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Abstract 

Background: The rapid diagnostic tests play a pivotal role in the screening of 
viral markers in blood qualification for transfusion in limited resource set-
ting. Therefore, it is important to assess their analytical performances to en-
sure their proper functioning. Material and Methods: We performed a cross- 
sectional study by successive recruitment to assess the diagnostic value of 
rapid diagnostic tests algorithms using ELISA as a reference test. A total of 
661 blood from donors were enrolled for this study. Rapid Diagnostic Tests 
(RDTs) and ELISA tests were performed for each sample by a couple of 
double-blinded biotechnologists. Data were collected on case report form and 
captured in Microsoft Excel then the file was imported and analyzed using R 
software version 4.0.3. Results: The diagnostic accuracy for the algorithms 
are summarized in Table 1. For HIV-algorithm, the internal validity parame-
ters were as follow: sensitivity (sens) 99.0% (95% CI = 97.8, 99.5); specificity 
(spec) 98.3% (95% CI = 90.9, 99.7); positive likelihood ratio (PLR) 57.4 (95% 
CI = 8.2, 401.0); negative likelihood ratio (NLR) 0.01 (95% CI = 0.0005, 0.02); 
diagnostic odd ratio (DOR) 4710. HBV-Ag/Ab RDTs achieve the following 
diagnostic accuracy: sens 99.7% (95% CI = 98.3, 99.9); spec 98.8% (95% CI = 
96.9, 95.5); PLR 81.8 (95% CI = 30.9, 217.0); NLR 0.003 (95% CI = 0.0004, 
0.02); DOR 14,110. The analytical performances of HCV-Ab RDTs were as 
follow: sens 98.7% (95% CI = 97.5, 99.4); spec 93.1% (95% CI = 78.0, 98.1); 
PLR 14.3 (95% CI = 3.8, 54.5); NLR 1.5 (95% CI = 0.8, 2.8); DOR 962.6. The 
parameters evaluating the external validity of RDTs screening for the three 
viral markers when the theorical prevalence was < 5% are summarized in 
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Figure 3. At the prevalence < 5%, the NPV of the three RDTs were 99.96%, 
99.99% and 99.94%. At the same prevalence, we found the following Positive 
Predictive Values (PPV) 70.82%, 77.59% and 37.35% for HIV-Ag/Ab RDTs, 
HBV-Ag RDTs and HCV-Ab RDTs algorithms, respectively. The overall 
areas under the received operating characteristic (ROC) curves were 98.6%, 
99.2% and 99.2%; 95.9% for HIV-Ag/Ab RDTs, HBV-Ag RDTs and HCV-Ab 
RDTs algorithms, respectively. Conclusion: RDTs algorithms can play a pi-
votal role in the screening of HIV-Ab/Ag, HBs-Ag in the setting of resources 
limited-countries where financial and technical expertise shortages are a 
standard fare. However, their use for diagnostic purposes must be done with 
great caution and the result must necessarily be confirmed with an ELISA or 
molecular technique particularly for HCV-RDTs algorithm which achieved 
an NLR value > 0.1.  
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1. Introduction 

Screening for transfusion-transmissible infections (TTI) is mandatory in any na-
tional blood transfusion program. However, it should be noted that there are no 
screening programs for TTI which has no limits, the exclusive safety, perceived 
as the formal absence of infectious risk would be difficult to reach [1]. Neverthe-
less, much effort has been put into developing strategies to reduce the risk of 
transmission of infectious agents through blood transfusion. There is a great 
deal of variability in screening strategies and in the choice of tests. In addition, 
the tests used have different sensitivities and specificities. The specificity in-
creasing from immunochromatographic tests called rapid diagnostic tests (RDTs) 
to so-called molecular tests. As a result, screening strategies may differ from 
high-income countries to low-income countries and between different levels 
within the health system of the same country [2]. Despite the combination of 
sensitive RDTs and specific tests like ELISA, studies have shown that there is a 
residual risk of TTI [3] [4] [5]. This residual risk is even higher in low-income 
countries than in high-income countries. The molecular tests can detect viral 
DNA or RNA and are effective in detecting infected donors who are in a period 
of seroconversion [6]. However, the implementation of these tests in routine 
clinical laboratories encounters technical and financial difficulties due to the lack 
of qualified persons and the cost of equipment and infrastructure particularly in 
low-income countries and especially in the provinces [4]. The RDTs which are 
simple in use and do not need high qualified biologists, heavy equipment’s and 
infrastructures play a pivotal role and represent an alternative way for blood 
screening in low-income setting [7]. The analytical performance of RDTs are 
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sometimes could be altered by poor storage, transport conditions over long dis-
tance and manufacturing defect upstream the clinical laboratory [8] [9]. The aim 
of this work is to assess the diagnostic value of HIV, HBV and HCV RDTs algo-
rithms by using the ELISA as a reference test. 

