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APPENDIX
Overview
We developed a dynamic compartmental model to assess the effectiveness and cost-
effectiveness of various strategies of testing for and treating acute HIV infection in men who
have sex with men (MSM) in the United States. Figure A1 shows a schematic representation of
the model. Table A1 summarizes model notation. The model calculates Xj(¢), the number of
individuals in each compartment i = 1, ..., 13 at time ¢. Individuals transition between
compartments and age into or transition out of the system at rates defined by population
demographics, disease progression parameters, and screening and treatment interventions. We
incorporated epidemiologic, clinical, and economic data in order to estimate HIV prevalence,
incidence, quality-adjusted life years (QALY's), and healthcare costs for various testing and
treatment strategies. We implemented the model in Microsoft Excel 2007 using a weekly time
step and considered a time horizon of 20 years.
Model Compartments
We estimated that there are approximately 6.4 million MSM aged 13-64 in the US [1-6].
We subdivided this population into 13 compartments, based on the following factors:
* HIV infection status (uninfected, infected)
* HIV disease stage if infected (acute infection, asymptomatic HIV: CD4 >350 cells/mm’,
symptomatic HIV: CD4 200-350 cells/mm’, AIDS: CD4 <200 cells/mm”)

* Screening status (unidentified, identified)



* Treatment status (receiving antiretroviral therapy (ART), not receiving ART)
Population Dynamics

We assumed that individuals enter the model at age 13 into compartment 1 (uninfected,
unidentified) at a rate p, calculated based on US population data for males by age group [5, 6].
Individuals exit the population due to death or maturation. Individuals mature out of the
population upon turning 65 at rate u;. All individuals die from non-AIDS related causes at rate ;,
and individuals with AIDS (those in compartments 9, 10, and 13) die from AIDS at rate a;. We
allowed y; and J; to vary by compartment, but assumed that they were the same for all MSM,
based on US population data for males [5-7]. In the absence of new interventions, the size of the
population of MSM at the end of 20 years matches expected US population growth trends [5].
Interventions

Testing for acute HIV infection can be implemented with either p24 antigen tests or with
HIV-1 viral load (VL) testing. Tests for p24 antigen are more specific and less expensive than
VL tests, but they are less sensitive [8, 9]. In our analysis, we considered VL testing.

Studies on adding VL testing to routine antibody testing have shown that this additional
testing increases the diagnostic yield for HIV infection by 4-10% [10-15]. Most of these
screening programs have used pooling schemes, where serum or plasma samples that are
negative for HIV antibodies are pooled and then tested using VL testing. Pooling is used to
reduce cost and the potential for false positives. The additional cost of pooled VL testing in these
programs, as compared to standard antibody screening alone, ranged from $3-17 per processed
specimen, in populations with HIV prevalence ranging from 0.6-4.1% [10-12, 15]. Pooled VL
testing in populations with higher HIV prevalence, such as the MSM population we modeled,

would require more re-testing of positive samples, leading to a higher cost per specimen. Also,



pooling increases the turnaround time for notifying the patient of test results, especially in
facilities with low volume of testing. During the acute infection phase, time is of the essence due
to high transmission risk. Therefore, although pooling algorithms can be used with VL testing to
reduce costs, we assumed in our analysis that all specimens are tested individually. In sensitivity
analysis we considered pooled testing for routine VL testing, but not for symptom-based testing.

For symptom-based testing, we assumed that uninfected MSM present with influenza-
like symptoms at the baseline rate of influenza in the population and are tested for HIV. This
results in extra costs incurred for symptom-based testing strategies.
HIV Transmission

We assumed that HIV transmission occurs via homosexual contact. The total rate of
contacts sufficient to transmit infection is the sum of the sufficient contact rates between an
uninfected individual in compartment i (i = 1, 2) and an infected individual in compartment j (j =
3, ..., 13), which we denote by S, (¢).

We modeled the homosexual contact rate as a binomial process, similar to Long et al.
[16, 17]. A “success” is defined as transmission of HIV, and uninfected individuals select n(1-
u;x) risky partners per year (i.e., partnerships involving unprotected sexual contact) with the
probability of transmission per partnership being the probability of “success”. The rate f; (?) 1s
affected by condom usage, where the percent of partnerships involving condom usage is u;, and
by condom effectiveness, x. The annual probability of transmission in a partnership, o;,
assuming no condom usage or ineffective condom usage, depends on the disease stage of the
infected individual and whether he is receiving ART. Uninfected individuals choose risky

partners from infected compartment j based on the number of risky partnerships individuals in



compartment j have (homogeneous mixing). Hence the probability of selecting a risky partner

from compartment ; is:
X, (t)n;(1-ux)
E X, (t)nk(l - ”kK)
k

P(select j) =

Combining all these factors, ; (¢) can be calculated as follows:

