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Abstract

Background

HIV and Syphilis are common STIs, which have become a concern and burden on health-

care systems, as many infections go untreated and lead to potentially serious complications.

HIV is usually diagnosed with Western blot, PCR, and p24 antigen testing. Whereas, Syphi-

lis is mainly diagnosed through clinical findings and serologic testing. The Medical Commis-

sion Department (MC) under MOPH is responsible for screening all newcomers to Qatar,

aiming to keep the country free from serious infectious diseases.

Objective

We aimed to evaluate the diagnostic efficiency of the protocols used in the MC for screening

HIV and Syphilis infections.

Methods

We conducted a retrospective study of samples analyzed by 4th Generation ARCHITECT®
HIV Ag/Ab Combo and Rapid Plasma Reagin (RPR) between January to December 2019.

ARCHITECT® HIV Ag/Ab Combo positive samples were confirmed by INNO-LIA™ HIVI/II

and RT-PCR. RPR-reactive samples were confirmed by ARCHITECT® Syphilis Treponema

pallidium Antibody (Syphilis TPA) assay.
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Results

For HIV, data were collected from 585,587 individuals, of which 595 (0.1%) were positive by

the ARCHITECT® HIV Ag/Ab Combo (Analyzer A). When all initially positive sera were re-

tested on newly collected blood samples using different ARCHITECT®HIV Ag/Ab Combo

analyzer (analyzer B), 99.8% (594/595) of samples were also positive, suggesting high

reproducibility. The positive predictive value (PPV) between ARCHITECT® HIV Ag/Ab

Combo and the INNO-LIA™ HIVI/II confirmatory assay was 31.8%. The PPV between

ARCHITECT® HIV Ag/Ab Combo and HIV-PCR assay was 26.8%. Retrospective data for

Syphilis were collected from a total of 97,298 individuals who visited the MC, of which 198

(0.20%) were initially positive by RPR. The PPV between RPR and Syphilis TPA confirma-

tory assay was 36.6%.

Conclusion

Despite the high rate of false positivity using ARCHITECT® HIV Ag/Ab Combo and RPR

screening assays, both assays have proven to be highly effective as screening testing

methods.

1. Introduction

Sexually transmitted diseases (STDs) are a major public health concern and among the leading

causes of morbidity and mortality worldwide, particularly in resource-poor settings [1]. The

most common STDs include chlamydia, gonorrhea, trichomoniasis, acquired immunodefi-

ciency syndrome (AIDS), and Syphilis, which are caused by Chlamydia trachomatis, Neisseria
gonorrhea, Trichomonas vaginalis, Human immune deficiency virus (HIV), and Treponema
pallidum (T. pallidum), respectively. In 2019, there were 1.7 million newly infected HIV indi-

viduals and 38 million [31.6 million–44.5 million] people living with HIV [2]. On the other

hand, Syphilis, the oldest STD known to mankind, remains a major burden globally, impacting

the quality of life, health and economies. Each year, there are an estimated 12 million new

syphilis cases globally, with over 90% of the cases occurring in the developing world [3].

Given the fact that HIV and Syphilis are both STDs, co-infection is relatively common [4,

5]. Nearly 10% of Danish men were diagnosed with Syphilis acquired HIV infection within

five years after their diagnosis with syphilis [6]. Thus, all patients diagnosed with Syphilis

should be screened for HIV infection and vice versa [7]. In areas where HIV is highly preva-

lent, it is recommended that patients who were diagnosed with primary Syphilis get re-tested

for HIV after 3 months if the first HIV test result was negative [8]. Epidemiological investiga-

tions have offered extensive evidence that syphilis infection facilitates HIV transmission [9–

11]. For instant, syphilitic ulcers, which disrupt the epithelial and mucosal surfaces [9], can

facilitate the entry of HIV virions [10]. Moreover, ulcerations can trigger an influx of CD4

+ cells [10]. Furthermore, T. pallidum and its pro-inflammatory constituents can induce the

expression of CCR5 (the major HIV coreceptor) on human monocytes in syphilitic lesions,

thus increasing the susceptibility to HIV transmission [12]. The first six months following the

estimated time of exposure to Syphilis represents the period of greatest risk for HIV infection

[10]. Most importantly, Syphilis was found to be associated with increases in HIV viral loads

and reduction in CD4+ cell counts [9].

