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Abstract  

Background: Coronavirus disease 2019 (COVID-19), emerged in China at the end of 2019, became a major threat to health around 

the world as it caused significant morbidity and mortality. Convalescent plasma therapy (CPT) has been one of the treatment options in 
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patients with SARS-CoV-2 infection since early 2020 as specific anti-viral drugs were underway. Adding CPT to remdesivir may 

promote recovery in patients with severe COVID-19 infection and it was not clearly known in Myanmar. 

Methods: A hospital based non-randomized interventional study was conducted in COVID-19 treatment centres in Myanmar- Yangon 

and Nay Pyi Taw, from October 2020 to August 2021. One dose of 200 mL of convalescent plasma (CP) derived from recently 

recovered donors, PCR confirmed COVID-19 infection in the past 6 weeks having the total antibody level of at least 32 COI, was 

transfused to the patients with severe or critical COVID-19 infection as an add on therapy to Standard treatment group (Remdesivir). 

The primary outcome was survival status; survive or non-survive. The secondary outcome was duration of hospital stay, the 

requirement for oxygen therapy (increased, same or decreased), changes in chest radiograph (improved, same or worse), and, changes 

in inflammatory markers. Patient data were stratified by age, sex, body weight, co-morbidities and immune status (immune 

compromised or normal immune status). Data were collected by using standardized forms and analysis was done.  

Results: A total of 281 patients with severe/critical COVID-19 infection were enrolled. Base line characteristics in CPT group (n 

=155) and Standard treatment group (n = 126) were comparable. Nearly 70% of patients in CPT group and 76% of patients in Standard 

treatment group survived; however, mean duration of hospital stay was shorter in CPT group (12.53 ± 6.83 days versus17.25 ± 11.17 

days; p <0.001). Nearly 60% of patients in CPT group required less supplementation of oxygen at Day 7 whereas only one third of 

patients in Standard treatment group made improvement in oxygen supplementation (p = 0.01). Both radiological changes and changes 

in inflammatory markers were not different in both groups.  

In view of timing of therapy and survival, 85% percent of survivors in Standard treatment group received treatment early (p < 0.001); 

nevertheless, CPT group did not show similar effect (p=0.08). None of the recipients had transfusion reaction serious side effects. 

Survival analysis revealed the followings: (1) younger age group (< 60 years) survived more in CPT group whereas Standard treatment 

group did not show effect of age on mortality (p = 0.003 versus p = 0.1); (2) nearly 80% of those who did not have co-morbidities in 

CPT group survived whereas Standard treatment group did not significantly reveal the influence of co-morbid status (p = 0.07 versus p 

= 0.4); (3) early treatment had better outcome in Standard treatment group whereas CPT group did not (p = 0.001 versus p = 0.08); (4) 

eighty percent of immune compromised patients in CPT group survived whereas the immune status did not relate with survival in 

Standard treatment group ( p = 0.02 versus p = 0.3).  

Conclusions: In treating patients with severe or critical COVID-19 infection, the survival rate was not different between CPT group 

(convalescent plasma therapy plus Remdesivir) and Standard treatment group (Remdesivir). In survivors, CPT group had significant 

good points; shorter duration of hospital stays and decreased oxygen requirement by Day 7 making cost benefit. CPT saved the 

younger age group than older age group with severe/critical infection. CPT was better than Standard treatment group in saving lives in 

immune compromised patients with severe/critical COVID-19 infection. 

Keywords: Convalescent plasma therapy (CPT); Standard treatment; Remdesivir; severe/ critical COVID-19 infection; Survival; 

Immune compromised 

Introduction 

Coronavirus disease 2019 (COVID-19) has been spreading to the 

whole world since December 2019; it has caused significant 

morbidity and mortality. In Myanmar, in the first wave of 

epidemic, COVID-19 reported cases were identified in March, 

2020; and, the second wave began in October 2020 and the 

number gradually dropped in March 2021. Third wave start in 

May and reached peak in July/August; the number of cases 

decreased in November, 2021. Convalescent plasma therapy 

(CPT) has been one of the treatment options in patients with 

SARS-CoV-2 infection since early 2020 as specific anti-viral 

drugs were underway. Convalescent plasma, a form of passive 

antibody immunotherapy, was used to treat an emerging 

infectious disease: 1918 influenza, severe acute respiratory 

syndrome, pandemic 2009 influenza A (H1N1), avian influenza A 

(H5N1), Ebola, and other viral infections. Several studies showed 

that convalescent plasma therapy decreased the mortality as a 

stopgap treatment while new antivirals and vaccines were being 

developed [1]. CPT was thought to exert an antiviral effect, 

suppressing virus replication till the plasma recipient could 

develop own humoral immune responses. In addition to its 

neutralizing antibody content, a prominent effect of CPT on 

attenuation of systemic cytokine levels possibly contributed to its 

benefits. Various treatments such as anti-viral drugs 

(Remdesivir), immune modulators (corticosteroids, tocilizumab) 

and direct anti-viral therapy (CPT convalescent plasma therapy) 

have been used for treatment of severe COVID-19 infection since 

early 2020. The clinical presentation may vary from 

asymptomatic, mild, moderate, severe and critical depending on 

host immunity, co-morbidity, age and virulence of virus. 

Treatment may be symptomatic if the patient is young, normal 

immune status, and having mild form. Those with moderate and 

severe form must be treated with oxygen therapy to maintain 

oxygen saturation, remdesivir, dexamethasone as anti-

inflammatory action, antibiotics and low molecular weight 
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heparin for anti-coagulation. There were several trials on CPT; 

some were positive whereas some were negative. The earliest 

report from Huban, China was very exciting. CPT was effective 

and safe; three patients who did not combine with antiviral 

therapy after CPT also obtained viral clearance and clinical 

improvement. However, CPT failed to save the life of a 

terminally ill patient. Moreover, another study also believed in 

CPT; it improved the survival of COVID-19 patients in ICU [2]. 

The study done demonstrated the use of CPT; the meta-analysis 

proved too [3-6]. In a double-blind, placebo-controlled, 

randomized trial of high-titer convalescent plasma in older, no 

hospitalized adults with < 72 hours of mild COVID-19 symptoms 

demonstrated the benefit in reduced progression of respiratory 

disease. The strength of the study seemed to be weak as it 

included relatively few participants (80 participants in each arm). 

The trial from Brazil also provided the evidence, CPT lowered 28 

day mortality; but, it was not statistically significant. 

Furthermore, the study done in Argentina pointed out that CPT 

was good if it was given early (< 72 hours) particularly in older 

adults [7-9]. In addition, early administration of high titer CPT 

reduced outpatient hospitalizations by more than 50%. Therefore, 

CPT saved cost and it had wide availability; and, it gave rapid 

resilience to variant emergence from viral genetic drift in the face 

of a changing pandemic. CPT saved immune compromised 

patients, patients with haematological cancer with severe COVID-

19 infection [10-13]. In case series report, a therapeutic benefit of 

CPT in patients with primary antibody deficiency was mentioned 

as safe; and, early re-treatment might be considered in patients 

with persistent viral shedding [14]. Regarding the relation 

between the outcome of CPT and age, all age-groups did not 

show statistically significant clinical benefit; however, significant 

immediate mitigation of hypoxia, reduction in hospital stay as 

well as survival benefit was shown in severe COVID-19 patients 

with ARDS aged less than 67 years receiving CPT [15]. 

