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ABSTRACT
Rationale Convalescent plasma (CCP) has been studied 
as a potential therapy for COVID-19, but data on its efficacy 
in Africa are limited.
Objective In this trial we set out to determine the efficacy 
of CCP for treatment of COVID-19 in Uganda.
Measurements Patients with a positive SARS- CoV-2 
reverse transcriptase (RT)- PCR test irrespective of disease 
severity were hospitalised and randomised to receive 
either COVID-19 CCP plus standard of care (SOC) or SOC 
alone. The primary outcome was time to viral clearance, 
defined as having two consecutive RT- PCR- negative tests 
by day 28. Secondary outcomes included time to symptom 
resolution, clinical status on the modified WHO Ordinal 
Clinical Scale (≥1- point increase), progression to severe/
critical condition (defined as oxygen saturation <93% or 
needing oxygen), mortality and safety.
Main results A total of 136 patients were randomised, 69 
to CCP+SOC and 67 to SOC only. The median age was 50 
years (IQR: 38.5–62.0), 71.3% were male and the median 
duration of symptom was 7 days (IQR=4–8). Time to viral 
clearance was not different between the CCP+SOC and 
SOC arms (median of 6 days (IQR=4–11) vs 4 (IQR=4–6), 
p=0.196). There were no statistically significant 
differences in secondary outcomes in CCP+SOC versus 
SOC: time to symptom resolution (median=7 (IQR=5–7) 
vs 7 (IQR=5–10) days, p=0.450), disease progression (9 
(22.0%) vs 7 (24.0%) patients, p=0.830) and mortality (10 
(14.5%) vs 8 (11.9%) deaths, p=0.476).
Conclusion In this African trial, CCP therapy did not result 
in beneficial virological or clinical improvements. Further 
trials are needed to determine subgroups of patients who 
may benefit from CCP in Africa.
Trial registration number NCT04542941.

INTRODUCTION
COVID-19 has posed a significant global 
health emergency especially in under- 
resourced health settings. Uganda reported 
its first case of COVID-19 on 21 March 2020, 

and since then 88 674 cases and 2203 deaths 
have been reported.1

Infection prevention measures are key to 
COVID-19 control resulting in flattening 
of infection curves in several countries.2 
Recent scientific advances such as vaccine 
development and roll- out have created 
hope to ending the pandemic. However, 
cost, logistical challenges with vaccine cold 
chain and emergence of viral variants justify 
continued efforts to find effective COVID-19 
treatments.3 4 With the exception of anti- 
inflammatory agents such as dexamethasone, 
interleukin blocking agents such as tocili-
zumab and anti- SARS- CoV-2 monoclonal anti-
bodies, several other repurposed medications 
for treatment of COVID-19, such as hydroxy-
chloroquine and remdesivir, have not been 
found to be conclusively beneficial.5–11

Convalescent plasma (CCP), a form of 
passive immunisation, has been used for 
treatment of infections for over 100 years.12 
COVID-19 CCP has also been evaluated as 
a potential COVID-19 treatment in several 
randomised and non- randomised trials with 
mixed results (both clinical and virological 

Key messages

 ► Convalescent plasma has been studied as a poten-
tial therapy for COVID-19, but data on its efficacy in 
Africa are limited.

 ► In this African trial, COVID-19 convalescent plasma 
therapy did not result in beneficial virological or clin-
ical improvements.

 ► COVID-19 convalescent plasma has been evaluated 
as a potential COVID-19 treatment in several ran-
domised and non- randomised trials with mixed re-
sults on both clinical and virological outcomes.
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outcomes). Some trials reported benefit, while others did 
not.13–22 Li et al19 found that patients treated with CCP 
achieved significantly higher rates of viral clearance at 
24, 48 and 72 hours than those not treated with CCP.19

CCP exerts its antiviral effects through a number of 
mechanisms.23 The antibodies in plasma block glyco-
proteins on the surface of the viruses, thereby inhibiting 
fusion and entry into the cell, preventing the release of 
progeny virions from the infected cells and inhibiting 
extracellular proteolytic cleavage of viral protein and 
infected cells clearance.24 25 Other antibody- mediated 
pathways contribute to viral clearance, such as antibody- 
dependent cell- mediated cytotoxicity, complement 
activation and cytotoxicity and phagocytic clearance of 
complement- coated targets.26 This rapid viral clearance 
eliminates the stimulus for the cytokine release cascade 
which is believed to perpetuate tissue injury post viral 
replication.

We conducted a randomised, open- label clinical trial 
to determine if administration of CCP to patients who 
were reverse transcriptase (RT)- PCR- positive at the time 
of hospitalisation would lead to earlier clearance of 
SARS- CoV-2 and better clinical outcomes.

METHODS
Trial design
The CCP trial was an open- label, randomised clinical 
trial conducted at Mulago National Referral Hospital 
(MNRH) COVID-19 Treatment Unit. The trial included 
patients with documented SARS- CoV-2- positive RT- PCR 
performed at the trial laboratory of Makerere University 
Department of Immunology and Molecular Biology. We 
excluded patients with a prior diagnosis of IgA deficiency 
and those unable to participate in follow- up procedures. 
Permuted block randomisation with varying sizes of 
blocks was used to randomly assign eligible participants 
to receive either CCP plus standard of care (CCP +SOC) 
or standard of care only (SOC). All participants provided 
written informed consent prior to enrolment.