Like most STDs, Syphilis and HIV are often asymptomatic; thus, sensitive diagnostic testing

is necessary for early detection and diagnosis, serving as guidance for treatment. HIV can be
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diagnosed by detecting HIV antibodies [13] and/or detecting viral RNA, enzymes, and pro-

teins [14] by applying different diagnostic technologies [8, 15]. Western Blot (WB) is consid-

ered the gold standard confirmatory test for the detection of specific HIV antibodies [16]. On

the other hand, Syphilis can be diagnosed using a specific treponema dark field microscopy

test [17]. However, its efficiency is limited [18]. Other test includes non-treponema test such

as the RPR or serology tests such as T. pallidum hemagglutination assay (TPHA) are relatively

insensitive in the early stage of infection. Neither non-treponemal tests nor treponemal tests

can detect antibodies until the infection has progressed 1–3 weeks after the development of the

chancre [18]. Unfortunately, qualitative nontreponemal tests are widely used for syphilis

screening. However, their usefulness is limited by decreased sensitivity in early primary Syphi-

lis and during late Syphilis, when up to one-third of untreated patients may be non-reactive

[18]. Nevertheless, nontreponemal false-positive results are common because of pregnancy,

autoimmune disorders, and infections [19]. Because of the drawback of each diagnostic tech-

nique for Syphilis, the CDC recommends using a nontreponemal antibody test for screening

along with a treponemal antibody test for confirmation of syphilis infection [20].

According to the Qatar Ministry of Public Health (MOPH), communicable diseases

account for around 8% of all deaths in Qatar, negatively affecting the life quality of residents

and creating an overwhelming concern for Qatar’s healthcare system [21]. In addition, Qatar

continues to face a considerable challenge in infection control. The Medical Commission

(MC) in Qatar works under the umbrella of the MOPH, which contributes effectively to the

implementation of the ministry’s general strategy. The MC is responsible for screening new-

comers to Qatar to keep the country free from serious infectious diseases, including AIDS and

Syphilis. To minimize the risk of importing and spreading serious infectious diseases, the

MOPH requires individuals by law to take a medical exam upon arrival in the State.

In this study, we aimed to assess the protocol performances used for screening and diagnos-

ing HIV and Syphilis in the MC laboratory in Qatar. Our work aimed to evaluate the current

screening protocol and provide useful benchmark information to high authority if improve-

ment of a screening protocol for HIV and Syphilis diagnosis is needed to achieve the most reli-

able results with minimal cost. The major advantage of our study is that samples were

collected from individuals with different nationalities, hence, different prevalence of both dis-

eases. In this study, we evaluated the screening and the diagnostic protocol for HIV by assess-

ing the performance of ARCHITECT1HIV Ag/Ab Combo as a screening technology in

comparison to the INNO-LIA™ HIV I/II (the gold standard test) and RT-PCR. Similarly, we

evaluated the screening protocol for syphilis diagnosis by evaluating the performance of the

rapid plasma reagin (RPR) test (screening test) and ARCHITECT1 Syphilis TPA assay.

2. Methods

2.1. Ethical consideration

This study was approved by the Institutional review board (IRB) at Qatar University (QU-IRB

1242-E/20) and exemption under category 3 was obtained from the research department at

Qatar Ministry of Public Health (MOPH).

2.2. Study population and eligibility criteria

This is a retrospective study. Thus, no patients/applicants were recruited and there was no

direct or indirect interaction with any human subject. The study was conducted on existing

de-identified testing results that were saved in the MC’s password-protected database medical

system. Retrospective data was collected from a total of 585,587 individuals who were screened

in the MC between January 1, 2019 and December 31, 2019.
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2.3. HIV Ag/Ab combo test

The fully automated ARCHITECT1HIV Ag/Ab Combo (Abbott Diagnostics, Abbott Park,

Illinois, U.S.A) is a qualitative antigen/antibody immunoassay. ARCHITECT1HIV Ag/Ab

combo assay can simultaneously detect both the p24 antigen and antibody of HIV-1/HIV-2.