Nevertheless, giving CPT to older adult patients was good. 

Therefore, age of the recipients was also controversial point in 

outcome of CPT; old age was mentioned in several reports as 

poor prognostic factor [16-18]. Several studies pointed that the 

outcome of CPT was related with antibody level in donated 

plasma, volume of transfused plasma, timing of plasma infusion, 

and residence of donor in relation to that of recipient and body 

weight of donor. As COVID-19 infection cause high morbidity 

and mortality, and several studies on the various antiviral drugs 

are still under trial [19-23]. One of the famous trials on CPT done 

in early 2020 was PLACID trial India. The researchers from India 

stopped PLACID trial in end of 2020 as CPT did not improve 

survival of patients with moderate COVID-19 infection. Multi-

center randomized controlled trial done in India which included 

adults with moderate COVID-19 infection concluded that 

convalescent plasma was not associated with a reduction in 

progression to severe covid-19 or all-cause mortality [24]. In 

DAWn plasma trial, there was no difference in outcome of 

patients with severe COVID-19 infection which included 320 

patients. RECOVERY trial, randomized study involving more 

than 11,400 patients, confirmed that no significant difference in 

28-day mortality between the convalescent plasma arm and the 

usual care arm; it was also agreed by CONCOR-1 trial and 

REMAP-CAP trial. C3PO study, a single-blind randomized trial 

that evaluated high-titer convalescent plasma for the treatment of 

no hospitalized patients, showed no benefit [25]. In one study 

which included nearly 1,000 cases revealed that CPT did not 

reduce the risk of intubation or death at 30 day in hospitalized 

patients with COVID-19 [26]. On the other hand, some scientists 

recommended that future research on CPT in view of prevention 

and treatment for patients with COVID-19 while other 

therapeutics are being developed [27]. In Myanmar, there was no 

previous study regarding the effect of CPT versus Standard 

treatment (Remdesivir) on outcome of patients with 

severe/critical COVID-19 infection. It is necessary to investigate 

in Myanmar, where the results may differ from that of other 

countries. Therefore, this study aimed to detect the effect of CPT 

versus Standard treatment (Remdesivir) on outcome of patients 

with severe/ critical COVID-19 infection in Myanmar. 

Methods  

Study design and population  

It was a hospital based non-randomized interventional study 

conducted from October 2020 to August 2021in military COVID 

treatment centres: Defence Services Liver Hospital, Yangon and 

No. (2) Defence Services General Hospital (1000-Bedded), Nay 

Pyi Taw. For convalescent plasma collection, the patients 

recovered from confirmed COVID-19 infection were recruited 

and the plasma was taken at 30-60 days after recovery. Donor 

total antibody level was measured at the time of plasma donation. 

SARS-CoV-2 total antibody was measured with the use of E411 

Fully Automated Immune Analyzer [28]. Adequate total antibody 

or high total antibody titer was defined if the total antibody level 

was ≥ 1:32 COI and plasma from donors with adequate antibody 

was collected with plasma separator. The plasma packets were 

stored in 4ºC refrigerator at blood bank. Donor total antibody 

level was checked again prior to transfusion to recipients. The 

patients were diagnosed COVID-19 using SARS-CoV-2 

quantitative real-time reverse transcription polymerase chain 

reaction (RT-PCR) on nasopharyngeal swab samples at 

admission. Confirmed cases with COVID-19 severe/critical 

disease were included after getting informed consent; it was 

obtained from each patient or their legal relatives if patients on 

ventilator.  
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Operational definitions 

Comorbidity was a presence of one or more additional medical 

conditions or diseases diagnosed by physicians. Day of symptom 

onset was the day when the initial symptom began such as runny 

nose, muscle ache, cough, sore throat, dyspnoea, etc. Based on 

WHO severity score, the severity of COVID-19 was classified as 

mild, moderate, severe disease and critical disease. Mild disease 

was symptomatic patients without evidence of viral pneumonia in 

CXR or hypoxia. Moderate disease was confirmed patients with 

clinical signs of pneumonia (fever, cough, dyspnoea, and fast 

breathing), CXR showed pneumonia and SaO2 on air is ≥ 95%. 

Severe disease was confirmed patient with clinical signs of 

pneumonia (fever, cough, dyspnoea, and fast breathing) adding 

one of the following: respiratory rate > 30 breaths per min, severe 

respiratory distress and SpO2 < 90% on room air. Critical disease 

was confirmed COVID-19 patient with one or more of the 

followings: ARDS, sepsis, septic shock and acute thrombosis 

(pulmonary embolism, acute coronary syndrome, and acute 

stroke). Total antibody titer was defined as adequate if the total 

antibody level was ≥ 1:32 COI; already set criteria for donor total 

antibody level for convalescent plasma donation. The hospital 

outcome at the time of discharge from hospital (survival status) 

was either survivor or non-survivor. The discharge criteria were 

determined by attending physician. Timing of plasma therapy was 

“early” if patient obtained CPT or Standard treatment less than 7 

days after symptom onset, and “late” if patient obtained CPT or 

Standard treatment more than 7 days after symptom onset. Early 

therapy group was those who received CPT or Standard treatment 

less than 7 days after symptom onset and late therapy group was 

those who received CPT or Standard treatment more than 7 days 

after symptom onset. Comorbid status was presence of one or 

more comorbid diseases like diabetes mellitus, hypertension, 

chronic kidney disease (eGFR > 30 ml/min), chronic obstructive 

airway disease, bronchial asthma, stroke, chronic liver disease. 

The comorbid associated group was having one or more comorbid 

disease and comorbid non-associated group did not have 

comorbid disease. Immune status was defined as normal or 

immune compromised. Immuno compromised status was those 

not having one of immune compromised state transplant 

recipients, those on oral steroids for more than two weeks, those 

on immune suppressants, systematic lupus erythematous, diabetes 

mellitus, ESRD (eGFR < 30 ml/min), and, haematological 

malignancy, The primary outcome was survival status; survive or 

non-survive. Normal immune status was those not having 

immune compromised state. Secondary outcome was duration of 

hospital stays, and the requirement for oxygen therapy (increased, 

same or decreased). Timing/duration of symptoms onset to 

admission (days) was time from first symptom to arrival at 

hospital. Duration of hospital stay was total duration of hospital 

stay till discharge either in survival state or non-survival state 

which may be beyond secondary outcome i.e., 28 days. Severity 

of lung parenchyma involvement in CXR was calculated by 

Brixia Score as “0 to 18”. Lungs were divided into six zones on a 

postero-anterior (PA) or antero-posterior (AP) projection. In the 

second step, a score (0 to 3) is assigned to each zone based on 

lung abnormalities as follows: (1) “0” if there was no lung 

abnormalities; (2) “1” if there was interstitial infiltrates; (3) “2” if 

there was interstitial and alveolar infiltrates with interstitial 

predominance; and, (4) “3” if there was interstitial and alveolar 

infiltrates with alveolar predominance. Finally, the scores of the 

six lung zones are then added to obtain an overall CXR score 

ranging from 0 to 18. Based on WHO severity score, the clinical 

severity of COVID‐19 infection was classified into four types: 

mild, moderate, severe and critical. In mild category, patients 

have symptoms only, CXR is normal and, SaO2 on air is normal. 

