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Abstract

Objective: To determine the most cost-effective strategy for newborn hemoglobinopathy
screening from the perspective of state health care systems. Study design: Using Alaska as an
example, we used decision analysis to compare a policy of no screening to universal or targeted
screening with selective follow-up only of infants who are homozygous or compound
heterozygous for an abnormal hemoglobin variant and to universal or targeted screening with
complete follow-up, including follow-up of infants with clinically insignificant traits. Prob-
abilities and costs were varied over values that might be expected for other states. Results:
Among the selective follow-up options, targeted screening would be the most cost-effective
strategy for Alaska at a cost of $206 192 per death averted; by contrast, universal screening
would prevent 50% more deaths at an incremental cost of $2 040 000 per death averted.
Universal would be more cost-effective than targeted screening for several scenarios expected
to occur in other states, including a high sickle cell disease prevalence, a low screening test
cost, and a high cost per screen associated with racial targeting. Among the complete follow-up
options, both targeted and universal screening would cost at least $200 000 per death averted
over the range of all variables tested during sensitivity analysis; the incremental cost of
universal versus targeted screening would be at least $600 000 per death averted. Conclusions:
Our data suggest each state should determine the most cost-effective option based on
state-specific values for sickle cell disease prevalence, test costs and racial targeting costs.
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1. Introduction

The National Institutes of Health Consensus Development Panel [1,2] has
recommended universal newborn hemoglobinopathy screening, a policy which has
been adopted by most states. The most cost-effective screening strategy, however, has
not been adequately discussed. One previous report concluded that screening targeted
to high-risk populations would be more cost-effective than universal screening in
areas of low sickle cell disease prevalence [3]. A subsequent report concluded that all
states should adopt universal screening [4]. Neither of these reports, however,
considered all of the relevant immediate and long-term clinical benefits that would
result from, as well as the cost to state health departments of operating, a
hemoglobinopathy screening program.

The decision to implement newborn hemoglobinopathy screening has been based
on evidence that some adverse outcomes of sickle cell disease are potentially
preventable through early diagnosis and treatment. Sickle cell disease can lead to
increased morbidity and mortality from splenic sequestration and pneumococcal
sepsis and meningitis; pneumococcal meningitis may lead in turn to hearing loss,
deafness, seizures and mental retardation. A landmark study demonstrated that
penicillin prophylaxis can decrease mortality from pneumococcal infections among
children <3 years of age who have sickle cell anemia [5] and other reports have
suggested that the complications of splenic sequestration are potentially preventable
through parental education [6,7]. Using Alaska as an example, we sought to
determine the most cost-effective screening strategy from the perspective of state
health-care systems; additionally, we examined how the cost-effectiveness of
different screening and follow-up strategies varied for states with other prevalences of
hemoglobinopathies and costs of testing.

2. Methods
2.1. Definitions

We identified the direct costs and health outcomes of no screening compared with
four different hemoglobinopathy screening and follow-up options: complete follow-
up of persons with an abnormal screen using universal or targeted screening and
selective follow-up of persons with an abnormal screen using universal or targeted
screening. Universal screening would involve testing all newborns while targeted
screening would involve testing newborns racially identified as black.

Follow-up was defined as tracking and contacting the families of affected infants
and providing counseling, education, further hemoglobinopathy testing and, if
appropriate, medical intervention. With complete follow-up, all newborns with an
abnormal test result would receive follow-up, including those with clinically
insignificant hemoglobin traits. With selective follow-up, only infants found to have a
homozygous or compound heterozygous hemoglobinopathy, including hemoglobin
CC, EE, SS and the thalassemias, would receive follow-up; for infants with a



B.D. Gessner et al. | Early Human Development 45 (1996) 257-275 259

clinically insignificant trait, physicians and the Alaska Department of Health and
Social Services (ADHSS) would not receive test results and families would not be
contacted or offered counseling, education or further testing.

We believe most states evaluating newborn hemoglobinopathy screening will
decide whether to pursue a policy of complete or selective follow-up based primarily
on ethical and legal (rather than cost) considerations and we did not account for these
variables during our evaluation. Because of this, we present results for both complete
and selective follow-up despite our finding that the complete follow-up options would
always be less cost-effective than the selective follow-up options.

For this evaluation, sickle cell anemia was defined as a clinical condition caused by
homozygous hemoglobin S (HbSS), whereas sickle cell disease (SCD) referred to a
clinical condition caused by either HbSS, hemoglobin SC (HbSC) or hemoglobin S
[B-thalassemia. Sickle cell trait (HbAS) referred to the presence of a single
hemoglobin S gene.

2.2. Model structure

We constructed a decision tree with branches representing each screening option.
Probabilities were assigned to each node and outcomes assigned to each terminal
node. The decision tree was based on evidence that suggests that the only adverse
outcomes of hemoglobinopathies preventable by newborn screening are pneumo-
coccal sepsis, splenic sequestration and their complications. Because outcomes
occurred over only 1.75 years (the average age at which a child with HbSS was
diagnosed if he or she did not have a newborn screen [6,8]), we did not discount
outcomes.

