Laboratory testing and rapid HIV assays: applications
for HIV surveillance in hard-to-reach populations
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Most HIV surveillance has been performed through serologic surveys in relatively
stable, accessible populations. Similar surveillance, with or without counseling and
testing, in populations that are hard-to-reach, presents logistical challenges, including
the selection of laboratory testing strategy and algorithm. The advent of rapid sero-
logic assays for HIV now allows for on-site testing, including confirmatory testing,
and rapid provision of test results and counseling. The possibility of only a single
contact makes repeat sampling, which current diagnostic testing recommendations
include, difficult. To address the logistical complexities in surveillance in hard-to-
reach populations and the increased availability of rapid tests, we propose adapting
the testing strategies for HIV of the World Health Organization/the joint United
Nations Programme on HIV/AIDS in order to facilitate this surveillance, including,
where carried out, the provision of test results back to individuals. The choice of
enzyme-linked immunosorbent assay (ELISA) versus rapid testing for these settings is
discussed, as is the choice of specimen — blood, oral fluid, or urine. Three appen-
dices summarize: (1) test algorithms for the various testing strategies; (2) advantages
and disadvantages of ELISA and of rapid test formats, and (3) the characteristics and
status of currently available rapid HIV tests. We also discuss the potential application
of the recently developed ‘detuned’” methodology for estimating HIV incidence in
_ hard-to-reach populations. © 2001 Lippincott Williams & Wilkins
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Introduction

Strategy considerations and test applications

Several documents outline testing algorithms and applica-
tions of HIV testing in a variety of settings [1-8]. The
advent of simplified, rapid testing technology has allowed
HIV testing to move on-site and away from the central-
ized laboratory [2,5,9]. The focus of this report is testing
strategies and algorithms for surveillance where test results
are not returned to individuals, as well as for surveillance
with counseling and testing in hard-to-reach populations,
such as migrant workers, refugees, sex workers, injecting
drug users, and men who have sex with men. We present
several variations, which may fit the special needs and
limitations involved with surveillance in hard-to-reach
populations. However, these variations may also be
applicable for serologic surveillance in general.

The types of antibody tests and, when needed, the
approach to supplemental testing will depend on (a)
whether or not test results are provided to individuals
and (b) the HIV prevalence in the population. Under
the World Health Organization/the joint United
Nations Programme on HIV/AIDS (WHO/UNAIDS)
testing approach, which deals with testing for both diag-
nostic and surveillance purposes [1,6], three strategies are
proposed. Surveillance which does not involve providing
test results and counseling to individuals and which is
conducted in populations with an HIV prevalence over
10% would use a single test (strategy I). Similar studies in
a population with prevalence less than 10% would
require two different tests (strategy 1I) due to the higher
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relative probability for a false-positive result. For those
surveillance settings where test results are provided to
individuals (e.g., when counseling and testing is offered),
two different tests are generally advisable, the second of
these for confirmation, with a third, different, test (‘tie-
breaker’) used in the event of discordance between the
first and second (strategy I1I). The WHO/UNAIDS test-
ing approach for strategy III, advised for individual diag-
nosis when the HIV prevalence is < 10% calls for a third
test even when the first and second tests are reactive [1,6].

Although not usually included in surveillance activities,
patients with clinical signs or symptoms of HIV infec-
tion can be tested with strategy I in populations with
> 30% HIV prevalence, even when results are to be pro-
vided to the individuals [1,6), since a single positive reac-
tion in a person with suggestive disease in a high
prevalence population is highly predictive of an HIV
infection. However, we recommend two different tests
with a third test as a tie-breaker if the first two have dis-
cordant results (Strategy III), when persons are to be
informed of their results.

Surveillance test strategies

The order for running the samples with the multiple
tests is outlined in the WHO/UNAIDS guidelines [1,6].
However, obtaining a second sample at a later time, as is
advised in those guidelines when individuals are to be
informed of a positive test result (e.g., when counseling
and testing is performed in addition to surveillance), will
generally not be feasible in the surveillance settings
being considered for hard-to-reach populations, even
when test results are being provided to individuals.
However, in practice HIV positivity has typically been
determined for counseling and testing by multiple tests
on a single sample [7,8]. We have therefore proposed
several modifications to simplify the WHO/UNAIDS
testing strategies I and Il (Appendix [A).

As in previous recommendations [1,6], strategy I (which
assumes a prevalence of >10% and use in a setting where
survey participants will be anonymous and not advised
of their test results), reactive samples are considered pos-
itive, whereas non-reactive samples are considered nega-
tive. This approach relies on selection of a screening assay
(A1) with a high sensitivity (S > 98%) and a high nega-
tive predictive value (PVN > 99%).