In moderate category, CXR shows pneumonias and SaO2 on air is 

≥ 90%. In severe category, respiratory rate is > 30/min and, SaO2 

on air is < 90%. In critical disease category, the patient has 

ARDS; he may have sepsis with multi-organ dysfunction or septic 

shock or acute thrombosis (pulmonary embolism, acute coronary 

syndrome, acute stroke). Absolute lymphocyte count was low if it 

was less than 1.0 x 10 9 /L. The level of AST was raised if it was 

more than 37 IU/L; the level of ALT was raised if it was more 

than 40 IU/L. The level of ferritin was defined as elevated when it 

was higher than 400 ng/mL (30 - 400 ng/ml). The level of LDH 

was defined as elevated when it was higher than 225 U/l (135 - 

225 U/l).The level of D dimer was defined as elevated when it 

was higher than 0.5 μg/ml (< 0.5 μg/ml). CRP, an acute‐phase 

reactant reflecting the inflammatory activity, was defined as 

elevated when it was higher than 0.5 mg/dl (< 0.5 mg/dl).The 

most recent ferritin, LDH and D dimer and CRP values before 

CPT or Standard treatment administration was selected as the 

value of before therapy and the changes of the value after 

administration was observed for till discharge/ death (24 hour, 72 

hour, 1 week, 2 week, 3 week and 4 week).  

Data collection and procedure  

Potential donor candidates who had PCR confirmed COVID-19 

infection in the past 6 weeks were recruited first. Then, their 

SARS-CoV-2 total antibody was measured with the use of E411 

Fully Automated Immuno Analyzer. Total antibody titer was 

defined as adequate if the total antibody level was ≥ 1:32 COI; it 

was the already set selection criteria for convalescent plasma 

therapy. The plasma from donor having adequate antibody level 

was taken with the use of plasma separator- apheresis machine; 

they were collected in special plasma packet. The name of the 

plasma donor and his antibody level were recorded together with 

blood group- ABO and Rh. Then, they were kept in blood bank. 

One packet of plasma had 200 cc volume. Prior to transfusion, the 
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total antibody level in the plasma packet was checked again and 

noted. Demographic characteristics- sex, age, height, weight, 

comorbidity (hypertension, diabetes mellitus), immune status, and 

timing of CPT or Standard treatment from symptom onset were 

collected using a standardized case report form. Patients with 

confirmed positive results for nasopharyngeal swab PCR were 

initially screened for severity of disease according to WHO 

severity criteria: mild, moderate, severe and critical; those 

patients with severe and critical disease were selected for initial 

enrolment. They all received Standard treatment which included 

remdesivir, dexamethasone, antibiotics, and low molecular weight 

heparin and oxygen therapy. Some of them were given CPT if 

there was available matched ABO/Rh plasma, and, the patients 

himself/close relatives agreed for CPT. For both CPT group and 

Standard treatment group, remdesivir injection was 

contraindicated in the following situation: (1) hyper-

transaminesemia (aspartate aminotransferase [AST] or alanine 

aminotransferase [ALT] more than five times upper limit of 

normal), (2) estimated glomerular filtration rate (eGFR) < 30 

ml/min, (3) pregnancy, (4) lactation, and (5) allergy to remdesivir. 

The study was approved by “Hospital Research and Ethics 

Committee” from No. (1) Defence Services General Hospital 

(1000-Bedded), Mingaladon, Yangon. After getting the informed 

consent for CPT, blood for grouping and matching was done. One 

packet of matched plasma was given under supervision of 

physician. Side effects were monitored and treated accordingly. 

Timing of CPT in relation to symptom onset was recorded too. 

The patients were followed up till discharge or death. Patient data 

were stratified by age, sex, body weight, co-morbidity, immune 

compromised state, timing of CPT or Standard treatment. Data 

were collected by using standardized forms and analysis was 

done. All the data were recorded in proforma. The data were 

checked by two medical officers and then, supervision, 

completeness, and consistency of collected data were performed 

by the principle investigator. The primary outcome was survival 

status; survive or non-survive. The secondary outcome was 

duration of hospital stays, the requirement for oxygen therapy 

(increased, same or decreased), the requirement for ventilatory 

support (required or not), and changes in chest radiograph 

(improved, same or worse) on Day 7 after therapy. The blood 

levels of inflammatory markers (ferritin, LDH, D-dimer and 

CRP), complete picture, liver enzymes, serum creatinine and 

sugar were done before and after CPT (24 hour, 72 hour, 1 week, 

2 week, 3 week and 4 week). The most recent ferritin, LDH and D 

dimer, CRP, complete picture, liver enzymes, serum creatinine 

and sugar values before CPT or Standard treatment administration 

was selected as the value of before therapy and the changes of the 

value after treatment was observed till discharge/death (24 hour, 

72 hour, 1 week, 2 week, 3 week and 4 week). The clinical 

outcome of the patients was evaluated daily till 4 week after 

treatment. Both clinical, radiological and laboratory data were 

collected in standardized preform and confidentiality was 

maintained. The data were checked by two medical officers and 

then, supervision, completeness, and consistency of collected data 

were performed by the principle investigator. 

Sample size calculation 

The output of the sample size calculation for an equivalence trial 

with continuous outcome 

Standard deviation (σ) = 0.80 

Mean difference between 2 groups (ε) = 0.20 

Margin (δ) = 0.50 

Ratio between 2 groups (k) = 1.0 

Alpha (α) = 0.05, Z (0.950) = 1.644854 

Beta (β) = 0.20, Z (0.900) = 1.281552 

 
Sample size: n1 = 122, n2 = 122 

Flow Chart 

 

Statistical analysis  

The collected data were entered into Microsoft Excel 2016 and 

exported to IBM SPSS version 22.0 for Windows for analysis. 

Descriptive statistics were presented as frequency and 

percentages for categorical variables and mean (standard 

deviation, SD), medians and ranges for continuous variables. 

Categorical variables were expressed as counts and percentages, 

and compared using the Chi-square as appropriate. Log-rank test 

was applied to analysis of survival data (viral clearance time 

among plasma recipients according to patients’ and treatment 
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variables). Tests were two-sided, and p values < 0.05 were 

considered statistically significant. Graphs were plotted using 

Graph Pad Prism version 7.0. 

 

Results 

A total of 281 patients with severe/ critical COVID-19 infection 

were enrolled. Base line characteristics in CPT group and 

Standard treatment group was shown in Table (1). The patients in 

CPT group were older; mean age was 65.25 ± 10.33years versus 

58.40 ± 14.85 years. Moreover, their mean body weight was 

heavier (152.27 ± 28.12 lb versus 143.56 ± 27.70 lb); initial SaO2 

on air was lower (86.71 ± 7.90 % versus 88.52 ± 8.70 %). In 

addition, the proportion of associated co-morbidities was larger in 

CPT group (80 % versus 73 %) and immune compromised state 

(61 % versus 38 %) too. Furthermore, the initial inflammatory 

markers (CRP and AST) were higher; and, absolute lymphocyte 

count was lower in CPT group. However, mean CXR severity 

score by Braxia was not different (7.40 ± 3.72 versus 7.42 ± 4.63) 

(Table 1-3). 

Table 1: Baseline Clinical characteristics of two groups CPT group and Standard Treatment group (n=281). 

