


[bookmark: _Hlk212719398][bookmark: _GoBack]Original Research Article 

Prevalence of Sickle Cell Trait Among Voluntary Blood Donors: A Case studyStudy of Kisumu Regional Blood Transfusion Centre, Kenya

ABSTRACT 
	
The heterozygous type of sickle-cell disease is known as sickle -cell trait. Hemoglobin S and A can be synthesized normally among voluntary blood donors who have sickle cell trait. Regional Blood Transfusion Centres can find voluntary blood donors with sickle cell trait, regardless of their genetic status, as this disorder lacks discernible clinical indications. This may have a serious effect on the donor blood recipients' and donors' health, particularly if the latter have sickle-cell trait. The purpose of our study was to determine the prevalence of sickle cell trait among voluntary blood donors at Kisumu Regional Blood Transfusion Centre, Kenya. We conducted a 3-month prospective descriptive study (2nd January-3rd April 2024) at the Kisumu Regional Blood Transfusion Center (KRBTC). All voluntary blood donors were screened for Sickle cell trait status by the Sickling test, and positive cases were confirmed by the Sickle Scan. The study involved 336 voluntary blood donors, of whom 230 were men and 106 women. The average age of blood donors was 26 years, ranging from 18 to 60 years. SicklingThe sickling test was positive in 33 voluntary blood donors (9.82%). These patients had the AS genotype confirmed by the Sickle Scan Kit. The results of this study revealed the presence of sickle cell trait among voluntary blood donors at the Kisumu Regional Blood Transfusion Centre, Kenya. None of the voluntary blood donors with positive SCT status had prior knowledge about their status. Quality and safety of blood and blood products are mandatory,; hence, the importance of screening among voluntary blood donors is a current relevant issue that the Kenya National Blood Transfusion serviceService should look into.
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1. INTRODUCTION Introduction 
Sickle cell trait (SCT) arises when one normal (HbA) and one sickle haemoglobin allele (HbS) are inherited (Meshack et al., 2024). While carriers are usually asymptomatic, they can pass the trait on. Blood transfusion is crucial for sickle cell disease (SCD) care, yet shortages persist, especially in Kenya. Rigorous screening, including sickling tests in endemic regions, is vital to ensure safe transfusions and protect vulnerable patients. (Roseff, 2009). Sickle cell disease (SCD) is the most prevalent hereditary blood disorder, characterized by progressive organ damage and recurrent episodes of acute illness.” (Houwing et al., 2019& Weatherall et al., 2005). Globally, 300,000 children are born with SCD each year, reflecting a critical health burden (Piel et al., 2013). Sub-Saharan Africa contributes more than 75% of all global SCD cases, and this is projected to increase by 2050 (Piel et al., 2013). Therefore, prompt and effective interventions are required to reduce the number of children born with sickle cell disease (SCD) (Piel et al., 2013). Although infant sickle cell screening programs have been implemented in affluent countries, sub-Saharan Africa lags behind, with many nations lacking the necessary systems and infrastructure to support widespread screening (Williams, 2016, & Antwi-Baffour et al., 2015) 
Severe blood shortages in Africa arise because only about half of the nearly 7 million blood donations required annually to meet transfusion needs are actually collected (Antwi-Baffour et al., 2015). An alarming seven people in Kenya require emergency transfusions every ten minutes due to the severe lack of blood and blood products (World Health Organization [WHO], 2021). Moreover, higher death rates could arise from this scarcity, especially in cases of sickle cell disease (SCD),) and iron deficiency anaemia (IDA)(WHO,2021). This will also be compliant with the Kenya Health Strategic Plan (World Bank, 2022), which promotes the use of safe blood products and donation procedures in order to "Attain the highest possible standard of health in a responsive manner." This study will serve as a resource for volunteer blood donors to learn about their hemoglobin S variant status, enhancing the safety, potency, and quality of donated blood. Furthermore, given that the most recent research on the subject is from 2016 (Ministry of Health, Kenya, 2018), this study aimed to update the database on the prevalence of SCT among voluntary blood donors attending Kisumu RBTC. 

2. MATERIAL Materials and METHODSMethods
Study design
A longitudinal study design was employed in this study (Wiliyanarti et al., 2022).

