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Objective: To evaluate the cost effectiveness of voluntary prenatal and routine
postnatal HIV screening in the cohort of pregnant women and newborns in the United
States.

Design: Cost-effectiveness analysis. We developed a decision model to analyze the
cost effectiveness of enhanced prenatal screening and routine newborn screening for
HIV. We also analyzed the incremental cost effectiveness of routine newborn screen-
ing when improved voluntary prenatal screening is already in place.

Participants: Analysis of the cohort of pregnant women and newborns in the United
States.

Interventions: Enhanced prenatal screening, or routine newborn screening for HIV.
Main Outcome Measures: Infections averted, life expectancy, costs, and incre-

mental cost effectiveness.
Results: Improved participation in voluntary prenatal HIV screening would result in

an additional 1.1 million women being screened annually, would identify an addi-
tional 527 HIV-infected mothers annually, would avert 150 infections in newborns,
and would cost $8,900 U.S. per life-year gained. Routine newborn HIV screening
would test 3.9 million infants annually, would identify 1061 HIV-infected mothers,
would avert 266 infections in newborns, and would cost $7,000 U.S. per life-year
gained. If improved voluntary prenatal screening is already in place, routine newborn
screening would avert an additional 135 infections in newborns, at an incremental cost
of $10,600 U.S. per life-year gained. The screening programs are likely to be cost
effective over a wide range of assumptions regarding key factors in the analysis.

Conclusions: Improved voluntary prenatal HIV screening of women and routine
screening of newborns are cost effective. Routine newborn screening becomes less
attractive as the rate of voluntary prenatal screening increases. Improved participation
in voluntary prenatal screening has the added benefit that mothers maintain their right
to determine whether they are tested for HIV.
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Each year, approximately 6500 infants in the United
States are born to women infected with HIV (1). AIDS
Clinical Trial Group Study 076 (ACTG 076) demon-

strated that vertical HIV transmission could be decreased
from about 25% to about 8% if HIV-infected women
were treated with zidovudine during pregnancy (2).
Some published data indicate that vertical transmission
rates are falling and could decrease even further with
new antiretroviral treatments (3,4). Yet, researchers have
estimated that approximately one third of HIV-infected
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women do not know their infection status before becom-
ing pregnant (5).

Several organizations, including the U.S. Centers for
Disease Control and Prevention (CDC), the American
College of Obstetricians and Gynecologists (ACOG),
and the American Academy of Pediatrics have supported
voluntary HIV testing as part of prenatal care (6). How-
ever, participation in such screening has been <100%. In
one large health maintenance organization, only about
two thirds of women seeking prenatal care consented to
voluntary HIV screening (7). ACOG has recently recom-
mended that efforts be made to increase the rate of vol-
untary prenatal screening, so that every pregnant woman
is screened for HIV (8).

As an alternative, several U.S. state and federal legis-
lators have proposed routine HIV testing of all newborns
(9–16). Routine testing of newborns will become a re-
quirement for continued federal funding of HIV pro-
grams in states where perinatal HIV transmission in the
year 2000 has not decreased substantially from 1996 lev-
els (12). A controversial policy change has already oc-
curred in New York state, which for several years has
conducted universal HIV screening of newborns for epi-
demiologic monitoring. Previously, the results of the in-
fants’ HIV screening tests were not released to patients
or public-health authorities; now, both mothers and gov-
ernment officials are notified of each newborn’s serosta-
tus (16).

Routine HIV screening of newborns could decrease
vertical HIV transmission if an abbreviated routine of
antiretroviral drugs given immediately postpartum re-
duces vertical transmission or if avoidance of breastfeed-
ing reduces postpartum transmission (17–20). Other ben-
efits come from early identification and treatment of
HIV-infected mothers and infants. However, such pro-
grams may be expensive if newborn screening is per-
formed for infants of women who have already under-
gone voluntary screening during pregnancy (21). Some
have argued that mandatory screening of newborns is a
de facto nonconsensual test of a woman’s HIV status
because infants can only acquire antibodies to HIV from
their mothers. Other critics have expressed concern that
fear of mandatory newborn screening could decrease the
number of women seeking prenatal care or could strain
the patient-physician relationship (6,11). Routine new-
born screening is controversial in the medical commu-
nity as well; the American Medical Association is in
favor of such programs(22), whereas the American
Academy of Pediatrics is not (1).

We examined the potential health benefits and eco-
nomic costs and savings associated with two hypotheti-
cal programs aimed at reducing perinatal HIV transmis-

sion in the United States: 1) a program to increase rates
of voluntary prenatal HIV screening as part of prenatal
care programs, and 2) a program of routine mandatory
HIV screening of newborns. We also investigated how
the costs and benefits of routine newborn screening
might be influenced by increased rates of voluntary pre-
natal screening. Public decision making about such pro-
grams should consider many factors, including social,
legal, and ethical ramifications of the interventions, in
addition to cost effectiveness. Nonetheless, understand-
ing the costs and benefits of these programs is essential:
if the programs provide little benefit, or if the benefit is
attainable only at a cost that exceeds available resources,
then further debate may not be needed. Conversely, if the
programs provide substantial benefits with an affordable
investment, then the social, legal and ethical questions
deserve a full hearing.