Costs were divided into two areas: (a) potential savings resulting from the
prevention of adverse outcomes of pneumococcal sepsis and splenic sequestration;
and (b) costs resulting from administering a hemoglobinopathy screening program,
including test, programmatic and medicine costs. Because the savings from preven-
tion of an adverse outcome occasionally continued for as long as 45 years, the
average life expectancy of a person with HbSS [9], costs were discounted. Primary
and sensitivity analysis were conducted with Lotus 1-2-3 spreadsheet software [10].
For the base case analysis, we present the cost-effectiveness of all screening options
compared to no screening. For the base case and sensitivity analysis we present, for
each follow-up option, the incremental cost-effectiveness of universal versus targeted
screening.

2.3. Probabilities

In the decision tree, we included hemoglobinopathy prevalence; pneumococcal
sepsis, with or without survival, meningitis as a sequela of sepsis; mental retardation,
deafness, hearing loss, or seizures as sequelae of meningitis; splenic sequestration,
with or without survival; the preventability of sepsis and splenic sequestration with
early diagnosis of SCD through newborn screening; and, for targeted screening, the
proportion of all instances of SCD or HbAS which would be detected by testing only
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black infants (because of racial misclassification and because not only black infants
are at risk of hemoglobinopathies, a targeted screening program would fail to detect a
certain proportion of all cases) (Table 1). We determined the overall expected
prevalences of SCD, HbAS, homozygous or compound heterozygous hemo-
globinopathies other than SCD, and hemoglobinopathy traits other than HbAS by
applying national estimates of these conditions for different races [11] to the racial
distribution of births in Alaska. All outcomes that were not logically mutually
exclusive were considered independently (e.g. hearing loss and deafness were
mutually exclusive outcomes but hearing loss and seizures were independent
outcomes). The estimated age at which a child with SCD not diagnosed by newborn
screening would be diagnosed in another setting was used as the follow-up period.
The life expectancy of a person with SCD, with or without mental retardation or
seizures, was used as the period over which costs from adverse sequelae of meningitis
would accrue. Finally, we included the probability that a relative of an infant with a
positive newborn screen would request testing for themselves solely because they
learned of a positive result in the newborn; as suggested by probability assumption
number 5 below, no obvious benefits would accrue to these people from this testing.

2.3.1. Data sources for probabilities

For the data on probabilities, we reviewed relevant literature through the National
Library of Medicine data-base. Because of rapidly changing medical knowledge and
practice, we used, with two exceptions, only manuscripts published after 1980. Where
sufficient data existed, we included only studies from developed countries where
clinical outcomes may be similar to those expected in Alaska. Previous cost-
effectiveness analyses have relied on expert opinion; because of the extensive
literature published on hemoglobinopathies and pneumococcal illness, we did not use
this method to estimate probabilities.

2.3.2. Assumptions for probabilities
Table 1 contains data based on these assumptions.

1. Race recorded on birth certificates included white, black, Alaska Native and other.
We assumed that all births with race recorded as other were Asian.

2. Because data on hemoglobinopathies among Alaska Natives were not available,
infants with race listed as Alaska Native on the birth certificate had the same
estimated prevalence of abnormal hemoglobins as those listed as white.

3. Among different hemoglobinopathies which neonatal screening might detect,
clinical benefits resulted only from the early diagnosis of SCD [12].

4. The field sensitivity and specificity of the monoclonal immunoassay for identifica-
tion of hemoglobin variants used for screening by OPHL both equalled 100% [13].

5. No clinical benefits resulted from decreased child bearing among people who
know they carry a hemoglobinopathy trait [14—20].

6. All children identified by a screening program with SCD were located and given
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appropriate antibiotic prophylaxis at 2 months of age [20], a conservative
assumption [21,22] that favors all screening strategies over no screening.

7. Patients had a compliance to prophylactic penicillin therapy similar to that
achieved by Gaston et al. [5], a conservative assumption {23,24] that favored all
screening strategies over no screening. This assumption was relaxed during
sensitivity analysis by varying the proportion of pneumococcal episodes that were
preventable through antibiotic prophylaxis.

8. Children with SCD were not at greater risk of long-term neurologic sequelae from
pneumococcal meningitis than other children with pneumococcal meningitis [25].

9. Other than for treatment of pneumococcal illness, children with SCD who were
diagnosed through newborn screening experienced hospitalization rates similar to
children diagnosed later. This was a conservative assumption since the available
data suggests children may be hospitalized more frequently if their hemoglobin
status is known [7,14].

10.Although estimates of life expectancy vary for persons with mental retardation
[26,27], we estimated that persons with SCD and either mental retardation or
seizures (most of whom would have mental retardation) would live 2/3 as long as
other persons with SCD; this assumption was relaxed during sensitivity analysis.

