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Abstract
Introduction: Knowledge of HIV status relies on accurate HIV testing, and is the first step towards access to HIV treatment
and prevention programmes. Globally, HIV-status unawareness represents a significant challenge for achieving zero new HIV
infections and deaths. In order to enhance knowledge of HIV status, the World Health Organisation (WHO) recommends a
testing strategy that includes the use of HIV-specific antibody point-of-care tests (POCT). These POCTs do not detect acute
HIV infection, the stage of disease when viral load is highest but HIV antibodies are undetectable. Complicating things further,
in the presence of antiretroviral therapy (ART) for pre-exposure prophylaxis (PrEP) or post-exposure prophylaxis (PEP), other
currently available testing technologies, such as viral load detection for diagnosis of acute HIV infection, may yield false-nega-
tive results. In this scoping review, we evaluate the evidence and discuss alternative HIV testing algorithms that may mitigate
diagnostic dilemmas in the setting of increased utilization of ART for immediate treatment and prevention of HIV infection.
Discussion: Missed acute HIV infection prevents people living with HIV (PLHIV) from accessing early treatment, increases
likelihood of onward transmission, and allows for inappropriate initiation or continuation of PrEP, which may result in HIV drug
resistance. While immediate ART is recommended for all PLHIV, studies have shown that starting ART in the setting of acute
HIV infection may result in a delayed or complete absence of development of HIV-specific antibodies, posing a diagnostic chal-
lenge that is particularly pertinent to resource-limited, high HIV burden settings where HIV-antibody POCTs are standard of
care. Similarly, ART used as PrEP or PEP may supress HIV RNA viral load, complicating current HIV testing algorithms in
resource-wealthy settings where viral detection is included. As rollout of PrEP continues, HIV testing algorithms may need to
be modified.
Conclusions: With increasing use of PrEP and ART in acute infection we anticipate diagnostic challenges using currently avail-
able HIV testing strategies. Research and surveillance are needed to determine the most appropriate assays and optimal test-
ing algorithms that are accurate, affordable and sustainable.
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1 | INTRODUCTION

In the current era of immediate antiretroviral therapy (ART),
and pre- or post-exposure prophylaxis, confidently diagnosing
HIV is becoming increasingly complex. Cases of diagnostic
uncertainty can be confusing and distressing to both clinicians
and patients, and can lead to difficult management decisions,
particularly in regard to initiation of ART for treatment or pro-
phylaxis.
ART has dramatically improved survival for people living

with HIV (PLHIV) and globally there has been an improvement
in treatment coverage [1]. Viral suppression on ART confers

an individual health benefit [2,3], and a significant reduction in
the risk of onward transmission [4–6], with an impact on HIV
incidence at a population level [7–10]. In 2014, the Joint Uni-
ted Nations Programme on HIV and AIDS (UNAIDS) set the
90-90-90 targets, whereby 90% of people with HIV will know
their status, 90% diagnosed will be on ART and 90% on ART
will be virally supressed by 2020 [11]. By the end of 2017,
globally 75% of PLHIV knew their status, but there were still
1.8 million new HIV infections [1].
Oral ART agents tenofovir disoproxil fumarate (TDF) and

emtricitabine (FTC) as pre-exposure prophylaxis (PrEP) for
individuals at risk of HIV are highly effective at reducing HIV
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acquisition when taken correctly [12–14]. In addition, the
World Health Organisation (WHO) recommends one month of
triple ART as post-exposure prophylaxis (PEP) following HIV
exposure [15]. UNAIDS re-set targets to reduce the global
numbers of new HIV infections to less than 500,000 through
ensuring that 90% of people at risk of HIV infection have
access to comprehensive HIV prevention services by 2020,
including PEP and PrEP [16].
Access to accurate HIV testing is crucial in order to direct

PLHIV to treatment programmes and those who are HIV neg-
ative to appropriate prevention strategies. Tests to determine
HIV status include those that measure HIV-specific antibody
and those that detect viral genetic material or proteins. Rapid
HIV point-of-care tests (POCTs) are often used, particularly in
resource-limited settings, and also increasingly for self-testing
[17]. These tests, which rely on the detection of HIV-specific
antibodies, do not diagnose acute HIV infection (AHI) [18].
AHI is defined as the period prior to the development of
detectable antibodies, and can be characterized by Fiebig
staging [19–21], where in Fiebig I only HIV RNA is detectable,
and in Fiebig II p24 antigen becomes detectable, a transient
viral core protein. AHI plays a disproportionate role in HIV
transmission events, and epidemiologic, phylogenetic and
mathematical modelling studies suggest that AHI may be
responsible for between 10% and 50% of all HIV transmis-
sions [22–27], varying by risk group and stage of the epi-
demic. Ideally, individuals at high risk or presenting with
symptoms suggestive of AHI should have further diagnostic
tests in addition to HIV-antibody testing, such as nucleic acid
amplification testing (NAAT) and/or HIV p24 gag viral core
protein. However, most of these tests require venous blood
sampling, sophisticated laboratory infrastructure and advanced
personnel training, which are costly, time consuming and
unavailable in many settings.
This scoping review was originally based on an invited sym-

