The cost effectiveness of universal antenatal screening
for HIV in New Zealand

Dale Bramley, Nicholas Graves? and Damian Walker”

Objective: To model the incremental costs and benefits of a universal antenatal HIV
screening programme in New Zealand (NZ).

Design: Costeffectiveness analysis, including only health service costs, using secondary
data sources and expert opinion. Uncertainty assessed in multi-way sensitivity analyses.

Setting: The NZ Health Care System.
Subjects: Antenatal population of NZ.
Intervention: Universal antenatal HIV screening programme.

Main outcome measures: incremental cost per true-positive HIV case detected in
mothers; incremental cost per HIV case avoided in babies; and incremental cost per
discounted life-year gained, for mothers and babies, due to screening.

Results: Using base case values the application of universal screening would cost an
additional $NZ 723 607 ($US 307917) and would lead to the identification of an
additional 6.25 true-positive women. After terminations have been excluded, the
screening programme would detect five HIV exposed babies. There would be 1.15
avoided cases of HIV infection in babies and a net gain of 41.97 discounted life-years,
for mothers and babies combined. The cost per incremental HIV-positive woman
detected was $NZ 115859 ($US 49301), HIV infected baby avoided $NZ 629 669
($US 267 944) and discounted life-year gained $NZ 17 241 ($US 7336).

Conclusion: The discounted cost per life gained in NZ compares favourably to
estimates reported in studies of similar interventions in other developed countries and
other health care interventions in NZ. The decision of whether to implement universal
screening in NZ would be clarified if the prevalence of antenatal HIV infection was
known and policy makers identified their willingness to pay for an additional life-year
gained. © 2003 Lippincott Williams & Wilkins
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Introduction to their unborn children can be reduced from 14—33%

[1,4] to 1—-4% [4—7]. Universal antenatal screening for
If HIV-positive women are identified early in their HIV in pregnancy is now advocated in a number of
pregnancy and follow the appropriate treatment re- countries [8—10] and whether or not this should be
gimes, deliver by Cesarean section and avoid breast- introduced to New Zealand (NZ) is currently being
feeding [1-3] the risk of vertical transmission of HIV debated [11—15]. Existing screening activities are based
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on a circular letter sent in 1997 from the NZ Ministry
of Health to health care professionals [16]. This re-
commends a number of screening questions and sug-
gests that those deemed to be at high risk are offered an
HIV antibody test. However, research suggests that
health care professionals have not followed these guide-
lines [14]. As a result 10 infants, four of whom were
born in NZ, have been diagnosed with HIV since
1998 [17] (N. Dickson, 2002, personal communica-
tion). The aim of this research is to develop a model of
the incremental costs and benefits associated with the
introduction of universal antenatal screening, compared
to the current screening activities. The proposed inter-
vention of universal routine screening will require that
all pregnant mothers are offered an HIV test as part of
their antenatal care and that treatments be instigated for
any true positives to minimize the risk of HIV
transmission to their babies. The incremental cost per
true-positive HIV case detected in mothers, incremen-
tal cost per HIV infection avoided in babies, and the
incremental cost per discounted life-year gained, for
the sum of the discounted life-years gained for mothers
and babies, are estimated. A systematic review of the
literature on the cost effectiveness of public health
interventions for primary HIV prevention programs
[18] found wide variation in the quality of published
studies; its findings were used to inform the design of
this study.

Methods

Overview

Estimates are derived of the incremental cost of testing
all pregnant mothers for HIV, re-testing true and false
positives and the cost of health care services supplied to
true positives and their babies. The savings in the
lifetime care costs due to an avoided case of HIV in a
baby are deducted from these to derive a net cost of
the programme. Against the net incremental cost is
balanced the incremental benefit that arises from the
identification of true positives. These are the net
discounted life-years gained from the avoidance of HIV
infection in babies, the life-years gained from the
earlier diagnosis of the HIV-positive mothers and the
net discounted life-years gained from the early onset of
treatment for HIV-positive babies. All assumptions
made relate to the base year for the analysis, 1999.
Only costs incurred by the health service were included
in the analysis and future costs were discounted at 5%
and life-years at 2% in line with existing guidance
[19,20]. The values used for the variables included in
the model are included in Table 1. The model was
developed in the MS Excel spreadsheet software.

