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1. HIV Epidemic Model

We modified a previously described compartmental, deterministic, SIR-type model to represent heterosexual transmission of HIV within an East African setting.  This model incorporates equilibrium results from a previously validated stochastic model of HIV disease progression [1, 2]. We sought to evaluate how a variety of different monitoring strategies would impact the HIV epidemic in this developing world environment. 

For additional information or for a working copy of the C++ code used to conduct the analyses outlined in this manuscript please contact the director of our mathematical modeling team at Kimberly.Nucifora@nyumc.org.

1.1 Population definition

The simulated population was divided into ten 5-year age groups (a), two genders (k), and four sexual activity classes (l) [Table A1] . These risk groups were selected to capture differences in HIV prevalence, population size, sexual behaviors and transmission risk.  For those persons living with HIV/AIDS their disease was represented with a CD4 count category (cd), VL category (v), and a HIV resistance category (m). In addition, the spectrum of infection and engagement in care was represented in a status category (y) [Table A1].  The specific combination of age, gender, sexual activity class may be (where appropriate) referred to using “risk strata” (subscript p) throughout the remainder of this document. The combination of CD4, viral load and resistance category may be referred to as “HIV state” (subscript h) throughout the remainder of this document.

Table A1. Components of population matrix

	Population parameter
	Abbreviation/Subscript
	
	Subgroups 

	Age
	i
	p
	0-4, 5-9, 10-14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-45, 45-49

	Gender
	k
	
	Women(k=1), Men (k=2)

	Sexual activity 
	l
	
	Abstinent (l=1), Monogamous (l=2), Multiple  partnerships (l=3), CSW or clients of CSW (l=4)

	CD4 count
	cd
	h
	0-50, 51-200, 201-350, 351-500, >500 cells/mm3

	VL 
	v
	
	0-2.5, 2.5-3.5, 3.5-4.5, 4.5-5.5, >5.5 log copies/ml 

	HIV resistance
	m
	
	No resistance (m=0), NNRTI only (m=1), PI only (m=2), NRTI only (m=3), NNRTI and NRTI (m=4), PI and NRTI (m=5), NNRTI and PI (m=6), All 3 classes (m=7)

	Status
	y
	
	Susceptible (y=1), Acute HIV infection (y=2), Chronic HIV infection (not detected) (y=3), Chronic HIV (detected) (y=4),
Chronic HIV (in care) (y=5), Chronic HIV (on ART) (y=6)




1.2 Epidemic Compartmental Model

The compartmental model was created through a system of nonlinear differential equations for each spectrum of care group (referred to as status in Table A1) further subdivided by age (a), CD4 category (cd), VL category (v), HIV resistance (m) and risk group (p). Across the spectrum of care, transition from susceptible (Sr) to acute HIV infection (I1r) occurs as a result of new transmission events; transition from (I1r ) to undetected, chronic HIV infection (I2r ) occurs at a constant rate and represents the natural history of acute HIV infection; transition from I2r to chronic HIV, detected  (I3r)  occurs as a result of HIV testing and this rate can vary in relation to changes in this probability.  Transition from I3r to chronic HIV, in care (I4r) occurs as a result of linkage to care. Finally, transition from I4r to HIV, on ART (I5r) occurs once those in care initiate ART, which is directly related to the assumed ART eligibility criteria. From I5r the only transition that can be made is to death. [Figure A1] As discussed below, HIV progression (i.e. transitions between CD4 and VL compartments) and HIV-related mortality was modeled using rates developed from a stochastic state-transition model [1, 2].

Figure A1.  Schematic diagram of HIV transmission model
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1.3 Equations governing transitions

N = Total population
N’ = HIV infected population
S = N-N’ = Susceptible (HIV-) population
p = risk strata- given combination of age strata (a), gender (k), sexual activity class (l)
h= disease strata – given combination of CD4 strata (cd) , VL strata (vl) and HIV resistance (m) category
h= HIV-related mortality rate (for a given CD4 strata (cd), VL strata (v), and resistance (m) category)
’h= HIV-related mortality rate if on cART
age = age – related mortality rate
force of infection
 = birth or maturation
rate of transition between any two CD4, VL strata, and resistance categories
flow from acute to chronic HIV infection
rate of transition from acute to chronic HIV infection
rate of HIV testing [= - ln(1-Ptest)/t)]
rate of linkage to care [= - ln(1-Plink)/t)]
rate of initiation of ART (once in care)
Ptest= probability/rate of annual HIV testing
PLTC= probability/rate of linkage to care (if detected)
PART= probability/rate of initiation of ART (if in care)