posium entitled “Strategies for diagnosing and managing AHI
in the context of PrEP and immediate ART” at the 22nd Inter-
national AIDS conference, July 2018. It has since been supple-
mented with evidence from clinical trials, observational
studies, systematic reviews and international best practice
guidelines, as well as updates from a similar session “HIV test-
ing and management in the era of PrEP” at IAS 2019. In this
scoping review, we aim to consider the difficulties in confirm-
ing HIV status using current testing strategies, and the
reported challenges in confirming HIV status among people
receiving PrEP or PEP, or those starting immediate ART in
AHI using currently approved test kits and testing algorithms.

2 | DISCUSSION

2.1 | HIV testing algorithms

WHO HIV testing guidelines recommend that specimens are
first tested with the most sensitive rapid antibody POCT avail-
able. If this test is non-reactive, individuals are considered
HIV negative, whereas if this test is reactive, a second distinct
assay is used [28]. The United States (US) [29], European [30]
and United Kingdom (UK) [31] guidelines all recommend an
HIV diagnostic algorithm consisting of a laboratory-based anti-
gen/antibody (Ag/Ab) combination immunoassay followed by a
confirmatory HIV-1/HIV-2 differentiation assay if positive.

These guidelines also recognize that there are certain situa-
tions when a POCT may be recommended, such as settings
where a rapid turnaround is desirable, or if venepuncture is
unavailable or refused.

2.2 | Diagnosis of AHI and immediate ART

Accurate HIV testing is necessary to allow timely identification
of AHI and facilitate immediate ART initiation. However, iden-
tifying those with AHI is challenging, particularly since symp-
toms can be non-specific or absent [32]. Symptom and sexual
behaviour risk scores have been validated in multiple settings
across sub-Saharan Africa to direct higher risk individuals to
more intensive HIV testing with HIV RNA or p24 antigen
[33–35]. Targeted rather than non-selective screening in this
way gives the potential for substantial cost saving. Data from
Lilongwe, Malawi have shown that rates of AHI were higher in
symptomatic patients presenting to sexually transmitted infec-
tion (STI) clinics (1.0% of HIV-seronegative patients) compared
to HIV testing centres (0.3%)[36]. Among these patients,
implementing a risk score-based screening criteria would have
identified 80% of patients with AHI by only screening 50% of
the presenting patient population with HIV RNA, thereby con-
serving scarce screening resources [36].
Point-of-care Ag/Ab diagnostics that meet the WHO

ASSURED (affordable, sensitive, specific, user-friendly, rapid
and robust, equipment free, delivered) criteria [37] are under
development, but not widely available. These rapid tests use a
lateral flow cassette to separately assay for both HIV antibod-
ies and p24 antigen. Field studies of the US Food and Drug
Administration (FDA)-approved rapid Alere DetermineTM HIV-
1/2 Ag/Ab Combo [38–42] have shown that antigen is rarely
detected in whole blood specimens, with poor sensitivity for
detection of AHI. The re-formulated AlereTM HIV Combo [43]
has shown much improved sensitivity for detection of p24
antigen [44–47], however, further evaluation of its use in clini-
cal practice is required. Other options include diagnostic plat-
forms for RNA testing, such as the AlereTM q HIV-1/2 Detect
[48] which has been validated for RNA detection among
infants and children, the Cepheid GeneXpert�, the technology
for which already has an existing presence in sub-Saharan
Africa where it is predominantly used for tuberculosis testing
[49], and SAMBA [50] which is a dipstick-based nucleic acid
assay for the detection of HIV in whole blood developed for
monitoring and diagnostic use in LMIC settings.
While there are clear benefits for all PLHIV to start ART

irrespective of CD4 count, there are less randomized data on
the urgency of starting ART among those with AHI. Early ART
can increase the chance of CD4 count recovery [51], and
there are also data that very early ART in AHI may limit viral
reservoir seeding and confer enhanced likelihood of post-
treatment viral control of ART [52] although this remains rare.
In the prospective RV254/Search010 study in Thailand, sam-
ples from clients with a non-reactive Ag/Ab immunoassay
were screened for AHI by pooled NAAT [53]. Of the 112 par-
ticipants with AHI (40% in Fiebig I), 111 initiated ART on the
day of enrolment. The median time from HIV exposure to
enrolment was 19 days [53]. In this cohort there has been a
trend towards participants treated in Fiebig I having a better
clinical phenotype after two years on ART compared to later
in acute infection or in chronic infection [54,55]. Despite
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encouraging observations in this cohort, interruption of ART
among eight individuals followed for 24 weeks did not confer
post-treatment viral control [56].
The FRESH study in South Africa [57] follows initially HIV-

