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A B S T R A C T   

Background: Convalescent plasma (CP) is being used as a treatment option in hospitalized patients with COVID- 
19. Till date, there is conflicting evidence on efficacy of CP in reducing COVID-19 related mortality. 
Objective: To evaluate the effect of CP on 28-day mortality reduction in patients with COVID-19. 
Methods: We did a multi-centre, retrospective case control observational study from 1st May 2020 to 31st August 
2020. A total of 1079 adult patients with moderate and severe COVID-19 requiring oxygen, were reviewed. Of 
these, 694 patients were admitted to ICU. Out of these, 333 were given CP along with best supportive care and 
remaining 361 received best supportive care only. 
Results: In the overall group of 1079 patients, mortality in plasma vs no plasma group was statistically not 
significant (22.4% vs 18.5%; p = 0.125; OR = 1.27, 95% CI: 0.94-–1.72). However, in patients with COVID-19 
admitted to ICU, mortality was significantly lower in plasma group (25.5% vs 33.2%; p = 0.026; OR = 0.69, 95% 
CI: 0.50–0.96). This benefit of reduced mortality was most seen in age group 60 to 74 years (26.7% vs 43.0%; p 
= 0.004; OR = 0.48, 95% CI: 0.29–0.80), driven mostly by females of this age group (23.1% vs 53.5%; p = 0.013; 
OR = 0.26, 95% CI: 0.09–0.78). Significant difference in mortality was observed in patients with one comor-
bidity (22.3% vs 36.5%; p = 0.004; OR = 0.50, 95% CI: 0.31–0.80). Moreover, patients on ventilator had 
significantly lower mortality in the plasma arm (37.2% vs 49.3%; p = 0.009; OR = 0.61, 95% CI: 0.42–0.89); 
particularly so for patients on invasive mechanical ventilation (63.9% vs 82.9%; p = 0.014; OR = 0.37, 95% CI: 
0.16–0.83). 
Conclusion: The use of CP was associated with reduced mortality in COVID-19 elderly patients admitted in ICU, 
above 60 years of age, particularly females, those with comorbidities and especially those who required some 
form of ventilation.   

* Corresponding author at: Clinical Directorate, Max Healthcare, 1,2 Press Enclave Marg, Saket, New Delhi 110 017, India. 
E-mail addresses: sbudhiraja@maxhealthcare.com (S. Budhiraja), Arun.Dewan@maxhealthcare.com (A. Dewan), Ritesh.Aggarwal@maxhealthcare.com 

(R. Aggarwal), Omender.Singh@maxhealthcare.com (O. Singh), deven.juneja@maxhealthcare.com (D. Juneja), sangeeta.pathak@maxhealthcare.com (S. Pathak), 
Yogendra.Singh2@maxhealthcare.com (Y.P. Singh), DrAjay.Gupta@maxhealthcare.com (A. Gupta), Reeta.Rai@maxhealthcare.com (R. Rai), Vinitaa.jha@ 
maxhealthcare.com (V. Jha), Rahul.Naithani@maxhealthcare.com (R. Naithani).   

1 Max Hospital, Saket, East Block.  
2 Max Hospital, Smart.  
3 Max Hospital, Saket, West Block.  
4 Max Hospital, Patparganj.  
5 Max Hospital, Shalimar Bagh. 

Contents lists available at ScienceDirect 

Blood Cells, Molecules and Diseases 

journal homepage: www.elsevier.com/locate/bcmd 

https://doi.org/10.1016/j.bcmd.2021.102548 
Received 31 December 2020; Received in revised form 8 February 2021; Accepted 11 February 2021   

mailto:sbudhiraja@maxhealthcare.com
mailto:Arun.Dewan@maxhealthcare.com
mailto:Ritesh.Aggarwal@maxhealthcare.com
mailto:Omender.Singh@maxhealthcare.com
mailto:deven.juneja@maxhealthcare.com
mailto:sangeeta.pathak@maxhealthcare.com
mailto:Yogendra.Singh2@maxhealthcare.com
mailto:DrAjay.Gupta@maxhealthcare.com
mailto:Reeta.Rai@maxhealthcare.com
mailto:Vinitaa.jha@maxhealthcare.com
mailto:Vinitaa.jha@maxhealthcare.com
mailto:Rahul.Naithani@maxhealthcare.com
www.sciencedirect.com/science/journal/10799796
https://www.elsevier.com/locate/bcmd
https://doi.org/10.1016/j.bcmd.2021.102548
https://doi.org/10.1016/j.bcmd.2021.102548
https://doi.org/10.1016/j.bcmd.2021.102548
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bcmd.2021.102548&domain=pdf


Blood Cells, Molecules and Diseases 88 (2021) 102548

2

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-COV-2), the 
novel coronavirus causing COVID-19, originated from Wuhan, China 
and has spread rapidly across the globe [1]. As no definitive treatment 
options are currently available for COVID-19, researchers the world over 
have been investigating a variety of drugs like azithromycin, hydroxy-
chloroquine, remdesivir, tociluzimab, anticoagulants and dexametha-
sone [2–6]. Some of these are repurposed drugs and have been approved 
by regulators of various countries to be used as “Emergency Use 
Approval” (EUA) or “off label” medication [7]. 

