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ABSTRACT 
 

Background: Adoption of appropriate HIV testing algorithm is essential for quality HIV diagnostic 
results. Whether rapid enzyme immunoassay (rEIA) or combination of rapid enzyme immunoassay 
and enzyme-linked immunosorbent assay (rEIA-ELISA) alternative confirmatory algorithm is enough 
to make accurate HIV diagnosis has been a subject of controversies. Recent evaluation of national 
algorithm for HIV testing presented some discrepancies in results. Again, current guideline 
prescribed discontinuity of Western blot supplemental test and its replacement with Geenius HIV-1/ 
HIV-2 differentiation test followed by nucleic acid testing. The objective of this study is to compare 
HIV-1 testing algorithms using ELISA-NAT algorithm as the gold standard for HIV-1 diagnosis, and 
rEIA-Western blot and ELISA-Western blot as alternative confirmatory algorithms for HIV-2 
diagnosis. 
Methods: This is a comparative study involving a cohort of 173 (98.9%) HIV-positive subjects and 
two (1.1%) HIV-negative subjects initially diagnosed on the basis of rEIA algorithm. Plasma 
samples separated from ethylene diamine tetra-acetic acid anticoagulated blood were used for 
further analyses. Fourth generation HIV antigen-antibody kit was used for further testing to make up 
rEIA-ELISA algorithm. Analyses with Western blot 1 and 2 assays were done as supplemental tests 
to make up alternative rEIA-Western blot and ELISA-Western blot confirmatory algorithms. 
Research subjects were further tested for HIV-RNA under PEPFAR plan. The sensitivity, specificity, 
positive predictive value and negative predictive value of algorithms were compared using the 
descriptive statistics of the SPSS version 17. 
Results: The HIV testing analyses showed 100% sensitivity, specificity, positive predictive value 
and negative predictive value from algorithm to algorithm especially for HIV-1 diagnosis. Use of 
combined ELISA-NAT confirmatory algorithm validated outcomes of rEIA-Western blot and ELISA-
Western blot alternative confirmatory algorithms for HIV-1 diagnosis. Among HIV-1 positive samples 
tested, 50.0-60.7% HIV-2 Western blot indeterminate result was obtained and 7.1-10.7% HIV-
1/HIV-2 co-infections were observed.  
Conclusion: The rEIA or national algorithm and its combination with enzyme-linked immunosorbent 
assay are reliable alternative confirmatory algorithms for the diagnosis of established HIV-1infection 
in resource-limited settings but not for HIV-2. Diagnosing acute HIV infection with current algorithm 
is limited and still require further review. 
 

 

Keywords: Enzyme immunoassay; enzyme-linked immunosorbent assay; Western blot; indeterminate 
results; algorithm; sensitivity; specificity. 

 

1. INTRODUCTION 
 
Human immunodeficiency virus (HIV), the 
causative agent of AIDS has constituted a major 
public health and socio-economic challenge in 
the last four decades. An epidemic update in 
2022 reported that a global estimate of about 
39.0 million (33.1 - 45.7 million) persons are 
living with HIV compared to 26.6 million (22.6 – 
31.2 million) in 2000 [1-2]. Despite current 
reports of continued reductions in the annual 
incidence of HIV infection and the benefits of a 
major breakthrough of expanded access to 
antiretroviral therapy and reduction in AIDS 
related mortality, there is continued transmission 
of HIV. Of the global data reported, the World 
Health Organization (WHO) Africa Region 
constitutes two-third of all people living with HIV 
as it accounts for 26.5 million (67%) of the global 
data [1]. While countries across the globe 
(Nigeria inclusive) are striving to meet up with the 

United Nations Programme on HIV/AIDS 95-95-
95 Sustainable Development Goal (SDG) of 
successfully testing 95% of population, 
placement of 95% of people living with HIV on 
antiretroviral drugs and achieving 95% viral 
remission, assessment of algorithms for HIV 
diagnosis is very crucial [2]. There have been 
debates on sufficiency of rapid enzyme 
immunoassay-based (rEIA) algorithms for HIV-1 
diagnosis [3]. Findings from a household-based 
study that evaluated the performance of HIV 
rapid testing algorithm through a Nigeria 
HIV/AIDS Indicator and Impact Survey (NAIIS) 
showed a national HIV prevalence of 1.4% 
compared to HIV prevalence of 4.1% reported in 
2010 [4-5], representing 65.8% reduction in HIV 
prevalence between 2010 and 2022. One key 
point of concern was that same study showed 
high discordant rates (approximated 43.7%) 
between Determine and Unigold rapid test 
devices (the two key HIV-1/2 screening kits 
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adopted by Nigeria for HIV diagnosis), and 
positive predictive value (PPV of 94.5%) of the 
national algorithm with a false positive rate of 
about 5.5%. Another study reported a very good 
performance of the national HIV serial testing 
algorithm with only 1.1% discordance rate 
between Determine and Unigold rapid test 
devices observed in the retrospective component 
of the study [6-7].   Discrepancies in reports 
require further studies on the national HIV rapid 
serial testing algorithm.  
 

Early HIV diagnosis and early knowledge of HIV 
status can result in tremendous public health 
benefits through decreasing risk behaviours that 
could transmit HIV to uninfected persons [7-13] 
and when issues of HIV sero-discordance in 
relationships are considered [14]. Brookmeyer 
observed that a person infected with HIV is 
projected to develop AIDS in about 10 years, 
without treatment (1991) [15]. However, with 
early treatment, a 25-years-old adult can survive, 
on average 39 more years [16]. This makes rapid 
testing and early access to care essential to 
combating the HIV/AIDS pandemic. Therefore, 
rapid testing remains the entry point to HIV 
prevention, treatment, care and support due to its 
advantage of relative ease of performance, cost 
of testing, qualified personnel requirement and 
faster turnaround time of less than 30 minutes 
[17]. However, current prescriptions on HIV 
testing require continued evaluation of alternative 
algorithms still in use especially in resource-
limited settings to assess their diagnostic 
performances. This study seeks to evaluate four 
alternative algorithms namely; rapid enzyme 
immunoassay (or rEIA algorithm) which is in 
current use as national algorithm (first algorithm), 
combination of rapid EIA and enzyme-linked 
immunosorbent assay for p24 antigen detection 
and antibodies to HIV-1/2 (rEIA-ELISA or second 
algorithm), rEIA with Western blot assay as the 
supplemental test (rEIA-WB or third algorithm) 
and ELISA test for p24 antigen detection and 
antibodies to HIV-1/2 with Western blot as the 
supplemental test (ELISA-WB or fourth 
algorithm) using combination of ELISA and 
nucleic acid testing (ELISA-NAT algorithm) as 
the gold standard for HIV-1 diagnosis; and rEIA-
WB or ELISA-WB alternative confirmatory 
algorithm was used as the gold standard for HIV-
2 diagnosis. 
 

2. MATERIALS AND METHODS  
 

2.1 Study Site 
 

This study was performed at the Federal 
Teaching Hospital, Ido-Ekiti, a tertiary health 

institution and HIV/AIDS referral and treatment 
centre located at the headquarter of Ido/Osi local 
government with an estimated population of 106, 
792 people, and serving thousands of patients 
accessing HIV/AIDS care throughout Ekiti State 
and neighbouring states such as Kogi, Kwara, 
Osun and Ondo state. Ido-Ekiti is located 25km 
from Ado Ekiti, the state capital, and nearly 
376.5km to Abuja. The institution is currently the 
serving Teaching Hospital for Afe Babalola 
University, Ado Ekiti, Nigeria and Federal 
University, Oye Ekiti, Nigeria for the training of 
healthcare professionals including Medical, 
Nursing, Radiography and Medical Laboratory 
Science students. Ekiti State is in the South-
western region of Nigeria and located between 
longitudes 4° 45° and 5° 45° East of the 
Greenwich meridian and latitudes 7° 15° and 8° 
15° North of the equator.  
 

