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e tract infection (fUTI) would require screening of 30 to 430

WHAT’S KNOWN ON THIS SUBJECT: The prevalence of \
vesicoureteral reflux (VUR) among siblings of patients with VUR is
greater than that in the general population, which leads some to
advocate screening for siblings. However, the population-level
consequences of universal VUR screening among siblings are
unknown.

WHAT THIS STUDY ADDS: Prevention of a single febrile urinary

siblings, costing $56 000 to $820 000 per averted fUTI. These
estimates are heavily dependent on screening age and the
effectiveness of antibiotic prophylaxis.

- J

OBJECTIVE: Our objective was to evaluate screening for vesicoureteral
reflux (VUR) among siblings of patients with VUR, in terms of cost,
radiation exposure, and number of febrile urinary tract infections
(fuTls) averted.

METHODS: We constructed a Markov model to evaluate 2 competing
management options, that is, universal screening (cystographic eval-
uation of all siblings without symptoms) and usual care (cystographic
evaluation of siblings only after fUTIs). Published data were used to
inform all model inputs. Costs were estimated by using a societal
perspective.

RESULTS: Universal screening yielded 2980 fUTIs, whereas usual care
yielded 6330. Therefore, universal screening for VUR in a cohort of
100 000 siblings 1 year of age without symptoms resulted in the pre-
vention of 1 initial fUTI per 3360 siblings, at an excess cost of $55 600
per averted fUTI, in comparison with usual care. These estimates were
heavily dependent on screening age and the effectiveness of antibiotic
prophylaxis; prevention of a single fUTI would require screening of 166
siblings 5 years of age and 694 siblings 10 years of age. Similarly, if
prophylaxis was ineffective in preventing fUTIs, then up to 10 000 sib-
lings would need to be screened for prevention of a single fUTI.

CONCLUSIONS: Prevention of a single fUTI would require screening of
30 to 430 siblings 1 year of age without symptoms, at an estimated
excess cost of $56 000 to $820 000 per averted fUTI. These estimates are
heavily dependent on screening age and the effectiveness of antibiotic
prophylaxis. Pediatrics 2010;126:865—-871
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Vesicoureteral reflux (VUR) is a familial,
polygenic disorder of the genitourinary
tract.! Despite a reported prevalence of
VUR of ~1% in the general pediatric pop-
ulation, the prevalence of VUR has been
shown to be 27% among siblings of pa-
tients with VUR. The prevalence of VUR
among siblings decreases with age but
is not significantly associated with sib-
ling or proband gender.2

Because of the association of VUR with
urinary tract infections (UTIs) and renal
scarring, many practitioners recom-
mend screening siblings (without symp-
toms) of patients with VUR. Such screen-
ing is based on the assumption that, if
VUR in the siblings can be diagnosed
early, then measures (eg, antimicrobial
prophylaxis) can be implemented to pre-
vent future febrile UTIs (fUTls) and renal
scarring 3 This is controversial, however,
because the clinical significance of sib-
ling VUR is unclear*’ and the effective-
ness of antibiotic prophylaxis in pre-
venting fUTls has been questioned.8?
There is a relative lack of observational
data on this topic, and an adequate, ran-
domized, controlled trial of sibling
screening would be difficult to perform 5
This implies that the decision to screen
siblings without symptoms for VUR will
be made on the basis of currently avail-
able information. In the application of im-
perfect information to population-level
decisions (such as screening), the use of
decision analysis techniques can be
helpful, both to determine the decision
most likely to result in favorable out-
comes and to identify the parameters
with particular influence over those out-
comes. Therefore, the objective of this
study was to examine the population-
level economic and radiation-related
consequences of a screening regimen
for all siblings without symptoms of pa-
tients with VUR, compared with a strat-
egy of performing imaging only for sib-
lings with symptoms (ie, those who
develop fUTIs).
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FIGURE 1

Numbers of averted fUTIs according to age at screening and effectiveness of prophylaxis.

