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PMTCT in Haydom area

Prevention of mother to child transmission of HIV in the Haydom area is organised through four different but interlinked programmes: (i) the prevention programme, (ii) the care and treatment centre, (iii) the maternity ward and (iv) the community home based care programme 1.  These are described in more detail below.

The prevention programme
HLH has an extensive outreach programme aimed at preventing and testing for HIV. The programme is organised both through general Voluntary Counselling and Testing (VCT) services in 74 villages and through 28 sites for Reproductive and Child Health Services (RCHS).  Further, the government and other voluntary agencies offer RCHS services at 23 sites, of which 16 are also served by HLH for PMTCT services with education and VCT. 
The care and treatment centre 
Pregnant and lactating women who have been tested at one of the 51 PMTCT sites or 74 village sites and found to be HIV positive, are referred to the care and treatment centre (CTC) for counselling, treatment and follow-up.  Occasionally, women are also recruited from other hospital wards where they may have been treated and tested for other reasons.  Following counselling, a clinical examination and laboratory tests (including CD4 counts) are performed. The patient is followed up closely for the first two weeks with directly observed treatment.  Thereafter the patient returns once a month for an examination and medical supplies. Transport money is provided in order to ensure compliance. Should a patient not return on time or for some other reason not be able to come to the hospital, a nurse and community home based care (CHBC) counsellor will follow up the patient on a regular basis at home.  
Maternity ward

According to national guidelines, a delivering mother arriving at a maternity ward should be tested for HIV on arrival, following the provider-initiated opt-out strategy. This also applies if a pregnant woman is admitted to any other department at the hospital. Pre- and post-test counselling is offered. Women who test positive are referred with their babies to CTC for treatment and follow up following national guidelines. If the test is negative, the woman receives counselling for negative results. 
Community Home Based Care

The community home based care (CHBC) services provide support to pregnant and lactating women in their homes.  Because of the long distances, each counsellor is provided with a bicycle in order to visit HIV positive patients. The CHBCs are organised as part of the CTC services and follow up women enrolled in the PMTCT programme, as well as other HIV patients, bringing food, medicines and providing social support.
Integration of services

From 2005 until 2007 the HIV services at HLH went through a phase of integration, and this analysis is based on the current integrated project set-up 1. The transition was made from being a vertical programme into being part of regular hospital activities. This involved assigning the personnel regular working hours and salaries instead of using an allowance system, and routines and activities are now planned in conjunction with the rest of the services provided.  
PMTCT in the governmental health services
In the regular Tanzanian PMTCT services, HAART is not offered to pregnant and nursing women. Single dose nevirapine has up to now been the standard PMTCT regimen, and follow up with food and milk using CHBCs has not been regularly offered.  The integrated HLH services therefore represent significant improvements in care.  In the Haydom catchment area, the HLH and government facilities work in close collaboration. Pregnant and nursing women found to be HIV positive at any of the government facilities are referred to HLH in order to be enrolled in the HAART and follow-up programme. 
Methods

The model

We use a decision tree model (Figure 1) to calculate expected costs and outcomes of the two prevention alternatives HAART (as described above) and sd-NVP.  As a point of reference, the null intervention (no PMTCT) was also included.  A decision tree is appropriate since we use child infections averted as the primary outcome measure and we are not attempting to calculate life time costs and health benefits for the mothers and babies, in which case a Markov framework would have been more appropriate.  We do, also, report costs per DALY averted based on assumptions from the literature.  
<Figure 1 about here>

