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Abstract

BACKGROUND: Malaria remains a leading transfusion associated infectious risk in endemic
areas. However, the prevalence of malaria parasitemia has not been well characterized in blood
donor populations. This study sought to determine the prevalence of Plasmodium in red blood cell
(RBC) and whole blood (WB) units after the rainy season in Uganda.

METHODS AND MATERIALS: Between May and July 2018, blood was collected from the
sample diversion pouch of 1000 WB donors in Kampala and Jinja, Uganda. The RBC pellet from
ethylenediamine tetraacetic acid (EDTA) anticoagulated blood was stored at —80°C until testing.
DNA was extracted and nested PCR was used to screen samples at the genus level for
Plasmodium, with positive samples further tested for species identification.

RESULTS: Malaria parasitemia among asymptomatic, eligible blood donors in two regions of
Uganda was 15.4%; 87.7% (135/154) of infections were with £ falcjparum, while P. malariae and
P, ovale were also detected. There were 4.3% of blood donors who had mixed infection with
multiple species. Older donors (>30 years vs. 17-19 years; aPR = 0.31 [95% CI = 0.17-0.58]),
females (aPR = 0.60 [95% CI = 0.42-0.87]), repeat donors (aPR = 0.44 [95% CI = 0.27-0.72])
and those donating near the capital city of Kampala versus rural Jinja region (aPR = 0.49 [95% CI
= 0.34-0.69]) had a lower prevalence of malaria parasitemia.

CONCLUSIONS: A high proportion of asymptomatic blood donors residing in a malaria
endemic region demonstrate evidence of parasitemia at time of donation. Further research is
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needed to quantify the risk and associated burden of transfusion-transmitted malaria (TTM) in
order to inform strategies to prevent TTM.

Nearly half of the world population resides in areas at risk of malaria transmission.! In 2017,
there were an estimated 219 million cases of malaria reported worldwide, with 92% of those
cases occurring in Africa.2 Malaria is a mosquito-transmitted infection that infects red blood
cells (RBCs) and is readily transfusion transmissible. Transfusion of Plasmodium-infected
RBCs can result in transfusion-transmitted malaria (TTM). A recent meta-analysis reported
that the global prevalence of malaria in healthy blood donors as determined by microscopy
is 10.5%.3 Despite the burden of disease, routine screening for malaria is uncommon
practice, whereby only seven countries in Africa report blood donor screening for malaria
using either a peripheral smear or antigen diagnostic test.# This highlights a need for more
research to understand the extent of TTM in endemic countries, particularly sub-Saharan
Africa where the majority of malaria infections occur.3

There are five parasite species that cause malaria in humans: Plasmodium falciparum, P,
malariae, P. vivax, P. knowlesi, and P, ovale. P. ovaleis further divided into two subspecies,
P, ovale walikeriand P, ovale curtisi. The most virulent and prevalent species, £ falciparum,
is estimated to cause 99.7% of infections in sub-Saharan Africa.2 In non-immune
individuals, malaria typically causes a non-specific febrile illness, which may progress to
severe or complicated disease in the absence of prompt and effective antimalarial treatment.
Selected populations are particularly susceptible to severe malaria, such as women and
children under 5 years of age. Severe anemia is one of the most common complications of
malaria in sub-Saharan Africa, with an estimate of over a million cases occurring annually
and accounting for an estimated 20% of £, falciparum hospitalizations.® Blood transfusion is
a critical treatment modality for severe anemia; consequently, the highest proportion of
blood transfusions in sub-Saharan Africa are being directed to children for severe anemia
due to malaria and malnutrition.®

Although malaria infection is dangerous to individuals lacking immunity, asymptomatic
infections among adults living in endemic areas with clinical immunity are common.”
Asymptomatic parasitemia can persist in the blood for years or even decades following
exposure.’8 Pertinent to transfusion risk, Plasmodium spp can survive in processed, stored
blood products for up to 18 days.21% Although a transfusion with a blood product that has
been collected from a parasitemic donor may not cause severe disease in semi-immune
patients, infection in a non-immune recipient can progress to severe or even fatal malaria.ll

