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abstract 

Introduction: Many factors can impact the performance of diagnostic assays for the human immunodeficiency virus (HIV) infection, 
affecting the results of population surveys. Objective: The objective of this study was to evaluate the performance of point-of-care rapid 
tests (RT) used for HIV diagnosis as compared to conventional tests in blood samples from a population of transvestites and transsexual 
women. Methods: A total of 1,385 samples with HIV RT results were submitted to Instituto Adolfo Lutz for evaluation by conventional 
laboratory tests. Results: HIV positivity was confirmed by conventional laboratory tests in 100% of the 240 (17.3%) samples with reactive 
RT. However, 1,145 (82.7%) samples with non-reactive RT results were evaluated; three (0.3%) tested positive and one (0.1%), indeterminate 
for HIV. Although a proportion of discordant results were found, the point-of-care RTs showed a high confirmation rate when compared 
to the serological tests. Conclusion: The data of this study corroborate the importance of adopting effective management tools to ensure 
quality of HIV infection diagnosis.
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resumo 

Introdução: Muitos fatores podem impactar no desempenho dos testes para diagnóstico da infecção pelo vírus da imunodeficiência 
humana (HIV), comprometendo os resultados de pesquisas populacionais. Objetivo: O objetivo deste estudo foi avaliar o desempenho 
dos testes rápidos (TR) – point-of-care – utilizados para o diagnóstico do HIV em relação aos ensaios convencionais em amostras 
de sangue da população de travestis e mulheres transexuais da cidade de São Paulo, São Paulo, Brasil. Métodos: Ao Instituto Adolfo 
Lutz (IAL), 1.385 amostras com os resultados dos TR do HIV foram encaminhadas para serem avaliadas por testes laboratoriais 
convencionais. Resultados: Das 240 (17,3%) amostras que apresentaram resultado reagente nos TR, a positividade para HIV foi 
confirmada em 100% por testes laboratoriais convencionais. Entretanto, das 1.145 (82,7%) amostras com resultado de TR não 
reagente avaliadas, três (0,3%) apresentaram-se reagentes e uma (0,1%), indeterminada para HIV. Embora uma porcentagem de 
resultados falso-negativos nos TR tenha sido encontrada, os testes realizados em campo possuem alta taxa de confirmação quando 
comparados com os testes sorológicos. Conclusão: Os dados deste estudo ressaltam a importância da adoção de ferramentas de 
gestão eficazes para assegurar a qualidade do diagnóstico da infecção por HIV.

Unitermos: anticorpos anti-HIV; imunoensaio; testes imediatos; indivíduos transgêneros; carga viral; soroconversão.
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resumen 

Introducción: Muchos factores pueden impactar en el desempeño pruebas para diagnóstico de la infección por el virus de la 
inmunodeficiencia humana (VIH), comprometiendo los resultados de investigaciones poblacionales. Objetivo: El objetivo de 
este estudio fue evaluar el desempeño de pruebas rápidas (PR) en el punto de atención utilizadas para diagnosticar el VIH en 
relación con las pruebas convencionales en muestras de sangre de la población de travestis y mujeres transexuales en la ciudad 
de São Paulo, São Paulo, Brasil. Métodos: Un total de 1.385 muestras con resultados de PR de VIH se remitieron al Instituto 
Adolfo Lutz (IAL), para ser evaluadas por pruebas de laboratorio convencionales. Resultados: De las 240 (17,3%) muestras que 
presentaron resultado reactivo en las PR, positividad para VIH se confirmó en el 100% por pruebas de laboratorio convencionales. 
Sin embargo, de las 1.145 (82,7%) muestras evaluadas con resultado de PR non reactivo, tres (0,3%) se presentaron reactivas 
y una (0,1%), indeterminada para VIH. Aunque un porcentaje de resultados falsos negativos en las PR ha sido encontrado, las 
pruebas realizadas en el punto de atención poseen alta tasa de confirmación cuando comparadas con las pruebas serológicas. 
Conclusión: Los datos de este estudio resaltan la importancia de adoptar herramientas de gestión eficaces para garantizar la 
calidad del diagnóstico de la infección por VIH.

