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Abstract  

Introduction: the aim of this study was to evaluate the performance of Enzygnost HIV Integral II antigen/antibody combination ELISAs in order 

to formulate HIV ELISA testing algorithms for the Ministry of Health and Social Welfare, Tanzania. Methods: this was a laboratory-based 

evaluation of Enzygnost HIV Integral II Antibody/ Antigen, Murex HIV antigen/antibody and Vironostika HIV Uniform II antigen/antibody conducted 

between October 2011 and May 2012. Results: a total of 600 blood samples were included in the evaluation. A total of 209/596 (35.1%) serum 

samples were confirmed HIV positive. Of these, the prevalence of HIV infection was 2.3% (3/130), 2.3% (3/127), 2.2% (3/139) and 100% 

(200/200) for VCT clients, ANC attendees, blood donors and CTC patients, respectively. Three hundred and eighty seven (64.9%) were HIV 

negative samples. Sensitivity was 100% (95% CI; 98.3-100%) for all the three HIV ELISAs. The specificity for the Enzygnost HIV Integral II and 

Murex was 100% (95% CI; 99.1-100%). The final specificity at repeat testing was 99.5% (95% CI; 98.2-99.9%) for Vironostika. Enzygnost HIV 

Integral II detected HIV infection seven days since first bleed. Conclusion: initial testing using either Vironostika or Murex HIV antigen/antibody 

combination ELISA followed by testing of reactive samples on the Enzygnost HIV Integral II gave a sensitivity and specificity of 100% with reduced 

window period. Combination of two HIV antigen/antibody combination ELISAs can be used as an alternative confirmatory testing strategy for 

screening of donated blood at the National and Zonal blood transfusion centres and in lab diagnosis of HIV infection. 
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Introduction 
 
Human immunodeficiency virus (HIV) infection remains an 
important public health concern in most of the developing countries 
including Tanzania. Early diagnosis of this infection is critical in 
providing effective antiviral treatment and to prevent transmission. 
One of the key issues to achieve this goal is to shorten the so-called 
"diagnostic window period" when the humoral immune response 
toward the virus is not fully developed during the acute phase of 
HIV-1 infection. The enzyme-linked immunosorbent assays (ELISAs) 
are the most commonly used techniques for the laboratory 
diagnosis of HIV infection [1]. The standard procedure for 
laboratory diagnosis of HIV infection usually includes screening for 
virus-specific antibodies using an enzyme-linked immunosorbent 
assay (ELISA) [2], followed by confirmatory testing of screening 
positive sample [1]. The UNAIDS/WHO has given recommendations 
for the use of combined screening assays for the diagnosis and 
confirmation of HIV infection [3]. Currently, a combination of 
antibody ELISA [4-7], or simple rapid assays [1] based on different 
test principles have been used in alternative diagnostic testing 
strategies for laboratory diagnosis in resource-limited countries. In 
developed countries, screening of HIV antibodies was followed by 
confirmatory testing, most commonly by using Western blot (WB) 
assay. However, testing strategy using WB is very costly for use in 
resource-limited countries like Tanzania [2, 8].  
  
Recently, new fourth generation screening assays which permit a 
simultaneous detection of HIV antigen and antibody have been 
developed and have reduced the diagnostic window phase between 
time of HIV infection and laboratory diagnosis on average by four 
days in comparison to third-generation antibody assays because 
antibodies to HIV are absent in the very early phase of HIV infection 
[9-18]. With the p24 antigen combined in assays, HIV infections can 
be detected from few days to many weeks before antibody 
seroconversion, and this is useful in routine screening of blood [10, 
15, 19]. The combined assays offer potential benefits of early 
detection of HIV infection via p24 Ag detection and also improve 
seroconversion sensitivity at a technical burden and financial cost 
[10, 15, 19, 20].  
  
