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Abstract

An estimated 1.2 million persons in the USA are infected with HIV, of whom approximately 20% 

are unaware they are infected. HIV testing and knowledge of HIV serostatus have important 

individual and public health benefits, including reduction of morbidity, mortality and HIV 

transmission. Although testing is the necessary first step to prevention, more than half of the 

US adult population has never been tested for HIV. However, this proportion is increasing due to 

revised national recommendations to make HIV testing a routine part of healthcare, expansion of 

testing efforts at local, state and national levels, and progress in the development and adoption 

of new testing technologies. In this article, we describe the essential role of HIV testing as a 

public health prevention strategy, examine recent advances in HIV testing technologies and testing 

implementation, and identify future directions for HIV testing in the USA.
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Approximately 1.2 million persons are living with HIV infection in the USA [1] and it is 

estimated that there are approximately 50,000 new HIV infections nationwide each year [2]. 

Although HIV incidence has been stable since the late 1990s, the prevalence of HIV in the 

USA is increasing, in large part due to reduced mortality from combination antiretroviral 

therapy (ART) [3–6], and HIV prevalence in the USA is estimated to increase by up to 38% 

in the next 10 years [7]. An estimated 20% of HIV-infected persons are unaware they are 

infected [1], and this group contributes disproportionately to HIV incidence [8]. HIV testing 

is a key factor in HIV prevention. Individuals must be diagnosed to have the opportunity to 

access care, treatment and prevention services. Although testing is the necessary first step to 

prevention, more than half of the US adult population has never been tested for HIV. Only 

45% of persons aged 18–64 years who responded to the 2009 US National Health Interview 

Survey reported ever having been tested for HIV [9,10]. Recommendations to make HIV 

testing a routine part of healthcare are expected to increase this proportion [11]. Substantial 

progress has also been made in recent years in the development and adoption of new testing 

technologies that allow same-day delivery of results and diagnoses earlier in the course of 

infection.
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In addition to improvements in testing technologies that make earlier HIV diagnosis 

possible, the advent and widespread use of potent combination ART has dramatically 

reduced HIV-related morbidity and mortality and HIV transmission [12,13]. However, of 

US adults diagnosed with HIV in 2007, approximately 30% were diagnosed late during the 

course of infection (i.e., received an AIDS diagnosis within 12 months of their initial HIV 

diagnosis) [10]. To benefit fully from ART, people must be diagnosed and linked to care in 

a timely manner, receive regular HIV medical care, and be prescribed and adhere to ART 

[14]. To quantify the spectrum of engagement in care in the USA, Gardner and coworkers 

assessed the proportion of persons linked to and retained in care among those diagnosed 

with HIV and the proportion receiving and adhering to ART; they estimated that only 19% 

of HIV-infected individuals in the USA have undetectable viral loads [14].

In an effort to advance HIV prevention in the USA, President Obama released the National 

HIV/AIDS Strategy in 2010. Recent advances in testing and treatment should support 

efforts to achieve two important outcomes for HIV-infected persons outlined in the National 

Strategy: increase the proportion of HIV-infected persons aware of their diagnosis from 80 

to 90% and the proportion of newly diagnosed patients linked to care within 3 months of 

HIV diagnosis from 65 to 85% by 2015 [201]. Policies and interventions must be developed 

and implemented to optimize and ensure testing early in the course of infection and linkage 

to and retention in care to reduce the incidence and, ultimately, the prevalence of HIV 

infection. In this article, we describe the essential role of HIV testing as a public health 

prevention strategy. Furthermore, we examine recent advances in HIV testing technologies 

and HIV testing implementation, and identify future directions for HIV testing in the USA.

HIV testing as public health prevention

HIV testing and knowledge of HIV serostatus have individual and public health benefits. 

Individual benefits arise primarily from the opportunity to access care and treatment that can 

reduce HIV-related morbidity and mortality. HIV medical care, which includes primary 

medical care, prevention and treatment of opportunistic infections, and treatment with 

antiretroviral medications, has led to substantial reductions in adverse health outcomes, 

including reduction in the incidence of opportunistic illnesses, and increased life expectancy 

[4,15–21]. The primary public health benefit of testing is reduced onward transmission of 

HIV, resulting from decreased risk behaviors in those aware of their infection, exposure 

to prevention interventions and reduction of viral concentrations in plasma and genital 

secretions by the use of and adherence to ART.

Approximately 80% of HIV-infected persons in the USA are infected through sexual 

exposure [202], and persons aware they are infected modify their transmission risk. In a 

meta-analysis, Marks and coworkers found that high-risk sexual behavior is substantially 

reduced in HIV-infected persons who are aware of their infection as compared with their 

counterparts who are unaware of their infection [22]. In a separate analysis building on 

findings from their meta-analysis, Marks and coworkers estimated that HIV-infected persons 

who are unaware of their serostatus account for up to 70% of sexually transmitted HIV 

infections and have a transmission rate more than three times that of HIV-positive persons 

who are aware of their infection [8].
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Early diagnosis of HIV is critical because it allows earlier access to care, which can 

reduce immunologic compromise and reduce the time individuals are able to transmit HIV. 

Diagnosis during acute HIV infection (AHI) is particularly important because of the high 

risk of transmission during this stage [23,24]. AHI is the stage during the first 10–12 weeks 

following HIV infection when levels of infectious virus in plasma and genital secretions are 

very high [25–28], and persons with AHI often engage in sexual intercourse more frequently 

than those with later stages of infection [29]. Persons with AHI may be up to ten times 

as likely to transmit HIV per sex act [30] and more than 25 times as likely to transmit 

HIV as those with established infection [25,31]. A study by Brenner and coworkers found 

that persons with recent infections (i.e., those infected <6 months following seroconversion) 

accounted for almost half of onward HIV transmission [32].

Current recommendations call for annual testing of sexually active men who have sex with 

men (MSM), injection drug users and other persons at risk for HIV infection [11]. However 

the optimal frequency of testing for particular groups still needs to be determined. For 

instance, among MSM who participated in the 2008 National HIV Behavioral Surveillance 

System (NHBS) cycle in 2008, 45% of those who were found to be HIV infected and 

unaware of their infection had been tested within the previous year, indicating that they had 

acquired HIV recently [33] and that more frequent testing of MSM may be warranted [34].