2.2 Study Design 
 
This is a comparative study of HIV testing 
algorithms involving a cohort of 175 research 
subjects (173 newly diagnosed HIV-positive and 
2 HIV-negative patients) based on national 
algorithm for HIV testing adopted by the Federal 
Ministry of Health and the UMD-CDC serial 
algorithm II [6, 7,18,19-21]. Aliquots of plasma 
separated from 5mls of EDTA anticoagulated 
blood collected by venipuncture from the patients 
initially diagnosed according to the r EIA national 
algorithm were used for further testing to allow 
for algorithm comparison [7]. The plasma 
samples were separated within four hours of 
collection and placed in aliquots of 1.5mls each 
for ELISA, Western blot and nucleic acid testing. 
 

2.3 HIV Testing by Rapid Enzyme 
Immunoassay (rEIA or the National 
Algorithm) 

 

The Federal Ministry of Health adopted the 
Centre for Disease Control and Prevention 
(CDC) serial algorithm II guideline on HIV-1/2 
diagnosis for HIV rapid antibody techniques 
which prescribed HIV 1 / 2 antibodies testing with 
Determine kit (Alere Medical Co. Ltd, Chiba, 
Japan) as the first line screening test (RT1). Non-
reactive result by Determine ended the testing 
protocol. Research samples reactive for HIV 1/2 
were repeated with Unigold kit (RT2) as the 
second line of testing (Trinity Biotech, Wicklow, 
Ireland) which works based on 
immunochromatographic ‘sandwich’ principle. 
Discordant results were first repeated by a 
superior research scientist and where 
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indeterminate results were obtained, tie breaker 
kit, Stat-Pak (Chembio Diagnostic Systems Inc, 
Medford, NY, USA) which also works based on 
immunochromatographic principle but adopts 
lateral flow technology for HIV antibody detection 
was used. Stat-Pak is the only prequalified WHO 
rapid test device that exceeds WHO performance 
thresholds and with 100% sensitivity and 100% 
specificity [22]. Analyses were carried out 
according to manufacturer instructions. The final 
results gave the HIV diagnosis of the patients 
based on the national algorithm and                       
were compared with those obtained from 
sandwich ELISA technique and Western blot 
assays. 
 

2.4 Biorad Genscreen ULTRA HIV Ag-Ab 
Assay (ELISA ASSAY) 

 
The 175 samples were further tested with fourth 
generation Genscreen™ ULTRA HIV Ag-Ab 
ELISA kit which was designed for the 
simultaneous detection of HIV p24 antigen and 
antibodies to HIV-1 (groups M and O) and HIV-2 
in human serum or plasma. That enabled the 
evaluation of combined rEIA and ELISA 
algorithm on HIV testing [20,23-24]. 
 

2.5 Western Blot Supplemental Assay 
and Quality Control Measures 
(Confirmatory Test)  

 
The NEW LAV BLOT 1 and 2 kits are designed 
to detect human anti-HIV-1 and anti-HIV-2 
antibodies in serum or plasma by immunoblotting 
in order to confirm a positive anti-HIV-1 or anti-
HIV-2 response and specify its antigenic 
specificity within the scope of AIDS diagnosis 
[25]. The assay was performed in this study as a 
supplemental test for HIV confirmation in order to 
evaluate the diagnostic performance of the rEIA 
and rEIA-ELISA alternative algorithms using both 
rEIA-WB and ELISA-WB as alternative 
confirmatory and gold standard for HIV-2 
diagnosis. Its performance was evaluated for 
HIV-1 diagnosis using ELISA-NAT as the gold 
standard for HIV-1 diagnosis. The Western blot 
assays were performed for HIV-1 and HIV-2 
according to the manufacturer instructions. The 

prescribed precautions were followed as quality 
controls to prevent cross-reactivity, subjective or 
technical errors that might be associated with 
assay procedures.  Besides, known positive and 
negative controls supplied with the kit were 
performed in parallel with the research                  
samples for each test batch run in order to 
validate test results and correctly interpret the 
bands. 
 

New LAV blot I and II Interpretation: Biorad 
NEW LAV BLOT I and II kits for HIV-1 and HIV-2 
respectively typically contain the specific proteins 
shown in Table 1. 
 

The interpretations of the results were based on 
the WHO and Consortium for Retrovirus 
Serology Standardization (CRSS). While WHO 
criterion relied on two of the envelope proteins 
(gp160, gp110/120, gp41) with or without one of 
the core proteins (p55, p40, p24 and p18) or 
enzyme proteins (p66, p51 and p31) as the 
minimum requirement for a HIV-1 positive result, 
CRSS like most other regulatory bodies relies on 
one of the envelope proteins with one of core 
proteins or enzyme proteins as the minimum 
criteria for a positive result [26-27]. Incomplete 
banding profiles of tested strips showing specific 
reactivity to any of the viral proteins not 
compatible with the approved criteria for a 
positive interpretation are thus considered 
indeterminate. Absence of all bands except the 
control band of the test strip has been universally 
accepted to imply a negative result. Some 
regulatory bodies including WHO have 
advocated that band showing weak reaction to 
p17 be also interpreted as negative result. Same 
WHO and CRSS criteria were used in 
interpreting results of NEW LAV BLOT II for 
plasma samples analysed for HIV-2. The WHO 
and CRSS criteria for interpreting WB results 
were compared with the FDA-approved guideline 
for Du Pont WB licensed kit for HIV-1, CDC, 
American Red Cross (ARC) and the Association 
of State and Territorial Public Health Laboratory 
Directors (ASTPHLD) criteria. The criteria of 
different regulatory bodies for interpreting 
Western Blot HIV-1 and HIV-2 positive, negative 
and indeterminate results are shown in Tables 2 
and 3. 

 
Table 1. Specific Protein Bands on Biorad Western Blot I and II Confirmatory Kits 

 

NEW LAV BLOT I Strips  

Protein Bands: gp160, gp110/120, p66, p55, p51, gp41, p40, p31, p24 and p18 

NEW LAV BLOT II  

Protein Bands: gp140, gp105/125, p68, p56, gp36, p34, p26 and p16 
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Table 2. Criteria for Interpreting Western Blot Results for HIV-1 
 

Regulatory Body Minimum Criteria for HIV-1 Positive WB 
Result 

Criteria for HIV-1 
Negative WB Result 

Criteria for HIV-1 Indeterminate WB Result 

CDC At least two of p24, gp41, gp120/160 No band at all Incomplete banding profiles that do not meet the prescribed 
criteria for positive result 

WHO Two env Bands No HIV-specific band Incomplete banding profiles that do not meet the prescribed 
criteria for positive result 

CRSS 1 Env + 1 Pol or 1 Gag band No band at all Incomplete banding profiles that do not meet the prescribed 
criteria for positive result 

ARC 1 Env + 1 Pol +1 Gag band No band at all Incomplete banding profiles that do not meet the prescribed 
criteria for positive result 

ASTPHLD Any two of p24, gp41, gp120/160 No band at all Incomplete banding profiles that do not meet the prescribed 
criteria for positive result 