In Uganda, malaria is endemic in >95% of the country, yet data on the risk of TTM are
lacking.1213 Malaria transmission in Uganda is perennial in 90%-95% of the country, with
annual peaks following the rainy seasons; the latter usually occur from March to May and
August to October.2 In this study, multi-species nested polymerase chain reaction (PCR)
was used to evaluate the overall and species-specific malaria parasitemia in asymptomatic
Ugandan blood donors.
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MATERIALS AND METHODS

Study setting

Blood donations in Uganda are collected by the Ugandan Blood Transfusion Services
(UBTS) at 14 collection centers throughout the country, eight of which also function as
regional blood banks that process and distribute units of blood (Fig. 1A). In addition to these
main 14 collection centers, blood is collected at nearby communities using mobile clinics.
The associated samples from those clinics are processed through one of the main centers.
Currently, all (i.e., 100%) donations at UBTS are collected from voluntary non-remunerated
donors. The blood donation process starts with the administration of a short questionnaire
pertaining to general health, history of fever, or recent illness during the past 7 days.
Following disinfection of the phlebotomy site on the donor’s arm, approximately 30 mL of
blood is drawn into a sample diversion pouch after which blood is collected into the main
blood bag. Only the latter is intended for transfusion. Blood from the sample diversion
pouch is used for serologic testing for human immunodeficiency virus (HIV), hepatitis B
virus (HBV), hepatitis C virus (HCV), and 7. pallidum (syphilis) using the ARCHITECT
(Abbott), in addition to determination of ABO and Rhesus (Rh) D blood groups using the
NEO (Immucor). For this study, 3—4 mLs of ethylenediamine tetraacetic acid (EDTA)
anticoagulated blood was collected from the sample diversion pouch for subsequent testing
for malaria.

Sample collection

This cross-sectional study collected blood samples between May and July 2018, which were
delivered weekly to the Makerere University-Global Health Uganda-Indiana University
CHILD malaria laboratory in Kampala, where the samples were processed and later tested.
Upon receipt, the samples were separated for storage of plasma for future studies and
storage of red cell pellets for PCR and stored at —80°C until testing. Samples were collected
from 2 of the 14 main collection centers: the UBTS headquarters in the central business
district in Kampala, and from the Jinja collection center. Mobile clinics throughout
communities near Kampala and Jinja districts were also used. Mobile clinics generally send
the blood they collect to the closest fixed location. The Kampala center collects ~30% of the
total blood supply throughout Uganda, while Jinja collects ~5%. The study was designed for
the samples to be evenly distributed between two collection facilities that distribute blood in
Kampala and Jinja. Using the donor unit numbers, deidentified donor information such as
age, sex, region of collection, blood type, donor status (i.e., first-time donor or repeat donor),
and serologic infectious disease test results was extracted from the donor database.

Rainfall data

Monthly cumulative rainfall data was obtained from the Uganda National Meteorological
Authority (UNMA) for the months of January to July 2018 for Kampala and Jinja districts.
The UNMA manages weather stations where they collect daily rainfall data using rain
gauges. The daily data is then summed to obtain monthly total rainfall, as reported in mm
(Fig. 1).15
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PCR detection of malaria

DNA extraction was performed using the QlAamp DNA Blood Kit (Qiagen) using 200 uL
of RBC pellet to yield approximately 60 uL of DNA eluted in buffer. To identify samples
positive for malaria for subsequent species testing, nested PCR was used to screen at the
genus level, targeting the small subunit 18S ribosomal RNA (ssrRNA) gene common to all
Plasmodium species according to the Snounou protocol.18 As HotStarTaq (Qiagen) was used
in the master-mix, modifications to the amplification conditions were made following
optimization according to the manufacturer’s instructions (Table S1, available as supporting
information in the online version of this paper). Primers for Nest 1 were according to
Krishna,1” and Nest 2 from Snounou (Table S2, available as supporting information in the
online version of this paper).16:17 Total reaction volume (master-mix plus template) for all
nests was 25 uL, amplified using the C1000 Touch Thermal Cycler (Bio-Rad). On each
amplification plate, a known negative sample was used as a negative control, in addition to
DNAse-free water as a no-template control. Positive commercial plasmid controls were used
at the species level (BEI Resources). Samples that were inconclusive after genus-level
screening were repeated using an increased amount of template in Nest 2.