Convalescent plasma (CP) has been used as a passive source of an-
tibodies against various bacterial (tetanus and diphtheria), viral diseases 
(poliomyelitis, measles, mumps) [8] and influenza A H1N1 [9]. CP was 
also considered in earlier pandemics of Spanish flu, West Nile Virus, 
Middle East Respiratory Syndrome (MERS), Severe Acute Respiratory 
Syndrome (SARS), and more recently Ebola virus [10–12]. The conva-
lescent plasma therapy (CPT) for COVID-19 has also been recently 
approved by US FDA and Indian Central Drugs Standard Control Orga-
nization [13]. It has been approved by the Ministry of Health and Family 
Welfare (MoHFW), Govt. of India, as “off label” use in patients with 
moderate and severe COVID-19 who are not improving and have 
increasing oxygen requirement despite use of steroids [7]. 

Evidence suggests that CP contains receptor binding domain specific 
antibodies which have potent antiviral activity [14,15]. Use of conva-
lescent plasma, is known to be well-tolerated with only a few easily 
managed adverse effects [16]. 

There have been, till date, few larger randomized controlled trials 
(RCT) [17,18], some retrospective observational studies [16,19,20] and 
many small case reports [21–23] on the benefits of CPT in COVID-19 
patients with conflicting results. There is still not much clarity 
whether CPT offers mortality benefit and, if yes, in which category of 
COVID-19 patients. The present study was designed to answer some of 
these questions. 

2. Patients and methods 

2.1. Study design 

This is a multicentre, retrospective, observational case control study. 
COVID-19 patients admitted at various tertiary care teaching hospitals 
in Delhi of the same network, with electronic heath records (EHR), were 

included. Clinical and laboratory data was retrieved from EHR. Patients 
admitted from 01 May 2020 to 31 Aug 2020, with moderate and severe 
and/or life threatening COVID-19, who required oxygen therapy, were 
included. Of a total of 1249 such patients admitted during this period, 
170 patients were excluded due to unavailability of sufficient clinical 
data. Remaining 1079 patients were included in the final analysis. All 
patients in either arm received various treatments as per the attending 
physician’s discretion, institutional protocol, and/or national guidelines 
for the management of COVID-19 issued by the government from time to 
time. A variety of medicines were used in these patients and included 
hydroxychloroquine (HCQ), azithromycin, doxycycline, ivermectin, 
remdesivir, anticoagulants, other broad spectrum antibiotics, steroids 
(methylprednisolone or dexamethasone), tocilizumab and oxygen sup-
port/ventilation as required. Prior to introduction of remdesivir in India, 
HCQ was routinely being used. After availability of remdesivir in India 
and its emergency use approval (EUA) on 13th June 2020, it is being 
used in moderate to severe COVID-19 patients [7]. Routine use of ste-
roids, in moderate to severe COVID-19, was made a part of standard 
treatment guidelines by Ministry of Health and Family Welfare version 3 
(dated 13th June 2020) [7]. Use of these treatment modalities remained 
same across both the groups (henceforth called “Best Supportive Care 
Only Group” and “Plasma with Best Supportive Care Group”). Fig. 1 
shows the CONSORT diagram. All patients were followed for 28 days 
after discharge by tele-calling. The detailed analysis was performed on 
694 patients admitted to ICU – 333 of these received plasma in addition 
to the best supportive care and the other 361 were on the best supportive 
care only. 

Majority of COVID-19 patients who were given CP came from one 
major hospital complex, which contributed to 239 out of 333 (71.8%) 
patients. The physicians in this hospital started using CP from early days 
of COVID-19 outbreak in India and, because of this, much higher use was 
observed in this hospital complex. Other hospitals, where either the 
usage of CP or availability of CP was low, contributed 28.2% of plasma 
cases and a greater number to the control arm of Best Supportive Care 
only. Otherwise, the standard of care in all hospitals, across the network 
remained uniform. 

2.2. Inclusion criteria 

Eligible patients included adults (>18 years) with evidence of SARS- 
COV-2 infection confirmed by RT-PCR test of nasopharyngeal and 
oropharyngeal swab. Criteria for classifying patients into moderate and 

Fig. 1. CONSORT chart for the study.  
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severe category were as per the clinical management protocols of 
MoHFW [7]. 

Moderate disease: pneumonia with no signs of severe disease, and 
having one or more:  

- Dyspnoea, fever, and cough  
- SPO2 < 94% on room air  
- Respiratory rate > 24/min 

Severe disease: patient having one or more of the following 
conditions:  

- Clinical signs of pneumonia plus one of the following: respiratory 
rate > 30/min or severe respiratory distress requiring ventilation or 
SPO2 < 90% on room air.  

- ARDS (new onset bilateral opacities & SpO2/FiO2 ≤ 315)  
- Sepsis  
- Septic shock 

Patients meeting these criteria and requiring oxygen therapy were 
included in the study. 

2.3. Donor selection criteria [24] 

Donors had to meet the following criteria: 1) prior diagnosis of 
COVID-19 documented by a laboratory test; 2a) complete resolution of 
symptoms at least 28 days prior to donation or 2b) complete resolution 
of symptoms at least 14 days prior to donation. In such cases, if the 
patient was discharged without negative RT-PCR for COVID-19, 2 
samples of naso- and oropharyngeal swab collected 24 h apart were sent 
for RT-PCR test for COVID-19, and negative result ascertained before 
considering the recovered patients as a potential donor. 3) Only males 
and nulliparous female donors of weight > 55 kg, 4) Donor with Hb >
12.5 g/dL and platelet count >150,000 per microliter of blood and TLC 
within normal limits, 5) HIV, HBV and HCV by serology and NAT 
negative patients, 6) syphilis and malaria negative donors and 7) total 
serum protein >6 g/dL all donor selection criteria for blood donation 
were followed as per Drugs and Cosmetics (second Amendment) Rules, 
2020 [25]. 