Identification of incremental benefits
It was assumed that only a proportion of pregnant

women would agree to enter the screening pro-
gramme. HIV prevalence and false-positive rates were
applied to the screened population to predict the
number of true and false positives. Rates of false
positives were derived from the NZ blood donor
population false-positive HIV antibody rate (K. Crox-
son, 2002, personal communication). Exact HIV pre-
valence is not known in NZ and so expert opinion was
used to identify a likely range of values. The net true
positives likely to be identified from universal screening
activities are the total true positives less the number
identified from existing screening activities. Estimates
of the transmission rates with and without treatment
were applied to predict the likely number of cases of
HIV infection avoided. Net life-years gained were
assumed to be the gain in life expectancy for the babies
who avoided HIV infection due to the universal
screening intervention plus the gain in life expectancy
for HIV mothers and babies due to earlier onset of
treatment. It was assumed that treatment with antire-
troviral drugs causes no adverse effects to the health of
uninfected infants [21,22]. Treatment is based on the
HIV paediatric protocol for Auckland, which recom-
mends that babies be given zidovudine for the first
postnatal 6 weeks [23]. There is currently minimal data
available regarding the potential long-term side effects
of in utero exposure to combivir and nevirapine, the
standard antenatal treatment for women infected with
HIV in NZ [24].

Identification of incremental costs

It was assumed that all those who accepted entry to
the screening programme would receive pre-test
counselling, an HIV antibody test, and would attend
for a consultation to receive the result. All true and
false positives would require two further HIV anti-
body tests and a Western Blot test [25]. True positives
would attend for post-test counselling and a propor-
tion would choose to terminate the pregnancy [26].
True positives would be started on appropriate medi-
cal therapy, combivir and nevirapine from 28 weeks’
gestation, and would receive the appropriate medical
investigations [23]. They would attend for outpatient
appointments and would deliver by Cesarean section
during which time intravenous zidovudine is admin-
istered. After delivery they would continue to receive
appropriate therapeutic and diagnostic interventions.
Clinical protocols for the care of these women were
developed by HIV infectious disease experts at Auck-
land Hospital and reflects the standard care given to
HIV infected woman post-delivery. The babies born
to the true positives would be provided with the
appropriate medical treatment, Zidovudine with or
without Lamivudine, and diagnostic interventions and
would attend for outpatient consultations. These treat-
ments are based on NZ specific paediatric clinical
protocols [23]. Costs for treating babies and mothers
were counted for a defined period after birth to a
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Table 1. Input variables used with ‘base case’, ‘favourable’ and ‘unfavourable’ values, and sources.

Base case values

Variables used in model (unfavorable : favorable) Source
Variables used to predict incremental benefits
Population of pregnant women? 55 865 (50000:60000) [42]
Accept screening (%)? 5(70:100) [13,43-47]
False-positive rate (%) 0. 09 (0.10:0.08) [48]
Prevalence of HIV (%)? 0.03 (0. 02 0.04) b
Cases detected from existing surveillance? 8(9:7) ¢
Termination of pregnancy rates in true positives (%) 20 (40 0) [26]
Incidence of transmission without treatment (%)? 25 (14 33) [1]
Incidence of transmission with treatment (%)? 24:1) [1,2,5-7,49]
Life expectancy of non-HIV baby (discounted; years)® 39 12 (36 20:40.71) [50]
Life expectancy of HIV baby (discounted; years)? 16 (1 9 52:4.71) [28,51]
Mothers gain in life expectancy due to early treatment 1(0:2) [29]
(discounted; years)*
Variables used to predict incremental costs
Post-test counseling if positive (min) 60 (75:45) ¢
Pre-test counseling (min)? 2.420:1.2) [52,53]
Estimated time to inform patients of HIV test result if negative 1.8(33:1.2) ¢
(min)
Time before detection of HIV without screening programme 19 (24:12) [54]
(months)
Unit cost ($NZ)
CD4 cell count 120(132:108) [55]
Combivar (per tablet) 11.20(12.32:10.08) [56]
HIV confirmation test 152.60 (153.45:137.34) [55]
Cotrimoxazole (per mg) 0. 00040 (0.00044 :0.00036) [56]
Chest X-ray 0 (66:54) [57]
Electrolytes level 5. OO (5.5:4.5) [55]
Full blood count 6.62 (7.28:5.96) [55]
Hepatitis A, B and C tests 61.00 (67.1:54.9) [55]
HIV antibody test® 11.40(13.68:9.12) [58]
Indinavir (per 200 mg) 1 44 (1.59:1.30) [56]
Lead maternity giver/counsellor (per h) 5(51:34) d
Liver function test 12 0(13.2:10.8) [55]
Nevirapine (per tablet) 5. 33 (5.86:4.80) [56]
Out-patient consultation (per 15 min) 5(95:55) €
PCR analysis 150 (165:135) [55]
T-cell subset determination 53.43 (64.12:42.74) [55]
Termination of pregnancy 715 (815:615) €
Viral load 406.66 (447.33:365.99) [55]
Zidovudine (per mg) 0.029 (0.032:0.026) [56]
Zidovudine (per 400-mg ampoule) 37.00 (40.70:33.30) [56]
Cesarean section 2499 (2999:1999) €
Average weight of NZ infants at 38 weeks’ geestaton (kg) 3(3.6:3) ¢
Discounted lifetime costs of an HIV-positive child? 161 846 (80923 :404617) [43]