For strategy Il (where prevalence is < 10% or unknown
and where participants will not receive tests results) sam-
ples are tested as in strategy I, and reactive samples are
retested with a different test. Serum- or plasma-based
tests with sufficient sample volume for multiple testing,
or tests based on dried blood spots, are ideal; oral fluid
conld also be used. Such an approach is valid oaly if twe
highly sensitive tests are used (S > 98%) and the negative
predictive value of the algorithm is greater than 99%
(PVN > 99%). Samples reactive in both tests are consid-

ered positive, whereas samples that are reactive with the
first test but non-reactive with the second test are
considered negative for surveillance purposes (although
they would be considered indeterminate and retested if
testing were carried out for diagnostic reasons).

For strategy III (where test results will be provided to
individuals), samples are initially tested as in strategy I,
and reactive samples are retested with a second test. If
the second test is non-reactive, the sample is evaluated
with a third test. Samples are considered positive if they
are reactive on two different tests. Samples that are non-
reactive with the first test are considered negative, as are
those reactive on test one but non-reactive on both tests
two and three.

Alternatively, for strategy III, surveillance with counsel-
ing and testing, a whole blood (from finger prick) or oral
fluid-based rapid test in which the specimen is placed
directly on the test apparatus may be used as a screening
test, as long as the test has a sufficiently high sensitivity.
However, when a rapid test is carried out directly off a
blood drop or oral fluid, as opposed to using a sample
collection, which would permit multiple tests, individu-
als would require a second sample if found reactive on
the first test. In a voluntary counseling and testing set-
ting this would complicate the flow, extending the time
allocated per client. The need to immediately re-sample
reactive individuals also raises concerns about confiden-
tiality in both the surveillance and counseling settings.
Therefore, a special case strategy modification is offered
for on-site sampling with tests carried out directly from
whole blood from finger prick or oral fluid (Appendix
IB), which would be applicable for surveillance when
individuals are to be informed of their test results. This
incorporates the use of two rapid tests performed simul-
taneously at the onset. (However, dried blood spots may
simultaneously be collected and stored for quality assur-
ance and quality control or other analyses). In the event
of discordance between the two tests on the first speci-
men, a second specimen will be needed for the tie-
breaker third test but, although somewhat inconvenient,
this repeat sampling should be infrequently needed and
at least provides a confirmed serostatus in 45 min or less,
while fulfilling the point-of-service needs of voluntary
counseling and testing.

For surveillance, testing formats can be enzyme-linked
immunosorbent assay (ELISA), rapid tests, or a combina-
tion of both. The preference of format will depend on
the purposes of the testing (whether for surveillance data
alone or whether test results will also be provided to
individuals), as well as the capabilities of the setting in
which testing is being carried out. ELISA is preferred
where large nambers of specimens are o be run, where
rapid turnaround is not necessary, and where increased
sensitivity is required, such as in a population with a high
frequency of recently infected individuals. Rapid tests
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are preferred when small numbers of samples are being
tested, limited facilities are available, and a short turn-
around time to provide a result is needed. Although less
demanding in terms of laboratory facilities and equip-
ment, the rapid tests can be more labor intensive for the
technician, and the rapid tests can become very labori-
ous if large numbers of specimens are to be processed.
Appendix Il summarizes in more detail the advantages
and disadvantages of the two test formats.

Specimen preference

Regardless of the format, blood (serum/plasma, dried
blood spots) is generally the preferred sample (on tech-
nical grounds, not necessarily from the perspective of the
person tested). Blood is preferable because of the ability
to do additional analyses such as viral type (HIV-1 or
HIV-2) and subtype determination, molecular studies
(e.g., drug resistance), RNA viral load, and incidence
determinations. For surveillance purposes under difficult
logistical conditions but where testing at a central labo-
ratory is still an option, the preferred sample would be
the dried blood spot rather than plasma or serum
derived from a venipuncture. Once dry, such samples are
stable at ambient temperatures and can be analyzed to
the same extent as serum or plasma {10]. In addition,
rapid testing could be run on-site using drops of whole
blood, with blood spots collected for confirmatory
testing and additional analyses at the main laboratory.