(1w

B, (t)=1- (1 - P(selectj)o, ; )n
Uninfected individuals in compartments i = 1, 2 thus acquire HIV infection at time 7 with
probability

DB.,(1)

2 :
We modeled the effects of HIV testing and counseling in reducing risky behavior as reductions
in the number of sexual partnerships [16-20].
Disease Progression

After acquiring HIV infection, individuals progress through the disease stages at rate ;.
These progression rates are inversely proportional to the average length of each stage and are
based on previous models of the natural history of HIV infection [16-18]. ART lowers the
progression rate 6;;and the AIDS death rate a,; by increasing the time spent in those states.
System of Equations

We modeled HIV transmission and progression with a system of 13 nonlinear differential

equations. The equations describing the change in the number of individuals in each

compartment at each time step are listed below. We let X; denote Xi(¢) for ease of notation.

Change in number of unidentified uninfected individuals (compartment 1):

Eﬁl,j(t) Xl -1/JX1 + a)idXZ _Au’lxl _51X1

Jj>2

dX
Ttl=pzxi_




Change in number of identified uninfected individuals (compartment 2):

dx,
dt

E[)’Z,j(t) X, +yX, -0, X, -, X, - 6,X,

j>2

Change in number of unidentified acutely infected individuals (compartment 3):

Eﬁl,,i(t) X, +

j>2
Change in number of identified, untreated acutely infected individuals (compartment 4):

dX;
dt

Eﬁz,j(t) X, - (7/"" V3)X3 -0, X, - ;X - 6,X,

j>2

dX
dl‘4 = (1/’ tV; )(1 —art, )X3 -0,X, —wX,-6,X,
Change in number of unidentified asymptomatic infected individuals (compartment 5):
dX
dts =0,X; - (1/) + VS)XS = 05X 5 — usX5 - 65X
Change in number of identified asymptomatic infected individuals (compartment 6):
dX,
ar =0,X, + (1/) + VS)XS + 6, X, - 0,X — uXs—8X,
Change in number of unidentified symptomatic infected individuals (compartment 7):
dX
dt7 =0:X;-(y+v,)X,-0,X, - wX,-8,X,

Change in number of identified, untreated symptomatic infected individuals (compartment 8):

dX ~
dtg = 06(1 - ¢6)X6 + (1/1"' V7)(1 - ¢7)X7 = P X — O X — us X - 6, X

Change in number of unidentified individuals with AIDS (compartment 9):

dX,
dt

= 0,X; = (W + V)X, = X, = Xy = 0, X,

Change in number of identified, untreated individuals with AIDS (compartment 10):

dX,,
dt

Change in number of identified, treated acutely infected individuals (compartment 11):

= HSXS + (1/J+ v9)(1 - ¢9)X9 - ¢10X10 - aIOXIO _Au'IOXIO - (Sloxlo

dX
7;] = ('l/) + V3 )at3X3 - 011X11 - Au’11X11 - 611X11

Change in number of identified, treated symptomatic infected individuals (compartment 12):

aX A
d;z = 0,06 X + (w + V7)¢7X7 + P X — 0, X, — 0, X, — 1, X, - 0,X,,



Change in number of identified, treated individuals with AIDS (compartment 13):

dX g
7;3 - (1/) + V9)¢9X9 + P Xio + 0, X, — 03 X3 — 1 X5 - 513X13

Health Outcomes and Costs

We computed total costs (in 2009 US dollars) and health benefits over 20 years. When
necessary, costs were inflated to 2009 US dollars using the GDP deflator calculated by the
Bureau of Economic Analysis [21]. We discounted both costs and QALY's at an annual 3% rate.
Because the time step of the model is weekly, we calculated the equivalent weekly discount rate

with the following formula:

weeklyrate = ((l + 0.03)”52 )— 1

Quality of life was weighted by an average age-specific baseline utility. The average was
calculated using time trade-off assessment (TTO) measures for men aged 45-54 and 55-64 from
the Beaver Dam Health Outcomes Study [22]. The weighted average utility for the modeled
population assumed quality-of-life factor of 1 for ages 13-44.

In our estimates of quality of life for each health state, quality of life decreased with HIV
disease progression and was improved by treatment with ART during chronic infection. We also
incorporated a decrement in utility for learning of HIV-positive status [23].

The utility for acute infection was calculated based on the utility of influenza- or
mononucleosis-like illness and the fraction of those infected who experience symptoms [9, 18,
23-30]. Quality of life during acute infection was not influenced by treatment with ART.