METHODS
Model Design

We constructed a Markov model to
evaluate 2 competing VUR sibling
screening regimens, that is, universal
sibling screening, in which all siblings
undergo cystography, or usual care, in
which only siblings who experience an
initial fUTI undergo cystography (Fig
1). Markov models function by cycling
a population of theoretical patients
through discrete health states. In this
case, siblings were cycled through 4
possible states, namely, VUR with fUTI,
VUR without fUTI, no VUR with fUTI, and
no VUR without fUTl. We chose a
Markov model because of that meth-
od’s particular ability to model long-
term costs and outcomes, to forecast
beyond the follow-up period of pub-
lished studies, and to consider multi-
ple relevant end points or compara-
tors simultaneously.”® A societal
perspective was used,'" and the analy-
sis time horizon was truncated at the
age of 18 years. A 1-year-old child was

used as our index (or base case)
patient.

All siblings undergoing VUR screening
were assumed to undergo an initial
outpatient  physician visit, pulsed-
fluoroscopy voiding cystourethrography
(pVCUG) study, and renal ultrasonogra-
phy study, according to American Acad-
emy of Pediatrics guidelines.'? Siblings
who were found to have VUR began to
receive daily antibiotic prophylaxis
with orally administered trimethoprim-
sulfamethoxazole at a daily dose of 2
mg/kg trimethoprim. A physician visit,
pVCUG study, and renal ultrasonography
study were repeated on an annual basis
until the VUR resolved. Siblings who ex-
perienced fUTIs underwent an additional
urine culture, physician visit, pVCUG
study, and renal ultrasonography study
and were treated with 24 hours of paren-
teral antibiotic therapy (75 mg/kg ceftri-
axone), followed by a 14-day course
of orally administered trimethoprim-
sulfamethoxazole at a daily dose of 8
mg/kg trimethoprim, according to Amer-
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ican Academy of Pediatrics guidelines.!?
After fUTI treatment, patients resumed
antibiotic prophylaxis.

Parameter Estimates

Probability estimates were based on a
systematic review of Medline and Em-
base databases for English-language
articles published before September
2009. Reference lists of identified
studies were hand-screened for any
missed studies. Probability estimates
were then based on the pooled results
of all pertinent studies. Data were ab-
stracted by a single author (Dr Routh).
We decided a priori that, if a method-
ologically sound meta-analysis had
been performed recently for a particu-
lar parameter estimate, then we would
base our parameter estimates on
those results. A notable exception to
this policy was the effectiveness of an-
tibiotic prophylaxis for the prevention
of fUTls. For this parameter, 2 high-
quality systematic reviews were iden-
tified. Williams et al® estimated the
pooled relative risk of fUTIs during pro-
phylaxis to be 0.44 (95% confidence in-
terval: 0.19-1.00). However, a more-
recent meta-analysis by Mori et al®
estimated the pooled relative risk to
be 0.96 (95% confidence interval: 0.69—
1.32). Because of this significant differ-
ence between 2 analyses using appar-
ently sound methods, the 2 parameter
estimates for the effectiveness of anti-
biotic prophylaxis were modeled sepa-
rately. Parameter values are detailed
in Table 1.

Model Outcomes

Model outcomes were the number of
UTIs averted, the population-level di-
rect medical costs, and the average
per-patient radiation dose associated
with each screening regimen. All
model outcomes were based on identi-
cal stochastic cohorts of 100 000 hypo-
thetical siblings undergoing each
screening regimen (universal screen-
ing and usual care).
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TABLE 1 Model Parameter Values for 1-Year-Old Siblings Without Symptoms

Parameter Value Sensitivity Ref. No(s).
Analysis Range
Annual probability, %
Probability of sibling VUR 50.2 0-100 25
Probability of sibling VUR resolution 26.3 0-100 26
Probability of fUTI 5.8 0-100 5,7,27-30
Probability of false-negative cystographic findings 6.4 0-30 31-33
Relative risk of fUTI with prophylaxis? 0.44 0-1 9
0.96 0-1 8
Radiation dose, mSv
Renal ultrasonography 0
cVCUG 0.6 0.3-1.2 13
pVCUG 0.06 0.03-0.12
RNC 0.003 0.001-0.006
Costs, 2009 US$
New patient office visit (CPT 99213) 63 30-120 15
Renal ultrasonography 226 100-1000
pVCUG 366 100-1000
RNC 687 100—-1000

CPT indicates Current Procedural Terminology.

aTwo values were separately modeled because of the presence of 2 systematic reviews with significantly different results.