FDA p24, p31 and gp41 or gp120/160 No band at all Incomplete banding profiles that do not meet the prescribed 
criteria for positive result 

Key: CDC: Centre for Disease Control and Prevention; WHO: World Health Organization; CRSS: Consortium for Retrovirus Serology Standardization; ARC: American Red 
Cross; ASTPHLD: Association of State and Territorial Public Health Laboratory Directors; Env: Envelope; Pol: Reverse transcriptase; Gag: Group antigens; gp: Glycoprotein; p: 

protein 
 

Table 3. Criteria for Interpreting Western Blot Results for HIV-2 
 

Regulatory 
Body* 

Minimum Criteria for HIV-2 
Positive WB Result 

Criteria for HIV-2 
Negative WB Result 

Criteria For HIV-2 Indeterminate WB Result 

CDC At least two of p26, gp36, gp105 No band at all Incomplete banding profiles that do not meet the prescribed criteria for 
positive result 

WHO Two Env Bands No HIV-specific band Incomplete banding profiles that do not meet the prescribed criteria for 
positive result 

CRSS 1 Env + 1 Pol or 1 Gag No band at all Incomplete banding profiles that do not meet the prescribed criteria for 
positive result 

ARC 1 Env + 1 Pol +1 Gag band No band at all  Incomplete banding profiles that do not meet the prescribed criteria for 
positive result 

ASTPHLD Any two of p26, gp36, gp105 No band at all  Incomplete banding profiles that do not meet the prescribed criteria for 
positive result 

Key: CDC: Centre for Disease Control and Prevention; WHO: World Health Organization; CRSS: Consortium for Retrovirus Serology Standardization; ARC: American Red 
Cross; ASTPHLD: Association of State and Territorial Public Health Laboratory Directors; Env: Envelope; Pol: Reverse transcriptase; Gag: Group antigens; gp: Glycoprotein; p: 

protein; *No FDA-criteria for interpreting HIV-2 results by Western blot was discovered during the course of this study 
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Nucleic acid testing (NAT): Further analysis 
was done for 105 (of the samples randomly 
selected for HIV-RNA detection for HIV-1 
confirmation using COBAS AmpliPrep/COBAS 
Taqman polymerase chain reaction (real-time 
PCR) through PEPFAR plan. Combined results 
of ELISA and NAT served as the gold standard 
for HIV diagnosis. 
 

2.6 Statistical Analysis  
 

Data generated from the study were analysed 
with the descriptive statistics of the SPSS 
(Statistical Package for Social Sciences Inc. 
Chicago, USA) version 21 and the sensitivity and 
positive predictive value of the of the algorithms 
were derived.  
 

3. RESULTS AND DISCUSSION 
 

3.1. Rapid Enzyme Immunoassay 
Alternative Confirmatory Algorithm 
for HIV-1/2 Diagnosis (National 
Algorithm) 

 

Based on the rEIA or the national algorithm, 173 
gave concordant positive results with Determine 
(RT1) and Unigold (RT2) kits implying final 
positive test results. One showed concordant 
negative results with both Determine and 
Unigold, implying a final negative result. One 
showed discordant results with RT1 and RT2 and 
was further repeated with Stat-Pak (RT3), 
negative result was obtained. That implied that 
based on the use of rapid kits as sole enzyme 
immunoassays (rEIA) for this alternative 
algorithm without any supplemental test, 173 
(98.9%) of tested samples were positive for HIV 
1/2 as shown in Table 4. 
 

3.2 Combined Rapid Enzyme 
Immunoassay-ELISA Alternative 
Confirmatory Algorithm (rEIA-ELISA) 
for HIV-1/2 Diagnosis 

 

Similarly, the combined rEIA-ELISA algorithm 
resulted in 173 (98.9%) HIV-1/2 positive and 
2(1.1%) negative test results as shown in Table 
5.  
 

3.3 Western Blot Assay (Biorad NEW LAV 
BLOT-1) Results and rEIA-WB 
Alternative Confirmatory Algorithm 
for HIV-1 Diagnosis  

 

Table 6 showed the results of Western blot 
confirmatory test with NEW LAV Blot I for HIV-1 
confirmation. Out of the 175 samples tested, 173 

(98.9%) were HIV-1 positive irrespective of the 
criteria used. Therefore, the results of the rEIA 
and ELISA could be attributed to HIV-1 
seropositivity. More than 95% (165/173) of 
samples that tested positive showed reaction and 
expressed nearly all the protein bands on the 
nitrocellulose membrane strips. Nearly 3.0% 
(5/173) of HIV-1 positive samples tested did not 
express gp41. Interestingly, no HIV-1 Western 
blot indeterminate (WBi) results were obtained in 
this study. Whether rEIA-WB or ELISA-WB 
algorithm was adopted, the results for HIV-1 
were consistent, showing the recommended 
WHO alternative confirmatory algorithm to be of 
similar sensitivity and specificity.  
 

3.4 Assessment of Alternative rEIA and 
rEIA-ELISA Algorithm Based on 
Serial rEIA-WB/ ELISA-WB 
Alternative Confirmatory Algorithm 
for HIV-1 

 
Assessment of the sensitivity, specificity, positive 
predictive value and negative predictive value of 
the alternative algorithms based on the use of 
either the combination of rEIA and Western blot 
assay or ELISA and Western blot assay 
confirmatory algorithm showed 100.0% each for 
sensitivity, specificity, positive predictive value 
and negative predictive value. Table 7 showed 
the results. Irrespective of algorithm used for 
interpretation, 173 (98.9%) was HIV-1 positive 
and 2 (1.1%) was negative for HIV-1. 
 

3.5 Protein Band Patterns of Western 
Blot Assay Indeterminate results 

 
Based on WHO criteria, 17/26 (60.7%) showed 
indeterminate results and9/26 (32.2%) were 
confirmed negative for HIV-2. NEW LAV BLOT 2 
band patterns (not shown in Table 6) showed 
3/17 (10.7%) WBi were due to the expression of 
p68, p26 and p16 protein bands; 1/17 (3.6%) 
expressed p68 and p26 bands; 4/17 (14.3%) 
expressed p26 and p16; 6/17 (21.4%) expressed 
p26 protein band; 1/17 (3.6%) expressed the 
gp105 and p26 bands, 1/17 (3.6%)expressed 
p68, p56, gp36, p26 and p16 bands and another 
1/17 (3.6%)expressed gp105, p68, p26 and p16. 
No HIV-2 positive case based on WHO criterion. 
 