Plasma HIV RNA concentrations are directly correlated with HIV transmission [35,36]; 

higher genital HIV RNA concentrations appear to be associated with increased transmission 

as well [37]. ART is associated with a substantial reduction in HIV RNA and has been 

shown to be associated with decreased transmission [12,13]. There has been increasing 

interest in using ART as an HIV prevention intervention for its public health benefits. In 

2006, Montaner and coworkers proposed using ART to prevent HIV transmission [38]. 

Starting ART at an earlier stage of infection may increase the impact of expanded therapy 

in reducing transmission [39–41]. In 2009, the Panel on Antiretroviral Guidelines for 

Adults and Adolescents recommended initiating ART for patients with CD4 count ≤500 

cells/μl, and 50% favored starting ART at higher CD4 cell counts [203]; although the panel 

considered the effect of ART for its benefits to individuals in terms of HIV-related morbidity 

and mortality, these treatment recommendations will also impact HIV transmission in the 

USA. In May 2011, the HIV Prevention Trials Network (HPTN) Study 052, which evaluated 

the effect of immediate versus delayed initiation of ART on heterosexual transmission from 

HIV-infected persons to their HIV-uninfected partners, was halted because it found that 

immediate initiation of ART resulted in a 96% reduction in sexual transmission of HIV as 

well a 41% reduction in the number of HIV-related clinical events [42].

In 2009, Granich and coworkers proposed using a ‘test and treat’ model in South Africa 

to reduce HIV transmission and incidence [43]. Using mathematical models, they estimated 

that a strategy of universal annual voluntary testing and immediate ART treatment could 

reduce HIV incidence to less than one case per 1000 people within 10 years, and reduce 

HIV prevalence to less than 1% in 50 years [43]. Walensky and coworkers found that, 

compared with current practice, testing and treating with optimized ART could lead to a 

27% reduction in time spent with transmissible infection within 5 years [44]. In 2010, the 

NIH and partners initiated HPTN Study 065 (also referred to as the Expanded Test, Link to 
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Care, Plus Treat Approach for HIV Prevention in the USA, or TLC-Plus), a 3-year study, to 

assess the feasibility of enhanced testing and linkage to care plus treatment in Bronx (NY, 

USA) and Washington, DC (USA) [204].

Testing methodologies & diagnostic applications

The current algorithm for diagnosing HIV infection in the USA, in use for more than 20 

years, consists of confirming a repeatedly reactive HIV immunoassay with a western blot 

test or immunofluorescence assay [45]. However, over the past two decades, there have 

been major improvements in HIV diagnostics technology. Identifying the approximately 

240,000 HIV-infected US adults and adolescents who are unaware of their serostatus will 

require faster, cheaper HIV tests that detect HIV infection earlier during infection [25]. 

The first HIV immunoassay was approved by the US FDA in 1985. First-generation 

immunoassays detect IgG antibodies to HIV using whole viral lysate as the antigen in a 

standard indirect immunoassay format. These assays detect HIV infection in the same time 

frame as the Western blot, approximately 45–60 days following infection [46,47]. Second-

generation assays also detect IgG in an indirect format, but were designed to increase 

specificity by incorporating recombinant proteins or peptides as the antigens for detection. 

Second-generation immunoassays detect IgG to HIV approximately 5–7 days sooner than 

first-generation assays [47]. Third-generation immunoassays detect IgG to HIV, but also 

detect IgM to HIV by using peptides and recombinant proteins in an antigen sandwich 

format and improve detection of recent HIV infection by about 7–10 days as compared 

with second-generation assays [47,48]. Third-generation assays are often positive before any 

bands appear on western blot assays [25,47,48]. Most third-generation assays detect HIV-2 

in addition to HIV-1. Fourth-generation assays, which detect p24 antigen in addition to 

detecting IgM and IgG to HIV, can detect HIV infection approximately 15 days following 

infection [48]. Although fourth-generation (or combination antigen/antibody) assays have 

been approved and used in other countries and have continued to be improved since their 

introduction in the late 1990s [49–52], only two such assays have been approved for use 

in the USA [53,205,206]. Figure 1 shows laboratory markers of HIV infection and times 

from infection to detection of HIV infection for first-, second-, third- and fourth-generation 

immunoassays as well as for the HIV-1 western blot.

Seven rapid HIV tests have been approved by the FDA for use in the USA. These tests 

are relatively inexpensive and have sensitivities and specificities comparable to first- and 

second-generation immunoassays [25,54]. Several rapid HIV tests detect both HIV-1 and 

HIV-2, and one can differentiate HIV-1 from HIV-2 infection [55]. Since rapid test results 

are available in minutes and require less technical skill to perform, rapid HIV testing can 

increase the reach of testing, allowing point-of-contact testing in a variety of settings, 

including those without on-site laboratories [56]. Like laboratory-based tests, negative rapid 

test results are considered to be definitive for absence of HIV antibody. However, these 

tests do not rule out the possibility of AHI. Reactive rapid test results are considered to be 

preliminary positive and require supplemental laboratory testing for a definitive diagnosis 

[57]. Rapid testing may be more acceptable to clients because of the advantage of receiving 

results on the same day as testing and collection of specimens by finger stick or oral mucosa 

swab rather than blood draw [58]. Rapid tests have been integrated into many clinical 
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settings, and they have been widely adopted as the standard method of HIV testing in many 

developing countries [56]. However, the window period for rapid tests can be substantially 

longer than immunoassays used by many reference laboratories. Currently, the confirmation 

of reactive rapid tests can take up to a week or longer [25].

Quantitative nucleic acid amplification tests (NAAT) detect HIV RNA within approximately 

10–12 days of infection [46,59,60] and have typically been used to determine viral burden 

and monitor response to therapy, but are not approved by the FDA for diagnosis of HIV 

infection. In 2006, a qualitative NAAT was approved by the FDA as a supplemental 

assay for HIV infection [207]. This assay allows the detection of HIV infection prior to 

the appearance of HIV-specific antibody [47,61]. NAAT has several limitations, however, 

including the need to draw blood, its cost and its processing time, which can delay delivery 

of results by several days to over a week. Furthermore, it has been demonstrated that there is 

a risk of false-negative NAAT results in individuals with established HIV infection, and this 

can be up to 3.7% [47,59,61].

The US CDC and the Association of Public Health Laboratories issued preliminary 

algorithms for HIV diagnosis in 2009 and recommend that individuals with clinical 

manifestations suggesting acute retroviral infection (e.g., combination of some or all of 

the following: unexplained fever, sore throat, lymphadenopathy and rash) or reporting recent 

high-risk exposure undergo supplementary testing using an assay capable of detecting either 

HIV RNA or HIV p24 antigen to rule out AHI [62,208]. NAAT and fourth-generation 

HIV tests can efficiently detect AHI. To identify AHI, NAAT is conducted on single or 

pooled specimens collected from persons who have negative HIV antibody screening tests. 

