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Abstract

Background
Blood safety frameworks in malaria-endemic regions face a persistent challenge from asymptomatic
parasitaemia. National screening guidelines in Zambia do not currently mandate testing blood donations
for malaria. This study evaluated the prevalence, species distribution, and lifecycle stages of
Plasmodium parasites in ready-to-transfuse blood units at Ndola Teaching Hospital to assess the risk of
Transfusion-Transmitted Malaria (TTM).

Methods
A cross-sectional investigation was conducted on 150 stored, ready-to-transfuse blood units at a tertiary
referral hospital in Ndola-Copperbelt province-Zambia. Blood samples collected in
ethylenediaminetetraacetic acid (EDTA) from stored units underwent testing through Rapid Diagnostic
Test (RDT) kits (SD Bioline Malaria Ag P.f HRP-II). Subsequent thin and thick peripheral blood films were
examined using standard microscopy following Giemsa staining to establish parasite prevalence,
identify Plasmodium species, and determine morphological lifecycle stages (trophozoites and
gametocytes).

Results
Out of 150 evaluated blood units, 8.0% (n = 12) demonstrated Plasmodium parasitaemia. Speciation
revealed a predominance of Plasmodium falciparum (75.0%; n = 9), alongside Plasmodium malariae
(16.7%; n = 2) and mixed P. falciparum with Plasmodium ovale coinfections (8.3%; n = 1). Morphologically
intact asexual trophozoites and mature sexual gametocytes were concurrently identified across positive
blood units.

Conclusion
Ready-to-transfuse blood supplies face a significant, unmonitored threat from hidden malaria reservoirs.
Because transfused parasites bypass the protective hepatic developmental phase, they pose an
immediate clinical risk for life-threatening post-transfusion malaria, particularly in highly vulnerable
neonates, obstetric, emergency, and oncology cohorts. Standard pre-donation screening questionnaires
are insufficient. There is an urgent need to elevate malaria testing to a core institutional Transfusion-
Transmissible Infection (TTI) panel and update national blood safety policies.

1. 1. Introduction
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Malaria remains one of the most devastating parasitic diseases globally, exerting its heaviest toll on
public health systems across sub-Saharan Africa [1]. According to the World Health Organization (WHO),
the African region accounts for a disproportionate share of the global malaria burden, with
approximately 95% of all clinical cases and 95% of malaria-related deaths recorded annually within this
single geographic region [2]. The infection is caused by protozoan parasites of the genus Plasmodium,
which are classically transmitted through the bites of infected female Anopheles mosquitoes [3]. Among
the species infecting humans, Plasmodium falciparum stands out as the most prevalent, virulent, and
clinically aggressive species in Zambia and other highly endemic zones, driving the vast majority of
severe malaria related clinical morbidity and mortality across provincial populations [4].

While vector-borne transmission heavily dominates the epidemiological landscape, alternative blood-
contact pathways such as organ transplantation and blood transfusions bypass the protective mosquito
vector phase entirely, resulting in Transfusion-Transmitted Malaria (TTM) [5]. This secondary
transmission pathway circumvents standard clinical checkpoints, allowing active blood-stage
merozoites to be introduced directly into the host's circulatory system [6].

In highly endemic configurations like Zambia, continuous exposure to Plasmodium parasites over time
leads to the development of partial clinical immunity among adult populations [7]. This immune
adaptation frequently manifests as asymptomatic parasitaemia, a clinical state where individuals
harbour active, replicating Plasmodium species in their peripheral blood without exhibiting any overt
clinical symptoms of malaria illness [8]. Consequently, apparently healthy individuals who pass standard
pre-donation screening questionnaires and visual health assessments routinely clear basic clinical filters
[9]. They unknowingly serve as hidden reservoirs for the parasite and donate blood that enters the
general bank supply [10].

Despite this documented threat, screening for Plasmodium species is not included in the mandatory
national panel for Transfusion-Transmitted Infections (TTIs) in Zambia [11]. The national policy
framework strictly prioritizes Human Immunodeficiency Virus (HIV), Hepatitis B Virus (HBV), Hepatitis C
Virus (HCV), and Syphilis [12]. This institutional omission and policy gap create a systemic vulnerability
within regional health networks, rendering standard blood bank clearance protocols insufficient for
detecting bloodborne malaria carriage [11].

When these undetected, parasite-positive blood units bypass the standard blood bank clearance protocol
and are processed, stored, and subsequently transfused, they pose an immediate, acute, and life-
threatening hazard to recipient safety [13]. TTM represents a catastrophic risk for highly vulnerable
patient populations who serve as the primary consumers of blood transfusions, such as neonates,
severely anaemic patients, pregnant women, and immunocompromised clinical cases [14]. Transfusing
contaminated blood into these groups can trigger rapid, severe clinical malaria, sudden haemolytic crisis,
multi-organ failure, or death [15].