HIV-related healthcare costs during the acute infection phase were calculated based on
expected costs for symptomatic patients. We summed the direct medical expenses for an

outpatient visit to a physician (including lab fees, consult fees, and prescription medications),



and the cost of over-the-counter medications, and multiplied by the percent of acutely infected
individuals who both are symptomatic and choose to visit a physician [9, 24-26, 31-33].

Costs and QALY decrements were incurred for false positives occurring during testing.
The sensitivity and specificity of each test was estimated from the literature [8, 18, 26, 34-37],
and costs and QALY decrements associated with positive test results were incurred for
uninfected people for test specificities less than 1.0. Uninfected individuals who received a false
positive test result, whether with an antibody test or a VL test, incurred a QALY decrement of
0.06 times their baseline utility for 14 days [18, 23, 38].

We calculated the number of new HIV infections averted under each strategy over the 20-
year time horizon as the difference in the total number of new infections under the strategy and
the total number of new infections under the status quo. We reported undiscounted infections,
but we also calculated discounted infections, discounted at 3% annually. Discounting infections
reduces the number of infections averted for each strategy by approximately 25%.

We calculated the incremental cost-effectiveness ratio (ICER) relative to the status quo
and to the next-best strategy for each intervention. To do so, we summed the (discounted)
QALYs incurred over the 20-year time horizon for each strategy as well as the status quo. We
did the same for all (discounted) costs incurred. The ICER was then calculated as follows:

Cost - Cost

I C ER = Strategyi StatusQuo
QALYStmtegyi - QALYSmthm;

ICER — COStStrategyi - COStNextBest
QAL )]Strutegyi - QALYN extBest



Sensitivity Analysis

We performed sensitivity analysis on all model parameters. Results were not significantly
affected by most parameters. Table A4 shows results of sensitivity analysis for those parameters
that did have an impact on results or that were discussed in the manuscript.

Recent guidelines recommend ART initiation at CD4 cell counts of greater than 350
cells/mm’ [39]. Accordingly, we examined initiating ART at CD4 cell counts of 500 cells/mm’
or greater in sensitivity analysis. With earlier ART initiation among the chronically infected in
the status quo, assuming a 50% survival gain for those treated earlier, the effectiveness and cost-
effectiveness of strategies remained qualitatively similar. Under all assumptions tested,
symptom-based VL testing with treatment still cost less than $50,000 per QALY gained.

We analyzed pooled testing for annual VL screening in sensitivity analysis. If the cost per
specimen tested is below $40, and if patients can be notified of their results and started on ART
within one week, then adding VL testing to the annual screening protocol, in combination with
symptom-based testing and expanded annual antibody screening, has a more favorable ICER
(less than $30,000 per QALY gained) than symptom-based testing with annual antibody testing
alone. At current antibody screening levels, adding VL testing to the annual screening protocol in
combination with symptom-based testing has a more favorable ICER than symptom-based
testing alone if cost per specimen is below $25. However, if we assume a moderate delay in
starting ART during acute infection due to slower turnaround time with pooling (e.g., a delay of
over two weeks), results are similar to the base case, with symptom-based testing with annual
antibody screening alone being more cost-effective than adding pooled VL testing to the
screening protocol.

Probabilistic Sensitivity Analysis



We conducted probabilistic sensitivity analysis using a Monte Carlo simulation with
10,000 runs. We chose and fitted distributions to each parameter, generally using beta
distributions for parameters that ranged from 0 to 1 (e.g., probabilities, utilities) and gamma
distributions for nonnegative, uncapped parameters (e.g., costs). Table AS shows the distribution
type and the fitted parameters for each value. The distributions in Table A5 were parameterized
using the means and ranges from Tables 1 and A3. We ran “goal seek” in Excel to fit the relevant
type of distribution to the inputs we obtained from the literature (e.g., base case value being
mean or mode, and range being 95% confidence interval). We then calculated the relevant
parameters for the fitted distribution (e.g., alpha and beta for beta distributions). These
parameterized distributions were then used in the Monte Carlo simulation. In each simulation
run, we sampled from the distribution for each listed input and calculated model results with the
resulting set of inputs. All parameters in Table A5 were included in the sensitivity analysis.

After running 10,000 simulations and collecting the outputs of total discounted costs and
QALYs for each strategy, we calculated the net benefit for each strategy in each simulation. Net
benefit is calculated as AXQALY's — Cost, where A is the willingness to pay for a QALY gained.

Results of the probabilistic sensitivity analysis supported base case results, as seen from
the cost-effectiveness acceptability curves and frontier in Figures A2 and A3. Figure A3 shows
that increasing annual antibody screening to 90% coverage without testing for acute infection is
the optimal decision if willingness to pay for a QALY gained is less than approximately $20,000
per QALY gained. If willingness to pay is within the range of $20,000 — $80,000 per QALY
gained, it is optimal to add symptom-based testing and treatment for acute HIV infection. Adding
VL testing to the screening protocol is only optimal if willingness to pay for a QALY gained is

closer to $100,000.