Based on CRSS criteria, 3/26 (10.7%) was 
positive for HIV-2. The Western blot assay 
showed p68, p56, gp36, p26 and p16; gp105, 
p68, p26 and p16; and gp105 and p26 protein 
bands respectively. Exactly 14/26 (50.0%) gave 
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Table 4. Rapid Enzyme Immunoassay Alternative Confirmatory Algorithm for HIV-1/2 Diagnosis 
 

Total no. of 
samples 
tested  

Determine 
positive 

Determine 
Negative 

Unigold 
Positive 

Unigold 
Negative 

Discordant 
result 

Stat-
Pak 
positive 

Stat-Pak Negative Final Result:  

Pos.(%)  Neg.(%) 

175 174 1 173 2 1 0 1 173 (98.9)   2 (1.1) 
Key: % = Percentage 

 
Table 5. Rapid Enzyme Immunoassay-ELISA Alternative Confirmatory Algorithm for HIV-1/2 Diagnosis 

 

Total no. of 
samples:  

ELISA positive: 
 

ELISA 
negative: 

Final Result of rEIA:  
 

rEIA-ELISA Alternative 
Confirmatory Algorithm Results: 

N (%)  N (%) N (%) Pos.: N (%)  Neg.: N (%) Positive: N (%) Negative.: N (%) 

175 (100) 173 (98.9)    2 (1.1)   173 (98.9) 2 (1.1)  173 (98.9) 2 (1.1) 
Key: N = Absolute number; % = Percent; ELISA = Enzyme-linked immunosorbent assay; 

rEIA= Rapid enzyme immunoassay; 
rEIA-ELISA= Rapid enzyme immunoassay-Enzyme-linked immunosorbent assay 

 
Table 6. Western Blot Assay (BIORAD NEW LAV BLOT-1) Results and Rapid EIA-WB / ELISA-WB Alternative Confirmatory Algorithm for HIV-1 

Diagnosis 
 

Total no. of samples 
tested:  

HIV-1 positive: 
 

 HIV-1- negative 
 

Final Result of Western Blot 1 
 

rEIA-WB or ELISA- Western Blot 
Alternative Confirmatory Algorithm  

N (%)  N (%) N (%) Pos.: N (%)  Neg.: N %) Pos.: N (%) Neg.: N %) 

175 (100) 173 (98.9) 2 (1.1)  173 (98.9) 2 (1.1)  173(98.9) 2(1.1) 
Key: N = Number of samples tested; % = Percent; Pos.: Positive; Neg.  Negative 
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Table 7. Assessment of Alternative rEIA and rEIA-ELISA Algorithm Based on Serial rEIA- WB/ ELISA-WB Alternative Confirmatory Algorithm for 
HIV-1 

 

Algorithm Variables   Total Number of    
Samples tested 

HIV-1 Pos. 
Cases 

HIV-1 Neg.    
Cases 

Sensitivity 
% 

Specificity % PPV % NPV % 

 Frequency (%)   Frequency (%) Frequency (%)     

rEIA   175 (100.0) 173 (98.9)           2 (1.1)              100.0      100.0      100.0      100.0      

(National Algorithm)        

rEIA-ELISA Algorithm 175 (100.0)       173 (98.9)           2 (1.1)              100.0      100.0      100.0      100.0      

rEIA-Western Blot Alternative            175 (100.0)        173 (98.9)          2 (1.1)              - - - - 

Confirmatory Algorithm        

ELISA-Western Blot Alternative 
Confirmatory Algorithm 

175 (100.0) 173 (98.9)         2 (1.1)              - - - - 

Key: Positive predictive value; NPV= Negative predictive value; % = Percentage; WB = Western blot; 
rEIA = Rapid Enzyme immunoassay; ELISA = Enzyme-linked immunosorbent assay; Pos. = Positive; 

Neg. = Negative 

 
Table 8. Patterns of Western Blot Supplemental Assay Protein Bands for HIV II Indeterminate Results 

 

Protein Bands Western Blot Criteria Interpretations 

Patterns                              WHO Pos. (%) CRSS† Pos. (%)    ARC Pos. (%)       WHO WBi (%)‡       CRSS† WBi (%)          ARC WBi (%) 

p68, p26 and p16 0 0 0 10.7                   10.7 10.7 
p68 and p26                          0 0 0 3.6 3.6                3.6      
p26 and p16                          0 0 0 14.3                   14.3              14.3 
p26                                       0 0 0 21.4 21.4              21.4          
gp105 and p26                     0 3.6             0 3.6                       0 0 
p68, p56, gp36, p26 and p16                         0 3.6            3.6 3.6 0 3.6 
gp105, p68, p26 and p26                               0 3.6              3.6                3.6                       0 3.6 

Overall Protein Bands       
Expressed 

0 10.8‡           7.2‡            60.8‡                   50.0              53.6     

Key: WHO: World Health Organization; CRSS†: Consortium for Retrovirus Serology 
Standardization and other criteria for WB interpretations such as CDC: Centre for Disease 

Control and Prevention; ASTPHLD: Association of State and Territorial Public Health 
Laboratory Directors; ARC: American Red Cross; Pos.: Positive; ‡ = Approximated figures are higher than real figures by 0.1. 
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indeterminate results and the rest 9/26 (32.2%) 
were confirmed HIV-2 negative. Of the 50% WBi 
results, 3/14 (10.7%) were due to the expression 
of p68, p26 and p16 protein bands; 1/14 (3.6%) 
expressed p68 and p26 bands; 4/14 (14.3%) 
expressed p26 and p16; and 6/14 (21.4%) 
expressed p26 protein band. Using ARC criteria 
for interpretation, 2/28(7.1%) were positive; 
15/26 (53.6%) were indeterminate and the 
remaining 9/26 (32.2%) were confirmed negative 
for HIV-2. Table 8 showed theHIV-2 Western blot 
indeterminate results. 
 

3.6 Western Blot HIV-2 Indeterminate and 
HIV-1/HIV-2 Co-infection Patterns 
among Randomly Selected HIV-1 
Research Subjects 

 

Twenty-eight samples (100.0%), consisting of 26 
(92.9%) HIV-1 randomly selected samples and 2 
(7.1%) plasma samples already established HIV-
1 negative, were tested for HIV 2 in parallel with 
the manufacturer supplied positive and negative 
controls. Overall, out of the 28 (100.0%) HIV-1 
randomly selected samples tested, HIV-2 WBi 
results ranged from 14 – 17 (50.0 – 60.7%); 11 
(39.3%) were HIV-2 negative while HIV-1/HIV-2 
coinfection ranged from 2 – 3 (7.1-10.7%).  The 
HIV-2 positivity was on the basis of interpretive 
criteria other than WHO criteria. The WHO 
criteria showed no HIV-1/HIV-2 co-infection of 
0%. HIV-1/HIV-2 coinfection rate of 10.7% were 
obtained based on CRSS, CDC, ASTPHLD 
interpretive criteria; and 7.1% on the basis of 
American Red Cross criterion. 
 
Based on manufacturer’s prescribed WHO and 
CRSS criteria, and when compared with other 
criteria for interpreting WB negative result, the 
exact two samples, 2/28 (7.1%) that tested 
negative for HIV 1/2 antibodies when rEIA, 
ELISA and NEW LAV BLOT I assay kits were 
used also tested negative with NEW LAV BLOT 
II kit.  
 
The summary ofHIV-1/HIV-2 co-infection and 
indeterminate results among the randomly 
selected research subjects based on different 
criteria of interpretation were shown in Table 9.  
 

3.7 Discussion  
 
Based on the guideline of UNAIDS/WHO (WHO, 
2004), three alternative testing algorithms were 
recommended in dealing with different scenarios 

for HIV testing. These algorithms, designated 
strategies I, II, and III, were designed to eliminate 
the use of confirmatory tests, such as Western 
blot and nucleic acid testing, and hence reduce 
the testing costs for resource-limited countries. In 
particular, strategy I (requiring only one test) is 
intended for use in diagnostic testing in 
populations with an HIV prevalence of >30% 
among persons with clinical signs and symptoms 
of HIV infection and in blood screening and 
surveillance testing in populations with an HIV 
prevalence of >10%.  Strategy II (requiring two 
tests) which is a moderate approach for use in 
surveillance testing in populations with an HIV 
prevalence of ≤10% and in diagnostic testing in 
populations with a prevalence of ≤30% among 
persons with clinical signs and symptoms of HIV 
infection or >10% among asymptomatic persons 
was adopted in this study. National guideline for 
HIV testing in Nigeria similarly adopted strategy II 
that use two kits for HIV diagnosis. Third kit 
came in as tie-breaker in sero-discordant cases.  
Strategy III (requiring three tests utilizing different 
antigens and/or different test principles), the 
most stringent approach, for diagnostic testing in 
populations with an HIV prevalence of ≤10% 
among asymptomatic persons [26]. Fig. 1 
showed the flowchart of HIV testing strategies. 

