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Purpose: To evaluate the occurrence of sickle cell trait (SCT), assess patient awareness and 

evaluate the performance of a sickle cell hemoglobin-S (dithionate-qualitative solubility) point-

of-care test among patients seeking care at Magale Health Center IV, Namisindwa District, 

Eastern Uganda.

Materials and methods: We conducted a cross sectional study, in which we consecutively 

enrolled participants aged ≥18 years at Magale Health Center IV. Four milliliters of EDTA blood 

were collected by venipuncture and screened for SCT using solubility testing, and confirmed 

with hemoglobin (Hb) electrophoresis at Central Public Health Laboratory (CPHL), Kampala, 

Uganda. A structured questionnaire was used to assess participants’ awareness of SCT. Data 

were presented as proportion, and measurements of diagnostic test performance were calculated.

Results: We enrolled 242 participants, of these 58.7% (N = 142) were females. Their mean 

age was 26.4 years (range 18–49). Of the 242 participants, 11, who represent 4.5% (95% CI: 

3.3–5.9), tested positive. The sensitivity, specificity, positive predictive value and negative pre-

dictive value of the rapid sickle cell test were 63.64%, 100%, 100% and 98.30%, respectively. 

There was knowledge gap regarding sickle cell awareness.

Conclusion: The occurrence of SCT was high, and the point-of-care test showed a high 

diagnostic reliability. The risk of SCT is associated with genetic predisposition as indicated by 

Hb electrophoresis. Community sensitization is key to avert the associated risk of Hb defects.
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Introduction
Hemoglobin (Hb) defects are by far the most diagnosed genetic disease, with over 

10,000 variants that involve a single amino acid substitution.1 A normal adult carries 

adult hemoglobin (HbA)1,2; however, mutations that cause substitution of glutamate for 

valine at position 6 of the β-globin chain result in Hb-S, a variant linked to life-long 

complications like sickle cell anemia.3–5 Globally, Hb disorders occur in about 7.87% 

of the population, representing 300 million individuals.6–8 The defects remain unac-

ceptably high in sub-Saharan Africa where they affect 38% to 63% of the population.7 

In Uganda, studies done in Sironko and Tororo districts found a prevalence of 17.5% 

and 19.5%, respectively.9–11

Universal screening and early intervention are thought to offer a protective advantage of 

sickle cell defects,12,13 however, diagnostic barriers due to high cost, sophisticated  equipment 

correspondence: ivan Mugisha Taremwa
institute of allied health sciences, clarke 
international University, PO Box 7782, 
Kampala, Uganda 
Tel +256 77 434 6368
email imugisha@ymail.com

Journal name: Journal of Blood Medicine
Article Designation: Original Research
Year: 2018
Volume: 9
Running head verso: Mandu et al
Running head recto: Sickle cell trait and its awareness
DOI: http://dx.doi.org/10.2147/JBM.S177203

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Blood Medicine 2018:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

220

Mandu et al

and reliance on electricity limit the scope of Hb-S screening in 

resource-limited settings.8 This has necessitated tests that are 

inexpensive, reliable, rapid and fieldable.12,14–15 Cognizant to 

these, point-of-care testing (PoCT) has been explored, and is 

hoped to avert preventable morbidities and mortalities. There are 

varied PoCT assays and techniques, notable among these are: 

SICKLEDEX® (Streck, Omaha, NE, USA) that relies on the 

solubility differences in the HbA and sickle hemoglobin (HB-

S) molecules,16 and the sickle cell hemoglobin-S (dithionate 

qualitative solubility) test (Bio Lab Diagnostics India Private 

Limited, Mumbai, Maharashtra, India) that is based on Hb 

solubility testing.17 To ascertain their diagnostic use, validation 

was conducted,12,15,18,19 and HB-S-PoCT was found to be practi-

cal in a resource-limited setting. For example, a paper-based 

validation test in a cohort of 159 newborns in Angola reported 

HB-S diagnostic sensitivity of 81.8% and specificity of 83.3%; 

while in the USA, a sensitivity of 94.2%, specificity of 97.7% 

and an overall diagnostic accuracy of 96.9% was reported.19

Although the invention of the sickle cell hemoglobin-S 

(dithionate-qualitative) test is pivotal to the diagnostic trend 

of sickle cell defect, its use remains at jeopardy due to scarcity 

of data on its validation in low resource settings. This coupled 

with limited awareness of Hb-S has led to immense sickle 

cell defects.9,10 This study established the occurrence of sickle 

cell trait (SCT), evaluated a point-of-care test and assessed 

sickle cell awareness among patients attending Magale Health 

Center IV, Namisindwa District in rural Eastern Uganda.