2. Materials and Methods 

We carried out a cross-sectional assessment of RDTs algorithms analytical per-
formances by using blood from donors from December 2016 to June 2017. The 
sample size was computed according to the prevalence of HBV among blood 
donors in our hospital (8.9%) from our previous study. By setting the precision 
to 5% and the 95% confidence interval (CI) to, the number of blood donors re-
quired was 661. Blood donors were selected after a medical check and were pre-
sumed to be free from apparent pathologies. Samples were taken by venipunc-
ture at the elbow fold with the vacutainer system. About 4 ml of whole blood 
were collected for each donor on a dry tube with a coagulation activator and on 
a tube with EDTA. For HIV serology, we used the WHO-recommended testing 
strategy when the prevalence is low (<5%). This strategy was based on the use of 
3 TDRs AlereTM Determine HIV-1/2 Ag/Ab Combo Dipstick (Alere medical Co., 
Ltd., Chiba, Japan), SD Bioline HIV-1/2 3.0 Card (Standard Diagnostic, Inc, 
Gyeonggi, Korea) and the First Response® HIV Card 1 - 2.0 (PMC Medical Pvt 
Ltd, India). For the HBV serology, we used double RDTs: AlereTM Determine 
HBsAg Dipstick (Alere medical Co., Ltd., Chiba, Japan) and Cypress HBs Ag 
Card (Cypress Diagnostics, Langdorp, Belgium). For HCV, we used SD Bioline 
HCV card (Standard Diagnostic, Inc, Gyeonggi, Korea) and Cypress anti-HCV 
Card (Cypress Diagnostics, Langdorp, Belgium). The GenscreenTM ULTRA HIV 
Ag-Ab (Bio-Rad, Marnes-la-Coquette-France), MonolisaTM HBs Ag ULTRA 
(Bio-Rad, Marnes-la-Coquette-France) and MonolisaTM HCV Ag-Ab ULTRA 
(Bio-Rad, Marnes-la-Coquette-France) were used as standard tests to evaluate 
the analytical performances of combined RDTs. Rapid Diagnostic Tests (RDTs) 
and ELISA tests were performed for each sample by a couple of double-blinded 
biotechnologists. Data were collected on case report form and captured in Mi-
crosoft Excel then the file was imported and analyzed using R software version 
4.0.3. Pearson’s chi-square or Fisher’s exact test was used for the comparison of 
proportions. Kolmogorov-Smirnow test was used to evaluate quantitative data 
normality. Student’s t-test was used for normal distributed parameters, other-
wise Mann-Whitney U-test was performed to compare quantitative parameters. 
The analytical performances of the RDTs and their 95% confidence intervals 
(95% CI) were computed by using the R package DiagnosisMed. ROC curve and 
nomograms were fitted by the R package ROCR. External validity of RDTs and 
the plots of positive predictive values (PPV) and negative predictive values 
(NPV) against theorical prevalence was performed by using the packages risky 
R. Univariate and multivariate logistic regression were used to evaluate the im-
pact of sociodemographic data on the results of RDTs. The threshold for statis-
tical significance was set at p ≤ 5%. 
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3. Results 