The addition of NAAT to an HIV testing algorithm increases case detection, although the 

magnitude of increase depends on the type of initial screening test that is used and the HIV 

incidence in the population being tested. Pilcher and coworkers found that pooled NAAT 

increased HIV case detection by 3.9% over standard antibody testing using a first-generation 

assay [63], Truong and coworkers found that it increased detection of HIV by 8.1% 

over standard antibody testing using a first-generation immunoassay [64], and Patel and 

coworkers found that it increased HIV case detection over standard antibody testing overall 

by 2.2% (24.1% increase over second-generation assays and 1.5% over third-generation 

assays) [61]. Studies demonstrate that NAAT detects HIV RNA in 0.02–0.4% of persons 

who have negative HIV antibody results on HIV screening [23,61,64–66]. Fourth-generation 

testing was shown in one study to increase HIV case detection by 5.3% over testing using 

a third-generation immunoassay [67]. Several studies have shown that combination antigen/

antibody assays can identify 80% or more of HIV infections that would only be detectable 

otherwise by NAAT [25,53,68].

Although HIV-2 infection is uncommon in the USA, it should be considered in persons 

of West African origin and those who have sex or drug-using partners of West African 

origin [69,70]. It is clinically important to identify HIV-2 infections because diagnosis, 

treatment, and monitoring of response to treatment differ from HIV-1 infection. Compared 

with HIV-1 infection, infection with HIV-2 typically results in a longer asymptomatic stage, 

lower plasma viral load and reduced mortality [71,72,203], and assays that measure HIV-1 

RNA do not detect HIV-2. In addition, some antiretroviral medications that are effective 
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against HIV-1, in particular non-nucleoside reverse transcriptase inhibitors, are not active 

against HIV-2 [73,203]. Most HIV tests on the market detect, but do not differentiate 

between, HIV-1 and HIV-2. Differentiating HIV-1 from HIV-2 is a challenge because of 

cross-reactivity between HIV-1 and HIV-2 antigens, and the fact that HIV-1 western blots 

from specimens from persons with HIV-2 infection may be interpreted as being positive for 

HIV-1 [25,74,75].

The tremendous progress that has been made in the field of HIV diagnostics in the past 

20 years provides opportunities to develop new strategies for diagnosing HIV infection 

more quickly and with greater accuracy. Two-test algorithms are used in the USA and 

elsewhere to diagnose HIV infection. Optimally, tests with high sensitivity should be used 

to screen for HIV, whereas tests with high specificity should be used to diagnose infection 

when screening tests are positive [47]. The two-test algorithm used in the USA to diagnose 

HIV since 1989 is complex, expensive, and may take up to a week or longer to return 

results. Rapid HIV tests and random access assays (assays run on automated platforms for a 

variety of tests, including HIV, and which can be run on individual and batched specimens 

[25]) can provide test results in less than 1 h, and newer generations of immunoassays 

and several rapid tests can detect HIV earlier in the course of infection than the western 

blot assay, the current gold standard for confirming HIV infection in the USA. A new 

algorithm for diagnosing HIV was proposed at the 2010 HIV Diagnostics Conference [76] 

to take advantage of progress in diagnostic technology, address challenges posed by AHI 

and HIV-2, and mitigate the shortcomings of the HIV-1 western blot [25]. The proposed 

algorithm calls for using the most sensitive serologic HIV test possible (preferably a 

combination antigen/antibody assay) to screen for HIV followed, if repeatedly reactive, by 

an HIV-1/HIV-2 antibody differentiation test; specimens with positive results on the antigen/

antibody assay but negative results on the antibody assay are tested for HIV-1 RNA to 

detect AHI [76,77]. Existing data suggest that false-positive results will not be significantly 

higher with the proposed algorithm since the specificity of the new combination antigen/

antibody assays is not significantly different from the specificity of the third-generation 

assays [53,78].

In the USA, HIV diagnostic testing devices are regulated by the FDA. Historically, HIV 

diagnostic tests have been categorized as Class III devices, which are devices the FDA 

considers to be of highest risk. This classification results in a submission process that 

requires a premarket approval. The premarket approval process is the most stringent and 

costly mechanism for submitting products to the FDA and the initial application alone can 

cost as much as US$235,000 [209]. In addition to the filing fee, there are substantial costs 

associated with conducting clinical trials to fulfill the regulatory requirements. The class 

III classification for HIV diagnostics is substantially different from classification of most 

other diagnostic devices, which are typically categorized as class II devices. Class II devices 

are not required to undergo large clinical trials and are submitted under a much less costly 

review process (the standard filing fee for this application ranges from $2000 to $4,200) 

[209]. The regulatory requirements and increased cost for approval of HIV diagnostic 

tests may be factors in preventing or delaying some companies from introducing new 

technologies, such as combination antigen/antibody assays, to the US market. Discussions 

about downgrading the classification of HIV test devices to Class II were held between 
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the CDC, the Association of Public Health Laboratories, and the FDA at the 2010 HIV 

Diagnostics Conference. Balancing the advantages (better technology reaching the market 

sooner) with the disadvantages (reduced pre-and post-approval quality oversight of devices 

by the FDA) will inform the decision about whether to designate HIV test devices as Class 

II.

Testing & HIV surveillance

HIV surveillance activities in the USA have been designed to monitor trends in HIV 

prevalence and incidence, patterns of HIV drug resistance, behaviors associated with 

acquisition and transmission of HIV, and HIV-related morbidity and mortality. Estimation of 

HIV prevalence and incidence require obtaining accurate information on the circumstances 

of HIV testing, including the type of HIV test used, confirmation of preliminary positive test 

results, and reporting of confirmed diagnoses to public health officials. The approval of new 

testing technologies and the formulation of new testing algorithms have a substantial impact 

on HIV surveillance. Currently, HIV cases are reported based on various criteria, including 

HIV laboratory diagnostic test results such as an HIV-1 western blot, immunofluorescence 

assay, or qualitative NAAT [79]. Therefore, changes in diagnostic testing technologies (e.g., 

development and implementation of new two-test algorithms) will require a revision of 

the HIV case surveillance definition. These types of changes also have implications for 

surveillance practices and completeness of case reporting. A considerable proportion of new 

case reports are generated based on electronic laboratory reporting. Algorithms that can 

be performed solely with point-of-contact tests will require that case reports be initiated 

by programs doing point-of-contact testing, rather than relying on electronic reporting by 

laboratories. These changes in reporting practices will be important not only for monitoring 

the epidemic, they will also have implications at the state and local levels as federal funds 

for prevention and care services in the USA are allocated based on HIV surveillance 

data. The CDC funding for HIV testing programs stipulates that positive test results must 

be reported to the appropriate local or state surveillance programs, in accordance with 

applicable laws and regulations. Therefore, effective and efficient methods for reporting 

test results will need to be developed in advance of widespread implementation of point-of-

contact testing using new algorithms.