Patient and public involvement
Participants’ involvement in the baseline survey assisted 
us in identifying individuals who recovered from 
SARS- CoV-2. These formed a pool of participants from 
whom we obtained CCP. For results dissemination, 
we informed plasma donors and recipients about the 
outcome of the clinical trials through follow- up visits to 
the hospital.

Intervention
The intervention was CCP. We obtained details of 
COVID-19 survivors from the national database and 
contacted them by telephone to donate plasma for use 
in the trial. Initial screening was done telephonically 
using the Uganda blood transfusion checklist. Potentially 

eligible donors underwent further screening at the donor 
centre set up at MNRH.27 The details of the process of 
acquiring and processing the CCP have been previously 
published.27 28 The lower limit of anti- SARS- CoV-2 IgG 
antibody titres for plasma units was 27.5 AU/mL, which 
was equivalent to 2.2 µg/mL. Neutralising antibody titre 
testing was not performed due to logistical reasons. For 
randomisation, we used permuted blocks with varying 
sizes of blocks to randomly assign eligible participants in 
a 1:1 ratio to receive eituher CCP +SOC or SOC. The SOC 
was according to the Uganda COVID-19 case manage-
ment guidelines.5 Donor CCP was cross- matched with the 
patient’s red blood cells to ensure compatibility. CCP was 
administered over look 2–3 hours at a rate of 1.4–2 mL/
min and a second aliquot transfused at the same rate 
3 hours after completion of the first one.

Outcomes
The primary outcome was time to viral clearance, defined 
by two consecutive negative SARS- CoV-2 RT- PCR test 
results. Prespecified secondary outcomesb included time 
to symptom resolution, clinical status on the modified 
WHO Ordinal Clinical Scale for clinical improvement 
(≥1- point increase) and progression to severe/critical 
condition (defined as oxygen saturation (SPO2 <93% or 
needing oxygen). Clinical status was assessed daily during 
hospitalisation and on day 28 postenrolment. Adverse 
events were defined as any medical occurrence post 
intervention, graded as mild, moderate, severe and life- 
threatening, and the relationship with the intervention 
was classified as unrelated, possibly related, probably 
or definitely related to the intervention. Specifically for 
plasma transfusion we monitored for transfusion- related 
risks such as allergic transfusion reactions, anaphylaxis, 
febrile reactions, transfusion- related acute lung injury, 
transfusion- associated circulatory overload and ABO 
incompatibility haemolysis.

Sample size estimation
The primary outcome of this randomised clinical trial 
was viral clearance. The trial was planned to detect a 
minimum hazard reduction in the primary outcome of 
40% in the CCP (intervention) arm, equivalent to an 
HR of 0.6. With a power of 80%, a two- tailed type 1 error 
(alpha) of 0.05, a patient accrual period of 3 months, a 
total study time of 6 months, a ratio of accrual to total 
time of 0.5, with no anticipated cross- over (no dropout 
of, or drop- in, the intervention arm), a ratio of n1 to 
n2 of 1:1, and equal enrolment rate in both arms, the 
required unadjusted sample size per group/arm was esti-
mated to be 66 patients, giving a total of 132. Given that 
the trial was testing a potential therapy for a disease with 
no proven therapy and that all participants will be inpa-
tients, a minimal loss- to- follow- up of 3% is anticipated, 
and after adjusting for it the total number of patients to 
be enrolled and randomised totalled to 136 (68 per arm).
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Randomisation
Randomisation was performed using permuted block 
randomisation with varying block sizes ranging from 4 
to 8. Generation of randomisation numbers was done by 
the study biostatistician, who did not have contact with 
participants. The biostatistician printed individual rando-
misation numbers with their corresponding treatment 
assignment and placed each number in an opaque enve-
lope. The following steps were then followed:

 ► Prebatched random number envelopes were availed 
to the study coordinator who kept custody of them 
and passed them to clinicians who administered the 
randomisation. Each enrolled participant was asked 
to pick the envelope on top of the batch.

 ► Participants were not allowed to pick an envelope 
from any other position of the batch; this was done 
to avoid breaking the randomisation code and assign-
ment probabilities.

 ► Prior to picking an envelope, the randomising clini-
cian explained to the participant that the randomi-
sation is up to chance, like the flip of a coin, which 
gives each participant an equal chance of receiving 
either intervention. The clinician also informed the 
participant that numbers corresponding to study 
arms were generated by the computer and arranged 
randomly and batched, and that each participant will 
randomise himself/herself by picking the top most 
envelope from the batch availed to them.

 ► After picking an envelope each participant was 
asked to open it to find the arm she/he had been 
randomised. Then the clinician explained to the 
participant the study arm that the participant would 
have randomised themselves to.

 ► After randomisation, the clinician indicated the study 
arm onto the participant’s enrolment form and stuck 
the study arm assignment sheet (that was obtained 
from the envelope) on to the enrolment form. Used 
envelopes were collected and logged in each day.

Laboratory and radiology evaluation
Viral RNA extraction was done using the Qiagen Viral 
RNA Mini Kit. RT- PCR for SARS- CoV-2 was performed 
using the TaqPath COVID-19 RT- PCR Kit (Thermo Fisher 
Scientific) on the Applied Biosystems 7500 RT- PCR 
instrument following the manufacturer’s instructions. 
SARS- CoV-2 RT- PCR was done at baseline and on days 3, 
5, 7, 14 and 28 post randomisation or until two consec-
utive negative RT- PCR results were obtained, whichever 
occurred first.