In the absence of a standard viral neutralization test, and limited 
possibility of assessment of neutralizing antibody titres of >1:640, we 
adopted a policy of the use of an assay to assess quantitative antibodies 
of anti-SARS COV2 antibodies prior to harvest of CP from the eligible 
donors. Antibody testing was done prospectively in donors from mid- 
June onwards, prior to which donor samples were stored at − 80 ◦C 
and were retrospectively tested. In our larger centre, the available 
platform which we used was an FDA approved (DiaSorin), Quantitative 
IgG antibody assay against the S1&S2 protein of SARS COVID-2 virus. 
The cut-off of 15 AU/ml was taken for a positive result which is equiv-
alent to 1:40 Plaque Neutralization antibody & 80 AU/ml is equivalent 
to 1:160 plaque neutralizing antibody assay. In the other two smaller 
centres, Ortho Clinical Diagnostic Vitros Anti SARS-COV-2 IgG Chemi-
luminescent Immuno Assay was used. The Ortho Clinical IgG is a qual-
itative assay. Result of this assay are based on the sample signal-to-cut- 
off (S/CO) ratio, with values <1.0 and ≥1.0 corresponding the Negative 
and Positive results. 

For the purpose of the present study, the cut-off for low titre and high 
titre IgG neutralizing antibodies (NAb) positivity, was 15–80 AU/ml and 
>80 AU/ml for the DiaSorin kit and 5–13 S/CO and >13 S/CO, 
respectively, for the Ortho Vitros kit. 

The volume of donated plasma was 400 ml. The first 200 ml (one 
unit) plasma was infused over one to one and half hours and if the pa-
tient did not show any improvement after 24 h, based on the decision of 
the responsible physician, another unit of plasma was administered. 

2.4. Exclusion criteria 

Patients not requiring oxygen therapy were excluded. Pregnant and 
lactating mothers were also excluded. 

2.5. Approvals 

This retrospective observational study was approved by the Institu-
tional Ethics Committee (IEC) vide ref. no. RS/MSSH/GMHR CMS/IEC/ 
20-16, dated 3rd Nov, 2020. 

A proper informed consent for various treatments, including 
convalescent plasma therapy, was taken from every patient. 

2.6. Objectives 

Primary objective of the study was to study 28-day mortality in pa-
tients who received convalescent plasma therapy versus those who did 
not. 

Secondary objectives were to assess if CP reduced the chances of 
patients going on to invasive ventilation and whether it offered any 
mortality benefits in critically ill patients on ventilator and vasopressors. 

2.7. Statistical analysis 

Baseline characteristics such as age, gender, and comorbidities in the 
plasma and no plasma group were compared by chi-square test. The 
number of patients on invasive and non-invasive ventilators and mor-
tality in plasma and no plasma group in various subgroup of patients 
were also compared with chi-square test. p-Value <0.05 was considered 
statistically significant. In the case of multiple comparisons, the level of 
significance was 0.05/6 = 0.008 as per Bonferroni correction since there 
are no more than 6 multiple comparisons. SPSS21 was used for statistical 
calculations. The sample size in the two groups was adequate to detect a 
difference of at least 10% in overall mortality between plasma and no 
plasma group with power of 80% when the mortality in ICU cases in the 
standard care group is 25%. 

3. Results 

The mean (SD) age of patients was 60.1 (12.1) years vs 58.9 (13.8) 
years in plasma vs no plasma group (p = 0.231). However, the age- 
gender distribution and the comorbidity-gender distribution were 
different for the following subgroups (Table 1). 

Males were significantly higher in the plasma group (80.2% vs 
72.3%) (p = 0.015) and less of younger (<45 years) age (12.3% vs 
19.2%), (p = 0.023). There were more females in the plasma group with 
multiple comorbidities, than in the no plasma group. Specific comor-
bidities examined were hypertension (HTN), diabetes mellitus (DM), 
coronary artery disease (CAD), and hypothyroidism. These were the 
most commonly occurring comorbidities in these cases. All other 
comorbidities (CKD, cancer, stroke, etc.) were reported in less than 10% 
cases. Hypertension was more common in plasma group (54.7% vs 
43.5%, p = 0.003) and CAD less common (7.5% vs 14.1%, p = 0.005). 
However, as mentioned later, the difference in mortality in these sub-
groups was not statistically significant. 

The percentage of patients on ventilator, invasive and non-invasive, 
and on vasopressor were not significantly different (minimum p =
0.166) between the two groups (Table 2). 

For the total of 1079 patients on oxygen, overall mortality in patients 
was 22.4% in the plasma group and 18.5% in the no plasma group, This 
difference was not statistically significant (p = 0.125; OR = 1.27, 95% 
CI: 0.94–1.72). A total of 694 (64.3%) patients required transfer to 
intensive care unit (ICU). Three hundred thirty-three (48.0%) patients 
received convalescent plasma in addition to the best supportive care and 
the remaining 361 (52.0%) were on best supportive care only. In the ICU 
patients, mortality was 25.5% vs 33.2% in plasma vs no plasma group (p 
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= 0.026; OR = 0.69, 95% CI: 0.50–0.96). Reduced mortality in plasma 
group was particularly seen in patients of age 60–74 years (26.7% vs 
43.0%, p = 0.004; OR = 0.48, 95% CI: 0.29–0.80), driven mostly by 
females of this age group (23.1% vs 53.5%, p = 0.013; OR = 0.26, 95% 
CI: 0.09–0.78) although not statistically significant at strict level of 
0.008. 

In one of the main hospitals, where the experience with the use of CP 
was maximum, out of a total of 342 patients in ICU, 239 (69.8%) 
received plasma while 103 (30.1%) did not. Overall mortality in the 

plasma group was 49/239 (20.5%) and significantly lower than 36/103 
(34.9%) in the no plasma group (p = 0.0014). 

