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CLIR is free….
but contribution of data is required

What Does CLIR DO, Exactly?
• Replaces conventional reference ranges

– With continuous covariate-adjusted %iles

• Replaces analyte cutoff values

– With condition-specific disease ranges

• Enhances the clinical utility of individual markers 

– With all possible permutation of ratios

• Replaces diagnostic sequential algorithms (“and”)

– With tool-based parallel algorithms (“or”)

What Does CLIR DO, Exactly?
• Replaces conventional reference ranges

– With continuous covariate-adjusted %iles

Outline
• Introduction to CLIR
• Result adjustments for continuous and 

categorical covariates, & location

Standard Data Collection
• Date and time (hh:mm) of birth

10/13/2018 5:37 x

• Date and time of sample collection

10/15/2018 2:45 x
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Standard Data Collection
• Date and time (hh:mm) of birth

10/13/2018 5:37 x

• Date and time of sample collection

10/15/2018 2:45 x

= PRECISE Age at collection (hours)
57.1333

Are decimal digits really necessary?

First Submission (Rejected)

24

48

72
96

First Submission (Rejected)

24

48

72
96

Narrow, high density data “stripes” cause 
significant noise and possibly errors in the 
calculation of the regression model

Standard Data Collection
• Date and time (hh:mm) of birth

10/13/2018 5:37 x

• Date and time of 2nd sample collection

10/27/2018 9:00 x

= PRECISE Age at collection (hours)
339.3833

Standard Data Collection
• Date and time (hh:mm) of birth

10/13/2018 5:37 x

• Date and time of 2nd sample collection

10/27/2018 9:00 x

= PRECISE Age at collection (hours)
339.3833 Logical

Observation
Identifiers
Names and 
Codes

(https://loinc.org)
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(https://loinc.org) (https://loinc.org)

• Sex (Male/Female)
• Gestational age (weeks)

Standard Data Collection
• Birth weight (grams)

2957 39.1 x

• Sex (Male/Female)
• Gestational age (weeks)

Standard Data Collection
• Birth weight (grams)

2957 39.1 x

NO PHI

Second Submission (Accepted) Second Submission (Accepted)
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Second Submission (Accepted)

Reluctantly……

175 h
(= 1 wk)

Covariate Density Plot of
Congenital Hypothyroidism

N = 1,384 N = 21,958

Propionylcarnitine (C3)
as Model Marker

• 62 contributing locations (5k to 575k)
• Cumulative data count: 3,209,067

Propionylcarnitine (C3)
as Model Marker

• 62 contributing locations (5k to 575k)
• Cumulative data count: 3,209,067
• Outliers (excluded) 16,602
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Marker vs. Covariate Plot Marker vs. Covariate Plot

6 weeks

Continuous Moving Percentiles?

6   mo

Marker vs. Covariate PlotContinuous Moving Percentiles? Marker vs. Covariate Plot (LOG)

6 weeks

Marker vs. Covariate Plot (LOG)

6 weeks

Using same cutoff
for repeat samples?

Continuous (Unadjusted)
Moving Reference Interval
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Continuous (Unadjusted)
Moving Reference Intervala.k.a. The BACON Plot

Where is this coming from?

Does Propionylcarnitine (C3)
Need an Adjustment for SEX?

Male median ± ¼ SD
vs.

Female median ± ¼ SD

If the two bands overlap for the whole 
range of the covariate (no separation)

there is no need to establish
separate reference intervals by sex

Gowans’ Plot

Gowans EM, Pedersen PH, Blaaberg O, Hørder M. Analytical goals for 
the acceptance of common reference intervals for laboratories 
throughout a geographical area. Scand J Clin Invest 1988;48:757– 64.
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The Gowans’ Plot of 
17-Hydroxy Progesterone (17OHP)
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N=1,199,877

Age in hours (log)

Age at collection
12-36 hours

More later, now back to C3

C3 Adjustments (Age)

C3 Adjustments (Age)

How do
you get 
there?

(prepared by Stephanie Stoway, CLIR system manager)

What Does CLIR DO, Exactly?
• Replaces conventional reference ranges

– With continuous covariate-adjusted %iles

• Replaces analyte cutoff values

– With condition-specific disease ranges

Unadjusted

1%DOL

4%DOL

C3 Degree of Overlap (DOL) between
Reference and Disease-Specific Ranges

Adj (Age)

21%DOL

Unadjusted

1%DOL

4%DOL

C3 Degree of Overlap (DOL) between
Reference and Disease-Specific Ranges

Adj (Age)

21%DOL

0%

0%

5%
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What Difference Does it Make?

hhttp://projects.jsonline.com/news/2016/12/11/the-price-of-being-wrong.html
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The story of
Jonathan Page

C3 Results of Jonathan Page
6.04

3.67

4.81
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C3 Results of Jonathan Page
6.04

3.67

4.81

C3 Adjustments (Age or BW)
1-1,000 hr 250-5,000 g
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C3 Adjustments (Age or BW) C3 Adjustments (Age or BW)

C3 Adjustments (Age or BW)

+

C3 Adjustments (Age or BW)

+

C3 Adjustments (Age and BW)

What 
does it 
mean?