A total of 661 samples from blood donors were enrolled in this study. Out of the 
them, 555 (84.0%) were male and 106 (16.0%) female. The sex-ratio was 5.2. 
Occasional donors represented 443 (67.0%) versus 218 (33.0%) of regular do-
nors. The age group from 19 to 29 years was the most represented with 37.8% 
followed by those aged from 30 to 39 years (33.9%) and those aged from 40 years 
and over (26.8%). Donors aged 18 were less represented 1.5%. We did not ob-
serve a significant difference between the median of age of the donors according 
to HIV serology statute which were 33.4 vs 32.4 years; p = 0.42 for those with 
negative test and those with positive test, respectively (Figure 1). In contrast, the 
HBV positive donors were significantly younger than those with negative test 
32.5 vs 34.2 years; p = 0.02 (Figure 1). Likewise, the median age of regular do-
nors was significantly lower than occasional donors 32.03 vs 34.0 years; p = 0.01 
(Figure 1). We did not find a significant difference between the median ages of 
HCV positive and negative donors 33.4 vs 28.7 years; p = 0.22 (Figure 1). The 
diagnostic accuracy for the three RTDs algorithm are summarized in Table 1. 
For HIV-Ag/Ab RDTs algorithm analytical performances were as follow: Sensi-
tivity (sens) 99.0% (95% CI = 97.8, 99.5); Specificity (spec) 98.3% (95% CI = 
90.9, 99.7); positive likelihood ratio (PLR) 57.4 (95% CI = 8.2, 401.0); Negative 
Likelihood Ratio (NLR) 0.01 (95% CI = 0.0005, 0.02); diagnostic odd ratio (DOR)  
 
Table 1. Diagnostic performances of the RDTs algorithms and their 95% confidence in-
terval. 

Analytical 
performances 

Rapid Diagnostic tests 

HIV-Algorithm 
Estimated (95% CI) 

HBV-Algorithm 
Estimated (95% CI) 

HCV-Algorithm 
Estimated (95% CI) 

Sample size N = 661 N = 661 N = 661 

Prevalence 91.2 (88.8, 93.2) 50.4 (46.6, 54.2) 95.6 (93.8, 96.9) 

Sensibility 99.0 (97.8, 99.5) 99.7 (98.3, 99.9) 98.7 (97.5, 99.4) 

Specificity 98.3 (90.9, 99.7) 98.8 (96.9, 99.5) 93.1 (78.0, 98.1) 

PPV 99.8 (99.1, 100.0) 98.8 (97.0, 99.5) 99.7 (98.8, 99.9) 

NPV 90.5 (80.7, 95.6) 99.7 (98.3, 99.9) 77.14 (61.0, 87.9) 

PLR 57.4 (8.23, 401.0) 81.8 (30.9, 217.0) 14.3 (3.8, 54,5) 

NLR 0.01 (0.005, 0.02) 0.003 (0.0004, 0.02) 1.4 (0.7, 2.7) 

DOR 4.7103 (679, 4501013) 1.41104 (3.06103, 4.501015) 962.6 (1.95102, 8.19103) 

Error rate 1.2 (0.5, 2.3) 0.8 (0.3, 1.8) 1.5 (0.8, 2.8) 

Accuracy 98.9 (97.8, 99.5) 99.2 (98.2, 99.7) 98.5 (97.2, 99.2) 

Youden J Index 97.3 (93.8, 100.0) 98.5 (97.2, 99.8) 91.8 (82.6, 100) 

AUC 98.6 99.2 95.9 

RDTs: Rapid Diagnostic Tests, PPV: Positive Predictive Value, NPV: Negative Predictive Value, PLR: Posi-
tive Likelihood Ratio, NLR: Negative Likelihood Ratio, DOR: Diagnostic Odd Ratio, AUC: Area Under 
Curve. 
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Figure 1. Distribution of median of age according to the serological statute of the tree 
viral markers and the type of blood donation. 
 