METHODS

We used a decision model to estimate the incremental costs and
benefits of two programs in the cohort of pregnant women and new-
borns in the United States: an enhanced prenatal screening program in
which mothers are voluntarily screened during pregnancy (with no
routine screening of newborns), and a routine newborn screening pro-
gram in which all infants are screened at birth (Fig. 1). We analyzed the
incremental cost effectiveness of each program compared with the
status quo, in which women are screened at current participation rates.
We also analyzed the incremental cost effectiveness of routine newborn
screening when enhanced voluntary prenatal screening is already in
place.

Our analyses take a societal perspective. We included the health
benefits that accrue to mothers and infants from perinatal use of anti-
retroviral drugs, from avoidance of breastfeeding, and from early ini-
tiation of antiretroviral treatment. We included the incremental costs of
screening, counseling, and treatment associated with the programs, as
well as savings in future health care costs for averted infant HIV
infections. We obtained estimates of test sensitivity and specificity
(23), the probability of vertical HIV transmission (2,18,24–26), costs
(19,23,27–36), demographic and behavioral data (5,7,37–62), and
health benefits of early identification and treatment from the literature
and expert opinions (Table 1).

We divided the cohort of mothers into three groups: women who are
HIV infected and aware of their infection status, women who are HIV
infected but unaware of their infection status, and women who are not
HIV infected (Fig. 1). HIV-infected women were aware of their status
if they had been voluntarily screened before becoming pregnant, or if
they sought prenatal care and consented to screening as part of prenatal
care.

Prenatal HIV-testing programs will have the greatest impact in
women who are HIV infected but not identified as such. The CDC has
estimated that two thirds of HIV-infected residents of the United States
have been tested (5); we assumed that the same rate applies to HIV-
infected pregnant women. For the remaining one third to be identified
during pregnancy, they must seek prenatal care and consent to HIV
testing. Although over 97% of women in the general population have
been found to receive some prenatal care (40,42,44,46,58,59), HIV-
infected women have sought prenatal care at lower rates (56). An
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observational study of HIV-infected Medicaid recipients in New York
found that 20% received no prenatal care (48) (Medicaid is a program
funded by the U.S. federal government that is administered by states).
One survey in four states estimated this proportion to be 12% to 15%
(57). A study in North Carolina found that 2% of HIV-infected mothers
received no prenatal care (61). We assumed that 95% of HIV-
uninfected mothers and 80% of HIV-infected mothers seek prenatal
care. We varied these rates in sensitivity analyses.

Rates of accepting voluntary prenatal screening were found to range
from 6% to 88% in Great Britain, depending on how the tests were
offered (63). Rates between 74% and 83% were observed in Brooklyn,
New York (64). Based on a large observational cohort (7), we assumed
for the base case that 65% of all women who sought prenatal care
accepted HIV screening, and that acceptance was similar regardless of
HIV status. Thus, we assumed that current prenatal screening programs
would identify about half of all HIV-infected women who were un-

aware of their infection (80% × 65% � 52%), which is slightly higher
than the proportion observed in a study in New York (60). HIV-
infected women know of their status before delivery if they knew their
status before pregnancy, or if they did not know before pregnancy but
sought prenatal care and consented to HIV screening as part of prenatal
care. Thus, our model predicts that 84% of women will know their
status before childbirth (2⁄3 knew status + 1⁄3 did not know × 80% sought
prenatal care × 65% accepted HIV screening as part of care � 84%),
compared with 81% observed in another study (57).

Health Benefits of Early Identification

For newborns of HIV-infected mothers, early identification allows
for prompt treatment and avoidance of breastfeeding, which could avert
some HIV infections. One study found that 75% of HIV-infected preg-

FIG. 1. (A) Schematic diagram of decision model. The small square represents the decision to implement enhanced prenatal screening,
routine newborn screening, or to continue current screening programs. Circles represent chance events. The model divides women into
three groups based on infection status and knowledge of infection. Initial HIV testing is performed with a human immunodeficiency virus
(HIV) antibody test in all strategies. For the routine newborn screening strategy, if infants are antibody positive (Ab+), they are subse-
quently tested with the polymerase chain reaction (PCR). PCR can be either positive (PCR+) or negative (PCR−). If an infant is identified
as having HIV, subsequent events are shown in the treatment subtree. (B) Schematic diagram of the treatment subtree. The tree shows
the combination of treatment possibilities and outcomes. Women and infants may be treated with antiretroviral drugs (ARV) and women
may or may not choose to breastfeed their infants. Rectangles represent the possible health outcomes for both mother and infant. Rx
indicates ARV treatment. Rx early indicates that either mother or infant were treated earlier than they would have been in the absence
of a screening program.
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TABLE 1. Input variables and sources