C3 Adjustments (Age and BW)

Ideal status is achieved when 
90%ile is =  1.28
50%ile is =  0.00
10%ile is = -1.28
These parameters mean that 
80% of the data are within
± 1 SD (std. dev.)

What 
does it 
mean?

How does 
it look?
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Continuous Moving
Reference Range of C3

Adjusted for AGE and BW
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Continuous Moving
Reference Range of 17OHP

Adjusted for AGE and BW and SEX

Reference Ranges for 17OHP
Adjusted for AGE & BW & SEX
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Reference Ranges for 17OHP
Adjusted for AGE/BW/SEX/LOC

Cumulative
(N=1,199,877)

Adjusted 

Unadjusted

Reference Ranges for 17OHP
Adjusted for AGE/BW/SEX/LOC

Cumulative
(N=1,199,877)

Unadjusted

Continuous Moving
Reference Range of C3

Adjusted for AGE & BW & Location
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Continuous Moving
Reference Range of C3

Adjusted for AGE & BW & Location

Propionylcarnitine (C3)
Adjusted for Age / BW / Location

Propionylcarnitine (C3)
Adjusted for Age / BW / Location

Unadjusted Adjusted

Reference Ranges for GAA (Pompe)
Adjusted for AGE & BW & Location

Adjusted

What Difference Does It Make? What Difference Does It Make?
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What Difference Does It Make? Outline
• Introduction to CLIR
• Result adjustments for continuous / 

categorical covariates, and location
• The RUST (the RUSP post-analytical Tool)

• 35 primary conditions 
– 20 IEM detected by MS/MS (AA FAO  OA)

– 2 endocrine disorders (CH  CAH)

– 3 Hemoglobinopathies (S/S, S/βThal, S/C)

– 2 Lysosomal disorders (Pompe  MPS I)

– 8 others (BIOT  CF GALT HEAR  SCID  CCHD X-ALD  SMA)

• 27 secondary targets
– 22 IEM detected by MS/MS (AA, FAO, OA)

– 1 Hemoglobinopathy (many variants counted as 1)

– 4 others (GAL-epimerase, GAL-kinase, other T-cell def., DPB)

Recommended Uniform Screening Panel
• 35 primary conditions 
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– 8 others (BIOT  CF GALT HEAR  SCID  CCHD X-ALD  SMA)

• 27 secondary targets
– 22 IEM detected by MS/MS (AA, FAO, OA)

– 1 Hemoglobinopathy (many variants counted as 1)

– 4 others (GAL-epimerase, GAL-kinase, other T-cell def., DPB)

Recommended Uniform Screening Panel

5

29

• Amino acids (5)

– Cit, Xle, Met, Phe, Tyr

• Acylcarnitines (8)

– C0, C3, C5, C5OH, C8, C5DC, C14:1, C16OH

• Lysosomal enzymes (2)

– GAA, IDUA

• Other markers (7)

– 17OHP, BIOT, C26, IRT, GALT, TRECS, TSH

Primary Markers of 29 Target Conditions 
• Amino acids (1)

– Val

• Acylcarnitines (3)

– C2, C10, C16

• Lysosomal enzymes (0)

• Other markers (2)

– C24, T4

Additional Markers of Target Conditions 
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• AA disorders (3/6, 50%)
– CIT-I, HCY, PKU

• FAO disorders (1/5, 20%)
– CUD

• OA disorders (6/9, 66%)
– 3MCC, Cbl AB, GA-I, IVA, MUT, PROP

• Lysosomal disorders (2/2, 100%)
– Pompe, MPS I

• Other conditions (4/5, 80%)
– BIOT, CAH, CF, GALT

RUSP Primary Target Conditions
with Single Informative Marker 

MS/MS
10/20
50% 

Others
6/7

86% 

Primary RUSP Markers
in Cystic Fibrosis 

Primary RUSP Markers
in Cystic Fibrosis 

What Does CLIR DO, Exactly?
• Replaces conventional reference ranges

– With continuous covariate-adjusted %iles

• Replaces analyte cutoff values

– With condition-specific disease ranges

• Enhances the clinical utility of individual markers 

– With all possible permutation of ratios

Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios) 

Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios) 

Who
knew?
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Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios) 

DOL 59% 

DOL 34% 

Recommended Uniform Screening TOOL
for Cystic Fibrosis (IRT + 26 Ratios) 

DOL 90% 

DOL 33% 

What Does CLIR DO, Exactly?
• Replaces conventional reference ranges

– With continuous covariate-adjusted %iles

• Replaces analyte cutoff values

– With condition-specific disease ranges

• Enhances the clinical utility of individual markers 

– With all possible permutation of ratios

• Replaces diagnostic sequential algorithms (“and”)

– With tool-based parallel algorithms (“or”)

USA-CA CF Single Condition Tool (SCT) 

USA-CA CF Single Condition Tool (SCT) USA-CA CF Single Condition Tool (SCT) 
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USA-CA CF Single Condition Tool (SCT) USA-CA CF Single Condition Tool (SCT) 

USA-CA CF Single Condition Tool (SCT) 

4,241

200 76

FP IRT CF CRMS

What Do You Do with >4,000 FP Cases? 