Table A1: Model Parameters and Notation

Parameter Description
Demographic Parameters
X,(t) Number of people in compartment i at time ¢
I3 Entry rate of individuals into the model at age 13
u Maturation rate out of compartment i

Non-AIDS death rate for compartment i

i

Annual discount rate

HIV Progression Parameters

6 HIV disease progression rate for compartment i
al‘ AIDS death rate for compartment i
Sexual Blehavior Parameters
n, Annual number of male partners of individuals in compartment i
u Condom usage with male partners by individuals in compartment i

Annual probability of HIV transmission per unprotected sexual
bj partnership between uninfected (compartment 7) and infected
(compartment ;) individuals

Transmission Variables
B ( t) Sufficient contact rate at time ¢ between uninfected (compartment 7)
L and infected (compartment ;) individuals
Treatment Parameters

at. Fraction of acutely infected individuals (in compartment i = 3)
l starting ART after diagnosis

9, Fraction of individuals in compartment i starting ART at CD4=350
' cells/mm’

4 Rate of individuals in compartment i starting ART at CD4<350

Z cells/mm’

£, ART efficacy in reducing sexual infectivity in infected individuals

Screening Parameters
" Probability of screening

Probability of symptomatic testing or case-detection for individuals

Vi in compartment i
1 Average duration of identification status for uninfected individuals
wid

Py Reduction in sexual behavior due to screening and counseling
1

10



Table A2: Summary of Key Model Parameters with Sources
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Parameter* Value Range Source
Demographic Parameters
Total MSM population age 13-64 6,435,210  5.5-7.5 million Calculated [1-6]
HIV prevalence in MSM 8.5% 1-17% Calculated [1-6]
Male mortality rate 0.0043 0.003-0.005 Calculated [7]
Male maturation rate 0.0106 0.005-0.02 Calculated [5, 6]
Male entry rate 0.022 0.01-0.04 Calculated [5, 6]
Disease Parameters
Average disease duration (years)
Acute HIV 0.25 0.08-0.40 [9, 40-43]
Asymptomatic HIV 7 6-10 [16, 17,44, 45]
Symptomatic HIV 3 1-4 [16, 17,44, 45]
Symptomatic HIV — Treated with ART 18 12-30 [16, 17,46, 47]
AIDS 2 1-3 [16, 17, 44, 45]
AIDS — Treated with ART 2-15 [16, 17, 46, 47]
Sexual Behavior Parameters
Annual transmission probability per MSM
partnership (Myrv+=>Mury.)
Acute HIV 0.210 0.10-0.40 [48-50]
Asymptomatic HIV 0.039 0.02-0.08 [16,48-50]
Symptomatic HIV 0.039 0.02-0.08 [16, 48-50]
AIDS 0.160 0.08-0.30 [16, 48-50]
Annual number of male partners 3.0 2.0-5.0 [16, 51-53]
Condom usage with male partners 40% 30-60% [16, 54-57]
Treatment Parameters
gir:;tli(())snisof acutely infected starting ART after 50% 0-100% Assumed
Fraction starting ART at CD4=350 cells/mm’ 50% 25-75% Estimat;ag][l6—l8,
Rate of initiating ART at CD4<350 cells/mm’ 0.05 0-0.10 Estimated [16-18]
Reduction in sexual infectivity due to ART 90% 50-99% [16-18, 49, 59-66]
Screening Parameters
Fraction of population tested annually 67% 30-90% [51, 67, 68]
Fraction of acutely infected who develop symptoms 70% 40-90% [9, 24-26, 34]
. . cr . Estimated [24, 32,
o f et i nvnce e Smpoms sy, oo, 33 e
assumed)
Identification duration if uninfected (years) 1 0.5-3 Assumed
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Parameter* Value Range Source
CR:lilrlllscslllonng in sexual behavior due to testing and 20% 0-50% [16, 18-20]
Cost Parameters (2009 US §)
Annual HIV-related healthcare costs

Acute HIV 30 10-500 Cal‘;‘g“;eldg] o

Asymptomatic HIV — Untreated 4,100 3,000-6,000 [16, 69, 70]

Symptomatic HIV — Untreated 6,883 5,000-9,000 [16, 69, 70]
AR%y(r:r;[;::)matic HIV — Treated with ART (excludes 6.136 5.000-7,000 [16. 69, 70]

AIDS — Untreated 21,700 15,000-25,000 [16, 69-72]

AIDS — Treated with ART (excludes ART costs) 9,877 6,000-17,000 [16, 18, 70]
Annual non-HIV-related healthcare costs 4,028 3,000-6,000 [73]
Annual cost of ART 15,475 12,500-19,000 [16, 18, 70, 72]
Cost of HIV testing — VL test