Parameter
Base/case estimate

(range) Reference

Vertical transmission parameters
Breastfeeding relative-risk ratioa 1.66 (1.00–2.00) 18
Risk-reduction benefit of antiretroviral therapy after birth 84.4% (10.0%–100.0%) See text
Probability of vertical transmission with no antiretroviral therapy, and with no

breastfeeding
26.6% 19

Probability of vertical transmission with no antiretroviral therapy, and with
breastfeeding

44.2% See text

Probability of vertical transmission with antiretroviral therapy after birth only, and
with no breastfeeding

6.7% See text

Probability of vertical transmission with antiretroviral therapy after birth only, and
with breastfeeding

11.1% See text

Probability of vertical transmission with antiretroviral therapy during pregnancy, and
with no breastfeeding

3.0% (0%–8.5%)b See text

Probability of vertical transmission with antiretroviral therapy during pregnancy, and
with breastfeeding

5.0% See text

Adherence
Breastfeeding rate among HIV-infected women who are unaware of their status 30% (5%–30%) 51–55, 62
Breastfeeding rate among HIV-infected women who are aware of their status 2% (0.2%–2%) 38
Adherence with antiretroviral therapy during pregnancy 90% (50%–95%) See text
Mothers’ adherence with antiretroviral therapy after childbirth 90% (10%–100%) See text
Newborns’ adherence with antiretroviral therapy for first 6 weeks after birth 100% Assumed

Demographic
Prevalence of HIV among women of childbearing age 0.0017 (0.0010–0.0050) 34, 104
Number of babies born in United States annually 3,899,000 37
Proportion of HIV-infected women who are aware of their status prior to pregnancy 67% (25%–90%) 5

Prenatal care behavior
Proportion of HIV-infected mothers who seek prenatal care 80% (25%–95%) 48
Proportion of mothers seeking prenatal care who consent to HIV screening, without

enhanced prenatal screening
65% (25%–90%) 7

Proportion of mothers seeking prenatal care who consent to HIV screening, with
enhanced prenatal screening

95% (70%–95%) 49, 50, 65

Proportion of HIV-uninfected mothers who seek prenatal care 95% 40, 42, 44, 46, 58, 65
Test characteristics

Initial EIA TPR .995 32
Initial EIA TNR .994 32
Confirmatory test bundle TPR .999994 32
Initial PCR TPR .932 23
Initial PCR TNR .932 23
Confirmatory PCR TPR .982 23
Confirmatory PCR TNR .982 23

Early treatment benefits: increased life expectancy
Newborns 0 years (0–4)c Assumed
Mothers, if infant tests positive, or if the infant is not tested but is HIV infected 0 years (0–4) Assumed
Mothers, if infant tests negative, or if the infant is not tested and is not HIV infected 0 years (0–4) Assumed

Life expectancies
HIV-infected newborn 9.4 years 20, 50, 92
HIV-infected mother 8.4 years 32
HIV-uninfected newborn 76.3 years 37

Costs
EIA test $5.00 34
PCR test $130.00 23
Confirmatory bundle of tests $48.00 32, 34
Pretest counseling cost for pregnant womend $12.35 ($10.00–$30.00) Calculated
One-time counseling cost for women with a positive screening test, or whose infant

had a positive screening test
$64.00 32, 34

Infant formula $15.00/week Assumed
Antiretroviral therapy, motherse $291.00/week 29, 33

($179.00–$410.00)
Treatment of HIV-infected infants $192.00/week 28, 30, 31
Discounted lifetime health care costs for healthy newborns $30,000 37
Discounted lifetime health care costs for HIV-infected newborns $173,000 ($100,000–$400,000) 28, 30, 31
Discount rate 3% (0%–7%) 91

a Increase in the risk of vertical transmission from breastfeeding.
b In sensitivity analyses, we varied this probability as indicated. The other values for the probability of vertical transmission (e.g., with no

antiretroviral therapy and no breastfeeding) depend on this value, as described in the text, and thus were implicitly varied when we varied this
probability, as well as when we varied the breastfeeding risk ratio and the risk reduction benefit of antiretroviral therapy.

c A recent study has found a survival advantage for infants treated with triple therapy (105), so we considered a survival advantage of up to 4 years
in sensitivity analysis.

d Assumes that counseling would take 15 minutes and would be done by a nurse earing $30 U.S./hour (yielding a labor cost of $8.50 U.S.); would
incur a paperwork cost of $1.00 U.S.; and that both of these costs would incur an additional 30% in associated overhead. This yields $12.35 U.S. �
(9.5) × (1.3).

e $281 U.S./week for drugs, plus $178 U.S./year for viral load monitoring.
EIA, enzyme immunoassay; PCR, polymerase chain reaction; TPR, true-positive rate; TNR, true-negative rate.
Amounts are shown in 1997 U.S. dollars.



nant women accepted perinatal zidovudine (60). A recent survey in four
states found that 85% of HIV-infected pregnant women were offered
antiretroviral therapy, and 95% accepted it (57). Another study found
that 95% of HIV-infected mothers in North Carolina received some
antiretroviral therapy (61). A four-state evaluation of medical records
found that at least 90% of women offered zidovudine during pregnancy
accepted it (65). A survey of 157 patients for self-reported adherence to
antiretroviral therapy found that 11% had less than 80% adherence,
20% had 80% to 95% adherence, 29% had 95% to 99% adherence, and
64% claimed 100% adherence; a survey of the providers of these pa-
tients found that 4% of the patients had <80% adherence, 52% had
adherence rates between 80% and 95%, and 44% had adherence rates
of �95% (66).