Outline
• Introduction to CLIR
• Result adjustments for continuous / 

categorical covariates, and location
• The RUST (the RUSP post-analytical tool)
• Precision newborn screening workflow

Precision NBSE Workflow
• Select conditions on tool runner 

configuration window

• Preparation and upload csv file

• Run SCT panel (tool runner)

• Run DSP as needed (tool runner)

• Reflex to second tier test, if 
necessary
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Location Configuration
of the Tool Runner

Location Configuration
of the Tool Runner

Location Configuration
of the Tool Runner

Location Configuration
of the Tool Runner

User Configuration
of the Tool Runner

Preparation of .csv File
• 175 cases (ISNS TR test file)

– 4 covariates        (700 data points)
– 81 markers (14,350 data points)
– 6,480 ratios (1,134,000 data points)
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The RUST panel (27/81, 33%)
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Tool Runner (SCT) Tool Runner (SCT)

Tool Runner (DSP) Tool Runner (DSP)
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Tool Runner (DSP) 2nd Tier Tests

• A cost effective approach to improve specificity 
when reference and disease ranges overlap 
considerably

• Same specimen, no additional patient contact
• Normal results overrule primary screening

• CAH

• MS/MS • X-ALD

• LSD

• MS/MS (unpublished)

Genet Med 2018;8:840-846

2nd Tier Test for Pompe Disease

Genet Med 2018;8:840-846

2nd Tier Test for Pompe Disease
12-plex Pompe Tool

+
+

Second Tier Tests (biochemical)
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+
+

Near 0% FPR
for Pompe, MPS I, and X-ALD is

achievable without additional patient 
contact and NO molecular testing

Outline
• Introduction to CLIR
• Result adjustments for continuous / 

categorical covariates, and location
• The RUST (the RUSP post-analytical tool)
• Precision newborn screening workflow
• Example of performance (LSD, CH, CF)

MS/MS Performance
(Interpretive Tools w/o cutoff values)

System
NBS test

Conditions
From (date)

To (date)
State

Newborns tested
True positive cases

False positive cases
False positive rate (FPR)

Pos. predictive value (PPV)

R4S
MS/MS
RUSP

01/01/13
12/31/13

MN
71,207

38
17

0.024%
67%

Genet Med 2018;8:847-854

Precision Newborn Screening

Genet Med 2018;8:847-854

Precision Newborn Screening CLIR Workflow for
Congenital Hypothyroidism

121 122

123 124

125 126
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Summary and Conclusions
• It’s all about the bacon (t-shirt available)

• Quantity (millions), quality (granularity), and 
curation (removal of outliers) of submitted 
data is an absolute necessity

• Precision newborn screening is achievable 
rapidly by recycling data already available

• Everybody is needed, new bacon lovers are 
welcome (but you have to contribute data)

• New releases (new tools!) of CLIR are 
scheduled to the end of 2019 with a special 
emphasis on computational performance
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• It takes 10-20’ to complete one complex adjustment
• A marker may need 5 or more adjustments to find the 

lowest degree of overlap to be used clinically
• 1-2 hours per markers, thousands of markers…..

EGA, effective gestational age
(created by Robert Currier 

and Lars Mørkrid)

• Complex (and more time consuming) covariate 
EQUATIONS are being developed and tested clinically

Why Computational Performance?

Global Implementation of 
Precision Newborn Screening

• Generate reference moving %iles adjusted for
– 2 continuous covariates
– 1 categorical covariate
– (location)n

• For every current and future marker compile
– Up to 10,000,000 ref. profiles with detailed covariates
– or… >1,000 cases per sex per hour of life (0-1 yr)

• For every target condition compile 
– >1,000 confirmed cases with detailed covariates
– >10,000 false positive cases (10:1 ratio) 

• Screening for 100+ conditions with a cumulative FPR 
<0.1% (<0.01% per test), sustained by 2nd tier tests

Global Implementation of 
Precision Newborn Screening

• Generate reference moving %iles adjusted for
– 2 continuous covariates
– 1 categorical covariate
– (location)n

• For every current and future marker compile
– Up to 10,000,000 ref. profiles with detailed covariates
– or… >1,000 cases per sex per hour of life (0-1 yr)

• For every target condition compile 
– >1,000 confirmed cases with detailed covariates
– >10,000 false positive cases (10:1 ratio) 

• Screening for 100+ conditions with a cumulative FPR 
<0.1% (<0.01% per test), sustained by 2nd tier tests

Precision newborn screening
is

NEAR ZERO
false positive rate

for ALL TESTS combined
WORLDWIDE
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Grateful Acknowledgment of
CLIR Team & External Collaborators

CLIR workshop - Rochester (MN), May 7-11, 2018

“Today the only thing
that is permanent is change”

Charles H. Mayo, MD (1919)

and Thank YOU for Your Attention
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