2If ‘favourable’ or ‘unfavourable’ value applied, change in the cost per outcome was > 5%. N. chkson AIDS Epidemiology Group, personal
communication, 2002. L. Wilkinson, Auckland District Health Board, personal communication, 2002, 9P. Dodson, Midwifery and Maternity
Provider Organisation, personal communication, 2001. ®B. Boyd, Ministry of Health, personal communication, 2001.

point when it was assumed that both mothers and
babies would have been identified regardless of a
universal screening programme [27]. The discounted
lifetime care costs of treating a case of HIV infection
were deducted from the gross costs of the screening
and treatment programmes to derive the net cost of
the intervention.

Base case, favourable and unfavourable values and the
sources used for all variables are summarized in Table
1. If the application of the ‘favourable’ or ‘unfavour-
able’ value caused a change of > 5% in the cost per
outcome the wvariable was included in subsequent
sensitivity analyses.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Results

Using base case values the application of universal
screening would cost an additional $NZ 723 607
($US 307 917) and would lead to the identification of
14.25 true-positive women per year. It was estimated
that eight of these would have been detected anyway
due to the current screening procedures; this is based
on the average number of women identified over the
last 2 years (L. Wilkinson, 2002, personal communica-
tion). Thus, 6.25 cases would be the net true positives
of whom 1.25 would choose to terminate the preg-
nancy. The screening programme will identify 5.00
babies exposed to HIV. Appropriate treatment would
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result in 1.15 cases of avoided HIV infection in babies
and a net gain of 41.97 discounted life-years. The
incremental cost per case detected would be $NZ
115859 ($US 49301), per case of HIV infection
avoided in babies $NZ 629 669 ($US 267 944), and per
discounted life-year gained $NZ 17241 ($US 7336).

Sensitivity analysis

Favourable and unfavourable values for the variables
marked by the footnote ‘a’ in Table 1 were applied to
the model and the results are presented in Table 2.

The results were most sensitive to changes in the
assumptions over the prevalence of HIV. Selected two-
way sensitivity analyses were undertaken. In particular,
values for the cost per discounted life-year gained were
plotted for all prevalence rates between the favourable
and unfavourable values for: the incidence of transmis-
sion without treatment and the incidence of transmis-
sion with treatment (Fig. 1); the percentage of the
antenatal population who accept screening and the life
expectancy of an HIV baby (Fig. 2); the duration of
pre-test counselling and the lifetime care costs for an
HIV baby (Fig. 3).

Discussion

Due to the paucity of data regarding some key
variables, assumptions were made that were tested in
the sensitivity analyses. Varying the prevalence rate had
a dramatic effect on the cost per discounted life-year
gained, with a best case of $NZ 10433 ($US 4439) and
a worst case of $NZ 53554 ($US 22789) per dis-
counted life-year gained. More precise results could be
elicited from this model if the prevalence of HIV
infection among pregnant women was known. While
this would be relatively easy through the anonymous
unlinked testing of antenatal maternal blood or neona-
tal blood spots it has not been undertaken in NZ due
to a variety of legal, ethical and financial concerns.
Further scenarios were tested in the two-way sensitivity
analyses included in Figs 1, 2 and 3.

