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Abstract
Background: We aimed to evaluate the performance of the current algorithm the HIV diagnosis that has been
petformed for four years. Results of HIV Ag/Ab tests, anti-HIV 1/2 confirmatoty tests, HIV-1 RNA tests and the
time for official results to be approved were evaluated.
Methods: The relationship of HIV Ag/Ab tests, anti-HIV 1/2 confirmation tests and HIV-1 RNA PCR tests,
their result times and suitability to the algorithm were examined at Izmir Dokuz Eylil University between May
2017 and June 2021.
Results: HIV Ag/Ab ELISA was reactive repetitively in 165/54628 (0.30%) serum samples. Antd-HIV 1/2 confit-
mation test was reactive in 54.42% (80/147) of samples. The most common pattern (18.2%) in the con-firmation
tests was the positivity of the antibodies against gp160 - gp41 envelope glycoproteins together. The mean reporting
time of the confirmation test result was 3h 50 min after the ELISA test. The mean reporting time of the HIV-1
RNA PCR was 12.79 d (£10.22) after the ELISA test and 12.63 (* 10.12) day after the confirmation test. In ROC
analysis, the estimated rate of the ELISA test for the confitmation test was highest when S/CO was >13.16 (sensi-
tivity: 97.59 %, specificity: 97.59%)).
Conclusion: The confirmation test in the current algorithm enabled the rapid test results, eatly diagnosis of HIV
and early antiretroviral therapy. To use the new algorithm effectively, decentralization of the validation tests would
be appropriate.
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Introduction

Human Immunodeficiency Virus (HIV) infection
is an important public health problem that caused

According to the 2019 report of the European
Centre for Disease Prevention and Control

33 million deaths worldwide. Even 39% decrease
in newly diagnosed HIV infections, 1.7 million
people were newly infected with HIV and 690
000 people died of HIV-related causes in 2019

(-

(ECDC), while the number of cases in Western
Europe has decreased recently, in some Eastern
European countries including Turkey, have seen
an increase (2,3).
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Early diagnosis and treatment are important in
preventing the transmission and development of
AIDS. Antiretroviral therapy can ensure a healthy
and long life in infected people. Because of the
high viral load during acute infection, the risk of
transmission is high (4-6).

Nowadays, 4th generation "enzyme-linked im-
munosorbent assays" (ELISA) tests, nucleic acid
amplification tests (NAAT), and immunochro-
matographic rapid tests that detect antigens and
antibodies together are frequently used for diag-
nosis (7-12). The new algorithm has been pub-
lished the Centers for Disease Control and Pre-
vention (CDC): Laboratory Testing for the Diagnosis
of HIV Infection Updated Recommendations 2014”. In
this algorithm, after the detection of a reactive
ELISA test, the test is repeated twice using the
same kit, one of the blood samples is the same as
the first tested sample. If two of the three tests
are detected reactive, then anti-HIV 1/2 distinc-
tive testing and viral load monitoring should be
done with NAAT (13, 14).

We assessed the HIV diagnosis algorithm used in
our laboratory during the past four years. For this
reason, we examined the turnaround times for
the screening HIV Ag/Ab test, the anti-HIV 1/2
distinct test, and the monitoring HIV-1 RNA
PCR test. Additionally, we looked at the accuracy
of the HIV Ag/Ab test in predicting the findings
of HIV verification and HIV-1 RNA PCR test-
ing, as well as the relationship between the two
tests.

Materials and Methods

The results of HIV Ag/Ab tests, anti-HIV 1/2
confirmation tests, and HIV-1 RNA Polymerase
Chain Reaction (PCR) tests done at the Izmir
Dokuz Eylil University Hospital Central Labora-
tory between May 2017 and June 2021 were ret-
rospectively reviewed.

Architect® HIV Ag/Ab Combo (Abbott, ABD)
For the HIV Ag/Ab test, the Architect® HIV
Ag/Ab Combo (Abbott, USA) test was used, us-
ing chemiluminescent microparticle enzyme im-
munological (CMIA) technology, which qualita-
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tively detects the p24 antigen and anti-HIV 1/2
antibodies in human serum/plasma. (15). Sam-
ples with S/CO value =1 were included in the
study.