2.4. Costs

Table 2 lists the cost considerations. The costs of newborn screening included the
screen itself; penicillin prophylaxis; hemoglobin electrophoresis for relatives request-
ing testing, including test, phlebotomy and physician costs; determining the race of
newborn infants for targeted screening, including additional time and equipment used
for sorting specimens, billing and notification of results; and the yearly programmatic
costs for operating a hemoglobinopathy screening program. For targeted screening,
we combined the personnel costs of determining race in the hospital and the
laboratory costs of only testing black infants under the heading racial ascertainment
costs. Potential savings through prevention of adverse sequelae of SCD included
hospitalization for sepsis or meningitis; medical care for seizures, deafness or hearing
loss; additional education costs for persons with mental retardation, deafness or
hearing loss; additional home-care costs for persons with deafness or hearing loss;
and additional medical and institutional or home-care costs for persons with mental
retardation. All costs and savings were converted to 1993 U.S. dollars. The discount
rate was 5% with a range during sensitivity analysis of 1 to 9%.

2.4.1. Data sources for costs

To estimate most costs, we reviewed relevant literature and collected information
from ADHSS and hospitals in Anchorage. Test cost and costs related to racial
targeting were estimated from price quotes from the Oregon Public Health Laboratory
(OPHL), the newborn screening reference laboratory used by Alaska. Racial targeting
costs were corroborated during an interview with personnel from the newborn
screening laboratory in one other state.

To determine program costs, we identified three states which had a percentage of
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infants racially identified as black at birth and a reported distribution of abnormal
hemoglobin results [28] similar to that expected to occur in Alaska. We then
administered by telephone a questionnaire to the hemoglobinopathy program directors
in each of these three states. At the time of the interview, all three states attempted to
notify and offer counseling to all persons with abnormal hemoglobin detected by
screening, including those with clinically insignificant traits, a practice consistent
with other program descriptions {29-32].

For each state, we determined the approximate number of personnel (including
medical director, program director and secretarial staff) and money for supplies
(including telephone, paper, mailing and copying) dedicated to patient tracking and
notification and genetic counseling. To determine the anticipated resources required
to operate a screening program in Alaska, we averaged the number of personnel
required and the cost of supplies. Personnel costs, including salaries and benefits,
were obtained from ADHSS.

2.4.2. Assumptions for costs

1. Each case of meningitis, whether the patient lived or died, resulted in a hospital
stay of 10 days, including 1 day in the intensive care unit.

2. Children who developed one or more adverse neurologic sequelae following
meningitis were permanently affected. These children received schooling for 15
years and incurred additional medical and institutional costs their entire lives. All
education costs were calculated as a proportion of the standard $5614 for 1 year of
public education [33].

3. Children who developed mental retardation as a resuit of meningitis were assumed
to have severe mental retardation; half of those affected would receive institutional
care and half would be cared for at home [26,27].

4. Because newborn screening does not prevent a hemoglobinopathy from occurring,
the long term costs associated with the treatment of SCD itself would be equal for
any of the strategies evaluated and thus these costs were not included.

3. Results
3.1. Base-case analysis

For Alaska, based upon the given assumptions, we predicted the following
outcomes. During a |-year testing period, 1.6 chiidren with SCD would be born, 1.8
with a homozygous or compound heterozygous hemoglobinopathy other than SCD,
61.9 with sickle cell trait, and 28.0 with an abnormal hemoglobin trait other than
sickle cell. Both universal screening options would detect all persons with a
homozygous or compound heterozygous hemoglobinopathy. Both targeted screening
options would detect 1.1 persons with SCD, 0.2 with another homozygous or
compound heterozygous hemoglobinopathy, 26.4 with HbAS, and 1.8 with another
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abnormal hemoglobin trait. With universal screening and selective follow-up, OPHL
would report only the 3.4 infants with SCD or another homozygous or compound
heterozygous hemoglobinopathy compared to 1.3 infants with targeting screening and
selective follow-up.

The expected costs and savings varied for different screening strategies (Table 3).
Because all savings accrued from identifying those persons with SCD, both universal
screening strategies would lead to identical savings as would be true of both targeted
strategies. The costs for administering programs with complete follow-up would be
higher than the corresponding programs with selective follow-up.

Compared to no screening, targeted screening with selective follow-up would be
the most cost-effective strategy, in terms of cost per death or case of mental
retardation averted (Table 4). The incremental cost-effectiveness of universal
compared to targeted screening would be greater than $2 000 000 per death averted
and $50 000 000 per case of mental retardation averted for both follow-up options.

3.2. Sensitivity analysis

Space does not permit a presentation of the sensitivity analysis of all variables.
Four variables merit discussion because they are likely to vary between states and
because either changes in their estimates altered the cost-effectiveness ordering of the
four screening strategies or the screening strategies were sensitive to changes in the

Table 3
Projected costs and savings, in dollars, for various newborn hemoglobinopathy screening strategies over a
1-year screening period, Alaska, 1995

TSCEF* USCF* TSSF* USSF*
Costs
Program 10 846 34 307 400 601
Test 1554 35028 1554 35028
Relative testing 1250 3953 46 69
Peniciliin prophylaxis 18 26 18 26
Race ascertainment 5838 — 5838 —
Savings through prevention®
Hospitalization for sepsis without meningitis 179 268 179 268
Hospitalization for sepsis with meningitis 202 417 202 417
Sequelae of meningitis
Mental retardation 1693 2544 1693 2544
Seizures 49 73 49 73
Deatness 287 432 287 432
Hearing loss 85 127 85 127
Total costs-total savings 17011 69 453 5361 31 863