Uninfected 124 51-248 [74]

HIV-Infected 277 102-344 [74]
Cost of HIV testing — antibody test

Uninfected 13 5-25 [74]

HIV-Infected 67 50-100 [74]
Cost of counseling

Pre-test counseling 13 0-100 [75, 76]

Post-test counseling for HIV-negative persons 7 0-50 [75,76]

P;:;ge;; linkage/counseling for HIV-positive 14 0-100 [75. 76]
Cost of HIV diagnosis 500 125-1,200 [74]
Discount Rate 3% 0-5% [77]

* All rates are annual. ART = antiretroviral treatment, MSM = men who have sex with men, VL = viral

load



Table A3: Summary of Additional Model Inputs
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Parameter* Value Range Source
Disease Parameters
Quality-of-life factors
Uninfected 1.00 - [16,17,22]
Acute HIV — Unidentified 0.92 0.73-0.97 Cal"“la;f)‘]l 19, 24-
Acute HIV — Identified 0.86 0.68-0.91 Cal"“;‘;tido?’ 18,
Acute HIV — Treated with ART 0.86 0.68-0.94 Cal"“gido?’ 18,
Asymptomatic HIV — Unidentified 0.91 0.85-0.95 [17,18, 23]
Asymptomatic HIV — Identified (Year 1) 0.84 0.84-0.95 [17, 18]
Asymptomatic HIV — Identified (Years 2+) 0.89 0.85-0.95 [17, 18]
Symptomatic HIV — Unidentified 0.79 0.70-0.80 [17, 18, 78, 79]
Symptomatic HIV — Identified 0.72 0.70-0.80 [17, 23]
Symptomatic HIV — Treated with ART 0.83 0.82-0.87 [16-18, 78]
AIDS — Unidentified 0.72 0.60-0.75 [16-18]
AIDS — Identified 0.72 0.60-0.75 [16, 17,78, 79]
AIDS — Treated with ART 0.82 0.82-0.87 [16, 17, 78]
Age-specific multiplier 0.96 0.887-1 [22, 80, 81]
Sexual Behavior Parameters
Condom effectiveness 90% 85-95% [64]
Screening Parameters
;Zre;l;gé)égﬁ?;iiloi;y of influenza-like symptoms in 1.7% 0.5-3.1% (31,33, 82]
Annual probability of symptom-based case finding
Symptomatic HIV 10% 0-30% [16, 18]
AIDS 20% 10-60% [16, 18]
Sensitivity of VL test, pre-seroconversion 100% 98-100% [8, 26, 34]
Specificity of VL test, pre-seroconversion 98% 95-99.9% [8, 26, 34]
Sensitivity of antibody test, post-seroconversion 99.5% 98.0-99.9% [18, 35-37]
Specificity of antibody test, post-seroconversion 99.9994% 99-100% [18, 35-37]
Quality decrement fqr false-positive result (multiplier 0.12 0-0.48 Calculated [18, 23,
to above quality-of-life factors) 38]

* ART = antiretroviral treatment, VL = viral load
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Table A4: Results of Key Sensitivity Analyses

Strategy* HIV Infections lng‘elzle;;tal Incremental ICER relative to§
\ osts:
Preventedq (billions) QALYS¥f  GStatus Quo  Next Best
Base-Case Scenario
30;@ ﬁ;ﬁlﬁlgﬁ?w ?7829;5) $13.65 389,711 $35,032  $105,398
= . 0
305; ﬁ;ﬁ‘iltﬁsﬁf ?50 775(; $6.43 321,164 $20,013 $29,923
= . 0
27,72
T;/; rﬁ;i‘f&?fw ( 57 17 (y(; $10.23 263.663  $38,783  Dominated
= . 0
22,44
_fg; ﬁ&?ﬁliﬁsﬁf i (y6) $4.97 218,085 $22,786  Dominated
= . 0
14,923
90% Annually, Ab (2.8%) $2.31 183,535 $12,582 $12,582
. 0
Initial HIV Prevalence
3%
16,04
3_0;@ rﬁ;r;ﬁxsﬁyw ( 76’;)(;) $13.62 156,445 $87,030  $268,039
= . 0
12,4
305; ﬁ;ﬁ‘iltﬁsﬁf © 053) $5.74 127,054 $45,157 $77,620
= . 0
11
i7;/; rﬁ;ﬁ%ﬁ?w B 67 56) $10.46 109,269 $95,725  Dominated
= . 0
481
i@@ ﬁ;ﬁ‘iltﬁsﬁf (i’ 5§/) $4.80 89,808 $53,442  Dominated
= . 0
5,695
90% Annually, Ab 27%) $1.24 69,059 $17,896 $17,896
. 0
Infectivity During Acute
2x Higher
90% Annually, Ab+VL 70,717 $12.01 651,245 $18,448 $44,782

