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ABSTRACT 

After being announced in the US and Europe, enzyme-linked immunosorbent assay (ELISA) for HIV 
screening was marketed in Brazil and was immediately put to use in several public and private 
laboratories. Newer technologies for HIV testing, such as those in the fourth generation, which 
detect anti-HIV antibodies and the p24 antigen, and nucleic acid-based tests have all shortened the 
interval between infection and disease markers detection. This brief narrative review intends to 
present the different HIV diagnostic test flowcharts used nationally in Brazil, from assays based only 
on anti-HIV antibodies to new flowcharts in which molecular tests have been included. Until 1998, 
Brazilian health authorities had not yet standardized an algorithm for diagnosing the HIV infection. 
Since then, different testing algorithms have been recommended by the Ministry of Health and these 
recommendations have been followed by laboratories. Considering the different scenarios in which 
the diagnosis of HIV has been performed, there is a need for frequent evaluation of the assays, since 
the quality of the results can be influenced by several biological factors of the host and the agent. 

KEYWORDS: HIV infections, AIDS serodiagnosis, HIV antibodies, immunoassay, seroconversion. 

RESUMO

O teste imunoenzimático do tipo ELISA foi comercializado no Brasil logo após ser anunciado nos EUA 
e Europa, sendo imediatamente utilizado em vários laboratórios públicos e privados. Tecnologias 
mais recentes para a testagem de HIV, como a de quarta geração, que detecta anticorpos anti-HIV 
e o antígeno p24, e os testes baseados em ácido nucleico reduziram o intervalo entre a infecção e a 
detecção da doença. Esta breve revisão narrativa se propõe a apresentar os diferentes fluxogramas 
de testes para diagnóstico do HIV utilizados nacionalmente, desde os ensaios baseados apenas em 
anticorpos anti-HIV até os novos fluxogramas em que foram incluídos os testes moleculares. Até 1998, 
as autoridades sanitárias brasileiras ainda não haviam normatizado um algoritmo para a realização do 
diagnóstico da infecção pelo HIV. Desde então, diferentes algoritmos de testagem foram preconizados 
pelo Ministério da Saúde e seguidos pelos laboratórios. Considerando os diferentes cenários em que 
o diagnóstico do HIV tem sido realizado, há necessidade de avaliações frequentes dos ensaios, visto 
que a qualidade dos resultados pode ser influenciada por diversos fatores biológicos do hospedeiro 
e do agente.

PALAVRAS-CHAVE: infecções por HIV; sorodiagnóstico da aids, anticorpos anti-HIV, imunoensaio, 
soroconversão.
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INTRODUCTION

The identification in 1981 of the acquired immunodeficiency syndrome, commonly known 
as AIDS, became a turning point in human history. The epidemic of infection by the human 
immunodeficiency virus (HIV) and AIDS represents a global, dynamic and unstable phenomenon 
whose form of occurrence in different regions of the world depends, among other determinants, on 
individual and collective human behavior.1 

Globally, there were around 38.4 million (33.9 million to 43.8 million) people living with HIV in 
2021, with around 1.5 million (1.1 million to 2.0 million) registered new infections in that same year.2

In Brazil between 2007 and June 2021, 381,793 cases of HIV infection were reported in the 
Information System for Notifiable Diseases (Sinan). Although a decrease in AIDS cases has been 
observed in almost the entire country, especially in recent years, it should be noted that part of 
this reduction may be related to underreporting, due to the focus of health professionals on the 
COVID-19 pandemic.3

The importance of periodic testing as a prevention strategy in the programmatic response to the 
HIV/AIDS epidemic has been emphasized at the global level.4  Technological advances have facilitated 
the expansion of HIV testing, with cost-effectiveness and undeniable benefits for both primary care 
and public health.5-7 Having access to an early diagnosis of infection not only increases the individual’s 
life expectancy due to the ability to begin immediate treatment, but also prevents the transmission 
of the virus to other people.