Radiation dosage estimates for each
diagnostic test were based on previ-
ously published methods.' For each
test, the effective dose expressed in
millisieverts was calculated. The effec-
tive dose represents the overall detri-
mental biological effect of an exposure
to radiation and is calculated by weight-
ing the radiation dose to each organ
from a radiation exposure according to
the radiosensitivity of that organ. This
representation allows for population-
level comparisons across different types
of radiation exposures.'

Cost estimates were based on a na-
tionally weighted average of Medicare
reimbursements, including both tech-
nical and professional fees.' Govern-
mental reimbursement data were
noted previously to approximate med-
ical costs closely, as determined from
a societal perspective.’® Antibiotic
costs were estimated on the basis of
2009 average wholesale prices."” Indi-
rect medical costs were calculated on
the basis of the average hourly wage of
a worker in the United States, by as-
suming that diagnostic testing and
physician consultation would require 1
parent to miss 1 half-day (4 hours) of
work and that a fUTI would require 1

parent to miss 2 days (16 hours) of
work.’® All costs were calculated in
2009 US dollars by using a 3% annual
discounting rate, as shown in Table 1.

Sensitivity Analyses

The probability of both VUR and UTIs is
highly dependent on the patient’s age
at the time of screening, and effective
radiation doses vary according to chil-
dren’s body sizes. Therefore, we mod-
eled 3 additional age categories (3
months, 5 years, and 10 years) for all
simulations, along with our index case
analysis of a 1-year-old child. Similarly,
both costs and effective doses vary ac-
cording to the particular type of cys-
tography performed. Therefore, we
modeled 2 additional types of cystog-
raphy (continuous-fluoroscopy voiding
cystourethrography [cVCUG] and ra-
dionuclide cystography [RNC]), along
with our index case analysis using
pVCUG.

One-way sensitivity analyses were per-
formed for all model parameters (Ta-
ble 1). All analyses and model simula-
tions were performed by using
TreeAge Pro Suite 2009 (TreeAge, Wil-
liamstown, MA).
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RESULTS

UTI Outcomes

Universal screening resulted in a de-
crease in the expected number of fUTIs
(Table 2). With a universal screening
regimen, 3000 initial fUTIs would be ex-
pected to develop in a cohort of
100 000 siblings 1 year of age without
symptoms, whereas usual care would
be assumed to result in 6300 fUTIs (a
net difference of 3300 fUTIs). There-
fore, the number needed to screen
(NNS), or the number of children who
would need to be screened for preven-
tion of a single initial fUTl in a 1-year-
old sibling without symptoms, would
be 29.8 children in our base case anal-
ysis, with the assumption of effective
antibiotic prophylaxis. With the as-
sumption of ineffective prophylaxis,
however, only 230 fUTls would be pre-
vented within the same cohort with
universal screening versus usual care,
and the NNS among 1-year-old siblings
without symptoms would be 429.2
children.

Radiation Dose Outcomes

The overall effective radiation dose for
universal sibling screening was mark-

edly higher than that for usual care
(Table 3). Universal screening of
100 000 siblings 1 year of age without
symptoms by using pVCUG would re-
sult in a population-level, effective ra-
diation dose of 13 500 mSv (0.13 mSv
per child). By comparison, usual care
would result in a population-level, ef-
fective dose of 1250 mSv (0.013 mSv
per child), a 10-fold reduction. The ef-
fective radiation doses did not differ
significantly on the basis of the effec-
tiveness of antibiotic prophylaxis
(mean difference: 0.6%).

Cost Outcomes

The cost of universal sibling screening
was markedly higher than the cost of
usual care at all ages studied (Table 4).
For a cohort of 100 000 siblings 1 year
of age without symptoms, the cost of
universal VUR screening would be ex-
pected to be $210 600 000. By compar-
ison, the cost of usual care for the
same cohort would be expected to be
$23 900 000, with an absolute savings
of $186 700 000. On a per-patient basis,
the universal screening strategy cost
$55 600 per averted fUTI. The absolute
costs for either management strategy

did not differ significantly according to
the effectiveness of antibiotic prophy-
laxis (mean difference: 1.5%), although
the cost per averted fUTI for the univer-
sal screening strategy did increase to
$819 000 if antibiotic prophylaxis was
assumed to be ineffective in prevent-
ing fUTls.