Clinical Characteristics  CPT group  

(n=155) 

Standard Treatment group 

(n=126) 

Age Group  

< 60 years 50 (32.3%) 60 (38.7%) 

≥ 60 years 105 (67.7%) 66 (42.6%) 

Gender 

Male  104 (67.1%) 66 (52.4%) 

Female 51 (32.9%) 60 (47.6%) 

Comorbid Status  

No Comorbid  31 (20%) 34 (27.0%) 

Presence of Co-Morbid Disease 124 (80%) 92 (73%) 

Comorbid Status  

No Comorbid  31 (20%) 34 (27%) 

< 3 Comorbid Diseases 95 (61.3%) 62 (49.2%) 

≥ 3 Comorbid Diseases 29 (18.7%) 30 (23.8%) 

Immune Status  

Normal  94 (60.6%) 88 (69.8%) 

Immunocompromised status  61 (39.4%) 38 (30.2%) 

Symptom Onset to Treatment  

Early (< 7 days)  87 (56.1%) 87 (69%) 

Late (≥ 7 days)  68 (43.9%) 39 (31%) 

Table 2: Mean values of Clinical characteristics of two groups CPT group and Standard Treatment group (n = 281). 

Mean values of Clinical 

Characteristics  

CPT group  

(n=155) 

Standard Treatment 

group (n=126) 

Mean Difference ‘p’ value  

Age (years) 65.25 ± 10.33 58.4 ± 14.85 6.85 ± 16.99 0.16 

Weight (Lbs) 152.27 ± 28.12 143.56 ± 27.7 8.7 ± 38.5 0.01 

Symptom Onset to Rx(days)  7.27 ± 3.52 6.73± 2.74 0.54 ± 4.41 0.17 

Initial Sa O2 86.71 ± 7.99 88.52 ± 8.70 1.817 ± 11.72 0.84 

Initial CXR Score by Braxia 

Score  

7.4 ± 3.72 7.42 ± 4.63 0.02 ± 0.56 0.97 
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Outcome of two group is demonstrated in (Table 3). Nearly 70% 

of patients in CPT group and 76% of patients in Standard 

treatment group survived; however, mean duration of hospital 

stay was shorter in CPT group (12.53 ± 6.83 days versus 17.25 ± 

11.17; p < 0.001). Nearly 60% of patients in CPT group required 

less supplementation of oxygen at Day 7 whereas only one third 

of patients in Standard treatment group made improvement in 

oxygen supplementation (p = 0.01). Radiological changes were 

not different in both groups (Table 4,5). 

Table 3: Clinical Outcomes of two groups CPT group and Standard Treatment group (n=281). 

Outcomes   CPT group (n=155) Standard Treatment group (n=126) 

Survival Outcome 

Alive 106 (68.4%) 96 (76.2%) 

Death 49 (31.6%) 30 (23.8 %) 

Mean Hospital Stay (days)  12.53 ± 6.83 17.25 ± 11.17 

O2 Requirement at Day 3 after Rx 

Better 14 (9%) 20 (15.9%) 

Same 92 (59.4%) 47 (37.3%) 

Worse 48 (31%) 58 (46%) 

O2 Requirement at Day 7 after Rx  

Better 93 (60%) 44 (34.9%) 

Same 6 (3.9%) 14 (11.1%) 

Worse 40 (25.8%) 55 (43.7%) 

CXR Improvement at Day 7 after Rx  

Better 68 (43.9%) 55 (43.7%) 

Same 37 (23.9%) 47 (37.3%) 

Worse 48 (31%) 24 (19%) 

Table 4: Mean values of Clinical Outcomes of two groups CPT group and Standard Treatment group (n=281). 

Mean values of Clinical 

Outcomes   

CPT group  

(n=155) 

Standard 

Treatment group 

(n=126) 

Mean Difference ‘p’ value  

Hospital Stay (days)  12.53 ± 6.83 17.25 ± 11.17 4.71 ± 13.17 <0.001 

Day3 Oxygen Requirement Score  2.25 ± 0.66  2.29 ± 0.76 0.03 ± 0.96 0.7 

Day7 Oxygen Requirement Score  1.49 ± 1.03 1.88 ± 1.09  0.39 ± 1.68 0.01 

Day 7 CXR score  6.02 ± 4.37 6.43 ± 4.21  0.41 ± 1.42 0.42 

Table 6: Initial laboratory parameters of two groups CPT group and Standard Treatment group (n=281). 

Initial Mean values of 

Laboratory Parameters 

CPT group  

(n=155) 

Standard Treatment 

group (n=126) 

Mean Difference ‘p’ value  

Total WBC 9.85 ± 5.35 9.39 ± 4.19 0.45 ± 6.50 0.65 

ALC 0.76 ± 0.41 1.07 ± 0.82 0.3 ± 0.89 0.03 

Neutrophil 9.09 ± 5.13 5.49 ± 6.12  3.50 ± 7.90 < 0.001 

Platelets 247.75 ± 113.57 252.11 ± 107.95 4.35 ± 163.02  0.77 

ESR 75.26 ± 31.62  64.04 ± 31.63  11.21 ± 42.69 0.1 

CRP 122.16 ± 88.73 103.91 ± 68.71 18.25 ± 82.66 0.06 

Ferritin 788.73 ± 467.94 795.41 ±438.79 6.68 ± 440.12 0.7 

D-dimer 3216.45 ± 1817.18 2237.67 ± 2118.28 978.78 ± 814.12 0.36 
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LDH 438.11 ± 309.16 471.28 ± 260.66 33.17 ± 224.45 0.44 

AST 63.83 ± 61.84  19.41 ± 38.45 44.42 ± 73.09 < 0.001 

ALT 53.37 ± 56.47  59.52 ± 78.62 6.15 ± 103.29 0.7 

Creatinine 1.05 ± 0.52 1.38 ± 1.98 33 ± 0.03 0.07 

Table 6: Serial changes of mean inflammatory markers two groups CPT group and Standard Treatment group (n=281). 

Serial Changes of 

Mean Inflammatory 

Markers   

CPT group  

(n=155) 

Standard Treatment 

group (n=126) 

