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Proposed Rule and Brief History

The State Board of Health (Board) is authorized by RCW 70.83.050 to adopt rules and
regulations relating to congenital newborn screening (NBS). The Board established rules under
Chapter 246-650 WAC regarding which conditions to include on the NBS panel. RCW 70.83.020
grants the Board authority to identify which screening the Department of Health (Department)
is required to perform for all infants in the state. RCW 70.83.030 tasks the Board with adopting
rules related to the reporting of heritable and metabolic disorders to the Department.

In November 2024 and January 2025, the Board updated its newborn screening process to
better align with the national Recommended Uniform Screening Panel (RUSP). The Board
committed to reviewing RUSP conditions not currently included in Washington’s newborn
screening panel by Nov 2026, including 3-methylcrotonyl-CoA carboxylase (3MCC) deficiency.
The Board directed Department staff to convene a multidisciplinary technical advisory
committee (TAC) to consider adding 3MCC deficiency to the list of mandated NBS conditions in
WAC 246-650-010 and WAC 246-650-020. The TAC evaluated 3MCC deficiency against six
Board-approved criteria for potential inclusion in the NBS panel in December 2025. After
reviewing the evidence, the TAC members had a mixed assessment of whether 3MCC deficiency
met each of the six screening criteria and all voted to not recommend its addition to the panel
at this time. The Board will review the comments and votes of the TAC at the January 14, 2026,
Board meeting and vote on whether to add the condition to the newborn screening panel.

Overview and Background — 3MCC deficiency

3MCC deficiency is a rare autosomal recessive disorder of leucine metabolism that is caused by
changes in the MCCC1 or MCCC2 gene, which typically produces the enzyme responsible for
breaking down leucine the body. Without this enzyme, toxic byproducts of leucine processing
can build up to harmful levels in some people.

Most individuals with 3MCC deficiency never develop any signs or symptoms of the condition,
but for those who do, symptoms develop in infancy or early childhood, and sometimes
adulthood. Symptoms can develop during a “metabolic crisis” after an infection, long period
without food, or following a high-protein intake. Symptoms of a metabolic crisis from 3MCC
deficiency can include feeding difficulties, delayed development, vomiting, excessive tiredness,
or weak muscle tone. If untreated, the metabolic crisis can lead to seizures, breathing difficulty,
or coma, which can be life-threatening.

Treatment for 3MCC deficiency can include emergency management recommendations or an
“acute illness protocol letter”, prevention of fasting, or carnitine supplementation, if deficient.



A leucine or protein-restricted diet may be considered for symptomatic individuals on a case-
by-case basis.

3MCC deficiency is present in approximately 1 in 40,000 births. At least 45 U.S. states
universally screen newborns for 3MCC deficiency at birth primarily because it was listed on the

original federal Recommended Universal Screening Panel (RUSP) published in the early 2000’s.

Diagnostic testing for 3MCC deficiency includes urine organic acid and plasma acylcarnitine and
free/total carnitine tests. DNA sequencing or enzyme activity tests may also be utilized.

Overview of Cost-Benefit Analysis

The model structure was developed in 2025 by the Washington NBS program and presented to
the 3MCC deficiency NBS TAC on December 9, 2025. It will be presented to the State Board of
Health on January 14, 2026.

The following summary explains the cost-benefit analysis performed in consideration of adding
3MCC deficiency to the mandatory NBS panel. The economic model estimates the benefits and
costs of universal NBS for 3MCC deficiency and the analysis compares these benefits and costs
to what is currently happening in the absence of screening. The calculations for this analysis
were done in a spreadsheet (available upon request) and includes a “No Screening Model”
(upper section) with a “Universal Screening Model” (lower section) (Figure 1).