We assumed that all mothers identified as HIV infected would be
offered antiretroviral therapy, and that 90% would adhere to antiretro-
viral treatment programs and accrue these benefits. We assumed that
adherence rates with antiretroviral therapy for infants before and after
the first 6 weeks were 100% and 90%, respectively. We assumed that
treatment of infants during the first 6 weeks would take place in su-
pervised settings, resulting in 100% adherence; however, after the first
6 weeks, adherence of infants would be the same as that of their
mothers.

Studies of low-income, urban women have found breastfeeding rates
ranging from 20% to 70% (51–55). A study of HIV-infected women
revealed the breastfeeding rate to be 30% to 66% (62). We assumed a
breastfeeding rate of 30% among HIV-infected women who were not
aware of their serostatus, and 2% (38) among HIV-infected women
who were aware of their serostatus. We varied these rates in sensitivity
analysis.

We estimated that, with no screening, an asymptomatic HIV-infected
woman who gave birth to an uninfected child would be identified as
HIV-infected when she became symptomatic. We assumed that on
average, women would give birth at the midpoint of a prolonged
asymptomatic period and thus would not develop symptoms for another
3 years after giving birth (32). We assumed that an asymptomatic
HIV-infected woman who gave birth to an HIV-infected child would be
identified an average of 9 months’ postpartum (30), when her child
developed symptoms. Recent studies have shown a survival advantage
associated with antiretroviral therapy; however, whether early initiation
of therapy confers an additional survival advantage is unknown. We
assumed no additional survival benefit to mothers from early identifi-
cation and treatment as a result of newborn screening programs. We
varied this benefit in sensitivity analyses. We assumed that a brief
course of antiretroviral therapy causes no detrimental effects to the
health of uninfected infants (67,68).

Enhanced Prenatal Screening

We assumed that, with an enhanced prenatal screening program, the
proportion of HIV-infected mothers seeking prenatal care who con-
sented to HIV screening would rise to 95% from the baseline rate of
65%. We varied the 95% rate in sensitivity analysis. The proportion of
women who accept HIV testing has been increasing in several locations
and may be as high as 91% (65). A program aimed at increasing HIV
testing in an inner-city population achieved an acceptance rate of 96%
using written information, trained interviewers, and a perinatal psychi-
atric nurse (50). A similar study yielded 97% voluntary acceptance of
screening (49). We assumed that enhanced prenatal screening programs
would cause HIV-infected women to consent to screening at the same
rates as uninfected women. We assumed that additional counseling to
explain the benefits and risks of HIV testing would only be offered to

those mothers who initially declined screening. This additional coun-
seling constitutes the intervention to increase acceptance of prenatal
screening. We assumed that rates of seeking prenatal care would not
change with an enhanced prenatal screening program.

Women were identified by an enzyme immunoassay (EIA) for HIV
antibodies and standard confirmatory tests if the EIA result was posi-
tive. HIV-positive women were offered multidrug antiretroviral therapy
with two nucleoside reverse transcriptase inhibitors and one protease
inhibitor and advised to avoid breastfeeding (4).

Routine Newborn Screening

With a routine newborn screening program, we assumed that all
infants would be screened at birth with an EIA, followed by confirma-
tory tests if the EIA result was positive. If the newborn’s confirmatory
test results were positive, the newborn’s mother was tested, offered
antiretroviral therapy, and counseled to avoid breastfeeding. Infants
with positive confirmatory test results were tested immediately and at
6 weeks with the polymerase chain reaction (PCR) for HIV-RNA. If an
infant’s initial PCR test was positive, mothers were advised to avoid
breastfeeding (4), and antiretroviral therapy was administered to their
infants for 6 weeks. If the confirmatory PCR test result at 6 weeks was
positive, the infant’s antiretroviral therapy was continued indefinitely;
if the result was negative, antiretroviral therapy for the infant was
stopped. We assumed that routine screening would cause all newborns
to be screened, and all mothers whose infants had positive EIA results
would agree to follow-up testing.

Vertical Transmission Rates

To evaluate the programs, we estimated the probability of vertical
HIV transmission with and without antiretroviral therapy and with and
without breastfeeding. Administration of zidovudine (ZDV) mono-
therapy to mothers during pregnancy and labor and to infants imme-
diately after birth reduced the vertical HIV transmission rate from
25.5% to 8.3% among women who did not breastfeed (2). A subsequent
study of 939 infants showed that abbreviated ZDV regimens could
reduce the rate of vertical transmission from 26.6% in the absence of
ZDV prophylaxis to 9.3% if initiated within 48 hours of birth (a re-
duction of 17.3%), and to 6.1% if initiated prenatally (a reduction of
20.5%) (19). Thus, we assumed that antiretroviral therapy initiated after
birth would achieve 84.4% (17.3 of 20.5 � 84.4%) of the benefit
achieved had it been initiated prenatally.