+ Symptom-based (11.4%)
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30;/513;2‘;2}&?; (582 57509) §5.39 503313 $10,708  $12,270
T;@ﬁ;‘;;‘ﬁiﬁsﬁﬂm (5;79(;2) $8.86 479,163 $18,493  Dominated
Tg;ﬁ&?ﬁiﬁsﬁf ?62 98;5 $3.95 385,867 $10233  $10,233
90% Annually, Ab (15’06(;3 $2.33 216,725 $10,739 Dominated
5 Annual Sexual Partners
30;/;/3&2‘2%5?; v (119 22 ’90;3) $8.33 1,608,567  $5178  $15836
30;/;%;‘;‘;2}%5’2; (114 3 (?;3 $3.03 1,274,189 $2,381 $2,995
i@@ﬁ;ﬁ‘ﬁiﬁsﬁrw 1(2%5’(1;:)9 $6.19 1,169,223 $5297  Dominated
i@@ﬁ;ﬁ‘jﬁiﬁsﬁf 1(174_‘;'2’2)0 $2.06 948,818 $2,171 §2,171
90% Annually, Ab (65’53;)6) $1.97 618,992 $3,190 Dominated
0% of MSM Identified as
Acutely Infected Receive
ART
3_0;/; rﬁ&iﬁ}t};s§;+VL ?ﬁﬁ; $14.11 284,780  $49,550  $243,982
iogérﬁ;z‘fﬂﬁsﬁf (25_’27(2)9) $6.72 254491  $26408  $62,170
T;@ﬁ;i‘ﬁiﬁsﬁ v (136 ! ;06) $10.61 172990  $61,340  Dominated
T;@rﬁl;‘;‘ﬁiﬁsﬁ (124 61;07) $5.26 149,550 $35,178  Dominated
90% Annually, Ab 14,923 $2.31 183,535 $12,582 $12,582

(2.8%)
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25% of MSM Identified

as Acutely Infected
Receive ART
90% Annually, Ab+VL 32,727
’ 13.88 41,086 146,840
+ Symptom-based (6.1%) $ 337,805 $41, $146,
90% Annually, Ab 26,773
’ 6.57 22,820 40,797
+ Symptom-based (5.0%) $ 288,050 $22, $40,
67% Annually, Ab+VL 22,300 i
’ 10.42 47,623 D ted
+ Symptom-based (4.1%) $ 218,734 $47, ominate
67% Annually, Ab 18,336 .
’ 5.11 27,787 D ted
+ Symptom-based (3.4%) $ 184,048 $27, ominate
14,923
0 ’ 2.31 12,582 12,582
90% Annually, Ab (2.8%) $ 183,535 $12, $12,
75% of MSM Identified
as Acutely Infected
Receive ART
90% Annually, Ab+VL 45,125
’ 13.43 30,486 82,432
+ Symptom-based (8.4%) $ 440,533 $30, $82,
90% Annually, Ab 34,731
’ 6.28 17,759 23,337
+ Symptom-based (6.5%) $ 353,841 $17, $23,
67% Annually, Ab+VL 33,040 )
’ 10.04 32,611 D ted
+ Symptom-based (6.1%) $ 307,797 $32, ominate
67% Annually, Ab 26,499 .
’ 4.83 19,177 D ted
+ Symptom-based (4.9%) $ 251,669 $19, ominate
14,923
0 ’ 2.31 12,582 12,582
90% Annually, Ab (2.8%) $ 183,535 $12, $12,
100% of Symptomatic
Acutely Infected MSM
Identified and Receive
ART
90% Annually, Ab+VL 62,415
’ 20.09 34,022 142,447
+ Symptom-based (11.6%) $ 590,562 $34, $142,

90% Annually, Ab 57,141 $13.83 546,584 $25,298 $31,726



+ Symptom-based

67% Annually, Ab+VL
+ Symptom-based

67% Annually, Ab
+ Symptom-based

90% Annually, Ab

HIV-uninfected MSM
Present with Febrile ILI
4x More Often

90% Annually, Ab+VL
+ Symptom-based

90% Annually, Ab
+ Symptom-based

67% Annually, Ab+VL
+ Symptom-based

67% Annually, Ab
+ Symptom-based

90% Annually, Ab

50% Increased HIV-
related Mortality Due to
Early ART

90% Annually, Ab+VL
+ Symptom-based

90% Annually, Ab
+ Symptom-based

67% Annually, Ab+VL
+ Symptom-based

67% Annually, Ab
+ Symptom-based

90% Annually, Ab

(10.6%)

56,197

(10.4%)

53,200
(9.9%)