* TCSF, targeted screening with complete follow-up; USCF, universal screening with complete follow-up;
TSSF, targeted screeing with selective follow-up; USSF, universal screening with selective follow-up.
Targeted implies testing all infants where the race indicated on the birth certificate is black.’All savings
were discounted at a rate of 5% per year.
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Table 4
Cost-effectiveness ratios for four newborn hemoglobinopathy screening strategies, Alaska, 1995

No. deaths Cost per death No. MR* Cost per MR*

averted averted ($) averted averted ($)
Complete follow-up
Targeted” 0.026 654 000 0.0010 17 000 000
Universal 0.039 1 780 000 0.0015 46 300 000
Incremental CER" of 0.013 4 034 000 0.0005 104 900 000
universal vs. targeted
Selective follow-up
Targeted* 0.026 206 000 0.0010 5 360 000
Universal 0.039 817 000 0.0015 21 200 000
Incremental CER" of 0.013 2 040 000 0.0005 53 000 000

universal vs. targeted

*MR, Mental retardation.
“Targeted implies testing all infants where the race indicated on the birth certificate is black.
"CER, cost-effectiveness ratio.

variable’s value. Other than these four, no other variables over the range of values
analyzed changed the conclusions of the analysis.

3.2.1. SCD prevalence

Only the universal screening options would be sensitive to the SCD prevalence
since the targeted screening options would always be directed towards all persons
racially identified as black. As the SCD prevalence varies from 1.8/100 000 persons
(e.g. Wyoming or Montana) to 210/100 000 persons (e.g. in Washington D.C.), the
cost per death averted, compared with no screening, would vary from $659 000 to
$10 100 000 with universal screening and complete follow-up and from a savings of
$21 500 to a cost of $6 992 000 with universal screening and selective follow-up.

For the complete follow-up options, the incremental cost per death averted for
universal compared to targeted screening would be at least $600 000, even at the
highest SCD prevalences (Fig. 1). By contrast, for the selective follow-up options, the
incremental cost per death averted for universal compared to targeted screening
would be less than $100 000, once the SCD prevalence increased to greater than
approximately 68/100 000 persons.

3.2.2. Race ascertainment

Only the targeted screening options would be sensitive to changes in the hospital
and laboratory costs associated with screening based on race. As the cost of race
ascertainment varies from $0 to $3, the cost per death averted, compared to no
screening, would vary from $436 000 to $1 803 000 for targeted screening and
complete follow-up and from a savings of $18 600 to $1 348 000 for targeted
screening and selective follow-up.

For complete follow-up, the incremental cost per death averted for universal
compared to targeted screening would be at least $1 700 000, even if the cost of race
ascertainment equals $3. For selective follow-up, the incremental cost per death

SCREENING



SCREENING

268 B.D. Gessner et al. | Early Human Development 45 (1996) 257-275

a5

40

—cémpleté}x]&iviﬂ

== Selective foliow-up

35

30

25

20

Incremental cost per death averted (x $100,000)
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Fig. 1. Incremental cost per death averted of universal versus targeted newborn hemoglobinopathy
screening at different sickle cell disease prevalences for complete and selective follow-up options; Alaska,
1995.

averted for universal compared to targeted screening would become less than $0 at
race ascertainment costs higher than approximately $2.75, although it would still be
greater than $1 000 000 if race ascertainment costs are less than $1.50.

3.2.3. Test cost

Both universal and targeted screening options would be affected by changes in test
cost. For the complete follow-up options, as the test cost varies from $1 to $5, the
cost per death averted for universal screening would vary from $1 197 000 to
$2 410 000 compared to $623 000 to $704 000 for targeted screening. For the
selective follow-up options, as the test cost varies from $1 to $5, the cost per death
averted for universal screening would vary from $221 000 to $1 434 000 compared to
$169 000 to $250 000 for targeted screening.

For the complete follow-up options, the incremental cost per death averted of
universal versus targeted screening would equal at least $600,000 regardless of the
test cost or SCD prevalence (Fig. 2). For the selective follow-up options, the
incremental cost per death averted of universal versus targeted screening would be
greater than $300 000 for all test cost levels, if the SCD prevalence equalled
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-—SCD* prevalence=14«'1od,000
=0O=35CD* prevalence=50/100.000
—X=5C0" prevalence=220/100,000

50

40

30

20

Incremental cost per death averted (x $100,000)

1 2 3 4 5

Cost of hemaglobinopathy screen, in dollars

Fig. 2. Incremental cost per death averted of universal versus targeted newborn hemoglobinopathy
screening at different hemoglobinopathy screening costs and different sickle cell disease prevalences for
the complete follow-up option; Alaska, 1995. *Sickle cell disease.

14/100 000 persons, but would be less than $0 for all but the highest test cost level, if
the SCD prevalence equalled 220/100 000 persons (Fig. 3).