negative young women at very high risk of HIV acquisition
with twice weekly HIV RNA testing. More than 1600 women
have been enrolled, 71 of whom had incident HIV infection
identified during the acute phase (> 70% in Fiebig I), with a
median of four days since the last negative HIV RNA [58].
Fifty-seven of those with AHI initiated rapid ART within a
median of one day from detection. A majority of those starting
rapid ART (87%) did not develop detectable HIV-specific anti-
bodies on western blot, and nearly half (48%) of participants
were consistently Western blot antibody negative up to
340 days of follow-up [57]. These data demonstrate that in
the context of rapid ART initiation during Fiebig I, antibody
tests for the confirmation of HIV infection are unreliable. Simi-
lar findings were reported in Thai participants initiating ART
during AHI [59,60], as well as among infants with perinatally
acquired HIV receiving ART early in infection, where subse-
quent antibody testing remained negative at almost two years
of age [61].
Understanding dissonant HIV test results in the setting of

starting ART during AHI is a key community message to share
with advocates and community leaders. In the era of rapid
ART start there may need to be a new narrative around “test-
ing positive” for HIV versus “being infected” or “living with”
HIV. One patient from the RV254/Search010 cohort com-
mented “although I have HIV, my blood test result is still nor-
mal just like a normal person. . . I still continue living my life as
normal”[55,62]. There is a complex dialogue about “normal”
and being HIV negative, and management of negative HIV-an-
tibody test results for PLHIV can be difficult. The long-term
implications of remaining HIV seronegative maybe far reaching
and if future ART interruption studies are explored amongst
these cohorts there is a potential chance of seroconversion.

2.3 | HIV diagnosis in the context of PrEP and PEP

It is important to rule out AHI prior to initiating PrEP, as
starting dual ART with TDF/FTC in undiagnosed AHI may not
control viraemia and carries the potential for emergence of
drug-resistance [63–65]. In a meta-analysis of 18 PrEP stud-
ies, six reported cases of TDF or FTC resistance, and the risk
of developing resistance mutations was significantly higher in
PrEP users who initiated PrEP during AHI [63]. In another
review exploring HIV resistance in PrEP studies, 3% of partici-
pants infected with HIV post enrolment had TDF or FTC
resistance compared to 41% of those who had undetected
AHI at enrolment [66]. When the long-acting injectable
cabotegravir, which is currently in development for PrEP, was
given to macaques in acute infection there were high levels of
integrase resistance [67]. These data highlight the importance
of accurate testing to exclude AHI prior to initiation of PrEP.
In some reported cases of HIV infection in the context of
PrEP, resistance mutations may have been transmitted, that is,
occurred secondary to exposure to resistant virus rather than
selected for post transmission [68,69].
International guidelines have recognized the need to adjust

HIV testing algorithms in the context of PrEP. WHO guidelines
state that it is critical to rule out HIV prior to starting PrEP

and recommend a serial testing strategy which, in most LMIC,
will involve a combination of POCTs. If the initial HIV serology
test is negative without any clinical suggestion of AHI then
PrEP can be initiated [70], and HIV testing is recommended
every three months for the duration that the client remains
on PrEP. If an HIV-antibody test is inconclusive then a repeat
is recommended 14 days later and discontinuation of PrEP
should be considered. In the Centers for Disease Control
(CDC) algorithm for determining HIV status for PrEP provi-
sion, a negative HIV-antibody test (which may be an antibody
POCT) with no signs or symptoms of AHI in the past four
weeks means PrEP can be initiated [71]. If there is concern
about AHI then a laboratory Ag/Ab assay is preferred, with
alternative options of HIV RNA or to retest for antibody in
one month and defer the decision on whether PrEP can be
started [71]. The IAS-USA guidelines recommend an Ag/Ab
assay to determine PrEP eligibility, and if there is any suspi-
cion of AHI then an HIV RNA assay should also be sent, and a
repeat Ag/Ab test should be performed in one month [72].
Once PrEP has been initiated, frequent monitoring for HIV