The analysis is from the societal perspective, in which all costs for providing services are
estimated, regardless of who pays the costs. Point estimates and ranges for input variables
were derived from primary literature, data from states already screening for 3MCC deficiency,
and consultations with experts. The analysis estimates a benefit-cost ratio of 1.42. This means
that for every dollar of costs for universal NBS for 3MCC deficiency, there will be approximately
$1.42 worth of benefit. The annual net benefit for universal 3MCC deficiency screening in
Washington State was estimated to be $11,787.73.

Process of Cost-Benefit Analysis

The first step is to estimate the number of babies born with 3MCC deficiency. We used the
combined prevalence from seven publications, which resulted in the baseline estimate of the
prevalence of 3MCC deficiency of 1:41,459 (1-7). This estimate predicts 2 babies born with
3MCC deficiency each year in Washington State.



The next step is to find out which newborns will be diagnosed early and benefit from
intervention in both sections of the model. In the No Screening Model, most newborns will be
diagnosed early, even in the absence of screening, because the primary screening marker for
3MCC deficiency (C50H) is shared with two conditions on the mandatory NBS panel (HMG
deficiency and multiple carboxylase deficiency). The Washington NBS program has helped to
identify many cases of 3MCC deficiency during the past 18 years as part of the differential
diagnosis of an elevated C50H level on the NBS test. In contrast, the Universal Screening Model
uses the sensitivity of the screening test specifically for 3MCC deficiency to diagnose babies
early. The sensitivity is the ability of the test to correctly identify newborns with 3MCC
deficiency. The model predicts that each year there will be about 1.98 babies with 3MCC
deficiency identified early through universal screening, compared to 1.28 babies identified early
as an incidental finding in the no screening model.

Next, we compare the medical outcomes for those diagnosed early versus late with 3MCC
deficiency. The mortality estimates are the percentages of babies we expect would die in the
first year of life due to complications of a metabolic decompensation.

The morbidity estimates are the percentages of babies that would require hospitalization due
to a metabolic decompensation, and those who will become carnitine deficient and receive
supplementation.

The previous steps result in a decision tree model. The next step is to walk through each branch
of the decision tree to produce estimates of the number of newborns that will fall into each
type of outcome. To do this, we multiply the estimated percentage or rate at each branch by
the number of newborns affected.

Now is the time to compare the medical outcomes of each model. We subtract the numbers of
deaths and cases of metabolic decompensation and carnitine deficiency in the Universal
Screening Model from the No Screening Model to find the shift in numbers; this is the
difference made by screening. We also calculate the additional infants that will receive
diagnostic testing due to false positive screening results.

Next, we assign monetary benefits to different outcomes. The value placed on saving a life
comes from the U.S. Department of Health and Human Services (8). The value of avoiding
hospitalization for acute metabolic decompensation comes from a publication regarding costs
of infant hospitalization with hypoglycemia (9).



After the benefits, costs are estimated. The estimated cost for universal NBS is $0.30 per baby,
which covers the cost of the laboratory test, staffing, and other ongoing costs. There is also a
one-time start-up cost estimate of $2,707.62 to create new follow-up procedures. Costs also
include the additional diagnostic testing introduced through universal screening for false
positive cases, or those babies who do not have 3MCC deficiency but screen positive. They will
require a blood and urine test to rule out 3MCC deficiency. Costs for carnitine supplementation
for the additional cases detected through screening are also included.

The final step is to add up all the benefits and the costs. The benefits are divided by the costs to
produce a benefit/cost ratio. The base benefit/cost ratio of NBS for 3MCC deficiency is 1.42.
This means that for every dollar of costs to provide universal 3MCC deficiency screening, there
will be an estimated $1.42 worth of benefits. Another metric to consider is the net benefit; the
annual net benefit for universal 3MCC deficiency screening is estimated to be $11,787.73.