3.2.4. Age at diagnosis of SCD in the absence of newborn screening

All four screening strategies were sensitive to changes in this variable. For the
complete follow-up options, as the age at diagnosis varies from 1 to 4 years, the cost
per death averted for universal screening would vary from $3 231 000 to $733 000
compared to $1 234 000 to $236 000 for targeted screening. For the selective
follow-up options, as the age at diagnosis varies from 1 to 4 years, the cost per death
averted for universal screening would vary from $1 523 000 to $306 000 compared to
$439 000 to $37 000 for targeted screening.

For the complete follow-up options, the incremental cost per death averted of
universal versus targeted screening would vary from $7 165 000 to $1 724 000, as the
age at diagnosis varies from 1 to 4 years. For the selective follow-up options, the
incremental cost per death averted of universal versus targeted screening would vary
from $3 660 000 to $824 000, as the age at diagnosis varies from 1 to 4 years.
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;éclsfprevalenceﬂ 4/i60,666 \
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Fig. 3. Incremental cost per death averted of universal versus targeted newborn hemoglobinopathy
screening at different hemoglobinopathy screening costs and different sickle cell disease prevalences for
the selective follow-up option; Alaska, 1995. *Sickle cell disease.

4. Discussion

We have conducted a cost-effectiveness evaluation of four newborn hemoglo-
binopathy screening strategies from the perspective of a state health-care system and
found that, for Alaska, a strategy of targeted screening with selective follow-up would
be the most cost-effective. Compared with no screening, this strategy would cost
$206 000 per death averted; furthermore, the incremental cost of universal compared
with targeted screening would be in excess of $2 000 000. Because we evaluated
variables over a broad range of values during sensitivity analysis, our results may be
applicable to other states and districts.

Some states have chosen a strategy of universal screening with complete follow-up,
the strategy recommended by the National Institutes of Health [1,2,11]. States
wishing to use a strategy of complete follow-up must be prepared to invest
considerable resources, even more so if they choose to conduct universal screening.
For the complete follow-up options, we found that, compared to no screening, neither
targeted nor universal screening would cost less than $200 000 per death averted over
the range of variable values evaluated during sensitivity analysis. Furthermore, the



B.D. Gessner et al. { Early Human Development 45 (1996) 257-275 271

incremental cost per death averted of universal versus targeted screening would be at
least $600 000 regardless of the SCD prevalence, cost of race ascertainment, test cost,
or age at diagnosis of SCD in the absence of newborn screening. The high minimum
cost of the complete follow-up options, particularly universal screening, would result
primarily from the effect of program costs. Thus, although more adverse outcomes
could be prevented as the prevalence of SCD increased, greater program costs would
be incurred because of the increased detection and subsequent identification and
follow-up of persons with clinically insignificant traits.

Selective follow-up is an approach that may allow state health departments to
pursue newborn hemoglobinopathy screening in a cost-effective manner without
compromising the public health. With selective follow-up, all infants would receive
testing but only the families of infants with a homozygous or compound heterozygous
hemoglobin variant would receive notification, counseling, education and testing of
family members. By using this strategy, no persons with traits would be identified
and, since persons with traits comprise the majority of those persons with positive
screens, programmatic costs would be minimal. Furthermore, selective reporting and
follow-up would prevent the same number of adverse outcomes as universal follow-
up.

Even with the selective follow-up option, the cost of screening compared to no
screening may be prohibitively expensive at some extreme variable values (e.g. if the
test cost is high and the SCD prevalence low). For the range of most variable values
used during sensitivity analysis, however, either targeted or universal screening would
become reasonably cost-effective. For example, compared to no screening, the cost
per death averted would decrease to less than $200 000 (and in some cases to less
than $0) for universal screening at high SCD prevalences and low test costs and for
targeted screening at low race ascertainment costs, low test costs and low age at
diagnosis in the absence of newborn screening. Having established that screening
may be cost-effective, the incremental cost of universal versus targeted screening
provides the information necessary to select between these strategies. For many of the
variable values evaluated during sensitivity analysis, the incremental cost of universal
versus targeted screening would be less than $200 000. Under other circumstances,
however, the incremental cost of universal screening may exceed $3 000 000.

These results suggest that states should evaluate the cost-effectiveness of universal
versus targeted screening regardless of which follow-up strategy they select. This is
particularly true since three of the variables evaluated during sensitivity analysis
(SCD prevalence, test cost, and age at diagnosis in the absence of newborn screening)
vary considerably between states. The SCD prevalence may vary almost 200-fold
between states, which is the largest relative variation between high and low values of
any variable examined during sensitivity analysis. Test costs depend on several
factors: location of testing site within or outside the state, economies of scale when
samples from several states are pooled at one laboratory, and the use of different
laboratory procedures. For example, states which use a local newborn screening
laboratory may only pay for labor and materials while states that use a reference
laboratory may also pay a processing charge. Finally, the age at which an infant is
diagnosed with SCD in the absence of newborn screening will vary depending on the
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awareness and training of medical personnel and the use of prenatal hemoglo-
binopathy screening.