Antibody titres were determined using the Acro Biosys-
tems Anti- SARS- CoV-2 antibody IgG titre serological 
ELISA assay kit (spike protein Receptor Binding Domain 
(RBD))29 following the manufacturer’s instructions.

The resultant IgG titres (ng/mL) were converted 
to arbitrary units per millilitre by dividing by the back-
ground concentration (ng/mL), multiplied by 3, of the 
negative control samples obtained on the same ELISA 

plate. This was done for convenience of interpretation 
according to the standard operating procedures of our 
laboratory.

Clinical evaluation, laboratory tests and chest X- ray 
(CXR) were performed at baseline and whenever clini-
cally indicated. CXRs were scored using the Brixia score 
as published.30

Statistical analysis
The characteristics of participants were described using 
mean (SD) and median (IQR) for continuous variables 
and proportions for categorical variables. Compari-
sons across the study arms were done using t- tests and 
Wilcoxon rank- sum test for continuous variables, and χ2 
or Fisher’s exact tests for categorical ones. Time- to- event 
data were analysed using Kaplan- Meier (KM) curves 
and Cox proportional hazards regression models. Asso-
ciations were estimated by risk ratio (RR) and HR with 
corresponding 95% CI. Intention- to- treat analysis was 
performed using STATA V.14.

RESULTS
Patient characteristics
Screening for entry into this trial began on 21 September 
2020 and the last patient was screened on 2 December 
2020. During this period 403 patients were screened and 
160 of them had a positive RT- PCR test. Of these 160, 8 
were excluded due to lack of ABO- compatible plasma, 15 
did not consent for randomisation and 1 was unable to 
return for follow- up, leaving 136 patients for randomisa-
tion. The first patient was randomised on 23 September 
2020. The trajectory of the 136 randomised patients is 
shown in figure 1. Baseline characteristics of study partic-
ipants are shown in table 1.

The median age of the patients was 50 years (IQR: 38.5–
62.0) and the majority (71.3%) of the respondents were 
male. A total of 123 (90.4%) patients reported at least one 
COVID-19- related symptom and the median duration of 
symptoms was 7 (IQR 4–8) days. The most common symp-
toms were cough (62.5%), difficulty breathing (51.5%), 
chest pain (41.9%) and fever (33.1%). One patient had 
documented fever (ie, temperature ≥37.5°C), 38 (27.9%) 
had an SPO2 of <93%, 45 (33.1%) had tachycardia, 40 
(29.4%) had hypertension (blood pressure ≥130/90 mm 
Hg) and 15 (33.3%) had body mass index greater than 
30. More than half (58.1%) of the participants reported 
at least one comorbidity (hypertension 36.0%, diabetes 
23.5% and HIV 11.0%). At enrolment, 66 patients 
(48.5%) were on supplemental oxygen, 80 (58.8%) were 
on systemic corticosteroids mainly dexamethasone, and 
80 (58.8%) were on anticoagulants mainly low molec-
ular weight heparin. One participant was on non- invasive 
ventilation.

The median (IQR) antibody titre of transfused plasma 
was 139.5 (84.3–195.4) AU. Logistical constraints 
precluded the performance of some key COVID-19 care 
laboratory tests in all patients. The results of some tests are 
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shown in table 1. Complete blood count was performed 
in 36 patients, out of which 9 (25%) had leucocytosis, 
5 (13.9%) had leucopenia and 21 (58.3%) had lymph-
opaenia, which was more common among those in the 
CCP arm (65% vs 50%, p=0.0126). Liver, renal functional 
and C reactive protein tests were obtained for 113 of the 
patients. Rates of liver enzyme elevation and hyperbili-
rubinaemia were 37% for aspartate transferase, 7% for 
alanine transferase and 68.1% for hyperbilirubinaemia, 
all not statistically different between the arms. Creati-
nine ≥1.2 g/dL was observed in 17.7% of patients, while 
C reactive protein ≥10 mg/L was observed in 71.7%, both 
not statistically different between the arms. The mean 
(SD) CXR COVID-19 quantitative score among the 34 
patients with CXRs was 8.9 (6.4), and no statistical differ-
ences were observed between the arms.

Outcomes
Efficacy
Time to viral clearance was not different between the 
CCP+SOC and SOC arms: median (IQR) of 6 (4–11) 
vs 4 (4–6) days (p=0.196) (table 2 and figure 2). We 
found no significant difference in the proportions of 
patients with one or two consecutive negative RT- PCR 
results between the CCP arm and the SOC arm (online 

supplemental table 1). Similarly, viral clearance did not 
differ by day of sample collection (online supplemental 
table 2). We adjusted the primary outcomes for several 
baseline characteristics and found no statistically signif-
icant association with all factors analysed, including 
comorbidities such as HIV (online supplemental table 
3). Antibody titres of transfused plasma were available 
for 56 patients. We compared trial outcomes by percen-
tiles of antibody titres. The results from this analysis are 
presented in online supplemental table 4. Time to two 
negative consecutive RT- PCR results was shortest for 
those patients in the lowest percentile, but this difference 
was not statistically significant (p=0.643). The same result 
was observed for time to symptom resolution (p=0.061) 
and disease progression (p=0.052). There was no death 
among patients who received plasma with the lowest anti-
body titre.