Currently, the HIV case definition used in the USA does include criteria that allow 

HIV-1 infection to be differentiated from HIV-2. infection. However, because the clinical 

implications of HIV-1 differ from those of HIV-2, and since the introduction of a new 

laboratory testing algorithm will allow more accurate diagnosis of HIV-2, efforts are 

underway to develop an HIV-2 case definition [70].

In addition to its importance for HIV case surveillance, HIV testing is an integral component 

of the CDC’s HIV behavioral surveillance. NHBS, which monitors HIV prevalence, 

behaviors and exposure to HIV prevention interventions among groups at risk for HIV 

infection (MSM, injection drug users and heterosexuals at high risk for HIV infection), 

conducts HIV testing and surveys among more than 10,000 persons annually. These data 

have been instrumental in providing HIV prevalence estimates among populations at highest 
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risk for HIV infection (e.g., 19% among MSM [33], 9% among injection drug users [80] and 

2% among heterosexuals at risk for HIV infection [81]).

Distinguishing recent from established HIV infection is important for monitoring behaviors 

that lead to HIV acquisition and identifying partners who have potentially been exposed. 

The Serologic Testing Algorithm for Recent HIV Seroconversion, also referred to as the 

Recent Infection Testing Algorithm, has been used to identify recent HIV infection [82–86]. 

Two Serologic Testing Algorithm for Recent HIV Seroconversion assays, the BED capture 

enzyme immunoassay (an assay that detects levels of anti-HIV IgG to immunodominant 

sequences from HIV-1 subtypes B, E and D relative to total IgG) [87] and the avidity 

index assay (which measures tightness of binding of anti-HIV antibodies to antigen) [82,88], 

have been used to determine HIV incidence at the population level (e.g., for monitoring 

trends), but have inadequate specificity due to misclassification of persons with longstanding 

infection as having acquired HIV recently [82,87,89,90]. The development of new assays 

and combinations of existing assays promises to improve detection of recent infection and 

enhance efforts to monitor patterns of HIV acquisition and transmission at local, state, and 

national levels.

Expanding HIV testing in the USA

HIV testing has been promoted as a key public health approach for preventing HIV in the 

USA for the past decade. In 2001, the CDC published the Serostatus Approach to Fighting 

the HIV Epidemic (SAFE), which outlined steps for diagnosing HIV infection in all HIV-

infected people and linking them to care [91], and published revised guidelines for HIV 

counseling, testing and referral, which provided guidance on HIV testing to all providers and 

highlighted the need for early knowledge of HIV status and making testing more accessible 

and available [92]. In 2003, the CDC announced the Advancing HIV Prevention (AHP) 

initiative, which aimed to make HIV testing a routine part of medical care and to implement 

new models for diagnosing HIV infections outside medical settings, building on advances 

in rapid HIV tests [93]. SAFE, the 2001 revised testing guidelines, and the AHP initiative 

laid the groundwork for a series of demonstration projects conducted during 2003–2007 

to assess the feasibility and acceptability of using a variety of approaches to perform HIV 

testing in clinical and nonclinical settings. Over 100,000 rapid HIV tests were performed 

in six demonstration projects and more than 1,100 people (1% of those tested) were newly 

diagnosed with HIV [94]. The demonstration projects also collected data on barriers to and 

facilitators of providing HIV testing.

Findings from the AHP demonstration projects informed the CDC’s 2006 revised 

recommendations for testing in healthcare settings, which called for voluntary, opt-out HIV 

testing (e.g., letting patients know that HIV testing will be conducted unless they specifically 

decline to be tested) of all persons 18–64 years of age in all healthcare settings in which 

the prevalence of undiagnosed HIV infection is at least 0.1% [11]. The CDC has worked 

to increase uptake of the recommendations to make HIV testing a routine part of medical 

care, without regard to risk or clinical manifestations of HIV infection, and has also sought 

to expand HIV testing and linkage to care in nonclinical settings, particularly in those most 

likely to reach individuals with undiagnosed infections. The CDC is currently revising the 
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guidelines for HIV counseling, testing and referral in nonclinical settings in collaboration 

with other US federal agencies and nongovernmental partners. The goal of the revised 

guidelines is to increase HIV testing in nonclinical settings and to increase the number of 

HIV-infected people who are both aware of their infection and linked to care. The revised 

guidelines are expected to be available in 2012.

In 2007, the CDC launched the Expanded Testing Initiative (ETI) to increase the availability 

and accessibility of HIV testing, promote the adoption of the revised recommendations 

for testing in healthcare settings (including using an opt-out approach to screening), and 

increase identification of unrecognized HIV infection among persons disproportionately 

affected by HIV [210]. During the ETI’s first 3 years, the CDC provided $102 million 

to 25 public health jurisdictions (cities, counties and states) and 2.8 million HIV tests 

were performed, 18,432 (0.7%) new HIV diagnoses were made, and, of persons with new 

diagnoses for whom follow-up data were available, 75% were successfully linked to HIV 

medical care [95].

The Ryan White Comprehensive AIDS Resources Emergency (CARE) Act was enacted in 

1990 to improve the quality and availability of care for medically underserved individuals 

and families affected by HIV [211] and it has been reauthorized periodically between 

1996 and 2009. When it was reauthorized in 2009, it established a national goal of 

conducting 5,000,000 HIV tests annually through federally supported HIV/AIDS prevention, 

treatment, and care programs, including programs administered by the CDC and other 

federal agencies such as the Veterans Health Administration (which is responsible for 

providing medical care to US veterans), the Indian Health Service, and the Substance 

Abuse and Mental Health Services Administration [212]. The CDC continues to support 

HIV testing in clinical and nonclinical settings through the ETI and, in 2011, it announced 

a 5-year ‘high-impact’ HIV prevention funding opportunity for health departments in 

states, territories, and select cities focusing on prevention strategies with the highest impact 

[213]. First-year awards will total $360 million, of which at least 75% will support health 

departments’ core prevention programs, including: HIV testing (routine opt-out testing in 

clinical settings; targeted testing in nonclinical settings; routine, early HIV screening for 

all pregnant women; and screening for sexually transmitted diseases, viral hepatitis and 

tuberculosis in conjunction with HIV testing); approximately $55 million will support 

expanded HIV testing among disproportionately affected populations; and $20 million will 

support demonstration projects, including ones that focus on HIV testing approaches that 

increase the identification of undiagnosed infections and enhanced linkage and retention in 

medical care for HIV-infected individuals [213].