1. dSr/dt =  r – tr (t)Sr – age
2. dI1r/dt = tr (t)Sr – r - age  - cd,v		(where r = *N’r)
3. dI2r  / dt = r -  - age - cd,v 
4. dI3r  / dt =  –  - age - cd,v 
5. dI4r/dt = r – r - age - cd,v 		(where r = N’r*cd<threshold,v * PART)
6. dI5/dt = r - age - ’cd,v


1.4 HIV transmission

The population is described by two genders (male and female), and four sexual activity groups. Each activity group is defined by a desired relationship duration in years d and desired number of concurrent partners r . The mathematical framework builds on published work by Garnett & Anderson [3, 4].  Following their structure, the population defined by the model is stratified by gender k , age i , and sexual activity class l . Individuals form partnerships with the opposite gender k' from age class j and activity class m. The notation for duration dklmij would refer to the duration of a partnership formed between someone of sex k , activity group l and age group i with someone of the opposite sex from activity group m, age group j . In addition to the above parameters, we set a desired frequency of sexual acts (number of acts per year) which applies to both genders and a probability of transmission per sexual act. The following steps were undertaken to create and balance the transmission simulation.

a) Duration
When a man and woman form a partnership, we make the assumption that the partner wanting the shorter relationship controls the relationship duration. Thus the duration of the partnership is the minimum of each partner's desired duration.
		
		dklmij = min(dkli, dk'mj)


b) Proportional mixing matrix incorporating concurrency
	We begin by calculating the proportionate mixing matrix. This indicates the probability that an individual in a given group will partner with an individual from each other group under random, proportionate mixing. Note that instead of using partner change rate in this calculation, we use concurrency to determine the number of partnerships available at a given moment in time.

The proportionate mixing matrix ρp is defined by:
 (1)


c) Adding assortativeness of age, activity and age preference to mixing matrix.
	
	We have incorporated multiple methods (of varying complexity) of specifying degree of assortativeness (the level of preference for like to mix with like) in the model. These methods are described by Garnett and Anderson in their papers [3]. In the simplest case, we use one parameter  to denote the degree of assortative mixing (eq 2).
(2)

	Here, ij is the Kronecker delta (i.e. ij = 1 if i = j and 0 otherwise). When  = 0, mixing is entirely assortative and when  =1 mixing is proportionate. If we wish to specify degrees of assortativeness for age and activity separately, we use the following equations.
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	Here, 1 specifies the degree of assortative mixing between age classes and 2 specifies the degree of assortative mixing between activity classes. Lastly, we can include a preference for a mismatch between the ages of the sexual partners. The following set of equations builds on the previous where we separately specify assortativeness of age groups, 1 and assortativeness of activity groups 2. Additionally, we specify the degree to which members of one sex (generally men) prefer partners of the opposite sex two age groups younger, 3.
(4)


	d) Number of partnerships offered at any moment in time
	The number of partnerships offered by a group kli to a partner group k'mj is the product of the number in that group, the number of concurrent partners for that group, and the probability that the partner will be from the partner group.

		numPartnershipsklmij = Nklmij * rklmij * klmij

	e) Compromise on number of partnerships
	When two groups in a partnership are offering each other unequal numbers of partnerships, the lower number of partnerships prevails. Thus one group may get fewer partnerships than it desired.

numPartnershipsCompromiseklmij = numPartnershipsCompromisek'mlji = min(numPartnershipsklmij, numPartnershipsk'mlji)

	f) Compromise on concurrency
	Now that one group may have had to compromise on the number of partnerships it can obtain with a partner group, we have to revise the concurrency for that group, specific to that partnership. Revisiting our equation from step 4 but using the number of partnerships after compromising,

		numPartnershipsCompromiseklmij = Nklmij * rklmij * klmi

Solving for concurrency,
		rklmij = numPartnershipsCompromiseklmij / (Nklmij * klmi)

	g) Frequency of sexual acts
	In our model, we assume a overall desired frequency F for all individuals. This overall desired frequency is independent of the number of concurrent partners. Thus an individual with only one partner with have sex acts of frequency F with that one partner. An individual with r concurrent partners will have frequency F/r with each partner. In step 6, we showed that because one group may have had to compromise their number of partnerships, their
concurrency with a partner group likewise had to be adjusted. We calculate actual frequency fklmij for a group with a specific partner group as

			fklmij = F / rklmij

	h) Compromise on frequency
	Two individuals who form a partnership must each experience the same frequency within the partnership. If their calculated desired frequencies with each other are unequal, one partner will have to compromise on their desired frequency. In this model, we assume that the lower desired frequency prevails. Thus,

 			fklmij = fkmlji = min(fklmij, fkmlji)

	i) Acts per Partnership
	The number of acts within the course of a partnership is equal to the frequency of sex acts multiplied by the duration.