4710. HBV-Ag/Ab RDTs algorithm achieved the following diagnostic accuracy: 
sens 99.7% (95% CI = 98.3, 99.9); spec 98.8% (95% CI = 96.9, 95.5); PLR 81.8 
(95% CI = 30.9, 217.0); NLR 0.003 (95% CI = 0.0004, 0.02); DOR 14110. The 
analytical performances of HCV-Ab RDTs algorithm were as follow sens 98.7% 
(95% CI = 97.5, 99.4); spec 93.1% (95% CI = 78.0, 98.1); PLR 14.3 (95% CI = 3.8, 
54.5); NLR 1.5 (95% CI = 0.8, 2.8); DOR 962.6 (Table 1). The overall areas under 
the ROC curves were 98.6%; 99.2% and 99.2%; 95.9% for HIV-Ag/Ab RDTs, 
HBV-Ag RDTs and HCV-Ab RDTs algorithms, respectively (Figure 2). The 
PLR on the nomograms were 57.42; 81.75 and 14.32 for HIV-RDTs, HBV-RDTs 
and HCV-RDTs, respectively (Figure 2). The parameters evaluating the external 
validity of RDTs screening for the three viral markers when the theorical preva-
lence was <5% are summarized in Figure 3. At the prevalence < 5%, the Nega-
tive Predictive Value (NPV) of the three RDTs were 99.96%; 99.99% and 99.94% 
for HIV-RDTs, HBV-RDTs and HCV-RDTs, respectively. At the same preva-
lence we found the following Positive Predictive Values (PPV) 70.82%, 77.59% 
and 37.35% for the three algorithms, respectively. 

4. Discussion 

As part of the screening of donated blood, RDTs performance should be conti-
nuously monitored to identify any variation in analytical performance that may 
occur upstream of the laboratory due storage conditions, transport or manufac-
turing defects. Without monitoring, variations in analytical performance could 
ultimately lead to the misuse, especially in the diagnostic when the prevalence’s 
of viral markers are fairly low. We carried out a cross-sectional study by successive  
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Figure 2. Areas under ROC curve and nomograms of the three algorithms of RDTs. 
 

 

Figure 3. External validity assessment of RDTs algorithms when theorical prevalence < 
5%. 
 