Significant difference in mortality was observed in patients with one 
comorbidity (22.3% vs 36.5%, p = 0.004; OR = 0.50, 95% CI: 
0.31–0.80). This also was primarily due to females in this subgroup 
(mortality 6.7% vs 49.1%, p < 0.001; OR = 0.07, 95% CI: 0.02–0.34) in 
the plasma vs no plasma group (Table 3). We observed a similar 
reduction in mortality in patients with 2 comorbidities (35.1% vs 
49.2%) but this did not reach statistical significance (p = 0.099; OR =
0.56, 95% CI: 0.28–1.12). The mortality in patients with specific co-
morbidity such as hypertension, diabetes, and coronary artery disease 
were not different (least p = 0.099) but was significantly different in 
patients with hypothyroidism (19.0% vs 42.4%, p = 0.027; OR = 0.32, 
95% CI: 0.11–0.90). Of 38 women of age 60–74 years with one co-
morbidity, 12 were in plasma group and 26 in the no plasma group. Only 
one of these (8.3%) died in the plasma group whereas 13 (50.0%) died in 
the no plasma group (p = 0.013). 

Out of a total of 694 patients with severe COVID-19 in ICU, 101 
(14.6%) patients worsened on non-invasive ventilation (NIV) and 
needed to be shifted to invasive ventilator. Fifty-four (53.46%) of these 
patients were given CP. The other 316 (45.5%) patients remained on 
NIV only and 157 (49.6%) of these received CP. Overall, CP did not 
affect the chances of being put on invasive ventilator from NIV (p =
0.508). 

Patients on ventilator had significantly lower mortality in plasma 
arm (37.2% vs 49.3%, p = 0.009; OR = 0.61, 95% CI: 0.42–0.89) 
(Table 4). This was particularly so for patients on invasive ventilator (IV) 
with mortality 63.9% vs 82.9% (p = 0.014; OR = 0.37, 95% CI: 
0.16–0.83), respectively, in plasma vs no plasma group. Patients on an 
invasive ventilator and on vasopressor had high (almost 90%) mortality 
in both the groups (Table 4). 

Twenty-six out of 333 (7.8%) received second unit of CP, as per the 
physician’s decision. Ten of these patients (38%) died. 

3.1. IgG NAb titre of CP 

At our larger hospital complex, out of the 239 ICU patients who were 
given CPT, 176 (73.6%) patients received CP wherein IgG Nab were 
tested, using DiaSorin kit. As this kit became available only from mid- 
June 2020, all CP transfusions, from that time onwards, were carried 
out only after checking for IgG Nab titres. Some of the plasma samples 
from the CP donations, prior to this period (May till mid-June 2020) 
were stored at − 80 ◦C and retrospectively analyzed for IgG Nab titres. 
Out of 80 such patients, it was found that 6 patients had received CP 
with antibody titre <15 AU/ml. AT the other 2 smaller hospitals, out of 
94 ICU patients who got CP, 76 (80.8%) patients received CP wherein 
IgG Nab were tested using Ortho Vitros kit. Overall, we could not check 
IgG NAb in 81 out of 333 (24.3%) of our patients in ICU who received 
CP. After mid-June 2020, CP with only adequate IgG NAb titre (>15 AU/ 
ml by DiaSorin kit or >5 S/CO by Ortho Vitros kit) was accepted for 
transfusion. 

Out of 158 patients who received low-titre NAb CP, 40 (25.3%) pa-
tients died. Out of 82 patients who received high-titre NAb CP, 25 (30%) 
died. This difference was not statistically significant (p = 0.393). In the 
group of 81 patients, where the data regarding NAb titre was not 
available, 21 patients (25.9%) died. Out of the 6 patients, who were 
retrospectively found to have been transfused CP with very low titres of 
NAb, one (16.7%) patient died. 

3.2. Safety of CPT 

Convalescent plasma infusion was largely safe and no major adverse 
effects were observed in any of our patients. Two patients with minor 
allergic reactions (rashes) were reported to the Blood Bank Officer. 

Table 1 
Baseline comparison of cases in the Best Supportive Care Only Group and Plasma 
with Best Supportive Care Group.  

Characteristic Best Supportive 
Care Only 

Plasma with Best 
Supportive Care 

p-Value 

Count Percent Count Percent 

All in ICU  361  52.6%  333  84.7% <0.001 
<45  62  17.2%  40  12.0% 0.055 
45–59  115  31.9%  122  36.6% 0.185 
60–74  149  41.3%  135  40.5% 0.844 
75+ 35  9.7%  36  10.8% 0.628 
Males  261  72.3%  267  80.2% 0.015 

<45  50  19.2%  32  12.3% 0.023 
45–59  80  30.7%  96  36.8% 0.196 
60–74  106  40.6%  109  41.8% 0.961 
75+ 25  9.6%  30  11.5% 0.533 

Females  100  27.7%  66  19.8% Same as for 
males 

<45  12  12.0%  8  12.1% 0.981 
45–59  35  35.0%  26  39.4% 0.566 
60–74  43  43.0%  26  39.4% 0.645 
75+ 10  10.0%  6  9.1% 0.846 

No: of comorbidities  361  52.6%  333  84.7% <0.001 
None  92  25.5%  72  21.6% 0.231 
1  181  50.1%  166  49.8% 0.939 
2  61  16.9%  74  22.2% 0.077 
3+ 27  7.5%  21  6.3% 0.543 
Males  261  72.3%  267  80.2% 0.015 

None  72  27.6%  63  23.6% 0.293 
1  128  49.0%  136  50.9% 0.663 
2  45  17.2%  53  19.9% 0.441 
3+ 16  6.1%  15  5.6% 0.802 

Females  100  27.7%  66  19.8% Same as for 
males 

None  20  20.0%  9  13.6% 0.291 
1  53  53.0%  30  45.5% 0.341 
2  16  16.0%  21  31.8% 0.017 
3+ 11  11.0%  6  9.1% 0.691 

Specific comorbidity M 
+ F      
HTN  157  43.5%  182  54.7% 0.003 
DM  66  18.3%  61  18.3% 0.990 
CAD  51  14.1%  25  7.5% 0.005 
Hypothyroidism  33  9.1%  42  12.6% 0.141 

HTN: Hypertension; DM: Diabetes mellitus; CAD: Coronary artery disease. 