Sensitivity Analyses

In sensitivity analyses, altering the
probabilities of fUTIs or VUR among the
screened populations did not alter
model outcomes meaningfully. With
any combination of model assump-
tions, universal screening was more
expensive and resulted in higher ra-
diation doses than usual care. Simi-
larly, varying the cost of any single
parameter or the effective radiation
dose of any cystographic technique
did not alter the relative model out-
comes meaningfully.

The type of cystography (cVCUG,
pVCUG, or RNC) used for screening did
influence the effective radiation dose,
with RNC providing a much lower dose
than pVCUG or ¢VCUG (600, 12 100, and
111 800 mSy, respectively, for a cohort
of 100 000 children 1 year of age). This

TABLE 2 Comparison of Universal Screening Versus Usual Gare in Terms of Expected Number of fUTIs Diagnosed Among 100 000 Siblings Without

Symptoms and NNS to Prevent Single Initial fUTI

Patient Age Assuming Effective Prophylaxis® Assuming Ineffective Prophylaxis®
No. of fUTIs No. of fUTIs NNS to No. of fUTIs No. of fUTIs NNS to
Diagnosed With Diagnosed With Prevent 1 Diagnosed With Diagnosed With Prevent 1
Universal Screening Usual Care Initial fUTI Universal Screening Usual Care Initial fUTI
3 mo 3900 8200 23.3 7900 8200 337.8
1y 3000 6300 29.8 6100 6300 429.2
S5y 500 1100 166.1 1000 1100 2381.0
10y 120 260 694.4 250 260 10 000.0

TABLE 5 Comparison of Effective Radiation Doses for Universal Screening Versus Usual Care Among 100 000 Siblings Without Symptoms

Patient Age pVCUG RNC
Effective Dose Effective Dose Excess Dose With Effective Dose Effective Dose Excess Dose With
With Universal With Usual Universal Screening, With Universal With Usual Universal Screening,
Screening, mSv Care, mSv m3v (% Increase) Screening, mSv Care, mSv m3v (% Increase)
3 mo 14 300 1600 12700 (810) 910 60 850 (1500)
1y 13 300 1300 12000 (970) 600 40 560 (1400)
5y 10 200 200 10000 (5000) 330 5 325 (6600)
10y 7200 40 7100 (17 800) 140 1 140 (14 200)
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TABLE 4 Comparison of Societal Costs of Universal Screening Versus Usual Care Among 100 000
Siblings Without Symptoms, With pvVCUG

Unfortunately, the true effectiveness of
antimicrobial prophylaxis in fUTI pre-

) : : .9 - : 8 _ i ) )
Patient Age Assuming Effective Prophylaxis Assuming Ineffective Prophylaxis vention for patlents with VUR is uncer-
Cost of Cost of Cost per Cost of Cost of Cost per tain. One systematic review found a

Universal Usual Averted Universal Usual Averted . L o X
Screening, $ Care, § fuTl, $ Screening, $ Care, $ fuTl, $ statistically significant 56% reduction

. . g
3mo 197200000 29 000 000 39000 202400000 29000000 sseop0 N UTlrates with prophyla>l<|s,. whereas
1y 210600000 23900 000 56000 214800000 23900000 819 000 anotherfound only a nonsignificant 4%
S5y 194 800 000 4500 000 316 000 195700 000 4500 000 4551000 reduction in the likelihood of UTI.8 Im-
10y 162 700 000 1000 000 1123000 162 900 000 1000000 16 195 000

portantly, although both reviews were

reduced radiation came at a premium,
because RNC also was associated with
a significantly increased cost, com-
pared with pVCUG ($253 vs $187 mil-
lion, also for a 1-year-old cohort). Re-
gardless of the type of cystography,
however, universal sibling screening
was uniformly more expensive and
had higher radiation doses than did
usual care (Table 3).