recruitment. Sample size was calculated according to the prevalence of HBV-Ag 
in blood donors according to our previews study Modibo, C., et al. [10]. The 
performances of the RDTs algorithms were determined by using the ELISA as a 
reference test. The analytical performances of RDTs algorithms and their 95% CI 
were evaluated using the DiagnosisMed package [11]. The ROCR package was 
used to plot ROC curves and nomograms [12] and the riskyR package was used 
for external validity of algorithms against theorical prevalence’s [13]. Our study 
recorded 84.0% of male blood donors with a sex-ratio of 5.2. The age group from 
19 to 29 years was the most represented with 37.8% followed by 30 to 39 years 
(33.9%). Our results confirm most of the studies carried out in Mali [10] [14], in 
Africa [15] and elsewhere [16] which all found a predominance of men and that 
the donors were predominantly under 40 years of age and are very often family 
donors. Given that the age distribution according to HIV and HBV serology re-
sults and donor type followed a normal law, respecting the assumption of equal-
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ity of variances and donor independence. Thus, we used Student’s t-test to com-
pare the means of age according to HIV, HBV serology tests results and dona-
tion types. Donors positive to HIV were younger than those negative (32.4 vs 
33.4 years). However, this difference was not significant p = 0.42. In contrast, 
donors positive to HBV were significantly younger (32.5 vs 34.2 years; p = 0.02) 
than those who were negative. Likewise, the average age of regular donors was 
significantly lower than those who were occasional donors (34.0 vs. 32.0 years; p 
= 0.01). As the distribution of age between subjects positive to HCV and those 
who were negative did not follow the normal law, we used the Mann–Whitney 
U-test for comparison of the median of age. We did not find a significant dif-
ference (33.4 vs. 28.7 years; p = 0.22) between the median of ages of HCV posi-
tive and negative donors. Overall, our results show that young donors are more 
likely to have positive serology than older donors. On the other words, the anal-
ysis of the donation type shows that regular donors are also younger than occa-
sional donors. This poses a problem of choosing the type of donor which usually 
should be from the category of regular donors Allain, J.P. et al., 2011 [17]. Re-
garding the type of donor, occasional donors were significantly more likely to be 
HBV positive than regular donors (61.0% vs 39.0%; p = 0.001), respectively. 
These results are in line with those of Anatole, T., et al., 2009 [18], Moles, S., et 
al., 2011 [19] who also found that regular donors had low HBV serology positiv-
ity compared to occasional donors. However, other authors have reported results 
that point in the opposite direction Allain, J.P. et al., 2016 [20] and Asenso, M.K. 
et al., 2014 [21]. The internal validity of our tree algorithms showed a good ana-
lytical performances. The diagnostic accuracy for HIV-Ag/Ab RDTs algorithm 
were as follow: Sensitivity (sens) 99.0% (95% CI = 97.8, 99.5); Specificity (spec) 
98.3% (95% CI = 90.9, 99.7); positive likelihood ratio (PLR) 57.4 (95% CI = 8.2, 
401.0); negative likelihood ratio (NLR) 0.01 (95% CI = 0.0005, 0.02); diagnostic 
odd ratio (DOR) 4710. Our HIV-RDTs algorithm analytical performances are in 
line with those obtained by Amadou, A., et al., 2005 [22], who reported a sensi-
tivity of 100% and a specificity of 98.8%. Other authors have reported a fairly 
low sensitivity; this is the case of Haguiratou, O., et al., 2005 [23] who obtained 
58.82% sensitivity and a specificity of 100%; and Orkuma, J.A., et al., 2014 [24] 
who reported a sensitivity of 39% and a specificity of 100%. These good internal 
validity of our HIV-RDTs algorithm mean that it could be used in the screening 
of blood donors in transfusion setting. HBV-Ag/Ab RDTs algorithm achieved 
the following diagnostic accuracy: sens 99.7% (95% CI = 98.3, 99.9); spec 98.8% 
(95% CI = 96.9, 95.5); PLR 81.8 (95% CI = 30.9, 217.0); NLR 0.003 (95% CI = 
0.0004, 0.02) and DOR 14110. Our results are in line with those obtained by 
Chisenga, C.C., et al., 2018 [25] who reported a PPV of 98.3%, a NPV of 97.7%, a 
sensitivity of 87.9% and a specificity 99.7%. Bottero, J., et al., 2013 [26] obtained 
a fairly low sensitivity 80.7%, however, the specificity reported by the same study 
was comparable, i.e. 99.7% vs. 98.8. The internal validity of our HBV-RDTs al-
gorithm also mean that it could be used in the screening of blood donor for 
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transfusion setting. The analytical performances of HCV-RDTs algorithm were 
as follow: sens 98.7% (95% CI = 97.5, 99.4); spec 93.1% (95% CI = 78.0, 98.1); 
PLR 14.3 (95% CI = 3.8, 54.5); NLR 1.5 (95% CI = 0.8, 2.8); DOR 962.6. Our 
HCV-algorithm specificity was fairly low than those obtained by Weiming, T., et 
al., 2017 [27] in a metanalysis study reported a sensitivity and specificity of 
HCV-RDTS of 98% and 100%. Bloch M et al., 2014 [28] in a pilot study in which 
a total of 12 African countries and 44 laboratories participated reported a mean 
sensitivity and specificity of 90.1% and 99.5% for HCV-RDTs. As for the two 
previous algorithms, the HCV specificity was fairly low compared to those ob-
tained by other authors such as Bloch, E.M., et al., 2014 [28] and Hess, K.L., et 
al., 2014 who obtained 99.3% [29]. Given that in convention the threshold values 
used to recommend a test for clinical use is NLR < 0.1 and PLR ≥ 10.0 Stengel, 
D., et al., 2003 [30], our HCV-RDTs algorithm do not satisfy these conditions 
and therefore it could not be recommended for clinical use. To assess the exter-
nal validity of our algorithms, risky R package was used to fitted the negative 
and positive predictive value against the theorical prevalence’s of the three viral 
markers. All of our algorithms achieved a good negative predictive values (NPV) 
up to 99.9% at prevalence < 5% (Figure 3) suggesting a high probability in dec-
laring someone negative to the test which quality is required in the screening. 
However, the positive predictive values (PPV) were very low: 70.8%, 77.6% and 
37.3% for HIV, HBV and HCV RDTs algorithms, respectively. These poor PPV 
suggest that the algorithms have a bad diagnostic value and don’t be used in for 
diagnostic purpose in low prevalences setting. Moreover, at 10% of prevalence, 
the PPV were as follow: HIV algorithm (87.8%), HBV algorithm (91.1%) and 
HCV algorithm (63.9%) whereas the NPV were all up to 99% for the three algo-
rithms at the same prevalence. At high prevalence (60%), the PPV were as fol-
low: HIV algorithm (98.9%), HBV algorithm (99.2%) and HCV algorithm 
(95.5%) whereas the NPV were all up to 97% for the three algorithms at the 
same prevalence. Sonia, V.M., et al., 2019 [31] also reported a high NPV but a 
low PPV when prevalence was <10%, particularly in HCV-RDTs. In our coun-
try, Mali, the prevalence’s of three viral markers are <10%. Therefore our RDTs 
algorithm are not useful in the diagnostic in this country. Nevertheless, they 
could be useful where the prevalence’s of the viral markers are high, this is the 
case of East-Africa where HBV prevalence egal 12.01%, HCV prevalence egal 
50.91%; South-Africa where HBV prevalence egal 14.87% and HIV prevalence 
egal 49.59% as reported by Ravendra, P.C., et al., 2020 [7] in a systematic review 
of important viral diseases in Africa in the light of the “One Health” Concept. 
Also, they could be useful in diagnostic in the specific populations like prisoners, 
sex workers and drug abuser who exchange the needle. Univariate analysis did 
not found no effect of socio-demographic parameters on the three RDTs algo-
rithms. Multivariate analysis also did not show any effect on the HIV algorithm 
(Figure 4). However, the collection in the mobile cabin: odd ratio 4.2 (95% CI = 
1.6, 11.9); p = 0.004 and the positive HCV coinfection: odd ratio 6.5 (95% CI =  
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Figure 4. Multivariate analysis to assess the impact of sociodemographic data on the 
three algorithms of RDTS. SL = Study level, CT = Collection type, DN = Donation num-
ber, DT = Donation type, AG = Age groups. (a) HIV-Ag/Ab; (b) HBV-Ag; (c) HCV-Ab; 
(d) HCV-Ab. 
 