Technical Explanation of Model Parameters

We chose numbers for a base case analysis: if we had several estimates from the published
data, we used an average, the middle value, the most recent estimate, or the one that most
closely reflected the population of Washington State. Note: the spreadsheet we used calculates
the percentages and estimates, which have in some instances been rounded for simplicity.
Subsequent calculations are unaffected by this rounding, so sometimes the numbers appear to
not match perfectly.

e Birthrate. This analysis is for a hypothetical birth cohort of 82,835 babies (cells B10 and
B44) which is the number of babies expected to be screened per year in Washington
State. This number is based on the births reported to the WA Department of Health vital
records program in 2024.

® Prevalence. The prevalence used was 1 3MCC deficiency case per 41,459 births (cells
D11 and D36), which is the combined prevalence reported by seven publications (1-7).
This predicts 2 babies (cells E10 and E35) born with 3MCC deficiency in Washington each
year.

® Percent of babies with 3MCC deficiency identified as an incidental NBS finding. These
babies will be identified early because they are picked up as an incidental finding of
newborn screening for other conditions on the state panel. The estimate for this
parameter (63.9%, cell G5) was calculated by using the number of babies with 3MCC
deficiency detected by the WA NBS program over the last 10 years divided by the
expected number of cases of 3MCC deficiency during that same period.



Percent of babies with 3MCC deficiency identified early because of family history.
These babies will be identified early in the universal screening model in the rare event
that they are missed by the newborn screening test (false negative result) because they
have a family history of the condition. The estimate for this parameter (14.7%, cell H42)
was based on the combined family history reported by two publications (10, 11).
Sensitivity. The sensitivity, or the ability of the screen to correctly identify babies with
3MCC deficiency is estimated at 99.0% (cell F32) for universal dried bloodspot
screening. This value is based on expert opinion in the absence of peer-reviewed
sources and since no known false negative newborn screening cases were identified.
The sensitivity value predicts 1.98 true positives (cell G32) identified early and 0.02 false
negatives (cell G38) or missed cases of 3MCC deficiency per year. True positive babies
will need blood and urine testing to confirm the diagnosis of 3MCC deficiency.
Specificity. The specificity, or the ability of the screen to correctly identify babies who
do not have 3MCC deficiency, is estimated at 99.98% (cell F56) for universal screening.
This value is an estimate from California’s newborn screening program (5). The
specificity value predicts 10 false positives per year (cell G49). False positive babies will
also need blood and urine testing to rule out 3MCC deficiency.

Difference in mortality attributed to 3MCC deficiency screening. The mortality estimate
for early-identified cases of 3MCC deficiency (0.6%, cells J5, 131, and K43) is from the
combined rate of six publications (1-5, 10). For those cases of 3MCC deficiency that are
not diagnosed and treated until the development of symptoms, there is an estimated
mortality rate of 1% (cells J17 and K51). This estimate comes from the literature (12).
Difference in the number of cases of acute metabolic decompensation requiring
hospitalization. Cases of acute metabolic decompensation are rarely fatal; most are
resolved through hospital admission. The estimate for early-identified babies that will
need hospitalization for acute metabolic decompensation is 12%, (cells M8, L33, and
M46). This estimate is the combined rate from six publications (1-5, 10). For those who
are diagnosed late, the base assumption is that about 7% (cells M20 and M55) will
require hospitalization (12).

Difference in the number of cases of carnitine deficiency. Some individuals with 3MCC
deficiency will develop low levels of carnitine and may benefit from supplementation.
The base estimate of the rate of carnitine deficiency in those identified early is 50%,
(cells M11, L36, and M49). This estimate is derived from the combined rate of four
publications (2,4,5,10). For those who are diagnosed late, the base assumption is that
about 7% (cells M23 and M58) will be identified as carnitine deficient (12).



The next step is to evaluate the differences between the models to quantify the benefits and
costs of screening. This is done by determining the sum of the following outcomes in the model
and calculating the differences made between No Screening and Universal Screening Model.

e Shift in mortality. The number of deaths estimated are 0.014 (cell U2) in the no
screening model and 0.011 (cell U28) in the universal screening model. The anticipated
number of deaths averted annually through universal NBS is 0.003 (cell U39).