For all prevention alternatives, the model captures the likelihood of being recruited for preventive treatment either through VCT services or when presenting at hospital for delivery.  Subsequently, the model captures the likelihood of HIV transmission taking place depending on whether or not the women have received prevention at different stages of pregnancy, delivery and breastfeeding.  The driver of the incremental effectiveness in the model is that PMTCT Plus addresses transmission risk during pregnancy, delivery and lactation, whereas sd-NVP only addresses risk related to delivery.  A driver of the incremental costs in the model is that PMTCT plus is more costly than sd-NVP.  An overview of the input probabilities is given in Table 1.
PMTCT plus intervention
HIV positive pregnant or lactating mothers are given HAART from when they are recruited until certain weaning has taken place, irrespective of whether or not they need HAART for their own health. The HAART regimen consists of Triomune (stavudine/lamivudine/nevirapine) as first line treatment, with replacement of stavudine with zidovudine in cases of neuropathy 2.  When there is doubt whether weaning has actually taken place, HAART is extended until 18 months after delivery. Mothers are counselled on infant feeding options. Exclusive breastfeeding is encouraged for 6 months, abrupt weaning is usually planned well in advance, mothers are supported during the transitional period and provided with free food and milk aid according to their needs. 
According to hospital records, about one third of the HIV positive women have CD4 counts above 250, while the counts are below 250 for two thirds.  At HLH Triomune was the standard first line treatment for both groups during the trial period, and our model therefore does not consider other specific regimens.
HIV positive mothers, who are not already in the PMTCT treatment programme when they present at the maternity ward for delivery, are given an immediate dose of Triomune.  Exposed infants receive a single dose of nevirapine (2 mg/kg) within 72 hours of birth, and thereafter they are referred to CTC in order to receive zidovudine and cotrimoxazole prophylaxis. Mothers in the PMTCT programme who deliver at home are advised to bring their infants to CTC for nevirapine and zidovudine administration within 72 hours. If a woman has been heard to have delivered at home, and has not sent someone to collect medicines, the CTC nurse and CHBC counsellor will drive to her home with medicines and food supplies. 

HIV positive women who refuse to enrol into the PMTCT programme will not receive HAART during pregnancy, but there is still a possibility that treatment can be initiated during birth if they choose to deliver at the hospital.  Women, who have not enrolled through VCT or at the maternity ward or at any other ward at the hospital during pregnancy, are assumed not to receive any risk reduction treatment.  We assume that baseline transmission rates during pregnancy, delivery and lactation apply in these cases.
PMTCT with single dose nevirapine

As mentioned, PMTCT Plus with HAART is already the preferred PMTCT regimen in the Haydom area.  This is opposed to current standards of care in most other Tanzanian settings, which are still based on sd-NVP.  Costs and benefits of sd-NVP are modelled assuming that the existing infrastructure for screening, antenatal care, delivery and postnatal care could also have applied for this more simple alternative.  This means that women are offered VCT through monthly visits at antenatal clinics as in the existing PMTCT Plus arrangements.  Pregnant women who are tested and found to be positive will, however, not receive HAART. Instead, they are, in this alternative, assumed to receive counselling and a single dose of nevirapine that they are instructed to take at the onset of labour (early strategy).  Furthermore, these women are instructed to travel to the hospital for delivery, where the infant will receive a single dose of nevirapine within 72 hours of birth.  As for the PMTCT Plus alternative, we include the possibility that HIV status can be detected at a later stage, and that treatment can be provided when women present for delivery at the maternity ward (late strategy).  
The null intervention

For the hypothetical null intervention, we assume that PMTCT is not being offered at all, and that baseline risks for HIV transmission apply for all pregnancies.  In this alternative, we assume no costs for voluntary counselling and testing, no care and treatment costs and no costs for community home based care.  There are, however, still some costs for this alternative at the maternity ward related to routine obstetric care and testing.
Costs of prevention alternatives

We estimated the costs for all the PMTCT Plus related activities at HLH for the year 2007, including the VCT, CTC, the Maternity Ward, the CHBC, and a share of the overhead administration services.  We did this by working through the hospital accounts and by interviewing project managers and accountants.  Costs were estimated from the perspective of the local health care provider, and included capital as well as recurrent cost items.  Capital costs were annuitized using an interest rate of 15.8%, which is the average of the three previous years’ discount rates reported by Bank of Tanzania 3. We focused on economic rather than financial costs, and therefore included the full value of donated items and goods purchased at subsidised prices.  The hospital paid a price equivalent to 0.25 USD per dose of Triomune during the year of the study.  All costs were estimated in 2007 Tanzania shilling (TSh), and converted to USD using the mean exchange rate of 1,247 TSh/USD for that year 3.