A total of 123 patients (90.4%) had at least one 
symptom. We computed the median time to resolution of 
these symptoms and compared this between the arms. The 
median (IQR) time to symptom resolution was 7 (5–7) 
days for CCP arm vs 7 (5–10) days for SOC (p=0.450). 
Online supplemental figure 1 shows the KM curves of 
time to resolution of major symptoms by intervention 
group. At enrolment 70 patients had SPO2 greater than 

Figure 1 Enrolment and randomisation into the trial. CCP, convalescent plasma; SOC, standard of care.
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Table 1 Patients’ baseline characteristics

Characteristics Overall (N=136)

Arm

CCP+SOC (n=69) SOC (n=67)

Age, median (IQR) 50 (38.5–62) 48 (35–64) 53 (44–61)

Sex, male, n (%) 97 (71.3) 48 (69.6) 49 (73.1)

At least one symptom 123 (90.4) 61 (88.4) 62 (92.5)

Fever 45 (33.1) 22 (31.9) 23 (34.4)

Sore throat 10 (7.4) 7 (10.1) 3 (4.5)

Cough 85 (62.5) 38 (55.1) 47 (70.2)

Difficulty with breathing 70 (51.5) 37 (53.6) 33 (49.3)

Chest pain 57 (41.9) 29 (42.0) 28 (41.8)

Loss of taste 12 (8.8) 8 (11.6) 4 (6.0)

Rhinorrhoea 2 (1.5) 1 (1.5) 1 (1.5)

Others 18 (13.2) 8 (11.6) 10 (14.9)

Symptom length, M (IQR) 7 (4–8) 7 (3–7) 7 (5–10)

Temperature ≥37.5°C, n (%) 1 (0.7) 0 (0.0) 1 (1.5)

SPO2 <93%, n (%) 38 (27.9) 19 (27.5) 19 (28.4)

Pulse rate ≥100, n (%) 45 (33.1) 20 (29.0) 25 (37.3)

BP ≥130/90, n (%) 40 (29.4) 20 (29.0) 20 (29.9)

BMI >30, n/N (%) 15/45 (33.3) 8/24 (33.3) 7/21 (33.3)

At least one comorbidity 79 (58.1) 39 (56.5) 40 (59.7)

Hypertension 49 (36.0) 24 (34.8) 25 (37.3)

Diabetes mellitus 32 (23.5) 17 (24.6) 15 (22.4)

Asthma 5 (3.7) 5 (7.3) 0 (0.0)

Tuberculosis 4 (2.9) 1 (1.5) 3 (4.5)

HIV 15 (11.0) 4 (5.8) 11 (16.4)

Others 16 (11.8) 9 (13.0) 7 (10.5)

Medications, n (%)

  Corticosteroids 80 (58.8) 36 (52.2) 44 (65.7)

  Anticoagulant 80 (58.8) 35 (50.7) 45 (67.2)

  Oxygen therapy 66 (48.5) 28 (40.6) 38 (56.7)

  Oxygen 1–5 L/min 35 (53.0) 13 (46.4) 22 (57.9)

  Oxygen >5 L/min 31 (47.0) 15 (53.6) 16 (42.1)

  Non- invasive ventilation 1 (0.7) 1 (1.5) 0 (0.0)

  WCC ≥10 x 10∧9/L, n=36 9 (25) 4 (20.) 5 (31.3)

  WCC ≤4000/mm3 5 (13.9) 3 (15) 2 (12.5)

  Neutrophil ≤1500/mm3 2 (5.6) 2 (10) 0 (0)

  Lymphocyte ≤1500/mm3 21 (58.3) 13(65) 8 (50)

  Platelets <150 000/ mm3 6 (16.7) 5 (25) 1 (6.3)

  Haemoglobin ≤1 g/L 0 0 0

  AST >40 U/L, n/n=113 (%) 37 (32.7) 14 (25.0) 23 (40.4)

  ALT >40 U/L, n/N (%) 7 (6.2) 5 (8.9) 2 (3.5)

  Creatinine ≥1.2 g/dL, n/N (%) 20 (17.7) 11 (19.5) 9 (15.8)

  Bilirubin total >1.2 mg/dL (%) 77 (68.1) 40 (71.4) 37 (64.9)

  CRP ≥10 mg/L, n/N (%) 81 (71.7) 39 (69.5) 42 (73.7)

  CXR score, median (SD), n=34 8.9 (6.4) 7.4 (7.3) 10.2 (5.3)

ALT, alanine transferase; AST, aspartate transferase; BMI, body mass index; BP, blood pressure; CCP, convalescent plasma; CRP, C reactive 
protein; CXR, chest X- ray; SOC, standard of care; SPO2, oxygen saturation; WCC, white cell count.
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93% and were not on oxygen therapy. The SPO2 deterio-
rated to less than 93%, requiring oxygen therapy among 
16 (22.9%) patients. Disease progression occurred in 
nine patients (22.0%) in the CCP+SOC arm compared 
with seven (24.0%) in the SOC arm (p=0.830) (table 2). 
Online supplemental figure 2 shows the KM curves of 
time to progression to severe/critical disease by interven-
tion group (p=0.869). Adjusting for baseline characteris-
tics revealed that disease progression increased with age 
irrespective of intervention. Compared with patients >65 
years, the relative risk of deterioration was 0.22 for those 
in the 26–35 years’ age group and 0.39 for those in the 
56–65 years’ age group (online supplemental table 5).