However, this assay cannot distinguish between the detection of HIV p24 antigen, HIV-1 anti-

body, or HIV-2 antibody reactivity [22]. This assay was performed according to the manufac-

turer’s protocol. Briefly, human serum containing p24 antigens and antibodies were combined

with a mixture of assay diluent, washing buffer, and paramagnetic microparticles coated with

HIV-1/HIV-2 antigen and HIV p24 mouse monoclonal antibody. After that, the samples were

washed with the washing buffer to get rid of any unbound complexes. Then, pre-trigger and

trigger solutions were added to the reaction mixture and the resulting chemiluminescent reac-

tion was measured as relative light units (RLUs). This signal indicated the presence or absence

of the antigen or antibodies in the sample, and it was compared to the cut-off signal deter-

mined from the assay calibration. The signal to cut-off (S/CO) values determines if the sample

is positive or negative for HIV. Samples showing S/CO values� 1.00 were considered reactive

(R) to HIV-1 p24 antigen or HIV-1/HIV-2 antibodies, whereas those� 1.00 are non-reactive.

According to the MC Laboratory protocols, any sample that showed reactivity to HIV anti-

gen and/or antibodies were tested again in duplicates. If both replicates were non-reactive, the

result was considered non-reactive. If one or both replicates were reactive, the result should be

considered reactive. All initial reactive samples from the HIV Ag/Ab Combo test (Run 1, ana-

lyzer A) were re-tested using another ARCHITECT1 HIV Ag/Ab Combo (analyzer B) and 2

supplementary tests, namely INNO-LIA™ HIVI/II score and RT-PCR using freshly drawn

blood samples (Run B) as shown in Fig 1.

2.4. INNO-LIA™ HIV I/II

To confirm the results of the ARCHITECT1HIV Ag/Ab combo assay (Run 1, Analyser A), all

positive initial samples (Run 1) were re-tested using the gold standard INNO-LIA™ HIV I/II

Score (Innogenetics, Ghent, Belgium) as a confirmatory test on a freshly drawn sample. This

assay is a Line Immunoassay (LIA1) that could distinguish between HIV-1/HIV-2, where on

a nylon strip, discrete lines of HIV-1 and HIV-2 recombinant proteins and synthetic peptides

are coated. The structural proteins sgp120 and gp41, which detect specific HIV-1 antibodies,

Fig 1. A chart summary of HIV diagnosis workflow. Analyzer B, INNO-LIA™ HIVI/II and PCR-HIV1 tests were done on a

freshly drawn sample.

https://doi.org/10.1371/journal.pone.0278079.g001
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and p31, p24, and p17, which may also cross-react with HIV-2 antibodies. In addition, it also

could detect Antibodies specific to HIV-2 gp36 and sgp105 [23]. The assay was performed

using AUTO-LIATM 48 automated machine according to the manufacturer’s protocol. Briefly,

20 μL of the sample was added to 1ml of sample diluent (1:50) and incubated at room tempera-

ture (20˚C) for 3 hours with the test strip, followed by three washing steps with washing buffer

before the addition of a goat anti-human IgG conjugated to alkaline phosphatase. After incu-

bation, three washing steps were again performed, followed by the addition of chromogen.

Then, an appropriate stop solution was added to stop color development and the results were

recorded. Afterwards, the result was interpreted using the LiRAS for infectious diseases soft-

ware, which is designed to assist with the interpretation of the LIA results.

2.5. COBAS1 AmpliPrep/COBAS1 TaqMan1HIV-1 test, version 2.0

The COBAS1 AmpliPrep/COBAS1 TaqMan1HIV-1 Test (Roche Molecular Systems,

Branchburg, USA) version 2.0 (v2.0) is an in-vitro nucleic acid amplification test for the quan-

titation of HIV-1 RNA in human plasma that targets two highly conserved regions of the HIV-

1 genome, which are the gag and LTR regions. In doing so, it compensates for the possibility of

mutations or mismatches and increases the probability of detection. This assay was performed

according to the manufacturer’s protocol. The procedure processes 850μl of plasma sample.

The COBAS1 AmpliPrep/COBAS1 TaqMan1HIV-1 Test, v2.0 is based on three major

processes: (1) specimen preparation to separate HIV-1 RNA; (2) reverse transcription of the

target RNA to produce complementary DNA (cDNA), and (3) simultaneous PCR amplifica-

tion of target cDNA and the identification of cleaved dual-labeled oligonucleotide detection

probe that is specific to the target. HIV-1 RNA was isolated with the COBAS-automated

AmpliPrep extraction system. PCR amplification was then performed on the COBAS-auto-

mated TaqMan 48 system using the TaqMan v2.0 assay. The test can quantitate HIV-1 over

the range of 20–10,000,000 copies/ml.