Similarly, the age at which siblings
were screened and the effectiveness
of antibiotic prophylaxis altered signif-
icantly the absolute differences be-
tweenthe 2 management strategies, in
terms of number of averted fUTls, al-
though universal screening remained
consistently more expensive than
usual care for all patient ages. As the
effectiveness of antibiotic prophylaxis
decreased, so did the effectiveness of
universal screening to avert an initial
fUTI among screened siblings (Fig 1).
Similarly, as the age at which patients
were screened increased, the effec-
tiveness of universal screening over
usual care decreased.

DISCUSSION

There is a relative lack of observa-
tional data on the outcomes or effec-
tiveness of screening programs for
siblings of patients with VUR, and an
adequate, randomized, controlled trial
of sibling screening seems unlikely.
Therefore, any decision regarding VUR
screening programs for siblings with-
out symptoms must be made on the
basis of imperfect information. In the
absence of large clinical trials or ob-

PEDIATRIGS Volume 126, Number 5, November 2010

servational studies, clinicians must
base their decisions to screen siblings
without symptoms on the potential
benefits and risks of screening a given
patient. In the application of imperfect
information to population-level deci-
sions such as screening regimens, de-
cision analysis models such as ours
can be helpful for identifying the deci-
sion that is most likely to result in favor-
able patient outcomes and the parame-
ters that may influence those outcomes
significantly. This is of significance to pe-
diatric practitioners, given the ubiquity
of VUR among children and the likelihood
that children with VUR will have =1 sib-
ling without symptomes.

In this model of 2 hypothetical cohorts
of siblings (without symptoms) of pa-
tients with VUR, we found that a univer-
sal VUR screening program was as-
sociated invariably with increased
medical costs and increased radiation
doses for the screened siblings. How-
ever, the effectiveness of such a pro-
gram (ie, its ability to reduce the num-
ber of fUTIs among screened siblings)
varied significantly according to the pre-
sumed effectiveness of antibiotic pro-
phylaxis in preventing fUTls and the age
at which siblings were screened. In our
base case analysis of 100 000 siblings 1
year of age without symptoms, universal
screening would prevent ~3400 fUTIs,
on the basis of the assumption that anti-
biotic prophylaxis is effective. That is, 30
siblings without symptoms would need
to be screened for prevention of aninitial
fUTlin a single patient.

performed by using acceptable meth-
ods, they both included heterogeneous
populations, which indicates that nei-
ther review may reflect accurately the
true effectiveness of antibiotics.

In this case, the prevention of fUTIs,
and thus the reduction in risk of renal
damage, is the obvious goal of a
screening regimen for siblings without
symptoms. This is a laudable goal, and
the costs of screening must be bal-
anced against the benefits. If it is as-
sumed that antibiotic prophylaxis is
effective in preventing fUTls (as
indicated by Williams et al®), then the
NNS would be 30 patients 1 year of age
andthe conservatively estimated costs
of screening would be $187 million, or
$55 600 per averted fUTI. If the effec-
tiveness of prophylaxis was reduced,
however, then the number of fUTIs
would be increased proportionately,
whereas the cost of the overall screen-
ing regimen would increase because
of the cost of treating those infections.
If antibiotic prophylaxis is ineffective
(as indicated by Mori et al®), then the
NNS would increase to 429 children,
whereas the screening costs would in-
crease to $191 million, or $819 000 per
averted fUTI. As the effectiveness of an-
tibiotic prophylaxis decreases, so does
the cost-effectiveness of universal sib-
ling screening. Future randomized tri-
als, such as the ongoing Randomized
Intervention for Children With Vesi-
coureteral Reflux study,' should pro-
vide more-robust estimates of the ef-
fectiveness of prophylaxis. Until then,
clinicians must rely on imperfect data to
decide whether the true cost of VUR
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screening for siblings without symp-
toms is justified, knowing that the true
NNS lies somewhere between 30 and 430
children and that the true cost of screen-
ing likely lies somewhere between
$56 000 and $820 000 per averted fUTI.