1.4, 36.2); p = 0.03 had a positive effect on the HBV-RDTs algorithm. The age 
groups (19 - 29 years), (30 - 39 years) and ≥40 years had a slight negative effect 
on the HCV algorithm whereas HBS coinfection had a positive effect odd ratio 
5.6 (95% CI = 1.4, 36.5); p = 0.03 (Figure 4). Logistic regression calls for pru-
dence in the use of the HBV-RDTs and HCV-RDTs algorithms for the screening 
in the setting of coinfection of HBV and HCV. RDTs algorithms can play a pi-
votal role in the screening of HIV-Ab/Ag, HBs-Ag in the setting of resources li-
mited-countries where financial and technical expertise shortages are standard 
fare. However, their use for diagnostic purposes must be done with great caution 
and the result must necessarily be confirmed with an ELISA or molecular tech-
nique particular for HCV-RDTs algorithm which achieved an NLR value > 0.1. 

5. Conclusion 

RDTs algorithms can play a pivotal role in the screening of HIV-Ab/Ag, HBs-Ag 
in the setting of resources limited-countries where financial and technical exper-
tise shortages are a standard fare. However, their use for diagnostic purposes 
must be done with great caution given their poor external validities. The result 
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for diagnostic purpose must necessarily be confirmed with an ELISA or molecu-
lar technique particularly for HCV-RDTs algorithm which achieved an NLR 
value > 0.1. Their use for diagnostic purposes should be reserved in places where 
the prevalence of viral markers is high. 
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