As mentioned, PMTCT Plus is the intervention currently offered at Haydom Hospital.  In order to estimate the costs of PMTCT with sd-NVP we therefore made some additional assumptions.  First, we assumed that a nevirapine based intervention would require the same VCT set-up as PMTCT Plus, and that these costs therefore would be identical.  We assumed that this is also the case for the testing procedures and activities at the Maternity ward, except that relatively cheap sd-NVP to mothers and babies are used instead of the more expensive HAART as described above.  Since sd-NVP does not require monitoring and follow-up, like HAART does, we did not include the costs of CTC and CHBC for this alternative.  Further, we assumed that the cost of overhead administration is proportional to the sum of other costs. Finally, we assumed that nevirapine could be procured at a cost of 0.526 USD per single dose treatment of mother and baby 4.
For the baseline intervention of providing no PMTCT services in the area, we assumed no other costs than those related to the Maternity Ward testing procedures and a small proportional share of overhead costs.

Costs of HIV infections

It was outside the scope of this study to collect primary data on the costs of treating children infected with HIV. The literature is scarce regarding this, and the few available studies are too early to include HAART.  As a minimum estimate, we adopted the results from a Mozambique study, in which lifetime cost of treatment without access to HAART was estimated to be 517 USD per child infected with HIV 5, which translates to 731 USD after adjustment from 2000 to 2007 currency 6. No long term observational evidence is available documenting long-term survival of children on HAART in low income settings.  To account for costs of HAART we crudely assumed that HIV infected infants are comparable to adults, and adopted results from a recently published Markov model, in which a life expectancy of 19.3 years was found 7. This is conservative compared to an earlier expert opinion of 23 years 8.  This estimate was combined with annual drug and laboratory costs for HAART from HLH reported in this paper.  These costs added to the costs in the Mozambique study 5 represent the maximum estimate of costs per HIV infection (100% HAART coverage).  In our baseline analysis we assume 50% HAART coverage for the infants, and this is calculated as the mean of the minimum and maximum estimates.
Baseline probabilities and treatment effects
The baseline probabilities and treatment effects in the model come from a variety of sources, and are reported in Table 1. The Haydom area has moderate levels of HIV prevalence compared to many sub-Saharan African settings.  We apply an overall prevalence rate of 2% found in a relatively recent study from the area 9. This corresponds nicely with other nearby regional estimates, including 2% in the Manyara Region and 3.2% in the Singida Region 10. Since prevalence rates are higher in many other settings, we vary the prevalence from 1% to the national estimate of 6.6% 11 in the sensitivity analysis to improve generalisability of the findings.  
Haydom hospital keeps good records of the number of women who attend VCT services.  In 2007 a total of 7,187 women in the target group were tested in the programme, compared to an estimated total number of 12,747 pregnancies in the catchment area.  This yields a proportion of 56% of pregnant women who accept testing and return for results and counselling (HLH statistics). We do not have data on recruitment rates for 2007, but 50% in 2005 and 42% in 2006 of the women who were tested positive were recruited into the PMTCT programme 1.  We used the average of these two years in our base case analysis (46%).  These rates are somewhat lower than those found in a Zambian study, where 64% of pregnant women accepted VCT and 74% of the women who were tested HIV positive were recruited into the PMTCT programmes 
 ADDIN EN.CITE 
12
. 
In the study area, the probability of delivering at hospital was estimated to be 33%.  This is the mean estimate of three different data sources, including a household survey from the area from 1996-97 where it was found that 39% of vaccinated children had been delivered at hospital 
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13-14
.  A recent survey from 2009 in 6 villages in the catchment area found that 33.2% of the deliveries were at a hospital (E.Svensen, personal communication).  Finally, hospital statistics show that 3,257 deliveries took place at Haydom hospital in 2007 15, while the total number of estimated live births in the area was 12,747 based on information on total population 16 and national estimates of crude birth rates from the Demographic and Health Survey 17, corresponding to 26%.
We estimate the probability of delivering at hospital to be 72% for the HIV positive women who are recruited into the PMTCT programme, and this is based on records from the PMTCT programme at Haydom for the period September 2003 to December 2006. The increased likelihood of hospital delivery for PMTCT women has negligible impact on the overall hospital delivery rates of 33% (over), since this subpopulation represents only 1.5% of the total population of pregnant women.
Baseline probabilities for vertical HIV transmission were taken from the published literature.  Haydom hospital does test for HIV sero-conversion of the babies and keeps records of the results, but because of relatively few cases at Haydom, we deemed the published data to be more accurate than the locally observed data.  Baseline transmission rates (transmission rates without intervention) during pregnancy and birth were from a review study by De Cock and colleagues 
 ADDIN EN.CITE 
18
.  They estimated absolute transmission rates during pregnancy to be 5-10%, while transmission during birth was estimated to be 10-20%.  We applied the mean of these estimates in our base-case analyses.  As for transmission rates during breastfeeding, more recent evidence is now available.  We used pooled results from a meta-analysis of individual level data from 9 different studies, in which overall transmission rates of 8.9 per 100 child years of breastfeeding was reported 19.  This translates to a cumulative transmission rate of 13.4% over an assumed 18 months of breastfeeding, including periods of both exclusive and mixed breastfeeding.
The effectiveness assumptions (relative risks) of prevention are also from the published literature.  The relative risk (RR) for single dose nevirapine to mothers and babies to prevent transmission during birth was assumed to be 0.59, on the basis of results from the Ugandan HIVNET 012 trial 
 ADDIN EN.CITE 
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.  This is probably a conservative assumption, since the comparator in the trial was short course zidovudine.
Very little randomized controlled evidence is available reporting the effectiveness of HAART in prevention of vertical transmission during pregnancy, birth or breastfeeding, especially from low income settings.  Townsend and colleagues observed that in a large sample of mother-baby pairs, 40 transmissions out of 4120 deliveries took place in the HAART group, compared to 13 out of 143 who did not take any antiretroviral treatment 
 ADDIN EN.CITE 
22
.  This translates to a relative risk (RR) of 0.107.  The Townsend study is from the UK and Ireland, but almost 80% of the mothers were black with origins from sub-Saharan Africa.  The figures refer to cumulative transmissions during pregnancy, birth and the early post-partum period, so in the absence of more detailed evidence we assumed a RR of 0.107 for HAART both during pregnancy and during birth (Table 1). 
The effectiveness of HAART during breastfeeding is investigated in a recent study from Tanzania.  Kilewo and colleagues found that in a sample of mother-baby pairs receiving HAART, 18 out of 423 transmissions were confirmed at 6 weeks postpartum, while the proportion was 26 out of 333 after 18 months 
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.  This yields a cumulative transmission rate during 18 months of breastfeeding of 3.55%.  Compared to our baseline transmission rate of 13.4% (above), we arrive at a RR of HAART of 0.263 compared to no antiretroviral treatment.  
DALY calculations