			actsklmij = fklmij * dklmij

	j) Partner change rate
	The partner change rate c is equal to the number of partnerships per year (in series) multiplied by the number of concurrent partnerships r. The number of partnerships in series is the inverse of the duration. Thus,

			cklimj = 1/dkli * rklimj = rklimj/dkli


	k) Transmission probability (beta) per partnership
	The transmission probability per partnership is calculated by

			= 1 - (1-) ^ acts

where  is the transmission probability per sex act.

	l) Force of Infection
The force of infection () is defined by
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where s refers to the infectious states and Ysk'mj(t) is the number of sexual partners of age group j and activity group m in that infectious state. The term Ysk'mj(t)/Nk'mj(t) is then the proportion of sexual partners who are infected.

1.4.1 Calculation of probability of transmission per act and per partnership

We refer to the transmission probability per partnership as  and the transmission probability per sexual act as . Alpha () constants were set based on literature reviews and vary by type of partnership and the infecting partner [Table A4]. These constants can be modified by HIV disease status (acute vs. chronic infection), viral load, adherence and specific interventions which act or promote different behavioral or biological modifiers that increase or decrease this probability (e.g. condom use during sex act will decrease the probability of transmission).

Therefore, under different conditions  is calculated using the following equations:

Infected partner not receiving treatment (and no alpha modifying interventions):
final= * mv 				(6)	
where mv is the alpha modifier for a viral load strata v 	

To account for the higher VL (and likely transmission probability resulting) associated with the acute HIV state, if the partner of a susceptible person was in an acute HIV state (I1r) then the viral load of the infected person was conservatively estimated  to be 1.5 log units greater than its set point (and a different VL modifier (mv) applied to the above equation [5].

Infected partner receiving treatment (and no alpha modifying interventions):
First, an “on treatment” viral load strata for infected population is determined as follows:

VLtreat = VL - (VLdec * Padh)

and then 

VLtreat is then assigned a new VL strata (v’ ) category

mtv  is the alpha modifier of the new VL strata on treatment v’
The final alpha value is then calculated as in equation (6).

To calculate  we assumed a binomial process where the number of trials referred to the average number of sex acts per partnership (Acts) and the probability of successful transmission is described by kKV as above. Therefore, beta was calculated using the following equation.

 = 1 -(1 -final)Acts	(7)




2 HIV Progression Model 

HIV disease progression was modeled by the inclusion of stationary rates developed from a previously developed and validated computer simulation [1]. {Braithwaite, 2005 #190}Within the epidemic compartmental model CD4+ count was categorized into five mutually exclusive compartments (cd) [0-50, 50-200, 200-350, 350-500, >500 cells/mm3. Viral load was categorized into five strata (v) [0-2.5, 2.5-3.5, 3.5-4.5, 4.5-5.5, >5.5 log copies/ml]. HIV-1 resistance profile was categorized into seven mutually exclusive categories including no resistance , NNRTI class resistance only, PI class resistance only , NRTI class resistance only, both NNRTI and NRTI class resistance, both PI and NRTI class resistance, both NNRTI and PI class resistance, and  multidrug resistance (all 3 classes). Upon initialization, compartments representing PLWHA at the start of the simulation were assigned a CD4 count, and VL as represented from the distribution in Table A2. This distribution describing the CD4 and VLs for PLWHA at the start of the simulation was created using published data [6, 7].  We assumed no HIV-1 resistance to anti-retroviral drugs in the population at the start of the simulation (i.e. 1997).

All persons infected with HIV after the start of the simulation were assigned a CD4 strata of >500 cells/mm3 and a viral load from a normal distribution with a mean of 4.45 log copies and standard deviation of 0.78 [8].