 
This UMD-CDC algorithm II was recently 
evaluated by Patel et al [4] and Iriemenam et al 
[7] in 2022 with differing outcomes. Study 
findings corroborated the outcomes of the latter 
as sero-discordant rate was 0% in this study. 
Critical evaluations of the former and latter 
studies revealed the possible causes of the 
differences. While the former prevalence study 
on general population in Nigeria reported high 
discordant rate of 43.7% between RT1 and RT2 
and false positive rate of 5.5% and was based on 
field study with first 50 tests by field testers and 
quality control checks but with accompanied 
challenges relating to failed testers’ complete 
monitoring due to security challenges, the latter 
compared the outcomes of both field and 
reference laboratory based (controlled) testing [4, 
7]. This study was similarly a laboratory-based 
study. Thus, issues relating to right sampling 
techniques, training and retraining of field testers, 
involvement of quality control officers and 
strategies and elimination of subjective errors are 
all areas to look into to reduce false positives, 
enhance national algorithm performance while 
scaling up enrolment of HIV positive patients for 
antiretroviral therapy [7, 27-28]. 
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Table 9. HIV-2 Western Blot Indeterminate and Coinfection Patterns among Randomly Selected HIV-1Positive Subjects Using Different Interpretive 
Criteria 

 

Regulatory 
Body* 

HIV-1 Negative 
samples tested 

HIV-1 Positive  
samples tested 

HIV-2 Indeterminate HIV-2 Positive 
 

HIV-2 Negative 
 

HIV-1/HIV-2 
Coinfection 

Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%) Frequency (%) 

ALL      - 26 (92.9) 14 (50.0) -17 (60.7) 2 (7.1) -3 (10.7)  11 (39.3) 2 (7.1) -3 (10.7) 
WHO      - 26 (92.9)  17 (60.7)        0 (0)    9 (32.2) 0 (0)      
CRSS      - 26 (92.9)  14 (50.0)     3 (10.7)    9 (32.2) 3 (10.7) 
CDC      - 26 (92.9)  14 (50.0)     3 (10.7)    9 (32.2) 3 (10.7) 
ASTPHLD      - 26 (92.9)  14 (50.0)     3 (10.7)    9 (32.2) 3 (10.7) 
ARC      - 26 (92.9)  15 (53.6)      2 (7.1)    9 (32.2) 2 (7.1) 

Key: *No FDA interpretation criteria for interpreting Western blot HIV-2 results was discovered in the course of this study. WHO: World Health Organization; CRSS: Consortium 
for Retrovirus Serology Standardization; CDC: Centre for Disease Control and Prevention; ASTPHLD: Association of State and Territorial Public Health Laboratory Directors; 

ARC: American Red Cross. 
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Fig. 1.  Flowchart Showing HIV Testing Strategies I - III for Different Scenarios Combined with 
Current Recommended HIV-1/HIV-2 Differentiation test/Nucleic Acid Testing (NAT) 

Key: RT1 = Determine, RT2 = Unigold, RT3 = Stat-Pak, + = Positive, - = Negative 

 
From a different viewpoint, differences in study 
design might contribute to differences NAIIS 
reports and outcomes of this study. While NAIIS 
report was a cross-sectional prevalence and 
national algorithm assessment study, current 
study focussed on algorithm assessment using 
cohorts of research subjects initially diagnosed 
as HIV-1/2 positive based on national algorithm 
[4]. Hence, the adoption of UMD-CDC algorithm 
strategy III as advocated by Patel et al in the face 
of dwindling trends in HIV incidence in Nigeria 
may not be out of place.  
 
Comparison of these results with those obtained 
from the fourth generation ELISA assay and the 

immunoblotting assays showed that all assays 
including rEIA scored 100% sensitivity for all the 
positive sera. Previous studies on the use rEIA 
have shown that Determine and Unigold have 
100% sensitivity in consonance with the 
manufacturers’ findings [29-30]. While the use of 
sandwich ELISA kits such as HIV ULTRA Ag-Ab 
detection kit cannot be underestimated and the 
value of supplemental tests for HIV diagnosis 
cannot be over-emphasized [20, 31-34], study 
results corroborate the findings of many 
researchers on the effectiveness of the national 
algorithm and rEIA-ELISA algorithm in resource-
limited settings [9]. Although outcomes of this 
study on specificity and negative predictive value 
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is grossly limited and require further 
substantiation due to inadequate HIV-negative 
samples involved, it at least gave a clue on the 
specificity and negative predictive value (NPV) of 
kits used and algorithm tested. For instance, on 
the specificity of Determine kit used in the study, 
one false positive HIV 1/2 obtained from this 
study pictured possible slightly lower specificity 
of the kit compared to those of Unigold and Stat-
Pak EIA kits which were evaluated to be 100% 
based on the results of this study (data not 
shown) and from different panels of samples 
tested by the manufacturers. The positive 
predictive values (PPV) of the rapid test kits were 
99.43%, 100% and 100% for Determine, Unigold 
and Stat-Pak respectively. This finding poses 
some cautions to testers and clinicians when 
interpreting positive results from Determine kit 
only based on the recommendation of the World 
Health Organization on serial algorithm I. Its sole 
use in HIV testing must be limited to alternative 
algorithm strategy I [19]. The use of the three kits 
in arriving at the final test results as prescribed 
by the national algorithm have greatly enhanced 
the diagnostic performance of rEIA or national 
algorithm [7]. 
 
Although ELISA-based Genscreen ULTRA HIV 
Ag-Ab. fourth generation kits detect p24 antigen 
and antibodies to HIV-1/2 by ELISA and do not 
differentiate HIV-1 and HIV-2, they still play 
significant roles in HIV screening and diagnosis 
in resource-limited settings [20]. In fact, studies 
showed that repeatedly reactive samples by EIAs 
in established infection do not require 
supplemental test such as Western blot, and 
NAT [3, 35]. Our findings were consistent with 
Yuksel et al’s with respect to HIV-1 confirmation 
but limited by non-further testing for HIV-2 RNA 
by NAT or for HIV-1 and HIV-2 differentiation test 
by Geenius HIV-1/HIV-2 
immunochromatographic supplemental analysis. 
In contrast to findings by Nasrullah et al, there 
were no HIV-1 WBi findings among the 
repeatedly reactive HIV-1 positive cases by the 
national algorithm or rEIA-ELISA algorithm and 
that showed 100% sensitivity of these alternative 
algorithms in HIV-1 diagnosis. Again, in contrast 
to their findings where some repeatedly reactive 
samples were confirmed HIV-1 negative by 
Western blot and NAT, findings in this study 
confirmed positivity of repeatedly reactive 
samples by Western blot and NAT. For instance, 
out of the 105 (60.0%) of samples repeated for 
HIV-RNA detection by nucleic acid testing, 103 
(98.1%)  repeatedly reactive cases by rEIA and 
rEIA-ELISA algorithms were HIV-1 positive by 

NAT. Differences in results might not be 
unconnected with the differences in the  category 
of subjects tested in the two studies or false 
repeatedly reactive findings by rEIA/ELISA due 
to the presence of immune complexes in the 
plasma of research subjects that have been 
infected with other pathogens as at the time of 
sample collection, recent vaccination, patients 
with strong immune stimulation or autoimmune 
disorders, allergies or pregnancy [35-36]. Those 
might have been confirmed negative by the 
Western blot assay or NAT. 
 