Geenius HIV 1/2 confirmatory test (Bio-Rad
Laboratories, Redmond, WA)

An Immunochromatographic based Geenius™
HIV 1/2 confirmation test (Geenius, Bio-Rad,
France) was used to confirm the presence of an-
tibodies against HIV-1/2 and to determine the

virus type in the samples with recurrent reactivity
with ELISA tests (10).

Artus HI Virus-1 QS-RGQ kit (QIAGEN,
Germany)

The Artus HI Virus-1 QS-RGQ kit (QIAGEN,
Germany), a test based on the real-time RT-
qPCR principle to investigate the presence of
HIV-1 RNA in plasma/serum quantitatively
used. The target was a 93 bp region in the 5'UTR
region of the HIV-1 genome (17). Nucleic acid
extraction was performed with the EZ1 Virus
Mini Kit V 2.0 (QIAGEN, Germany) on the
EZ1 Advanced XL (QIAGEN, Germany) in-
strument (18).

Statistical analysis

The relationship between the results of the three
tests and the reporting times was evaluated. ROC
analysis was performed between the ELISA
S/CO value, confirmatory test results and HIV-1
RNA PCR results. The relationship between
ELISA and HIV-1 RNA PCR results was evalu-
ated by Spearman correlation test analysis were
performed using the SPSS 26.0 (IBM Corp., Ar-
monk, NY, USA) package program.

Ethics approval

The research was approved by the Dokuz Eylul
University ~ Faculty of  Medicine  Non-
Interventional Research Ethics Committee with
the date of 22.09.2021 and the decision number
2021/26-01.
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Results

HIV Ag/Ab ELISA test in 54628 serum samples,
and repetitive reactivity was detected in 165
(0.30%) samples. The reactive samples belonged
to 126 (76.4%) males and 39 (23.6%) females.
The mean age of the patients was 40.84 (£ 16.4)
yt.

While the confirmatory test was performed in
89.1% (147/165) of total reactive samples, the
confirmation test could not be performed in 18

patients with confirmation results in an external
centet.

Anti-HIV 1/2 confirmation test was found to be
reactive in 80/147 (54.42%) samples. The most
common pattern detected in the confirmatory
test was the co-positivity (18.2%) of antibodies
against gp160 - gp41 envelope glycoprotein. The
HIV-2 antibody result was indeterminate in only
one patient (Table 1).

Table 1: Confirmation test band positivity distribution

Band Antigen *n,(%)
4-6 Positive (+) gp160,gp41 27(18.2)
4-5-6 Positive (+) gp160,p24,2p41 23(15.5)
3-4-5-6 Positive (+) p31,gp160,p24,gp41  22(14.8)
3-4-6 Positive (+) p31,gp160, gp41 8(5.4)
Indeterminate [6(+)] gp4l 3(2)
HIV 2 (2. Band) 1(0.7)
Negative - 63(42.06)
Total 148(100)

The HIV-1 RT-qPCR test was applied to 97
samples. Of these, 67 were positive with the anti-
body confirmation test, and 95.5% (64/67) of
them were HIV-1 RNA positive.

HIV-1 RT-qPCR was performed on 29 of 64
samples with a negative confirmation test. Of
these, 93.1% (27/29) were found to be negative
(Fig. 1).

We detected three samples with reactive ELISA
test, positive antibody confirmation test and neg-
ative HIV-1 RNA PCR test. There were two
samples with reactive ELISA tests, negative anti-

body confirmation test and positive HIV-1 RNA
PCR test. (Table 2, Fig. 1).

When we examined the reporting times of the
test results, the confirmatory test was reported 3
h and 50 min after the ELISA test result. HIV-1
RNA PCR test results were reported 12.79 d
(£10.22) after the ELISA result and 12.63 (£
10.12) days after the confirmatory test result.
There was an average of 7.34 (£4.80) d between
the acceptance of the samples to the laboratory
and the reporting of the result (Fig. 2).