We estimate that each prevented HIV-infection represent 25.1 DALYs averted with a discount rate of 3% and no age-weighting.  This is based on a life expectancy of 46.5 years at birth 24 is used for children without HIV infection, while 19.3 years 7 is assumed for infected children.  We further assume that infected children will progress from HIV status to AIDS one year before death 25 and use disease weights of 0.123 and 0.505 for the two conditions, respectively.  Disease weights and formula were taken from the BOD study 26.  
Uncertainty and presentation of results
The impact and implications of uncertainty are analyzed using one-way sensitivity analyses for individual parameters and probabilistic sensitivity analysis for overall model uncertainty.
One-way sensitivity analyses

One-way sensitivity analyses were undertaken to investigate how sensitive the model outcomes and conclusions are to uncertainty in key input parameters.  Probability and effectiveness parameters were varied using as range minimum and maximum values from 95% confidence intervals in the original studies (Table 1).  Parameters for unit costs (Table 3) were varied using as range baseline estimates +/- 20%.
Probabilistic sensitivity analysis

Overall model uncertainty is analysed using probabilistic sensitivity analysis, which requires input parameters as distributions rather than point estimates 
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27-28
.  As mentioned we based the cost parameters on hospital accounts.  By definition they therefore appear as point estimates, although it is beyond doubt that there is significant uncertainty associated with the estimates.  We therefore assumed that the account figures represent mean estimates with confidence intervals (CIs) of +/- 20%, and calculated standard errors (SE) with the following expression 29:
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On the basis of these assumptions, we fitted gamma distributions to the cost estimates by making the following approximation of the α and λ parameters 30:
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Gamma distributions are well suited for cost data since they are constrained on the interval 0 to positive infinity 29. 
Uncertainty in the probability parameters were modelled using beta distributions, because the underlying data are by nature binomial, and because the beta distribution is constrained on the interval 0-1 29.  Standard errors (SE) were extracted from data in the original publications (see Table 1) and the α and β parameters were approximated using the following expressions 30: 