The fourth variable evaluated during sensitivity analysis, the costs related to
targeting a screening program based on race, is not easy to evaluate even within a
single state. The cost to Alaska charged by the reference laboratory is easily defined
and would be approximately $0.50, a value similar to that quoted from a second
screening laboratory. The cost of ascertaining race in the hospital is less quantifiable.
One author estimated this cost as $2.73 based on a trained nurse being able to
accurately determine race for six infants per hour [34]. We believe, as does another
author [35], that in most instances the cost of racial ascertainment will be nominal.
While the cost of race ascertainment would not change the ordering of the complete
follow-up options, this cost is important to quantify because of its large impact on the
ordering of the selective follow-up options.

As mentioned previously, legal and ethical issues may be the primary determinant
of the decision to choose complete or selective follow-up, and a secondary
determinant of the decision to choose universal or targeted screening. For example,
although no evidence exists that people who know their carrier status alter their
reproductive outcome [14-20], even if this were not true ethical considerations
suggest that government agencies should not sponsor screening programs to promote
eugenic ends {36-38]. The screening strategies with complete follow-up, in addition
to possible prohibitive costs, would result in the unsolicited knowledge of carrier
status by parents and infants. This may lead to loss of insurance [16] or employment
[39-41], marriage restrictions [42], or the vulnerable child syndrome [43]. States may
lack legal safeguards to protect persons against these adverse outcomes [44,45]. The
screening strategies with selective follow-up involve testing persons without inform-
ing them of the test results. Finally, all screening options may lead to wrongful birth
or death lawsuits [43,44].

The analysis we performed was relatively robust. The conclusions from our study
did not change over a wide range for most variables tested. The absence of a need to
use expert opinion for our probability estimates, and our use of manuscripts published
primarily after 1980, enhanced the validity of these models. However, our study, as
with all cost-effectiveness evaluations, has several limitations. We used probabilities
that may not reflect the most current state of knowledge or practice. For example,
recent studies suggest that many neurologic sequelae resolve with time [46] and that
administration of dexamethasone can substantially reduce the occurrence of neuro-
logic complications [47,48]. Additionally, expected benefits occur in the future, and it
is not possible to predict changes in medical technology. For example, an effective,
universally administered pneumococcal vaccine might decrease expected benefits
from screening or test improvements could result in a less expensive screen. Finally,
we did not include productivity costs in our model because we limited our analysis to
direct costs and measurement of productivity in infants varies substantially by the
assumptions used [49]. The inclusion of productivity costs would increase the
cost-effectiveness of all screening strategies relative to no screening.

We have shown that since the optimal screening strategy depends on the value of
variables likely to differ between states, each state health department, rather than



B.D. Gessner et al. | Early Human Development 45 (1996) 257-275 273

national medical organizations, should determine its own optimal screening strategy.
We have not determined, however, whether Alaska or other states should implement
newborn hemoglobinopathy screening. Even among high risk child populations,
sickle cell disease may be relatively rare when compared with other conditions such
as lack of prenatal care, premature birth, injuries, child abuse and malnutrition. For
this reason, state health departments must compare the most cost-effective and
ethically and legally sound hemoglobinopathy screening option with other competing
health-care priorities.

References

(]

(21

[10]

(i)

(12}
[13]

[14]

7

L16]
(17
[18]

(19]

Consensus conference. Newborn screening for sickle cell disease and other hemoglobinopathies.
JAMA 1987; 258: 1205.

Newborn screening for sickle cell disease and other hemoglobinopathies. National Institutes of Health
Consensus Development Conference Statement; Vol. 6, No. 9; 1987. U.S. Department of Health and
Human Services, Public Health Service, National Institutes of Health, Bethesda, MD.

Tsevat J, Wong JB, Pauker SG, Steinberg MH. Neonatal screening for sickle cell disease: a
cost-effectiveness analysis. ] Pediatr 1991; 118: 546.

Sprinkle RH, Hynes DM, Konrad TR. Is universal neonatal hemoglobinopathy screening cost-
effective? Arch Pediatr Adolesc Med 1994; 148: 461.

Gaston MH, Verter JI, Woods G, et al. Prophylaxis with oral penicillin in children with sickle cell
anemia: a randomized trial. N Engl J Med 1986; 314: 1593.

Vichinsky E, Hurst D, Earles A, et al. Newborn screening for sickle cell disease: effect on mortality.
Pediatrics 1988; 81: 749.

Emond AM, Collis R, Darvill D, et al. Acute splenic sequestration in homozygous sickle cell disease:
natural history and management. J Pediatr 1985; 107: 201.

Bainbridge R, Higgs DR, Maude GH, Serjeant GR. Clinical presentation of homozygous sickle cell
disease. I Pediatr 1985; 106: 881.

Platt OS, Brambilla DJ, Rosse WF, et al. Mortality in sickle cell disease: life expectancy and risk
factors for early death. N Engl J Med 1994; 330: 1639.

Lotus Development Corporation. Lotus 123 Spreadsheet for Windows, release 4. Cambridge MA,
1993.