Palabras clave: anticuerpos anti-VIH; inmunoensayo; pruebas en el punto de atención; personas transgénero; carga viral; 
seroconversión.
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Introduction

The number of new infections caused by the human 
immunodeficiency virus (HIV) has been increasing worldwide. 
In the last seven years, there was reduction of just 18% of new 
infections, from 2.2 million in 2010 to 1.8 million in 2017. 
Although it is almost half of the number of new infections 
compared with the peak recorded in 1996 (3.4 million), the 
decline is not fast enough to reach the target of fewer than 500 
thousand people by 2020(1).

In 2017, in Brazil, 42,420 new HIV cases and 37,791 cases 
of the acquired immunodeficiency syndrome (Aids) were 
diagnosed, with a detection rate of 18.3/100 thousand inhabitants, 
constituting a 15.7% decrease. This reduction has been more 
accentuated since the recommendation of “treatment for all” 
implemented in December 2013. In that same year, among men, 
the Southeast region presented a predominance of the exposure 
category in homosexuals (46.3% of the cases) and bisexuals 
(9.5%), while in the other regions it happened in heterosexuals(2). 
In recent years, studies have indicated an important increase in 
HIV infection among men who have sex with men (MSM)(3, 4).

In the whole world, HIV infection is a public health issue, in 
which MSM population has been disproportionately affected(5). 
Owing to the high incidence in this group, and the highest 
estimated proportion of infected cases(2), it is important to assess 
the ability of tests to identify HIV cases in the initial phase of 
antibody production.

Researches on HIV prevention among the population of 
transsexual women have been scarce(6). A literature review 
estimated that transsexual women are 49 times more likely to 
be infected by HIV than the general population – a possibility 
higher than in any other population(6). HIV prevalence seems to be 
higher among transvestites and transsexual women than among 
any other population in Brazil – and might be increasing(6, 7), 
although surveillance data combine transvestites, transsexual 
women and MSM into the same category. According to a study 
carried out by Baral et al. (2013)(6) with transgender women from 
several countries, the encountered prevalence in Brazil was 33.7% 
[95% confidence interval (CI) 28.7-39.4]. 

Especially for the MSM population, data from the literature 
suggest that early HIV diagnosis is the main tool for adequate 
care of infected people(8). In this regard, HIV testing has been a 
key prevention strategy; also, early identification of the infection 
by means of frequent testing and the timely start of antiretroviral 
therapy (ART) offer enormous benefits both to subjects and 
community(5). Accurate and opportune detection of HIV primary 
infection is fundamental for the future health of the infected 
individual and to prevent virus transmission(9).

In Brazil, serological assays for diagnosis of HIV infection 
must be carried out according to recommendations by the Ministry 
of Health, which advocates the employment of test flowcharts, 
defined according to the aim of testing: diagnosis, surveillance, or 
blood donor selection(10). 

Many countries resort to diagnosis by means of rapid tests 
(RT) for HIV screening, due to difficulties for the conduction of 
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automated testing. Although RT quality is promising to increase 
screening safety in blood banks, uncertainty around performance 
of some point-of-care RTs has stimulated debate on their 
application. Because of this, it is necessary to have knowledge 
about the usage conditions and the reasons that can lead to 
deficient RT performance(11).

Studies performed in key populations reveal the preference for 
rapid testing when compared with conventional serology. Thus, 
RTs are fundamental for improved access to diagnosis, being an 
important epidemiological tool. In contrast, some researchers 
highlight the low sensitivity of some RTs in the presence of recent 
infections leading to false-negative results. Identification of 
subjects in the acute phase of the disease, with high viral load, 
can provide an opportunity for preventive and therapeutical 
interventions(12).