Genus positive samples were evaluated for confirmatory species testing using species-
specific primers (P, falciparum, P. malariae, P. ovale curtisi, P. ovale walikeri, P. vivax) for
Nest 2 as previously described.16:18 All species-specific primers were checked for specificity
using National Institute of Health’s (NIH) Primer-BLAST tool. Samples that were negative
for species testing had Nest 2 repeated using an increased amount of template and cycles.
Products were run using electrophoresis on 1% agarose gel prepared with tris-borate-EDTA
(TBE) buffer, stained with ethidium bromide, and visualized with ultraviolet light. All genus
positive samples were identified at the species level.

Statistical analyses

The primary outcome was the prevalence of Plasmodium spp. parasitemia, which included
both single and mixed infection with 2. falciparum, P malariae, or P. ovale. Secondary
outcomes included the species-specific prevalence of Plasmodium, and the prevalence of
single and mixed infections. Overall donor characteristics were evaluated using descriptive
statistics. Differences in donor characteristics and the study outcomes by location of static
collection center were examined using Pearson’s 2 tests.

Donor characteristics associated with the prevalence of Plasmodium spp. were examined
using modified Poisson regression with robust variance estimation.1® Adjusted prevalence
ratios (aPR) and corresponding 95% confidence intervals (CI) were estimated from a
multivariable model that included demographic variables determined to be important a priori
and/or variables that were associated with Plasmodium spp. in univariable analyses (i.e., age
group, sex, repeat donor status, location of static collection center, and a composite variable
indicating reactivity for any other transfusion transmitted infections (TTI) examined, which
included HIV, HBV, HCV, and syphilis). RhD status was not considered for inclusion in the
multivariable model due to collinearity with location of static collection center. Since many
donor characteristics and the prevalence of the outcome were substantially different by
location of static collection center, a post-hoc stratified analysis was performed by location
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of the collection centers. In a supplemental analysis, factors associated with 2 falciparum
and P malariae were separately examined in the overall study population using similar
methods. Multivariable analyses used a complete-case analytic approach given that very few
data were missing (<1%).

There were four regions outside of Jinja or Kampala that contributed at least 20 donor
samples from mobile clinics: Buyende (n = 64), Mpigi (n = 25), Mukono (n = 29), and
Wakiso (n = 20). Due to outlier prevalence data of a few mobile clinics that collected at least
20 units, these data are also presented separately.

Data were analyzed using R version 3.6.1. Two-tailed p values less than 0.05 were
considered statistically significant.

Ethical approvals

RESULTS

Approval to conduct the study was obtained from the Uganda Cancer Institute Research
Ethics Board, Kampala, Uganda and the Uganda National Council for Science and
Technology as well as the Institutional Review Board at the Johns Hopkins University
School of Medicine, Baltimore, MD, USA.

Description of donor characteristics and collection sites

This study evaluated 1000 samples from asymptomatic, eligible whole blood (WB) donors
in Uganda between May and July 2018 from two collection centers in central (Kampala) and
eastern (Jinja) Uganda. This period immediately followed the rainy season in March—April
with rainfall data for each region shown in Fig. 1.

The mean age of donors was 25.4 years, 76.1% of blood donors were male, and 28.6% of
samples were from repeat donors (Table 1). Overall, 25 donors (2.5%) were seroreactive for
TTIs with 0.6% reactive for HIV, 0.6% reactive for syphilis, 0.8% reactive for HBV, and
0.8% for HCV. As designed, the distribution of samples was equal between the two static
blood collection sites with Kampala accounting for 50.9% of donors and Jinja accounting
for 49.1%. Donors who contributed specimens from the Jinja collection site were younger
and less likely to be a repeat donor than donors from Kampala (p < 0.05 for both
comparisons). Male donors predominated in Kampala; 68% of donors in Jinja were male
compared to 84% in Kampala (p < 0.001).