We assumed that pregnant women were treated with combination
therapy including a protease inhibitor and two nucleoside reverse tran-
scriptase inhibitors (4,26,69). A randomized clinical trial of 97 indi-
viduals on three different treatment regimens found that this more
aggressive therapeutic regimen is more likely than other therapies to
suppress serum HIV viral load levels (24). Some analyses have sug-
gested that maternal viral load is strongly associated with the risk of
HIV transmission (25,70–74). In one observational study of 92 HIV-
infected mothers and 97 infants, no vertical HIV transmission was
observed among 63 women with viral load levels <20,000 copies/ml,
whereas the transmission rate for women with �50,000 copies/ml was
6% (25). The goal of the Pediatrics AIDS Clinical Trial Group is to
achieve a 2% transmission rate with new antiretroviral therapy (75).
For our base case, we assumed that the vertical transmission rate with
new antiretroviral therapy would be 3% (the average of the 0% and 6%
values recently observed [25]). This rate is close to those observed in
other studies for cases in which viral load was nearly undetectable
(70,71); recent evidence from a study of sexual transmission of HIV
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provides further evidence of decreased infectivity among subjects who
have low viral load (76). To account for uncertainty regarding the exact
impact of viral load on transmission rates (70–73,77–81), in sensitivity
analyses we considered a wide range of estimates for the effect of
antiretroviral drugs on vertical transmission.

We assumed that the increased risk of vertical transmission from
breastfeeding was represented by a multiplicative risk ratio. Based on
metaanalysis of six prospective studies (18), we assumed that breast-
feeding resulted in a relative risk of HIV transmission of 1.66. In the
metaanalysis, the transmission proportion was 55:205 among women
who ever breastfed, and 253:1567 among women who never breastfed,
indicating a risk ratio of (55:205)/(253:1567) � 1.66. This estimate is
conservative relative to other studies that show risk ratios of 2.25 (82)
and 2.55 (83). The increased risk from breastfeeding is often assumed
to be 14%, in an additive risk model (18). We considered this possi-
bility in sensitivity analyses.

The vertical transmission probabilities for mothers who did not
breastfeed were 3% if antiretroviral therapy was initiated during preg-
nancy, 26.6% if neither the mother nor the infant received antiretroviral
therapy, and 6.7% � 26.6% − (0.844 × [26.6% − 3%]) for abbreviated
routines in which only the infant received antiretroviral therapy, and it
was initiated postnatally. For mothers who did breastfeed, the vertical
transmission rates were multiplied by the 1.66 risk ratio to obtain 5%,
44.2%, 11.1%, corresponding to antiretroviral therapy initiated during
pregnancy, no therapy, and therapy initiated after birth, respectively.

Costs

We included the costs of the screening tests (23,32,34), the costs of
counseling pregnant women (before testing) as part of enhanced pre-
natal screening, the costs of counseling for women who received a
positive test result or whose infant received a positive test result (23,
32,34), the incremental treatment costs associated with earlier identi-
fication of HIV-seropositive newborns and HIV-infected mothers, and
the future health care savings for infants saved from HIV infection as
a result of the programs (27–31,33) (Table 1). The incremental prenatal
counseling cost associated with enhanced prenatal screening was in-
curred by 35% of the 3.7 million women seeking prenatal care. Incre-
mental treatment costs included incremental costs of baby formula and
antiretroviral therapy for mothers and infants (27–31,33). For each HIV
infection averted in a newborn, we estimated the monetary savings as
the net present lifetime cost of treating a case of pediatric AIDS (27–
31) minus the net present value of future lifetime health care costs of

a healthy person born today (37). All costs were expressed in 1997 U.S.
dollars using a gross domestic product (GDP) deflator (84), and dis-
counted at 3% (85).

RESULTS

The enhanced prenatal screening program would
cause an additional 1.1 million women to be screened
annually, would identify 527 HIV-infected women, and
would avert 150 newborn infections annually relative to
current programs (Table 2). The program would result in
3311 life-years gained (all among newborns). The annual
net incremental cost of the program was $29.4 million
(all monetary amounts are given in current U.S. dollars).
Enhanced prenatal screening cost approximately $8,900
per life-year gained, or $195,700 per case of HIV
averted.

The newborn screening strategy would screen 3.9 mil-
lion infants annually and avert 266 newborn HIV infec-
tions relative to current programs (Table 2). It would
identify 1061 HIV-infected women and 74 HIV-infected
infants who could potentially benefit from the early ini-
tiation of antiretroviral therapy. Routine newborn screen-
ing resulted in 5878 life-years gained (all among new-
borns). The annual net cost of the program was $40.9
million (Table 2). Routine newborn screening cost ap-
proximately $7,000 per life-year gained, or $153,600 per
case of HIV averted.