Evaluation of the assay is required once a new assay is introduced 
into use. The aim of the current study was to evaluate the 
performance and operational characteristics of HIV Antigen and 
Antibody Combination ELISAs for laboratory diagnosis of HIV 
infection in Dar es Salaam, Tanzania; and as well as to formulate 
HIV ELISA testing algorithms that could be used as an alternative 
HIV testing strategy for lab diagnosis of HIV infection.  
  
  

Methods 
 
The study was a cross-sectional study design of blood samples 
conducted between October 2011 and January 2012. Altogether 600 
serum samples were analysed (140 from National Blood Transfusion 
Centre (Eastern Zone Blood Transfusion Services); 130 from 
Voluntary Testing and Counselling (VCT); 130 from Antenatal Clinic 
(ANC) and 200 from Muhimbili- Care and Treatment Centre (CTC). 
In the evaluation, Enzygnost HIV Integral II Antibody/ Antigen 
(Siemens, Germany), Murex HIV antigen/antibody (Abbott Murex, 
UK) and Vironostika HIV Uniform II antigen/antibody (Biomerieux, 
the Netherlands) were included. INNO-LIA HIV I/II immunoblot 
(Innogenetics, Belgium) was used as a confirmatory test. All the 
three antigen/antibody combination HIV ELISA were evaluated for 
operational aspects such as storage conditions (2-8°C), incubation 

temperature (37°C), and need of special equipment, number of sera 
per run, price per kit and the performance appraisal of the assays 
on technical aspects using 10 technicians that performed the testing 
assays. These assessments, along with other selected assay 
characteristics, contributed to an overall appraisal of each assay’s 
suitability for use in the laboratories. To enable comparison between 
assays, an arbitrary scoring system was used to rate specified assay 
characteristics. Ethical approval was obtained from Muhimbili 
University of Health and Allied Science Senate Research and 
Publication Committee. Permission for blood collection was granted 
by Muhimbili National Hospital and NBTS administration.  
  
  

Results 
 
Total of 600 blood samples were included during the study, (130 
from VCT clients, 130 from ANC attendees, 140 from blood donors 
and 200 from CTC patients). Among the 600 samples, 70% (421) of 
the samples came from females, Majority of the participants aged 
between 20 to 30 years where as 59 %( 355) are employed and 71 
%( 424) are married.  
  
Among 600 serum samples that were included in the study, 4 
samples gave indeterminate results on immunoblot assay (1 positive 
from ANC attendee and 3 negative from one blood donor and two 
ANC attendees) and were excluded in the analysis. A total of 
209/596 (35.1%) serum samples were confirmed HIV positive. Of 
these, the positivity of HIV infection was 2.3% (3/130), 2.3% 
(3/127), 2.2% (3/139) and 100% (200/200) for VCT clients, ANC 
attendees, blood donors and CTC patients, respectively. Three 
hundred and eighty seven (64.9%) were HIV negative samples. The 
sensitivity of each assay evaluated was 100% (95% CI; 98.3-
100%). All reactive samples were concordantly positive among all 
the three assays.  
  
Initial and repeat specificity of individual HIV ELISAs are 
summarized in Table 1. The Enzygnost HIV Integral II and Murex 
HIV Ag/Ab had specificity of 100% (95% CI; 99.1-100%) followed 
by Vironostika assays. Initially, Vironostika yielded a specificity of 
99.2% (Table 2). Three samples were false positive on Vironostika 
Ag/Ab ELISA. On repeat testing specificity of Vironostika increased 
to 99.5%.  
  
The mean (optical density (OD)/cut-off (CO)) ratios of samples 
which were confirmed to be HIV positive and of those which were 
false positive are summarized in Table 3. The mean OD/CO values 
of HIV positive samples on all the combination assays were above 
10. Samples which gave false positive reactions on Vironostika had 
lower mean OD/CO values compared to the HIV positive samples.  
  