14,923
(2.8%)

43,547
(8.1%)

37,392
(6.9%)

37,429
(7.0%)

33,805
(6.3%)

14,923
(2.8%)

39,106
(7.3%)

30,852
(5.7%)

27,815
(5.2%)

22,519
(4.2%)

14,923
(2.8%)

$17.13

$12.89

$2.31

$25.30

$19.55

$22.48

$18.69

$2.31

$13.56

$6.37

$10.15

$4.91

$2.31

522,863

497,563

183,535

436,294

385,354

373,031

342,648

183,535

388,724

320,557

262,820

217,460

183,535

$32,769

$25,916

$12,582

$57,995

$50,744

$60,253

$54,543

$12,582

$34,891

$19,874

$38,617

$22,587

$12,582
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Dominated

Dominated

$12,582

$112,852

$85,448

Dominated

Dominated

$12,582

$105,508

$29,641

Dominated

Dominated

$12,582
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MSM Treated During
Acute Remain on Lifelong

ART
90% Annually, Ab+VL 97,021
’ 25.61 37,854
+ Symptom-based (18.0%) $ 1,058,455 $24,192 $37,
90% Annually, Ab 69,022
’ 14.31 20.812
+ Symptom-based (12.8%) $ 759,911 $18,825 $20,
67% Annually, Ab+VL 78,499 )
’ 20.64 D ted
+ Symptom-based (14.6%) $ 846,958 $24,367 ominate
67% Annually, Ab 61,615 )
’ 13.00 D ted
+ Symptom-based (11.4%) $ 666,857 $19,495 ominate
14,923
90% Annually, Ab (2.8%) $2.31 183,535 $12,582 $12,582
. o

* Ab = antibody testing, VL = viral load testing. In the base-case scenario, initial HIV prevalence is
8.5%, annual transmission probability per partnership during acute infection is 21%, MSM have 3
partners annually on average, 50% of acutely infected individuals who are identified receive ART, 0.6%
of HIV-uninfected MSM present for VL testing with ILI symptoms per week, and individuals receiving
ART during acute infection remain on ART for 3 months and experience no future harms or benefits.

4 HIV infections prevented are undiscounted totals.

1 The values in parentheses are the fraction of total HIV infections prevented.

¥ Costs and quality-adjusted life years (QALY's) are net present values (3% discount rate) over 20 years.
1 Incremental costs and QALY are relative to the status quo.

§ ICER = Incremental cost-effectiveness ratio, relative to the status quo or the next-best strategy.
Strategies that are dominated yield fewer QALY at higher cost than the comparator.
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Parameter* Distribution Parameter 1 Parameter 2
Typet
Demographic Parameters
Total MSM population age 13-64 Normal 6,435,210 628,221
HIV prevalence in MSM Beta 4.59 49.41
Male mortality rate Beta 29.20 6,777.90
Male maturation rate Beta 6.18 574.63
Male entry rate Beta 7.57 33.59
Disease Parameters
Average disease duration (weeks)
Acute HIV Gamma 11.07 1.08
Asymptomatic HIV Gamma 23.62 15.41
Symptomatic HIV Gamma 36.65 4.26
Symptomatic HIV — Treated with ART Gamma 10.96 85.40
AIDS Gamma 17.71 5.87
AIDS — Treated with ART Gamma 2.66 97.59
Quality-of-life factors (weekly)
Acute HIV — Unidentified Beta 681.08 37,982.92
Acute HIV — Identified Beta 640.22 38,023.78
Acute HIV — Treated with ART Beta 177.84 10,562.16
Asymptomatic HIV — Unidentified Beta 725.55 40,734.45
Asymptomatic HIV — Identified Beta 705.17 40,754.83
Symptomatic HIV — Unidentified Beta 984.46 63,815.54
Symptomatic HIV — Identified Beta 138.86 9,890.03
Symptomatic HIV — Treated with ART Beta 329.14 20,291.66
AIDS — Unidentified & Identified Beta 452.69 32,241.49
AIDS — Treated with ART Beta 303.93 18,969.41
Age-specific multiplier Beta 43.86 1.83
Sexual Behavior Parameters
Annual transmission probability per MSM
partnership (Mppv+=>Mpurv.)
Acute HIV Beta 4.44 16.69
Asymptomatic HIV Beta 4.56 112.31
Symptomatic HIV Beta 4.56 112.31
AIDS Beta 5.30 27.81
Annual number of male partners Gamma 10.99 0.27
Condom usage with male partners Beta 8.80 13.21