Within the blood bank, the Full Blood Count (FBC) serves as a baseline haematological panel, measuring
parameters such as red blood cell (RBC) counts, white blood cell (WBC) distributions, haemoglobin
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concentration, haematocrit, and platelet counts [16]. Plasmodium infections heavily disrupt these
parameters through direct physiological mechanisms: structural destruction of parasitized erythrocytes
leads to profound anaemia, while immune-mediated clearance and splenic sequestration result in
profound thrombocytopenia [17]. Thrombocytopenia stands out as one of the most consistent
haematological markers associated with malaria parasitaemia [18]. These induced haematological
anomalies underscore the systemic physiological strain that hidden parasitaemia places on both donor
blood cellular integrity and recipient health [17].

While various international blood centers utilize malaria screening mechanisms [19], precise data
regarding the exact prevalence and specific species distribution of Plasmodium within processed, ready-
to-transfuse blood units remain deeply constrained and dangerously sparse in local setups like the
Copperbelt Province of Zambia. Globally, estimates of asymptomatic parasite carriage among regional
donors vary widely, ranging from under 1% up to 29% across various hyper-endemic sub-Saharan
environments [20]. Without precise local scientific evidence quantifying this risk at regional facilities like
Ndola Teaching Hospital, blood safety guidelines remain unoptimized. This leaves clinicians unable to
account for post-transfusion malaria pyrexia and leaves an epidemiological blind spot that compromises
recipient care.

This study addresses this critical operational and policy gap by systematically investigating the
prevalence and specific species distribution of Plasmodium within stored blood units at Ndola Teaching
Hospital. Furthermore, the research provides the essential, evidence-based baseline data required to
close the current gaps in the Zambian blood safety. Ultimately, this structural exploration aims to
generate actionable medical evidence that bridges the gap between regional blood bank vulnerability
and national policy enhancement, establishing data to strengthen blood donor screening protocols and
enhance patient safety.

2. Methodology

2.1 Study Design and Setting
This study employed a cross-sectional design at Ndola Teaching Hospital, a tertiary referral centre
located in the Copperbelt Province of Zambia. Data collection was originally scheduled to target a
calculated sample size of 384 processed blood units. However, due to severe supply-chain constraints
characterized by an erratic blood supply at regional and institutional level between April and June, the
final sample size was restricted to 150 ready-to-transfuse blood units.

Copy: www.cbp.gov.zm

2.2 Sampling Frame and Selection Strategy
To eliminate selection bias and ensure objective representation, a systematic random sampling
technique was utilized. The daily delivery sheet provided by the main region blood bank served as the

Page 4/12



operational sampling frame. The selection process was executed using the following sequential
protocol:

1. All available ready-to-transfuse blood units listed on the daily regional delivery sheet were numbered
sequentially from 1 to (n).

2. The Random Start Selection: To determine the initial sampling unit, paper lots numbered from 1 to
10 were placed into a container. A single lot was drawn at random to establish the starting position.
For instance, if number 4 was drawn, the 4th blood unit listed on the delivery sheet was selected as
the first sample.

3. The Fixed Interval Application: Following the selection of the first unit, a fixed sampling interval of
three units was applied uniformly down the list. Remaining units were selected by adding the
interval to the previous sequence number (n + 3).

4. Iterative Sampling: This fixed mathematical progression (e.g., 4th, 7th, 10th, 13th units) was
repeated systematically until the end of that day's delivery sheet was reached.

3.0 Laboratory Analysis
Each sampled blood unit underwent parallel diagnostic testing to evaluate the presence of subclinical
parasite carriage:

1. Samples were screened using standard histidine-rich protein II (HRP-II) Rapid Diagnostic Tests
(RDTs) to check for Plasmodium falciparum specific antigens.

2. Microscopic Examination: the prepared thick and thin peripheral blood smears were stained using a
10% Giemsa working solution at a buffered pH of 7.2 for 10–12 minutes. Stained slides were
examined under an oil-immersion light microscope (100× magnification) by medical laboratory staff
and Scientists. Parasite density and specific morphological forms including asexual ring-stage
trophozoites and mature, crescentic or spherical sexual gametocytes were documented across
positive fields. Light microscopy served as the confirmatory baseline for parasite density
quantification and Plasmodium species identification (P. falciparum, P. malariae, and P. ovale)

3.1 Quality Control
To guarantee diagnostic accuracy, all positive blood films and a randomly selected 10% subset of
negative slides were cross-examined by a Senior Microscopist, Lab Clinical Instructor, and Scientist
blinded to the initial RDT and microscopy results. Discrepancies in speciation or presence of specific
lifecycle stages were resolved through consensus evaluation under a multi-head teaching microscope.

