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Abstract

Introduction
Evidence that supports the use of COVID-19 convalescent plasma (CCP) for treatment of
COVID-19 is increasingly emerging. However, very few African countries have undertaken
the collection and processing of CCP. The aim of this study was to assess the feasibility of
collecting and processing of CCP, in preparation for a randomized clinical trial of CCP for
treatment of COVID-19 in Uganda.

Methods
In a cross-sectional study, persons with documented evidence of recovery from COVID-19 in
Ugandawere contacted and screened for blood donation via telephone calls. Those found
eligible were asked to come to the blood donation centre for further screening and consent.
Whole blood collection was undertaken from which plasma was processed. Plasma was
tested for transfusion transmissible infections (TTIs) and anti-SARSCoV-2 antibody titers.
SARS-CoV-2 testing was also done on nasopharyngeal swabs from the donors.

Results
192 participants were contacted of whom 179 (93.2%) were eligible to donate. Of the 179 eli-
gible, 23 (12.8%) were not willing to donate and reasons given included: having no time 7
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(30.4%), fear of being retained at the COVID-19 treatment center 10 (43.5%), fear of stigma
in the community 1 (4.3%), phobia for donating blood 1 (4.3%), religious issues 1 (4.4%),
lack of interest 2 (8.7%) and transport challenges 1 (4.3%). The median age was 30 years
and females accounted for 3.7% of the donors. A total of 30 (18.5%) donors tested positive
for different TTIs. Antibody titer testing demonstrated titers of more than 1:320 for all the 72
samples tested. Age greater than 46 years and female gender were associated with higher
titers though not statistically significant.

Conclusion
CCP collection and processing is possible in Uganda. However, concerns about stigma and
lack of time, interest or transport need to be addressed in order to maximize donations.

Introduction
As of 28th December 2020, there have been over 80 million cases of COVID-19 reported, and
up to 1,760,000 deaths recorded [1]. In Uganda, the first confirmed case of COVID-19 was
reported on 21st March 2020 [2]. Up till mid-May, the local COVID-19 epidemic spread at a
slow pace and mainly comprised of imported cases, majority of whom were asymptomatic.
There were limited foci of transmission with no evidence of community transmission [2].
From mid-May to early August, the local epidemic progressed to more foci and clusters of
transmission. However, starting from mid-August, there has been a rapid rise in the number
of cases detected daily and rapid progression to community transmission and increasing mor-
tality. As of 20th December 2020, up to 31,384 cases have been recorded from the 713,509 tests
done. The total number of recoveries is 10,549 and 238 deaths have been reported [3].

Control of COVID-19 in Uganda has been mainly through the non-pharmacologic mea-
sures adopted from the recommendations of the World Health Organization (WHO) [4].
Some of the measures include use of face masks, social distancing and hand washing or saniti-
zation using alcohol containing sanitizers [5]. With no vaccines for COVID-19 available, sev-
eral repurposed and new drugs have been reported in compassionate use and small trials with
mixed benefit [6].

Evidence is emerging to support the use of COVID-19 convalescent plasma (CCP) for treat-
ment of COVID-19 especially among patients with severe and critical forms of disease [7–11].
Administration of CCP has been found to be safe and associated with clinical, radiological and
laboratory improvements as well as reduction in mortality [7, 12–15]. However, some studies
found no benefit of CCP with regard to reducing mortality and or length of hospital stay,
improving the day 15 disease free severity or shortening the time to clinical improvement [16,
17]. One study by Li et al was terminated early due to inability to reach the targeted sample
size. Given the mixed and inconsistent nature of findings of CCP use, there is need for more
rigorous studies to assess the efficacy of CCP in treatment of COVID 19.

To-date, there are few African countries that have undertaken the collection and processing
of CCP [18]. According to the international society of blood transfusion (ISBT) document
library, only South Africa is conducting a CCP trial while Ghana has posted guidelines for col-
lecting, processing, storage and distribution of CCP [19]. The slow embracement of CCP is
probably due to pre-COVID-19 pandemic challenges to blood transfusion services such as reli-
ance on whole blood transfusions, widespread unavailability of blood component production
technology, erratic power supply, inadequate storage capacity, transportation challenges,
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clinicians’ inexperience in the appropriate use of blood components, and limited financial
resources [18].

With more than 4700 individuals recovering from COVID in Uganda [20], the increasing
spread of the virus in the community and occurrence of severe and critical cases, we undertook
a study to assess the feasibility of collecting, processing and storing CCP, in preparation for a
randomized clinical trial of CCP for treatment of COVID-19 in Uganda.