Sickle cell disease: screening, diagnosis, management, and counseling in newborns and infants.
Clinical Practice Guideline number 6. U.S. Department of Health and Human Services, Public Health
Service, Agency for Health Care Policy and Research. Rockville, Maryland. 1993.

Powars D. Diagnosis at birth improves survival of children with sickle cell anemia. Pediatrics 1989,
83 (suppl): 830.

Rosenthal MA, Ou CN, Hoffman W, et al. Monoclonal antibody immunoassay for the identification of
hemoglobin variants in neonatal screening. Screening 1994; 3: 67.

Nussbaum RL, Powell C, Graham HL, et al. Newborn screening for sickling hemoglobinopathies.
Houston, 1976 to 1980. Am J Dis Child 1984; 138: 44.

Neal-Cooper F, Scott RB. Genetic counseling in sickle cell anemia: experiences with couples at risk.
Public Health Rep 1988: 103: 174.

Fost N. Ethical implications of screening asymptomatic individuals. FASEB J 1992; 6: 2813.
Warkany J. Prevention of congenital malformations. Teratology 1981; 23: 175

Leonard CO, Chase GA, Childs B. Genetic counseling: a consumers’ view. N Engl ] Med 1972; 287:
433.

Fost N. Kaback MM. Why do sickle screening in children? The trait is the issue. Pediatrics 1973; 51:
742.

SCREENING



SCREENING

274 B.D. Gessner et al. | Early Human Development 45 (1996) 257275

[20] Schoen EJ, Marks SM, Clemons MM, Bachman RP. Comparing prenatal and neonatal diagnosis of
hemoglobinopathies. Pediatrics 1993; 92: 354.

[21} Miller ST, Stilerman TV, Rao SP, et al. Newborn screening for sickle cell disease: when is an infant
‘lost to follow-up‘? Am J Dis Child 1990; 144: 1343.

[22] Listernick R, Frisone L, Silverman BL. Delayed diagnosis of infants with abnormal neonatal screens.
JAMA 1992; 267: 1095.

{23] Buchanan GR, Siegel JD, Smith SS, et al. Oral penicillin prophylaxis in children with impaired
splenic function: a study of compliance. Pediatrics 1982; 70: 926.

[24] Buchanan GR, Smith SJ. Pneumococcal septicemia despite pneumococcal vaccine and prescription of
penicillin in children with sickle cell anemia. Am J Dis Child 1986; 140: 428.

[25]) Nottidge VA. Pneumococcal meningitis in sickle cell disease in childhood. Am J Dis Child 1983; 137:
29.

[26] Roberts T, Frenkel JK. Estimating income losses and other preventable costs caused by congenital
toxoplasmosis in people in the United States. ] Am Vet Med Assoc 1990; 196: 249.

[27] Henderson JB, Beattie CP, Hale EG, Wright T. The evaluation of new services: possibilities for

preventing congenital toxoplasmosis. Int J Epidemiol 1984: 13: 65.

Newborn screening report: 1990. Council of Regional Networks for Genetic Services. February 1992.

Gardner RV, Keitt A. University of Florida sickle cell screening program for neonates: design and

results. J Natl Med Assoc 1988; 80: 273.

[30] Therrell BL, Simmank JL, Wilborn M. Experiences with sickle hemoglobin testing in the Texas
newborn screening program. Pediatrics 1989; 83 (suppl): 864.

[31] Hurst D. Northern California’s experience. Pediatrics 1989; 83 (suppl): 868.

[32] Harris MS, Eckman JR. Georgia’s experience with newborn screening: 1981 to 1985. Pediatrics 1989:
83 (suppl): 858.

[33] U.S. Bureau of the Census (1992). Statistical abstract of the United States: 1992 (112 ed.).
Washington DC: U.S. Department of Commerce.

[34] Lane PA, Eckman JR. Letter to the editor. J Pediatr 1992; 120: 162.

[35] Tsevat J, Wong JB, Pauker SG, Steinberg MH. Letter to the editor. Pediatrics 1992: 120: 163.

[36] Fost N. Ethical issues in genetics. Pediatr Clin North Am 1992: 39: 79.

[37] Holtzman NA. The diffusion of new genetic tests for predicting disease. FASEB J 1992 6: 2806.

[38] Wertz DC. Ethical and legal implications of the new genetics: issues for discussion. Soc Sci Med
1992; 35: 495.

[39] Andrews LB, Jaeger AS. Confidentiality of genetic information in the workplace. Amer J Law Med
1991; 17: 75.

[40] Billings P, Beckwith J. Genetic testing in the workplace: a view from the USA. Trends Genet 1992; 8:
198.

[41] Billings PR, Kohn MA, de Cuevas M, Beckwith J, Alper IS, Natowicz MR. Discrimination as a
consequence of genetic testing. Am J Hum Genet 1992; 50: 476.

[42] Bowman JE. Legal and ethical issues in newborn screening. Pediatrics 1989; 83(suppl): 894.

[43] Fost N. Genetic diagnosis and treatment: ethical considerations. Am I Dis Child 1993; 147; 1190.