Study location
[bookmark: _Toc116660752]The study was carried out at the Kisumu Regional Blood Transfusion Centre (RBTC), located on geographical coordinates -0.0868146°S and 34.7716936°E, within Kisumu County, Kenya. 
Study population
[bookmark: _Toc116660753]The study population comprised volunteer blood donors who visited Kisumu RBTC during the data collection period (2nd January, 2024 to 3rd April 2024). 
[bookmark: _Toc116660754]Inclusion criteria
i They were in good health.
ii They were voluntary blood donors
iii They provided informed consent to participate.
iv They met the KNBTs guidelines on donor selection and recruitment.

Sampling technique
A systematic random sampling technique was employed to select voluntary blood donors at Kisumu Regional Blood Transfusion Centre, Kenya.
[bookmark: _Toc116660755]Sample size determination
A sample size of 336 was enrolled by convenienta convenience purposive sampling technique. The 336 was arrived at following the recruitment till 60 positive Sickle cell trait donors were enrolled, informed by using Cochran’s formulae at a prevalence rate of 4% (Usman et al., 2016) below: 
[image: C:\Users\Reception\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6A1114A7.tmp]
Where, Z=1.96      P=4%       q=1-p       e=0.05



=60        =60
Research tools:
Kenya National Blood Transfusion Services Questionnaire (KNBTSQ) 
The Kenya National Blood Transfusion Service Questionnaire (KNBTSQ) was used to collect demographic and clinical data such as age, weight, hemoglobin level, donation history, health status, blood pressure, and pulse rate. These data ensured donor eligibility, provided baseline characteristics of the study population, and supported accurate interpretation of the prevalence of Sickle cell trait. The tool, routinely applied in Kenya blood transfusion centres, was adopted with permission from KNBTs to maintain methodological consistency.  
 Sickling Test and Sickle SCAN test kit
SicklingThe sickling test was used for screening before using the Sickle SCAN test kit (BioMedomics, USA)), a rapid, qualitative lateral flow immunoassay test for the identification and confirmation of sickle cell trait of hemoglobin A, S, and C. It has three indicators whichthat detect the presence of defective hemoglobin, allowing rapid distinguishing between normal, carrier, and sickle cell samples using five microliters of blood (Mungu et al., 2020). Results were read within five minutes, where the presence of hemoglobin variants A, S, and C was indicated by blue lines (Mungu et al., 2020)
Laboratory procedures and methods
Laboratory methods and procedures provided a sequential flow of events during the data collection period. This entailed the following laboratory methods and procedures:

Recruitment of study subjects 
After obtaining ethical and institutional approvals, study participants were recruited at Kisumu Regional Blood Transfusion Centre using the eligibility criteria outlined in the KNBTs questionnaire. Donors aged 18-65 years, weighing > 50kgs, and in good health with acceptable haemoglobin (>), blood pressure, and pulse levels were includingincluded. Age, gender, and clinical factors were considered to ensure donor safety, standardization, and reliable estimation of sickle cell trait prevalence. 

Sickle SCAN test
The Sickle SCAN test (qualitative lateral flow immunoassay test) was carried out according to (Mungu et al., 2020). This test played a crucial role in the identification and confirmation of sickle cell disorder of hemoglobin A, S, and C using three indicators that detected the presence of defective hemoglobin, allowing rapid distinguishing between normal, carrier, and sickle cell samples using five microliters of blood (Mungu et al., 2020).
Data processing and statistical analysis
[bookmark: _Toc116660760]Data were entered, cleaned, and analyzed using Microsoft Excel 2023(Meshack et.al., 2024). Descriptive statistics, including frequencies, means, and standard deviations, were used to summarize demographic and clinical characteristics of the study population. The prevalence of the Sickle cell trait was calculated as a proportion of confirmed positive cases against the total number of screened donors, with results presented in tables, graphs, and charts for clarity. Inferential statistics were applied to assess the association between Sickle cell trait prevalence and categorical variables such as gender and age. Statistical significance was determined at P< 0.05, in line with standards guidelines (WHO,2017).

Ethics approval and consent to participate
Ethical approval was obtained from JKUAT ISERC and NACOSTI, and all participants provided written informed consent. Bioethics were upheld by ensuring voluntary participation, confidentiality, and the right to withdraw. Data were stored securely under restricted access and will be retained for five years. Blood samples were handled according to KNBTsKNBT's biosafety guidelines, with proper wasteswaste disposal. Donors found positive for sickle cell trait were confidentially informed and given post-test counselling. 