2.6. Rapid Plasma Reagin RPR test (Omega diagnostics of syphilis)

For the detection of Syphilis, we used the Rapid Plasma Reagin (RPR) card test (Omega Diag-

nostics Ltd, Scotland, UK). This is a qualitative and semi-quantitative non-treponemal floccu-

lation assay used to detect reagin antibodies in the serum of patient samples. The principle of

this assay is based on modified VDRL antigen that contains carbon particles for improving the

results’ visualization. When binding occurs between reagin antibodies in the sample with cho-

lesterol/ cardiolipin/ lecithin in the reagent and the reagin antibodies in the sample, the results

can be seen macroscopically in the form of black clumps. No visual flocculation indicates a

negative result.

This assay was performed according to the manufacturer’s protocol. Briefly, 50 μL of the

patient’s serum or plasma was dispensed and spread to cover a defined circle on the RPR test

card. Then 16 μL of the antigen (provided by the manufacturer) was added to the sample and

mixed by rotation at 100 rpm for 8 minutes on an automatic rotator. Black clumps formation

was observed under the light. Positive samples were then subjected to semi-quantitative analy-

sis. Briefly, serial dilutions (50 μL) of the patient’s serum were prepared using isotonic saline.

Then, using the RPR test card, 16 μl of the antigen was added to one drop (16 μl) of diluted

serum and mixed by rotation at 100 rpm for 8 minutes on an automatic rotator. The result is

interpreted qualitatively as reactive if there are medium and large aggregates, weak reactive if

there is finely dispersed aggregates, and non-reactive if there is no aggregates visible and only

smooth grey appearance. The result was also interpreted semi-quantitatively as a titer of the

last dilution produces a reactive result. According to the MC protocols, all reactive samples in
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RUN 1 will be re-checked by another technician for titer RUN 2. Any reactive samples from

RPR run 1 and run 2 will be confirmed using ARCHITECT1 Syphilis TP, as shown in Fig 2.

2.7. Statistical analysis

A descriptive statistical analysis of categorical variables was performed. The positive predictive

values (PPV) was calculated to assess the performance of each assay. The significance level was

indicated at 5%, and a 95% confidence interval (CI) was reported for each metric. All calcula-

tions were performed using Microsoft Excel 2016.

3. Results

3.1. The ARCHITECT1HIV Ag/Ab combo screening protocol showed

excellent reproducibility

Retrospective data was collected from a total of 585,587 individuals who visited the MC between

January 1, 2019 and December 31, 2019. Among the total of 585,587 individuals, we found 595

(0.1%) HIV-positive samples using the Architect HIV Ag/Ab Combo test (S1 Table). This data

was obtained from two different runs using two different ARCHITECT1HIV Ag/Ab Combo

(analyzers A and B) and two different blood samples drawn from the same individual on two

different occasions (the 2-sample rule) in order to rule out any error in identification or sample

mixing during blood drawing. The initial HIV screening using ARCHITECT1HIV Ag/Ab

Combo (Run 1, Analyzer A) identified 595 positive HIV samples. For confirmation, all initial

positive samples were re-tested again on freshly obtained blood samples using the HIV Ag/Ab

test on a different ARCHITECT1HIV Ag/Ab Combo (Run 2, Analyzer B). From run 2, all

positive samples except one (99.8%; 594/595) were also positive in run 2, suggesting excellent

reproducibility of the Architect HIV Ag/Ab Combo Test as shown in Table 1.

A total of 594 ARCHITECT1HIV Ag/Ab Combo positive samples were tested in INNO--

LIA™ HIVI/II assay, while a total of 586 were tested in both confirmatory tests, INNO-LIA and

HIV-1 PCR. Out of the 594 ARCHITECT1HIV Ag/Ab Combo positive samples, the INNO--

LIA™ HIVI/II assay identified 173 (29.1%) as HIV-1 positive, 371 (62.5%) as HIV1,2 negatives,

and 50 (8.41%) as indeterminate as shown in Table 2. Whereas the RT-PCR analysis identified

157 (26.8%) as HIV-1 positive and 429 (73.2%) negative ones, as shown in Table 3. 586

ARCHITECT1HIV Ag/Ab Combo positive samples were tested in both tests, namely

INNO-LIA and HIV-1 PCR as shown in Table 4.