[image: image5.wmf]2

2

))

1

(

(

SE

mean

mean

-

=

a

, 

[image: image6.wmf]ú

û

ù

ê

ë

é

-

-

ú

û

ù

ê

ë

é

-

=

2

2

2

)

1

(

)

1

(

SE

mean

mean

SE

mean

mean

b


For the relative risk parameters we applied lognormal distributions, because the confidence limits for relative risk parameters are calculated on the log scale 29.  We did this by applying the natural logs of the point and confidence interval estimates as u and sigma parameters, respectively.
For binomial data where neither standard errors nor confidence intervals were reported, uncertainty parameters were calculated using statistical software on the basis of absolute frequencies reported in the publications (Table 1).  We did 10,000 re-iterations in the Monte Carlo simulation, and the results of the probabilistic sensitivity analysis are presented as scatter plots and cost-effectiveness acceptability curves 
 ADDIN EN.CITE 
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Tables

Table 1.  Input parameters, assumptions and data sources.
	
	INPUT PSA
	INPUT 1-WAY SA
	

	 
	Distribution type
	Mean
	SE
	Min
	Max
	Source

	Basic parameters
	
	
	
	
	
	 

	Antenatal HIV prevalence
	Beta
	0.020
	0.004
	0.010
	0.066
	9

	Proportion of women who accept testing and return for results and counselling
	Beta
	0.564
	0.004
	0.556
	0.572
	HLH statistics

	Proportion of women who are tested HIV+ who enrol to the PMTCT Programme
	Beta
	0.460
	0.072
	0.318
	0.602
	1

	Probability of delivering at hospital
	Beta
	0.326
	0.067
	0.194
	0.458
	13-14, E. Svensen*, 15-17

	Probability of hospital if enrolled to PMTCT
	Beta
	0.720
	0.043
	0.635
	0.805
	HLH statistics

	Transmission rates: Pregnancy
	
	
	
	
	
	 

	Baseline transmission during birth
	Beta
	0.075
	0.013
	0.050
	0.100
	18

	RR of HAART during pregnancy
	Log-normal
	0.107
	0.035
	0.058
	0.195
	22

	Transmission rates: Birth
	
	
	
	
	
	 

	Baseline transmission during birth
	Beta
	0.150
	0.026
	0.100
	0.200
	18

	RR of sd-NVP to mother and baby
	Log-normal
	0.590
	0.110
	0.410
	0.840
	20

	RR of HAART to mother and sd-NVP to baby
	Log-normal
	0.107
	0.035
	0.058
	0.195
	22

	Transmission rates: Breastfeeding
	
	
	
	
	
	 

	Baseline transmission during breastfeeding
	Beta
	0.134
	0.009
	0.117
	0.153
	19

	RR of HAART during breastfeeding
	Log-normal
	0.263
	0.015
	0.234
	0.294
	23 and 19

	Other behaviour parameters
	
	
	
	
	
	 

	Prob of HAART during birth for HIV+ mothers who were not recruited into PMTCT Programme, but who delivered at hospital
	n.a.
	0.9
	n.a.
	0.72
	1
	Own assumption

	Prob of HAART during lactaion for HIV+ mothers who were not recruited into PMTCT and did not deliver at hospital
	n.a.
	0.1
	n.a.
	0.08
	0.12
	Own assumption

	Abbreviations
SE: Standard error
SA: Sensitivity analysis 
PSA: Probabilistic sensitivity analysis

PMTCT: Prevention of mother to child transmission of HIV

RR: Relative risk

HAART: Highly Active Antiretroviral Treatment

sd-NVP: Single dose Nevirapine
* Personal communication
	
	
	
	
	
	


Figures
 Figure 1 (supp)
The decision tree used to compare the HAART based PMTCT plus to single dose nevirapine and no PMTCT.  The tree is truncated. [image: image7.emf]1
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