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Clinical Infectious Diseases

M A J O R A R T I C L E

HIV/AIDS

Costs per Diagnosis of Acute HIV Infection in
Community-based Screening Strategies: A Comparative
Analysis of Four Screening Algorithms
Martin Hoenigl,1,2,3 Joshua Graff-Zivin,4 and Susan J. Little1

1Division of Infectious Diseases, University of California–San Diego; 2Division of Pulmonology, and 3Section of Infectious Diseases and Tropical Medicine, Department of Internal Medicine, Medical
University of Graz, Austria; and 4School of International Relations and Pacific Studies and Department of Economics, University of California–San Diego

Background. In nonhealthcare settings, widespread screening for acute human immunodeficiency virus (HIV) infection (AHI) is
limited by cost and decision algorithms to better prioritize use of resources. Comparative cost analyses for available strategies are lacking.

Methods. To determine cost-effectiveness of community-based testing strategies, we evaluated annual costs of 3 algorithms that
detect AHI based on HIV nucleic acid amplification testing (EarlyTest algorithm) or on HIV p24 antigen (Ag) detection via Architect
(Architect algorithm) or Determine (Determine algorithm) as well as 1 algorithm that relies on HIV antibody testing alone (Antibody
algorithm). The cost model used data on men who have sex with men (MSM) undergoing community-based AHI screening in San
Diego, California. Incremental cost-effectiveness ratios (ICERs) per diagnosis of AHI were calculated for programs with HIV prevalence
rates between 0.1% and 2.9%.

Results. Among MSM in San Diego, EarlyTest was cost-savings (ie, ICERs per AHI diagnosis less than $13.000) when compared
with the 3 other algorithms. Cost analyses relative to regional HIV prevalence showed that EarlyTest was cost-effective (ie, ICERs less
than $69.547) for similar populations of MSM with an HIV prevalence rate >0.4%; Architect was the second best alternative for HIV
prevalence rates >0.6%.

Conclusions. Identification of AHI by the dual EarlyTest screening algorithm is likely to be cost-effective not only among at-risk
MSM in San Diego but also among similar populations of MSM with HIV prevalence rates >0.4%.

Keywords. acute HIV; MSM; testing; cost analysis; NAT.

Ambitious recommendations for universal human immunode-
ficiency virus (HIV) testing in the United States are supported
by observations that HIV diagnoses are frequently linked to re-
duced sexual risk behaviors and earlier uptake of antiretroviral
therapy, both of which are expected to result in decreased HIV
transmission [1–4].Diagnosis of HIV infection during the acute
stage of infection is especially important since transient levels of
extremely high titer HIV RNA during acute HIV infection
(AHI) are associated with rapid immune destruction and signif-
icantly greater infectivity than during chronic infection [5, 6].

The recognition that persons with AHI contribute dispropor-
tionately to population-level HIV transmission supports the up-
dated recommendations for laboratory diagnosis of HIV
infection in healthcare settings that use fourth-generation im-
munoassays to detect HIV-1/HIV-2 antibody (Ab) and HIV-1

p24 antigen (Ag) to detect AHI [7]. Detection of p24 Ag by the
ARCHITECT Ag/Ab Combo assay is currently the most widely
used approach for detecting AHI [8–13]. Alternative approach-
es for detecting and differentiating p24 Ag and HIVAb include
the rapid Alere Determine HIV-1/2 Combo assay and more
sensitive HIV-1 nucleic acid amplification tests (NATs) [14, 15].

While AHI screening in healthcare settings is now recom-
mended, one might wonder whether routine AHI screening
should be the standard of care in community HIV screening
programs, where about 40% of new HIV infections are diag-
nosed in the United States [16]. The main deterrents of wide-
spread use of community HIV screening algorithms to detect
AHI appear to be the elevated costs, need for venipuncture,
concerns about turnaround time, and lack of laboratory
capacity [6, 17–19]. Absence of point-of-care (POC) tests that
reliably detect AHI may be the major cost-contributing factor,
as AHI screening strategies in community-based settings
frequently require second visits or alternative approaches to
inform clients of their test results. However, detailed cost
analyses to compare testing strategies that identify acutely
HIV-infected (ie, before seroconversion) and nonacutely
HIV-infected (ie, after seroconversion) persons have not
been performed. Therefore, there is uncertainty about the
HIV prevalence rate needed to justify the cost of these testing
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algorithms compared with strategies that rely on POC HIVAb
testing only.

We developed and evaluated the first economic model to es-
timate the annual cost of a community-based AHI screening al-
gorithm that consists of POC Ab plus individual donation
qualitative NAT (ID-NAT; ie, the EarlyTest algorithm, I). We
compared EarlyTest to 2 p24 Ag–based algorithms that detect
AHI by either using Architect (II) or Determine (III). We fur-
ther compared costs of these algorithms to an algorithm that
relies on Ab testing alone (Antibody, IV).