Fig 2. A chart summary of syphilis diagnosis workflow.

https://doi.org/10.1371/journal.pone.0278079.g002
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Table 1. Comparison between ARCHITECT1HIV Ag/Ab combo run 1 and run 2.

ARCHITECT HIV

Ag/Ab Combo Run 2

ARCHITECT HIV

Ag/Ab Combo Run 1

Positive Negative Total

Positive 594 1 595

Negative� N/A N/A N/A

Total 594 1 595

s�Only specimens that were reported positive in ARCHITECT HIV Ag/Ab Combo Run 1 were re-tested in

ARCHITECT HIV Ag/Ab Combo Run 2

https://doi.org/10.1371/journal.pone.0278079.t001

Table 2. Comparison between ARCHITECT1HIV Ag/Ab combo run 2 and INNO-LIA™ HIV I/II.

INNO-LIA™
HIV I/II

ARCHITECT HIV

Ag/Ab Combo Run 2

Positive Negative Indeterminate Total

Positive 173 371 50 594

Negative� N/A N/A N/A N/A

Total 173 371 50 594

�Only specimens that were reported positive in ARCHITECT HIV Ag/Ab Combo Run 2 were re-tested with

INNO-LIA™ HIV I/II

https://doi.org/10.1371/journal.pone.0278079.t002

Table 3. Comparison between ARCHITECT1HIV Ag/Ab combo Run 2 and RT-PCR.

RT- PCR

ARCHITECT HIV

Ag/Ab Combo Run 2

Positive Negative Total

Positive 157 429 586

Negative� N/A N/A N/A

Total 157 429 586

�Only specimens that were reported positive in ARCHITECT HIV Ag/Ab Combo Run 2 were re-tested with RT-PCR

https://doi.org/10.1371/journal.pone.0278079.t003

Table 4. Comparison between INNO-LIA™ HIVI/II and PCR.

HIV1 RT-PCR

INNO-LIA HIV I/II

Positive Negative Total

Positive 155 10 165

Negative 1 370 371

Indeterminate 1 49 50

Total 157 429 586

https://doi.org/10.1371/journal.pone.0278079.t004
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In 525 out of 586 samples (89.5%), there was an agreement between the two tests, and in 61

out of 586 samples (10.4%), there was a discrepancy. 155 out of 586 (26.5%) were positive by

both tests and 370 out of 586 (63.1%) were negative by both tests. 49 out of 586 (8.36%) were

indeterminate with INNO-LIA but negative with HIV-1 PCR. All those with indeterminate

INNO-LIA were re-tested after 4 weeks (run 3), and the result remained the same. 10 out of

586 (1.7%) were positive for INNO-LIA HIV 1 but negative with HIV1-PCR. We do not have

the treatment status of these 10 applicants who have HIV1-PCR negative; therefore, these

results can be explained by either they controlled their viremia by treatment or they can be cat-

egorized as an elite controller that represents a rare group of individuals with an ability to

maintain an undetectable HIV-1 viral load overtime in the absence of previous antiretroviral

therapy. 1 out of 586 samples (0.2%) was positive for HIV1-PCR and indeterminate with

INNO-LIA (could be in the seroconversion stage), and 1 out of 586 samples (0.2%) was posi-

tive with HIV1-PCR and negative with INNO-LIA test (in the window/ pre-seroconversion

stage), which could be missed if 4th generation HIV Ag/Ab was not used. All HIV-confirmed

cases were having HIV-1 infection and no one reported having HIV-2 from the studied sample

of 594

To ensure the results of ARCHITECT1 HIV indicate the true positive cases, we calculated

the positive predictive value (PPV). The PPV between ARCHITECT1HIV assay (Round 2,

Analyzer B) & INNO-LIA™ HIV was 31.8% (95% CI; 28.3%-35.8%). Similarly, the PPV

between ARCHITECT1 HIV assay (Round 2, Analyzer B) and RT-PCR were low 26.8%

(23.4%-30.5%). It is worth noting that PPV is affected by the prevalence of the disease. The

screened population are coming from different countries with different prevalences of HIV

infection. This might reflect the cause of the low PPV of ARCHITECT1 HIV Ag/Ab Combo.