® Shift in number of cases of acute metabolic decompensation. The number of cases of
acute metabolic decompensation requiring hospitalization estimated are 0.2 (cell U4) in
the no screening model and 0.23 (cell U30) in the universal screening model. The
anticipated number of cases of hospitalization added annually through universal NBS is
0.04 (cell U41).

Benefits are estimated next.

e Value of lives saved. Per the U.S. Department of Health and Human Services, the value
of a life is estimated to be $13,200,000.00 (8). The total value of lives saved is the
number of deaths averted, multiplied by the value of a life ($40,520.33, cell U40) for
universal NBS.

e Value of reduced treatment costs. The published estimated cost for an infant to be
hospitalized for hypoglycemia, which was used as a proxy for hospitalization for acute
metabolic decompensation, is $3,036.48 (9). The total value of hospitalization costs
saved per year is -$926.12 (cell U43), meaning that the cost is expected to increase
through the introduction of universal screening.

e Total benefits of Newborn Screening Model. The total benefits of universal screening
for each birth cohort ($39,594.21, cell U44) is the total value of early identification and
treatment.

Then, costs are estimated.

e Cost of screening. The estimated cost of 3MCC deficiency NBS testing is $0.30 (cell B49)
per baby for universal screening. Costs for universal newborn screening include staffing
for laboratory and follow-up services. The total cost for 3MCC deficiency newborn
screening is the birthrate multiplied by cost per baby is $24,916.46 (cell U46).

e Costs of diagnostic testing for false positives. Babies with false positive screens (those
who screen positive but do not have 3MCC deficiency) will need diagnostic testing to
rule out 3MCC deficiency. The estimated cost for diagnostic testing is $290.00 per baby
(cell U47); this is the cost for plasma acylcarnitine profile, free/total carnitine, and urine



organic acids through Seattle Children’s Hospital Laboratory. The total costs of
diagnostic testing for false positives annually is estimated to be $2,890.02 (cell U48).
Costs of treatment. In the first year of life, babies who are diagnosed with 3MCC
deficiency may receive two specialty clinic visits with a biochemical geneticist and
monitoring of their blood carnitine levels. Those who are deficient may receive carnitine
supplementation. The base estimate for two specialty clinic visits was $997.00. The base
estimate for a year of carnitine supplementation was $329.64. The total treatment costs
per year under universal screening are estimated to be $3,004.91 (cell U35), compared
to $2,078.79 (cell U14) in the No Screening model. The difference in treatment costs if
universal screening was implemented is -$926.12 (cell U43), meaning that treatment
costs are estimated to increase with universal screening. This may be due to the
diagnosis of more cases, whose family may have a lowered threshold of concern for
when to seek emergency or specialty care.

Total costs of Newborn Screening Model. The total annual cost of 3MCC deficiency
screening is the sum of the ongoing costs of screening, diagnostic testing, and
treatment, which is estimated to be $27,806.48 (cell U49).

Net Benefit. The net benefit is the amount of money saved each year by adding
screening, and is the total costs subtracted from the total benefits. For universal
screening, $39,594.21 minus $27,806.48 gives a net benefit of $11,787.73 (cell U53).

Finally, the ratio of benefits to costs is calculated. Any ratio greater than 1 signifies that the

benefits outweigh the costs.

e Benefit/Cost Ratio. $39,594.21 of benefits divided by $27,806.48 of costs yields a

benefit/cost ratio of 1.42 (cell U51).

After completing the base case benefit-cost ratio, we performed a one-way sensitivity analysis

to evaluate how the benefit-cost ratio changes when estimates for the parameters are

individually varied and all others remain constant.

e Sensitivity analysis. Table 1 contains three estimates for each parameter, the estimate

used in the base case followed by conservative and liberal estimates. Only one
parameter was changed at a time to generate unique benefit/cost ratios for each of the
scenarios compared to the base case benefit/cost ratio for universal NBS (1.42).