Among the potential risks of screening,
the radiation-associated outcomes bear
mention. Cystourethrography, particu-
larly cVCUG, is associated with a rela-
tively high per-patient dose of ionizing
radiation, compared with a low-dose
testing method such as RNG.'* Al-
though the long-term risks of low-dose
radiation are small, they are not imma-
terial.’*20 This increased ionizing radi-
ation exposure can be translatedintoa
small but measurable increase in long-
term risk of radiation-related cancer
development, particularly as applied
to large populations, as estimated
by the National Research Council.?!
With the assumption of a linear, no-
threshold model of cancer risk as a
result of low-dose ionizing radiation,
the risk of contracting a lethal cancer
is ~1in 20 000 per mSv for an adult.
However, children exposed to radia-
tion are presumed to be at higher risk
than adults, because of the greater ra-
diosensitivity of growing tissues and
children’s longer life expectancy.
Screening 100 000 siblings 1 year of
age without symptoms for VUR would
be expected to result in 1.7 radiation-
induced lethal solid abdominal tu-
mors. Interms of the natural incidence
of cancer, this number is tiny; by com-
parison, ~42 000 of the 100 000 chil-
dren in our cohort would be expected
to develop a lethal cancer resulting from
other causes during the course of their
lifetimes.2' Therefore, the question to be
considered is whether the clinical infor-
mation gained through the use of a uni-
versal screening regimen is great
enough to offset the low but measurable
risks of the increased radiation dose,
particularly in the context of increased

870 ROUTH et al

medical use of ionizing radiation

throughout the nation. 4222

Similarly, the risks of treatment, in-
cluding those of antibiotic prophylaxis,
must be considered. The risk of cuta-
neous reactions among children tak-
ing trimethoprim-sulfamethoxazole is
1.4% to 7.4% per year of prophylaxis.2*
In our analysis, a screened cohort of
100 000 siblings 1 year of age without
symptoms, monitored for 18 years,
would be expected to accrue 181 571
person-years of antibiotic prophylaxis,
and between 2500 and 13 400 derma-
tologic reactions over that time span
would be expected. Although the over-
whelming majority of these complica-
tions would be self-limited urticaria or
maculopapular rash, more-significant
problems, such as Stevens-Johnson syn-
drome, have been reported. As with cost
and radiation exposure, these rare risks
of screening must be weighed against a
possible decreased risk of renal scar-
ring, hypertension, and renal insuffi-
ciency among siblings with VUR.

In evaluating any screening program, it
is important to examine the effects of
lead-time, length-time, and overdiagno-
sis biases. Lead- and length-time biases
refer to the likelihood of screening pro-
grams to overestimate survival benefits
of screening and to detect preferentially
slowly progressive disease. Because
VUR resolves over time, these biases
seem unlikely to be pertinent to VUR.
Overdiagnosis bias is the screening-
related detection of subclinical disease
that would not otherwise have become
clinically apparent, as reflected in the
NNS (30—430 siblings would need to
be screened to avert 1 fUTI).

The results of this analysis must be in-
terpreted in light of its limitations. All
parameter estimates were based on
the existing urological literature;
therefore, they reflect any method-
ological limitations and biases present
in that literature. Similarly, all of our
cost estimates (particularly for physi-

cian time and imaging studies) were
based on nationally weighted averages.!
Although this method has many advan-
tages and is recommended by many
authors,'8 national values may not be
generalizable to all geographic areas,
particularly those outside the United
States. Lastly, our analysis extended only
to 18 years of age and focused on the
more-proximal outcomes of fUTls. We did
not include costs and outcomes associ-
ated with renal scarring and renal fail-
ure, which might be prevented through
an aggressive VUR screening program.

CONCLUSIONS

Prevention of a single fUTI would require
screening of 30 to 430 siblings 1 year of
age without symptoms for VUR, at an es-
timated cost of between $56 000 and
$820 000 per averted fUTI, depending on
the effectiveness of antibiotic prophy-
laxis in fUTI prevention. Universal sibling
screening also would result in increased
effective  radiation doses among
screened siblings, with the magnitude of
the increase being dependent on the
particular type of cystography used. Im-
portantly, older siblings are much less
likely to benefit from screening, and the
number of fUTIs averted is proportional
to the relative risk of fUTIs with antibiotic
prophylaxis. Because of its relatively
high cost and relatively low benefit,
screening for VUR in siblings without
symptoms may not be a worthwhile use
of resources, when considered from a
population perspective. If siblings are to
be screened, however, then screening is
most likely to be cost-effective when per-
formed at a younger age (<1 year) and
in the context of an effective program of
antibiotic prophylaxis.
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