The PPV could be improved by using Receiver Operating Characteristic Curve (ROC) analysis

to determine the new cut-off value and reduce the unnecessary INNO-LIA and PCR tests (in

this study, unfortunately, we do not have the data to calculate the ROC).

3.2. The RPR screening protocol shows high reproducibility with the

confirmatory test

For syphilis analysis, data was obtained from the RPR test performed on 97,298 blood samples

(collected between January 1, 2019 and December 31, 2019) to screen for the disease. Among

the total of 97,298 individuals, we found 198 (0.20%) positive samples by RPR screening test

(S2 Table). For validation RPR result, the test was done in two different runs (1 & 2) and by

two different technicians without knowing the titer of each other. All 198 samples were reac-

tive to Syphilis in both runs, as shown in Table 5, suggesting high reproducibility of the RPR

assay (100%). All the RPR positive samples were re-tested using ARCHITECT1 Syphilis TPA

for confirmation. The TPA identified only 72 (36.6%, 72/198) positive samples for Syphilis and

125 negative samples, as shown in Table 6. The PPV between the RPR test and TPA-ELISA

was 36.6% (95% CI; 30.1%-43.4%).

Table 5. Comparison between RPR run 1 and 2.

RPR run 2

RPR run 1

Positive Negative Total

Positive 198 0 198

Negative N/A N/A N/A

Total 198 0 198

�Only specimens that were reported positive in RPR Run 1 were re-tested with RPR Run 2

https://doi.org/10.1371/journal.pone.0278079.t005
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4. Discussion

One of the automated assays that are based on the CLIA principle and are widely used in many

countries in the world, including Qatar is ARCHITECT1HIV Ag/Ab Combo immunoanaly-

zer [24]. ARCHITECT1HIV Ag/Ab Combo is an in vitro chemiluminescent microparticle

(CMIA) that detects HIV p24 antigen and antibodies to HIV-1 and/or HIV-2 in human serum

and plasma. It is fully automated and takes ~30-minutes time to detect the first result. Accord-

ing to the manufacturer, ARCHITECT1HIV Ag/Ab Combo overall specificity is 99.8% (95%

CI: 99.6–99.9%), and HIV antibody sensitivity is 100% (95% CI: 99.6–100.0%). HIV Combo

recognizes HIV diseases during the early, late, and intense stages of the infection [25]. It is

used as an aid in the diagnosis of HIV-1/HIV-2 infection, including acute or primary HIV-1

infection. However, an ARCHITECT HIV Ag/Ab Combo reactive result does not distinguish

between the detection of HIV-1 p24 antigen, HIV-1 antibody, or HIV-2 antibody. As with all

immunoassays, the ARCHITECT HIV Ag/Ab Combo assay may yield nonspecific reactions

due to other causes, particularly when testing in low prevalence populations.

In the present study, we were able to show that the Abbott ARCHITECT1 HIV Ag/Ab

Combo assay could be used efficiently in the MC for HIV screening. The assay performs with

very high reproducibility (99.8%) with the two run repeats done on two different analyzers

tested by two different technicians on two different samples taken on two different occasions

from the same individuals. This reflects an excellent pre-analytical identification protocol that

is being implemented by the pre-analytical unit. This high interpretation concordance indi-

cates that the protocol used in the MC laboratory is highly precise in performing the assay as

an initial screening for HIV detection and reflects an excellent pre-analytical identification

protocol that is being implemented by the pre-analytical unit.

Our results are supported by the data obtained from different other ARCHITECT1HIV

Ag/Ab Combo evaluations that were done on similar or higher numbers of samples from dif-

ferent countries [26–28]. A study conducted in Cameroon showed that the evaluated perfor-

mance of the ARCHITECT1 HIV Ag/Ab Combo kit (Abbott) was found to have 100%

sensitivity and a specificity of 97.6% [24]. As with all immunoassays, it is worth mentioning

that the ARCHITECT HIV Ag/Ab Combo assay could generate false positive results, particu-

larly when testing in low prevalence populations. Therefore, A repeatedly reactive specimen

should be investigated further with supplemental confirmatory HIV-specific tests, such as

immunoblots, antigen tests, and HIV nucleic acid tests. On the other hand, testing an individ-

ual at the early stage of HIV infection may result in false-negative diagnoses [29–31]. There-

fore, the optimal HIV testing method and algorithm are critical for screening the expatriates to

avoid any missing cases of acute HIV infection from entering the country without detection.