Table 2 
Need for ventilation and/or vasopressors in Best Supportive Care Only Group 
and Plasma with Best Supportive Care Group.  

Characteristic Best Supportive 
Care Only 
(n = 361) 

Plasma with Best 
Supportive Care 
(n = 333) 

p- 
Value 

Count Percent Count Percent 

No ventilator  132  36.6%  115  34.5%  
0.577 Any ventilator  229  63.4%  218  65.5% 

Non-invasive (NIV)  159  69.4%  157  72.0%  0.412 
Invasive (IV)  70  30.6%  61  28.0%  0.548 

Vasopressor in IV group  36  51.4%  24  39.3%  0.166 
NIV to IV (out of IV group)  47  20.5%  54  24.8%  0.283 

Vasopressor in NIV to IV 
group  

23  48.9%  23  42.6%  0.523  
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4. Discussion 

The current study was undertaken to evaluate the effectiveness of CP 
in patients with moderate and severe COVID-19 disease. To date, this is 
the largest retrospective case control study from India, presently 
reporting world’s second largest number of COVID-19 cases. 

There are a number of reports comprising small number of patients 
treated with CP [21–23] from different countries across the world. Duan 
et al. were first to report benefit of CP in a small cohort of 10 patients 
with improvement in all 10 patients and undetectable viral load in 7/10 
patients [21]. In contrast, Zeng et al. reported mortality in 5/6 patients 
who received CP [26]. Table 5 summarizes the literature review of 
relevant studies on CP, with more than 100 patients and/or RCTs. 

The results of our study are quite different from that of the only other 
large-scale study from India - a multicentre prospective RCT PLACID 

trial, which included 464 patients of moderate severity COVID-19, from 
39 different hospitals across India [17]. This study did not find any 
difference in mortality between plasma vs no plasma group (14.5% vs 
13.5%; OR = 1.06, 95% CI: 0.61–1.83). However, this study did not 
include very severe or life threatening COVID-19 patients. Even in our 
study, if we see the overall cohort of 1079 patients (moderate and se-
vere), CP did not have any mortality benefit (22.4% vs 18.5%; p =
0.125; OR = 1.27, 95% CI: 0.94–1.72). The benefit emerged only in 
more critically ill patients of COVID-19 who were in ICU (25.5% vs 
33.2%; p = 0.026; OR = 0.69, 95% CI: 0.50–0.96). This happened 
despite plasma group had more elderly males, where anyway the mor-
tality is expected to be higher [27]. Also, the main hospital, which had 
maximum experience with the use of CP, showed a highly significant 
mortality benefit in severe COVID-19 (20.5% vs 34.9%; p = 0.0014; OR 
= 0.48, 95% CI: 0.29–0.80). 

Table 3 
Mortality in various groups in cases on Best Supportive Care Only and cases on Plasma with Best Supportive Care.  

Characteristic Best Supportive Care Only 
(n = 361) 

Plasma with Best Supportive Care 
(n = 333) 

p-Value OR 95% CI of OR 

Deathsa Mortality Deathsa Mortality   Lower Upper 

All in ICU  120  33.2%  85  25.5%  0.026  0.69  0.50  0.96 
<45  14  22.6%  7  17.5%  0.536  0.73  0.26  2.00 
45–59  27  23.5%  28  23.0%  0.923  0.97  0.53  1.77 
60–74  64  43.0%  36  26.7%  0.004  0.48  0.29  0.80 
75+ 15  42.9%  14  38.9%  0.734  0.85  0.33  2.19 
Male  73  28.0%  72  27.0%  0.796  0.95  0.65  1.39 

<45  9  18.0%  6  18.8%  0.932  1.05  0.33  3.30 
45–59  13  16.3%  24  25.0%  0.156  1.72  0.81  3.65 
60–74  41  38.7%  30  27.5%  0.082  0.60  0.34  1.07 
75+ 10  40.0%  12  40.0%  1.000  1.00  0.34  2.95 

Female  47  47.0%  13  19.7%  <0.001  0.28  0.13  0.57 
<45  5  41.7%  1  12.5%  0.325  0.20  0.02  2.18 
45–59  14  40.0%  4  15.4%  0.037  0.27  0.08  0.96 
60–74  23  53.5%  6  23.1%  0.013  0.26  0.09  0.78 
75+ 5  50.0%  2  33.3%  0.633  0.50  0.06  4.09 

No: of comorbidities         
None  16  17.4%  14  19.4%  0.736  1.15  0.52  2.54 
1  66  36.5%  37  22.3%  0.004  0.50  0.31  0.80 
2  30  49.2%  26  35.1%  0.099  0.56  0.28  1.12 
3+ 8  29.6%  8  38.1%  0.537  1.46  0.44  4.89 
Males  73  28.0%  72  27.0%  0.796  0.95  0.65  1.39 