Non-invasive approaches — oral fluid or urine — based on
ELISA methodology are commercially available. At this
time, only one licensed and approved urine-based test is
available (and it is not a rapid test), making strategies
other than strategy I not feasible with urine testing. The
current oral fluid-based ELISA testing requires an addi-
tional elution step following collection. Formats and
conduct of the assays in the central laboratory would be
essentially the same as for the blood-based systems. At
present there are very few oral fluid-based rapid tests
available (and both current tests are still under evalua-
tion) (Appendix III), making on-site use of strategy III
problematic. Although these oral fluid and urine
approaches may be more appealing than blood collec-
tion to some surveillance participants (however, finger
prick blood collection is not very invasive) and may
present less biosafety concerns than blood collection, at
present they lack many of the advantages (distinguishing
HIV-1 from HIV-2, viral subtypes, antiretroviral drug
resistance, ‘detuned” methodology) offered by blood-
based methods. Because of these limitations and limited
commercial availability, non-blood-based testing
approaches at this time would generally not be preferred.
However, because of possible preference by surveillance
subjects and because of lower biosafety concerns, as addi-
tional types of test kits become available the benelics as
well as the limitations of non-blood-based test
approaches in special settings need to be evaluated, as do
their sensitivity and specificity under field conditions.

The status and characteristics of currently available rapid
test kits, both for blood and oral fluid, are summarized in
Appendix III. In all cases, only tests that have been eval-
uated by independent, non-commercially involved
organizations such as the Centers for Disease Control
and Prevention (CDC) and WHO/UNAIDS [6,11]
should be considered for surveillance work or for testing
and counseling. The cost and labor of sampling, speci-
men handling, analysis, and providing test results and
counseling back to individuals are sufficiently great that
to depend on a test methodology that has not been fully
evaluated seems unwise.

Survey test strategies

For surveillance, several scenarios can occur, depending
on the degree of interaction with the surveyed population
and the logistics of the setting. On one extreme, where
HIV test results are not provided to individuals and where
rapid turn-around of results is not important, specimens
may be brought to a regional or central reference labora-
tory. On the other extreme, where test results must be
provided back to individuals under field conditions, on-
site rapid tests must be used in order to provide test results
to most hard-to-reach populations on the same day.

In the first scenario, the sample of choice would be
plasma, serum or dried blood spots shipped to the
regional or central laboratory for testing. The selection
of either ELISA or rapid testing would be the preference
of the laboratory, as either test format would be accept-
able on quality grounds. The main considerations in
choosing between ELISA and rapid tests at the labora-
tory are cost, equipment needs, and throughput. In gen-
eral, the reagent cost per test for ELISA is lower than for
rapid tests, but the additional costs for the necessary
equipment, maintenance, cold chain, and skilled person-
nel often make ELISA more expensive, especially when
limited numbers of specimens are to be tested, as would
often be the vase with hard-to-reach populations. ELISA
becomes cost-effective when larger numbers of speci-
mens are handled and when they can be batch
processed. Major advantages of using a central laboratory
can be realized in establishing a comprehensive quality
assurance and quality control program for surveillance
testing. One may also take advantage of existing speci-
men handling, tracking, and storage procedures.

A major disadvantage of centralized batch testing
becomes evident in strategy Il where test results must
be returned to the hard-to-reach participant. It is not
unusual for delays of 1-3 weeks to accompany the
return of test results. Such delays may be complicating
even in client populations that are fairly easy to reach,
such as women attending antenatal clinics. Therefore, in
the sceuario wheie tese resalts (and counscling) are wbe
provided to individuals and same day turn around is
needed, the only viable choice is rapid tests on-site. The
best option would be one in which multiple rapid tests
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can be run immediately on the collected specimen, as in
strategy IIT algorithms (the excess remaining sample may
be shipped to a collaborating laboratory for additional
analyses). Many whole-blood rapid tests are simple one-
or two-step tests that require no additional equipment or
cold storage. Their simplicity and ease of use ensure that
non-laboratory personnel with limited experience can
readily be trained in their use. Thus strategy III algo-
rithms based on such tests can be quickly implemented
in decentralized surveillance programs combined with
voluntary counseling and testing.

A potential additiona! advantage of using rapid tests on-
site for surveillance is that experience will be gained with
field applications of this methodology. This experience
will be especially helpful as more decentralized voluntary
counseling and testing is performed as part of HIV pre-
vention and for identifying infected pregnant women for
interventions against mother-to-child transmission.