A total of 24 (17.7%) patients deteriorated at least once 
based on the modified WHO Ordinal Clinical Scale and 
this did not differ by arm: 12 (17.4%) in the CCP arm vs 
12 (17.9%) in the SOC arm (p=0.937) (online supple-
mental table 6 and figure 3A). Mortality rates in the 

trial are presented in table 2 and figure 3B. Overall 18 
patients died in the trial. Ten (14.5%) patients died in 
the CCP arm compared with eight patients (11.9%) in 
the SOC arm, but this difference did not reach statistical 
significance (p=0.661) (table 2). We adjusted mortality 
for key baseline characteristics including gender, age, 
commodities and severity according to baseline oxygen 
needs, among others (online supplemental table 7). 
Mortality decreased with decreasing age and increased 
with increasing oxygen need.

Safety
A total of 29 patients experienced adverse events listed in 
online supplemental table 8A (15 in the CCP arm and 14 
in the control arm). The relatedness of the adverse events 
to the study product is presented in online supplemental 
table 8B. Three adverse events were judged definitely 
related and three judged to be possibly related to plasma 
transfusion, while the rest were thought to be unrelated 
to plasma transfusion.

DISCUSSION
The results of this open- label, randomised clinical trial 
of CCP indicate that when compared with SOC alone, 
CCP plus SOC showed no effect on viral or symptom 
clearance, disease progression and mortality. This 
differs from what has been reported in some previous 
studies.19 22 31 Rajendran et al,31 in a systematic review 
of mainly observational cohorts, case reports and 
series, report that CCP was associated with a significant 
decrease in viral load. Li et al19 studied 103 patients with 
COVID-19 in China and found that rates of viral clear-
ance at 24, 48 and 72 hours in patients treated with 
CCP were all significantly higher than those not treated 
with CCP.19 Agarwal et al22 reported that the propor-
tion of patients with negative RT- PCR results at day 7 

Table 2 Trial outcomes of patients randomised to convalescent plasma (CCP) compared with standard of care (SOC)

Outcome Overall CCP SOC RR* P value

Primary outcome

  Time to two consecutively 
negative reverse 
transcriptase- PCR, median 
(IQR), days

n=136 n=69 n=67

5.5 (4–8) 6 (4–11) 4 (4–6) 0.196

Secondary outcomes

  Time to symptom resolution 
among symptomatic 
patients, median (IQR)

n=120 n=59 n=61

2 (1–4) 2 (1–4) 2 (1–4) 0.772

  Progression to severe/
critical disease (oxygen 
saturation <93% or needing 
oxygen)

n=70 n=41 n=29

16 (22.9) 9 (22.0) 7 (24.1) 0.91 (0.38 to 2.16) 0.830

  Mortality n=136 n=69 n=67

18 (13.2) 10 (14.5) 8 (11.9) 0.661

*Unadjusted risk ratio.

Figure 2 Kaplan- Meier curve showing time to viral 
clearance by intervention group (p=0.378). CCP, 
convalescent plasma; SOC, standard of care.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2021-001017 on 9 A
ugust 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjresp-2021-001017
https://dx.doi.org/10.1136/bmjresp-2021-001017
https://dx.doi.org/10.1136/bmjresp-2021-001017
https://dx.doi.org/10.1136/bmjresp-2021-001017
https://dx.doi.org/10.1136/bmjresp-2021-001017
https://dx.doi.org/10.1136/bmjresp-2021-001017
https://dx.doi.org/10.1136/bmjresp-2021-001017
https://dx.doi.org/10.1136/bmjresp-2021-001017
http://bmjopenrespres.bmj.com/


Kirenga B, et al. BMJ Open Resp Res 2021;8:e001017. doi:10.1136/bmjresp-2021-001017 7

Open access

was higher in the CCP arm than in the control (68% vs 
55%, RR 1.2, 95% CI 1.04 to 1.5).

Plasma also had no effect on clinical outcomes, in line 
with findings from several recent randomised trials.17 22 32 
In Argentina, Simonovich et al17 randomised 228 and 
105 patients to receive plasma or placebo, respec-
tively. Results from this trial show no benefit of plasma 
on mortality (10.96% in the plasma group vs 11.43% 
in the placebo group). Moreover they observed that 
CCP appeared to be associated with a worse outcome 
among patients less than 65 years.17 The median age in 
our trial patients was 50 years and we observed higher 
mortality in the CCP arm, although the differences did 
not show statistical significance. Contrary to the find-
ings from randomised trials including the current trial, 
several non- randomised trials found plasma benefi-
cial.18 20 31 33 34 For example a systematic review by Rajen-
dran et al31 found plasma beneficial in terms of clinical 
outcomes and viral clearance. A retrospective analysis 
of 35 322 patients who received CCP at 2807 acute care 
facilities in the USA also found that plasma significantly 
reduced mortality.20 The conflicting results based 
on study design highlight the need for caution while 
adopting intervention in the absence of well- conducted 
trials.