Mean Difference ‘p’ value  

Total WBC 

Day 0 9.85 ± 5.35 9.39 ± 4.19 0.45 ± 6.5 0.65 

Day 3 10.64 ± 7.83 7.76 ± 5.97 2.88 ± 9.85 0.001 

Day 7 9.14 ± 8.99 9.32 ± 6.32 0.17 ± 10.6  0.85 

Day14  14.07 ± 9.96 13.4 ± 5.76 0.66 ± 12.84 0.75 

ALC 

Day 0 0.76 ± 0.41 1.01 ± 0.82 0.3 ± 0.89 0.03 

Day 3 0.96 ± 0.57  1.06 ± 8.02 1.1 ±8.01 0.21 

Day 7 0.79 ± 0.91 1.07 ± 2.02 2.22 ± 2.99  0.23 

Day14  1.14 ± 0.75  1.64 ± 0.84 0.5 ± 1.13 0.9 

CRP  

Day 0 122 .16 ± 88.73 103.91 ± 68 .71  18.24 ± 37.22 0.05 

Day 3 98.37 ± 80.31 94.94 ± 58.77 3.43 ± 20.30 0.68 

Day 7 80.76 ± 97.73 88.99 ± 47.12 8.23 ± 26.92 0.38 

Day14  31.61 ± 56.49 41.88 ± 23.83  10.26 ± 20.86 0.05 

Ferritin  

Day 0 788.73 ± 467.94 795.41 ±438.79 6.68 ± 440.12 0.7 

Day 3 751 ± 637.26  719.17 ± 412.32 31.83 ±97.56 0.62 

Day 7 721.62 ± 413.30 693.73 ± 416.94 27.9 ± 125.87 0.5 

Day14  658.82 ± 498.31 641.89 ± 203.10  16.93 ± 110.05 0.7 

 D-dimer 

Day 0 3216.45 ± 1817.18 2237.67 ± 2118.28 978.78 ± 814.12 0.36 

Day 3 2377.62 ± 1862.25 2216.01 ±1918.67 161.61 ± 607.34 0.4 

Day 7 1962.52 ± 518.21 1807.68 ± 457.07 154.85 ± 270.96 0.009 

Day14  812.61 ± 415.17 903.01 ± 351.16 90.41 ± 181.97 0.05 

LDH 

Day 0 438.11 ± 309.16 471.28 ± 260.66 33.17 ± 224.45 0.44 

Day 3 418.32 ± 220.08 398.34 ± 268.76 19.98 ± 77.38 0.4 

Day 7 353.32 ± 248.36 333.50 ± 123.46 19.82 ± 67.55 0.41 

Day14  165.18 ± 182.6 108.23 ± 157.44  56.95 ± 97.51 0.006 
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Table 7: Relationship between clinical characteristics and clinical outcomes of two groups CPT group and Standard Treatment group (n = 281). 

 

Clinical Characteristics  

CPT group  

(n=155) 

Standard Treatment group (n=126) 

Death  Alive  Death  Alive  

Age Group  

< 60 years 8 (16%) 42 (84%) 11 (18.3 %) 49 (81.7%) 

≥ 60 years 41 (39%) 64 (61%) 19 (28.8%) 47 (71.2%) 

‘p’ value p = 0.003 p = 0.1 

Gender 

Male  33 (31.7%) 71 (68.3%) 18 (27.3%) 48 (72.7%) 

Female 16 (31.4%) 35 (68.6%) 12 (20%) 48 (80%) 

‘p’ value p = 0.5 p = 0.12 

Comorbid Status  

No Comorbid  6 (19.4 %) 25 (80.6%) 4 (11.8%) 30 (88.2%) 

Presence of Co-Morbid Disease 43 (34.7%) 81 (65.3%) 26 (28.3%) 66 (71.7%) 

‘p’ value  p = 0.07 p = 0.4 

Symptom Onset to Rx  

Early (<7 days) 32 (36.8%) 55 (63.2%) 13 (14.9%) 74 (85.1%) 

Late (> 7 days)  17 (25%) 51 (75%) 17 (43.6%) 22 (56.4%) 

‘p’ value  p = 0.08 p = 0.001 

Immune Status  

Normal  28 (29.8%) 66 (70.2) 16 (18.2%) 72 (81.8%) 

Immunocompromised State 12 (19.67%) 49 (80.32%) 14 (36.8%) 24 (63.2%) 

‘p’ value  p = 0.02 p = 0.3 

 

Table (5) shows initial laboratory parameters two groups CPT 

group and Standard treatment group. All the inflammatory 

markers like ESR, CRP, and ferritin, D-dimer, LDH, ALT and 

AST were raised. Nevertheless, initial inflammatory markers 

(CRP, ESR, D dimer and AST) were higher in CPT group; and, 

absolute lymphocyte count was lower in CPT group. Serial 

changes of mean inflammatory markers two groups CPT group 

and standard treatment group is demonstrated in Table (6). There 

was no significant difference in changes (Table 6,7). 

Relationship between clinical characteristics and clinical 

outcomes revealed three important points. Younger age group (< 

60 years) survived more in CPT group (P = 0.003) whereas 

Standard treatment group did not show effect of age on mortality 

(p = 0.1). Nearly 80% of those who did not have co-morbidities in 

CPT group survived (P = 0.07) whereas Standard treatment group 

did not significantly reveal the influence of co-morbid status (p = 

0.4). Eighty percent of immune compromised patients in CPT 

group survived (p = 0.02) whereas the immune status did not 

affect survival in Standard treatment group (p = 0.3). In view of 

timing of therapy, 85% percent of survivors in Standard treatment 

group received treatment early (p = 0.001); nevertheless, CPT 

group did not show effect of early treatment on mortality (p = 

0.08). None of the recipients had transfusion reaction serious side 

effects. 

Discussion 

Among 281 cases with severe/critical COVID-19 infection, 155 

patients received CPT and 126 patients received Standard 

treatment. Base line clinical characteristics (age, sex, and duration 

of symptom onset to treatment, initial SaO2 on air, associated co-

morbidities and immune status) in CPT group and Standard 

treatment group were generally comparable; however, those in 

CPT group were having larger body weight in this study. Nearly 

70% of patients in CPT group and 76% of patients in Standard 

treatment group survived. Therefore, CPT was not superior to 

Standard treatment; add on plasma therapy to remdesivir did not 

have benefit on mortality. Thus, this study confirmed previous 

reports (PLACID trial) (RECOVERY trial) (CONCOR-1 trial) 

(REMAP-CAP trial). Likewise, in one study which included 

nearly 1,000 cases revealed that CPT did not reduce the risk of 

intubation or death at 30 day in hospitalized patients with 

COVID-19. Moreover, the trial from Brazil also proved that CPT 

lowered 28 day mortality; but, it was not statistically significant. 

The factors related with convalescent plasma like the level of 



                                                         Phyu Pyar, SunText Rev Virol (2022), 3:1 

    

Citation: Phyu Pyar K, Phyoe Kyaw A, Lin Maung N, Htet Aung ZN, Min Aung S, Aung Aung, et al. (2022). Efficacy of Convalescent 
Plasma Therapy (CPT) plus Remdesivir versus Standard Therapy (Remdesivir) In Patients with Severe or Critical COVID-19 Infection in 
Second and Third Wave of Epidemics in Myanmar: Non-Randomized Interventional Study. SunText Rev Virol 3(1): 128.       

 

antibody titer and the volume of plasma did alter the outcome of 

CPT in some findings. In this study, total antibody titer was used 

and defined as adequate if the total antibody level was ≥ 1:32 

COI; it was the already set as selection criteria for convalescent 

plasma therapy. In view of volume of plasma, all the patients 

received one unit of plasma in this study; and C3PO study, 

DAWn plasma trial and RECOVERY trial proved that the 

outcome would not be changed by giving high volume of plasma. 