It is fundamental to assess the methods of antibody 
detection used in algorithms of HIV testing concerning their 
analytical performance. Anti-HIV antibodies appear shortly after 
HIV infection and generally increase in the first 6-12 months 
of infection(13). Different factors can influence the quality of 
laboratory exam results, among them: systematic and random 
errors intrinsic to assays; biological factors of the host and agent, 
such as viral diversity and ART; lack of training and knowledge 
updating(10, 13).

Evidence suggests that early treatment with ART, even with 
an elevated level of CD4+ T lymphocytes, has positive effects on 
the health and well-being of people affected by HIV. The impact of 
ART upon the reduction of HIV transmission, besides improving 
patients’ quality of life, prevents new infections by the virus along 
with other prevention options currently available(14). ART can 
have an impact on RT performance, supposedly by reducing the 
production of anti-HIV antibodies, as very low levels of viremia 
observed with successful therapy may be insufficient to provide 
maintenance of a specific anti-HIV-1 immune response(15). 
Thus, individuals on ART who do not disclose their HIV-positive 
status may obtain false-negative results in HIV tests due to viral 
suppression and the low concentration of anti-HIV antibodies in 
the blood(13, 16, 17).

With this in mind, false-negative results in the RTs used for HIV 
diagnosis can damage data from a population survey. Therefore, 
this work was aimed at assessing the performance of point-of-care 
RTs used for HIV diagnosis compared with conventional assays. 
Blood samples came from the incidence study in a population of 
transvestites and transsexual women in the city of São Paulo, São 
Paulo, Brazil.

Methods

For the development of this study, the research project 
“Estudo de Coorte Transnacional – avaliação de desempenho 
de métodos utilizados no diagnóstico da infecção pelo HIV” 
was recorded in the Technical and Scientific Council of 
Instituto Adolfo Lutz (CTC-IAL 26-I/2016), after approval of the 
ethical aspects by the Ethics Research Committee of Centro de 
Referência e Treinamento DST/Aids (CRT-DST/Aids) (Report no. 
1.937.513).

The analyzed serum specimens came from the study “The 
transnational cohort: global HIV epidemiology and prevention 
research for transwomen”, which aims at estimating HIV 
incidence, social and biomedical events of gender transition, risk 
behaviors related to gender affirmation and the multiple stress 
forms in all behavioral ecological levels of influence associated 
with HIV acquisition. The establishment of a transnational 
cohort was based on recruitment through the Respondent 
Driven Sampling (RDS) strategy. The population was formed of 
HIV-negative transvestites and transsexual women residents 
of the city of São Paulo, who accepted to participate in this study 
by signing the informed consent form.

In the period from April 2017 to March 2019, 1,467 specimens 
from 836 volunteers (transvestites and transsexual women) who 
accepted to participate in the cohort were evaluated by RTs.

Serological screening for HIV, by means of flowchart 1 
advocated by the Ministry of Health(10), was conducted with an 
initial immunochromatographic assay for detection of anti-
HIV 1+2 antibodies – RT1 [ABON (Abon Biopharm, Hangzhou, 
China)]; the samples with reactive results underwent a second 
immunochromatographic assay other than the first one – RT2 
[HIV Test Bioeasy (Standard Diagnostic, Inc., Yongin-Si, Korea)]. 
The used RTs were acquired by the Brazilian Ministry of Health 
and conducted at CRT-DST/Aids, São Paulo.

Among the 1,467 blood samples examined at RT1, 1,385 
(94.4%) were collected by venous puncture and referred to the 
Immunology Center at IAL (CIM-IAL) for the conduction of 
conventional laboratory tests. Several reasons precluded the 
conduction of conventional laboratorial tests with the other 82 
(5.7%) samples, including: blood collection by digital puncture, 
volunteers’ refusal to consent storage of blood, and sample loss 
during transportation.