4.0 Ethical Considerations
The study protocol was reviewed and approved by Ndola College of Biomedical Sciences Research
Ethics Committee Ref: NCBS-REC-100/2/05/2026 and National Health Research Authority Ref: NHRA-
13080/24/06/2026. Permission to sample the units was granted by the hospital administration and
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blood bank department at Ndola Teaching Hospital. Because samples were collected strictly from
anonymized, stored blood bag satellite segments post-donation, direct patient or donor informed
consent was waived, ensuring absolute donor confidentiality.

5.0 Results

5.1 Overall Prevalence and Diagnostic Performance
Out of the 150 stored, ready-to-transfuse blood units evaluated at Ndola Teaching Hospital, 8.0% (n = 12;
95% CI: 4.2%–13.6%) tested positive for Plasmodium parasites.

Diagnostic modality comparison revealed a distinct performance gap:

Microscopy, identified 100.0% (n = 12) of the positive cases. Light microscopy served as the gold
standard baseline while HRP-II RDT, successfully captured 83.3% (n = 10) of the positive units. The assay
failed to detect 16.7% (n = 2) of the microscopically confirmed infections.

5.2 Plasmodium Species Distribution
Definitive microscopic speciation of the 12 positive units revealed a clear predominance of Plasmodium
falciparum, which was identified in 75.0% (n = 9) of the infected units. Both of these P. falciparum
monoinfections were successfully caught by the HRP-II RDT assays.

Non-falciparum species were also recorded: Plasmodium malariae accounted for 16.7% (n = 2) of the
infections, and a distinct mixed infection involving Plasmodium falciparum and Plasmodium ovale co-
endemicity was identified in 8.3% (n = 1) of the positive units. Crucially, the 2 units missed by the HRP-II
RDT consisted of one P. malariae monoinfection and the mixed P. falciparum / P. ovale unit, highlighting
the diagnostic limitations of single-antigen screening tools.

5.3 Parasite Morphological Lifecycle Stages
Microscopic evaluation confirmed the concurrent presence of diverse intraerythrocytic lifecycle stages
within the stored blood bags. Structurally intact, early asexual ring-stage trophozoites were visualised in
100.0% (n = 12) of the positive units.

Crucially, mature, well-preserved sexual stages (gametocytes) were identified alongside trophozoites in
33.3% (n = 4) of the positive units. These included characteristic crescent-shaped P. falciparum
gametocytes and compact, rounded non-falciparum sexual forms. This demonstrates that blood units
passing routine clearance filters contain complex, morphological intact, and intraerythrocytic parasite
profiles.

6.0 Discussion

6.1 Prevalence
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The study confirms an 8.0% prevalence of subclinical Plasmodium parasitaemia among ready-to-
transfuse blood units at Ndola Teaching Hospital. This finding falls within the broad 1% to 29% carriage
range documented across sub-Saharan Africa [20]. More importantly, it mirrors recent multi-centre data
from other highly endemic regions. For instance, recent regional surveillance identified a 13.5% malaria
prevalence among asymptomatic blood donors, showcasing that hidden parasite reservoirs remain a
major, unmonitored threat within the nation's blood supply [21].

Our observed prevalence of 8.0% aligns closely with findings from neighbouring countries in Southern
and Eastern Africa facing similar transmission dynamics [22]. Studies in hyper-endemic regions of East
Africa and Nigeria report donor parasitaemia rates ranging from 10.0% to 21.1% [23]. The persistent
identification of morphological intact Plasmodium species in processed blood units that have
successfully cleared the national Transfusion-Transmitted Infection (TTI) testing panel exposes a critical
operational vulnerability within Zambia's current blood safety framework. Because national protocols
exclusively mandate screening for HIV, HBV, HCV, and Syphilis [12], asymptomatic donors with high
levels of partial immunity pass standard health screening questionnaires completely unnoticed [24].
These individuals maintain low-level peripheral blood parasitaemia that leaves their daily health
unaffected, yet directly compromises recipient safety within the clinical supply chain [25].

6.2 Species Dynamics and Structural Persistence
The observed species distribution highlights a major epidemiological trend. While P. falciparum drives
the overwhelming majority of infections (75.0%) due to its established transmission dominance in the
Copperbelt Province, the detection of P. malariae (16.7%) and mixed P. falciparum/P. ovale coinfections
(8.3%) points to a broader diagnostic challenge. Non-falciparum species and mixed infections are a
known feature of the Zambian malaria landscape [26]. These species are clinically characterized by low
peripheral parasite densities and prolonged asymptomatic persistence, allowing them to easily evade
standard clinical screening filters [27].