Table 2: The patients with ELISA reactive, Geenius negative and HIV-1 RT-PCR-positive results

ELISA Geenius Geenius  (vepeated 2 HIV-1 RT-PCR
(S/CO) months later)
Patient 1 1.09 Negative - 115 356 copy/mL
Patient 2 13.16 Negative Positive 72862 copy/mL

(gp160, p24, gp41)
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The significance of the S/CO ratio in the ELISA 0.996) ratio, (Sensitivity: 97.59%, Specificity:
test in predicting confirmatory test positivity was 98.39% +LR: 60.51 -LR: 0.024) (Table 3, Fig.
analyzed by ROC analysis. The highest sensitivity 3A).

and specificity were in S/CO >13.16 (AUC:

Table 3: Sensitivity, specificity and the positive likelihood ratio and negative likelithood ratio of ELISA re-
sults for the prediction Geenius test results (n:144)

§/CO value Sensitivity Specificity PLR NLR
=>1.01 100.00 0.00 1.00

>7.03 100.00 93.55 15.50 0.00
>8.54 97.59 93.55 15.13 0.026
>13.16 97.59 98.39 60.51 0.024
>102 83.13 98.39 51.54 0.17

*PLR: The likelihood ratio for being positive, NLR: The likelihood ratio for being negative

The highest sensitivity and specificity for the tivity: 97.3%, Specificity: 84.85% +LR: 6.42 -LR:
ELISA test to predict viremia were found in 0.031) (Table 4, Fig. 3B).
samples with S/CO >11.61 (AUC: 0.954) (Sensi-

Table 4: Sensitivity, specificity and the positive likelihood ratio and negative likelithood ratio of ELISA re-
sults for the prediction HIV-1 RT-PCR results (n:108)

§/CO value Sensitivity Specificity PLR NLR
>7.03 98.67 78.79 4.65 0.017
>8.54 97.33 78.79 4.59 0.034
>11.61 97.33 84.85 6.42 0.031
>90.02 85.33 84.85 5.63 0.17
>93.13 85.33 87.88 7.04 0.17
>102 84.00 87.88 6.93 0.18

*PLR: The likelihood ratio for being positive, NLR: The likelthood ratio for being negative

A B
100 _-r . 100}
80 e 80|
2 I 2 _|
3 eo0f Z 6o
B i D i
S 40f S 40f
n [ . n H .
20 | AUC=0,996 20 7 |AuC=0,954
1P P < 0,001 1 P < 0,001
o_vlvllllwwlwlwllllrl ovllwlwlwlwllllrlll\l
0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity

Fig. 3: Prediction of ELISA test results by Geenius test results (A) and HIV-1 RT-PCR (B) using ROC cutve analysis
(A) Prediction of the ELISA test results with Geenius test results using ROC curve analysis (n:145), AUC: Area under the curve:
0.996, P<0,001
(B) Prediction of ELISA test results with HIV-1 RT-PCR test results using ROC cutve analysis (n:97) AUC: Area under the
curve: 0.954, P<0,001
A moderately significant positive correlation (R: 0.582) was found between ELISA and NAAT results (P<0.001). We determined
that as the ELISA index increased, the viral load increased in the same direction

1573 Available at:  http://ijph.tums.ac.ir




Gulmez et al.: The Performance of the Current Algorithm of HIV ...

Discussion

We detected repetitive ELISA reactiveness as
0.30% in our study. In our country, anti-HIV re-
activeness was 0.17%-0.20% in studies with
blood donors expected to represent the commu-
nity (19, 20). We had a higher reactive rate in our
study because our study group was people with a
risky contact history or symptoms for HIV infec-
tion. Thus, blood donors are selected from
healthy individuals by excluding those with suspi-
cious sexual contact may have led to this differ-
ence. The reactive test rate was 0.7% in a study of
3043 Asian asylum seekers (21). Asylum seekers
in this study were from the countries with proba-
bly higher HIV prevalence than in Turkey.

