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EDITORIAL

How can we detect HIV during the acute or primary stage of infection?
Martin Hoenigla,b,c and Susan J. Littlea
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Medical University of Graz, Graz, Austria
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1. Expert view

Primary HIV infection describes the first three to four months
following HIV transmission, and incudes the earliest stage –
acute HIV infection (AHI) – which is characterized by a negative
or indeterminate HIV antibody (Ab) test in the presence of detect-
able HIV-1 RNA. The acute phase of HIV infection is associatedwith
high titer plasma viremia, dissemination of virus to anatomic
reservoirs such as the brain, and establishment of a long-lived
HIV reservoir inmemory CD4 T cells [1]. Transient high titer viremia
during AHI is also associated with an increased risk of HIV trans-
mission, with estimates suggesting that approximately half of all
HIV transmissions occur from persons with acute HIV infection [2].
The appearance of HIV Ab marks the transition to early phase HIV
infection and a more stable level of plasma viremia (i.e. ‘setpoint’
viremia) that serves as a prognosticator of subsequent disease
progression in the absence of antiretroviral treatment (ART). In
persons who are HIV Ab-positive, HIV infection can be readily
identified by a variety of point-of-care (POC) assays, though differ-
entiation of early (i.e., recent; generally less than 6 months) and
established (i.e. nonrecent) HIV infection is more challenging,
relying on a variety of noncommercial assays, none of which is
currently recommended for clinical use [3].

Current HIV treatment guidelines recommend immediate ART
in all HIV-infected persons, including those with AHI [4].
Individuals receiving early ART demonstrate more rapid and
robust immunologic recovery, lower inflammation, and reduced
viral reservoir size compared to persons starting ART later [5]. In
addition to these individual benefits, ART initiated during acute
and very early HIV infection rapidly decreases viral load and
infectivity [6], thus reducing HIV transmission. Immediate ART
provided to persons with AHI may, however, alter evolution of
HIV biomarkers over time, resulting in nonreactivity of antibody
responses (rates depend on sensitivity of immunoassay used) and
seroreversion (loss of reactivity to HIV Ab testing) in approxi-
mately 50%of persons initiating ART during AHI [7]. AHI diagnosis
may also reduce transmission risk in the absence of biomedical
interventions, as evidence suggests that individuals generally
reduce their risk behavior after being diagnosed with HIV [8].

While diagnosis of AHI has been shown to be cost-effective
in populations of at-risk men who have sex with men (MSM)

where the proportion of AHI diagnoses among all HIV diag-
noses is 10% or higher [9], it is not inexpensive. Routine AHI
screening requires infrastructure support for current fourth-
generation screening assays or use of more expensive quali-
tative or quantitative viral load assays. Efforts to limit AHI
screening to those at greatest risk are limited by the absence
of specific signs, symptoms, or behavioral risks associated
with AHI. The nonspecific signs and symptoms that frequently
accompany AHI include transient (most often lasting 2–4weeks)
fever, malaise, myalgias, headache, rash, etc. [10] and are absent
altogether in an estimated 10–20% of persons. In a recent study
occurrence of symptoms during the prior 14 days was reported
by 80% of individuals diagnosed with AHI, while ongoing symp-
toms at the time of presentation for HIV testing were reported
by only 50% [10]. The type and frequency of risk behaviors may
also help to prioritize AHI testing resources. Our group devel-
oped the San Diego Early Test Score (freely available at http://
sdet.ucsd.edu), which uses sexual risk variables reported by
MSM presenting for AHI testing to generate a score, shown to
be significantly associated with acute and recent HIV diagnosis
in this population [11]. In settings where risk behavior is not
evaluated, also repeated voluntary HIV testing or stimulant
substance usemay be used as a proxy of increased risk behavior
[12,13]. Evaluation of risk behaviors alone, however, may be
unreliable in settings where underlying sexual network factors
(individual, contextual, and social factors that affect exposure to
HIV) drive the HIV epidemic (e.g. having sex with one partner
from a high risk sexual network may be more risky than having
sex with multiple partners from a low risk sexual network)
[14,15]. Therefore, the reliability of risk behavior as a predictor
of HIV risk may vary between settings and populations.