Among the 1,385 samples, 1,145 (82.7%) obtained a non-
reactive result at RT1, and 240 (17.3%) samples were reactive 
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at RT1 and RT2. It is worth emphasizing that besides the sample 
tubes used for serum tests (RTs and laboratory conventional tests), 
a blood tube (plasma) for molecular tests was drawn and stored 
(-70°C).

Conventional serological tests for HIV diagnosis were carried 
out with reagents available at CIM-IAL, and samples were 
analyzed according to flowchart 6, made available by the Ministry 
of Health(10). Regardless of the result obtained at RT, in sample 
analysis, the chemiluminescent immunoassay (CLIA) initial test 
was used [Advia Centaur HIV Ag/Ab Combo (CHIV); Siemens 
Healthcare Diagnostics, Inc., NY, USA] and, when reactive, the 
rapid immunoblot (RIB) confirmatory test [Imunoblot Rápido 
DPP HIV1/2 (IBR DPP HIV); Bio-Manguinhos, Fiocruz, Rio de 
Janeiro, Brazil]. For samples with non-reactive or indeterminate 
result at RIB, the plasma sample underwent the molecular 
test. Initially, plasma was processed (Abbott HIV RT-PCR) and 
the ribonucleic acid (RNA) of the sample was extracted in the 
automated instrument Abbott Real Time M2000sp and analyzed 
by means of the real time polymerase chain reaction (RT-PCR) 
(Abbott Real Time M2000rt), according to recommendations by 
the manufacturer; the result was expressed in copies/ml.

Samples that obtained reactive results at the CLIA and RIB 
assays were considered reactive for HIV, as well as those presenting 
viral load (VL) ≥ 5,000 copies/ml.

Agreement levels between RT1 and CLIA results and flowcharts 
1 and 6 were interpreted by means of the Kappa (K) index, as 
proposed by Altman (1999)(18, 19) and adapted from Landis and 
Loch (1977). K value < 0.2 represents poor agreement; 0.21-
0.4, fair; 0.41-0.6, moderate; 0.61-0.8, good; 0.81-1, very good 
agreement.

Results

From April 2017 to March 2019, the HIV/Aids laboratory of 
CIM-IAL received the 1,385 serum samples from the volunteers 
(transvestites and transsexual women) and the results obtained in 
the RT (flowchart 1). Specimen evaluation was performed in the 
conventional serological assays, according to recommendations of 
flowchart 6 by the Ministry of Health. Of this total, 795 (57.4%) 
samples came from the first collection; 292, from the second; 199, 
from the third; and 99, from the fourth, because of the cohort 
follow-up to measure HIV incidence.

At the HIV/Aids laboratory of CIM-IAL, regardless of the results 
obtained in the RTs, all samples were tested in the CLIA and, when 

reactive, analyzed in the RIB, according to the recommendations 
advocated at flowchart 6 of the technical manual by the Ministry 
of Health.

Table 1 illustrates the results of 1,385 samples obtained from 
RTs and conventional laboratory assays for HIV.

table 1 – Results from the 1,385 samples in the different HIV tests
(RT, CLIA, RIB, and VL)

no. of samples                
(n) = 1,385

TR1 TR2 CLIA IBR VL (copies/ml)

1,141 (82.3%) (-) NP (-) (-) NP
3 (0.2%) (-) NP (+) (+) NP
1 (0.1%) (-) NP (+) (-) ND
1 (0.1%) (+) (+) (+) I 2,757,243

239 (17.3%) (+) (+) (+) (+) NP
HIV: human immunodeficiency virus; RT: rapid test; CLIA: chemiluminescent 
immunoassay; RIB: rapid immunoblot; VL: viral load; (-): non-reactive; (+): reactive; 
I: indeterminate; NP: not performed; ND: not detected.

Performance evaluation of HIV infection diagnostic tests
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The 240 (17.3%) samples with reactive results in both RTs 
(RT1 and RT2) demonstrated agreement of 100% by conventional 
laboratory tests; 239 results were concluded by serological 
assays; and one by HIV-1 VL above 5,000 copies/ml. According to 
flowchart 1, the 1,145 (82.7%) samples with non-reactive result at 
TR1 did not undergo TR2.