Likewise, in C3PO study, a single-blind randomized trial that 

evaluated high-titer convalescent plasma for the treatment of no 

hospitalized patients, showed no benefit. It was also confirmed by 

DAWn plasma trial and RECOVERY trial; transfusion of a high 

volume of 4 units of convalescent plasma with high neutralising 

antibody-titres early in hospitalised COVID-19 patients did not 

result in a significant improvement of the clinical status, nor did 

the intervention reduce mortality. In CPT group, the mean age 

was older than Standard treatment group (65.25 ± 10.33 years 

versus 58.40 ± 14.85 years). The older age group was reported as 

one of the poor prognostic factors in several studies; in CPT 

group older age group (> 60 years) were non-survivors (P = 

0.003) whereas Standard treatment group did not have the effect 

of age on mortality (p = 0.1). The finding was similar in one 

report where all age-groups did not show statistically significant 

clinical benefit; significant immediate mitigation of hypoxia, 

reduction in hospital stay as well as survival benefit was recorded 

in severe COVID-19 patients with ARDS aged less than 67 years 

receiving CPT [29]. Nevertheless, suggested to give CPT to older 

adult patient. Therefore, age of the recipients was also 

controversial point in outcome of CPT; old age was mentioned in 

several reports as poor prognostic factor. In this study in CPT 

group, the mean weight of the patients was heavier than that of 

Standard treatment group (152.27 ± 28.12 lb versus 143.56 ± 27.7 

lb; p = 0.001); this may be one reason favouring poor outcome of 

CPT group. As of timing of therapy, the study from Argentina 

confirmed that CPT was good if it was given early (< 72 hours) 

particularly in older adults. Generally, the survival rate was better 

if the treatment was given early; it was more significant in 

Standard treatment group. In COVID era, the big burden was not 

only on the government concerned but also on the health care 

professionals. Therefore, the longer the hospital stay, the slower 

the turn rate of hospital beds; more costly. In this study, the 

duration of hospital stay was significantly shorter in CPT group 

(12.53 ± 6 days versus 17.25 ± 11.17 days; p < 0.001); reducing 

the workload for health care professional. Thus, CPT provided 

one of the solutions for preservation of health care workers 

particularly in the peak of COVID-19 epidemic. Nearly 60% of 

patients in CPT group required less supplementation of oxygen at 

Day 7 whereas only one third of patients in Standard treatment 

group made improvement in oxygen supplementation; saving 

oxygen too. It confirmed the report by Sullivan; early 

administration of high titer CPT reduced outpatient 

hospitalizations by more than 50%; thus, CPT was economical. In 

resource poor settings, all the cost- oxygen, remdesivir and CPT 

were not cheap; moreover, the drugs were in out-of-stock 

especially at peak of epidemics. We ourselves could collect and 

arrange CPT; however, we could not produce remdesivir in our 

country. In the time of shortage of drug, remdesivir, CPT may be 

our own product. In treating severe COVID-19 infection, immune 

status plays an essential role. In this study, immune compromised 

state was noted in 61% of patients in CPT group and 38% in 

Standard treatment group. Relation between the immune status 

and survival in two groups was different. In CPT group, immune 

compromised patients survived significantly than those with 

normal immune status (p = 0.02); the effect of Standard therapy 

on immune status and survival was not pronounced (p = 0.3). 

Therefore, CPT influenced the outcome in immune compromised 

patients with severe or critical COVID-19 infection. It provided 

the previous evidence that CPT saved immune compromised, 

patients with haematological cancer with severe COVID-19 

infection. Likewise, also observed 28 cases of severely 

immunosuppressed with COVID-19 infection; CPT was found to 

be helpful. There were several limitations in this study. First, 

donors for CPT were not easily available especially in third wave 

of epidemics; thus, most of the recipients for CPT were recovery 

patients from second wave. It was one reason for having 

relatively small number of cases. Therefore, it was not possible to 

perform a large randomized control trial. The cost of Remdesivir 

was not cheap for developing country; moreover, shortage of drug 

in peak of third wave. The outcome of both groups would have 

changed if the patients received them early. If they got the therapy 

early, they would survived more. In addition, this study would be 

stronger if it was a randomized control trial with larger number of 

cases. Furthermore, the sample size was not large though the 

study covered 1000-bedded and 300-bedded COVID treatment 

centres. Finally, observation with a sufficient number of COVID‐

19 patients in a randomized control trial is still needed to 

document the effectiveness of CPT both view; out-patient 

treatment for prevention of progression of disease and in-patient 

treatment for severe/critical cases particularly immune 

compromised patients. 

Conclusions 

Although the severity criteria in entry point was the same, severe 

or critical by WHO, patients in CPT group were having some 

factors favouring poor prognosis than Standard treatment group in 

both clinical and laboratory aspects: old age, heavier body weight 

and co-morbidities, higher CRP and AST, and lower absolute 

lymphocyte count. Convalescent plasma therapy plus Remdesivir 

(CPT group) was not better than Standard treatment group 

(Remdesivir) in treating patients with severe or critical COVID-
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19 infection. Among the survivors, the duration of hospital stay 

was shorter in CPT group; moreover, the improvement in oxygen 

requirement by Day 7 was better in them too. Older age and 

larger body weight in CPT group may alter treatment outcome. 

The immune status did not determine the survival in Standard 

treatment group; however, eighty percent of immune 

compromised patients were significantly saved by CPT. The 

outcome of immune compromised patients with severe or critical 

COVID-19 infection would be better with CPT.  

Recommendation 

Randomized control trial with large number of cases particularly 

with immune compromised state are required for better 

information. CPT may save lives in severe/critical cases if they do 

not respond to anti-viral drugs and IL 6 antagonist. If the donors 

for CPT are easily available, CPT should be given early to 

immune compromised patients with moderate to severe COVID-

19 infection.  

Acknowledgements 

The authors would like to thank all the candidates for giving 

informed consent to this study. The authors also acknowledged 

Prof Ko Ko Lwin, Prof Kyaw Zay Ya, Prof Myint Zaw, Prof 

Aung Myat Kyaw and Dr Zaw Myo Han for administrative 

support, Professor Yu Aye Latt and team for intensive care, 

Professor Ohmar Hlaing for radiological support, and Professor 

Tin Moe Mya, Professor Tin Tin San, Professor Khine Khine Su 

and Dr Kyaw Wunna for laboratory support. 

Declaration of Conflict of Interest 

The authors declared no potential conflicts of interests with 

respect to authorship and publication of this article. 

Ethical Approval 

This study was approved by Hospital Research and Ethic 

Committee from Defence Services General Hospital (1000-

Bedded) Mingaladon, Myanmar. Informed consent was also taken 

from each patient.  

Funding 

The authors received no financial support for publication of this 

article. 

References 

1. Liu STH, Lin HM, Baine I, Wajnberg A, Gumprecht JP, Rahman F, 

et al. Convalescent plasma treatment of severe COVID-19: A 

propensity score–matched control study. Nature Med. 2020; 26: 

1708-1713.  

2. Hatzl S, Posch F, Sareban N, Stradner M, Rosskopf K, Reisinger AC, 

et al. Convalescent plasma therapy and mortality in COVID-19 

patients admitted to the ICU: a prospective observational study. 

Annals Intensive Care. 2021; 11: 73.  

3. Casadevall A, Dragotakes Q, Johnson PW, Senefeld JW, Klassen 

SA, Wright RS, et al. Convalescent plasma use in the USA was 

inversely correlated with COVID-19 mortality. ELife. 2021; 10: 

69866.  

4. Joyner MJ, Carter RE, Senefeld JW, Klassen SA, Mills JR, Johnson 

PW, et al. Convalescent plasma antibody levels and the risk of death 

from Covid-19. New England J Med. 201; 384: 1015-1027.  

5. Klassen SA, Senefeld JW, Johnson PW, Carter RE, Wiggins CC, 

Shoham S, et al. The effect of convalescent plasma therapy on 

mortality among patients With COVID-19: Systematic Review and 

Meta-analysis. Mayo Clinic Proceedings. 2021; 96: 1262-1275.  