None  8  11.1%  12  19.0%  0.195  1.88  0.72  4.95 
1  40  31.3%  35  25.7%  0.321  0.76  0.45  1.30 
2  19  42.2%  20  37.7%  0.651  0.83  0.37  1.87 
3+ 6  37.5%  5  33.3%  0.809  0.83  0.19  3.64 

Females  47  47.0%  13  19.7%  <0.001  0.28  0.13  0.57 
None  8  40.0%  2  22.2%  0.351  0.43  0.07  2.61 
1  26  49.1%  2  6.7%  <0.001  0.07  0.02  0.34 
2  11  68.8%  6  28.6%  0.015  0.18  0.04  0.75 
3+ 2  18.2%  3  50.0%  0.169  4.50  0.49  41.25 

Specific comorbidity M + F         
HTN  59  37.6%  53  29.1%  0.099  0.68  0.43  1.08 
DM  17  25.8%  18  29.5%  0.636  1.21  0.55  2.63 
CAD  24  47.1%  11  44.0%  0.802  0.88  0.34  2.31 
Hypothyroidism  14  42.4%  8  19.0%  0.027  0.32  0.11  0.90 

HTN: Hypertension; DM: Diabetes mellitus; CAD: Coronary artery disease. 
a Deaths out of cases mentioned in Table 1 for the respective subgroups. 

Table 4 
Comparative Mortality of patients on ventilation & vasopressor between Best Supportive Care Only Group & Plasma with Best Supportive Care Group.  

Characteristic Best Supportive Care Only 
(n = 361) 

Plasma with Best Supportive Care 
(n = 333) 

p-Value OR 95% CI of OR 

Deathsa Mortality Deathsa Mortality Lower Upper 

No ventilator  7  5.3%  4  3.5%  0.488  0.64  0.18  2.26 
Any ventilator  113  49.3%  81  37.2%  0.009  0.61  0.42  0.89 

Non-invasive (NIV)  55  34.6%  42  26.8%  0.131  0.69  0.43  1.12 
Invasive (IV)  58  82.9%  39  63.9%  0.014  0.37  0.16  0.83 

Vasopressor with invasive ventilation (IV)  33  91.7%  21  87.5%  0.675  0.64  0.12  3.45  

a Deaths out of cases mentioned in Table 2 in the respective rows. 
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Table 5 
Review of various studies (larger RCTs and/or >100 matched cases) on effectiveness of Convalescent Plasma in COVID-19.  

Ref Number of 
patients 

Study Patient 
population 

Antibody titre used Results Adverse effects Author conclusions Our comment 

Ling Li et al. 
[18] 

103 Open label RCT, 
multicentre 

23 vs 22 
Severe 
29 vs 29 Life- 
threatening 
COVID-19 

1:640 No significant difference in time 
to clinical improvement or in 28 
days mortality between patients 
who received CP versus control 

Chills and rashes − 1 
Shortness of breath, 
cyanosis, and severe dyspnea 
− 1 

CP not effective Not powered to 
predict the difference 

Abolghasemi 
et al. [28] 

189 
115 in plasma 
group and 74 in 
control group 

Multicentre 
nonrandomized 
clinical study 

Moderate 
severity 

Antibody titre cut off >1.1 
using semi quantitative 
ELISA and Rapid strip test 

CP reduced all cause mortality in 
treatment group compared with 
control group (14.8% vs 24.3%); 
however this was not 
statistically significant (p =
0.09). it had a significant impact 
of length of stay (p = 0.002) and 
need for intubation (p = 0.006)  

CP effective Control group was 
much smaller and had 
milder cases 

Salazar E et al. 
[30] 

136 cases and 
251 controls 

Prospective 
propensity 
matched study 

Severe and/or 
life 
threatening 
COVID-19 

Anti-RBD IgG titre of 
1:1350 

Significant reduction (p =
0.047) in mortality within 28 
days, specifically in patients 
transfused within 72 h of 
admission with CP with anti- 
RBD IgG titre of >1:1350  

Transfusion of high anti-RBD 
IgG titre CP early in 
hospitalisation reduces 
mortality  

Xia et al. [20] 138 cases and 
1568 controls 

Retrospective 
observational 
study 

Severe or 
critical 
COVID-19  

Mortality in CP group was 2.2% 
as compared to 4.1% in non CP 
group also from CP group, only 
2.4% got shifted to ICU whereas 
in non CP group, 5.1% patients 
got ICU transfer 

3 patients had minor allergic 
reactions (pruritus or 
erythema) during 
transfusion 

Patients with SCSS >5 before 
therapy showed no 
improvement after CP. 

Authors classified 
patients who were 
given CP into 
responders, partial 
responders and 
nonresponders. 

Altuntas et al. 
[29] 

Cases 888 
Control 888 

Retrospective case 
control study 

Severe and 
critically ill 
COVID-19 

IgG antibody not routinely 
done 

Duration in ICU, rate of 
mechanical ventilation support 
and vasopressor support were 
lower in CP group (p = 0.001, p 
= 0.02, p = 0.001, respectively). 
CFR was 24.7 in CP group and 
27.7 in control group (p = 0.15) 

Not available  Antibody titres of 
plasma donors were 
not available 

Agarwal A et al. 
& PLACID 
trial 
collaborators 
[17] 

Cases: 235 
Controls: 229 

Open label parallel 
are phase II 
Multicentre 
randomized 
controlled trial 

Moderately ill 
COVID-19 
patients 

Nearly 2/3rd of donor had 
NAb titre >1:20 with a 
median titre of 1:40 

Mortality in intervention arm 
was 14.5% vs 13.5% in control 
arm (odd ratios was 1.06). There 
was no difference in the 2 arms 
with respect to duration of 
respiratory support, proportion 
of patient requiring invasive 
ventilation and vasopressor 
support 

Minor adverse event of pain, 
chills, nausea in one patient; 
fever and tachycardia in 3 
patients; dyspnoea and IV 
catheter blockage in 2 
patients each. Mortality was 
assessed as possibly related 
to CP in 3 patients (1.3%). 