MATERIAL AND METHODS

The 1-year cost analyses were conducted using an established
HIV testing program perspective. The cost model was based
on numbers of tests per year in men who have sex with men
(MSM) who enrolled in the EarlyTest HIV screening program
for the San Diego Primary Infection Resource Consortium (SD
PIRC) between 2006 and 2014. There were 3000 HIV tests per-
formed per year, resulting in an overall prevalence of 2.9%
(n = 87) newly diagnosed HIV infections (0.7% [n = 21] with
AHI and 2.2% (n = 66) with established infection). Participants
were MSM who reported sexual contact with men during the 12
months prior to testing. Basic demographics, risk behaviors,
and frequency of repeat HIV testing from this cohort have
been published previously [20–22]. An estimated date of infec-
tion was calculated for all recently infected persons using previ-
ously published criteria for serologic and virologic test results
[23]. AHI was defined as having a negative HIV Ab test in the
presence of detectable HIV-1 RNA (ie, Fiebig stages I–II), with
an estimated date of infection within the last 10 days [24].

Algorithms
Annual costs were calculated for the year 2014 for the EarlyTest
algorithm (ie, algorithm I) that includes POC HIV-1 Ab testing
(INSTI HIV-1 Antibody Test, bioLytical Laboratories Inc.,
Richmond, Canada) [25] followed by ID-NAT (Procleix Ultrio,
Hologic, Bedford, Massachusetts) in all individuals with nega-
tive or invalid POC test results. Study participants were notified
of positive HIV NAT results approximately 4 days after their Ab
test. We then compared costs to those estimated for an alterna-
tive testing algorithm (ie, algorithm II) that included POC HIV-
1 Ab testing (INSTI) followed by Architect HIVAg/Ab Combo
(Abbott Diagnostics, Abbott Park, Illinois), that is, the Architect
algorithm. We also compared costs of the EarlyTest and Archi-
tect algorithms to estimated costs of 2 rapid/POC algorithms:
algorithm III, using the Determine HIV-1/2 Ag/Ab Combo
test (Alere Inc, Waltham, Massachusetts; Determine algorithm),
and algorithm IV, using POC HIV Ab testing (INSTI) alone
(Antibody algorithm). All 4 algorithms are shown in Figure 1.

Performance calculations were carried out for all tests used in
this cost analysis. Sensitivity of the Procleix Ultrio assay for HIV
virus detection is 100% at 300 copies/mL and 99% at 100

copies/mL [26]. Summarizing previous studies, sensitivity of
the Architect assay for seronegative AHI is 80% (n = 143/178
of samples positive; 95% confidence interval [CI], 74%–86%)
[8–13, 27, 28], while sensitivity of the Determine combo is
50% (n = 51/102 samples positive; 95% CI, 40%–60%) [8, 29–
32]. Specificities of the tests for HIV infection are listed in Sup-
plementary Table 1. In algorithms that do not provide POC-
positive results for AHI (ie, EarlyTest and Architect), a 5%
(95% CI, 1%–9%) loss to follow-up (ie, clients not informed
about AHI diagnosis) was estimated.

Costs per Test Results
The cost model was based on work-time estimates and com-
pensation in the EarlyTest HIV screening program, San Diego.
Results are expressed in 2014 US dollars. Details on calculations
of cost per negative test result, established HIV diagnosis, and
AHI diagnosis using the different algorithms are included in the
Supplementary Materials.

Cost Thresholds
Calculated thresholds for cost-savings (ie, $22 909) and cost-
effectiveness (ie, $63 053) per new HIV diagnosis derived by
Farnham and colleagues were the basis for thresholds used in
this study [33]. As those costs were calculated in 2009 US dol-
lars, the thresholds were updated to 2014 US dollars by adding
the cumulative rate of inflation (ie, 10.3%). This resulted in a
cost-savings threshold of $25 269 and a cost-effectiveness
threshold of $69 547. We therefore hypothesized that the incre-
mental cost-effectiveness ratio (ICER) of EarlyTest in a popula-
tion of MSM undergoing community-based HIV screening will
be less than $25 269 per diagnosis of seronegative AHI when
compared with the 3 alternative algorithms.

Incremental Cost-Effectiveness Ratios per AHI
ICERs were calculated by comparing 2 testing algorithms, with
the numerator representing the differences in annual costs of
the 2 algorithms and the denominator representing the differ-
ence in numbers of annual AHI diagnoses. Details are depicted
in the supplement. ICERs were calculated for numbers of tests
per year and prevalence of HIV and AHI in MSM who enrolled
in the EarlyTest and SD PIRC between 2006 and 2014.