Quality assurance and quality control measures are
important for either the central testing or the on-site
testing approach. For the centralized setting, measures
will be needed to ensure that specimens are suitably
linked to demographic and epidemiological informa-
tion, and that specimen processing, storage, and transport
are adequate. Programs will also be needed that ensure
rotation of test reagent stocks, maintenance of adequate
supplies on-hand for bulk testing, and integration of
local control sera into the testing in addition to internal
test kit control standards. In decentralized settings, simple
programs can be established to monitor participating
facilities through distribution of blinded evaluation
panels of sera and through periodic inspection. If the
primary protocol involves whole blood testing from
finger stick specimens, collection of additional dried
blood spots on a portion (for example, 5%) of such
samples for testing at a central reference laboratory can
provide for quality assurance measures. All involved
laboratories should participate in quarterly proficiency
testing programs and in annual training reviews, includ-
ing updates in technology. These programs and the train-
ing should be established and maintained by the central
reference laboratory.

Additional flexibility in surveillance design and test
strategy will emerge as new tests become available. HIV
test methodology is evolving quickly, and it is important
to stay abreast of new developments, particularly in
terms of rapid test technology (Appendix III). This is the
impetus behind the active support of WHO/UNAIDS
and CDC for continuous evaluation and monitoring of
HIV diagnostic reagents. Similarly, national or multi-
country regional programs should be established and
maintained to monitar I“'.'ﬁr‘hl‘.‘f fl'\!%!‘.ﬁ}’ and reli tI-'!]H_'.
Expanded communications and data sharing with others
evaluating available technologies will also be necessary
to establish regional standards for surveillance.

Incidence evaluation

Estimates of the rate of recent new infections — inci-
dence — can be extremely valuable for evaluating the
current risk of HIV infection. Differentiating individu-
als with recent HIV infection from those infected for
longer periods of time has previously been difficult and
costly, requiring repeated testing of the same individuals.
Incidence estimates from cohorts are biased due to the
exclusion from observation of the persons at highest risk
(who are likely to be infected already) and self-selection
and continued cohort participation of persons who are
more likely to reduce their risk. The recent modification
of a commercially available serologic assay termed
‘detuned’ or ‘standardized testing algorithm for recent
HIV seroconverters’ (STARHS), now makes it possible
to determine whether an HIV-infected person has sero-
converted within an average of about 130 days prior to
collecting the sample [12]. This ability to distinguish
recent from older infections permits estimation of recent
HIV incidence based on a single cross-sectional survey.
However, this methodology has been fully evaluated
only for HIV-1 subtype B. Current evaluation of the
assay in non-B subtypes suggest that the test will require
modification of the window period or cut-off value, or
possibly even the test format, to obtain reliable incidence
estimates. Due to this uncertainty, incidence estimates
cannot yet be made using the assay in areas with non-B
subtypes, and any such estimates should be interpreted
with caution. The possible use of dried blood spots in
the assay for subtype B is currently being investigated.
However, there is now some uncertainty about the
fiiture availability of the test kit which served as the basis
for the original ‘detuned’ assay format; consequently,
there is a growing need to develop and evaluate compa-
rable testing protocols.

In addition to the laboratory issues, there will still be a
need to determine epidemiologically the most effective
applications of incidence estimation methodology for
surveillance purposes. Relatively large numbers of
‘detuned’ seropositive results (i.e., recently infected per-
sons) will be needed (the ‘numerator’ in calculations of
incidence) in a given study population to be able to
make meaningful incidence estimates. However, in hard-
to-reach populations, the number of people tested, and
therefore the number of recently infected persons, may
be limited. Thus, in addition to standardizing the labora-
tory methodology, further work will be needed to assess
the utility of applying the ‘detuned’ methodology to
estimate HIV incidence in such populations.

Conclusion

HIV serologic surveillance in hard-to-reach populations
presents several challenges that will influence the sele

tion of testing algorithms and strategies. Typically only
one contact with hard-to-reach individuals included in
the surveys will be possible, which limits the algorithms




to those which can be performed from a single specimen
collection. A key determinant in selecting the testing
algorithms and strategies will be whether test results will
be provided back to individuals, in which case rapid tests
carried out at the site of sampling will generally be
required. The other key determinant in selecting the
testing strategy will be the expected HIV prevalence in
the population study. The logistical conditions, including
availability of refrigeration, specimen preparation and
handling capacity, and the availability and extent of
training of laboratory personnel will also influence the
selection of tests. Oral fluid and urine collection may be
more appealing to some test subjects, but blood-based
testing still offers many advantages at this time, and fin-
ger-stick specimens both fresh and dried on filter paper
are relatively simple to collect.