Table A2. Probability distributions for initialization of CD4 count strata and VL strata within HIV infected compartments

a. Probability distribution (Qcd,v) of CD4 and VL categories for HIV infected persons at initialization

	
	
	CD4 Count Category/Compartment (c)

	
	
	0-50
	51-200
	201-350
	351-500
	>500  

	Viral Load Category or Compartment (v)
	0-2.5
	0.000000
	0.000000
	0.003968
	0.003968
	0.031746

	
	2.5-3.5
	0.000000
	0.000000
	0.012698
	0.012698
	0.073016

	
	3.5-4.5
	0.005952
	0.017857
	0.038095
	0.046429
	0.184524

	
	4.5-5.5
	0.013095
	0.039286
	0.061905
	0.078571
	0.178572

	
	>5.5
	0.016667
	0.050000
	0.059524
	0.034524
	0.036905






2.1 Incorporation of equilibrium results from stochastic disease model into epidemic model

The rate of transition between these compartments ([cd,v,m](t)  [cd,v,m], (t+1)); cd1v1m1cd2v2m2, hereafter shortened to h) were determined by referencing rate transition tables under two different conditions (on ART and off ART) depending on ART threshold (assumed to be <200 cells/mm3 under base case). These rate transition tables were generated from the previously mentioned disease progression model. 

	This was achieved by using the previously mentioned Braithwaite stochastic HIV progression model to determine the rates of transition between CD4 count, viral load categories, and resistance categories and then substituting these calculated rates into a deterministic model. More specifically,  separate one million trial simulations were conducted (under conditions of no ART available and ART available), to generate “off-care” and “on-care” estimates of disease progression. During these simulations state transitions between the  aforementioned viral load categories, CD4 categories, and resistance categories were tracked, as well as transitions between any combination of these and HIV-related death. Rates were then calculated and “lookup tables” generated that indexed these state transitions by current CD4, VL, ART status, resistance category and HIV-related death (yes/no). 

	We evaluated the validity of this construction by subjecting the compartmental model to a similar analysis as that performed in a previous published analysis [2] using the Braithwaite stochastic model after harmonizing the assumptions and inputs between the two models. Results of the comparison between different monitoring strategies were similar between equivalent simulations (stochastic model vs. transmission model). In addition, the rank order of strategies from most effective to least was nearly identical between the two different models. We concluded, therefore, the deterministic model mimics the mean behavior of the stochastic model.

Progression through the spectrum of engagement was modeled as a stepwise dependent process starting from HIV uninfected through HIV infected and on ART [Figure A1]. Initiation of ART was simulated when CD4 category fell beneath stated ART threshold and corresponded to the utilization of the “on care” integrated look-up table. Mortality from HIV (if infected) (h) could occur from any infected compartment while mortality unrelated to HIV (age) could occur from any compartment. Under conditions of treatment, transitions between CD4, VL strata, resistance strata are referred to as ’h and AIDS related mortality rates as ’h. HIV-related mortality rates (h or ’h) were determined from indexing the appropriate HIV progression model lookup tables. 




3 Initialization of population matrix

We calculated the initial populations of each compartment in the model using Uganda specific epidemiological data for both the HIV negative and HIV positive populations as of 1997 [9-11]. Uganda was chosen as the proxy country for East Africa because at the time of model development the most complete longitudinal epidemiologic data was available for this national jurisdiction. Proportions of HIV infected individuals stratified by age and gender were determined from published epidemiological data [9, 11]. It was assumed that at the start of the simulation (i.e. 1997) that all HIV infected persons were in the undetected or detected compartments but none were in ART treatment compartments.  We assumed that at the simulation start time, a HIV prevalence in the adult population of 10.6% and that 15% of infected persons had been tested and were aware of their results [12]. We did not assume any differences in likelihood of HIV testing between genders.


The simulation was run over a 14 year calibration period, representing the HIV epidemic during the period of 1997-2011. During this initialization period from 2003 onwards the baseline (i.e. assumed values for 1997) annual probability of undergoing HIV testing (10%) and the probability of linking to care given HIV positive (0%) were linearly scaled upwards to their assumed 2011 values of 16% and 68% respectively. This was incorporated into the model in order to represent the expansion of ART treatment programs within this setting. At the end of the initialization/calibration period a “snapshot” of the model population was captured and functioned as the initial population for all predictive/analytic simulations described in the manuscript. The initial population after this calibration period is outlined in Table A3. Distributions across sexual activity classes (l) can be calculated by multiplying a given cell with its respective probability conditional on gender [Table A4].