Sensitivity Analyses
We performed a 2-way sensitivity analysis by calculating ICERs per
AHI for HIV prevalence rates that were less than those observed in
the SD PIRC (range, 0.001–0.029) and 2 proportions of AHI (0.24
and 0.10 of all HIV diagnoses). While AHI cases represented 24%
of all newly diagnosed HIV cases among MSM in the SD PIRC, a
lower proportion of 10% may be more appropriate for settings in
which clients undergo screening more infrequently [34, 35].

We also assessed the effect of a number of alternate plausible
assumptions and used a probabilistic sensitivity analysis (PSA) to
examine the impact of cost parameter uncertainty. For the PSA,
we assigned uniformly distributed 95% CIs to applicable cost
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items (ie, all cost items except items that showed no variation,
such as costs of tests, which were given by the manufacturer or
represent actual costs in our setting, or salary; depicted in
Table 1). To account for uncertainty in test sensitivities, we as-
signed normally distributed 95% CIs to AHI sensitivities of the
Architect and Determine combo (ie, test performances were cal-
culated using previous studies and tests; in contrast to ID-NAT,
Architect and Determine were not routinely performed in the
SD PIRC setting), as well as for loss to follow-up in algorithms
that do not provide POC-positive results for AHI (ie, EarlyTest
and Architect; all 95% CIs are listed in the algorithm paragraph
of the Methods section). As specificities of all the evaluated tests
are high (>99%) and 95% CIs are very small (due to the large
number of HIV-negative samples tested previously), impact of
specificity uncertainty on the cost model was shown to be
minimal (details in Supplementary Material); therefore, we
did not include 95% CIs for specificities into the PSA. To
determine the frequency at which each algorithm was cost-

saving/cost-effective at the given thresholds, we conducted
Monte Carlo simulations to obtain 1000 samples from all distri-
butions and used these samples to calculate means and 95% CIs
for ICERs per AHI by using the 2.9% HIV prevalence rate and
AHI proportions of 24% and 10%. We also used PSA to calcu-
late ICERs for the lower 95% CIs of the sensitivity of the Deter-
mine combo in AHI samples (ie, 40% sensitivity).

RESULTS

Cost items (including 95% CIs) as well as costs per test result in
the 4 testing algorithms are depicted in Table 1. Estimated total
annual costs associated with each algorithm using the SD PIRC
MSM model (with 3000 annual HIV tests) are displayed in Fig-
ure 2 (for more detailed information, see Supplementary Table 2).

Incremental Cost-Effectiveness Ratio per AHI: Base Model
Costs per acute HIV diagnosis (ie, ICER), determined by com-
paring each 2 of the 4 testing algorithms, are depicted in Figure 2.

Figure 1. The 4 algorithms evaluated in this cost analysis—EarlyTest (algorithm I), Architect (algorithm II), Determine (algorithm III), and Antibody only (algorithm IV). White
shaded areas indicate point-of-care results. Gray shaded areas indicate results that require a second visit, light gray shaded area indicates that confirmation of the result
requires a second visit. Abbreviations: Ab, antibody; Ag, antigen; HIV, human immunodeficiency virus; ID, individual donation; NAT, nucleic acid amplification test.
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Table 1. Base Costs and Costs in Probabilistic Sensitivity Analysis per Negative Test, per Established Human Immunodeficiency Virus (HIV) Diagnosis and per Acute HIV Diagnosis in the Dual EarlyTest (Point-
of-Care [POC] Antibody + Individual Donation Qualitative Nucleic Acid Amplification Test), the Architect combo, the Determine Combo, and the POC Antibody Alone Algorithms

Cost Item/Diagnosis (in 2014 dollars)
and Test Outcomes for Which Cost Items
Are Applicable

Algorithm

I Dual Early Test (EarlyTest)
II Architect Combo

(Architect)
III Determine Combo

(Determine) IV POC Ab Alone (Antibody) Details

Personnel: Pretest counseling and
testing related procedures.