The positive predictive value (PPV) for the Enzygnost HIV Integral II 
and Murex HIV Ag-Ab were 100% (95%CI; 98.3- 100%) and 98.5% 
(95%CI; 95.28-99.49%) for Vironostika HIV Uniform II Ag-Ab. After 
repeat testing PPV for Vironostika HIV Uniform II was 99% (95%CI; 
96.6-99.9%). The negative predictive value (NPV) was 100% 
(95%CI; 99.06-100) for all the assays.  
  
Results of testing of a seroconversion panel are summarized in 
Table 2. Enzygnost HIV Integral II detected HIV infection seven 
days since first bleed whereas Murex detected first bleed in day 13 
and Vironostika detected first bleed in day 15. The 15 and 20 days 
samples were reactive on all three Ag/Ab combination assays. The 
specificity of various combinations of ELISAs in HIV testing is shown 
in Table 4. Initial testing using Murex antigen/antibody assay or 
Vironostika Antigen/antibody assay followed by testing of reactive 
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samples on the Enzygnost Antigen/antibody assay gave specificity of 
100%. Initial testing by Vironostika Antigen/antibody assay followed 
by Murex Antigen/antibody assay gave 100% specificity.  
  
All the three antigen/antibody combination HIV ELISA were 
evaluated for operational aspects. Storage conditions (2-8°C); 
incubation temperature (37°C) and need of special equipment were 
all the same for all the three Ag/Ab combination assays. Both 
Enzygnost HIV Integral II and Vironostika carry 1-92 sera per run.  
  
  

Discussion 
 
It is important to evaluate performance of HIV Antigen/antibody 
combination based HIV ELISA continuously to ensure the correct 
diagnosis of HIV infection especially when the new HIV ELISAs have 
been developed and introduced in the market. The fourth 
generation HIV ELISAs are made in a way that HIV p24 antigen is 
combined with anti-HIV-1 and anti-HIV-2 for early diagnosis of HIV 
infection. Enzygnost HIV Integral II is among the fourth generation 
ELISA that was introduced in Tanzania in 2009. In Tanzania ELISA 
methods are used in Zonal and reference laboratories, National 
Blood Transfusion Centre and research institutions. The present 
evaluation determined the performance characteristic of the three 
HIV Antigen/antibody ELISA.  
  
The study findings showed that all the three combination ELISAs 
had 100% sensitivity. A previous study conducted in Germany to 
evaluate the Enzygnost Integral showed 100% sensitivity for the 
detection of antibodies to HIV-1, groups M and O, and HIV-2 [10]. 
The antigen /antibody ELISA are designed to be highly sensitive to 
enable detection of HIV infection as this will provide appropriate and 
accurate results that will enable distinction between people with 
infection and those without infection in a health care setup. In 
another evaluation conducted in UK using five cases detectable only 
by 4th generation assays, Murex Ag/Ab exhibited sensitivity of 
100% which is in agreement with the finding of the present study 
[21].  
  
In the present study, Enzygnost exhibited the specificity of 100% 
which is in contrast to the findings from the previous evaluation 
done in Germany using 4002 unselected blood donors, where the 
specificity of Enzygnost Integral II was found to be 99.78% initially 
and 99.80% after retesting [10]. Based on evaluation of 388 
samples, the specificity for Murex Ag-Ab combination assay (100%) 
was higher as compared to a specificity of 99.4% on a previous 
study conducted in Tanzania in 2006 [8]. In another evaluation 
which used 9,289 samples [14], Murex showed a specificity of 
99.7% which is lower than the specificity in the present study. The 
specificity of the Vironostika was found to be lower (99.2% at initial 
testing and 99.5% at repeat testing) compare to the specificity of 
Enzygnost Integral II and Murex. In another evaluation, the 
specificity for the Vironostika was 98.9% at initial testing and 99.4% 
at repeat testing [8] which is lower as compared to the present 
study. One serum that gave negative result after repeat testing 
increased specificity of Vironostika Ag-Ab to 99.5%. There is a 
possibility that the initial false positive results obtained when testing 
these specimens on Vironostika was due to technical error. After 
repeat testing on the Vironostika, specificity was still lower 
compared to the Enzygnost HIV Integral II and Murex Ag-Ab; both 
of the lower specificities were contributed to the false positives 
results, the false positive results may have been contributed by 
cross reactions in the sera. This is similar to the previous study 
conducted in Tanzania [8].  
  