The reasons why CCP in our trial did not lead to 
faster viral clearance are not clear, but probably reflect 
the lack of efficacy of CCP in COVID-19 treatment, 
as has been reported in a number of recent trials.17 22 
However, two factors have been studied as potential 
effect modifiers: timing of transfusion and the level of 
antibody titres in the transfused plasma. Joyner et al20 
found a dose–response relationship between levels of 
antibody titres in transfused plasma and outcomes, 
showing that among patients who received high IgG 
plasma (>18.45 s/Co), 7- day mortality was 8.9% (6.8%, 
11.7%); for recipients of medium IgG plasma (4.62–
18.45 s/Co) mortality was 11.6% (10.3%, 13.1%); and 
for recipients of low IgG plasma (<4.62 s/Co) mortality 

was 13.7% (11.1%, 16.8%) (p=0.048). Another study by 
Libster et al18 enrolled patients older than 75 years with 
non- severe disease and symptoms for less than 3 days 
(early disease) and randomised them to receive high- 
titre plasma. Results from this trial found that severe 
respiratory disease developed in 13 of 80 patients 
(16%) who received CCP and 25 of 80 patients (31%) 
who received placebo (relative risk, 0.52; 95% CI 0.29 
to 0.94; p=0.03), with a relative risk reduction of 48%. 
Most plasma units used in our trial had antibody titres 
more than the recommended 1:160.

In terms of timing, the study by Joyner et al20 described 
above found that the 7- day mortality rate was 8.7% (95% 
CI 8.3% to 9.2%) in patients transfused within 3 days of 
COVID-19 diagnosis compared with 11.9% (11.4% to 
12.2%) in patients transfused 4 or more days after diag-
nosis (p<0.001), and similar findings were observed in 
30- day mortality (21.6% vs 26.7%, p<0.0001). These 
results are also supported by those from the study by 
Libster et al,18 which found benefit when higher- titre 
plasma was transfused within 3 days of symptom onset. 
Plasma effects are mainly mediated by the neutral-
ising antibodies it contains.24 25 It is therefore likely 
that timing and age may have something to do with 
whether the plasma recipients have developed their 
own antibodies or not because research shows that most 
patients with COVID-19 have neutralising antibodies 
with levels mediated by disease severity (more severe 
disease being associated with high antibodies).35 Cheng 
et al33 report better outcomes among plasma recipients 
who were PCR positive and seronegative at the time of 
transfusion (66.7% vs 20%, p=0.001). In another study 
in the Netherlands, 44 of the 56 (79%) patients had 
neutralising antibodies comparable with those of the 
donors (ie, 1:160 vs 1:160, p=0.40) at a median of 10 
days of symptoms.36 The study further found no differ-
ence in mortality (p=0.95), hospital stay (p=0.68) 
or day-15 disease severity (p=0.58) between plasma- 
treated patients and patients on SOC.36 In our trial we 

Figure 3 Kaplan- Meier curves showing time to first deterioration (A) and death (B) by intervention group. There were no 
significant differences: first deterioration (p=0.372) and death (p=0.633). CCP, convalescent plasma; SOC, standard of care.
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explored the effect of timing in a subset of patients who 
were randomised within 3 days of symptom onset, but 
did not observe any difference in outcomes.

Our trial had limitations, including lack of antibody 
assay for trial patients at randomisation, inability to 
perform clinical laboratory tests and chest radiology for 
all trial patients, as well as inability to perform conven-
tional neutralising antibody assays. We also note that 
the arms were unbalanced on some baseline charac-
teristics, such as the use of anticoagulants and oxygen, 
although these imbalances were not statistically signif-
icant. The sample size was kept to the minimum due 
to logistical reasons, which has made our trial under-
powered. Our trial was an open- label trial without 
placebo control, which could have introduced bias in 
the measurement of some outcomes. There are several 
strengths. This study is one of the few trials on CCP in 
Africa, included a young population, focused on viral 
clearance as a primary outcome and included the full 
spectrum of COVID-19 infection including mild asymp-
tomatic cases.

In conclusion CCP therapy did not result in beneficial 
virological or clinical improvements in this trial. Further 
trials are needed to determine subgroups of patients who 
may benefit from COVID-19 CCP in Africa.
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Supplementary Table 1. Comparison of proportions of viral clearance between 

CCP arm and standard of care overall  

      

Outcome  Overall 

n (%) 

(95% CI) 

CCP + 

SOC 

 n (%) 

(95% CI) 

SOC  

n (%)  

(95% CI) 

Unadjusted 

risk ratio  

p-

value  

 N=136 N=69 N=67   

Proportion with at 

least one 

negative RT-

PCR post-

randomization  

98 (72.1) 

 

(63.8-

79.0) 

49 (71.0) 

 

(59.0-

80.7) 

49 (73.1) 

 

(61.0-82.6) 

0.97 (0.90-

1.05) 

0.540 

Proportion with 

two consecutive 

negative RT-

PCR post- 

randomization  

51 (37.5) 

 

(29.7-

46.0) 

25 (36.2) 

 

(25.6-

48.5) 

26 (38.8) 

 

(27.7-51.2) 

0.94 (0.78-

1.13) 

0.782 

Time in days to 

first negative RT- 

PCR (Median 

(IQR). 