In 2010, the Veterans Health Administration announced a campaign to increase HIV testing 

in Veterans Affairs facilities. The Veterans Health Administration is the largest single 

provider of HIV care in the USA, and its Public Health Strategic Healthcare Group requires 

all providers in the system to offer routine HIV testing to all patients in order to diagnose 

HIV infection at the earliest possible stage [214]. In December 2010, the Veterans Health 

Administration’s Office of Clinical Public Health awarded eight grants to fund projects 

to increase testing in the Veterans Affairs health system [215]. The Substance Abuse and 

Mental Health Services Administration implemented a Rapid HIV Testing Initiative in 2005 
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to facilitate early diagnosis of HIV among at-risk minority populations involved in substance 

abuse or living with mental health disorders [216] and continues to support this effort 

through supplemental grants to provide rapid HIV testing, counseling, and referral to care. 

The Indian Health Service has developed recommendations for HIV testing that support the 

CDC revised recommendations for HIV testing in healthcare facilities, has begun to provide 

support for expanded HIV testing at Indian Health Service facilities in some locations, is 

assisting healthcare facilities raise awareness of this health maintenance testing [217] and 

is providing media materials to a nationwide community campaign to promote routine HIV 

testing for American Indians and Alaska natives [218].

During the past 5 years, several jurisdictions have scaled up their HIV testing activities, 

and multiple jurisdictions, facilities and groups have worked to make HIV testing a routine 

part of healthcare. Between 2005 and 2008, the number of tests funded by the New York 

City Health and Hospital Corporation increased by 76%, from 62,000 to 107,000 [96]. In 

April 2008, the New York City Department of Health and Mental Hygiene implemented 

a 3-year campaign to test all adults living in Bronx. To date, the Bronx-wide testing 

initiative has conducted more than 607,000 tests and identified over 4,800 confirmed 

HIV-positive individuals [219]. In June 2006, the Washington, DC, Department of Health 

(DC DOH) launched a city-wide program to increase the availability of routine screening, 

raise awareness of HIV, reduce stigma associated with testing, assist persons with new 

diagnoses receive care and reduce transmission [97]. To implement the recommendations for 

HIV testing in healthcare settings, DC DOH worked with providers to perform rapid HIV 

screening, initiated a social marketing campaign to educate the public and providers, and 

trained providers to link people to care immediately after receipt of a preliminary positive 

test result [98]. In 2006, Howard University Hospital initiated routine HIV testing as part of 

DC DOH’s program and, in the first year, more than 7,500 patients were tested and 2.3% 

had preliminary positive test results [99]. An analysis of surveillance data from Washington, 

DC, indicates that during 2004–2008, there was a 335% increase in the number of publicly 

funded HIV tests conducted by community providers (from 16,748 tests in 2004 to 72,864 in 

2008) and a 353% increase in the number of persons testing positive (from 246 in 2004 to 

1115 in 2008) [98].

HIV testing campaigns in Bronx and Washington, DC, preceded the TLC-Plus study and 

were part of the basis for choosing these cities to be the intervention cities in the study. The 

TLC-Plus study, which began data collection in February 2011, will evaluate the feasibility 

of an enhanced community-level HIV testing, linkage to care and treatment adherence 

intervention in the two cities and use surveillance data from these communities to monitor 

and improve these outcomes [204]. The expanded HIV testing component of the study 

involves social mobilization and universal offer of HIV testing in emergency departments 

and to persons admitted to hospitals; the linkage-to-care and viral suppression components 

involve site randomization to test the effectiveness of using financial incentives as compared 

with standard practices for linking persons with positive test results to care and achieving 

and maintaining viral suppression [204].

Emergency departments have been on the leading edge of expanded HIV testing in health-

care settings. Studies and testing programs in a number of emergency departments have 
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found a prevalence of undiagnosed HIV infection of 0.6–6.4% [56,100–103]. Emergency 

departments have used a variety of models to provide HIV testing to populations they 

serve, such as offering diagnostic testing (testing patients based on clinical manifestations 

suggesting HIV infection), targeted testing (testing patients selected on the basis of 

perceived or actual risk of HIV infection), and nontargeted screening (testing patients 

without regard to clinical manifestations or risk); most testing in US emergency departments 

has been conducted by existing emergency department staff or by supplemental staff hired 

specifically to perform testing [104]. In November 2007, the inaugural conference of the 

National Emergency Department HIV Testing Consortium was held in Baltimore (MD, 

USA) with the goal of developing consensus definitions and reporting guidelines for 

HIV screening in emergency departments [105]. Since that meeting, the Consortium has 

worked to develop policies and practices for HIV screening in emergency departments and 

encourage providers in emergency departments to perform HIV screening [106]. During 

2007–2010, studies were initiated to evaluate opt-out testing in two large urban emergency 

departments. A study conducted by Haukoos and coworkers compared non-targeted opt-

out screening with physician-directed targeted and diagnostic testing in an emergency 

department in Denver (CO, USA); they found that opt-out screening was associated with 

a modest increase in new HIV diagnoses [107]. White and coworkers found that rates of 

HIV testing in an emergency department in Oakland (CA, USA) were nearly identical 

using opt-out screening compared with opt-in screening (e.g., letting patients know that 

HIV screening is available and asking if they would like to participate); they found that 

while a significantly higher proportion of patients were offered screening using the opt-out 

approach, this was counterbalanced by lower acceptance and completion of testing in this 

group [108].