The benefits of routine newborn screening are dimin-
ished if the improved level of voluntary prenatal screen-
ing has already been achieved; in this situation, routine
screening would avert an additional 135 infections per
year and would result in 2975 life-years gained, with
expenditures of $10,600 per life-year gained (Table 2).
Even if enhanced prenatal screening is in place, approxi-
mately 8% of HIV-infected women (or 540 women)

TABLE 2. Summary of annual screening benefits and costs

Costs and benefits
Enhanced prenatal

screeninga

Routine newborn screening

Without enhanced
prenatal screeninga

With enhanced
prenatal screening
already in placeb

HIV infections averted 150 266 135
Life years gained

Newborns 3311 5878 2975
Total 3311 5878 2975

Total costs $29,354,000 $40,910,000 $31,663,000
Marginal cost per life year gained $8,900 $7,000 $10,600
Marginal cost per HIV infection averted $195,700 $153,600 $234,800

a Incremental costs and benefits compared to the status quo.
b Incremental costs and benefits that accrue from routine newborn screening when enhanced prenatal screen-

ing is already in place.
Amounts shown in U.S. dollars.
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would not know their HIV status, and they and their
infants could thus benefit from routine newborn screen-
ing. The routine newborn screening program would iden-
tify 537 of 540 HIV-seropositive infants born to these
women.

Details of the annual costs and savings associated with
each strategy (Table 3) reveal that the cost of treating
newly identified mothers comprises approximately one
half to three fourths of the total screening and treatment
costs for each program.

Sensitivity Analysis

We performed extensive one-way sensitivity analyses
on key model parameters. Ranges considered are shown
in Table 1. In all cases, the cost-effectiveness ratios were
below $36,000 per life-year gained. Results for param-
eters to which results were sensitive are shown in Table
4. Our model was not sensitive to other parameters in
one-way sensitivity analyses.

Because of uncertainty in the estimates of the risk of
HIV transmission from breastfeeding, we considered the
possibility that the increased risk of vertical transmission
due to breastfeeding is best represented by an additive
model rather than a multiplicative model. When we as-
sumed that breastfeeding increased the transmission risk
by 14% (18), enhanced prenatal screening cost $9,600
per life-year gained, while routine newborn screening
cost $7,300 per life-year gained. If enhanced prenatal

screening was already in place, routine newborn screen-
ing would cost $11,500 per life-year gained.

We performed two-way sensitivity analyses on key
factors. In the base case, we assumed that 80% of HIV-
infected women seek care, and that counseling costs
$12.35 per woman, resulting in a cost-effectiveness ratio
of $8,900 per life-year gained. If 95% of HIV-infected
mothers seek prenatal care (the same proportion as in the
general population), and counseling costs $10 per
woman, the cost-effectiveness ratio is $7,000 per life-
year gained, or $154,600 per infection averted (Table 5).
If only 50% of HIV-infected women seek prenatal care,
and counseling costs $30 per woman, then the cost-
effectiveness ratio rises to $24,000 per life-year gained,
or $530,400 per infection averted.

Health benefits of routine newborn screening are at-
tained primarily through the avoidance of breastfeeding
and the administration of antiretroviral therapy to infants
after birth. Even for moderate breastfeeding relative-risk
ratios or small benefits associated with postnatal antiret-
roviral therapy, a program of routine newborn screening
is likely to cost <$50,000 per life-year gained. If there is
no benefit to postpartum ZDV, then the incremental cost
of routine newborn screening programs relative to the
status quo is $54,500 per life-year gained, and $73,300
per life-year gained if enhanced prenatal screening is
already implemented (Fig. 2). Although the proportion of
HIV-infected women who breastfeed is likely to be low
(38), it may vary among different populations (56). As
the proportion of women who would breastfeed in the

TABLE 3. Annual costs and savings (in millions of U.S. dollars)

Annual costs and savings
Enhanced prenatal

screeninga

Routine newborn screening

Without enhanced
prenatal screeninga

With enhanced
prenatal screening
already in placeb

Costs
Screening by enzyme immunoassay 5.55 19.50 19.50
Confirmatory tests 0.58 2.50 2.50
Tests with polymerase chain reaction 0.14 0.28 0.15
Pretest counselingc 15.99 0.00 0.00
Posttest counselingd 0.39 0.42 0.42
Treatment of newborns 0.73 3.06 1.54
Infant formula 0.41 0.82 0.41
Treatment of mothers 26.92 52.47 26.45
Subtotal 50.83 79.10 50.97

Savings
Health care costs avoided (21.48) (38.14) (19.31)

Total 29.35 40.91 31.66

a Incremental costs and savings compared to the status quo.
b Incremental costs and savings that accrue from routine newborn screening when enhanced prenatal

screening is already in place.
c Represents additional prenatal counseling given to pregnant women seeking prenatal care who did

not consent to HIV screening in the absence of enhanced prenatal screening.
d Counseling for mothers who had a positive test result or whose infant had a positive test result.
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absence of counseling increases, the newborn screening
strategy becomes more cost effective (Fig. 3). Routine
newborn screening is most expensive when HIV preva-
lence is low among women who give birth and accep-
tance of prenatal screening is high. However, in all cases
considered, the cost per life-year gained was <$25,000
(Fig. 4). Similarly, two-way sensitivity analysis on the
benefits to newborns of antiretroviral therapy and adher-
ence to such therapy revealed that when therapy is only
slightly effective in reducing transmission (10% risk re-
duction) but adherence is high (100%), the cost per life-
year gained is $35,200.