Negative, established HIV, AHI

7.90 (95% CI, 5.79–10.53) 7.90 (95% CI, 5.79–10.53) 5.26 (95% CI, 3.68–6.32) 5.26 (95% CI, 3.68–6.32) Basis: SRA-1 level ($31.58 per hour); phlebotomy for
EarlyTest and Architect, total 15 min (ie, 10 min
pretest counseling, plus 5 min sample collection),
95% CI, 11–20 min; blood obtained from fingertip
for Determine and Antibody, total 10 min (ie, 9 min
pretest counseling, 1 min sample collection
includes test processing), 95% CI, 7–12 min

POC/rapid Ab test (INSTI HIV-1 antibody
test/Alere Determine HIV-1/2 combo
test)

Negative, established HIV, AHI

8.33 (95% CI, 8.10–8.56) 8.33 (95% CI, 8.10–8.56) 18.22 (95% CI, 18.18–18.26) 8.33 (95% CI, 8.10–8.56) Determine p24 Ag/Ab used instead of INSTI in
Determine

Costs of INSTI: $6.99 (test) + $1.34 (costs per test for
controls; assumption 1 vial set [ie, $5.00] per
month)

Costs of Determine: $18.00 (test) + $0.22 (costs per
test for controls; assumption 1 set of controls [ie,
$55.00] per month)

Test costs are actual costs provided by
manufacturer.95% CI calculated for costs of
controls only.

Further investigations of false-positive
INSTI/Determine combo test results
(ie, supplemental Ab test [Uni-Gold
Recombigen HIV Ab test] plus
counseling for all 4 algorithms, plus
costs for phlebotomy, ID-NAT, and
second visit for Determine and Ab
algorithms only)

Negative

0.06 (95% CI, .05–.06) 0.07 (95% CI, .06–.08) 0.69 (95% CI, .57–.86) 0.43 (95% CI, .35–.53) Calculation based on specificities of 99.5% (ie, 15
false positives per year) for INSTI and 99.2% (ie,
24 false positives per year) for Determine

For all 4 algorithms costs of Uni-Gold: $8.25
(test) + $0.09 (costs per test for controls;
assumption 1 set of controls [ie, $23.00] per
month [250 tests per month]); 95% CI, $8.32–
$8.37 plus costs of 5 min pretest counseling and
test performance (95% CI, 3–7 min) by SRA-1
were added.

Additional costs for performing ID-NAT instead of
ARCHITECT have been included in Architect
algorithm.

For false-positives, Determine or INSTI in Determine
or Antibody algorithm in addition to costs of
phlebotomy, ID-NAT, second visit, and counseling
have been included for false-positive Ab results.

In contrast, costs for ID-NAT/Architect, second visit,
and counseling are included for all cases in
EarlyTest and Architect algorithm (see below).

Further investigations of true-positive
INSTI/Determine combo test results, I;
additional personnel for phlebotomy
and supplemental Ab test in those
with established HIV (Uni-Gold
Recombigen HIV Ab test/INSTI HIV-1
Ab); pretest counseling and testing

Established HIV

2.63 (95% CI, 1.58–3.68) 2.63 (95% CI, 1.58–3.68) 5.26 (95% CI, 3.68–7.37) 5.26 (95% CI, 3.68–7.37) Basis: SRA-1 level ($31.58 per hour); 5 min for
EarlyTest and Architect algorithms (pretest
counseling and performance of Uni-Gold), 95%CI,
3–7 min; 10 min for Determine and Antibody
algorithms (5 min for sample collection using
phlebotomy, needed for further supplemental
testing with, eg, Western blot, plus 5 min pretest
counseling and performance of Uni-Gold), 95% CI,
7–14 min
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Table 1 continued.

Cost Item/Diagnosis (in 2014 dollars)
and Test Outcomes for Which Cost Items
Are Applicable

Algorithm

I Dual Early Test (EarlyTest)
II Architect Combo

(Architect)
III Determine Combo

(Determine) IV POC Ab Alone (Antibody) Details

Further investigations of true-positive
INSTI/Determine combo test results,
II; supplemental Ab test (Uni-Gold
Recombigen HIV Ab test)

Established HIV

8.34 (95% CI, 8.32–8.37) 8.34 (95% CI, 8.32–8.37) 8.34 (95% CI, 8.32–8.37) 8.34 (95% CI, 8.32–8.37) Costs of Uni-Gold: $8.25 (test) + $0.09 (costs per test
for controls; assumption 1 set of controls [ie,
$23.00] per month [250 tests per month]).

Test costs are actual costs provided by
manufacturer.95% CI, calculated for costs of
controls only.

Further investigations in true-positive
Determine combo test results

AHI

. . . . . . 26.46 (95% CI, 24.45–29.01) . . . Contains costs for Uni-Gold Ab test to rule out
established HIV ($8.34) plus costs for pretest
counseling plus phlebotomy ($5.26 personnel
costs for sample collection plus $12.86 for
disposable items)

Miscellaneous disposable items
Negative, AHI

12.86 (95% CI, 12.45–13.27) 12.86 (95% CI, 12.45–13.27) 10.41 (95% CI, 10.05–10.77) 10.41 (95% CI, 10.05–10.77) Includes latex gloves, sterile wipes, gauze pads,
adhesive bandages, phlebotomy equipment
(needles, holders, blood tubes), absorbent
workspace covers, biohazard waste-disposal
bags, and laboratory supplies (pipettes, tubes).
Items and costs differ between Determine and
Antibody algorithms, where blood is obtained from
fingertip, and EarlyTest and Architect algorithms,
where phlebotomy is performed.