Linkage to & retention in care

The benefits of HIV testing can be realized only if those who test positive are linked to 

and retained in HIV care. In a meta-analysis, Marks and coworkers found that, averaged 

over time, 69% of persons diagnosed with HIV in the USA entered medical care and 72% 

of these entered care within 4 months of diagnosis [109]. Using routine surveillance data 

collected in New York City and defining time to initiation of care as the interval between 

first positive western blot test result and first reported viral load and/or CD4 cell count, 

Torian and coworkers found that 64% of persons diagnosed with HIV in 2003 initiated care 

within 3 months of diagnosis, 19% initiated care more than 3 months after diagnosis and 

17% never initiated care [110]. Strategies that have been proposed to increase linkage to care 

include immediately referring persons with preliminary positive rapid test results to care and 

using a rapid HIV testing algorithm and immediately referring those with repeatedly reactive 

rapid test results to care. Delaney and coworkers evaluated the use of a rapid HIV testing 

algorithm, in which persons with two or more reactive sequential rapid test results were 

immediately referred to care, as compared with standard rapid testing, in which persons 

with preliminary positive rapid test results had confirmatory testing and were asked to return 

for their results before referral to care [111]. They found that using the algorithm plus 

immediate referral to care resulted in 67% being linked to care within 90 days; however, 

almost half (49%) of persons who had preliminary positive rapid test results on standard 
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rapid testing and who did not return for their confirmatory test results and referrals were 

linked to care within 90 days.

Challenges in linking persons diagnosed with HIV infection to care begin with impediments 

to delivering HIV test results. Using conventional testing, approximately two-thirds of HIV-

infected persons return to receive their test results, although this varies by the setting in 

which testing is conducted [102,103,112–114]. When rapid testing is conducted, most HIV-

infected persons receive preliminary positive test results, however some refuse confirmatory 

testing. Data from six rapid testing studies showed that an average of 75% (range: 0–100%) 

of HIV-infected participants received their confirmatory test results [102,103,112–116].

In their meta-analysis evaluating entry and retention in care, Marks and coworkers found 

that the percentage of persons diagnosed with HIV who entered care varied by site of 

testing: 76% of those testing positive in emergency departments and urgent care clinics 

entered care compared with 67% of those testing positive in community settings [109]. 

Torian and coworkers found that predictors of delayed care included diagnosis at a 

community testing site, in a correctional system, or at a sexually transmitted disease or 

tuberculosis clinic compared with diagnosis at a testing site co-located with a primary 

medical care clinic; they concluded that because most diagnoses occur in clinical settings, 

improving linkage to care in these settings would have the greatest impact on timely 

initiation of care [110].

Use of linkage case management has been shown to increase linkage to care following 

diagnosis. In the Antiretroviral Treatment Access Study (ARTAS), persons who received 

case management for linkage to care were 36% more likely to be successfully linked to 

HIV medical care within 6 months of diagnosis than persons who received passive referrals 

to care following diagnosis [117]. In a follow-up project, ARTAS-II, Craw and coworkers 

found that testing sites with co-located HIV clinics were more successful than those without 

such clinics at linking patients to HIV medical care within 6 months of diagnosis (87% 

vs 73%) [118]. Use of financial incentives may increase linkage to care; the TLC-Plus 

study will randomly assign participating test sites to use a financial incentive intervention or 

standard of care to test this concept [201].

Retention in care after linkage is essential. Patients on ART who see providers regularly 

are more likely to have suppressed viral loads [119]. The HIV Medical Association’s 

primary care guidelines include recommendations to emphasize the importance of adherence 

to care rather than just focusing on adherence to medications [120,121]. Adherence to 

medications and medical care are necessary for long-term survival [122], and regular 

monitoring provides opportunities to optimize viral suppression and immune function 

[16,123], maximize survival [119,124] and reduce transmission [13,35,124]. Marks and 

coworkers found that 59% of HIV-infected persons had multiple HIV medical care visits 

averaged across time intervals of 6 months to 5 years [109]. Torian and coworkers, defining 

regular care as at least one visit every 6 months, found that among New York City residents 

diagnosed with HIV in 2005 who initiated care within 3 months of diagnosis, 94% made 

at least one subsequent visit and 45% were in regular care [124]. Testing programs should 

foster ties between public health agencies and providers, as this would likely increase 
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linkage and encourage retention in care. These studies illustrate how laboratory data that 

is reported to HIV surveillance programs can be used to monitor linkage and retention in 

care. Ensuring complete case reporting from new testing initiatives is also critical to better 

evaluate the impact of such programs on trends in HIV infections.

Cost–effectiveness of testing & linkage to care

Several studies demonstrate that HIV screening is cost effective, except when HIV 

prevalence is very low [125], and that the cost–effectiveness of screening programs varies 

with type and frequency of testing. Although the cost–effectiveness of HIV screening 

in clinical settings is greatest when conducted in populations in which the undiagnosed 

HIV seroprevalence is ≥0.1% [126,127], testing in nonclinical settings is often also cost 

effective and is particularly important for reaching populations with limited access to and 

use of healthcare services. Published reports reveal that the cost per new HIV diagnosis 

for screening in a variety of clinical settings using various approaches has ranged from 

approximately $2,000 to $12,000 [128–132], whereas the cost per new HIV diagnosis 

for screening in nonclinical settings using a variety of approaches has ranged from 

approximately $3,000 to $30,000 [132–135]. Costs also vary widely by the clinical setting 

in which testing is performed, although this is due in part to differences in the underlying 

prevalence in populations served and the testing strategies used (e.g., routine screening 

versus using a targeted or diagnostic approach to testing). A study assessing the cost–

effectiveness of HIV testing in three clinical settings found that HIV screening in sexually 

transmitted disease clinics and in emergency departments was cost effective when compared 

with testing persons admitted to the hospital with clinical manifestations suggesting HIV 

[125].

Cost–effectiveness ratios for HIV testing cluster around $33,000 per quality-adjusted life 

year (QALY) gained when the prevalence of undiagnosed HIV infection is at 1% [136]. 

Paltiel and coworkers determined that in populations with an HIV prevalence of 1%, 

screening once, every 5 years, and every 3 years were associated with incremental cost–

effectiveness ratios of $38,000, $71,000 and $85,000 per QALY gained, respectively [126]. 

Although testing is cost effective when considering individual benefits to those tested (e.g., 

reduced morbidity and mortality arising from diagnosis and access to treatment earlier in the 

course of infection), it is frequently cost-saving when the reduced transmission associated 

with awareness of serostatus and with low or undetectable viral load following initiation of 

ART are taken into account [125].