Traditionally, a Western blot (WB) or less 
frequently, an immunofluorescence assay (IFA) 
was used to confirm antibodies to HIV-1 or HIV-2 
after it has been identified by a rEIA for HIV 
antibody screening test [4, 31, 35].  Current 
guideline regards Western blot assay as the 
historic gold standard for HIV testing due to its 
inability to detect acute HIV infection and other 
factors relating to possible misidentification of 
HIV-1 as HIV-2 or delay in diagnosis, and 
advocate for its discontinuity as a supplemental 
test [8, 17]. Same guideline made provision for 
laboratories that still use WB as a supplemental 
test. Up till date, Western blot assay continues to 
be used as a supplemental test for HIV-1 and 
HIV-2 in settings where NAT is not in place [31]. 
In Nigeria, Western blot assay is used for 
research purposes [4]. Although many developed 
countries still use WB to confirm HIV testing 
results that are positive either by point-of-care 
(POC) rapid tests or laboratory-based procedure 
[4, 7, 31], others like the United Kingdom set an 
algorithm that use fourth generation ELISA as 
initial diagnostic test and Nucleic acid testing 
(NAT) by polymerase chain reaction as the 
second line test for HIV diagnosis. It is believed 
that such settings adopted CDC 2023 guideline 
and by the guideline prescription, detection of 
p24 antigen only without the antibodies to HIV-1 
or HIV-2 followed by HIV viral particle detection 
by NAT can diagnose acute HIV-1 or HIV-2 
infection else, the approach has sets of 
limitations [37]. Resource poor countries where 
cold storage capacity, reliable power supply, 
efficient transportation, good laboratory 
infrastructure constitute major challenges and 
sufficient trained personnel may not be readily 
available, alternative rapid confirmatory 
approaches recommended by the World Health 
Organization have been adopted [4, 7, 27].  
Again, to further strengthen the national 
algorithm, fourth generation ELISA assay kits 
can be used. It has been recommended that 
repeatedly reactive samples by rEIA-ELISA 
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algorithm may not warrant further testing with 
supplemental test or nucleic acid testing but the 
category of samples have to be defined 
[3,35,38]. Besides, the adoption of these 
alternative confirmatory, cost-effective and 
comparable algorithms have increased HIV test 
uptake in resource-limited settings like ours and 
reduced risks of degenerated status and high 
HIV transmission rates to infected partners [5, 
39] contrary to some settings where more 
complex algorithms with associated high costs of 
tests, non-availability of equipment and trained 
personnel as well as difficulties in interpreting 
Western blot results have constituted major 
hindrances to HIV test uptake in endemic 
population. 
 
Interestingly, no indeterminate result was 
obtained for HIV-1 in this study contrary to 
findings by other researchers [3].  Moreover, the 
findings of 60.7%, 53.6% and 50.0% WBi results 
based on WHO, American Red Cross and CRSS 
(or related) criteria respectively for HIV-2 assay 
showed that Western blot cannot be reckoned as 
confirmatory test for HIV-2 where the prevalence 
of the virus is low because of possible increase 
in the risks of Western blot indeterminate results 
due to cross-reactivities with HIV-1 and other 
factors [17, 35]. Further testing with NAT could 
have resolved the WBi findings as demonstrated 
by other studies. Evaluating the 60.7%, 53.6% 
and 50.0% HIV-2 WBi results based on WHO, 
ARC and CRSS (or related) criteria, most of the 
cross-reactivities demonstrated in this study were 
due to p26 core protein either singly (21.4%) or 
in combination with others- 25.41% and 14.70% 
respectively based on WHO and CRSS criteria). 
This is in consonance with the Constantine et al’s 
findings which affirmed that most cross reactions 
represent antibody induced by the core (p26) 
and/or Pol antigens (p68, p34), because these 
are highly conserved between the two different 
viruses [32-33].   
 
Finally, this study showed HIV 1 - HIV-2 co-
infection was 0% based on the WHO interpretive 
criteria but 10.7% among research subjects 
based on CRSS, CDC and ASTPHLD criteria, 
and 7.1% based on ARC criteria. The Cambridge 
Western blot assay used in NAIIS study was 
similarly based on CRSS/CDC/ASTPHLD 
criteria, however the HIV-1/HIV-2 coinfection 
prevalence was much lower compared with the 
findings in this study [4]. Outcomes of this study 
is in agreement with the established facts that 
HIV-2 infection is prevalent in West African 
nations including Guinea-Bissau, The Gambia, 

Senegal, Cape Verde, Cote d'Ivoire, Mali, Sierra 
Leone, and Nigeria [40]. If same interpretive 
criteria used by Landman et al (2009) who 
reported HIV-1/2 co-infection of 0.3-1% in West 
Africa were used, these findings among HIV-1 
infected subjects in Nigeria can be considered 
quite alarming. It however, require further 
confirmation as WHO interpretive criteria showed 
0% HIV-1/HIV-2 coinfection rate. They cited a 
particular example of a rural area of north-
western Guinea-Bissau where HIV-2 prevalence 
dropped from 8.3% in 1990 to 4.7% in 2000. In a 
swift attempt to promote HIV testing uptake 
without compromising quality of results and at 
the same time ensure HIV-1 and HIV-2 
differentiation and early diagnosis of acute HIV 
infection, different countries are careful in the 
choice of supplemental tests. Food and Drug 
Administration approved Geenius HIV 1/2 
confirmatory assay in 2013 as a supplemental 
test and useful tool in HIV-1 and HIV-2 
differentiation testing and have since been 
evaluated in studies [4, 7, 31]. According to the 
CDC and the ASTPHLD, the FDA approved 
Geenius HIV-1/2 antibody differentiation 
supplemental test requires careful interpretations 
to forestall misdiagnosis or missed diagnosis and 
promote early treatment; the FDA similarly gave 
recommendations on alternative approach to HIV 
testing [17]. The picture of high HIV-1/HIV-2 co-
infection in this study without further 
assessments with either Geenius HIV-1/HIV-2 
supplemental test or HIV-2 RNA detection by 
NAT underscores the insufficiency of rEIA-WB or 
ELISA-WB algorithm for HIV-2 diagnosis and the 
need for further evaluation of the study findings, 
upgrading to CDC current guidelines according 
to CDC/UNAIDS/APHL joint body on HIV/AIDS 
and reaching national consensus on HIV-2 
diagnosis testing in Nigeria [17].  
 