[44] Charo RA. Legal and regulatory issues surrounding carrier testing. Clin Obstet Gynecol 1993; 36:
568.

[45] McEwen JE. Reilly PR. State legislative efforts to regulate use and potential misuse of genetic
information. Am J Hum Genet 1992; 51: 637.

[46] Pomeroy SL, Holmes SJ, Dodge PR, Feigin RD. Seizures and other neurologic sequelae of bacterial
meningitis in children. N Engl J Med 1990; 323: 1651.

[47] Schaad UB. Lips U, Gnehm HE, et al. Dexamethasone therapy for bacterial meningitis in children.
Lancet 1993; 342: 457.

[48] Odio CM, Faingezicht I, Paris M, et al. The beneficial effects of early dexamethasone administration
in infants and children with bacterial meningitis. N Engl J Med 1991; 324: 1525.

[49] Drummond MF, Stoddart GL, Torrance GW. Methods for the economic evaluation of health care
programmes. New York: Oxford University Press, 1993.

[501 Powars DR, Overturf G, Weiss J, et al. Pneumococcal septicemia in children with sickle cell anemia:
changing trend of survival. JAMA 1981; 245: 1839.

[28
[29



B.D. Gessner et al. | Early Human Development 45 (1996) 257-275 275

[51] Gill FM, Brown A, Gallagher D, et al. Newborn experience in the cooperative study of sickle cell
disease. Pediatrics 1989; 83 (suppl): 827.

[52] Powars DR. Natural history of sickle cell disease — the first ten years. Semin Hematol 1975; 12: 267.

[53] Leikin SL, Gallagher D, Kinney TR, et al. Mortality in children and adolescents with sickle cell
disease. Pediatrics 1989; 84: 500.

[54] Rasmussen N, Johnsen NJ, Bohr VA. Otologic sequelae after pneumococcal meningitis: a survey of

164 consecutive cases with a folow-up of 94 survivors. Laryngoscope 1991; 101: 876.

Dodge PR, Davis H, Feigin RD, et al. Prospective evaluation of hearing impairment as a sequela of

acute bacterial meningitis. N Engl J Med 1984; 311: 869.

[56] Vienny H, Despland PA, Lutschg J, Deonna T, Dutoit-Marco ML, Gander C. Early diagnosis and
evolution of deafness in childhood bacterial meningitis: a study using brainstem auditory evoked
potentials. Pediatrics 1984: 73: 579.

{57] Letson GW, Gillin BG. Bulkow LR, Parks DJ, Ward JI. Severity and frequency of sequelae of
bacterial meningitis in Alaska Native children. Am J Dis Child 1992; 146: 560.

[58] Bohr V, Rasmussen N, Hansen B, et al. Pneumococcal meningitis: an evaluation of prognostic factors

in 164 cases based on mortality and a study of lasting sequelae. J Infect 1985; 10: 143.

Schaad UB, Suter S, Gianella-Borradori A, et al. A comparison of ceftriaxone and cefuroxime for the

treatment of bacterial meningitis in children. N Engl J Med 1990; 322: 141.

[60] Peltola H, Anttila M, Renkonen O, and the Finnish study group. Randomized comparison of
chloramphenicol, ampicillin, cefotaxime, and ceftriaxone for childhood bacterial meningitis. Lancet
1989; 1: 1281.

[61] Jadavji T, Biggar WD, Gold R, Prober CG. Sequelae of acute bacterial meningitis in children treated
for seven days. Pediatrics 1986; 78: 21.

[62] Topley JM, Rogers DW, Stevens MCG, Serjeant GR. Acute splenic sequestration and hypersplenism

in the first five years in homozygous sickle cell disease. Arch Dis Child 1981; 56: 765.

O’Brien RT, McIntosh S, Aspnes GT, Pearson HA. Prospective study of sickle cell anemia in infancy.

] Pediatr 1976; 89: 205.

{64] Warren NS, Carter TP, Humbert JR, Rowley PT. Newborn screening for hemoglobinopathies in New

York State. Experience of physicians and parents of affected children. J Pediatr 1982; 100: 373.

Githens JH, Lane PA., McCurdy RS, Houston ML, McKinna JD, Cole DM. Newborn screening for

hemoglobinopathies in Colorado: the first 10 years. Am J Dis Child 1990; 144: 466.

[66] Yorke D, Mitchell J, Clow C, et al. Newborn screening for sickle cell and other hemoglobinopathies:
a Canadian pilot study. Clin Invest Med 1992; 15: 376.

{67] Florida’s cost/implementation study for public law 99-457, part H, infants and toddlers: phase 11

findings. Submitted to: the Florida Department of Education, Bureau ot Education for Exceptional

Students, and the Florida Interagency Coordinating Council for Infants and Toddlers. July, 1991.

Kesler K, Kesler M. Cost identification of children with special health care needs and developmental

delays enrolled in the community placement program under the Division of Mental Health and

Developmental Disabilities in Alaska. Prepared as partial fulfillment of requirements for M.PH.,

University of California. Berkeley, CA, May, 1993.

[55

[59

[63

[65

=N
=

SCREENING