In the present study, samples that were confirmed HIV positive had 
high mean OD: CO ratio on all the three assays (13.7, 12.2 and 15.2 
in Enzygnost, Murex and Vironostika respectively) compared to 
samples that gave false positive results reaction on Vironostika 
assays (5.7). Recent studies have shown that samples which are 
repeatedly reactive in sequential antibody screening assays but 
which are WB negative should be interpreted with caution regarding 
their HIV serostatus because some HIV-1 antibody assays have 
been found to be reactive earlier in the infection process than WB 
[22, 23]. It is therefore important to take special precautions in 
those samples showing low OD: CO values  
  
In the present study, the Enzygnost HIV Integral II assay detected 
HIV infection seven days since first bleed, compared to the Murex 
and Vironostika Ag-Ab ELISAs which were able to detect infection on 
thirteenth day after infection. This is similar to comparative 
evaluations of the fourth generation HIV screening assays 
performed on the seroconversion panels which have shown that the 
fourth generation HIV screening assays reduced the diagnostic 
window of HIV infection by an average of seven days and that they 
permit an earlier diagnosis of HIV infection by detecting p24 antigen 
which may be present in samples from individuals with recent HIV 
infection prior to seroconversion [10, 12-14, 17, 18, 24-27]. It is 
important to utilize Antigen/antibody combination based ELISA 
especially in public health arena, where secondary prevention 
programs involve early disease detection and intervention. Results 
from the present study indicated that detection is 7–15 days earlier 
with the new combined antigen/antibody HIV ELISA, as this will 
prevent transfusing infected blood from donated blood and also will 
reduce infections from mother to child. The gold standard that was 
used could not detect any bands early during seroconversion 
because it has limited ability to detect antibodies during early HIV 
infection. Western blot assay can detect antibody at least 3 weeks 
from the initial HIV infection.  
  
It is necessary to utilize a combination of HIV antigen-antibody 
assays of HIV infection before transfusion and for diagnosis of HIV 
in individuals suspected of infection [26]. Even if screening will 
involve combination of Ag-Ab assays, there is still a need to have a 
test that will resolve the discordant results because the two assays 
can lead to false positive or false negative results [8, 26, 28]. 
Although both Murex and Enzygnost had 100% sensitivity, 100% 
specificity and 100% PPV of 100%, the study suggests Murex to be 
used as first screening assay followed by testing reactive samples 
on Enzygnost due to high cost of Enzygnost. Lower specificity of 
Vironostika suggests either screening with Vironostika followed by 
testing reactive samples on Enzygnost or Murex. Samples giving 
repeatedly discordant results on the Ag/Ab combination assays to be 
tested with Western blot, however for resource limited country like 
Tanzania, use of western blot are very costly; hence it is suggested 
to collect another sample for retesting.  
  
Performance characteristic of the assays for the specific categories 
of the study participants showed that a combination comprising of 
Vironostika as a first test followed by Murex or Enzygnost as a 
second test would be suitable for VCT, Blood donors, ANC and 
HIV/AIDS patients taking into account the element of cost. All the 
assays have sensitivity of 100%, any of the three can be used as 
the first assay although Enzygnost HIV Integral II is very expensive 
compared to Vironostika and Murex  
  
All the kits have same operational characteristic in terms of Storage 
conditions (2-8°C), incubation temperature (37°C) and need of 
special equipment. When comparing the cost of the kits per these 
assays, Murex and Vironostika are preferable to Enzygnost as 
Enzygnost is expensive compare to Murex and Vironostika, however, 
both Enzygnost HIV Integral II and Vironostika carry 1-92 sera per 



Page number not for citation purposes 4 

run while Murex carry 1-90 sera per run. Performance appraisal 
revealed highest score for easiness for all the assays; however 
duration of time of testing and number of steps for Enzygnost HIV 
Integral II were reported to be longer compared to the other two 
assays evaluated.  
  