Furthermore, the identification of morphologically intact asexual trophozoites and mature gametocytes
across positive samples matches established kinetic models [28]. These models demonstrate that
Plasmodium merozoites remain structurally viable under standard Citrate-Phosphate-Dextrose-Adenine
(CPDA-1) cold-chain refrigeration (1°C to 6°C) [29]. Because transfusion introduces these
morphologically intact active blood-stage parasites directly into the recipient's circulatory system, it
bypasses the protective hepatic development phase, triggering immediate intraerythrocytic replication
[5].

6.3 Diagnostic Performance and Discrepancies
A critical finding of this study is the performance gap between diagnostic modalities. Out of the positive
cases, 10 units were successfully detected using histidine-rich protein II (HRP-II) Rapid Diagnostic Tests
(RDTs). Crucially, the RDT missed 2 positive cases that were subsequently identified using conventional
light microscopy.
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This diagnostic discrepancy underscores two vital points:

1. HRP-II Limitations: Standard HRP-II-based RDTs are designed primarily to detect P. falciparum [30].
They exhibit poor sensitivity or absolute blindness toward non-falciparum species like P. malariae
and P. ovale unless a pan-specific antigen marker is included [31].

2. Low Parasite Density: Asymptomatic blood donors typically harbor very low parasite densities.
These low densities frequently fall below the analytical limit of detection (LOD) for standard antigen-
capture RDT kits (typically 100–200 parasites/µL), causing false-negative outcomes [32].

This mismatch proves that while RDTs offer unparalleled scalability, relying on standard P. falciparum-
only RDTs as a sole screening mechanism in blood banks will allow non-falciparum variants to slip into
the active blood supply.

6.4 Recipient Vulnerability and Clinical Risk
The transfusion of unscreened, parasite-positive units poses a severe clinical risk to vulnerable hospital
cohorts. The wards managing neonates or severely anaemic patients, obstetric wards treating pregnant
women, and oncology wards caring for immunocompromised individuals are the primary consumers of
these blood products [14]. In these patients, an unmonitored injection of Plasmodium can lead to rapid
clinical malaria, severe haemolytic crisis, multi-organ failure, or death [15]. Additionally, post-transfusion
malaria pyrexia can easily be misdiagnosed as a standard febrile non-haemolytic transfusion reaction,
masking the parasitic source and delaying appropriate antimalarial treatment [13].

6.5 Diagnostic Strategies for Blood Safety
Relying entirely on donor history questionnaires is an inadequate strategy for malaria control within
hyper-endemic settings like Ndola [9]. Although standard microscopy remains a reliable baseline tool for
speciation, its practical use in high-throughput blood banking is limited by its dependence on skilled
technicians, scientists and its high turnaround time [18].

The fact that microscopy caught cases missed by RDTs highlights that manual blood smear reviews by
scientists remain an essential safety net. While advanced molecular testing like polymerase chain
reaction (PCR) provides the highest sensitivity for low-density, sub-microscopic infections, integrating
cost-effective, multi-species (Pan/Pf) RDTs into the mandatory national testing panel offers an
immediate, actionable step toward closing the current diagnostic gap and protecting recipient safety.

6.6 Study Limitations
This study is limited by its sample size (N = 150) due to supply-chain disruptions, and its cross-sectional
restriction to a single tertiary referral centre, which may not fully capture seasonal variations in parasite
prevalence. Additionally, because standard HRP-II RDTs and conventional light microscopy were used,
very low-density, sub-microscopic infections may have been underreported compared to what molecular
assays would yield. Future multi-centre studies utilizing nested PCR or quantitative PCR are needed to
establish the full burden of sub-microscopic donor parasitaemia across Zambia.
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7. Conclusion and Recommendations

7.1 Conclusion
Ready-to-transfuse blood units at Ndola Teaching Hospital face a significant, unmonitored challenge
from asymptomatic Plasmodium reservoirs. The current Zambian blood safety policy framework, which
does not mandate universal malaria screening, leaves an operational gap that allows morphological
intact asexual and sexual stages of P. falciparum, P. malariae, and P. ovale to bypass standard clearance
checks. This exposure poses a direct, avoidable risk of Transfusion-Transmitted Malaria to highly
vulnerable patient populations.

7.2 Recommendations

1. Policy Integration: The Ministry of Health should consider update the National Blood Transfusion
Guidelines to include malaria screening in the mandatory TTI testing panel within highly endemic
provinces.

2. Diagnostic Deployment: The Regional blood centers should adopt PanPf rapid antigen-capture
testing (RDTs) as a scalable screening mechanism for processed donations.

3. Clinical Surveillance: The Hospital transfusion committees should establish active surveillance
protocols to monitor post-transfusion febrile episodes for potential TTM cases.

4. Research Expansion: Further molecular surveillance using PCR should be funded to evaluate low-
density, sub-microscopic parasite carriage across provincial blood supplies.
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Figures

Figure 1

Map of Copperbelt province and Ndola District

Figure 2

Species Distribution Among Positive Units (N = 12)
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