The recognition that persons with AHI contribute dispropor-
tionately to population-level HIV transmission and that symp-
toms of acute retroviral syndrome and risk behaviors may be
unreliable indicators of AHI support the updated recommenda-
tions for laboratory diagnosis of HIV infection in health-care
settings, using routine fourth-generation immunoassays to
detect HIV-1/HIV-2 Ab and HIV-1 p24 Ag [16]. While neither of
the recommended HIV Ag/Ab combo differentiates HIV-1 Ag
from Ab, both assays will reliably detect persons with AHI [sensi-
tivity for seronegative and nucleic acid testing (NAT)-positive AHI
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is around 80% for both assays] [9,16]. Thus, even routine use of a
fourth-generation HIV Ag/Ab assaymay fail to detect acute HIV in
about 20% of persons with AHI.

An estimated 40% of new HIV infections in the United
States are identified in community HIV testing programs [17]
where the main barriers to AHI screening include elevated
costs, need for venipuncture, delayed turnaround time for
test results, and lack of laboratory capacity. Absence of POC
tests that reliably detect AHI may represent the greatest lim-
itation, as loss to follow-up remains a major concern in these
settings. The one commercially available POC test to detect
HIV Ag and Ab (i.e. to identify persons with AHI) is limited by
unacceptably low sensitivity for HIV Ag detection (below 50%)
and is thus not recommended for AHI screening [9,18,19].
Several POC viral load detection assays are in development
and may provide major advances to community and field-
based HIV screening programs in the future.

The need to provide immediate test results (i.e. POC) cur-
rently precludes AHI screening in most community-based HIV
screening programs. To identify the optimal testing algorithm
for each community-based setting, local HIV prevalence and
incidence data are needed, particularly in populations at
greatest risk. Routine or symptom-based quantitative viral
load testing, for example, may only be cost-effective for diag-
nosing HIV in very high risk groups, and likely misses the cost-
effectiveness threshold when performed for all annual HIV
tests in MSM [19]. In contrast, a recently published compre-
hensive cost analysis showed that ‘cheaper’ qualitative indivi-
dual donation, NAT, may provide a cost-effective community-
based screening technology for AHI in high-risk MSM popula-
tions with HIV prevalence rates above 0.4–1% [9]. In a high-risk
population with a HIV prevalence of 2.7%, an established
community-based testing program utilizing qualitative indivi-
dual donation NAT may prevent between 5 and 45 transmis-
sions per year for excess costs of about 120,000$ per year
when compared to HIV antibody testing alone [20]. These
results indicate that community-based AHI testing among
high-risk MSM in the United States can pay for itself over the
long run. P24 Ag-based tests may be cost-effective in other at-
risk populations with HIV prevalence rates above 0.1–0.3% but
below 0.4–1.0%. Only in populations with very low HIV pre-
valence rates (below 0.1–0.3%) POC Ab testing alone may still
be the method of choice [9]. While it is important to mention
that cost items for that analysis (e.g. costs for testing assays,
personnel, data notification systems) were derived from a
setting in the United States and may therefore not reflect
actual costs at other locations, results clearly point out the
importance of knowing the underlying HIV prevalence when
deciding which testing algorithm to use.

2. Five-year view

Development of POC HIV viral load assays has the potential to
provide rapid, inexpensive, sensitive, and mobile strategies to
routinely detect AHI and seroprevalent HIV in both community
and health-care settings. POC AHI screening algorithms may be
further optimized to reliably differentiate early HIV infection from
nonrecent infection. Currently at least 10 diagnostic companies
are in the process of developing POC HIV NAT test systems, some

of which may broadly detect various HIV-1 subtypes. The imme-
diacy of AHI and HIV Ab test results are expected to support
more rapid initiation of ART, ideally within the first few days of
HIV diagnostic testing. Improved AHI diagnostic testing methods
and ART uptake are also expected to reduce HIV transmission
rates, with the ultimate goal of improving the HIV treatment
continuum and reducing HIV population incidence.