Miscellaneous disposable items
Established HIV

12.86 (95% CI, 12.45–13.27) 12.86 (95% CI, 12.45–13.27) 23.27 (95% CI, 22.50–24.04) 23.27 (95% CI, 22.50–24.04) Includes latex gloves, sterile wipes, gauze pads,
adhesive bandages, phlebotomy equipment
(needles, holders, blood tubes), absorbent
workspace covers, biohazard waste-disposal
bags, and laboratory supplies (pipettes, tubes).
Items and costs differ between Determine and
Antibody algorithms, where blood is obtained
primarily from fingertip and then later again from
phlebotomy, and EarlyTest and Architect
algorithms, where phlebotomy is performed
primarily.

Infrastructure
Negative, Established HIV, AHI

0 0 0 0 Cost analyses conducted from an HIV testing
program perspective, assuming that there is no
extra cost for rooms/space for HIV counseling and
testing.

Post-test counseling
Negative

5.26 (95% CI, 3.16–7.90) 5.26 (95% CI, 3.16–7.90) 5.26 (95% CI, 3.16–7.90) 5.26 (95% CI, 3.16–7.90) Basis: SRA-1 level ($31.58 per hour); 10 min for
negative results (95% CI, 6 min–15 min).

Post-test counseling
Established HIV

15.79 (95% CI, 10.53–26.32) 15.79 (95% CI, 10.53–26.32) 15.79 (95% CI, 10.53–26.32) 15.79 (95% CI, 10.53–26.32) Basis: SRA-1 level ($31.58 per hour); 30 min for
positive results (95% CI, 20 min–50 min).

Post-test counseling, POC results
Acute HIV

5.26 (95% CI, 3.16–7.90) 5.26 (95% CI, 3.16–7.90) 15.79 (95% CI, 10.53–21.05) Basis: SRA-1 level ($31.58 per hour); 10 min for
negative results in EarlyTest and Architect
algorithms (95% CI, 6 min–15 min); 30 min (95%
CI, 20 min–40 min) for positive result in Determine
algorithm (which still needs to be confirmed by
NAT).
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Table 1 continued.

Cost Item/Diagnosis (in 2014 dollars)
and Test Outcomes for Which Cost Items
Are Applicable

Algorithm

I Dual Early Test (EarlyTest)
II Architect Combo

(Architect)
III Determine Combo

(Determine) IV POC Ab Alone (Antibody) Details

Sending samples via FedEx for HIV-1/
HCV/HBV qualitative NAT testing
(American Red Cross national testing
lab in St. Louis, Missouri)

Negative

1.97 (95% CI, 1.90–2.04) 0 . . . . . . Costs calculated assuming 246 tests per month and
shipments 3 times per week (ie, 13 shipments per
month); ie, 19 samples per shipment; cost per
shipment $27.43 + $10 per case (case costs
$50.00 and assumed that every case is reused 5
times).

For Architect algorithm, no costs for shipping of
samples as ARCHITECT testing assumed
available “in house.”

Sending samples via FedEx for HIV-1/
HCV/HBV qualitative NAT testing
(American Red Cross national testing
lab in St. Louis, Missouri)

(Acute HIV)

1.97 (95% CI, 1.90–2.04) 0 1.97 (95% CI, 1.90–2.04) . . .

HIV-1/HCV/HBV qualitative NAT testing
(Procleix Ultrio assay) or ARCHITECT
testing

(Negative)

21.00 20.00 . . . . . . Actual test costs at UCSD/provided by manufacturer.
No 95% CI calculated.

HIV-1/HCV/HBV qualitative NAT testing
(Procleix Ultrio assay) or ARCHITECT
testing

(Acute HIV)

21.00 20.00 21.00 . . . Actual test costs at UCSD/provided by manufacturer.
No 95% CI calculated.

Data system maintenance (for delivering
negative results)

Negative

13.60 (95% CI, 13.00–14.20) 13.60 (95% CI, 13.00–14.20) . . . . . . Assumption data system is available. Basis for costs
salary of technician maintaining data system (ie,
$3318.00 per month). To calculate costs per
negative test result the monthly salary was divided
by 244 (ie, number of negative tests per month).