6. Kunze KL, Johnson PW, Helmond N, Senefel, JW, Petersen MM, 

Klassen SA, et al. Mortality in individuals treated with COVID-19 

convalescent plasma varies with the geographic provenance of 

donors. Nature Communications. 2021; 12: 4864. 

7. Libster R, Marc GP, Wappner D, Coviello S, Bianchi A, Braem V, et 

al. Early high-titer plasma therapy to prevent severe Covid-19 in 

older adults. New England J Med. 2021; 384: 610-618.  

8. Sullivan DJ, Gebo KA, Shoham S, Bloch EM, Lau B, Shenoy AG, et 

al. Randomized controlled trial of early outpatient COVID-19 

treatment with high-titer convalescent plasma. MedRxiv. 2021.  

9. Donnell MR, Grinsztejn B, Cummings MJ, Justman JE, Lamb MR, 

Eckhardt CM, et al. A randomized double-blind controlled trial of 

convalescent plasma in adults with severe COVID-19. J Clinical 

Investigation. 2021; 131.  

10. Thompson MA, Henderson JP, Shah PK, Rubinstein SM, Joyner MJ, 

Choueiri TK, et al. COVID-19 and cancer consortium association of 

convalescent plasma therapy with survival in patients with 

hematologic cancers and COVID-19. JAMA Oncol. 2021; 7: 1167-

1175.  

11. Fung M, Nambiar A, Pandey S, Aldrich JM, Teraoka J, Freise C, et 

al. Treatment of immune compromised COVID-19 patients with 

convalescent plasma. Transplant Infectious Disease: An Official J 

Transplantation Society. 2021; 23: 13477-13477.  

12. Casarola G, Abbondanza M, Curcio R, Alcidi R, Campanella T, 

Rossi R, et al. Efficacy of convalescent plasma therapy in immune 

compromised patients with COVID-19: A case report. Clinical 

Infection in Practice. 2021; 12: 100096.  

13. Ljungquist O, Lundgren M, Iliachenko E, Mansson F, Bottiger B, 

Olsson M, et al. Convalescent plasma treatment in severely 

immunosuppressed patients hospitalized with COVID-19: An 

observational study of 28 cases. Infectious Dis. 2020; 54: 283-291.  

14. Meli JL, Fuchs J, Mathe P, Ho H, Kern L, Jaki L, et al. Case Series: 

Convalescent Plasma Therapy for Patients with COVID-19 and 

Primary Antibody Deficiency. J Clinical Immunol. 2022; 42: 253-

265.  

15. Ray Y, Paul SR, Bandopadhyay P, Rozario R, Sarif J, Lahiri A, et al. 

Clinical and immunological benefits of convalescent plasma therapy 

in severe COVID-19: Insights from a single center open label 

randomized control trial. MedRxiv. 2020. 

16. Hong D, Lee S, Choi YJ, Moon S, Jang Y, Cho YM, et al. The age-

standardized incidence, mortality, and case fatality rates of COVID-

19 in 79 countries: A cross-sectional comparison and their 

https://www.nature.com/articles/s41591-020-1088-9
https://www.nature.com/articles/s41591-020-1088-9
https://www.nature.com/articles/s41591-020-1088-9
https://www.nature.com/articles/s41591-020-1088-9
https://link.springer.com/article/10.1186/s13613-021-00867-9
https://link.springer.com/article/10.1186/s13613-021-00867-9
https://link.springer.com/article/10.1186/s13613-021-00867-9
https://link.springer.com/article/10.1186/s13613-021-00867-9
https://elifesciences.org/articles/69866
https://elifesciences.org/articles/69866
https://elifesciences.org/articles/69866
https://elifesciences.org/articles/69866
https://www.sciencedirect.com/science/article/pii/S0025619621001403
https://www.sciencedirect.com/science/article/pii/S0025619621001403
https://www.sciencedirect.com/science/article/pii/S0025619621001403
https://www.sciencedirect.com/science/article/pii/S0025619621001403
https://www.nature.com/articles/s41467-021-25113-5
https://www.nature.com/articles/s41467-021-25113-5
https://www.nature.com/articles/s41467-021-25113-5
https://www.nature.com/articles/s41467-021-25113-5
https://www.jci.org/articles/view/150646
https://www.jci.org/articles/view/150646
https://www.jci.org/articles/view/150646
https://www.jci.org/articles/view/150646
https://jamanetwork.com/journals/jamaoncology/article-abstract/2780916
https://jamanetwork.com/journals/jamaoncology/article-abstract/2780916
https://jamanetwork.com/journals/jamaoncology/article-abstract/2780916
https://jamanetwork.com/journals/jamaoncology/article-abstract/2780916
https://jamanetwork.com/journals/jamaoncology/article-abstract/2780916
https://onlinelibrary.wiley.com/doi/full/10.1111/tid.13477
https://onlinelibrary.wiley.com/doi/full/10.1111/tid.13477
https://onlinelibrary.wiley.com/doi/full/10.1111/tid.13477
https://onlinelibrary.wiley.com/doi/full/10.1111/tid.13477
https://www.sciencedirect.com/science/article/pii/S2590170221000339
https://www.sciencedirect.com/science/article/pii/S2590170221000339
https://www.sciencedirect.com/science/article/pii/S2590170221000339
https://www.sciencedirect.com/science/article/pii/S2590170221000339
https://link.springer.com/article/10.1007/s10875-021-01193-2
https://link.springer.com/article/10.1007/s10875-021-01193-2
https://link.springer.com/article/10.1007/s10875-021-01193-2
https://link.springer.com/article/10.1007/s10875-021-01193-2
https://www.medrxiv.org/content/10.1101/2020.11.25.20237883.abstract
https://www.medrxiv.org/content/10.1101/2020.11.25.20237883.abstract
https://www.medrxiv.org/content/10.1101/2020.11.25.20237883.abstract
https://www.medrxiv.org/content/10.1101/2020.11.25.20237883.abstract


                                                         Phyu Pyar, SunText Rev Virol (2022), 3:1 

    

Citation: Phyu Pyar K, Phyoe Kyaw A, Lin Maung N, Htet Aung ZN, Min Aung S, Aung Aung, et al. (2022). Efficacy of Convalescent 
Plasma Therapy (CPT) plus Remdesivir versus Standard Therapy (Remdesivir) In Patients with Severe or Critical COVID-19 Infection in 
Second and Third Wave of Epidemics in Myanmar: Non-Randomized Interventional Study. SunText Rev Virol 3(1): 128.       

 

correlations with associated factors. Epidemiology Health. 2021; 43: 

2021061.  

17. Biswas M, Rahaman S, Biswas TK, Haque Z, Ibrahim B. Association 

of Sex, Age, and Comorbidities with Mortality in COVID-19 

Patients: A Systematic Review and Meta-Analysis. Intervirology. 

2021; 64: 36-47.  

18. Goldstein JR, Lee RD. Demographic perspectives on the mortality of 

COVID-19 and other epidemics. Proceedings National Academy Sci. 

2020; 117: 22035.  

19. Focosi D, Franchini M. COVID-19 convalescent plasma therapy: Hit 

fast, hit hard. Vox Sanguinis. 2021. 

20. Devos T, Thillo Q, Compernolle V, Najdovski T, Romano M, Dauby 

N, et al. Early high antibody-titre convalescent plasma for 

hospitalized COVID-19 patients: DAWn-plasma. European 

Respiratory J. 2021; 2101724.  