Materials and methods
study design and setting
This was a cross sectional study that enrolled adults (>18 

years) who were attending the out-patients department at 

Magale Health Center IV during the period of May to Novem-

ber, 2017. Magale Health Center IV is a private-for-profit 

health facility located in Namisindwa District, with a bed 

capacity of 86. The facility receives 178,902 patients annu-

ally and supervises 12 lower health care units in the Eastern 

region. It carries out sickle cell screening and sends positive 

samples for confirmation to Central Public Health Laboratory 

(CPHL). This study did not include participants with known 

sickle cell disease or reported sickling crisis in the previous 

48hours, those who reportedly had blood transfusion in the 

previous 4 months and those who declined to consent.

sample size determination and sampling 
procedure
Using Kish and Leslie formula20 for sample size determina-

tion, given as: 

 
n

Z p p

d2
=

−( )2 1

 

where n represents the desired sample size, Z is the statisti-

cal level at 95% CI, p is the estimated prevalence of sickle 

cell trait reported at 13.3%11 and d is the allowable error (at 

5%), a total of 178 participants was calculated. We used a 

consecutive sampling technique in which participants were 

assessed for enrollment as they present to the health facility 

until the required sample size was attained.

Data collection
Data were obtained by laboratory analysis of blood for the 

HB-S as indicated in Figure 2. In addition, an interviewer 

administered a questionnaire to assess the awareness of SCT.

sample collection and dried blood spot 
(DBs) preparation
Four milliliters of venous blood were collected into EDTA a vac-

utainer. Samples were kept at room temperature (22°C–27°C) 

and tested using rapid sickle cell test within 4 hours.

The preparation of a DBS was made by dispensing 100 µL 

of blood to a well labeled WhatmanTM 903 Protein Saver Card 

(GE Healthcare Ltd, Cardiff, UK), and stored in a humid free 

zip-locked bag with desiccant packets at −20°C until shipped 

to CPHL for analysis.

laboratory sample analyses
Rapid sickle cell hemoglobin-S (dithionate qualitative 

solubility) test (Bio Lab Diagnostics India Private Limited)17 

determines Hb containing variants in whole blood using 

visual inspection for turbidity due to difference in lysis of 

the insoluble HB-S and soluble form of HbA following a 

mixture of blood and a working solution in a test tube as 

shown in Figure 1.

constitution of the kit testing reagents 
The Hb-S dithionate qualitative solubility kit comprises: reagent 

1 (R1), composed of phosphate buffer; reagent 2 (R2), com-

posed of 0.5 g sodium dithionate and reagent 3 (R3), composed 

of 0.5 g of white saponin. These were constituted to a working 

solution by transferring the contents of R2 and R3 to a bottle 

of R1, and were gently mixed for 15 minutes and well labeled.

hb-s testing method
This involved addition of 2 mL of the working reagent to 

a labeled test tube, and 50 µL of blood. These were mixed 
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well by gently shaking the test tube and incubated at room 

temperature (approximately 25°C) for 10 minutes. The test 

tube contents were visually examined and it was reported that 

the negative test was transparent, as seen in the background 

of the rapid sickle cell tube reader, while the background was 

not visible in the positive sample (HbAS or HbSS) given in 

Figure 1.

Two test tube readings were done independently with 

unaided readers, and in case of a discrepancy, a third reader 

was considered, and a result was concluded.

Confirmation was done using Hb electrophoresis. To 

ensure quality of the test results, experimental procedures 

were conducted according to the manufacturers’ instruc-

tions. Known HbAS and HbSS blood samples were used as 

positive controls.

awareness assessment
We used an interviewer administered questionnaire to deter-

mine awareness of SCT among study participants. The ques-

tionnaire was developed based on literature from the previous 

studies,12,15,19–24 and pre-tested at St Benedict Medical Center 

in Mayuge District to check for clarity and comprehension. 

