9 (7.77,12.2) 
Death 352 53.1  

* Relationship between time interval from admission to CCP transfusion and 
outcome adjusted for disease severity. 

† Relationship between disease severity and outcome adjusted for time inter
val from admission to CCP transfusion. AUC: 76 %, 95 %CI: 74− 78. Omnibus 
chi-square test: P-value<0.001. 
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