Table A3. Calculated initial population distribution after calibration period

	Group
	Susceptible
	All HIV infected†
	HIV infected and on ART††

	Children
	15,285,185
	122,056
	25,885

	Men
	8,353,903
	342,481
	109,713

	Women
	8,307,874
	493,898
	131,458

	Totals
	31,946,962
	958,435
	267,056









†Includes those HIV infected persons who are undetected (i.e. not tested), detected but not in care, and those in care and treatment programs (both on and off ART)
††Only those detected, in care and on ART

3.1 Entry and Maturation

Entry into the population was determined by the age-associated fertility rate for Uganda in 2008 and was distributed in relative proportion by risk group (p). Entry was assumed at birth but no sexual activity was assumed to occur until age 13.  For any given compartment (not accounting for HIV infection or HIV-related death) entry, maturation and mortality were calculated as follows:

Newborns:
Na=0,r (t+1) = Birthsr – ((1/Da=0) * Na=0,r (t))age			(8)

Other age groups:
Na,r (t+1) = ((1/Da=0)*Na=0,r (t) )) – ((1/Da) * Na,r (t) )) - age		(9)

	Newborns acquire HIV through vertical transmission according to a probability that varies with the mother’s viral load.  Mothers taking PMTCT meds are assumed to have a viral load two log strata lower than their actual viral load.  (Ex.  Women with a vl category of 5 will be attributed a vl category of 3 when determining the proportion of infected births.)  Newborns are allocated equally across genders and are assigned into risk groups in the same proportions that adults are allocated. They are assigned CD4 and VL categories using the same allocation probabilities as adults who acquire new infection. Infected newborns inherit the resistance category of the mother.  

4      Outcomes
The system of nonlinear differential equations were solved numerically to calculate the number of persons in each compartment over time. The following outcome measures were then derived.

4.1 Effectiveness

4.1.1 	Total number of HIV infections was calculated at a given time t as:
 		N y>1(t)
Where y refers to status variable (1=susceptible, >1 = HIV infected)

4.1.2 	Prevalence at time t was calculated as:
N y>1(t) /  N(t)

4.1.3 	Number of new infections over time horizon T was calculated as:
New infections= T y>1(t) * Ny=1(t)dt		(10)

4.1.4 	Number of infections averted was calculated as:

# of new HIV infections (base case) - # of new HIV infections (intervention scenario) 

4.1.5 QALYs
			The mean QALYs per year associated with each starting compartment 			was determined from the progression model and imported into the 				transmission model via 	the lookup tables.  The total QALYs for each time cycle 			was calculated as the product of the number of people in each 					compartment multiplied by that compartment’s annual cost, summed over all 			compartments.  The utility scores were stratified on CD4+ strata [13].



4.2 Costs
		Costs that were accounted for included acute hospitalization costs secondary to AIDS-related clinical events, 1st and 2nd line ART drugs, monitoring costs (varied by different monitoring strategy considered), and routine outpt care of HIV infected persons. Costs were discounted at 3%. The mean annual cost associated with each starting compartment was determined from the progression model and imported into the transmission model via the lookup tables.  The total cost for each time cycle is the product of the number of people in each compartment multiplied by that compartment’s annual cost, summed over all compartments.  




Table A4. Key input parameters to simulation model
	Sexual risk characteristics
	
	Value
	Source

	Pabs, k=2
	Proportion of males who are abstinent
	5%

	[14-16]

	Prl=2,k=2
	Proportion of males who are in stable, monogamous relationships 
	31%
	[16-18]

	Prl=3,k=2
	Proportion of males in multiple, concurrent relationships (Class 3)
	56%
	Assumption

	Pr,l=2,k=2
	Proportion of males in multiple, concurrent relationships (Class 4)
	8%
	[19]

	Pabs, k=1
	Proportion of females who are abstinent
	10%
	[14, 20, 21]

	Prl=2,k=1
	Proportion of females who are in stable, monogamous relationships
	69%
	[16, 17]

	Prl=3,k=1
	Proportion of females in multiple, concurrent relationships
	17%
	Assumption

	Prl=3,k=1
	Proportion of females in multiple, concurrent relationships (Class 4)
	4%
	[22]

	
	
	
	

	Sexual transmission 
	
	
	

	sk=2,K=1
	Transmission risk per sex act (FM)
	0.00042
	[23]

	sk=1,K=2
	Transmission risk per sex act (MF)
	0.00081

	[23]