Incidence estimation through the ‘detuned’ test per-
formed on cross-sectional survey specimens would be
very valuable. Test evaluation is continuing at present,
and the test has not yet been standardized for HIV sub-
types other than B. The applicability of the ‘detuned’
approach needs to be evaluated epidemiologically in
hard-to-reach populations in the field, especially when
the numbers of persons available to be tested are limited.
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Appendix | ) B B

Proposed modifications of WHO/UNAIDS HIV testing strategies [1,6] for surveillance in hard-to-reach

populations
A. Testing of collected, processed specimens
Strategy I2 Strategy 11 Strategy 111
Surveillance, prevalence > 10% Surveillance, prevalence < 10% Surveillance with counseling and testing
Alb AI 1 Al
1
| ] ] ] [ |
Al+ Al- Al+ Al- Al+ Al-
Positive Negative I Negative ‘ Negative
A2 A2
| ! !
Al+A2+ Al+A2- Al+A2+ Al1+A2-
Positive Negative Positive I
A3
: I
At +AJ—A3+ A1+A2-A3-
Positive Negative
B. Rapid testing on unprocessed specimens directly from the subject
Surveillance with counseling and testing
Al + A2
1
[ | 1
Al+A2+ Al+A2- Al-A2-
Positive Al-A2+ Negative
A3
M ' M
A1-A2+A3+ A1-A2+A3—
Al+A2-A3+ Al+A2-A3~
Positive Negative

3Unchanged from WHO/UNAIDS strategy I [1,6]. PA1, A2, and A3 represent three different assays.
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Appendix Il

ELISA and rapid tests: advantages and disadvantages

Technology

Advantages

Disadvantages

ELISA?

Rapid testb

Batch capability

Can be automated

Centralized (QA/QC)

May be highly sensitive (for seroconverters)

Flexible (1 to multiple tests at a time)

Minimal equipment/reagents required

On site testing

Skilled staff not required

Interpretation straight forward

Time to result (<30 min)

Ambient temperature stability with
newer tests

Non-invasive (oral fluid)

No sharps (oral fluid)

Less flexible (minimum numbers needed for maximum efficiency)
Time to result (> 1.5 h)

Skilled technician required

High maintenance equipment

Refrigerated reagents

Small numbers for each test run

QA/QC at multiple sites

Some products less sensitive (for seroconverters)

Choice of testing algorithm may require multiple samples

Limited comparative products (oral fluid)

Less sensitive (oral fluid)

Testing strategy may require two types of specimen (i.e. oral fluid and blood)

ELISA, enzyme-linked immunosorbent assay; QA/QC, quality assurance/quality control. *Applies to plasma, serum, oral fluid, and urine.

bApplies to whole blood, plasma, serum, oral fluid, but not urine.
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Appendix il

Rapid testing: methodology and degree of implementation

Methodology and degree of implementation

Agglutination
Capillus HIV-1/HIV-2
ImmunoDot
SeroCard HIV
HIVSav 1&2
MultiSpot HIV-1/HIV-2
HIVCHEK System 3
HIV Spot
Genie II HIV-1/HIV-2
SalivaCard
Immunochromatography
Sero-Strip HIV-1/2
Determine HIV-1/2
Hema-Strip HIV-1/2
DoubleCheck HIV 1&2
Uni-Gold HIV Recombinant
OraQuick HIV 1&2
Magnetic Bead
Bionor HIV-1&2

Implemented for voluntary counseling and testing (VCT)

Evaluated, Implemented forVCT

Evaluated, Implemented for VCT

Implemented for emergency blood screening
Implemented for emergency blood screening
Implemented for emergency blood screening and VCT
Evaluated, successfully field-tested

Currently under evaluation

Evaluated, successfully field-tested
Evaluated, Implemented for VCT
Evaluated, Implemented for VCT
Evaluated, Implemented for VCT
Currently under evaluation
Currently under evaluation

Evaluated, successfully field-tested, implemented

Complexity (All cited tests are designed to be simple and rapid, but protocols vary)

Level T — No additional equipment and little or no laboratory experience needed

Determine HIV-1/2
HemaStrip HIV-1/2
OraQuick HIV 1&2

Uni~Gold HIV Recombinant

Level 2 — Requires multiple reagents or pipetting; centrifugation or optional equipment beneficial

Capillus HIV-1/HIV-2
DoubleCheck HIV 1&2
Genie Il HIV1/HIV2
HIVSav 1&2

HIVSpot

SalivaCard HIV
SeroCard HIV
Sero-Strip HIV-1/2

Level 3 — Requires multi-step assay with reagent and sample preparation or additional equipment

Bionor HIV-1&2
HIVCHEK System 3
HIV Spot

MultiSpot HIV-1/HIV-2

Appendix 1l continues overleaf.
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