In our study, the detection of S/CO value of
>13.16 in the ELISA test is the ideal to be a pre-
dictive value in predicting positivity in the HIV
verification test. ELISA estimation rate depends
on the characteristics of the tests used. Although
in a study comparing the results, the ideal predic-
tive value was 32.7 S/CO for Architect, LIA
(INNO-LIA® HIV I/II Score, Fujirebo) and
NAAT (kPCR Versant HIV-1 RNA, Siemens
Healthcare Diagnostics, Spain) (22). Another
study that used the Architect and Western Blot
test (HIV Blot version 2.2; Genelabs Diagnostics,
Singapore) the predictive value founded to be 6.6
S/CO (23).

In a study evaluating ELISA (Architect and
VIDAS) and Geenius results, when the result is
S/CO >33 with both ELISA tests, Geenius test
is always positive and if S/CO =< 33, ELISA re-
sults can be false positive and S/CO <3 in Archi-
tect, the reactive test is always found to be a false
positive (24). In our study, 45 patient samples
with ELISA results of <3 S/CO were negative
with Geenius. Antibody verification was positive
in only three (17.6%) of 17 patient samples with a
value between 3 and 33 S/CO. The architect
HIV combo test can detect acute infection by
scanning for p24 antigen. In our study, two pa-
tients with negative validation tests on clinical
suspicion NAAT was positive. The Geenius test,
which is an antibody verification test, may give
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false-negative results in individuals with acute
infections who have not yet produced antibodies.
The diagnosis of the acute infection is ensured by
NAAT verification of such instances.

There are some problems with the verification
tests and NAAT. To produce results NAAT
takes a long period compared to distinctive veri-
fication tests, high cost and often samples
grouped before testing, requiring experienced
technicians and laboratory conditions for the op-
eration, available commercial tests are only for
HIV-1 are disadvantages. The time factor could
be exceeded using NAAT, which do not need to
accumulate samples and give fast results. In our
study, both verification and viral load determina-
tion were performed with HIV-1 RT-PCR test
without Geenius test in only one case.

The distinctive antibody verification test used in
the study is easy to use and even possible to eval-
uate with the eye without a reading device. The
antibody verification test was indefinite for HIV-
2 antibodies in one patient in the examined group
in our study. This case was a 38-year-old female
patient waiting for a liver transplant due to auto-
immune hemolytic anemia and Budd—Chiari Syn-
drome, and recurrent reactiveness (S/CO: 5.79)
was detected by ELISA, but HIV-2 RNA PCR
result was evaluated as a non-specific reaction
upon negative results of HIV-2 RNA PCR stud-
ied in the S.B. HSGM Virology Reference labora-
tory.

In our study, we had two cases that tested posi-
tive for Geenius and negative for HIV-1 RNA.
Our first case was a 33-year-old female patient
who had chemotherapy for cervical carcinoma
and was under antiretroviral therapy (ART). The
other case is a baby born to an HIV-1-positive
mother. Upon the negative results of NAAT tests
performed on the 14th day, 1st month and 4th
month after birth, the case was considered HIV-1
negative.

In our analysis, 16 patients tested positive for
Geenius and were reactive by ELISA but did not
receive an HIV-1 PCR test. When these patients
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applied to our center owing to another health
issue, they were already receiving ART elsewhere,
and the verification test was not required because
HIV Ag/Ab ELISA reactiveness had been veri-
fied through routine examinations. This issue will
be resolved and assist in reducing the workload
and overall cost of laboratories through inter-
laboratory networks, which may include data
from patients with proven HIV diagnosis.