Tests for diagnosing the HIV infection have evolved considerably since the Food and Drug 
Administration (FDA) licensed the first enzyme-linked immunosorbent assay (ELISA) in the United 
States on March 2, 1985.8,9 Produced by the American company Abbott Laboratories, in Chicago 
(Illinois), under the name “Abbott HTLV III EIA”, this assay was initially licensed for the screening of 
anti-HTLV-III antibodies (the first name used for the virus that causes AIDS) in blood donors. Its rapid 
availability made it possible to protect countless individuals against HIV infection transmitted by 
blood transfusions and blood products.9-11 Three months later, other companies in the United States 
also announced their tests and, in 1987,12 the first Western blot (WB) assay to confirm HIV infection 
was approved9. Since then, the quality of these tests has increasingly improved, with methods that 
detect infection earlier and produce results faster.9,11

A detailed understanding of the structure of the virus, how the infection is established in the 
body and the causes of AIDS, is crucial not only to identify and develop new effective drugs and 
vaccines, but also to define strategies for the laboratory diagnosis of the infection. HIV testing is a 
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critical step in controlling its spread in the population. Therefore, laboratory diagnostic strategies 
must be continually revised in line with new findings on replication characteristics and pathogenic 
mechanisms of infection.13

Different methodologies have been used to detect laboratory markers in HIV/AIDS infection, 
such as the determination of specific antibodies and circulating p24 antigen, viral load, genotyping, 
drug resistance and assays for recent infections.14-19 In Brazil, these assays have been performed by 
specific laboratory networks.

The bibliographic survey was implemented considering the period from 1986 to 2021, using five 
databases — PubMed, Medline, Web of Science, SciELO and LILACS, with the following descriptors 
— HIV, AIDS, immunoassays, seroconversion and anti-HIV antibodies. This brief narrative review 
proposes to present the different test flowcharts for the diagnosis of infection used in the country 
over the years, from tests based only on anti-HIV antibodies up to those using newer flowcharts in 
which molecular tests were included. This examination aims to contextualize their usage and the 
results obtained. This work also alerts to the existence of several viral and host markers present 
during the course of the infection that can be monitored and used for identification. The kinetics and 
time of appearance of markers are quite consistent between different individuals and must be taken 
into account when choosing a diagnostic test. 

HISTORY

HIV belongs to the Retroviridae family, Lentivirinae subfamily. Retroviruses are enveloped 
viruses that store their genetic material in the form of ribonucleic acid (RNA)20,21 (Figure 1). They 
often induce cytopathic effects in infected cells and share a distinct biological feature: an early 
stage of primary infection, followed by a relatively asymptomatic period which can last from 
months to years, followed by a stage of overt disease.22 Like all viruses, HIV can only replicate 
within cells, where it controls the machinery for its replication.23 Infection begins with recognition 
of viral proteins by receptors on the surface of target cells.19 Once in the infected cell, the virus 
must convert its RNA into deoxyribonucleic acid (DNA) through the process of reverse transcription, 
catalyzed by retroviral reverse transcriptase enzyme.24 This enzyme transcribes a single-stranded 
viral RNA molecule into complementary viral DNA (cDNA), which can then be inserted into the host 
genome during the integration process. This depends on the retroviral integrase enzyme as well as 
host cellular cofactors. After successful addition of viral cDNA to the host genome (provirus), viral 
replication can be initiated.21,23,25
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Until 1986, it was believed that the human immunodeficiency virus type 1 (HIV-1) was the only 
agent causing AIDS, when a second type, HIV-2, was isolated.26 Due to its wide genetic variability, 
HIV has been classified into these two main types, as well as into several subtypes, circulating 
recombinant forms (CRF – circulating recombinant forms) and unique recombinant forms (URF – 
unique recombinant forms). This viral diversity has an impact on diagnosis, monitoring, therapy and 
vaccine development.27

Once HIV infection has occurred, markers in the individual’s bloodstream are detected in 
chronological order: RNA, p24 antigen and antibodies. In this context, tests for their detection are 
performed together to produce highly accurate and reliable results, divided into two categories: 
screening tests (high degree of sensitivity), designed to detect all infected individuals and confirmatory 
tests (high specificity) used to differentiate falsely reactive samples in screening from those that are 
actually from infected individuals.28

False-negative results in HIV antibody screening assays can also occur and be attributed to the 
window period, that is, the period before HIV-specific antibodies are developed. In addition, other 
causes of failure may occur, such as limitations of the assay itself (sensitivity and specificity); factors 
related to equipment/inputs (inadequate storage of reagents and lack of calibration or maintenance 
of equipment) and use of suboptimal algorithms for diagnosis. These failures are also likely to occur 
in patients who have started early antiretroviral therapy (ART), which can lead to the development of 
an incomplete antibody response due to virological suppression and subsequent lack of antigen.28-31

Figure 1. Basic structure of HIV.