Based on performance characteristics, all the assays qualified for 
inclusion in the National algorithm. Seroconversion results revealed 
better performance for Enzygnost as it detected HIV infection seven 
days earlier than Murex and Vironostika; however operational 
characteristics support Murex and Vironostika to be preferable to 
Enzygnost.  
  
  

Conclusion 
 
Initial testing using either Vironostika or Murex HIV 
antigen/antibody combination ELISA followed by testing of reactive 
samples on the Enzygnost HIV Integral II gave sensitivity, 
specificity, PPV and NPV of 100% with reduced window period. 
Based on the current evaluation all the assays have good 
performance characteristics and all the assays qualified for inclusion 
in the National algorithm. Regarding on operational characteristics, 
an element of cost was considered when recommending for the 
algorithms to be used. The recommended algorithms are Vironostika 
Ag/Ab as initial testing followed by testing reactive samples on 
Murex Ag/Ab; Vironostika Ag/Ab as initial testing followed by testing 
reactive samples on Enzygnost HIV Integral II; and Murex as initial 
testing followed by testing reactive samples on Enzygnost HIV 
Integral II.  
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Table 1: specificity of HIV ELISAs at initial and repeat testing 
Assay Specificity (n=387) 

  Initial testing Repeat testing 

  Non reactive %(95%CI) Non reactive %(95%CI) 
Enzygnost HIV  Integral II 387 100(99.1-100) - - 
Murex HIV Ag/Ab 387 100(99.1-100)     

Vironostika HIV Uniform II Ag/Ab 384 99.2(97.4-99.7) 385 99.5(98.2-99.9) 
 
 

Table 2: results on HIV-1 Seroconversion panel AU PRB945 
Panel member ID 
# 

Days since 1st 
bleed 

Specimen absorbance/ cut off ratio Band pattern 
Enzygnost Murex Vironostika Inno-Lia 

PRB945-01 0 0.6 0.4 
 

No bands 
PRB945-02 3 0.7 0.5 0.5 No bands 
PRB945-03 7 1.2 0.7 0.6 No bands 
PRB945-04 13 10.7 6.3 0.9 No bands 
PRB945-05 15 16.7 13.6 7.9 Indeterminate 
PRB945-06 20 20.7 15 13.7 Gp41, p24 
Ratios ≥ 1.0 are considered reactive  

 
 
 

Table 3: distribution of reactivity’s Optical density (OD)/Cut off (CO) ratio by assay 
Assay Confirmed HIV positive HIV false positives 
  N Mean (range) 95% CI n Mean (range) 95% CI 
Enzygnost HIV  Integral II 209 13.7 (5.3-31.0) 13.1-14.5 - - - 
Murex HIV Ag-Ab 209 12.2 (5.2-16.0) 12.0-12.4 - - - 
Vironostika HIV  
Uniform II Ag-Ab 

209 15.5 (12.1-9.0) 15.4-15.7 3 5.7 (1.3-16.5) -1.6-12.80 

 
 
 
Table 4: specificity of combinations of ELISAs in HIV testing 
Assay Specificity (n=387) 
  Non reactive % (95% CI) 
Murex Ag/Ab + Enzygnost HIV  Integral II 387 100 (99.1-100) 
Vironostika Ag/Ab + Enzygnost HIV  Integral II 387 100 (99.1-100) 
Vironostika Ag/Ab + Murex Ag/Ab 387 100 (99.1-100) 
Enzygnost HIV  Integral II+ Murex Ag/Ab 387 100 (99.1-100) 
Enzygnost HIV  Integral II+ Vironostika Ag/Ab 385 99.5 (98.2-99.9) 
Murex Ag/Ab+ Vironostika Ag/Ab 385 99.5 (98.2-99.9) 
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