The Ministry of Health's 2019 "HIV/AIDS Di-
agnostic Guide" recommends two different algo-
rithms for diagnosing newborns of HIV-positive
mothers, depending on whether the mother re-
ceives the ART before birth and virally sup-
pressed (3). In our study, recurrent ELISA posi-
tivity was detected with 124.46 S/CO in the baby
of a 27-year-old mother who received ART and
had viral suppression, antibodies against gp160,
p24, gp41 antigens were detected in the verifica-
tion test due to maternal antibodies. According to
the proposed algorithm, the baby was accepted as
HIV-1 negative after HIV-1 RT-PCR negative
was detected in all three of the samples taken on
the 14th day, 1st month and 4th month.

False positivity is more common in low S/CO
indexes in ELISA tests. Technical causes due to
laboratory methods of study, rheumatological
diseases, viral hepatitis, malignancy, multiple
pregnancy history, tuberculosis and Rzckestsia in-
fections can cause false positives (25-27). In a
study of 264 samples with recurrent reactivity
with the Abbott ARCHITECT HIV Ag/Ab
combo test, 95% of the samples were found to
be non-reactive and false positive when reas-
sessed using different ELISA methods (Siemens
ADVIA Centaur HIV Ag/Ab), stating that het-
erophile antibody interference could lead to this
reactivity (28). In our study, 61 samples showing
low S/CO values, which negative validations
were identified. These samples could not be
compared with another commercial ELISA
method. Determining which causes lead to repet-
itive false positivity is beyond the objectives and
possibilities of this study. In our study, Geenius
and HIV-1 RT-PCR tests were negative despite
repeated ELISA reactivity with an index of 100
and 105 S/CO in a blood donor, unlike other
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samples showing false positive with low ELISA
index. The donot's inquiry did not identify any
recent infections or diseases. In the literature,
recurrent high S/CO (415-493) indexes were de-
tected with elecsys HIV combi PT (Roche Diag-
nostics, Mannhein, Germany) test in a patient
with ameloblastoma and a history of schistoso-
miasis infection, but it was interpreted as false
positivity with validation tests and molecular tests
being negative (29).

Another important point in the diagnosis of HIV
infection is to minimize the loss of follow-up of
cases with the rapid diagnosis and thus reduce
the risk of transmission by rapidly starting anti-
retroviral treatment. In a US study, the time it
took for the results to be reported was calculated
as an average of 8 d using the current algorithm
and an average of 14 d in the modified algorithm
where verification was performed using "Western
Blot." (30). In our study, there was an average of
3 h and 50 min between ELISA and Geenius re-
sults and an average of 12.79 days between ELI-
SA and PCR result. The fact that all tests can be
done in our laboratory has positively affected the
time required for the result. The most important
factor that extends the duration is the receipt of
the appropriate sample (plasma) for NAAT and
its delivery to the laboratory. With the introduc-
tion of quick and simple-to-use (Geenius) assays,
the entire HIV diagnostic algorithm can be per-
formed in a matter of hours. For the diagnosis of
acute HIV infection, NAAT is also necessary. By
allowing the samples to be analyzed in the institu-
tion or province where the patient is located ra-
ther than shipping them to NAAT verification
facilities, the time needed for viral tests in diag-
nosis/follow-up will be decreased.

Although ELISA and PCR tests examined differ-
ent parameters, our study found a moderately
significant correlation between ELISA S/CO
values and viral loads detected in PCR. The
study, in which Brennan and colleagues com-
pared viral load with Architect HIV Combo,
found an excellent correlation (R: 0.902) (31).
The most important factor affecting the correla-
tion is the necessity of having treatment infor-
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mation of the patients since the viral loads of the
patients under treatment are suppressed.

As limitations of our study, it was a retrospective
study, and repetitive ELISA reactivity was not
repeated with another ELISA test. The NAAT
test was not performed on every patient whose
confirmatory test was studied.

Conclusion

With the confirmation test in the current algo-
rithm, results are obtained in a short time, HIV
infection can be diagnosed and treatment can be
started early. However, false-negative results can
be obtained with the confirmatory test in cases in
the early stage of the infection but who have not
developed antibodies yet, and in case of doubt,
NAAT should be applied. In order for the new
algorithm to be used effectively, it would be ap-
propriate to decentralize the validation tests.
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