	
	
	
	

	mv=0
	Relative risk of transmission if VL category 0-2.5 log copies/ml
	0.16
	[24]

	mv=1
	Relative risk of transmission if VL category 2.5-3.5 log copies/ml
	1.87
	[24]

	mv=2
	Relative risk of transmission if VL category 3.5-4.5 log copies/ml
	6.54
	[24]

	mv=3
	Relative risk of transmission if VL category 4.5-5.5 log copies/ml
	8.85
	[24]

	mv=4
	Relative risk of transmission if VL category >5.5 log copies/ml
	9.03
	[24]

	
	Degree of assortative mixing between age classes (0=assortative, 1=proportionate)
	0,25
	[4]

	
	Degree of assortative mixing between sexual activity classes (0=assortative, 1=proportionate)
	0.20
	[4]

	dl=1
	Average duration (years) of stable, monogamous partnerships
	30.0
	Assumption

	dl
	Average duration (years) of partnership in activity group 2
	1.0
	Assumption

	dl=3
	Average duration (years) of partnership in activity group 3
	0.5
	Assumption

	rl=1
	Median number of concurrent partnerships for activity group 1
	1.0
	[18]

	rl=2
	Median number of concurrent partnerships for activity group 2
	3.0
	[18]

	rl=3
	Median number of concurrent partnerships for activity group 3
	10.0
	[18]

	3
	For men over age 25, the proportion of partnerships which they would have formed with women in the same age group that are formed with women in the age group 10 years younger
	0.16
	[25]

	
	
	
	

	HIV risk behaviors and biological/behavioral modifiers of transmission
	
	

	PSTI
	Prevalence of untreated STI
	6%
	[26]

	Pcirc
	Probability of not being circumcised
	50%
	[27, 28]

	Palc
	Initial proportion alcohol abuse problems, males
	20%
	[29]

	
	Initial proportion alcohol abuse problems, females
	10%
	[29]

	Pcondom
	Prevalence of condom nonuse most or all of the time
	66%
	[30]

	
	Relative risk of alcohol/mental health/drug use on condom nonuse
	1.29
	[31, 32]

	
	Relative risk of alcohol/mental health/drug use on ART nonadherence
	2.33
	[33-36]

	
	Relative risk of alcohol/mental health/drug use on having an untreated STI
	1.72
	[37, 38]

	pcondom
	Relative risk reduction of HIV seroconversion when using condoms
	80%
	[39]

	pPrEP
	Relative risk reduction of HIV seroconversion when using PrEP
	
	 [40]

	pSTI
	Relative risk reduction of HIV seroconversion if treated STI
	40%
	[41]

	pcirc
	Relative risk reduction of HIV seroconversion if circumcised
	59%
	[42]

	
	
	
	

	HIV disease related 
	
	
	

	Ptest
	Probability/rate of not being tested for HIV
	84%
	[43-45]

	PLTC
	Probability of linkage to care once HIV diagnosed
	68%
	[46, 47]

	
	Mean CD4 count (SD) for newly infected individuals
	705 (50)
	[48]

	
	Mean log viral load (SD) for newly infected females
	4.27 (1.15)
	[49]

	
	Mean log viral load (SD) for newly infected males
	4.99 (0.88)
	[49]

	
	CD4 count threshold for treatment initiation
	200
	[50]

	Padh
	Probability of nonadherence 
	15%
	[51, 52]

	
	
	
	

	Demographics
	
	
	

	
	
	
	

	
	Fertility rate (range, depending on age)
	0.0291-0.3323 (29.1-332.3/1000 pop/year)
	[53]

	
	
	
	

	Costs
	
	
	

	
	1st line ART monthly costs
	$15.78
	Unpublished data• •

	
	2nd line ART monthly costs

	$113.43
	Unpublished data• •

	
	Annual routine costs if in HIV care and treatment program

	$287.28
	Unpublished data• •

	
	Annual inpatient hospitalization costs if patient has AIDS

	$390.27
	Unpublished data• •

	
	HIV-1 viral load test

	$70
	Unpublished data• •

	
	CD4+ count test
	$11.20
	Unpublished data• •


••Values derived from communication with Wools-Kaloustian, K (Director of Field Research; Indiana Univeristy-AMPATH [Academic Model Providing Access to Healthcare])
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