Legend: gp: glycoprotein; p: protein; RNA: ribonucleic acid.

Source: adapted from https://bvsms.saude.gov.br/bvs/publicacoes/diagnostico_hiv_2014.pdf

https://bvsms.saude.gov.br/bvs/publicacoes/diagnostico_hiv_2014.pdf
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TREATMENT

HIV infection has been considered chronic and potentially controllable since the emergence of 
antiretroviral therapy and the availability of biological markers to monitor its progression.32

Universal and free access to ART, which began in Brazil in 1996, had a notable impact on AIDS 
morbidity and mortality.33

Currently, the recommendation is to start therapy as soon as possible after diagnosis of infection. 
This approach minimizes the risk of transmission, preserves the immune system, stops the spread of 
latent HIV reservoirs and slows the progression of the disease.34-37

DIAGNOSIS OF THE HIV INFECTION

Depending on the test objective, different algorithms are used. For blood, tissue and organ 
donor screening and epidemiological studies for example, a highly sensitive algorithm for detecting 
anti-HIV antibodies is recommended. When it comes to a clinical diagnosis, a positive result from the 
highly sensitive screening test must be followed by a confirmation test.

In 1989, the US Centers for Disease Control and Prevention (CDC) published guidelines for 
the serodiagnosis of HIV-1 infections. Serum samples that were repeatedly reactive in the enzyme 
immunoassay for anti-HIV antibodies were then subjected to a more specific supplementary test, the 
WB for HIV-1. In 1992, with the recommendation of screening tests for the simultaneous detection 
of anti-HIV-1 and anti-HIV-2 antibodies, the WB for HIV-2 was introduced as a confirmatory assay. In 
November 2002, the rapid HIV-1 test was approved to aid in the diagnosis of infection at the point 
of care. Faced with reactive results, it was necessary to detail protocols for the confirmation of rapid 
tests.34,38-40

In this context, the testing algorithm aimed to improve diagnostic accuracy. The continuous 
improvement of diagnostic tests has been a consequence of great advances in knowledge of the 
immunological and pathogenic mechanisms of infection and of the virus/host interaction obtained in 
research on HIV/AIDS. The discoveries of the mechanisms of virus replication, as well as the immune 
response of the infected individual throughout the course of the disease, have been fundamental 
in developing tests capable of detecting specific antibodies and HIV antigen as well as nucleic acid.9 
Thus, technological evolution provided greater sensitivity and specificity to the tests.

About three to four years after the first descriptions of AIDS (1981), its causative agent was 
cultivated, which led to the development and production of tests that could help health professionals 
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identify people living with the virus.41 As a result, four generations of immunoassays followed, defined 
according to the evolution of the methodologies employed since the first commercially available 
assay in 1985.28,42

First-generation anti-HIV antibody assays were based on purified “whole virus” (viral lysate) 
antigens obtained from cell cultures. Detection of antibodies (Immunoglobulin G – IgG class only) 
bound to HIV antigens used an “indirect” approach.11,42 While highly sensitive and useful for protecting 
the blood supply, these methods can lead to false-positive results, particularly when tested in low-
risk individuals.43 Thus, the need for additional tests to confirm HIV infection was soon observed,12 
such as WB and indirect immunofluorescence assay (IFA).43

Developed in the late 1980s, second-generation tests also detect IgG in an indirect format, 
but use recombinant antigens or synthetic peptides derived from HIV structural proteins to improve 
specificity.42,43 With the discovery of viral type 2, simultaneous detection assays for anti-HIV-1 and 
anti-HIV-2 antibodies were developed.44 Thus, the confirmatory assay for HIV-2 was added to the 
testing algorithm.43

The third-generation immunoassay that became available for the market has a “sandwich” (or 
immunometric) format and detects immunoglobulins of the IgG and IgM classes. It uses synthetic 
peptides and recombinant proteins as antigens both in a solid phase and in a conjugate form.