Key issues

● Detection of seronegative acute HIV infection (AHI) is criti-
cal for preventing HIV transmission.

● Very early ART initiated during AHI may profoundly alter
evolution of HIV biomarkers over time, causing delayed
antibody seroconversion and seroreversion due to viral
suppression in up to 50% of individuals.

● Updated guidelines for laboratory diagnosis of HIV infection
in healthcare-settings recommend universal fourth genera-
tion immunoassays to detect HIV antibody and p24 antigen
(Ag) as the first test in the HIV screening algorithm. These HIV
Ag/Ab combo tests will detect a significant proportion of AHI.

● Most community-based settings today still rely on rapid HIV
antibody testing only (i.e. less expensive, POC results), with
targeted testing for AHI in those with indicators.

● Indicators of AHI that may be used for targeted testing,
such as signs and symptoms or reported risk behaviors
are not very reliable.

● Knowledge of regional HIV prevalence and incidence is
necessary to determine which testing algorithm (HIV NAT
or p24 Ag versus HIV Ab only) should be chosen.

● POC tests that reliably detect AHI are expected to revolu-
tionize HIV testing in community and field based settings in
the near future.

Funding

Authors of this work were supported by funds from the National Institutes
of Health: AI036214, MH081482, DA026306, AI106039, AI043638,
AI074621, AI108351, and MH100974. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of
the manuscript.

Declaration of interest

M Hoenigl has served in the past on the speakers’ bureau of Merck. SJ Little
reported grant funding from Gilead Sciences, Inc. The authors have no other
relevant affiliations or financial involvement with any organization or entity
with a financial interest in or financial conflict with the subject matter or
materials discussed in the manuscript apart from those disclosed.

References

Papers of special note have been highlighted as either of interest (•) or of
considerable interest (••) to readers

1. Eriksson S, Graf EH, Dahl V, et al. Comparative analysis of measures
of viral reservoirs in HIV-1 eradication studies. PLoS Pathog. 2013;9:
e1003174.

2. Suthar AB, Granich RM, Kato M, et al. Programmatic implications of
acute and early HIV infection. J Infect Dis. 2015;212(9):1951–1360.

3. Kassanjee R, Pilcher CD, Keating SM, et al. Independent assessment
of candidate HIV incidence assays on specimens in the CEPHIA
repository. AIDS. 2014;28:2439–2449.

2 M. HOENIGL AND S. J. LITTLE



4. (DHHS) DoHaHS. Guidelines for the use of antiretroviral agents in
HIV-1-infected adults and adolescents. Office of AIDS Research
Advisory Council, 2016 cited 2016 Jul 7. Available from: http://
aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf

•• Guideline supporting very early initiation of ART for the pre-
vention of HIV transmission.

5. Le T, Wright EJ, Smith DM, et al. Enhanced CD4+ T-cell recovery
with earlier HIV-1 antiretroviral therapy. N Engl J Med. 2013;368
(3):218–230.

6. Hoenigl M, Chaillon A, Little SJ. CD4/CD8 cell ratio in acute HIV
infection and the impact of early antiretroviral therapy. Clin Infect
Dis. 2016;63:425–426.

7. de Souza MS, Pinyakorn S, Akapirat S, et al. Initiation of antiretro-
viral therapy during acute HIV-1 infection leads to a high rate of
nonreactive HIV serology. Clin Infect Dis. 2016;63:555–561.

•• The study shows that about half (46%) of patients treated
early in infection may fail to seroconvert (or only transiently
convert, and then revert to negative) on standard-sensitivity
immunoglobulin G (IgG) antibody tests for HIV.