As shown by data described in Table 1, in the sample (it refers 
to the volunteer’s second sample) with indeterminate RIB result 
(gp41 band reactivity), VL test was carried out (flowchart 6), 
which presented viremia of 2,757,243 copies/ml. For diagnostic 
confirmation, a new sample (third sample) was drawn and results 
were all reactive, including at RIB, with reactivity in all HIV-1 
specific bands (gp160, g120, gp41, p24) detectable in this assay. 
It is worth highlighting that the first sample of this volunteer 
presented non-reactive result both at TR and CLIA.

All samples (n = 240) with reactive results at RTs (RT1 and 
RT2) were also reactive at CLIA. Concerning the 1,145 samples 
non-reactive to HIV at RT1, four (0.3%) were reactive at CLIA and, 
when tested at RIB, three (75%) confirmed positivity and one 
(25%) tested non-reactive (absence of bands).

In the sample with non-reactive results at RT and RIB and 
reactive result at CLIA, the index value found was close to the 
cut-off (2.52 index/reference value ≥ 1). At the VL test, that sample 
did not produce signal of RNA presence (non-detected RNA), being 
interpreted as indeterminate for HIV. 

Pursuant to criteria established for interpretation of K index, 
the degree of agreement for RT1/CLIA was considered very good 
(K = 0.99). Similarly, the degree of agreement for HIV diagnosis 
by flowchart 1 (two RTs)/flowchart 6 (CLIA and RIB/VL) was 
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also considered very good (K = 0.99). In both, the proportion of 
agreement was around 100%.

Table 2 illustrates sample reactivity in the different assays 
and collection periods performed approximately each six months 
(first, second, third, and fourth).

In Table 2, the inclusion of samples for diagnostic 
confirmation stands out. Even with result defined as reactive, a 
new blood sample was drawn for assay conduction. The different 
number of specimens for confirmation between RT and CLIA/RIB 
concerns a sample whose result was reactive in conventional 
assays since the first sample.

table 2 – Number of samples reactive to HIV (RT, CIA, and RIB) in different 
sample collection periods

Sample identification
Reactivity

RT1 and RT2 CLIA RIB
1st 227 231 230
2nd 5 4 3
3rd 3 3 3
4th 1 1 1

Confirmation* 4 5 5
Total 240 244 242

HIV: human immunodeficiency virus; RT: rapid test; CLIA: chemiluminescent 
immunoassay; RIB: rapid immunoblot; *confirmation of reactivity to HIV at a new sample 
collection.

Discussion

The new developed technologies, the diversity of available 
tests in the market, and the different settings in which HIV 
diagnosis is made reinforce the necessity of frequent evaluations 
of the used assays, especially in what regards cases of recent 
infection. The main deficiencies of tests for HIV early detection 
were corrected, largely with the advent of fourth generation 
assays (Ag/Ab)(20). In retrospective studies involving samples with 
serological profile of negative HIV-1 Western blot and reactive 
nucleic acid test (NAT), when evaluated in immunoassays of 
fourth and third generation, the encountered reactivity was 62%-
83%, and 20%-37%, respectively(9, 21). In this study, in a sample 
that initially presented reactive result at CLIA and indeterminate 
result at RIB (presence of HIV-specific band that did not meet the 
positivity criterion established by the Ministry of Health) – with 
availability for the conduction of VL test (2,757,243 copies/ml) – 
it was possible to establish the definitive laboratory diagnosis 
(sample reactive to HIV). It is a recent infection and in those 
cases, the use of an initial fourth-generation test (high 
sensitivity) followed by the VL complementary test is no doubt 
the most adequate way to confirm it(22).