4 (2, 6) 4 (2, 6) 3 (2, 6)  0.453 

Time in days to 

two consecutive   

negative RT- 

PCR (Median 

(IQR) 

5.5 (4, 8) 6 (4, 11) 4 (4, 6)  0.196 
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Supplementary Table 2.  Comparison of proportions of viral clearance between 

the CCP arm and standard of care by day of sample collection 

 

 

 

SOC CCP+SOC  

RR (95% CI) 

 

P  

N* 

n 

% negative 

(95% CI) 

 

N* 

n 

% negative 

(95% CI) 

Day 3 67 33 

49.3 (37.3, 61.3) 

68 27 

39.7 (28.6, 52.0) 

 

0.81 (0.55, 1.18) 

 

0.267 

Day 5 65 39 

60.0 (47.4, 71.4) 

67 31 

46.3 (34.5, 58.5) 

 

0.77 (0.56, 1.07) 

 

0.118 

Day 7 63 40 

63.5 (50.7, 74.7) 

65 36 

55.4 (42.9, 67.2) 

 

0.87 (0.65, 1.16) 

 

0.352 

Day 14 63 46 

73.0 (60.4, 82.7) 

62 43 

69.4 (56.5, 79.8) 

 

0.95 (0.76, 1.19) 

 

0.652 

Day 28 61 47 

77.0 (64.5, 86.1) 

61 45 

73.8 (61.0, 83.5) 

 

0.96 (0.78, 1.17) 

 

0.674 

* Number of patients excluding those known to have died before the reference day 
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Supplementary Table 3. Cox Proportional unadjusted hazard ratios (HRs) for 
viral clearance, by baseline factors. 
Baseline factors Unadjusted 

HR  
95% CI P 

Study arm    
SOC 1   
CCP+SOC 0.80 0.46 – 1.38 0.421 
Sex    

Female 1   
Male 0.78 0.43 – 1.39 0.395 
Age in years 0.99 0.97 – 1.01 0.163 
Days from first PCR positive test to 
enrolment  

1.00 0.92 – 1.08 0.932 

Comorbidities:    
Any comorbidity 0.90 0.51 – 1.56 0.703 
Hypertension  0.88 0.49 – 1.58 0.671 
Diabetes  0.54 0.24 – 1.19 0.126 
Asthma  1.78 0.64 – 4.98 0.271 

HIV 0.41 0.13 – 1.31 0.131 
Current symptoms    
At least one symptom 0.81 0.32 – 2.06 0.663 
Fever 1.24 0.70 – 2.22 0.460 
Cough  0.91 0.51 – 1.62 0.749 
Sore throat 0.53 0.16 – 1.72 0.292 

Difficulty in breathing 1.17 0.67 – 2.03 0.583 
Vital signs (log scale)    
Sp02 0.56 0.01 – 49.95 0.801 
Diastolic blood pressure 0.39 0.07 – 2.22 0.291 
Systolic blood pressure 0.20 0.03 – 1.64 0.134 

BMI 1.17 0.08 – 16.18 0.907 
Medications    
Supportive treatment 0.25 0.03 – 1.81 0.168 
Antibiotics  0.86 0.40 – 1.86 0.706 
Antimalarial  2.46 0.76 – 8.00 0.135 

Fluids 0.90 0.22 – 3.73 0.883 
Corticosteroids  1.31 0.75 – 2.32 0.343 
Anticoagulant 0.97 0.56 – 1.70 0.924 
COVID 19 specific treatment    
Oxygen therapy 1.25 0.72 – 2.18 0.428 

Zero oxygen 1   
Oxygen 1-5 L/min 1.07 0.55 – 2.09 0.835 
Oxygen >5 L/min 1.12 0.57 – 2.21 0.747 
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Supplementary Table 4. Distribution of titers by trial outcomes of transfused 
patients  
 

Outcome Titers percentiles  
<25th 
percentile 
(<84.3) 

25th-50th 
percentile   
(84.31-
139.5) 

50th-75th 
percentile  
(139.51-
195.4) 

>75th 
percentile 
(>195.4) 

p-
value 

N=14 N=14 N=14 N=14  
Primary outcome 
Time in days to two 
consecutive   
negative RT- PCR, 
(Median (IQR) 

4 (2, 28) 6 (4, 7) 7.5 (5, 11) 6 (4, 9) 0.643 

Secondary outcomes 
Time to resolution of 
symptoms Among 
symptomatic patients, 
Median (IQR) 

5.5 (0, 7) 7 (5, 7) 4 (3, 7) 7 (7, 14) 0.061 

Progression to 
severe/ critical 
disease (SPO2<93 or 
needing oxygen, n 
(%) 

2 (14.3) 7 (50.0) 9 (64.3) 7 (50.0) 0.052 

Mortality, n (%) 0 (0.0) 2 (14.3) 2 (14.3) 2 (14.3) 0.577 
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Supplementary Table 5. Proportion progressing to severe disease by 
intervention group and baseline characteristics. 
Factors  

 
N 

Proportion 
progressed to severe 
disease 
n (%) 

RR (95% CI) P 

Overall 70 16 (22.9)   
Intervention     

CCP+SOC 41 9 (22.0) 0.91 (0.38 – 2.16) 0.830 
SOC 29 7 (24.1) 1  
Sex     
Male 47 12 (25.5) 1.47 (0.53 – 4.05) 0.459 
Female 23 4 (17.4) 1  

Age in years     
18-25 5 0 (0.0) ---  
26-35 14 2 (14.3) 0.22 (0.06 – 0.87) 0.031 
36-45 12 1 (8.3) 0.13 (0.02 – 0.90) 0.039 
46-55 16 3 (18.8) 0.29 (0.10 – 0.90) 0.031 