3. RESULTSResults  
Prevalence of Sickle cell trait among voluntary blood donors at Kisumu RBTC
The bar graph below illustrates the prevalence of sickle cell trait (SCT) among 336 voluntary blood donors at the Kisumu Regional Blood Transfusion Centre, Kenya, based on data collected from January to April 2024. The graph indicates that 303 (90%) of the voluntary blood donors possess HbAA status, signifying normal hemoglobin. In contrast, 33 (10%) of the donors’donors exhibit HbAS status, indicating the presence of sickle cell trait among the voluntary blood donors who visited Kisumu Regional blood transfusionBlood Transfusion Centre, Kenya, during the data collection period.
[image: ]
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Figure 1: A bar graph of the prevalence of Sickle cell trait among voluntary blood donors at Kisumu RBTC.
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Figure 2: Sickle cell trait status among voluntary blood donordonors by gender.

The data in tableTable 1 below presents the prevalence of sickle cell trait (SCT) among voluntary blood donors at Kisumu Regional Blood Transfusion Centre in Kenya, categorized by tribe. The table lists the tribe, SCT status (HbAA for normal hemoglobin, HbAS for sickle cell trait), total count of donors, and corresponding percentages. Here is a detailed description:
India: 1 donor with HbAA, representing 100% of the donors from this tribe, Kalenjin: 5 donors with HbAA, representing 100% of the donors from this tribe, Kamba: 1 donor with HbAA, representing 100% of the donors from this tribe, Kisii: 9 donors with HbAA, representing 100% of the donors from this tribe, Luhya: 43 donors with HbAA, representing 97.73% of the donors from this tribe.1 donor with HbAS, representing 2.27% of the donors from this tribe, Luo:243 donors with HbAA, representing 88.36% of the donors from this tribe. 32 donors with HbAS, representing 11.64% of the donors from this tribe, and Meru:1 donor with HbAA, representing 100% of the donors from this tribe. In Summary, the data shows that the prevalence of the sickle cell trait (HbAS) is notably present among the Luo (11.64%) and Luhya (2.27%) tribes, while donors from other tribes (India, Kalenjin, Kamba, Kisii, and Meru) show no prevalence of the sickle cell trait, all having HbAA status at 100%.
	Tribe 
	SCT_STATUSStatus 
	     Total count_Count 
	Percentages 

	INDIA 
	HbAA 
	1
	100

	KALENJIN 
	HbAA 
	5
	100

	KAMBA 
	HbAA 
	1
	100

	KISII 
	HbAA 
	9
	100

	LUHYA 
	HbAA 
	43
	97.73

	LUHYA 
	HbAS 
	1
	2.27

	LUO 
	HbAA 
	243
	88.36

	LUO 
	HbAS 
	32
	11.64

	MERU 
	HbAA 
	1
	100


Table 1:  Sickle cell trait status among voluntary blood donors by Tribe.
The tableTable 2 below shows the sickle cell trait (SCT) status among voluntary blood donors categorized by their place of birth. The SCT status is indicated by "HbAA" for those without the sickle cell trait and "HbAS" for those with the trait. The table includes the total count of donors and the percentage of each SCT status for each place of birth. Here are the key observations: Bungoma: All donors (3) have the HbAA status, making up 100% of donors from this region,. Homabay: The Majority of the donors (7) have the HbAA status, comprising 87.5%. A small fraction (1 donor) has the HbAS status, making up 12.5%, Kakamega: All donors (2) have the HbAA status, making up 100% of donors from this region, Kericho: All donors (1) have the HbAA status, making up 100% of donors from this region, Kisii: All donors (3) have the HbAA status, making up 100% of donors from this region, Kisumu: Majority of the donors (223) have the HbAA status, comprising 89.2%.    A significant number (27 donors) have the HbAS status, making up 10.8%, Kitui: All donors (1) have the HbAA status, making up 100% of donors from this region, Migori: All donors (7) have the HbAA status, making up 100% of donors from this region, Nairobi: All donors (2) have the HbAA status, making up 100% of donors from this region, Nandi: All donors (3) have the HbAA status, making up 100% of donors from this region, Nyeri: All donors (1) have the HbAA status, making up 100% of donors from this region, Siaya: Majority of the donors (27) have the HbAA status, comprising 87.1%. A small fraction (4 donors) have the HbAS status, making up 12.9%,%. Trans Nzoia: All donors (1) have the HbAA status, making up 100% of donors from this region, and Vihiga: The Majority of the donors (22) have the HbAA status, comprising 95.65%. A small fraction (1 donor) has the HbAS status, making up 4.35%.
	Place_of_Birth 
	SCT_STATUSStatus 
	Total countCount 
	Percentages