In the serum evaluation with a new sample (third sample) 
of that person, it was observed that the reactivity profile was 
present in all bands of the used RIB (gp160, gp120, gp41, p24); 
this demonstrates that the appearance of a marker in circulation 
depends on the infection stage(23, 24). This case presents one of 
the situations that can be more frequent with the improved 
identification and incorporation of people living with HIV, having 
as consequence the increased proportion of recent cases among 
the total of infected subjects. The adoption of proper methods and 
flows enables the early diagnosis of the infection, with an impact 
on virus transmission and the onset of new cases(10).

Several factors can impair the results of the research, especially 
when it comes to samples from a study of HIV incidence. Among 
them, participants may not reveal their serological status and the 
use of ART and, based on a result non-reactive to HIV, besides being 
included in the cohort study, they can believe their initial results 
were incorrect or even that they are cured. 

As reported by Fogel et al. (2017)(13), it is important to 
recognize that the increased availability and early use of ART can 
impact the results of population surveys in which incidence and 
prevalence of HIV are key outcomes. The characteristics of antibody 
formation can be altered in patients with acute HIV infection who 
receive ART (virus suppression). In this setting, patients can have 
an incomplete evolution of antibody responses and will rarely 
show complete or partial seroconversion(9, 13, 25). HIV diagnosis is 
susceptible to flaws, among them the limitation inherent in the 
test itself, such as its sensitivity. According to recommendations 
by the Ministry of Health(10), during the use of ART, RT is not 
indicated. Therefore, it is important to evaluate performance in 
a survey on HIV incidence at a population of transvestites and 
transsexual women, because the presence of false-negative results 
at RTs can impair the quality of data in this study.

As observed by Delaney et al. (2011)(16), when in the presence 
of negative results at RTs, individuals with recent potential of 
exposure and those with high risk of contracting HIV infection 
must be advised to go through a new evaluation. In our study, 
three false-negative results were detected at RT, but the samples, 
when analyzed again at CIM-IAL by the same used RT, although 
of different lots, showed results reactive to HIV. As a matter of fact, 
the quality of results can be influenced by several factors, such as 
errors during the analytical and post-analytical phases (problems 
intrinsic to the employed kit lot, errors in result transcription, 
change of sample tubes, among others)(26). The rapid evolution 
of processes has required better professional training and the 
adoption of efficient management tools to ensure result quality. 
Hence, it is necessary to expand knowledge, monitor and train the 
team of professionals involved in the conduction of tests in order 
to qualify and quantify flaws in the (pre-analytical, analytical, 
and post-analytical) processes to help in the implementation of 
corrective and preventive measures and target efficacy(27).

Márcia Jorge Castejon; Rosemeire Yamashiro; Carmem Aparecida F. Oliveira; Evelyn Helena A. Mata; Luís Fernando M. Brígido; Mark Drew C. Guimarães; Maria Amélia S. M. Veras
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One of the samples defined as undetermined [CLIA (2.52/1) 
reactive (confirmed in duplicate), RT and non-reactive RIB 
and non-detected VL], is probably a false-reactive result at the 
screening laboratory test. False-positive results can appear with 
the use of any test or method, regardless of the used flowchart, either 
due to the limitation of the method itself or to the characteristics 
inherent in the individual. Flowcharts have been employed to reduce 
the chances of false-reactive results, by the use of additional tests to 
confirm the presence of HIV infection. Another possibility to obtain 
those results is when the subject has early initiated ART and has 
not revealed the previous serological status. Non-attendance by the 
bearer at CRT-DST/Aids biannual follow-up precluded the collection 
of a new specimen to elucidate laboratory diagnosis.

Conclusion

This study demonstrates a high agreement rate among the 
results obtained from RTs and conventional laboratory assays. 

In cases of recent infection, it is clearly important to use the 
laboratory testing algorithm that includes an initial screen with 
the fourth-generation assay followed by the VL test to determine 
HIV status. Although a small percentage of false non-reactive 
results at RT have been found, as it is a single method, this 
evaluation reinforces the need to adopt effective management 
tools to ensure the quality of HIV infection diagnosis.
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