Used in several countries since the 1990s, fourth-generation immunoassays, also in a “sandwich” 
format, allow the combined detection of antigen (p24) and antibodies (IgG and IgM). They also include 
several assays that discriminate p24 antigen and antibody reactivity.42,45

At the turn of the third millennium, the world witnessed a revolution in the diagnosis of HIV 
infection with rapid tests (RT).12 These tests are simple immunoassays (immunochromatographic), 
with results in up to 30 minutes, performed primarily in person in a non-laboratory environment 
(point-of-care). There are several rapid test formats, the most frequently used are lateral flow 
immunochromatography devices (or strips), dual-path immunochromatography (DPP) and those 
using immunoconcentration.11,42 Most detect HIV-1 and HIV-2. Fourth-generation RT can differentiate 
between antigen and antibody reactivity.

Complementary (confirmatory) assays, performed only on samples reactive in screening tests, 
use different formats and principles (WB, immunoblot (IB), including rapid immunoblot (IBR) and IFA) 
and are less sensitive than third and fourth generation immunoassays. In cases of positivity in fourth-
generation assays due to detection of p24 antigen in the absence of circulating antibodies in the 
blood (“serological window”), viremia may be detectable by the presence of RNA or p24 antigen.11 
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Therefore, molecular tests were also included in the algorithms as complementary, as they help to 
clarify the results of acute HIV infection.40

HIV DIAGNOSIS IN BRAZIL

The expansion of the AIDS epidemic led to the need for serological tests to diagnose HIV infection 
in an increasing number of people. In Brazil, the ELISA enzyme immunoassay was marketed shortly 
after being announced in the United States and Europe. This test was immediately used by several 
public and private laboratories in the investigation of suspected cases of HIV infection, as well as to 
determine the prevalence of the virus in different population groups.12,46

In 1987, the testing of anti-HIV antibodies in blood banks for the screening of donors 
became nationally mandatory, in order to avoid transmission of the virus to recipients of blood 
transfusions.12,46,47 However, confirmatory tests for diagnostic purposes were not mandatory for 
patients with positive serology at screening.12,47 Between 1987 and 1989, the creation of the Center 
for Serological Orientation and Support (COAS), later called the Center for Testing and Counseling 
(CTA), was established to offer individuals the possibility of knowing their HIV serological status based 
on free, confidential and anonymous tests.46,48

Until 1998, national health authorities had not standardized the way in which, in terms of 
algorithms or test flowcharts, the diagnosis of HIV infection in the country would be carried out.12 
Thus, guidelines from North America (also endorsed by the World Health Organization – WHO), were 
followed by most, if not all, Brazilian laboratories.12 In this model, ELISA was the choice for initial 
screening, but following an important dichotomy regarding the use of confirmatory tests. In the 
public network, the Ministry of Health started to produce, through the Laboratory of Bio-Manguinhos 
Reagents of the Osvaldo Cruz Foundation (Fiocruz), the IFA for HIV-1 which had a low cost when 
compared to the WB.12

There were several cases of false-positive results in the screening for the detection of anti-
HIV antibodies which were not subsequently submitted to confirmatory tests. Consequently, in June 
1998 the Ministry of Health issued Ordinance SVS/MS No. 488/1998, standardizing the procedures 
for the laboratory diagnosis of HIV infection in individuals over 2 years of age, through a flowchart of 
sequential tests. The aim was to maximize the degree of reliability of the results of these tests using 
serum or plasma samples.12,49 Regarding children under 2 years of age, serology cannot be used to 
establish a diagnosis due to the passive transfer of antibodies from seropositive mothers, which can 
be detected in the child’s blood for up to two years after birth. In 2000, the National STD and AIDS/MS 
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Coordination published a flowchart regulating the use of viral load (VL) for HIV (quantitative method) 
in the diagnosis of infection in children in this age group.50

For the detection of anti-HIV antibodies, sequenced procedures in hemotherapy centers and 
in clinical laboratories, both public and private, became obligatory.49 Two separate screening tests 
were used in the first stage (Stage I) of sequential tests. In Stage II, the IFA was used in samples with 
reactive or discordant results in tests performed concomitantly in Stage I. Finally, in a third stage 
(Step III), the WB assay was used in a sample with non-reactive or indeterminate results in the IFA or 
when Step II could not be performed.