is important, with most guidelines recommending re-testing at
least every three months. This minimizes the risk of inappro-
priate dual therapy with TDF/FTC among PLHIV, and the sub-
sequent risk of development of HIV drug resistance. However,
it is unclear how well currently available HIV tests perform in
the presence of PrEP. Case reports have detailed atypical
HIV-antibody test results in those taking PrEP [73–75], with
the possibility of a delayed or reduced antibody response to
HIV infection and suppressed viral replication. In the ADAPT
trial (HIV Prevention Trials Network (HPTN) 067) that evalu-
ated TDF/FTC PrEP in women in South Africa and men who
have sex with men (MSM) in Thailand and USA, there were
12 new HIV infections [76]. In 9 of the 12 cases, both of two
POCTs were non-reactive at the first HIV-positive visit, includ-
ing eight cases of AHI. Of these eight cases, five also had a
negative laboratory Ag/Ab test. The viral load was ≤ 400
copies/mL in four of the eight AHI cases, but all were positive
on a sensitive HIV RNA qualitative assay. In eight cases there
was continuation of PrEP, including one case where PrEP was
continued for three to four months post HIV infection; there
were three cases of drug resistance to ART [76]. In an assess-
ment of HIV diagnostic tests in the ANRS-IPERGAY study, the
Abbott Architect� Ag/Ab Combo test detected 85% of AHI
but failed to detect two early infections, both which had HIV
RNA of < 500 copies/mL [77]. The BioRad Bioplex 2200 Ag/
Ab assay missed three more infections, and the antibody
POCTs performed poorly in AHI [77]. In the Partners PrEP
study, PrEP delayed the time to detect seroconversion but
this delay was not associated with developing resistant virus
[78]. Eleven percent of seroconverters in the PrEP arm had
an undetectable HIV RNA compared to 3% in the placebo
arm [78]. Overall, interpretation of HIV RNA and antibody
test results can be more challenging in the context of PrEP,
and confirming or ruling out a diagnosis can be difficult [79].
At the screening visit in HPTN PrEP studies, a combination

of a POCT, instrumented Ag/Ab test, and an HIV RNA test
are recommended for HIV diagnosis [80]. At all follow-up vis-
its, one or two POCTs are performed as well as an instru-
mented Ag/Ab test. In any cases of discrepant results,
confirmatory samples are taken and additionally tested for
proviral HIV DNA from cell pellet samples. If needed,
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additional testing is performed at a third visit after a four-
week product hold to help determine HIV status [80]. Pre-
sently, total HIV nucleic acid and proviral DNA testing are
used only in research algorithms and are not feasible or avail-
able in routine care.
In large ongoing PrEP trials including the use of long-acting

injectables as PrEP (HPTN 083 [81] and HPTN 084 [82]),
broadly neutralizing antibodies [83] or vaccines [84], we would
expect to see similar diagnostic challenges. These trials will
help inform appropriate HIV testing algorithms pre- and post-
PrEP initiation, as well as preferred HIV diagnostic platforms
and management decisions in cases of diagnostic uncertainty.
In situations where there are indeterminate results, Smith

et al. have proposed three potential management options
[85,86]. The first is to continue PrEP while confirming HIV
status. This has the advantage of ongoing protection against
HIV infection if negative, but would be inadequate therapy if
HIV positive, with a risk of drug resistance. The second option
is to discontinue PrEP to aid diagnosis with recommendation
to use condoms, however, this may put HIV-negative individu-
als at risk of acquiring HIV. The final option would be to inten-
sify PrEP to triple therapy while performing additional tests to
confirm status. If HIV positive, this would allow for the bene-
fits of immediate ART, but would be unnecessarily exposing
the individual to a third agent if HIV negative, and may make
it more difficult to confirm or rule out HIV. Similar considera-
tions on whether to continue or discontinue ART may be
needed in those taking PEP with ambiguous HIV testing
results.
HIV testing in the context of PrEP is particularly challenging

in LMIC settings where there is limited access to advanced
laboratory tests and infrastructure. In these settings sensitive
and affordable rapid tests to detect acute infection are des-
perately needed to supplement current WHO guidelines,
which only require an antibody POCT to rule out HIV [70].
Additionally, relying on antibody tests to detect HIV during
PrEP follow-up is also likely to be inadequate. Cases of HIV
drug resistance either occurring as a result of PrEP initiation
in missed AHI, or due to the increasing rates of transmitted
ART resistance in LMIC [87], could be particularly problematic
in these settings as ART choice is likely to be limited, and
alternative therapy options may not be available.

3 | CONCLUSIONS

We can anticipate that with increasing use of PEP, PrEP and
immediate ART, the currently available HIV diagnostic tests
may be inadequate to reliably make clinical assessments and
treatment decisions. Current routine rapid POCTs are unable
to detect AHI, and some individuals starting ART in AHI may
never have detectable antibody with these tests. There is no
one easy solution to this, especially in resource-poor settings
where there is limited choice and availability of diagnostic
tests, and the costs of implementing widespread additional
HIV testing maybe unsustainable. Optimal testing algorithms
to allow safe use of ART for prevention still need to be
established, and future guidelines are likely to incorporate
the use of sensitive rapid tests to detect AHI, including
whole blood nucleic acid assays or rapid Ag/Ab tests. Infor-
mation gained from ongoing large-scale HIV prevention

studies will provide insights into solutions for these diagnos-
tic challenges.
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