4. LIMITATION OF THE STUDY 
 
Non-performance of HIV-1 and HIV-2 
differentiating test in this study at the national 
HIV serial algorithm level limited classifying a 
positive result as HIV-1 or HIV-2 for routine 
diagnosis but interestingly, antiretroviral 
therapies that can treat both HIV-1 and HIV-2 are 
now available. However, optimal comparison 
between rEIA or rEIA-ELISA alternative algorithm 
and the gold standard rEIA-WB and ELISA-WB 
algorithm used in this studycan be made by the 
inclusion of rapid Geenius HIV-1/HIV-2 
differentiating supplemental test which do not 
compromise the gains interms of quality of 
results,  
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5. CONCLUSION 
 

The results of this study showed that rEIA or 
rEIA-ELISA alternative confirmatory algorithm is 
a sufficient and effective diagnostic algorithm for 
HIV-1 diagnosis especially in an established 
infection as it compares in sensitivity and 
specificity with the more complex testing protocol 
that adopts rEIA-WB, rELISA-WB and rELISA-
NAT approach. However, it is insufficient for HIV-
2 diagnosis. Introduction of Geenius HIV-1/HIV-2 
immunochromatographic supplemental test 
rather than Western blot assay will improve the 
adopted national algorithm, capture acute HIV 
infection in asymptomatic individuals without 
compromising quality or the gains in turnaround 
time and early initiation treatment.  
 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 

Authors hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

CONSENT AND ETHICAL APPROVAL 
 

This research was carried out at the 
haematology department of the Federal 
Teaching Hospital, Ido Ekiti (FETHI) following 
informed consent from participating research 
subjects and the ethical approval from the 
Human Research and Ethics Committee (HREC) 
of Federal Teaching Hospital, Ido Ekiti. Due to 
the fact that all specimens used in this study had 
linkage to personal identifiers, this study was 
determined by the authors to be mainly for 
research not involving identifiable human 
subjects. 
 

ACKNOWLEDGEMENTS 
 

The authors want to appreciate the care and 
support staff especially Mr. Opeyemi Ogundana 
in specimen collection and Mr. Christopher 
Temitope Omisakin and Mrs Gloria C. Ugwueze 
of ART laboratory for provision of nucleic acid 
testing data on HIV-1 RNA detection. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. World Health Organization. The Global 
Health Observatory. HIV-Number of 
people (all ages) living with HIV. WHO, 
2023.  

Available:https://www.who.int/data/gho 
(Accessed on 16th December 2023). 

2. UNAIDS (2022). UNAIDS Factsheet. 
Global HIV Statistics.  
Available:https://www.UNAIDS_Factsheet_
en.pdf (Accessed 4th March 2024).  

3. Yuksel P, Saribas S, Kuskucu M, Mutcali 
SI, Kosan E, Habip Z, Demirci M, Kara ES, 
Birinci I, Caliskan R, Dinc HO, Midilli K, 
Ziver T, Kocazeybek B. Problems 
encountered in conventional HIV 1/2 
Algorithms: lack of necessity for 
immunoblot assays to confirm repeated 
ELISA reactive results. Afri Health Sci. 
2018;2:407-416.  
Available:https://dx.doi.org/10.4314/ahs.v1
8i2.26 

4. Patel HK, Ikpe S, Bronson M, Birhanu S, 
Abimiku A, Jahun I, et al. Performance of 
HIV rapid testing algorithm in Nigeria: 
Findings from a household-based Nigeria 
HIV/AIDS Indicator and Impact Survey 
(NAIIS). PLOS Glob Public Health. 
2022;2(7):e0000466.  
Available:https://doi.org/10.1371/journal.pg
ph.0000466 

5. Federal Ministry of Health, Technical 
Report 2010; National HIV sero-
prevalence survey among pregnant 
women attending Antenatal clinics in 
Nigeria. 2010;18. 

6. National AIDS And STI’s Control 
Programme, Federal Ministry of Health. 
National Guidelines for HIV Prevention, 
Treatment and Care; 2016.  
Available:https://www.prepwatch.org/wp-
content/uploads/2017/08/nigeria_national_
guidelines_2016. pdf(Accessed on May 
11th 2024). 

7. Iriemenam NC, Mpamugo A, Ikpeazu A, 
Okunoye OO, Onokevbagbe E, Bassey 
OO, et al. Evaluation of the Nigeria 
national HIV rapid testing algorithm. PLOS 
Glob Public Health. 2022; 2(11): 
e0001077.  
Available:https://doi.org/10.1371/journal. 
pgph.0001077 

8. Centre for Disease Control and Prevention 
and Association of Public Health 
Laboratories. Laboratory Testing for the 
Diagnosis of HIV Infection: Updated 
Recommendations; 2014. 
Available:http://stacks.cdc.gov/view/cdc/23
447 (Accessed January, 2024) 

9. Bassey O, Bond K, Adedeji A, Oke O, 
Abubakar A, Yakubu K, Jelpe T, Akintunde 
E, Ikani P, Ogundiran A, Onoja A, Kawu I, 



 
 
 
 

Fasakin et al.; J. Adv. Med. Pharm. Sci., vol. 26, no. 7, pp. 79-94, 2024; Article no.JAMPS.121103 
 
 

 
93 

 

Ikwulono G, Saliu I, Nwanyawu O, Deyde 
V. Evaluation of the performance of nine 
HIV rapid test kits (RTKs) for the 
development of an interim national HIV 
testing algorithm in Nigeria: Laboratory 
based Phase I Study. Presented at 
International AIDS Conference, July 22- 
27, 2012, Washington DC, USA. 

10. Pinkerton SD, Holtgrave DR, Galletly CL. 
Infections prevented by increasing HIV 
sero-status awareness in the United 
States, 2001 to 2004. J Acquir Immune 
Defic Syndr. 2008;47(3):354–357. 

11. Steward WT, Remien RH, Higgins JA, 
Dubrow R, Pinkerton SD, Sikkema KJ, 
Truong HM, Johnson MO, Hirsch J, Brooks 
RA, Morin SF. Behaviour change following 
diagnosis with acute/early HIV infection-a 
move to sero-sorting with other HIV-
infected individuals. The NIMH Multisite 
Acute HIV Infection Study: III. AIDS Behav. 
2009;13(6):1054–60. 

12. Marks G, Crepaz N, Janssen RS. 
Estimating sexual transmission of HIV from 
persons aware and unaware that they are 
infected with the virus in the USA. AIDS. 
2006;20(10):1447–50. 

13. Marks G, Crepaz N, Senterfitt JW, Janssen 
RS. Meta-analysis of high-risk sexual 
behaviour in persons aware and unaware 
they are infected with HIV in the United 
States – implications for HIV prevention 
programs. J Acquir Immune Defic Syndr. 
2005;39(4):446–53. 

14. Desgrees-du-Lou A, Orn-Gilemann J. 
couple centred testing and counselling for 
HIV sero-discordant heterosexual couples 
in sub-Saharan Africa. Reprod Health 
Matters. 2008; 16:151-61. 

15. Brookmeyer R. Reconstruction and future 
trends of the AIDS epidemic in the United 
States. Science. 1991; 253:37–42. 

16. Lohse N, Hansen AB, Pedersen G, 
Kronborg G, Gerstoft J, Sørensen HT, 
Vaeth M, Obel N. Survival of persons with 
and without HIV infection in Denmark, 
1995–2005. Ann Intern Med. 
2007;146(2):87–95. 

17. Centers for Disease Control and 
Prevention. FDA-Approved HIV Screening 
Tests for Laboratory Use Only; 2016. 
Available:http://www.cdc.gov/hiv/pdf/testin
g/hiv-tests-laboratory-use.pdf (Accessed 
on May 4th 2024) 

18. Federal Ministry of Health. National 
Guidelines for HIV Testing Services. 
Available at: https://naca.gov.ng/wp-

content/uploads/2019/10/ Finalized-
National-Guidelines-on-HTS.-pdf-
Encrypted-1.pdf: 2017 

19. World Health Organization. Rapid HIV 
tests: guidelines for use in HIV testing and 
counselling services in resource 
constrained settings; 2004.  
Available: 
www.emro.who.int/aiecf/web28.pdf 
[accessed 13.08.13]. 