8. Khanna AS, Goodreau SM, Gorbach PM, et al. Modeling the impact
of post-diagnosis behavior change on HIV prevalence in Southern
California men who have sex with men (MSM). AIDS Behav. 2014;18
(8):1523–1531.

• Study showing that individuals may generally reduce their risk
behavior after being diagnosed with HIV.

9. Hoenigl M, Graff-Zivin J, Little SJ. Costs per diagnosis of acute HIV
infection in community-based screening strategies: a comparative ana-
lysis of four screening algorithms. Clin Infect Dis. 2016;62(4):501–511.

•• The analysis found that testing for acute HIV infection is likely
cost effective for populations with HIV prevalence rates of
0.3% and above.

10. Hoenigl M, Green N, Camacho M, et al. Signs or symptoms of acute
HIV infection in a cohort undergoing community-based screening.
Emerg Infect Dis. 2016;22(3):532–534. doi:10.3201/eid2203.151607.

•• The study found that signs and symptoms may not be a reli-
able indicator of acute HIV infection.

11. Hoenigl M, Weibel N, Mehta SR, et al. Development and validation
of the San Diego Early Test Score to predict acute and early HIV

infection risk in men who have sex with men. Clin Infect Dis.
2015;61(3):468–475.

12. Hoenigl M, Anderson CM, Green N, et al. Repeat HIV-testing is asso-
ciated with an increase in behavioral risk among men who have sex
with men: a cohort study. BMC Med. 2015;13(1):218-015-0458-5.

13. Hoenigl M, Chaillon A, Moore DJ, et al. Clear links between starting
methamphetamine and increasing sexual risk behavior: a cohort
study among men who have sex with men. J Acquir Immune Defic
Syndr. 2016;71(5):551–557.

14. Little SJ, Kosakovsky Pond SL, Anderson CM, et al. Using HIV net-
works to inform real time prevention interventions. PLoS One.
2014;9(6):e98443.

15. Hoenigl M, Chaillon A, Kessler HH, et al. Characterization of HIV
transmission in south-east Austria. PLoS One. 2016;11(3):e0151478.

16. Centers for Disease Control and Prevention (CDC). National HIV
Testing Day and new testing recommendations. MMWR Morb
Mortal Wkly Rep. 2014;63(25):537.

•• Recommendations for laboratory diagnosis of HIV infection in
healthcare-settings, that utilize universal fourth generation
p24 antigen based immunoassays as a first step test.

17. Seth P, Wang G, Collins NT, et al. Identifying new positives
and linkage to HIV medical care - 23 testing site types, United
States, 2013. MMWR Morb Mortal Wkly Rep. 2015;64(24):663–667.

• The analysis shows that about 40% of new HIV infections in
the United States are diagnosed in community and field based
settings (i.e. outside of healthcare settings).

18. Duong YT, Mavengere Y, Patel H, et al. Poor performance of the
determine HIV-1/2 Ag/Ab combo fourth-generation rapid test for
detection of acute infections in a National Household Survey in
Swaziland. J Clin Microbiol. 2014;52(10):3743–3748.

19. Juusola JL, Brandeau ML, Long EF, et al. The cost-effectiveness of
symptom-based testing and routine screening for acute HIV infec-
tion in men who have sex with men in the USA. AIDS. 2011;25
(14):1779–1787.

20. Hoenigl M, Chaillon A, Mehta SR, et al. Screening for acute HIV
infection in community-based settings: cost effectiveness and
impact on transmissions. J Infect. 2016. doi:10.1016/j.
jinf.2016.07.019. [Epub ahead of print].

EXPERT REVIEW OF MOLECULAR DIAGNOSTICS 3

http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf
http://aidsinfo.nih.gov/contentfiles/lvguidelines/adult_oi.pdf
http://dx.doi.org/10.3201/eid2203.151607
http://dx.doi.org/10.1016/j.jinf.2016.07.019
http://dx.doi.org/10.1016/j.jinf.2016.07.019

	1.  Expert view
	2.  Five-year view
	Key issues
	Funding
	Declaration of interest
	References