Proposed costs of intensifying prevention efforts to reduce transmission further in the USA 

are high, but potential cost savings are greater. Schackman and coworkers estimate that 

each new HIV infection averted saves approximately $367,000 in lifetime medical costs 

[10,137], and Walensky and coworkers found that targeting HIV screening resources to 

ensure that individuals who test positive receive their results and are linked to care is more 

cost–effective than offering testing to additional people [136]. Long and coworkers estimate 

that one-time screening of low-risk persons (i.e., persons other than MSM or injection drug 

users) coupled with annual screening of high-risk persons (MSM and injection drug users) 

would prevent almost 7% of projected new infections and cost $22,000 per QALY gained; 
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expanding ART utilization to 75% of those eligible would prevent 10% of infections and 

cost $20,000 per QALY gained; and combining the two approaches would prevent 17% of 

infections and cost $22,000 per QALY gained [138].

Policy issues related to HIV testing

Policies guiding program implementation and cost reimbursement can restrict the potential 

reach of HIV testing programs in both clinical and nonclinical settings. Such policies 

include those related to obtaining consent for testing, providing pre- and post-test counseling 

and third-party reimbursement for HIV testing that is performed for reasons other than 

clinical manifestations of HIV infection [139]. When the CDC recommended providing 

voluntary, opt-out HIV testing to all persons aged 13–64 years in all healthcare settings, 

it was anticipated that requirements for specific consent for HIV testing and pre-test 

counseling would prove to be barriers to increasing HIV testing in clinical settings, so the 

recommendations stated that:

• Specific consent for HIV testing should not be required because general consent 

for medical care should cover consent for HIV testing;

• Prevention counseling should not be required for HIV diagnostic testing or as 

part of HIV screening programs in healthcare settings, although oral or written 

information explaining HIV infection and the meaning of positive and negative 

test results should be provided [11].

Laws regarding HIV testing are under the jurisdiction of states, and at the time the revised 

recommendations were published, many states had laws that prevented their implementation 

[140]. In 2006, 21 states had laws and regulations compatible with the consent and 

counseling parts of the revised recommendations [140]. Between 2006 and 2011, 23 states 

and Washington, DC, changed their statutes and/or administrative codes so they would be 

more compatible with the CDC’s testing recommendations; as of January 2011, the HIV 

testing laws and administrative codes of 90% of US jurisdictions were compatible with the 

CDC’s revised recommendations for HIV testing in healthcare settings [140,220].

Removal of the requirement for written informed consent may promote routine screening. 

After adjusting for individual (demographic, socioeconomic and HIV risk characteristics) 

and state (AIDS prevalence and amount of federal funds received for HIV prevention 

activities) factors, persons residing in states with statutes requiring informed consent were 

less likely to report a recent HIV test [141]. Increases have been observed in the number 

of rapid tests performed and new case detection at a large emergency department [56,142] 

and in the number of HIV tests performed statewide [143] following simplification of 

consent requirements at a San Francisco hospital and in New York, respectively. Halpern 

and coworkers argue for uniform standards for nonconsented testing [144], but Neff and 

Goldschmidt believe that lack of national conformity will persist, because states write their 

own laws [145]. The National HIV/AIDS Clinician’s Consultation Center of the University 

of California at San Francisco has developed the ‘Compendium of State HIV/AIDS Testing 

Laws’, which describes state HIV testing laws and policies and was designed to help 

providers understand HIV testing laws and to implement sound HIV testing [220].
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The Veterans Health Administration has been leading the effort to simplify testing 

procedures at federally funded healthcare facilities. To help promote early diagnosis of 

HIV and simplify the process, the Veterans Health Administration revised its policies on 

HIV testing and informed consent. Written informed consent has not been required for 

HIV testing at Veterans Affairs facilities since August 2009. Instead, veterans are able to 

provide verbal consent for voluntary HIV testing. Also, lengthy pre- and post-test counseling 

are no longer required; rather, providers must give patients written materials about HIV 

and HIV testing. Another important change is that HIV testing is no longer limited to 

only those veterans who report risk behaviors. In line with current federal public health 

recommendations, voluntary HIV testing is now recommended as a part of routine medical 

care for all veterans. These policy changes have a common goal: to diagnose infection as 

soon as possible so that veterans can receive state-of-the-art care and remain healthy [214].

Inadequate reimbursement for testing has been cited as a barrier to implementing the CDC’s 

revised recommendations outside of public healthcare settings [146–148]. California enacted 

legislation requiring health plans to cover the cost of HIV testing in 2008 – including 

screening and diagnostic testing [146] – and other states may follow California’s lead in 

coming years.

Conclusion

During the past decade, dramatic progress in HIV diagnostic technologies, extensive 

experience conducting testing in clinical and nonclinical settings, improvements in care 

and treatment for HIV-infected persons and efforts to couple HIV testing with early ART 

have led to improved conditions for scaling up HIV testing in the USA and reducing HIV 

transmission. Scaling up HIV testing is a key objective of the 2009 reauthorization of the 

Ryan White CARE Act, and the CDC’s high-impact prevention funding opportunity, the 

Veterans Health Administration’s HIV testing campaign, the Indian Health Service’s and 

the Substance Abuse and Mental Health Services Administration’s HIV testing activities 

support this objective. The supply and distribution of available antiretroviral medications, 

and the infrastructure to support these, will be important issues to consider as HIV testing 

programs are scaled up. Likewise, expanding HIV testing brings into question issues related 

to sustainability and equitable access for chronic treatment [39,149]. The HPTN 052 Study 

showed that early HIV treatment results in substantial reduction in HIV transmission and 

clinical events [42]. Although earlier treatment has individual and public health benefits, 

expanded testing coupled with earlier initiation of ART will result in an increase in the 

number of people recognized who need ART and will likely lengthen the waiting lists for 

financial assistance to obtain ART that currently exist in the USA. The implications that 

delays in receipt of ART might have on HIV testing and care-seeking behaviors at the 

individual level are unknown, but inability to access ART may reduce a person’s motivation 

to seek testing and care [120]. The 2010 Affordable Care Act, which was developed 

to enhance health security and the quality of healthcare in the USA by implementing 

comprehensive health insurance reforms [221], may obviate some barriers to scaling up HIV 

testing as HIV testing becomes an accepted and integral component of routine healthcare, 

and it may facilitate earlier initiation of ART by facilitating access to healthcare and 

antiretroviral medications. Efforts to expand HIV testing and early treatment will be critical 
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for achieving the goals of the US National HIV/AIDS Strategy to reduce HIV incidence, 

improve access to care and health outcomes among persons with HIV infection, and reduce 

disparities in HIV infection.