Moreover, the Medical commission laboratory is screening around 2500 applicants per day. In

order to avoid any error in sampling, it follows the protocol of re-testing any initial reactive

samples, on freshly drawn blood samples using another ARCHITECT1HIV Ag/Ab Combo

analyzer and at the same time confirm it by INNO-LIA and RT-PCR. This is extremely impor-

tant because it is significantly decrease the chances of a false positive diagnosis, which in-turn

Table 6. Comparison between RPR run 2 and TPA-ELISA.

ARCHITECT1 Syphilis TPA

RPR run 2

Positive Negative Total

Positive 72 125 197

Negative N/A N/A N/A

Total 72 125 197

https://doi.org/10.1371/journal.pone.0278079.t006
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decreases the number of people who can potentially receive wrong information about their

health status and reduce the psychological impact of misdiagnosis and its implications on the

individuals, their partners and social contacts.

In 2014 the CDC and the Association of Public Health Laboratories published a new labora-

tory algorithm for the diagnosis of HIV [32]. The algorithm starts with 4th generation HIV

test, followed by HIV-1/HIV-2 antibody differentiation Immunoassay, followed by Nucleic

Acid Testing (NAT). The medical commission laboratory using the same algorithm starting

with 4th generation ARCHITECT1HIV Ag/Ab Combo followed by INNO-LIA HIV I/II

score as antibody differentiation immunoassay and NAT. The primary advantage of the new

algorithm is the ability to identify HIV infection earlier [33, 34]. This is critical because the

risk of HIV transmission from persons with acute and early infection is much higher than that

from person with established infections. Therefore, identifying these cases as early as possible

and initiating antiretroviral therapy (ART) can benefit patients and reduce HIV transmission.

The comparison between ARCHITECT1HIV Ag/Ab Combo results and the INNO-LIA

HIV I/II showed a low PPV (29.1%), and the majority 62.5% were negative in INNO-LIA,

which is the gold standard test. In addition, all INNO-LIA HIVI/II HIV1,2 negative and inde-

terminate samples were also negative with RT-PCR except two which could be either in the

window or seroconversion period. The high number of false positive ARCHITECT1 HIV

Ag/Ab Combo could be explained by the fact that our screened population coming from vari-

ous parts of the world with different prevalence. 8.4% of ARCHITECT1 HIV Ag/Ab Combo

positive samples got an indeterminate result which remained the same after 4 weeks of re-test-

ing on in INNO-LIA. Almost all INNO-LIA positive samples were due to HIV 1. This could be

explained by the fact that there are few newcomers to Qatar from west Africa, where HIV 2 is

prevalent. The CDC is using the FDA-approved Bio-Rad Geenius HIV1,2 assay as antibody

differentiation. In the MC lab, INNO-LIA CE approved assay is used as antibody differentia-

tion test with around 8% indeterminate result. Orna et al found that Geenius assay reduced the

number of indeterminate results in comparison to INNO-LIA which could be evaluated in our

lab [35, 36].

29.1% of ARCHITECT1 HIV Ag/Ab Combo positive samples were positive using INNO--

LIA HIV I/II antibody and 26.8% were positive using RT-PCR. Almost all samples which are

positive with INNO-LIA HIV I/II, are positive with HIV-1 RT-PCR except 10 samples (1.7%),

which could be explained by either they controlled their viremia by treatment or they can be

categorized as elite controller that represents a rare group of individuals with an ability to

maintain an undetectable HIV-1 viral load overtime in the absence of previous antiretroviral

therapy. The probability of having HIV 2 infection has been ruled out by INNO-LIA HIV I/II.

Almost all HIV-1 RT-PCR positive samples are positive using INNO-LIA H I/II except 2 cases

which indicate that they are in the window or seroconversion period, a result that illustrates

the importance of using 4th generation HIV Ag/Ab test in MC protocol which leads to decreas-

ing the window period and improving early detection of HIV infection. Our study showed a

high level of false positive ARCHITECT1HIV Ag/Ab Combo results that indicated by the

fact that around 63% of positive samples were negative in both INNO-LIA and RT-PCR. This

result necessitates the lab decision-maker to revise the cut-off value decided by the manufac-

turer without affecting the sensitivity or specificity of the test [37–40].