The results of this analysis should be considered in the
light of findings from similar studies. A study of
universal screening in the UK [28] found that 6.39
discounted life-years were gained at a net cost of
L 14833 (§NZ 49 643, $US 21 125) yielding a cost per
discounted life-year gained of /2321 ($NZ 7658,
$US 3305). The authors assumed that a discounted
life-year gained was worth £ 10000 ($NZ 33511,
$US 14 242) and concluded that universal screening
should be adopted throughout the UK, as long as the

Table 2. Results (cost in $NZ) of a change to the favourable and unfavourable values of the key variables identified in Table 1.2

Cost per
case detected
[change from

Cost per HIV

infection avoided Cost per life-year

base case [change from base gained [change from
Variable value (%)] case value (%)] base case value (%)]
Population of pregnant womenP 106 709 (8) 579942 (8) 15879 (8)
Population of pregnant women*® 135804 (—17) 738065 (—17) 20209 (-17)
Accept screening 97679 (16) 530866 (16) 14535 (16)
Accept screening® 158533 (—37) 861595 (—37) 23591 (=37)
Prevalence of HIV? 67226 (42) 365359 (42) 10004 (42)
Prevalence of HIV¢ 473013 (-308) 2570723 (—308) 70388 (—308)
Cases detected from existing surveillance® 100292 (13) 545063 (13) 14924 (13)
Cases detected from existing surveillance® 137362 (—=19) 746534 (—=19) 20441 (-19)
Incidence of transmission without treatment” 105590 (9) 425766 (32) 12135 (30)
Incidence of transmission without treatment® 129979 (—-12) 1353950 (—115) 32527 (—89)
Incidence of transmission with treatment? 114576 (1) 596747 (5) 16473 (4)
Incidence of transmission with treatment® 123561 (=7) 908537 (—44) 23280 (—35)
Years life expectancy of non HIV baby (discounted)® 115859 (0) 629 669 (0) 16519 (4)
Years life expectancy of non HIV baby (dlscounted) 115859 (0) 629 669 (0) 18739 (-9)
Years life expectancy of HIV baby (discounted)® 115859 (0) 629 669 (0) 15753 (9)
Years life expectancy of HIV baby (discounted)® 115859 (0) 629 669 (0) 25026 (—45)
Unit cost - HIV antibody test? 98524 (15) 535458 (15) 14661 (-5)
Unit cost - HIV ant[body test® 133194 (—15) 723881 (—15) 19820 (—15)
Minutes of pre-test counselling” 107306 (7) 583183 (7) 15968 (7)
Minutes of pre-test counselling® 215649 (—86) 1172004 (—86) 32090 (—86)
Mother - net gam in life expectancy (discounted)® 115859 (0) 629 669 (0) 15007 (13)
Mother - net gain in life expectancy (discounted)© 115859 (0) 629669 (0) 20255 (=17)
Lifetime care costs for HIV baby 71189 (39) 386899 (39) 10594 (39)
Lifetime care costs for HIV baby® 130749 (-13) 710593 (-13) 19456 (—13)

2To convert results to $US multiply by 0.42552. This was the exchange rate between the $NZ and $US at the time the research was conducted.

bFavourable value used. “Unfavourable value used.
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Fig. 1. Two-way sensitivity analysis: cost per discounted life-year, at different prevalence rates, for the favourable and
unfavourable values for the incidence of transmission without treatment and the incidence of transmission with treatment.
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Fig. 2. Two-way sensitivity analysis: cost per discounted life year, at different prevalence rates, for the percentage of the

antenatal population who accept screening and the years of life expectancy of an HIV-positive baby.
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Fig. 3. Two-way sensitivity analysis: cost per discounted life year, at different prevalence rates, for the duration of pre-test

counselling and the lifetime care costs of an HIV-positive baby.

cost and uptake of the test could be maintained within
certain ranges. Another UK study [29] found the cost
per discounted life-year gained to be [ 4000 ($NZ
13404, $US 5696) but for areas with comparatively
low prevalence rates this increased to /£ 20000
($NZ 66 000, $US 28 484). A study in the USA [30] of
the cost effectiveness of prenatal screening estimated
the cost per discounted life-year gained to be $US
8900 ($NZ 21831). A further USA study [31] that
valued each discounted life-year gained at $US 50 000
($NZ 115 814), not surprisingly concluded that univer-
sal screening of pregnant women in Chicago was cost
effective. The results reported here compare favourably
with these findings.