After five years, with the improvement of screening tests, Ordinance GM/MS No. 488/1998 
was replaced by Ordinance GM/MS No. 59, of January 28, 2003,51 came into force, which modified 
the previously proposed flowchart. Initial testing (Step I) stopped performing two parallel screening 
tests, resulting in a significant reduction in the total cost of diagnosis.12 In addition to the IFA, Stage II 
allowed the use of a type IB assay. This revision did not change the flow of Step III, except for the WB 
assay interpretation criteria, which needed to follow the diagnostic kit manufacturer’s instructions.

In the mid-2000s, the emergence of rapid tests caused great progress in the diagnosis of HIV 
infection.47 In Brazil, the use of RT began with the screening of pregnant women who had not been 
previously tested for the virus, conforming to the recommendations for prophylaxis of mother-to-child 
transmission. However, the results obtained in these tests were considered, requiring the referral of 
a blood sample to the laboratory to clarify the diagnosis.47

In the search for alternatives that would expand access to knowledge of the HIV infection status 
of infected individuals, especially in places in the country without a laboratory network, specific 
measures were adopted. The goals were to interrupt the transmission chain and provide adequate 
care. The use of rapid tests (RT) was regulated by Ordinance SVS/MS No. 34, of July 28, 2005.52 Two 
different rapid tests (RT1 and RT2) started to be performed sequentially and, in blood samples with 
reactive or discordant results, a third, the RT3 was used to confirm the diagnosis.

In order to consolidate the algorithms for use in the laboratory and for rapid testing within 
a single document, Ordinance SVS/MS No.151 of October 14, 2009 was published,53 authorizing 
the minimum flowchart for the laboratory diagnosis of HIV in individuals aged over 18 months. The 
diagnosis started to be performed using a flowchart divided into two stages: Stage I (screening) and 
Stage II (complementary). The rapid tests enabled confirmation of a negative result with only RT1, 
while the positive in RT1 also passed through RT2. In cases of discordant results between these two 
tests, it was necessary to collect a new sample by venipuncture and to have it follow the laboratory 
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flowchart process.12 It is worth mentioning that within the regulation is the requirement for blood 
samples to be collected on filter paper using the diagnostic kits that were developed for this purpose.

On December 17, 2013, Ordinance SVS/MS No. 29 was published,28 which regulated the 
diagnosis of HIV infection in Brazil and approved the use of the “Manual técnico para diagnóstico 
da infecção pelo HIV em adultos e crianças” (Technical manual for the diagnosis of HIV infection 
in adults and children, in Portuguese).” This document described the six flowcharts, the first 
two (Flowchart 1 and Flowchart 2) for RT diagnosis, while the others (Flowchart 3, Flowchart 4, 
Flowchart 5, and Flowchart 6) dealt with laboratory diagnosis. The latest edition of the manual, 
which has gone through four revisions, was published in 2018. Flowchart 1 employs two rapid 
tests (RT1 and RT2), which contain different antigens, used sequentially in blood samples, and 
these can be obtained by the puncture of the digital pulp or by venipuncture (whole blood, serum 
or plasma). Flowchart 2 uses two rapid tests (RT1-OF and RT2) of different antigens, also used 
sequentially. RT1- OF is performed with a sample of oral fluid (OF), while RT2 uses a blood sample, 
which can be obtained by puncture of the digital pulp or by venipuncture. The diagnosis of HIV 
infection in a laboratory environment is performed by means of initial and complementary tests 
in serum or plasma samples. This method can also be used for diagnostic confirmation of samples 
that present discordant results in the RT of flowcharts 1 and 2. Flowcharts 3 and 6 use a fourth-
generation immunoassay as an initial test (T1), differing in the complementary step for a sample 
with a reactive result. The complementary test (T2) in flowchart 3 a molecular assay for viral load 
quantification (VL), while the one in flowchart 6 is for the detection of antibodies (WB or IB). In 
case of discordant results between T1 and T2, the sample is submitted to another complementary 
test (T3). In flowchart 3, is the WB, IB or IBR is used as complementary test and in flowchart 4, 
the molecular test is used sequentially after a reactive initial test. Flowcharts 4 and 5 use the 
third-generation immunoassay as an initial test and also have a complementary step. Flowchart 4 
is similar to flowchart 3 (the molecular test) as is flowchart 6 to flowchart 5 (antibody detection 
test).28 It is worth mentioning that IFA was widely used as a complementary test during the first 
decade of the HIV epidemic, but it was replaced by WB and IB.28 The summary of the flowcharts 
used in the country since 1998 is described in the Table 1.
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Table 1. Flowcharts recommended by the Ministry of Health for the diagnosis of HIV infection in Brazil.