Following this, changes were made to suit the intended use. 

The questionnaire comprised: demographics of the partici-

pant, knowledge of the family history and transmission mode.

statistical analysis
Data were recorded in hard copy and transferred to Microsoft® 

Office Excel, version 2007. Proportion of participants with 

SCT was analyzed as the number of those with the SCT divided 

by the total number of participants. Performance evaluation 

was based on measurement of: sensitivity = true positives (TP)/

[TP + false negatives (FN)]; specificity = TN/[false positives 

(FP) + TN]; positive predictive value (PPV) = TP/(TP + FP) 

and negative predictive value (NPV) = TN/(TN + FN).

ethical considerations
We received ethical approval from the research and ethics 

committee of Clarke International University, Kampala, 

Uganda (formerly, International Health Sciences University). 

Further, we obtained a signed informed consent from each 

of our participants.

Results
We approached 284 participants, of whom 242 were enrolled. 

The main reasons for exclusion were: being known HbSS, 

reported a sickling crisis in the previous 48 hours and history 

of blood transfusion in the previous 4 months. Participants’ 

mean age was 29.4 years (range 18–49), and they reported 

varied socio-demographic characteristics, as indicated in 

Table 1.

Of the 242 participants, 11, who represent 4.5% (95% CI: 

3.3–5.9), had SCT as reported by the Hb electrophoresis. The 

participant flow chart is presented in Figure 2.

The diagnostic performance of the rapid sickle cell test 

against Hb electrophoresis as gold standard is presented in 

Table 2. From Table 2, the rapid test detected 7 cases of HbAS, 

while Hb electrophoresis reported 11 cases. The results have 

Figure 1 showing the reactivity pattern of the rapid sickle cell hemoglobin-s (dithionate qualitative solubility) test 
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been summarized in Table 3 to aid the  computation of the 

sensitivity, specificity, NPV and PPV.

Sensitivity=TP/(TP + FN)=7/(7+4)=7/11=63.64%

Specificity=TN/(FP + TN)=231/(0+231)=231/231=100.00%

PPV= TP/(TP + FP)=7/(7+0)=7/7=100.00%

NPV=TN/(TN + FN)=231/(231+4)=231/235=98.30%

Table 1 showing socio-demographic characteristics of 
respondents

Variable Frequency  
(n = 242)

Percentage (%)

age category
18–27 110 45.5
28–37 55 22.7
38–47 40 16.5
> 47 37 15.3
gender
Male 100 41.3
Female 142 58.7
respondents’ level of education
Primary 95 39.3
secondary 82 33.9
high school 64 26.8

Figure 2 Study participant flow chart and reactivity pattern of tests.
Abbreviations: hb, hemoglobin; hB-s, sickle hemoglobin.

Tested positive
(Hb Electrophoresis),
N=4

Declined to be enrolled, N=42

To the routine hospital 
system forcare

Consented to be enrolled, N=242

Tested positive (Rapid 
SickleCell Hemoglobin-S),
N=7

Tested negative 
(Rapid SickleCell 
Hemoglobin-S),
N=231

Confirmed HbS 
(Hb 
Electrophoresis), 
N=7

Confirmed HbS 
Positive, N=11

Approached participants, N=284

Participants’ response regarding the assessment of 

awareness of SCT indicated a knowledge gap, as presented 

in Table 3.

Discussion
From this study, the rapid sickle cell test accurately identified 

7 true positives out of 11 confirmed by the gold standard 

diagnosis, giving a sensitivity and specificity of 63.64% and 

100%, respectively. Further, the PPV and NPV were 100% 

and 98.30%, respectively. The sensitivity of the rapid sickle 

cell (dithionate qualitative solubility test) is low compared 

to the 84% of a density-based test using aqueous multiphase 

systems done in Zambia,25 93% and 94% among children and 

post-partum women, respectively, in a study conducted in 

Angola,19 98.4% sensitivity using an immunoassay,14,26 and 

99% using the Sickle SCAN™ test (BioMedomics, Durham, 

NC, USA).12 This assay has demonstrated a low sensitivity, 

which is attributed to interfering reactivity due to other Hb 

variants, particularly hemoglobin C (HbC)-Harlem and fetal 

hemoglobin (HbF).17 On the other hand, our study detected 

a 100% specificity, thus a high reliability toward confirm-

ing the SCT, which coupled with its diagnostic returns like 
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being simple to use and rapid, makes it very advantageous 