To set these results in a NZ context, studies of other
public health interventions, that reported a cost per
discounted quality-adjusted life-year (or QALY)
gained, are reviewed. A study of the cost effectiveness
of therapies for end stage renal disease found the cost
per life-year gained for health centre dialysis, home
haemodialysis, continuous ambulatory peritoneal dia-
lysis (CAPD) at hospital, and transplantation lay with-
in the range $NZ 18 463—-35270 [32]. A study of the
cost effectiveness of mammography screening [33]
found a cost per QALY of between $NZ 12668
($US 5390) and $NZ 14500 ($US 6170). The cost
effectiveness of a policy of compulsory bicycle [34]
helmets found that the cost per life-year gained for
the age group 5-12 years was $NZ 100000 ($US

42552), for 13—18 years $NZ 75000 ($US 31914)
and for adults, $NZ 950000 ($US 404244). If we
knew the policy makers’” maximum willingness to pay
for an additional year of life, we could use this as a
basis for accepting or rejecting interventions. For
example, if a discounted life-year gained was judged
to be worth $NZ 40000, then all scenarios that
yielded a cost per discounted life-year gained of less
than $NZ 40000 would be accepted as cost effective.
A consensus over the value of a discounted life-year
is emerging with £ 30000 ($NZ 100533) [35,36]
suggested for the UK, $CAN 20000—-100000
($NZ 29551-147558) [37] suggested for Canada,
$US 50000 ($NZ 117498) [38] suggested for the
USA, $AU 42000-76 000 [39] suggested for Austra-
lia, and the lowest estimate from a comprehensive
review of the value of life literature was $US 24 777
(§NZ 58 225) [40]. To date, no estimates of the value
of a life-year gained have been proposed for NZ,
however alternative benchmarks exist. For example,
an intervention that results in a cost per life-year
gained less than the per capita gross national product
of the study’s country, is sometimes considered to be
cost effective. In NZ, for the year 2000, gross
national product per capita was estimated to be
$NZ 30951 [41]. By returning to Figs 1, 2, and 3,
and reading across from a value of $NZ 30951 on
the ordinate, the cost effective scenarios can be
identified. These are as follows: if transmission with-
out treatment was 33% or 14% then prevalence
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would have to be 0.0222% and 0.0308 respectively;
if transmission with treatment was 1% or 4% then
prevalence would have to be 0.0238% and 0.0266%
respectively; if 70% or 100% accepted screening then
prevalence would need to be 0.0278% or 0.0216%
respectively; if the life expectancy of an HIV baby
was 4.71 years or 19.52 years then the prevalence
would need to be 0.0232% and 0.0274% respectively;
if the lifetime care costs for an HIV child were
$NZ 80923 or $NZ 404617 then the prevalence
would need to be 0.0246% and 0.0228% respectively;
and if pre-test counselling took 1.2 min or 20 min
then the prevalence would need to be 0.0236% or
0.0306% respectively. Similar analyses can be per-
formed for other values of the cost per discounted
life-year gained in order to identify the parameter
values required to produce such a result.

This cost analysis adopts a limited perspective including
only the direct economic costs incurred by the health
care sector. Many other costs may be relevant, e.g., the
health care sector may incur costs in setting up, mana-
ging, evaluating and publicizing a universal screening
programme. There may well be additional non-market
costs borne by those participating in the programme,
such as stress and anxiety associated with taking the HIV
test and waiting for the results. It would also be
important to have a clear and appropriate policy for the
management of false positives. Regarding the uptake of
screening, the model relies on an assumption that the
prevalence of HIV is consistent across those who decline
and those who agree to participate in the screening
programme. Finally, while issues around informed con-
sent for HIV testing also need to be addressed, a recent
survey of 51 NZ women found that routine antenatal
HIV screening was acceptable [13].

The analysis included here is unique, offers the best
available estimates for NZ and renders the issues
transparent. The estimates of the cost per discounted
life-year gained in NZ compare favourably to the
estimates reported in other studies. Ultimately policy
makers will have to decide whether universal antenatal
HIV screening represents an attractive investment.
Attempts have been made to indicate the scenarios
under which the intervention might be considered cost
effective given different decision rules.
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