Methods
Design and study site
We undertook a cross sectional study of individuals that had been diagnosed with COVID-19
and treated in Uganda, and had evidence of recovery (defined as two negative PCR tests per-
formed at least 24 hours apart). The work was undertaken at Mulago National Specialized
Hospital, where donor assessment and blood collection were performed. Mulago National
Specialized hospital, located in the capital Kampala is the biggest referral hospital in Uganda
and offers super specialized services. Whole blood processing to obtain plasma was conducted
at the Uganda Blood Transfusion Service (UBTS) blood bank situated 2.5 kms away from the
donation centre. UBTS is mandated to provide blood services in the country through dona-
tion, processing, storage and distribution of processed blood to all health facilities in the coun-
try. As an extra layer of safety for the donated plasma, the plasma was tested for presence of
SARS-CoV-2 virus using the RT PCR assay at the Department of Immunology and Molecular
Biology, Makerere University located within the site of the donation. Additional samples were
stored in a biobank at the same laboratory.

Participants
We targeted all individuals with documented recovery from COVID-19 infection who had
been managed and discharged at a designated COVID-19 treatment hospital in Uganda. To be
eligible, the donor had to provide written informed consent, have documented evidence of
SAR-CoV-2 infection by reverse transcriptase polymerase chain reaction (RT-PCR) test and
recovery defined as two negative RT-PCR tests performed at least 24 hours apart, be at least 18
years old and meet all criteria for blood donation as set by Uganda Blood Transfusion Services
(UBTS). The UBTS criteria include: age between 17–60 years, weight�50Kgs, pulse rate of
60–100 beats/minute, temperature of 37±0.4˚C, hemoglobin level of 12.5-16g/dl for females
and 13.5-17g/dl for males, and last blood donation not less than 3 months and 4 months for
males and females respectively. We excluded females with previous history of blood transfu-
sion and/or pregnancy as well as participants who had documented evidence of a HIV positive
status.

Study procedures
Donor screening and donation. Administrative clearance was obtained from the Minis-

try of Health to access a list of recovered individuals from the COVID-19 treatment hospitals
in Uganda. Initial screening for blood donation eligibility was performed by telephone. Screen-
ing covered questions on recovery from COVID-19, age, weight, pregnancy history for
females, days since diagnosis, comorbid history and whether the individual would be willing
to donate. Eligible and willing donors were invited to the donation centre to complete further
assessment for eligibility using the study eligibility criteria and the Uganda blood transfusion
screening criteria for community donations. Weight was measured using a digital weighing
scale (model 803, Seca, United Kingdom) and blood hemoglobin measured using a
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hemochromax machine. Up to 450mls of whole blood was collected in a quadruple bag using
an automated bio mixer and transported to the blood bank in a cool box at 2–10˚C within 8
hrs of collection. Donors were requested to return to the donation centre for their blood
grouping results. At this visit, those that had TTIs were counselled and linked to care. We
strived to include participants that had covered at least 4 weeks since diagnosis was made.

Plasma separation and storage. A blood separation device (LUXOmatic V2, Lmb Tech-
nologie, Schwaig, Germany) [21] was used for automatic extraction of the convalescent
plasma. The separator uses a colormatic sensor system for best differentiation between red
cells, platelets and plasma. Blood component separation of 2 blood bags could be done simulta-
neously with high quality of plasma component due to the sensitive sensor system. Up to
200mls of CCP was obtained from each 450mls unit of whole blood, labeled and immediately
placed on flat in the freezer at –18˚C, in a designated CCP shelf for 30 minutes, then stored in
a deep freezer at –80˚C. All processed CCP units were clearly labelled with an Investigation
New product (IND) label. Three 2mls aliquots of plasma were obtained in cryo-vials and
stored to permit retrospective determination of the characteristics of an effective product and
future investigations.

Blood grouping and pretesting. The ABO and Rh blood grouping were done using the
Immucor system (Immucor Galileo1 system, Dreieich, Germany) while screening for trans-
fusion transmissible infections (TTIs) including Syphilis, HIV, Hepatitis B and Hepatitis C
was done using the Abbott Architect technology (Architect i2000, Abbott Diagnostics USA).
Screening for syphilis was done using the Treponema Pallidum agglutination kit (newbio
TPHA, Kentford, UK). To do Syphilis screening, blood was mixed with a vial of TPHA screen
tests cells until the red blood cells (RBCs)were thoroughly resuspended. A stir ball was added
before placing the vial on the Immucor instrument. A positive test was interpreted as aggluti-
nation of TPHA screen test cells demonstrated by full or partial effacement of the RBCs dis-
tributed over the internal wall of the microplate well. A negative test was interpreted as settling
of the TPHA screen test cells to the bottom of the microplate well to form a button. Positive
units for TTIs were repeated using ELISA (Fortress Diagnostics, Antrim, UK). We tested
plasma for presence of SARS CoV-2 RNA using the ALTONA RealStar SARS CoV-2 RT-PCR
kit following the manufacturer’s instructions [22]. Briefly, template SARS CoV-2 RNA for the
test was extracted from the convalescent plasma using the Qiagen Viral RNAmini kit.
RT-PCR amplifications were performed on the QuantiStudio 7 (Applied Biosystems).