Calling in those with positive NAT results
(phone calls, messages)

AHI

7.90 (95% CI, 1.58–15.80) 7.90 (95% CI, 1.58–15.80) 7.90 (95% CI, 1.58–15.80) . . . Basis: SRA-1 level ($31.58 per hour); 15 min (95%CI,
3 min–30 min)

Estimation: 5% of positives cannot be reached using
EarlyTest and Architect algorithms; all clients
reached in Determine algorithm (more extensive
post-test counseling after positive Determine POC
result).

Transportation costs for necessary
second visit

AHI

10.00 10.00 10.00 -

Post-test counseling
AHI

15.79 (95% CI, 10.53–26.32) 15.79 (95% CI, 10.53–26.32) 15.79 (95% CI, 10.53–26.32) Basis: SRA-1 level ($31.58 per hour); 30 min for
positive results (95% CI, 20 min–50 min).

Total base costs per negative test
results

70.98 68.02 39.84 29.69

Total base costs per established HIV
diagnosis

55.85 55.85 76.14 66.25

Total base costs per acute HIV
diagnosis but lost to follow-up (ie,
not informed about diagnosis)

65.22 62.25 . . . . . . Loss to follow-up only in algorithms that do not
provide POC positive results for AHI (ie,
EarlyTest and Architect algorithm)
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AHI was detected in 21 individuals using the EarlyTest algo-
rithm, and 5% of those were lost to follow-up. Based on a
lower sensitivity of Architect (80%) compared with the Procleix
Ultrio (markedly over 99%), 3.99 of these diagnoses would be
missed by the Architect (“false-negative” result). These 3.99
cases of AHI are diagnosed only with EarlyTest, with an excess
cost of $8764 when compared with Architect. The ICER of Ear-
lyTest relative to Architect therefore is $2196 per AHI diagnosis
(ie, $8764 divided by 3.99). ICERs per AHI diagnosis for Ear-
lyTest compared with Determine (III) and for the 3 algorithms
that detect AHI (ie, EarlyTest, Architect, and Determine) com-
pared with Antibody (IV) alone are displayed in Table 2 and
Figure 2. EarlyTest was cost-savings compared with the other
3 algorithms, Architect was cost-savings when compared with
Determine (ICER $14,776.50) and Antibody, and Determine
was cost-savings when compared with Antibody [36]. ICERs
per AHI when assuming a lower proportion of AHI cases
(10% of all new HIV diagnoses) are depicted in Table 2.

Model for Community-based Screening Programs With Lower HIV
Prevalence/2-way Sensitivity Analyses
Comparing all 4 algorithms and assuming a 24% rate of AHI
among all HIV diagnoses, EarlyTest was cost-effective (ie,
ICER per AHI less than $69 547) for HIV prevalence rates
>0.4%. Determine was cost-effective for prevalence rates be-
tween 0.1% and 0.4%. For ≤0.1% HIV prevalence, none of
the 3 algorithms that detect AHI was cost-effective compared
with Antibody alone (Figure 3). Architect was cost-effectiveTa
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Figure 2. Total annual costs and number of acute human immunodeficiency virus
(HIV) infection diagnoses for each algorithm in the model of San Diego men who
have sex with men (ie, base model). Costs per acute HIV diagnosis (ie, incremental
cost-effectiveness ratio), by comparing each 2 of 4 testing algorithms, are indicated
in the gray boxes. Abbreviations: AHI, acute human immunodeficiency virus infec-
tion; ICER, incremental cost-effectiveness ratio.
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when compared with Determine for HIV prevalence rates
>0.6%.

ICERs for AHI per HIV prevalence rates assuming a 10% rate
of AHI among HIV diagnoses (ie, more applicable for other
populations with less frequent screening) are depicted in Fig-
ure 3C and 3D. EarlyTest was cost-effective compared with
the 3 other algorithms for HIV prevalence rates ≥1.0%. Deter-
mine was cost-effective for prevalence rates between ≥0.3% and
1.0%; below 0.3% HIV prevalence, none of the 3 algorithms that
detect AHI was cost-effective compared with Antibody alone.
When compared with Determine, Architect was cost-effective
for HIV prevalence rates >1.5%.

Probabilistic Sensitivity Analysis

Results of the PSA for a 2.9% HIV prevalence with AHI propor-
tions of 24% and 10%, including standard deviations, are listed
in Table 2 (including ICERs calculated for the lower 95% CI of
the Determine combo). EarlyTest compared favorably (ie, was
below the ICER per AHI cost-effectiveness threshold) 100%
of the time compared with the other 3 algorithms for both pro-
portions of AHI. Architect and Determine were cost-effective
100% of the time compared with Antibody only. Finally, Archi-
tect was cost-effective compared with Determine 100% of the
time at an AHI proportion of 24%, and 99% of the time at a
proportion of 10%.