56-65 12 3 (25.0) 0.39 (0.13 – 1.15) 0.089 
>65 11 7 (63.6) 1  
Any comorbidity     
Yes 40 7 (17.5) 0.58 (0.25 – 1.39) 0.223 
No 30 9 (30.0) 1  
At least one 
symptom 

    

Yes 57 14 (24.6) 1.60 (0.41 – 6.18) 0.498 
No 13 2 (15.4) 1  
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Supplementary Table 6. ≥1-point increase in the modified WHO clinical 
improvement scale including of mortality (deterioration) 
 

 Overall  
n (%) 

CCP+SOC 
n (%) 

SOC 
n (%) 

P 

 N=136 N=69 N=67  
Deteriorated at 
least once 

    

  Yes 24 (17.7) 12 (17.4) 12 (17.9) 0.937 

  No 112 (82.4) 57 (82.6) 55 (82.1)  
Number of times 
deteriorated  

    

  0 112 (82.4) 57 (82.6) 55 (82.1) 0.946 
  1 15 (11.0) 7 (10.1) 8 (11.9)  
  2+ 9 (6.6) 5 (7.3) 4 (6.0)  
Time in days to first 
deterioration 

N=24 N=12 N=12  

Median (IQR) 5 (3.5, 9.5) 4 (3.0, 6.5) 7 (4.5, 13.0) 0.110 
Died  17 (12.5) 10 (14.5) 7 (10.5) 0.476 
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Supplementary Table 7: Mortality among trial patients by intervention group and  
baseline characteristics. 
 

Factors  
 

N 

Proportion 
died 
n (%) 

RR (95% CI) P 

Overall 136 18 (13.2)   
Intervention     
CCP+SOC 69 10 (14.5) 1.21 (0.51 – 2.89) 0.661 
SOC 67 8 (11.9) 1  
Sex     

Male 97 15 (15.5) 2.01 (0.62 – 6.56) 0.247 
Female 39 3 (7.7) 1  
Age in years     
18-25 5 0 (0.0) --- --- 
26-35 22 0 (0.0) --- --- 

36-45 21 1 (4.8) 0.12 (0.02 – 0.89) 0.038 
46-55 36 5 (13.9) 0.36 (0.14 – 0.93) 0.035 
56-65 26 2 (7.7) 0.20 (0.05 – 0.83) 0.026 
>65 26 10 (38.5) 1  
Any comorbidity     

Yes 79 13 (16.5) 0.85 (0.22 – 3.28) 0.808 
No 57 5 (8.8) 1  
At least one 
symptom 

    

Yes 123 16 (13.0) 0.85 (0.22 – 3.28) 0.808 
No 13 2 (15.4) 1  

Oxygen therapy 66 12 (18.2) 2.12 (0.84 – 5.33) 0.109 
Zero oxygen 70 6 (8.6) 1  
Oxygen 1-5 L/min 35 4 (11.4) 1  
Oxygen 6-10 L/min 8 1 (12.5) 1.09 (0.14 – 8.52) 0.932 
Oxygen 11-15 
L/min 

20 5 (25.0) 2.19 (0.66 – 7.22) 0.199 

Oxygen >15 L/min 3 2 (66.7) 5.83 (1.72 – 19.78) 0.005 
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Supplementary Table 8a. List of adverse events by arm 

Diagnosed Adverse 
Event 

Total CCP 
arm 

SOC 
arm 

Relatedness to the trial product 

Ankle and facial swelling 1 0 1 Unlikely (doubtfully related) 

Subcutaneous bleeding 2 0 2 Unlikely (doubtfully related) 

Constipation 1 1 0 Unlikely (doubtfully related) 

Developed rigors and 
convulsions 

1 1 0 Definite (clearly related) 

Headache 5 1 4 Possible (may be related) 

Hot flushes and itching 1 1 0 Definite (clearly related) 

Hyperkalemia 1 0 1 Unlikely (doubtfully related) 
Hypotension  1 1 0 Unlikely (doubtfully related) 

Muscle wasting 1 0 1 Unlikely (doubtfully related) 

Altered mentation 2 1 1 Unrelated 

Motor accident 1 1 0 Unrelated 

Edema (Bilateral pedal 
edema) 

1 1 0 Possible (may be related) 

Per Vaginal Bleeding. 1 1 0 Unlikely (doubtfully related) 

Pancytopenia 1 1 0 Possible (may be related) 

Pus secretions from 
Endo-tracheal tube. 

1 1 0 Unlikely (doubtfully related) 

Severe difficulty in 
breathing 

2 0 2 Unlikely (doubtfully related) 

Tachycardia 2 2 0 Unlikely (doubtfully related) 

Urticarial rash 2 2 0 Definite (clearly related) 

Diarrhea 1 0 1 Unlikely (doubtfully related) 

Dry and irritating cough 1 1 0 Unlikely (doubtfully related) 
Total 29 15 14   

 

Supplementary Table 8b. Relationship of adverse event with the Study 

investigational product 

 
 

Relatedness Freq. Percent 
Unrelated 2 6.9 
Unlikely (doubtfully related) 21 72.5 

Possible (may be related) 3 10.3 
Definite (clearly related) 3 10.3 
Total  100.0 
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