CP not effective Three reported cases 
of mortality related to 
CP raised a significant 
concern regarding 
safety profile of CP. 

Our study 1079 (total cases 
in ward and ICU) 
In ICU: 694 
Plasma group in 
ICU:333 No 
plasma group in 
ICU: 361 

Retrospective case 
control 
observational 
study 

Moderate and 
Severe 
COVID-19 

In one large hospital, 
Quantitative IgG antibody 
assay with cut off 15 AU/ 
ml using Diaosorin kit. In 
other smaller hospitals, 
qualitative assay using 
Ortho Vitros kit with cut- 
off of >5 S/CO. 

Overall no statistically 
significant difference in 
mortality between CP and non 
CP group (22.4% vs 18.5%; p =
0.125). However, significantly 
reduced mortality in COVID-19 
patients admitted in ICU (25.5% 
vs 33.2%; p = 0.026) especially 
in age group 60–74 (26.7% vs 
43%; p = 0.004), females 
(23.1% vs 53.5%; p = 0.013), 
those with one comorbid 
medical condition (22.3% vs 
36.5%; p = 0.004) and on 
invasive mechanical ventilation 
(63.9% vs 82.9%; p = 0.014) 

2 patients had mild allergic 
reaction (rashes) during 
plasma transfusion 

Highest mortality benefit 
with CP seen in COVID-19 
patients above 60 years of 
age, admitted in ICU, 
especially females and those 
on ventilator and having 
medical comorbid 
conditions.   
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A similar study involving moderately ill COVID-19 patients by 
Abolghasemi et al., showed that significantly higher number of patients 
who received CP were discharged from the hospital within 5 days versus 
control (28.1% vs 8.9%; p = 0.010) [28]. They reported that CP 
significantly reduced need for mechanical ventilation in treatment 
versus control group (7% vs 20.3%). All-cause mortality in CP group was 
14.8% versus 24.3% in control arm in the study but this was not sta-
tistically significant (p = 0.09). RCT by Ling Li et al. also showed no 
significant difference in time to clinical improvement (28 days vs 18 
days; p = 0.26; HR = 1.4, 95% CI: 0.79–2.49) or in 28-day mortality 
(15.7% vs 24%; p = 0.3; OR = 0.59, 95% CI: 0.22–1.59) between pa-
tients who received CP vs control [18]. 

Study by Xia et al. also showed that there was less likelihood of 
patient who received CP to be transferred to ICU as compared to those 
who did not receive CP (2.4% vs 5.1%); however, this was not statisti-
cally significant (p = 0.2) [20]. This study did not show any significant 
difference between need for NIV (20.3% vs 16.7%) or invasive me-
chanical ventilation (1.4% vs 0.2%) between those who received CP and 
those who did not. Mortality rate in the group that received CP was 2.2% 
versus 4.1% in the standard treatment arm. Our study also did not show 
any benefit with CP in terms of reducing the chances of patients going 
onto invasive ventilation from NIV. The Indian PLACID trial also showed 
no benefit of CP in terms of total and post enrolment duration of res-
piratory support, and proportion of patients who had to be put on 
invasive ventilation and those needing vasopressor support [17]. In the 
study by Altuntas et al., the duration of stay in ICU (9 days vs 12 days; p 
= 0.001), rate of mechanical ventilation (49.3% vs 55%; p = 0.02) and 
vasopressor requirement (24.7% vs 34.3%; p = 0.001) were lower in the 
CP group versus control respectively [29]. They however, found no 
statistically significant difference in the fatality rate between the CP and 
control groups (24.7% vs 27.7%, p = 0.150). In our study, however 
patients on ventilator had significantly lower mortality in plasma arm as 
compared to no plasma arm (37.2% vs 49.3%, p = 0.009; OR = 0.61, 
95% CI: 0.42–0.89). This was particularly so for patients on invasive 
ventilator with mortality 63.9% and 82.9% (p = 0.014; OR = 0.37, 95% 
CI: 0.16–0.83) in plasma and no plasma arm, respectively. Joyner et al. 
reported overall 7-day and 30-days mortality of 17.6% and 41% among 
adult COVID-19 patients on mechanical ventilation, who received CP 
[30]. 

Patient outcome in our study was quite similar to the result reported 
by Salazar et al. where they found significant mortality reduction in 
severe and life threatening COVID-19 patients (2.7% vs 8.9%; p = 0.04; 
PE = 3.64, 95% CI: 1.05–12.62) especially when CP was given within 72 
h of admission [31]. 

In our study, we found maximum benefit of CP in ICU patients, in the 
age group 60–74 years, where the mortality in the plasma group was 
26.7% versus 43% in the no plasma group (p = 0.004; OR = 0.50, 95% 
CI: 0.31–0.80). Similar findings were reported by Rogers et al. wherein a 
subgroup analysis of patients above 65-years-old or greater who 
received CP demonstrated a significantly increased hospital discharge 
rate among these patients (RR = 1.86, 95% CI: 1.03–3.36); this 
increased rate of hospital discharge was even more pronounced in a 
subgroup analysis of elderly patients who received 2 units of CP (RR =
2.70, 95% CI: 1.16–6.28) [32]. This study, however, showed no signif-
icant difference in overall in-hospital mortality (12.5% vs 15.8%; p =
0.52; HR = 0.93, 95% CI: 0.39–2.20) or time to hospital discharge (Rate 
Ratio = 1.28, 95% CI: 0.91–1.81) as compared to a control group who 
did not receive CP. The authors of this study attributed the beneficial 
effect of CP in elderly to the waning humoral immunity with age, 
emphasizing the importance played by humoral immunity in combating 
this infection. 