Table 2. Costs per Acute Human Immunodeficiency Virus Diagnoses (ie, Incremental Cost Effectiveness Ratio) for Comparisons of the 4 Algorithms

Costs per AHI Diagnoses
(ICER)

Human
Immunodeficiency

Virus Prevalence/AHI
Proportion (%)

Algorithm

EarlyTest (EarlyTest) (I) Architect (Architect) (II)
Determine

(Determine) (III)

Point-of-Care
Ab Alone (Ab)

(IV)

Na Cost, $b Na Cost, $b Na Cost, $b Na Cost, $b

ICER per AHI vs Point-of-Care Antibody Alone (Algorithm IV)

ICER per AHI (base costs) 0.029/24% 19.95 6,057.74 15.96 7,023.09 10.50 2,991.33 . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD)

0.029/24% 19.96 6,127.71 (281.80) 15.98 7,117.69 (456.25) 10.48 3,038.11 (326.62) . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD)

0.029/10% 8.27 14,680.57 (679.16) 6.62 17,056.27 (1,098.16) 4.34 7,195.98 (788.62) . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD) assuming
40% sensitivity of
Determine (ie, lower
95% CI of sensitivity of
the Determine combo)

0.029/24% . . . . . . 8.40 3,725.73 (62.85) . . . . . .

ICER per AHI vs Determine (Algorithm III)

ICER per AHI (base costs) 0.029/24% 9.45 9,464.88 5.46 14,776.50 . . . . . . . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD)

0.029/24% 9.48 9,736.52 (1,388.22) 5.50 16,014.75 (5020.20) . . . . . . . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD)

0.029/10% 3.93 23,422.08 (3,355.44) 2.28 38,557.88 (12,121.14) . . . . . . . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD) assuming
40% sensitivity of
Determine (ie, lower
95% CI of sensitivity of
the Determine combo)

0.029/24% 11.56 7879.02 (523.06) 7.58 10,947.50 (1269.54) . . . . . . . . . . . .

ICER per AHI vs Architect (Algorithm II)

ICER per AHI (base costs) 0.029/24% 3.99 2,196.37 . . . . . . . . . . . . . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD)

0.029/24% 3.98 2,259.88 (386.30) . . . . . . . . . . . . . . . . . .

ICER per AHI, probabilistic
sensitivity analysis
(mean, SD)

0.029/10% 1.65 5,399.08 (928.38) . . . . . . . . . . . . . . . . . .

Base costs and results of probabilistic sensitivity analyses are displayed.

Abbreviations: AHI, acute human immunodeficiency virus infection; CI, confidence interval; ICER, incremental cost-effectiveness ratio; SD, standard deviations.
a N corresponds to the total number of acute human immunodeficiency virus (HIV) diagnoses when compared with alternative algorithm.
b Cost corresponds to costs (in 2014) per single acute HIV diagnosis when compared with alternative algorithm.
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DISCUSSION

We conducted a cost analysis of the EarlyTest community-
based HIV screening approach (ie, POC Ab plus routine ID-
NAT in Ab-negative persons) and found that this approach
was cost-savings (ie, ICERs less than $13.000 per AHI diagno-
sis) among a cohort of MSM when compared with 3 alternative
testing strategies (using p24 Ag/HIVAb detection and/or POC
Ab alone). While cost-savings and cost-effectiveness cutoffs
used in this study were calculations from a previous mathemat-
ical model [33], other cutoffs on the costs to be paid per AHI
diagnosis have yet to be defined.

Diagnosis of HIV at acute stages followed by appropriate in-
terventions to prevent further transmission may be a highly

effective biomedical HIV prevention strategy [1, 37]. Cost mod-
els are critical for establishing the cost-effectiveness of commu-
nity-based AHI screening, particularly given the additional
costs associated with these screening methods. Here, we dem-
onstrate that AHI screening is cost-effective among a metropol-
itan population of MSM.

The cost-effectiveness of using both that POC Ab test and
quantitative NAT (with prompt initiation of antiretroviral treat-
ment in those identified with HIV infection) when compared
with HIV-Ab testing alone has been reported for persons who
inject drugs while undergoing HIV screening every 3–6 months
[38]. The routine addition of quantitative viral load testing for
all annual HIV tests in MSM, however, has been estimated to