Malaria parasitemia in donors

The overall prevalence of malaria parasitemia in blood donors was 15.4%. Of those who
tested positive, 87.7% (n = 135) were positive for P, falciparum, 31.2% (n = 48) for P,
malariae, and 16.2% (n = 25) for P, ovale (Table 2). The overall prevalence of £, falciparum,
P. malariae, and P, ovalewas 13.5, 4.8, and 2.5% respectively. P vivax was not detected in
any donors. Among donors who tested positive for P ovale, we identified 15 donors with AP
ovale curtfsi and 13 donors with 2. ovale walikeri. Three donors with 2 ovale were positive
for both P, ovale species. Single infections were detected in 11.1% (n = 111) of donors
accounting for 72.1% of infections, while 4.3% (n = 43) of donors had mixed infections and
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accounted for 27.9% of infections. The most common mixed infection was £ falciparum and
P. malariae, which accounted for 53.5% of all mixed infections. There were 11 instances of
triple infections (£ falciparum, P. malariae, and P. ovale) and two donors positive for 2
falciparum, P. malariae, P. ovale curtisi, and P. ovale walikeri. There was a clear relationship
between increased prevalence of non-falciparum species (2. malariae, 25.2%; P. ovale,
14.1%) in donors positive for P, falciparum compared to donors negative for P. falciparum
(P malariae, 1.6%; P. ovale, 0.7%).

Table 2 also presents the site-specific prevalence of malaria parasitemia. The prevalence was
22.6% in samples originating from Jinja as compared to 8.4% in those samples from
Kampala (p < 0.001). Jinja had a higher prevalence of all malaria species, including the 2
ovale sub-species (p < 0.05 for all). Samples from Jinja were also more likely to have mixed
infections (p < 0.001).

As blood donation occurs through mobile clinics in different regions and at designated
collection centers, a more detailed assessment of malaria parasitemia was conducted by
region. Of the samples that originated in the Jinja collection center, 450/491 (91.6%) were
listed as coming from Jinja with the remaining samples coming from Buyende. For samples
coming from Kampala, 389/508 (76.6%) of donations were in Kampala with at least 20
donations each coming from Mukono, Wakiso, Mpigi, and Buyende (Fig. 1). The prevalence
of malaria parasitemia by region was as follows: Jinja (20.3%), Kampala (4.6%), Buyende
(46.9%), Mpigi (12.0%), Mukono (10.3%), and Wakiso (15.0%). Buyende, a region North of
Jinja that borders Lake Kyoga with the highest prevalence of malaria parasitemia, sent
samples to each of the two static collection sites with 64.1% of Buyende samples sent to
Jinja and 35.9% of Buyende samples sent to Kampala.

Correlates of malaria in blood donors

Correlates of malaria in the overall study population are shown in Table 3. In multivariable
analysis, older donors (>30 years vs. 17-19 years; aPR = 0.31 [95% CI = 0.17-0.58]),
female donors (aPR = 0.60, 95% CI = 0.42-0.87), repeat donors (aPR = 0.44 [95% CI =
0.27-0.72]) and donors with samples from the Kampala collection center (vs. Jinja; aPR =
0.49 [95% CI = 0.34-0.69]) had lower prevalence of malaria parasitemia (Table 3). In
contrast, donors who tested positive for any other TTI had higher prevalence of malaria
parasitemia (aPR = 1.86 [95% CI = 1.07-3.21]). Similar findings were observed when the
data were stratified by-static collection site (Table 4), and when separately examining £
falciparum infection (Table S3, available as supporting information in the online version of
this paper) and P malariae (Table S4, available as supporting information in the online
version of this paper) as separate individual outcomes.

DISCUSSION

Malaria remains a frequent—albeit neglected—transfusion-associated complication in
malaria endemic countries. In this study, we evaluated the prevalence of malaria parasitemia
in Ugandan blood donors by nested PCR. We report a prevalence of malaria parasitemia of
15.4%, whereby P, falciparum was detected in 87.7% of positive samples. Mixed infections
with multiple Plasmodium species were common, occurring in 27.9% of positive samples.
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The prevalence was reduced in donors over 25 years of age, females, and those who donated
near Kampala, while the risk of malaria was increased in donors who screened positive for
other TTIs. These data suggest that efforts to screen donors based on a history of illness is
not sufficient to reduce the risk of TTM from blood collected from asymptomatic donors.
Alternative strategies to reduce the burden of malaria (e.g., pathogen reduction technologies,
malaria chemoprevention in recipients) should be considered.