Future perspective

Identifying effective, efficient & sustainable models for HIV testing & linkage to care

Key objectives of HIV testing programs include increasing the number of people who know 

their HIV serostatus and diagnosing HIV infection early. To achieve these objectives, it 

is imperative to determine and implement optimal models for HIV testing in clinical and 

nonclinical settings [150]. There have been substantial efforts to increase HIV testing in 

clinical settings since the revised recommendations for HIV testing in healthcare settings 

were published in 2006, but substantial barriers remain. Current testing programs will help 

inform feasible, acceptable, and sustainable strategies that can be used to expand HIV 

testing in healthcare settings and promote the expectation that HIV testing is a routine part 

of healthcare. Efforts to increase HIV testing will not meet essential objectives, however, 

unless they are coupled with efforts to ensure that everyone who is diagnosed with HIV is 

linked to and retained in HIV medical care. Efforts to increase linkage to and retention in 

care following diagnosis may be more cost effective than efforts to increase HIV testing 

[136], and more resources will undoubtedly need to be allocated for increasing linkage and 

retention in coming years, whether in the form of financial incentives, increased linkage case 

management or a combination of the two.

Expanding HIV testing in nonclinical settings is critical for persons who have limited 

access to or use of healthcare services. Current testing programs that are being conducted 

in nonclinical settings will be important for identifying effective, efficient and sustainable 

models for reaching hard-to-reach populations and groups at high risk for HIV infection 

who should be tested frequently. Determining and making the best use of current diagnostic 

technologies and those on the horizon and ensuring that persons identified with positive HIV 

test results are immediately linked to care will be crucial. Use of email, text messaging and 

online resources may facilitate ongoing contact with persons who test positive and ensure 

that they are successfully linked to and engaged in HIV medical care.

New technologies: assays, algorithms & biomarkers for incidence

New technologies are in development that will continue to change the field of HIV 

diagnostics inside and outside the USA. While the availability and use of combination 

antigen/antibody assays in the USA has lagged behind the rest of the world, such tests are 

now available. In 2010, the FDA approved a fourth-generation assay [205] and in 2011, 

it approved a second fourth-generation assay for use in the USA [206]. Additionally, two 

diagnostics companies are preparing to introduce other combination antigen/antibody assays 

to the US market, including another laboratory-based assay [151] and a point-of-contact 

assay [222].

In addition to the introduction of combination antigen/antibody assays to the US market, 

there is considerable work being done to generate rapid nucleic acid assays that would 

Heffelfinger et al. Page 16

Future Virol. Author manuscript; available in PMC 2023 November 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



allow easier detection of AHI. Many of these technologies rely on isothermal amplification 

techniques and include loop-mediated isothermal amplification [152], helicase-dependent 

amplification [153], and a simplified amplification-based assay that incorporates a visual 

dip-stick detection device [154]. There is also considerable work being done to decrease 

the assay time for real-time PCR assays and package them so they can be used in point-

of-contact settings [155–157]. All of these rapid tests have high reported sensitivities and 

specificities, provide potentially cost effective alternatives to tests currently in use, and 

would be useful as supplemental tests for AHI in point-of-contact and other settings where 

rapid and definitive diagnosis is crucial. However, until large-scale clinical trials and the 

FDA review of these types of assays are completed, it will be difficult to ascertain their true 

value in the diagnosis of HIV infection.

Besides advances in technology, there are ongoing, concerted efforts to develop new 

algorithms to diagnose HIV infection in the USA. An algorithm that consists of a sensitive 

third- or fourth-generation screening assay followed by an assay that can differentiate HIV-1 

from HIV-2 was proposed at the 2010 HIV Diagnostics Conference [76]. The CDC and the 

Association of Public Health Laboratories are currently working to update guidelines on 

HIV testing algorithms that will likely include this or similar algorithms for diagnosing HIV 

infection in the USA [76,77].

Along with advances in the area of diagnosis, there is considerable work to be done on 

identifying recent infection that can be used for incidence surveillance. This research is 

focused on new assays, many of which measure antibody avidity maturation as it has been 

demonstrated that antibodies to HIV become more avid (bind more tightly to HIV antigens) 

as the duration of infection increases [158–160]. There is also considerable attention being 

focused on combining assays in an algorithm [161] or combining multiple analytes within a 

single assay format to improve identification of recent infection [162]. There are also groups 

working to use molecular techniques such as deep sequence analysis to distinguish between 

recent and long-term infection [163]. In addition to development of assays, there is an effort 

by several organizations to collaborate to move the field of recent infection testing forward 

in a uniform manner [164]. Having a standardized approach to identifying recent infections 

will likely lead to more rapid progress in identifying HIV early in the course of infection, 

monitoring recent infections, starting treatment and care as early as possible, and assessing 

the effectiveness of preventive interventions.
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Executive summary

• HIV testing is a key factor in HIV prevention in the USA. Individuals must 

be diagnosed to have the opportunity to access care, treatment and prevention 

services.

• HIV testing and knowledge of HIV serostatus have important public health 

benefits. The primary public health benefit of testing is reduced onward 

transmission of HIV.

• The tremendous progress in the field of HIV diagnostics during the past 20 

years has led to new strategies for diagnosing HIV infection more quickly and 

with greater accuracy.

• Rapid HIV testing, the development of new assays and use of combinations 

of assays have improved detection of HIV infection but present challenges for 

HIV case surveillance.

• Expansion of HIV testing efforts in the USA have followed the CDC’s 

2006 revised recommendations for HIV testing in healthcare settings and 

subsequent implementation of HIV testing programs at the national, state, and 

local levels.

• The benefits of HIV testing can only be realized if those who test positive are 

linked to and retained in HIV care.

• Although the costs of increasing HIV testing and other prevention efforts to 

reduce transmission in the USA are high, the potential cost savings are likely 

to be greater.

• Changes in policies guiding program implementation and reimbursement 

of HIV testing promise to facilitate HIV testing in clinical and nonclinical 

settings.

• Implementation of effective, efficient and sustainable models for HIV testing 

and linkage to care and continued development of novel HIV diagnostic 

technologies are necessary to reduce HIV transmission, incidence and 

prevalence.
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Figure 1. 
Laboratory markers of HIV infection and times from infection to detection of HIV infection 

for first-, second-, third- and fourth-generation HIV immunoassays, and the HIV-1 western 

blot assay.

Ab: Antibody; Ag: Antigen; Gen: Generation; IA: Immunoassay; Ig: Immunoglobulin; WB: 

Western blot.

Adapted with permission from [26].
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