Peripheral Blood Mononuclear Cells (PBMC) isolation. Blood collected was transferred
into a labeled 15ml polypropylene tube and diluted with an equal volume of phosphate-buff-
ered saline (PBS). Up to 5mls of ficoll hypaque were dispensed in a 15 ml polypropylene tube
and carefully over-layered with the diluted blood in a ratio of 2:1. The tubes were then centri-
fuged at 1500 rpm for 30 minutes with no brakes applied. The PBMC band was then harvested
using a sterile pipette and transferred into a labeled 15 ml polypropylene tube. The PBMCs
were then washed by topping up with sterile PBS and centrifuged at 1500 rpm for 10 minutes.
The supernatant was then poured off and the cell pallets re-suspended in Roswell Park Memo-
rial Institute (RPMI) media. The cells were then counted by trypan dye exclusion method. In
order to maintain the viability of cells for years, they were then cryopreserved using freezing
media and then aliquots of 1 ml each where made into cryovials. The cryovials were then trans-
ferred into Mr. Frosty (cool cell) which was then put into a -80˚C freezer for approximately 24
hours and thereafter the cryovials were removed from the CoolCell and transferred into liquid
nitrogen for long term storage.

Biological sample banking. We collected blood samples, processed them and bio banked
them for future use. Samples bio banked included PBMCs, Serum and Plasma.
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SAR-CoV2 antibody titer testing. Antibody titers were determined using the Acro Bio-
systems Anti-SARS CoV-2 antibody IgG titer Serological ELISA Assay kit (Spike protein
RBD) [23] which is detects IgG1 antibody. The assay kit has a sensitivity of 93.98% [24] and
antibody titer testing was done following manufacturer’s instructions. The resultant IgG titers
(nanograms/milliliter) was converted to arbitrary units by dividing with the concentration
(nanograms/milliliter) that corresponded with three times the average optical density (OD) of
the negative control samples. The neutralizing nature of the antibodies was however not
tested.

Statistical analysis
Participants’ characteristics were described using proportions, means (standard deviation-
SD), and medians (inter-quartile range-IQR). Comparisons of characteristics were done using
Chi-square or Fisher’s exact tests for categorical variables, and t-tests for continuous ones. All
analyses were done using STATA1 version 15.

Ethical procedures
The study was conducted in accordance with the principles of the Declaration of Helsinki and
in accordance with the principles of Good Clinical Practice (GCP) as laid down by the Interna-
tional Council on Harmonization (ICH) topic E6 (Note for Guidance on GCP) [25]. Before
initiating the study, ethical approval was obtained from the Mulago Hospital Research and
Ethics Committee (MHREC 1872), as well as the Uganda National Council for Science and
Technology (HS684ES). All participants gave informed written consent, and confidentiality of
participants was through use of patient identification numbers instead of names on all study
documents and samples. All patient information was kept secure and was only available to the
study staff, regulators, and ethics committees.

Results
Donor screening
The outcome of donor screening is summarized in Fig 1. A total of 192 participants were
approached (8 females, 184 males) and after preliminary screening on phone, 179 (93.2%)
were found eligible to donate. The reasons for ineligibility for the 13 (6.8%) participants
included: hypertension (23.1%), diabetes (15.4%), hypertension and diabetes (7.7%), HIV
(7.7%), HIV and diabetes (7.7%), age below 18 years (7.7%), underweight (7.7%) and female
with a history of pregnancy (23.1%). Of the 179 eligible to donate, 23 (12.8%) were not willing
to donate. Reasons given for their unwillingness to donate included: having no time 7(30.4%),
fear of being retained at the COVID-19 treatment center 10(43.5%), fear of stigma in the com-
munity 1(4.3%), phobia for donating blood 1(4.3%), religious issues 1(4.4%), lack of interest 2
(8.7%) and transport challenges 1(4.3%). All individuals found eligible through preliminary
screening on phone were invited to the donation centre for further screening and donation. Of
those invited, 123 (78.8%) presented at the donation centre for additional screening. A further
63 recovered COVID-19 individuals were self-referred, increasing the total number of partici-
pants screened to 186. Of the 186 who came to the donation center, 24(12.9%) were ineligible
at time of enrollment due to: high blood pressure (54.2%), HIV positive status (8.3%), HIV
positive status and hypertension (4.2%), high temperature (4.2%), previous donation within
one month (4.2%), underweight (8.3%), heart disease (4.2%), donation phobia (4.2%), on
treatment for peptic ulcer disease (4.2%) and work pressures (4.2%).
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Fig 1. Flow diagram for screening process.