The results are consistent with our current understanding of malaria throughout Africa and
also in Uganda. In a meta-analysis, malaria prevalence among healthy blood donors was
21% by microscopy and 36% by molecular methods.3 In a study in Ghana, Plasmodium
genome prevalence was 50% by nucleic acid testing.2? Prevalence varies significantly across
Uganda due to diverse landscapes, with areas of high elevation (both Kampala and Jinja are
at ~4000 feet elevation) and minimal transmission that are prone to epidemics, and
communities near swamps and wetlands that have some of the highest transmission
intensities reported in sub-Saharan Africa, at >1500 infective bites per person per year.2!
Parasite prevalence, as detected by microscopy, was reported as 19% in children under 5
years of age according to the 2014-2015 Uganda Malaria Indicator Survey.?2 The same
survey reported a malaria prevalence in Kampala of 0.4%.22 Jinja district is a peri-urban area
near Lake Victoria about 80 kilometers east of Kampala and is considered a low to medium
transmission area with an annual entomological inoculation rate between 2.8% and 6% and
parasite prevalence >7%.1421 Prevalence in children detected by blood smear in this area is
around 6%-7%.1423 Data from the 2014-2015 Uganda Malaria Indicator Survey show that
four UBTS collection facilities are in areas with prevalence less than 10% in children by
blood smear, seven are in areas with prevalence between 10%-19%, two are in areas
between 20%-29%, and one is in an area with >30% prevalence.22 Prevalence data reported
by blood smear are likely an under-estimate due to lack of sensitivity of microscopy
compared to PCR.24 UBTS has 14 collection centers throughout the country, with 8 serving
as regional blood banks where blood is tested, processed, and distributed. As a result, blood
may be collected from an area of high malaria transmission and distributed to communities
in lower transmission areas, putting the population at greater risk for TTM and severe or
recurrent malaria.

Asymptomatic malaria infections are common in endemic countries due to the development
of clinical, but not sterile, immunity.” Individuals with recurrent exposure to malaria develop
a protective acquired immune response resulting in largely asymptomatic or pauci-
symptomatic infections, and low parasitemia.” The blood donor system in Uganda relies on
self-reported history of fever to screen for illness, but this strategy is insufficient in the
context of asymptomatic malaria when, by definition, fever is not present. Potential
screening options for malaria include antigen detection using rapid diagnostic tests (RDTS),
direct visualization of malaria parasites by blood smear, or more sensitive nucleic acid
testing methods like PCR or loop-mediated isothermal amplification. However, a highly
sensitive assay is likely needed since even low-level parasitemia can be infectious.2>

The testing for this study was performed using nested PCR, a sensitive and specific method
enabling detection of low-level infections, such as the ones seen in asymptomatic adults, and
the differentiation of species. Molecular tests like PCR can identify as few as 1-5 parasite
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per uL of blood and can therefore identify infections that less sensitive tests may miss.24
However, because of cost, the need for highly trained staff and sophisticated facilities
equipped to prevent contamination, PCR is not practical for malaria screening in low-
resource settings. The most commonly used method for malaria screening in sub-Saharan
Africa is microscopy by blood smear. Microscopy is relatively inexpensive but is a time
consuming and laborious process that relies on the availability of highly trained individuals
and appropriate equipment. In addition, microscopy lacks sensitivity to detect low-level
infections with the average microscopist able to detect about 100 parasites per uL of blood.
24 RDTSs are relatively quick and simple to perform, with comparable sensitivity to
microscopy, however, they are less reliable in detecting non-falciparum infections.24 While
RDTs are likely the most practical malaria screening tool for blood donors, deferral of
malaria positive donors in high prevalence areas may further exacerbate shortages in the
blood supply. Approximately 40 countries in sub-Saharan Africa fail to meet the WHO’s
donation goal of 10 units per 1000 population.28 Implementation of malaria screening would
reduce the ability for endemic countries to meet current blood needs, thus leading to
increased morbidity and mortality.

Pathogen reduction technology (PRT) refers to a variety of approaches (e.g., hanofiltration,
solvent detergent treatment, photochemical inactivation, etc.) that may be used to treat the
blood product globally. Given that PRT is effective across different classes of pathogens, it
has the advantage of mitigating risk of established TTIs as well as emerging and re-
emerging agents.2”-28 Germane to TTM, photochemical inactivation has shown efficacy for
TTM.2 The data reported herein suggest PRT could have a substantial impact, particularly
if targeted to high prevalence areas. However, PRT is not as effective when there is a high
parasite burden.2> Additional studies are needed to assess the feasibility, efficacy, and cost of
implementing PRT in low-income countries across multiple populations.