DISCUSSION

We assessed the cost effectiveness of two programs
that can reduce vertical HIV transmission. We estimated
that, compared with current practices, enhanced prenatal
screening would avert 150 infections in infants annually
at a cost of $8,900 per life-year gained. Routine HIV
screening of newborns nationwide would avert 266 in-
fections in infants annually at a cost of $7,000 per life-
year gained. When enhanced prenatal screening is al-
ready in place, routine screening of newborns would
have a net cost of $10,600 per life-year gained. More

TABLE 5. Cost effectiveness of enhanced prenatal screening as a function of proportion of HIV-infected mothers receiving prenatal care and
incremental counseling costa

Percentage of
HIV-infected mothers
receiving prenatal care

Incremental counseling cost per women

$10 $20 $30

Cost per life-year
gained

Cost per
infection averted

Cost per life-year
gained

Cost per
infection averted

Cost per life-year
gained

Cost per
infection averted

50 $11,500 $254,300 $17,800 $392,300 $24,000 $530,400
65 $9,300 $205,700 $14,100 $311,900 $19,000 $418,100
80 $7,900 $175,400 $11,900 $261,700 $15,800 $348,000
95 $7,000 $154,600 $10,300 $227,300 $13,600 $300,000

a All numbers are rounded to the nearest $100 U.S.
All numbers are measured incremental to the status quo. All amounts are given in U.S. dollars.

TABLE 4. Summary of one-way sensitivity analyses for parameters to which results were sensitive

Range considered Cost per life–year gaineda

Minimum
value

Maximum
value

CE at
minimum value

CE at
maximum value

Enhanced prenatal screening
Probability of vertical transmission with antiretroviral therapy during

pregnancy, and with no breastfeeding 0% 8.5% $7,500 $12,300
Proportion of HIV-infected women who are aware of their status prior to

pregnancy 25% 90% $5,000 $24,900
Proportion of HIV-infected mothers who seek prenatal care 25% 95% $24,000 $8,100
Proportion of mothers seeking prenatal care who consent to HIV screening,

without enhanced prenatal screening 25% 90% $8,500 $12,300
Proportion of mothers seeking prenatal care who consent to HIV screening,

with enhanced prenatal screening 70% 95% $33,000 $8,900
Adherence with antiretroviral therapy during pregnancy 50% 95% $9,700 $8,800
Proportion of mothers who comply with no-breastfeeding recommendation 10% 99% $9,100 $8,900
Breastfeeding rates among HIV-infected women who are unaware of their

status and aware of their status, respectivelyb 5%, 0.3% 30%, 2% $11,700 $8,900
Routine newborn screening without enhanced prenatal screening

Breastfeeding relative-risk ratio 1.00 2.00 $10,500 $5,700
Proportion of HIV-infected women who are aware of their status prior to

childbirth 84% 95% $7,000 $15,600
Proportion of mothers who comply with no-breastfeeding recommendation 10% 99% $7,500 $7,000
Breastfeeding rates among HIV-infected women who are unaware of their

status and aware of their status, respectivelyb 5%, 0.3% 30%, 2% $9,800 $7,000
Risk reduction benefit of antiretroviral therapy after birth 10% 100% $35,200 $5,500

a All numbers are rounded to the nearest $100 U.S. All numbers are measured incremental to the status quo.
b The numbers were varied simultaneously so that the ratio of the rates remained constant.
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than half of the costs were incurred by the mothers, even
though we assumed that health benefits accrued only to
the infants. Our analysis shows newborn screening to be
cost effective in part because we incorporated recent evi-
dence that suggests that ZDV prophylaxis, begun at birth
rather than during pregnancy, reduces HIV transmission
from 26.6% to 9.3% (19).

Medical interventions that cost less than $50,000 per
life-year or quality-adjusted life-year (QALY) gained are
commonly accepted (86). For example, the CDC recom-
mends that acute-care hospitals and associated clinics
offer voluntary screening to patients aged 15 to 54 years
if HIV prevalence in the patient population is at least 1%
(87). Owens et al. (88) showed that the cost per QALY
gained of such a screening program is approximately
$55,000. As another example, administration of azithro-
mycin for prophylaxis of Mycobacterium avium infec-
tion, a recommended intervention, has a cost-effec-

tiveness ratio of $47,200/QALY gained (89). The cost-
effectiveness ratios we calculated for the enhanced
prenatal screening and newborn screening programs are
significantly lower than these values. Indeed, the cost of
counseling each woman as part of the enhanced prenatal
screening program would have to be almost ten times as
high as we assumed ($117.52 versus $12.35) before the
cost per life-year gained by such a program reaches
$50,000.