Given that Qatar’s MC is the main hub in the country to screen individuals coming from

different parts of the globe makes it is essential to utilize tools that can detect all subtypes of

HIV, have fast turn-around time and are cost-efficient. Thus, the high throughput of ARCHI-

TECT1HIV Ag/Ab Combo analyzer remains the preferable technique used for massive

screening of HIV as it is not cost-effective to apply neither RT-PCR nor line Immunoassay as

the primary tool for massive screening for HIV.
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Syphilis is an important infection that causes serious health problems mainly sexually trans-

mitted disease, neurosyphilis and congenital infection. Therefore, appropriate screening, con-

firmation and follow-up protocols are required. MC laboratory follows the traditional Syphilis

screening algorithm, which starts with a non-treponemal reagin test (RPR) as the first-line

diagnostic approach, followed by a treponemal test (TPA) as a confirmatory test [41, 42]. Start

with the RPR test as the first-line, which is cost-effective and reliable in various prevalence set-

tings. Reactivity of a non-treponemal test such as RPR indicates the activity of the disease,

which is very important from a public health perspective, while reactivity of a treponemal test

cannot differentiate between current and past infection. Moreover, RPR can be used to follow

treatment efficacy and assess disease recurrence. However, the RPR test has some pitfalls,

including manual test, and the result interpretation is subjective depending on the operator.

There have been efforts to automate the RPR testing. RPR tests may show false positive results

for various reasons, including lupus, viral mononucleosis, malaria, leprosy, viral pneumonia,

and rickettsia infection. In order to reduce the effect of RPR interpretation subjectivity, the

MC implemented a protocol of repeating all initial reactive RPR to be done by another opera-

tor and compare the result before going to the next step of more expensive treponemal (TPA)

test. When comparing the two runs for all reactive RPR done by two different technicians, the

results showed that there is 100% agreement between the two runs in reactivity and titer (dilu-

tion), as shown in Table 6. The PPV of the RPR test is only 36.5%, with more than 50% of RPR

reactive samples being negative in TPA confirmatory test. This high false positive result could

be explained by the fact that the screened population came from various parts of the world

with different disease prevalences.

5. Conclusion

The screening protocols for HIV and Syphilis used in the MC are highly reliable, reproducible

and efficient for the screening of STDs. The Architect HIV Ag/Ab Combo Assay, a fourth-gen-

eration ELISA, has proven to be highly reliable for screening HIV infection. However, its high

sensitivity may lead to false-positive results. Thus, according to the MC protocol, using confir-

matory tests such as INNO-LIA HIV I/II and RT-PCR are critical as it significantly decreases

the chances of false positives, which in turn reduces the number of people who can potentially

receive wrong information about their health status. MC Lab uses the traditional testing algo-

rithm for syphilis screening, which begins with a non-treponemal conventional manual RPR

card test followed by a confirmatory treponemal test ARCHITECT1 Syphilis TP for reactive

RPR results. This algorithm costs less than the reverse algorithm, which begins with a trepone-

mal test. Furthermore, non-treponemal test reactivity, such as RPR, indicates disease activity,

which is critical from a public health standpoint, whereas treponemal test reactivity cannot dis-

tinguish between current and past infection. Our study found that the RPR test is a reliable

and cost-effective method. However, due to the large number of samples (250 to 300 per day),

the MC lab is currently working on automating the RPR test. RPR has some limitations, such

as a prozone reaction may occur on rare occasions. Also, biological false positive RPR can

occur in non-syphilitic conditions such as malaria, leprosy, rheumatoid arthritis etc. Thus,

using a confirmatory test such as ARCHITECT1 Syphilis TPA is critical, which is done

according to the MC protocol.

6. Limitation

One of the limitations of this study is that we do not have data about HIV and Syphilis co-

infection among the screened study population. One of the reasons is that not all applicants

screened for HIV will be screened for Syphilis at the same time. But all applicants screened for
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Syphilis were screened for HIV, but we do not have the HIV status in this study as we did not

think of it at the beginning of the study and our concentration on the screening protocol.
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