Treatment with anti-malarials, either added to blood packs in vitro, given to all transfusion
recipients, or to targeted high-risk groups, is another potential approach to reduce the rate of
TTM. A study in Malawi found that administration of 3 months of malaria chemoprevention
following discharge from the hospital in children admitted with severe malarial anemia,
prevented 40% of deaths or hospital admissions due to recurrence of severe anemia or severe
malaria.2® An expanded trial in Kenya and Uganda is currently underway to further
investigate the efficacy of malaria chemoprevention as post-discharge management of severe
anemia.3% The value of these studies of prophylactic malaria chemoprevention extend to
TTM. Chemoprevention would reduce re-infections with malaria in children who receive
blood transfusion; as such, it could also reduce the burden of recurrent anemia due to
malaria, which in turn would favorably impact the need for repeated transfusions.
Chloroquine prophylaxis has been widely used for children, but the high cost of
artemisinates has limited the expansion of the programs. A cost-benefit analysis evaluating
the cost of prophylactic treatment combined with risks of drug exposure, non-adherence, and
drug resistance has yet to be undertaken.

There are a number of limitations of this study. The study evaluated donors over a 3-month
period following the rainy season, when the prevalence of malaria is usually highest. A
longer sampling period could provide greater insight into seasonal changes in malaria
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prevalence. While the study included two different collection sites in Uganda with estimates
on prevalence from mobile collection clinics to provide further information on regional
differences, the data are not representative of the entire country. An expanded study
including random sampling from each collection site would provide further information
regarding regional differences in malaria prevalence. The Uganda Blood Transfusion Service
only collects limited demographic data among their blood donors. Additional information on
occupation, education, and history of malaria would have strengthened the multivariate
analyses. We do not have information on whether the malaria infected units were transfused
and whether they resulted in TTM. Further, we did not evaluate malaria by microscopy or
RDT, so we cannot comment on the number of infections that may have-been identified in
donors if malaria screening was implemented at the time of donation. It is also uncertain as
to how molecular evidence of infection (i.e., submicroscopic parasitemia) manifests
clinically or correlates with a clinical outcome. We also did not quantitate the parasitemia to
understand the burden of disease. While the precise sensitivity of our assay was not
determined, the use of nested PCR for the detection of malaria allowed us to detect low
density infections, with typical parasite thresholds for molecular testing between 1-5
parasites per uL of blood. We were able to differentiate between malaria species and identify
a surprising number of mixed infections with some donors having quadruple infections. We
show that both £ ovale curtisiand P. ovale walikeri co-circulate in Uganda with both sub-
species observed in single donors.

The present study of two primary regions in Uganda demonstrates that malaria is common in
donor blood occurring in 15.4% donors and ranged from 4.6 to 46.9% by region despite
efforts to screen for illness prior to donation. Additional research is needed to understand the
impact of donor malaria parasitemia and TTM. As the prevalence of malaria parasitemia
remains high in Uganda and malaria is an important determinant of severe anemia requiring
transfusion, efforts to evaluate PRT and/or public health policies related to malaria
chemoprevention in recipients are likely needed to reduce the burden of TTM in Uganda.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
A map of Uganda Blood Transfusion Service blood processing and collection sites around

the country and the monthly rainfall data for Uganda in 2018. A, a map showing the six
blood collection (circle outline) and eight blood collection and processing centers (solid
circle) across Uganda. The sites evaluated in this study were Kampala and Jinja in central
Eastern Uganda (in red). The distance between Buyende and Jinja is ~60 miles. Regions that
contributed at least 20 donor samples are indicated with an X. Wakiso (malaria prevalence,
15.0%), Mpigi (12.0%) and Mukono (10.3%) border Kampala and have higher malaria
prevalence compared to samples collected at the UBTS headquarters in central Kampala
(4.6%). Buyende (46.9%) had 64 donor samples that were sent to both Jinja (n = 34) and
Kampala (n = 30) collection sites. B, a graph showing the rainfall data for 2018 with the 2
months preceding sample collection corresponding to the rainy season and the 3 months
where samples were collected for malaria testing.
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