	BUNGOMA 
	HbAA 
	3
	100

	HOMABAY 
	HbAA 
	7
	87.5

	HOMABAY 
	HbAS 
	1
	12.5

	KAKAMEGA 
	HbAA 
	2
	100

	KERICHO 
	HbAA 
	1
	100

	KISII 
	HbAA 
	3
	100

	KISUMU 
	HbAA 
	223
	89.2

	KISUMU 
	HbAS 
	27
	10.8

	KITUI 
	HbAA 
	1
	100

	MIGORI 
	HbAA 
	7
	100

	NAIROBI 
	HbAA 
	2
	100

	NANDI 
	HbAA 
	3
	100

	NYERI 
	HbAA 
	1
	100

	SIAYA 
	HbAA 
	27
	87.1

	SIAYA 
	HbAS 
	4
	12.9

	TRANZOIA 
	HbAA 
	1
	100

	VIHIGA 
	HbAA 
	22
	95.65

	VIHIGA 
	HbAS 
	1
	4.35



Table 2: Sickle cell trait status among voluntary blood donors by place of birth.

4. DISCUSSION
 Discussion
The study conducted at Kisumu Regional Blood Transfusion Centre provides valuable insights into the prevalence of the sickle cell trait (SCT) among voluntary blood donors in the region. The findings indicate that out of 336 donors, 33 (10%) were identified with the HbAS status, while the remaining 303 (90%) exhibited the HbAA status, denoting normal hemoglobin. This prevalence rate of 10% for the sickle cell trait is consistent with previous studies conducted in various parts of Kenya, reinforcing the notion that SCT is a significant public health concern in this region (Khan, 2023). 

Gender and SCT Prevalence
Analysis by gender showed that male and female donors had comparable proportions of sickle cell trait (SCT). As this study was purely descriptive, no inferential statistical tests were conducted to determine significant differences between the groups. The observed similarity may be explained by the fact that the sickle cell trait is inherited in an autosomal recessive pattern and is therefore not sex-linked. Although men are generally more frequent donors-, partly due to fewer restrictions related to hemoglobin levels and iron deficiency in women-this does not influence the genetic inheritance of SCT.
Tribal Distribution
Among the study participants recruited, the presence of multiple ethnic groups was observed, reflecting the cosmopolitan nature of the Kisumu region. This diversity demonstrates that voluntary blood donors at Kisumu Regional Blood Transfusion Centre represent a multi-ethnic population.

Place of Birth and SCT Prevalence
When analyzing the prevalence of SCT based on donors’ places of birth, Kisumu and Siaya stood out with notable percentages of 10.8% and 12.9%, respectively. These figures suggest that the regions surrounding Lake Victoria, where these counties are located, might have higher SCT prevalence rates compared to other regions. The historical and genetic ties within these communities could explain these findings. In contrast, other regions, such as Bungoma, Kakamega, Kericho, and others, had no reported cases of SCT among voluntary blood donors who visited Kisumu RBTC during the data collection period, indicating a geographical clustering of the trait (Khan, 2023). 
Donors’ Age Effect
The most common age group for blood donation, according to the data, is the 18-24 age bracket. This group includes the majority of the donors, with many donations coming from secondary and tertiary level students who participate in organized blood drives. The youngest donors in the dataset were 18 years old, whereas the average age of voluntary blood donors was approximately 26 years.
Implications for Blood Transfusion Services
The presence of sickle cell trait among voluntary blood donors poses challenges and considerations for blood transfusion services. While individuals with SCT can generally donate blood, the potential for SCT blood to contribute to complications in recipients, particularly those with sickle cell disease (SCD), must be carefully managed (Khan, 2023 & Wiencek & Booth, 2017). This study underscores the need for robust screening processes and the establishment of guidelines to ensure the safety and efficacy of blood transfusions, particularly in regions with a high prevalence of SCT.

5. Conclusion
The relatively high prevalence of HbAS among donors (10%) at the Kisumu Regional Blood Transfusion Centre calls for sustained efforts in public health education, policy development, and stringent screening protocols. 

6. Recommendation and areas for further study
The presence of 10% HbAS donors emphasizes the need for thorough screening of blood donors. Ensuring that donated blood is compatible and free from potential complications related to SCT is crucial for the safety of recipients, particularly in regions where SCT is prevalent. The findings highlight the importance of public health initiatives aimed at increasing awareness about sickle cell trait and its implications. Educating potential donors about the importance of knowing their SCT status can contribute to safer blood donation practices. Health authorities and blood transfusion centers might consider implementing policies that address the management of SCT-positive blood. This could include guidelines on the use and distribution of HbAS blood to ensure that it is used appropriately and safely.
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