Distribution

Parameter* Parameter 1 Parameter 2
Typet
Condom effectiveness Beta 13.47 1.50
Treatment Parameters
Fraction starting ART at CD4=350 cells/mm’ Beta 6.38 6.38
ART entry rate if CD4<350 cells/mm’ Beta 5.00 95.00
Reduction in sexual infectivity due to ART Beta 343 0.38
Screening Parameters
f;l;&(())t;n (;f acutely infected who develop Beta 9.60 411
Identification duration if uninfected (weeks) Gamma 1.65 31.60
Ssljlrlllscetllﬁlr; in sexual behavior due to testing and Beta 1.69 6.77
i\Z;eel;leyr ggl;;?lgg; ;)lf influenza-like symptoms Beta 6.83 398.17
Weekly probability of symptom-based case
finding
Symptomatic HIV Beta 1.13 558.87
AIDS Beta 0.88 205.41
Sensitivity of VL test, pre-seroconversion Beta 499.95 0.05
Specificity of VL test, pre-seroconversion Beta 366.00 10.00
Sensitivity of antibody test, post-seroconversion Beta 164.61 0.83
Specificity of antibody test, post-seroconversion Beta 4,999.97 0.03
i -positive resul
(ubtracted rom above qualty-of 1 facors) 04T 082 245
Cost Parameters ($)
Annual HIV-related healthcare costs
Acute HIV Gamma 6.00 5.00
Asymptomatic HIV — Untreated Gamma 21.42 191.45
Symptomatic HIV — Untreated Gamma 43.07 159.81
Symptomatic HIV — Treated with ART Gamma 196.20 31.27
AIDS — Untreated Gamma 177.38 122.33
AIDS — Treated with ART Gamma 9.29 1,036.08
Annual non-HIV-related healthcare costs Gamma 19.37 207.91
Annual cost of ART Gamma 80.73 191.70
Cost of HIV testing — VL test
Uninfected Gamma 5.30 23.39
HIV-Infected Gamma 69.75 3.97

Cost of HIV testing — antibody test

20
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Parameter* Distribution Parameter 1 Parameter 2
Typet
Uninfected Gamma 6.14 2.12
HIV-Infected Gamma 24.94 2.69
Cost of counseling
Pre-test counseling Gamma 1.06 12.31
Post-test counseling for HIV-negative persons Gamma 1.23 5.71
l;oesrts-(‘;isst linkage/counseling for HIV-positive Gamma 1.09 12.86
Cost of HIV diagnosis Gamma 3.01 166.00
Discount Rate Beta 10.52 340.17

* All rates are annual. ART = antiretroviral treatment, MSM = men who have sex with men, VL = viral

load
1 Parameters 1 and 2 for each type of distribution are as follows: normal: mean, standard deviation; beta:

alpha, beta; gamma: alpha, beta
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FIGURES

Figure A1: Model Schematic

This figure presents a schematic of the dynamic compartmental model. Each square represents a
compartment of the MSM population, identified by HIV infection status, HIV disease stage if
infected, screening status, and treatment status. The number within each square denotes the index
number of that compartment (i = 1, ..., 13). The arrows depict population movement from one
compartment to another and into and out of the population, with the associated parameters

representing the rates of change. Descriptions of the parameters can be found in Table Al.
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Figure A1: Model Schematic
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Figure A2: Cost-Effectiveness Acceptability Curves

Probability Strategy is Optimal

100% =—50% Annually, Ab
67% Annually, Ab + Symptom-based
—_— l .
755 90% Annually, Ab + Symptom-based
—=90% Annually, Ab+VL + Symptom-based
50%
25%
0%
S0 $25,000 $50,000 $75,000 $100,000 $125,000 $150,000

Maximum Willingness to Pay ($ per QALY gained)

The cost-effectiveness acceptability curves show the proportion of the 10,000 simulations where

each strategy is optimal, for each value of A, the willingness to pay per QALY gained, shown on

the x-axis. A strategy is optimal in a given simulation when it is associated with the highest net

benefit, where net benefit = AXQALYs — Cost.

Note: Ab = antibody, VL = viral load, Symptom-based = 35% of symptomatic acutely infected
MSM receive Ab & VL testing.
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Figure A3: Cost-Effectiveness Acceptability Frontier

100%
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S0 $25,000 $50,000 $75,000 $100,000 $125,000 $150,000

Maximum Willingness to Pay ($ per QALY gained)

The cost-effectiveness acceptability frontier represents both uncertainty and the identification of
the optimal strategy. It shows the cost-effectiveness acceptability curve for the intervention with
the highest expected net benefit for each value of A, the willingness to pay per QALY gained,
shown on the x-axis. At each value of A, the frontier identifies which strategy should be chosen
(based on expected net benefit calculated from the 10,000 simulations), and the probability that
the strategy will be optimal.

Note: Ab = antibody, VL = viral load, Symptom-based = 35% of symptomatic acutely infected
MSM receive Ab & VL testing.
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