in a limited resource set up. In addition, its simplicity makes 

it fieldable even where electricity is not available. This is 

thought to bridge the gap in the widely thought community 

outreaches to increase awareness of Hb-S status.8

Of the 242 participants, 231 (95.5%) tested negative, 

while 11 (4.5%) tested positive for SCT. This indicates a 

high burden of SCT, a finding comparable to a report from 

a review done in Africa.4 Further, our findings are in agree-

ment with the 4.6% prevalence that was earlier reported 

in Southwestern Uganda.9 Four of the 11 participants who 

tested positive using the Hb electrophoresis were found to 

be negative when the Hb-solubility kit was used. This is 

attributable to the likely false negativity due to the high HbF 

variant interference.17

Table 3 Participants’ responses regarding their awareness of the scT

Variable Frequency (n = 242) Percentage (%)

Have you ever heard about SCT?
Yes
no

90
152

37.2
62.8

Do you have someone SCT in your family?
Yes
no
not sure

44
63
135

18.2
26.0
55.8

Have you ever heard about sickle cell disease before?
Yes
no

76
166

31.4
68.6

Sources of information about SCT/sickle cell diseases
Media
hospital
school
Friends and family

58
78
60
46

24.0
32.2
24.8
19.0

Responses on whether someone with SCT can develop sickle cell diseases
True
False
not sure

140
57
45

57.9
23.6
18.5

Responses on whether someone with SCT can pass it on to their children
True
False
not sure

130
75
37

53.7
31.0
15.3

Responses on whether someone with SCT inherits the sickle cell gene from a parent
True
False
not sure

74
126
42

30.5
52.1
17.1

Abbreviation: scT, sickle cell trait.

Table 2 Performance evaluation of the solubility rapid screening 
test method against hb electrophoresis (gold standard)

Disease

Present (n) Absent (n)

Test Positive TP (7) FP (0)
negative Fn (4) Tn (231)

Abbreviations: Fn, false negative; FP, false positive; Tn, true negative; TP, true 
positive; hb, hemoglobin. 

As the Hb electrophoresis indicated the HbAS variant, it 

is irrefutable that genetics had a role in the Hb presentation. 

The same finding has been reported in Eastern and Western 

Uganda,10 and in Ghana.27 Although complex, the HbAS 

variant offers a protective advantage to infections common in 

our set up, such as infection with Plasmodium species,6,28–30 

and this risked 25% of the next generation to acquire HbSS if 

genetic counseling and testing is not emphasized.21,22 Further, 

findings from our study have indicated an information gap 

regarding the existence of the sickle cell defects, similar to 

what has been reported by other studies.7,9,10 Lack of awareness 

may portend the effort to lessen the risk of genetic cross-over 

that could multiply the trait incidence as well as the number 

of individuals who may inherit the sickle cell disease. It ought 

to be remembered that premarital counseling and screening 

for genetic disorders is key to their reduction and possible 

elimination of defects as a result of two partners with a carier 

state.4,8 Thus, in a set-up where genetic screening is neither 

indicated nor done, the career likelihood is rather amplified 

and may promulgate the genotypes and the associated defects. 

Our study ought to be interpreted in light of these limitations. 

First, the rapid sickle cell test does not identify other hemoglo-

binopathies which may present with varied forms of anemia. 

Second, though our study population consisted of adults in 
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the child bearing age, we did not carry out partner-to-partner 

screening. Thus, this study cannot independently conclude the 

attributable carry over risk to the next generation.

Conclusion
Performance evaluation of the rapid sickle cell test indicated 

a high diagnostic reliability, which makes it suitable for field 

set-ups. Further, the study reports a high prevalence of SCT, 

and it is associated with genetic predisposition. Community 

sensitization is key to avert the associated risk of Hb defects.
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