https://doi.org/10.1371/journal.pone.0252306.g001
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Social demographic characteristics of the donors
Table 1 below summarizes the social demographic characteristics of the donors. The median
age was 30 years and females accounted for were 3.7% of the donors. Majority (64.2%) had
attained secondary level of education. Over half (56.8%) had been previously managed at a
regional referral hospital. The furthest distance travelled to the donation centre was 498km
and average distance travelled was 161km.

Transfusion transmitted infections (TTI)
A total of 30(18.5%) donors tested positive for different TTIs. The prevalence of different TTIs
were as follows: HIV (4, 2.5%), Hepatitis B (8, 5%), Hepatitis C (14, 8.8%) and Syphilis (4,
2.5%). From all the collected plasma, 127 samples were found suitable for transfusion as 30
were positive for TTIs while 5 were spoilt (burst) during processing.

Table 1. Characteristics of the donors (N = 162).

Variable n %
Age
Median 30 years (IQR: 25–36)
18–25 45 27.8
26–35 73 45.1
36–45 34 21.0
46–55 8 5.0
56–65 2 1.2
Sex
Male 156 96.3
Female 6 3.7
Level of education
None 1 0.6
Primary 33 20.4
Secondary 104 64.2
Tertiary 22 13.6
Other/missing 2 1.2
Marital status
Married 95 58.64
Separated 6 3.70
Single 59 36.42
Missing 2 1.23
Level of care
National referral hospital (Mulago) 70 43.2
Regional referral hospitals 92 56.8
Distance travelled by donors (km)
<100 65 40.4
101–200 26 16.1
201–300 45 28.1
301–400 17 10.6
>400 8 5.0
Transfusion history
Had ever donated 59 36.4
Had never donated 103 63.6

https://doi.org/10.1371/journal.pone.0252306.t001
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SAR-CoV2 antibody titers
All the CCP samples tested negative for SARS-Cov-2 by RT-PCR. Antibody titer testing dem-
onstrated titers of more than 1:320 for all the 71 samples tested. Fig 2 demonstrates the anti-
body titers classified by age group, gender, HIV status and region of the donors while Fig 3
demonstrates the antibody titers by number of days since first positive COVID-19 result or
days since admission.

Bio specimens
Table 2 below summarizes the type and quantities of the samples collected. Blood samples col-
lected from the donors have been processed and bio banked.

Discussion
We aimed to assess the feasibility of collecting and processing CCP, in preparation for a ran-
domized clinical trial of CCP for treatment of COVID-19 in Uganda. We have demonstrated

Fig 2. Antibody titers (AU/mL) classified by age group, gender and region of residence of donors. It is noted in Fig 2 that age greater than 46
years and female gender were associated with higher titers though this was not statistically significant.

https://doi.org/10.1371/journal.pone.0252306.g002
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that collection and processing of CCP is feasible and that all the donors have adequate anti-
body levels.

More than three quarters (93.2%) of the recovered individuals were found eligible to
donate, with up to 87.2% willing to donate. The proportion eligible to donate in our study is
higher than was found by Li et al in a pilot program [26]. The difference could be attributed to
their small sample size and level of screening where the 93.2% in our study was due to tele-
phonic prescreening. The numbers would be expected to drop after following onsite/physical
screening as individuals initially cleared as eligible may fail eligibility while at the donation
site. It may additionally be due to younger demographics in the present study.

Donor eligibility and recruitment are an integral part of a successful CCP collection pro-
gram. We instituted an eligibility criteria as has been recommended previously [27]. The eligi-
bility included evidence of a COVID-19 positive test and subsequent proof of recovery as
evidenced by a discharge certificate at presentation to the donation centre. Donors for CCP
need to satisfy other eligibility for routine donations [28], and thus to ensure deferrals to a
minimum, a trained psychologist administered a pre-screening questionnaire by telephone,

Fig 3. Antibody titers (AU/mL) by days since positive COVID-19 test or admission. It is noted in Fig 3 that there is a
correlation between antibody titers and days since diagnosis. Higher antibody titers are noted after around day 28.

https://doi.org/10.1371/journal.pone.0252306.g003

Table 2. Summary of samples processed and bio banked.