Ordinance Publication Stage I Stage II Stage III

SVS/MS n° 488 1998 Two sequential tests (immunoassay) IFA WB

GM/MS n° 59 2003 Immunoassay IFA or IB WB

SVS/MS n° 34 2005 RT1 + RT2 simultaneous tests RT3 ________

SVS/MS n° 151 2009
Immunoassay IFA, IB or WB ________

 RT1 RT2 ________

SVS/MS n° 29 2013

RT1 (Flowchart 1) RT2 ________

RT1 (OF) (Flowchart 2) RT2 ________

Fourth-generation immunoassay (Flowchart 3) MT IB or WB

Third-generation immunoassay (Flowchart 4) MT IB or WB

Third-generation immunoassay (Flowchart 5) IB or WB MT

Fourth-generation immunoassay (Flowchart 6) IB or WB MT
IFA:indirect immunofluorescence assay; WB: Western blot; IB: immunoblot; RT: rapid test; OF: oral fluid; MT: molecular test; SVS: Health Surveillance 
Secretariat; GM: Cabinet of the Minister; MS: Brazilian Ministry of Health

In this context, the testing algorithm for the serological diagnosis of HIV infection has been 
used for more than 20 years in Brazil. Given the large number of technological advances in the tests, 
the Ministry of Health has been working to develop new potential algorithms, both in laboratories 
and in places that enable delivery of a result during a patient’s visit.

In the current era of immediate ART and pre-exposure (PrEP) or post-exposure (PEP) prophylaxis, 
confidently diagnosing HIV becomes increasingly complex. When used optimally, antiretroviral 
therapy can effectively control the replication of the virus, prevent the development of AIDS, prolong 
the life of its carriers, significantly reduce the risk of transmission and have an impact on incidence of 
the virus at a population level.54-56

Studies have shown that continuous treatment with antiretroviral therapy can modify the 
typical evolution of the HIV-specific antibody response, as well as alter the expected kinetics of the 
response in individuals who discontinue therapy.37 The reduction or elimination of viral expansion 
by the use of ART in acute infection, below the threshold necessary for the evolution of an anti-HIV 
immune response, can result in a delay or a block in the formation of specific antibodies against the 
virus.These antibodies are the basis for the serological detection of HIV. It is critical that the results of 
tests based on the detection of specific antibodies or virological markers are analyzed in conjunction 
with the patient’s clinical conditions and epidemiological data, considering that the quality of the 
results can be influenced.36,57-60
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Scientific research and epidemiological surveillance are needed to determine the most 
appropriate assays for accurate and affordable testing algorithms.54 Some biological parameters, 
however, lead to inconsistent or conflicting test results and should be investigated.35 Even with 
limitations, tests for diagnosis of infection continue to play an important role in HIV prevention.42

FINAL CONSIDERATIONS

With the evolution of generations of serological tests, it has been possible to diagnose HIV 
infection at an increasingly early stage, reducing the immunological window while improving the 
positive predictive value and thus enabling the availability of various new options for the market. 
It is important to always keep in mind that the immune response, including the serological one, is 
very dynamic and, if a person does not meet the defined criteria for seropositivity, it is essential 
to undergo a serological follow-up after 15 to 30 days. This measure makes it possible to observe 
whether a more complete “serological conversion” would have occurred, allowing a more conclusive 
definition of a person´s serological status.

This narrative review shows the different scenarios in which HIV diagnosis has been performed 
and reinforces the need for frequent evaluations the laboratory assays. This is because the quality of 
results can be influenced by different biological factors of the host and agent, such as use of ART and 
viral diversity.
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