20. Abrahim SA, Girma M, Habteselassie A, 
Gezahegn N, Feleke A, Berheto TM, 
Demissie M, Belete W, Deressa T. 
Diagnostic accuracy of HIV test kits, 
Genscreen Ultra and Bioelisa. HIV/AIDS - 
Research and Palliative Care. 2019;11:17–
22. 

21. Federal Ministry of Health, Nigeria. 
Laboratory based HIV rapid test validation 
in Nigeria, Phase 1, 2007. Nigeria: The 
Nigeria HIV Rapid Test Evaluation Working 
Group; 2007.  

22. Chembio Diagnostic Systems Inc. HIV-1/2 
Stat-Pak Assay Performance Matters- The 
Only HIV Test that Exceeds WHO 
Performance Thresholds; 2024.  
Available:https://chembio.com/products/hiv
-1-2-stat-pak-assay-international 
(Assessed on May 4th 2024). 

23. Weber, B., T. Meier, and G. Enders. Fourth 
generation human immunodeficiency virus 
(HIV) screening assays with an improved 
sensitivity for p24 antigen close the second 
diagnostic window in primary HIV infection. 
J. Clin. Virol. 2002; 25:357-359. [PubMed]. 
Centers for Disease Control and 
Prevention. Notice to readers: approval of 
a new rapid test for HIV antibody. Morb 
Mortal Wkly Rep. 2002;51:1051. 

24. Saville, RD, Constantine NT, Cleghorn FR, 
N. Jack N, Bartholomew C, Edwards J et 
al. Fourth-generation enzyme-linked 
immunosorbent assay for the simultaneous 
detection of human immunodeficiency 
virus antigen and antibody. J. Clin. 
Microbiol. 2001; 39:2518-2524. [PMC free 
article] [PubMed]. 

25. Bio-Rad. Genscreen ULTRA HIV Ag-Ab 
(Bio-Rad) Ultra kit insert. France; 2013. 

26. Guan M. Frequency, Causes, and New 
Challenges of Indeterminate Results in 
Western Blot Confirmatory Testing for 
Antibodies to Human Immunodeficiency 
Virus. Clin Vaccine Immunol. 2007; 
14(6):649–659. 

27. Audu, Rosemary A., Rosemary N. Okoye, 
Chika K. Onwuamah, Fehintola A. Ige, 



 
 
 
 

Fasakin et al.; J. Adv. Med. Pharm. Sci., vol. 26, no. 7, pp. 79-94, 2024; Article no.JAMPS.121103 
 
 

 
94 

 

Adesola Z. Musa, Nkiruka N. Odunukwe, 
Daniel I. Onwujekwe, Oliver C. Ezechi, 
Emmanuel O. Idigbe, and Phyllis J. Kanki. 
2015. Potential for False-Positive HIV Test 
Results Using Rapid HIV Testing 
Algorithms. African Journal of Laboratory 
Medicine. 2015; 4 (1): 1-5.   
DOI:10.4102/ajlm.v4i1.178. 

28. Centers for Disease Control and 
Prevention. Interpretation and use of the 
Western blot assay for serodiagnosis of 
human immunodeficiency virus type 1 
infections. MMWR Morb Mortal Wkly 
Rep.1989;38(S-7):1-7.  
Available:http://www.cdc.gov/mmwr/previe
w/mmwrhtml/00001431.htm. 

29. Stevens DR, Vrana CJ, DlinRE,Korte JE. A 
Global Review of HIV Self-testing: Themes 
and Implications. AIDS Behav. 
2018;22(2):497-512.  
DOI: 10.1007/s10461-017-1707-8.  

30. Delaney KP, Heffelfinger JD, Wesolowski 
LG, Owen SM, Meyer WA, Kennedy S. 
Performance of an alternative laboratory-
based algorithm for HIV diagnosis in high-
riskpopulation. J Clin Virol. 2011;52S:S5-
S10.  
DOI: 10.1016/j.jcv.2011.09.013 

31. Kondo M, Sudo K, Sano T, Kawahata T, 
Itoda I, Iwamuro S, et al. Comparative 
evaluation of the Geenius HIV 1/2 
Confirmatory Assay and the HIV-1 and 
HIV-2 Western blots in the Japanese 
population. PLoS ONE. 2018;13(10): 
e0198924.  
Available:https://doi.org/10.1371/journal. 
pone.0198924 

32. Constantine N. HIV InSite Knowledge 
Base Chapter May 2006. Clinlab 
Navigator. Human Immunodeficiency Virus 
Western Blot; 2021. 
Available:http://hivinsite.ucsf.edu/InSite.jsp
?page=kb-02-02-01. (Accessed January 
14, 2019.) 

33. Constantine N, Kabat W, Zhad R. Update 
on the laboratory diagnosis and monitoring 
of HIV infection. Cell Research. 
2005;15:870-875.  

DOI:https://doi.org/10.1038/sj.cr.7290361. 
34. Dax EM, Arnott A. Advances in laboratory 

testing for HIV. Pathology. 2004;36 (6):551 
-560.  
DOI: 10.1080/00313020400010922. PMID: 
15841690. 

35. Nasrullah M, Ethridge SF, Delaney KP, et 
al. Wesolowski LG, Granade TC, 
Schwendemann J, Boromisa RD, 
Heffelfinger JD, Owen SM, Branson BM. 
Comparison of alternative interpretive 
criteria for the HIV-1 Western blot and 
results of the Multispot HIV-1/HIV-2 Rapid 
Test for classifying HIV-1 and HIV-2 
infections. J Clin Virol. 2011;52 (Suppl 
1):S23-27.  
DOI: 10.1016/j. jcv.2011.09.020. 

36. German Advisory Committee Blood 
(ArbeitskreisBlut), Subgroup ‘Assessment 
of Pathogens Transmissible by Blood’ 
Human Immunodeficiency Virus (HIV). 
Transfus Med Hemother. 2016; 43:203-
222. DOI: 10.1159/000445852. 

37. Centre for Disease Control and 
Prevention. Technical Update for HIV 
Nucleic Acid Tests Approved for 
Diagnostic Purposes; 2023.  
Available:https://www.cdc.gov/hiv/guideline
s/recommendations/technical-update-for-
hiv.html (Accessed on May 6th 2024). 

38. Fasakin KA, Ifeanyichukwu MO, Amilo GI, 
Agbakoba NR. Epidemiology of Human 
Immunodeficiency Virus in Prospective 
Blood Donors and Testing Algorithm 
Assessment with Realtime PCR for 
Optimal Blood Safety Practice. 
Haematology and Transfusion 
International Journal. 2017;4 (6):00103.  

39. Omobolaji T, Campbell-Yesufu, Gandhi 
RT. Update on Human Immunodeficiency 
Virus (HIV)-2 Infection. Clinical Infectious 
Diseases. 2011;52 (6):780-787.  
DOI: https://doi.org/10.1093/cid/ciq248 

40. Landman R, Damond F, Gerbe J, Brun-
Vezinet F, Yeni P, Matheron S. 
Immunovirological and therapeutic follow 
up of HIV-1/HIV-2 dually seropositive 
patients. AIDS. 2009;23: 423-43. 

 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/121103  

https://www.sdiarticle5.com/review-history/121103