Table 1. Sensitivity analysis

Parameter Constervative Base case Liberal estimate Ben.Eﬁt/(fOSt
estimate ratio swing

birthrate 71,835 82,835 93,835 1.25t0 1.59
birth prevalence - 1in: 68,000 41,459 24,000 0.87 to 2.46
% already detected via NBS 0.54 0.64 0.74 1.83 to 1.02
% with family history 0.05 0.15 0.25 1.42t01.43
sensitivity 0.975 0.990 1 1.37t01.46
specificity 0.996 0.999 0.999 0.34t0 1.52
early ID mortality 0.000 0.006 0.011 3.27t0-0.42

late ID mortality 0.0020 0.0099 0.0494 -1.22to 14.64
Zaeilznlql)p?n\;\g::;:cute 0.05 011 0.23 1.43t01.41
ZZ;:ZiL?,Z/;With carnitine 0.25 0.50 1.00 1.43t01.42
Cost of acute decompensation $1,483.50 $3,036.48 $4,806.90 1.43to0 1.42
gs;;r;frjg::aat'i;smm”e $164.82 $329.64 $659.28 14310 1.42
value of a life $6,200,000.00 | $13,200,000.00 | $20,100,000.00 0.65t02.19
cost of NBS test $0.15 $0.30 $0.45 2.59t00.99
cost of false (+) $145.00 $290.00 $1,450.00 1.50to0 1.01




Overall, the base model appears robust in that most of the high or low estimates for the
parameters did not affect the benefit/cost ratio to a large degree. The yellow highlighted cells
in Table 1 represent those estimates that caused the base ratio to increase or decrease by 1.0
or more. Those parameters include:

e Liberal estimate of birth prevalence: If 3MCC deficiency is much more common than our
base estimate, the value of universal screening would increase.

e (Conservative estimate of the specificity: If the screening test performs poorly and
produces many more false positive results than expected, the value of universal
screening would decrease.

e Liberal and conservative estimates of early-identified mortality: Because of the value
placed upon saving a life, it makes sense that all estimates related to mortality have the
potential to impact the value of screening for 3MCC deficiency. If identifying all cases
early meant that there would be no mortality, the benefit/cost ratio increases. In
contrast, if the mortality rate for those who are diagnosed late is lower than estimated,
then screening doesn’t provide much benefit and the ratio decreases.

e Liberal and conservative estimates of late-identified mortality: If the mortality rate of
those who are not identified early is lower than estimated, the value of newborn
screening decreases. In contrast, if the mortality rate is higher than the base estimate,
then the value of detecting cases early and preventing mortality increases.

e (Cost of the newborn screening test: If it costs half as much as the baseline estimate to
screen each newborn for 3MCC deficiency, the value increases.

Conclusion

Early identification of babies with 3MCC deficiency may prevent some mortality and would
likely identify more individuals who are carnitine deficient. However, most individuals with
3MCC deficiency are expected to be asymptomatic throughout their lifetime. Currently, more
than half of expected newborn cases in Washington State are already being identified through
newborn screening for other conditions. With universal screening, the following outcomes
would be estimated: reduced number of deaths, increased number of hospitalizations for acute
metabolic decompensation, and increased number of cases of carnitine deficiency.

This analysis used data from primary literature, states currently screening, and expert opinion
to quantify estimated benefits and costs for newborn screening of 3MCC deficiency. Using our
best estimates for parameters, the benefit-cost ratio for universal screening was 1.42. For every
dollar of costs to provide 3MCC deficiency screening, we predict that there will be $1.42 worth
of benefit from universal screening. The annual net benefit from universal screening is
$11,787.73. The sensitivity analysis showed that the model is relatively robust because while
the benefit-cost ratio did change when some conservative or liberal estimates for parameters



were made in the model, there is confidence that the baseline estimate of those parameters
more closely reflects reality.
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Figure 1. Washington State Benefit-Cost Analysis for potentially adding NBS for 3MCC deficiency
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