In a study by Joyner et al. on adult COVID-19 patients who received 
CP, 7-day and 30-day mortality was found the lowest in the younger 
people (18–59 years) (7-day mortality 3.1% in 18–39 years and 5.4% in 
40–59 years and 30-days mortality 7.5% in 18–39 years and 15.1% in 
40–59 years) as compared to older people (60–79 years) (7-days 

mortality 10% in 60–69 years and 15.3% in 70–79 years and 30-days 
mortality 27.1% in 60–69 years and 35.3% in 70–79 years) [30]. The 
mortality is expected to be lower in the younger population anyways. 
This study had no control arm. 

Significant difference in mortality between plasma and no plasma 
group was also observed in patients in our study with one comorbidity, 
largely driven by females. This finding has not been reported in litera-
ture so far. The mortality in patients with specific comorbidity such as 
HTN, DM and CAD was not different (minimum p = 0.099; OR = 0.68; 
95% CI: 0.43–1.08) but was significantly different in patients with hy-
pothyroidism (19% vs 42.4%, p = 0.027; OR = 0.32, 95% CI: 
0.11–0.90). This needs further investigation. 

The impact of IgG antibody levels in the transfused plasma on the 
mortality was analyzed by Joyner et al. [30] This was an open label, 
Expanded Access Program (EAP) for the treatment of COVID-19 patients 
with human convalescent plasma. 35,322 transfused patients, across 
2807 acute care facilities in the USA, were included. It was observed that 
patients who received high IgG plasma (>18.45 S/Co), 7-day mortality 
was 8.9% (95% CI: 6.8%–11.7%); for recipients of medium IgG plasma 
(4.62–18.45 S/Co) the mortality was 11.6% (95% CI: 10.3%–13.1%); 
and for recipients of low IgG plasma (<4.62 S/Co) the mortality as 
13.7% (95% CI: 11.1% 16.8%) (p = 0.048). The unadjusted dose- 
response relationship with IgG was significant in 30-day mortality (p 
= 0.021). These findings were in contrast to those found in the Indian 
PLACID study, where the primary outcome (all-cause mortality at 28 
days or progression to severe disease) did not differ between the sub-
groups of participants in the intervention arm who received convales-
cent plasma with detectable neutralizing antibody titres (n = 160) or 
convalescent plasma with neutralizing antibody titres of 1:80 or higher 
(n = 67) or convalescent plasma with no detectable neutralizing anti-
bodies (n = 64) and the control arm. In the present study, we used FDA 
approved (DiaSorin), Quantitative IgG antibody assay against the S1&S2 
protein of SARS COVID-2 virus in our larger centre, which contributed to 
almost 72% of the CP recipients. In the other two smaller centres, Ortho 
Clinical Diagnostic Vitros Anti SARS-COV-2 IgG Chemiluminescent 
Immuno Assay was used. As per Luchsinger et al. Ortho anti-SARS-Cov-2 
total Ig and IgG high-throughput serological assays and Abbott SARS- 
CoV-2 IgG assay quantify levels of antibodies that strongly correlate 
with the results of Nab assay and are consistent with gold standard 
ELISA results [33]. In our study also, we did not find any significant 
difference in mortality with the level of IgG NAb in CP. The mortality in 
low-titre IgG NAb CP group was 25.3% versus 30% in the high-titre 
group (p = 0.393). 

Klassen et al. aggregated patient outcome data from various RCTs, 
matched-control, case series and case report studies and found that CP 
exhibited a 51% reduction in mortality rate compared to patients 
receiving standard treatments (19% vs. 29% mortality; OR:0.49, 95% CI: 
0.37, 0.64, p < 0.001) [34]. 

Our study indicates mortality benefit of CP in severely ill COVID-19 
patients requiring some form of ventilation and in the age group >60 
years, especially women with 1–2 medical comorbidities. We do not 
know the exact mechanism of action of CP in COVID-19, it seems that 
plasma therapy may have a role in reduction of mortality in the highly 
vulnerable patient population of elderly and on ventilator. Perhaps a 
little push by convalescent plasma in this segment of patients was able to 
tilt the balance towards recovery. 

5. Limitations of the study 

It is a retrospective study. During the study duration, patients 
received several treatments such as HCQs, remdesevir, ivermectin, azi-
thromycin, steroids (dexamethasone or methylprednisolone), tociluzi-
mab depending on prevailing guidelines at those time points and at 
treating physician’s discretion. Majority of patients in plasma arm were 
recruited at one centre while no plasma arm patients were at other hubs. 
We also do not have information if some of the patients had already 
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developed adequate antibodies when CPT was administered. These 
limitations notwithstanding, we were able to identify a subset of patients 
with COVID-19, who are likely to benefit the most, from CP. 

6. Conclusions 

The use of convalescent plasma was associated with reduced mor-
tality in severe COVID-19 elderly patients, above 60 years of age, 
particularly females, those with comorbidities and especially those who 
require some form of ventilation. This beneficial effect was lost when the 
entire cohort of patients across varying severity of illness was compared. 
Plasma did not seem to offer any mortality benefit in patients of mod-
erate severity or those who were terminally ill. Further research into the 
mechanism of actions of CP in COVID-19 may help predict the good 
responders. 
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