Figure 3. Model of incremental cost-effectiveness ratio per acute human immunodeficiency virus (HIV) infection (AHI) diagnosis for HIV prevalence rates between 0.1% and
2.9% assuming an AHI proportion of 24% (A and B, on the left) and 10% (C and D, on the right) of all new HIV diagnoses. A and C, Comparison of algorithms that detect AHI (I,
EarlyTest; II, Architect; and III, Determine) compared with an algorithm (IV) that is based on point-of-care antibody testing alone. B and D, Comparison of the 3 algorithms that
detect AHI. Cost-effectiveness threshold = $69 547; cost-savings threshold = $25 269 [33]. Abbreviations: Ab, antibody; AHI, acute human immunodeficiency virus infection; AR,
Architect; DT, Determine; ET, EarlyTest; ICER, incremental cost-effectiveness ratio; USD, US dollars.
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increase the cost of screening by more than $100 000 per qual-
ity-adjusted life year gained [39]. Our results indicate that
“cheaper” qualitative ID-NAT may provide an alternative
cost-effective community-based screening technology for AHI
in similar populations of MSM with an HIV prevalence >0.4%.
The potential detection of hepatitis B virus (HBV) and hepatitis
C virus (HCV) infections in persons at risk for HIV represents
an additional benefit of the EarlyTest algorithm, as the Procleix
Ultrio assay, which is used for HIV NAT screening, may also
detect proportions of HBV and HCV infections [14, 15].

In our MSM model, EarlyTest compared favorably with the 2
other AHI algorithms based on p24 Ag detection. Similar to
ID-NAT, Architect, even when performed “in house,” did not
deliver POC results, and total costs of Architect therefore re-
sembled those of the EarlyTest algorithm. The lower sensitivity
of Architect for AHI compared with ID-NAT led to an unfavor-
able cost-effectiveness for Architect when compared with Ear-
lyTest. Nevertheless, Architect compared favorably with
Determine in settings with HIV prevalence >0.6%. Therefore,
Architect may be a promising testing strategy in settings
where it is readily available and ID-NAT is more expensive, es-
pecially because Architect may deliver results more rapidly than
ID-NAT (ie, typically within 1 day).

In contrast, costs of the rapid Determine algorithm were
markedly lower than those of EarlyTest. Cost items of Deter-
mine were similar to those for Antibody alone, with the
major difference being that the Determine test may also detect
some cases of AHI. While sensitivity of the Determine combo
for AHI detection is disappointing, Determine may nevertheless
represent a cost-effective alternative to community-based
screening algorithms that use POC Antibody alone. This is
true, in particular, for settings where limited resources may pre-
clude use of ID-NAT or Architect screening and where there are
populations with lower HIV prevalence rates. However, it has to
be mentioned that sensitivities of the Determine test for AHI
vary widely, with higher sensitivities found in frozen samples
and even lower sensitivities in studies that evaluated real-life
use [31, 32]. By assuming a 50% sensitivity of the test, which
was calculated over all the studies (frozen samples and real
life), our model suggests that Determine may be the only AHI
screening algorithm that is cost-effective for very low HIV prev-
alence rates between 0.1% and 0.4% (ie, below the national av-
erage of 0.6% found in the United States).

Our study has several limitations. First, thresholds for defin-
ing cost-effectiveness and cost-savings relied on calculations
from a previous cost model and may be subject to change.
Also, calculations were based on 3000 tests per year, with pro-
portions of 24% and 10% among all newly diagnosed HIV cases,
being diagnosed at acute stage of infection (ie, AHI). The mag-
nitude of effects will vary in other settings with differing num-
bers of annual tests and proportion of AHI diagnoses, although
the qualitative result that EarlyTest is cost-effective for higher

HIV prevalence rates is likely to hold over a wide range of pa-
rameter values. Further, cost items used to calculate costs of the
algorithms may not reflect actual costs at other locations, espe-
cially in countries other than the United States. For these rea-
sons, results are likely to differ in settings were NAT testing is
much more expensive and the proportion of AHI diagnoses is
≤5%. As the model was limited to a 1-year time horizon, long-
term cost-effectiveness was not assessed. Also, although we tried
our best to estimate cost, the ultimate costs of fourth-generation
HIV testing using Determine and Architect in a real-world set-
ting are unknown. Finally, our model was based on an estab-
lished HIV testing program (ie, infrastructure in place) and
does not include the costs of program development.

In conclusion, community-based screening programs that
use EarlyTest and Architect are associated with higher direct an-
nual costs compared with programs that rely on POC testing
only. Although more expensive, early identification of HIV in-
fection using the dual EarlyTest screening algorithm may mark-
edly reduce HIV transmission rates and, considering earlier
models, is likely to be cost-effective not only among at-risk
MSM in San Diego but also among other similar populations
of MSM with HIV prevalence rates >0.4%. The Architect algo-
rithm may be the second-best alternative for HIV prevalence
rates ≥0.6%, while the Determine and Antibody algorithms
may be promising only for HIV prevalence rates below the na-
tional average or for screening programs among populations
that are tested less frequently and are therefore more likely to
be diagnosed at the stage of established HIV infection.
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