21. Wood EM, Estcourt LJ, McQuilten ZK. How should we use 

convalescent plasma therapies for the management of COVID-19. 

Blood. 2021; 137: 1573-1581.  

22. Candia PD, Prattichizzo F, Garavelli S, Grotta RL, Rosa AD, 

Pontarelli A, et al. Effect of time and titer in convalescent plasma 

therapy for COVID-19. I Sci. 2021; 24: 102898.  

23. Pyar KP, Hla S, Hlaing SW, Aung S, Aung YL, Oo H, et al. 

Convalescent plasma therapy in patients with severe COVID-19 

infection: Donor total antibody level matters. 2021; 7: 1-9. 

24. Agarwal A, Mukherjee A, Kumar G, Chatterjee P, Bhatnagar T, 

Malhotra P, et al. Convalescent plasma in the management of 

moderate covid-19 in adults in India: Open label phase II multicentre 

randomised controlled trial (PLACID Trial). BMJ. 2020. 

25. Axfors C, Janiaud P, Schmitt AM, Hooft VJ, Smith ER, Haber NA, 

et al. Association between convalescent plasma treatment and 

mortality in COVID-19: A collaborative systematic review and meta-

analysis of randomized clinical trials. BMC Infectious Dis. 2021; 21: 

1170.  

26. Begin P, Callum J, Jamula E, Cook R, Heddle NM, Tinmouth A, et 

al. The CONCOR-1 Study Group. Convalescent plasma for 

hospitalized patients with COVID-19: An open-label, randomized 

controlled trial. Nature Med. 2021; 27: 2012-2024.  

27. Peng L, Guo X, Gao Y, Guo Q, Zhang J, Fang B, et al. Impact of 

right coronary dominance on triple-vessel coronary artery disease: A 

cross-sectional study. Med. 2018; 97.  

28. Chan CW, Parker K, Tesic V, Baldwin A, Tang NY, Wijk XMR, et 

al. Analytical and Clinical Evaluation of the Automated Elecsys 

Anti-SARS-CoV-2 antibody assay on the Roche cobas e602 

Analyzer. American J Clinical Pathol. 2021; 154: 620-626.  

29. Hu X, Hu C, Jiang D, Zuo Q, Li Y, Wang Y, et al. Effectiveness of 

Convalescent plasma therapy for COVID-19 patients in Hunan, 

China. Dose-Response. 2020; 18: 1559325820979921.  

https://www.karger.com/Article/Abstract/512592
https://www.karger.com/Article/Abstract/512592
https://www.karger.com/Article/Abstract/512592
https://www.karger.com/Article/Abstract/512592
https://www.pnas.org/content/117/36/22035?__cf_chl_jschl_tk__=75ed4386210cddc66f64e229678b601189a448e5-1605738660-0-AbLzZsGEYzo8Roe_M3XzaHpYS4EggFNtmZhT_MV9ZPrh6K7NUdvy-JcG6DGqMRJ_ycB9frNUlMz1hboF_Ksup45VIrKhVRtt13Iq01biIdr-8nxJxmlf2WpI-2b1jRHad5z-Z9d_pUbB2YyDUjE2AskvRhMNwRZbDM9cN4HyiWvT1sK-cUU2aYavTWTozrs8rNa4si1F0VARej3MDsS6rjIzanPamWuFZeyMA-wLJvEP3UQ4tIC-wsGykQMsWyaTeW4Ee9AMUlCUivI8XpxG4jdaXs_G6A2wAQB9VZU0rRx9KpjK1_SLtDU2a90Jlu25-xhUUWn_LUqTCz1KMG8CFEs
https://www.pnas.org/content/117/36/22035?__cf_chl_jschl_tk__=75ed4386210cddc66f64e229678b601189a448e5-1605738660-0-AbLzZsGEYzo8Roe_M3XzaHpYS4EggFNtmZhT_MV9ZPrh6K7NUdvy-JcG6DGqMRJ_ycB9frNUlMz1hboF_Ksup45VIrKhVRtt13Iq01biIdr-8nxJxmlf2WpI-2b1jRHad5z-Z9d_pUbB2YyDUjE2AskvRhMNwRZbDM9cN4HyiWvT1sK-cUU2aYavTWTozrs8rNa4si1F0VARej3MDsS6rjIzanPamWuFZeyMA-wLJvEP3UQ4tIC-wsGykQMsWyaTeW4Ee9AMUlCUivI8XpxG4jdaXs_G6A2wAQB9VZU0rRx9KpjK1_SLtDU2a90Jlu25-xhUUWn_LUqTCz1KMG8CFEs
https://www.pnas.org/content/117/36/22035?__cf_chl_jschl_tk__=75ed4386210cddc66f64e229678b601189a448e5-1605738660-0-AbLzZsGEYzo8Roe_M3XzaHpYS4EggFNtmZhT_MV9ZPrh6K7NUdvy-JcG6DGqMRJ_ycB9frNUlMz1hboF_Ksup45VIrKhVRtt13Iq01biIdr-8nxJxmlf2WpI-2b1jRHad5z-Z9d_pUbB2YyDUjE2AskvRhMNwRZbDM9cN4HyiWvT1sK-cUU2aYavTWTozrs8rNa4si1F0VARej3MDsS6rjIzanPamWuFZeyMA-wLJvEP3UQ4tIC-wsGykQMsWyaTeW4Ee9AMUlCUivI8XpxG4jdaXs_G6A2wAQB9VZU0rRx9KpjK1_SLtDU2a90Jlu25-xhUUWn_LUqTCz1KMG8CFEs
https://erj.ersjournals.com/content/59/2/2101724.abstract
https://erj.ersjournals.com/content/59/2/2101724.abstract
https://erj.ersjournals.com/content/59/2/2101724.abstract
https://erj.ersjournals.com/content/59/2/2101724.abstract
https://ashpublications.org/blood/article-abstract/137/12/1573/474185
https://ashpublications.org/blood/article-abstract/137/12/1573/474185
https://ashpublications.org/blood/article-abstract/137/12/1573/474185
https://www.sciencedirect.com/science/article/pii/S258900422100866X
https://www.sciencedirect.com/science/article/pii/S258900422100866X
https://www.sciencedirect.com/science/article/pii/S258900422100866X
https://link.springer.com/article/10.1186/s12879-021-06829-7
https://link.springer.com/article/10.1186/s12879-021-06829-7
https://link.springer.com/article/10.1186/s12879-021-06829-7
https://link.springer.com/article/10.1186/s12879-021-06829-7
https://link.springer.com/article/10.1186/s12879-021-06829-7
https://www.nature.com/articles/s41591-021-01488-2
https://www.nature.com/articles/s41591-021-01488-2
https://www.nature.com/articles/s41591-021-01488-2
https://www.nature.com/articles/s41591-021-01488-2
https://academic.oup.com/ajcp/article-abstract/154/5/620/5894641
https://academic.oup.com/ajcp/article-abstract/154/5/620/5894641
https://academic.oup.com/ajcp/article-abstract/154/5/620/5894641
https://academic.oup.com/ajcp/article-abstract/154/5/620/5894641
https://journals.sagepub.com/doi/full/10.1177/1559325820979921
https://journals.sagepub.com/doi/full/10.1177/1559325820979921
https://journals.sagepub.com/doi/full/10.1177/1559325820979921