Previous analyses have suggested that policies encour-
aging voluntary HIV screening of pregnant women are
cost effective (90–93), but we know of no previous stud-
ies that have provided a comprehensive analysis of the
cost effectiveness of routine newborn HIV screening
relative to other options, including enhanced prenatal
screening. One analysis examined the cost effectiveness
of rapid testing of unregistered women presenting for
labor and concluded that such a measure would be cost

FIG. 2. Effect of the breastfeeding (BF) relative-risk ratio (RR) and the benefit of postnatal antiretroviral therapy on the cost effectiveness
of routine newborn screening relative to the status quo. The benefit of postnatal antiretroviral therapy is measured relative to the benefit
that could be achieved if antiretroviral drugs were initiated prenatally and continued in the postpartum period; we varied this benefit from
0% (no benefits associated with postnatal therapy) to 100% (all benefits of both prenatal and postnatal therapy achieved when therapy
is initiated postnatally only); our base-case analysis assumed that postnatal therapy resulted in 0.25 of the benefit of prenatal therapy
(arrow). The lines in the graph represent different breastfeeding RR levels; an RR of 1.0, corresponding to no increased risk of HIV
transmission from breastfeeding; an RR of 1.66 (base-case estimate); and an RR of 2.0.
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saving (94). This analysis yielded somewhat more favor-
able results than ours did because the authors did not
include the costs associated with screening all women
(only unregistered women were screened in their model)
nor with treating mothers whose HIV status was identi-
fied by the testing strategy, and because they assumed a
much higher prevalence of HIV in the base case (5%
compared with 0.17%) than we used. Several strategies
aimed at reducing vertical transmission in South Africa
have also been examined and have been found to be cost
effective or cost saving (95). A recent study found that
mandatory prenatal screening would be cost saving rela-
tive to voluntary prenatal screening, or to no screening,
but the study may have overestimated the savings asso-
ciated with prevention of an HIV infection (96).

One effect of both screening programs is to inform
HIV-infected mothers of their serostatus earlier than they
would have been informed otherwise. The resulting costs
and benefits have been ignored in some previous analy-
ses of programs to reduce vertical transmission rates
(94). An additional health benefit of the screening pro-
grams that we did not include in our analysis is reduced
HIV transmission from HIV-infected mothers to people
other than their newborns. Inclusion of this benefit would

increase the health benefits of the programs without
changing the costs and thus make the programs appear
more cost effective (32, 34). An alternative strategy that
we did not consider is targeted newborn screening for
women who refuse newborn screening. Such a program
would be at least as cost effective as routine newborn
screening when enhanced prenatal screening is already in
place but would raise ethical concerns.

Our analysis has several limitations. Our analysis re-
quired assumptions about the relative risk of HIV trans-
mission associated with breastfeeding, the reduced trans-
mission benefits accruing from antiretroviral therapy ini-
tiated at birth, the baseline rate of breastfeeding among
HIV-infected women, and the rate at which HIV-infected
women receive prenatal care and accept HIV screening
as part of prenatal-care programs. Current research may
help to remove some of the uncertainty from our esti-
mates. However, our sensitivity analyses revealed that,
even under conservative assumptions about these factors,
both routine newborn screening and enhanced prenatal
screening remain cost effective. We assumed that HIV-
infected and uninfected women would accept screening
at the same rates. If HIV-infected women accept en-
hanced prenatal screening at lower rates than uninfected

FIG. 3. Effect of the baseline breastfeeding (BF) rate and the breastfeeding relative-risk ratio (RR) on the cost effectiveness of routine
newborn screening relative to the status quo. The three lines represent the breastfeeding RR, which are varied as shown in Figure 2.
When there is no increased risk associated with breastfeeding (that is, when the RR is 1.0), then the cost effectiveness of routine newborn
screening is not affected by the baseline rate of breastfeeding.
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women, voluntary prenatal screening will be less cost
effective than we estimated. We did not consider the
impact of cesarean section, which can reduce the rate of
vertical transmission (97–99). We also did not consider
the effect of other clinical and biologic factors, including
viral load, which may contribute to vertical transmission
(70–74,100–102).

Policy formulation necessitates consideration of not
only health and economic outcomes, but also legal, po-
litical, and ethical concerns (6,103). Our analysis has not
addressed the effect of a policy of routine newborn HIV
screening on the civil rights of mothers or infants. In-
fants’ advocates argue that such policies protect the
health-care rights of vulnerable HIV-infected newborns
who are unable to make their own treatment decisions
(10). Mothers’ advocates contend that such policies vio-
late the privacy rights of women by testing for a medical
condition without their consent (11). Legal decisions
may favor infants who are unable to accept or refuse
testing (6). This important debate is beyond the scope of
our analysis here.

The question of mandating routine screening of new-
borns has been brought before legislators at the federal
level and in many states in the United States (9,12,16).

Our analysis indicates the both newborn routine screen-
ing and enhanced prenatal screening are cost effective. A
program to screen newborns would likely avert more
HIV infections than a program of enhanced prenatal
screening could. With prenatal screening, however, in-
fants of HIV-infected women receive the full benefit of
antiretroviral therapy in reducing HIV transmission, and
the women maintain their right to determine whether
they are tested for HIV. These issues deserve consider-
ation along with the costs and benefits of alternative
programs.
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