Sample name No. of participants Vials per patient Number of vials
Plasma 162 4 545
Serum 52 2 104
PBMC 162 4 648

https://doi.org/10.1371/journal.pone.0252306.t002
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asking for obvious morbid conditions like HIV, Hepatitis, Hypertension, Diabetes, Syphilis
among others.

In this study, 12.8% of the recovered individuals screened and found eligible to donate
opted out for various reasons including stigma. Stigma has previously been identified to affect
treatment seeking and also affect the recovered individuals [29–31].

Convalescent plasma collection and processing are expected to be a challenge in most devel-
oping countries due to fragmented health systems raising issues of blood shortage, donor or
staff safety, issues of logistics and supply [32]. In several developed countries, donation pro-
grams have used plasmapheresis [33, 34] which is a better technology for plasma donations.
Through this project, we have been able to demonstrate that collection of convalescent plasma
in a developing country is possible even in the absence of better technologies like
plasmapheresis.

Transfusion transmissible infections including COVID-19 have been highlighted as a
potential challenge to CCP administration especially in low and medium income countries
[19]. There is no evidence for transmission of COVID-19 through blood donation [35];
however, we ensured the donors were clinically and virally free of SARS-CoV-2. We did
SARS-CoV-2 testing on the nasopharyngeal swabs collected from the donors and further did
SARS-CoV-2 testing on the plasma and found no RNA in plasma or swabs of the donors. The
UBTS did further screening for transfusion transmissible infections (HIV, Hepatitis C, Hepati-
tis B and Syphilis). It has been previously found out that the prevalence of TTIs tends to be
lower among repeat donors as repeat donations select healthier individuals [28].

Treatment of COVID-19 has been challenging as most of the drugs that were initially
promising have since been found to have little or no effect on COVID-19. Results from the Sol-
idarity trial on remdesivir, hydroxychloroquine, lopinavir, and interferon regimens didn’t
show significant effect on mortality and duration of hospital stay [36]. In the absence of proven
treatments, treatment has largely been supportive involving treatment of symptoms such as
fever with antipyretics, secondary bacterial chest infection with antibiotics and meticulous
management of comorbid conditions, with vitamin C and Zinc added [37].

This study will inform an ongoing clinical trial assessing the safety and efficacy of CCP, as
currently CCP is not used as a standard modality of treatment in Uganda. It has only been
used under compassionate use using some of the plasma units collected under the project.
Antibody titer levels were tested for the donors and analysis on 72 donors revealed they all had
sufficient antibody titers in excess of 1:320, consistent with findings from a pilot program in
Wuhan China where all the donors had sufficient antibody titers [26]. The high levels of anti-
bodies could explain why majority of the Ugandan patients had mild forms of disease and thus
were able to mount a good humoral immune response. The high antibody titers could also be
explained by the fact that most of the donors were included 28 days post diagnosis. The 28 day
period of convalescence has been associated with a high antibody level [38]. The study
included participants who had confirmed COCID-19 and had been treated and recovered. It
would be interesting to understand antibody positivity in the general population, however a
seroprevalence studies haven’t been done yet.

There are indications that countries are beginning to embark on convalescent plasma trials
and in Africa up to 85% of the countries have national blood transfusion policies and services
in place although with varying functionality and level of development. There is need to lever-
age the blood transfusion services in these countries and this is beginning to happen on the
continent. A case in point is the South African National Blood Service (SANBS) that is cur-
rently exploring ways to investigate and use plasma for the treatment of COVID-19 patients
[39].
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Specimen biobanking is critical in pandemic response, and biospecimen issues have long
been appreciated in emergency infectious disease control [40]. In this feasibility study, we have
been able to collect, process and store samples from recovered COVID-19 individuals for
future research. We shall be able to link this to clinical data and answer any other emerging
biomedical questions including monoclonal antibody manufacture.

Limitations
Despite demonstrable feasibility of the collection and processing of CCP, the study had limita-
tions including inability to do apheresis as had originally been planned. This would have
allowed us to do more frequent donations from the same donors. We were unable to collect all
the needed data from the participants who didn’t donate plasma. This would have given us an
opportunity to compare the successful donors and the those that were screened out. We were
also unable to do pathogen inactivation as is usually recommended for CCP.

Conclusion
In our experience, CCP collection, processing and storage is possible in Uganda and should be
possible in most low and middle income countries (LMICs) with functional national blood
transfusion services. However, concerns about stigma and lack of time, interest or transport
need to be addressed in order to maximize donations.
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