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Abstract

Background: Newborn screening (NBS) algorithms for cystic fibrosis (CF) vary in the USA and 

include different CFTR variants. CFTR variant distribution varies among racial and ethnic groups.

Objective: Our objectives were to identify differences in detection rate by race and ethnicity for 

CFTR variant panels, identify each U.S. state detection rate for CFTR variant panels, and describe 

the rate of false-negative NBS and delayed diagnoses by race and ethnicity.

Methods: This is a cross-sectional analysis of the detection rate of at least 1 CFTR variant for 

7 panels by race and ethnicity in genotyped people with CF (PwCF) or CRMS/CFTR-related 

disorders in CF Foundation Patient Registry (CFFPR) in 2020. We estimated the case detection 

rate of CFTR variant panels by applying the detection rate to Census data. Using data from 

CFFPR, we compared the rate of delayed diagnosis or false-negative NBS by race and ethnicity.

Results: For all panels, detection of at least 1 CFTR variant was highest in non-Hispanic White 

PwCF (87.5–97.0%), and lowest in Black, Asian, and Hispanic PwCF (41.9–93.1%). Detection of 

at least 1 CFTR variant was lowest in Black and Asian people with CRMS/CFTR-related disorders 

(48.4–64.8%). States with increased racial and ethnic diversity have lower detection rates for all 

panels. Overall, 3.8% PwCF had a false-negative NBS and 11.8% had a delayed diagnosis; Black, 

Hispanic, and mixed-race PwCF were over-represented.

Conclusion: CFTR variant panels have lower detection rates in minoritized racial and ethnic 

groups leading to false-negative NBS, delayed diagnosis, and likely health disparities.
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Introduction

Since late 2009, all 50 states in the U.S. and the District of Columbia (D.C.) screen 

newborns for cystic fibrosis (CF). Early diagnosis and early treatment through newborn 

screening (NBS) reduces severe symptoms, such as failure to thrive or salt depletion, and are 

associated with improved nutrition, pulmonary outcomes, and survival1–6. NBS is performed 

using an initial biomarker test, immunoreactive trypsinogen (IRT); when elevated, a second-

tier, DNA-based test has been used by all states and DC since 2020 to detect either the 

most common c.1521_1523del (p.Phe508del, legacy: F508del), allele or a panel of variants 

in the cystic fibrosis transmembrane conductance regulator (CFTR) gene7,8. NBS algorithms 

vary greatly among NBS programs7, and all require a sweat chloride test for confirmation 

or exclusion of diagnosis8. During the past decade, next-generation sequencing (NGS) 

of CFTR has led to evolving, expanded variant panels9,10. These NGS-generated panels 

have developed in association with the CFTR2 project11 (cftr2.org) and evolved to include 

139–372 variants12,13. For example, the Wisconsin-expanded panel (WI-expanded herein) 

evolved from 129 to 285 variants and currently tests for 372 pathogenic variants listed in the 

CFTR2 database plus c.350G>A (p.Arg117His, legacy R117H) is assessed in relationship 

to the poly-T tract13. In most states, a screen is out-of-range, or positive, only when at 

least one CF-causing CFTR variant is noted on the test. Some infants with a positive screen 

have an intermediate sweat test value with fewer than two CF-causing variants, referred to 

as CF transmembrane conductance regulator (CFTR)-related metabolic syndrome (CRMS) 

or CF screen positive inconclusive diagnosis (CFSPID)14,15. Follow-up of these infants is 

recommended as a diagnosis of CF is sometimes made after an initial diagnosis of CRMS15.

CF occurs in people of all ethnicities and races across the U.S.16. A study of 6359 

new patients diagnosed through NBS and registered in the CF Foundation Patient 

Registry (CFFPR) during 2010–2018 revealed that about 20% were from racial and 

ethnic minority groups17. Although race and ethnicity are social constructs, CFTR genetic 

variant distribution varies between racial and ethnic groups and is dependent on ancestry 

admixture18,19. Minoritized racial and ethnic groups are more likely to have rare or de novo 
variants not represented on CFTR variant panels20. Similar to CF, variant panels screening 

for other diseases were developed based on a non-Hispanic White population21.

Most CF NBS algorithms usually require the detection of at least 1 CFTR variant for a 

test to be considered positive and would be falsely reported as negative if the infant had 

CF but no variants are detected. Given that CFTR variant frequency varies between racial 

and ethnic groups, there is a concern that CF NBS genetic panels can be associated with 

a disparity in diagnosis. This is an important equity issue that has ethical implications22. 

The first objective of our report is to identify differences in case detection rates for each 

racial and ethnic group for common CF genetic panels. Our next objective is to identify each 

U.S. state, Washington D.C., and Puerto Rico case detection rate for frequently used CFTR 
variant panels based on state population. Our third objective is to describe the predicted rate 

of false-negative NBS for demographic racial and ethnic groups.
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Methods

Overall Design

This is a cross-sectional analysis of CFTR variants in all (N=46,729) genotyped people in 

CFFPR in 2020 to estimate the detection of at least 1 CFTR variant or 2 CFTR variants 

using seven CFTR genetic panels, currently used by NBS laboratories, by race and ethnicity. 

Detection of at least 1 CFTR variant includes those with 1 or 2 CFTR variants identified, 

which would trigger a positive NBS. Two groups were analyzed: people with CF (PwCF) 

and people with either CFTR-related disorders or CRMS/CFSPID (PwCRMS)23. We also 

performed a cross-sectional analysis of all genotyped people in the CFFPR in 2020 who 

were born since 2010, when there was universal NBS for CF in the U.S., to determine 

the number of missed newborn screen or delayed diagnoses. The CFFPR is a retrospective 

observational study of patients from accredited CF centers which includes 93.7% of (PwCF) 

who receive care in accredited CF centers in the U.S.24. Informed consent if given by either 

the PwCF or their guardian to have their data included in the CFFPR.

Measurements

Case Detection Estimation By Race and Ethnicity—We determined the detection 

rate of at least 1 or 2 CFTR variants for seven CFTR genetic panels for racial and ethnic 

groups in all genotyped PwCF in CFFPR in 2020. We determined the detection rate of at 

least 1 or 2 CFTR variants for seven CFTR genetic panels for racial and ethnic groups in all 

in all genotyped PwCRMS in CFFPR in 2020.

State Case Detection Estimation—To determine the case detection rate by various 

CFTR genetic panels for each state, we first identified CFTR variant distribution for racial 

and ethnic groups in all genotyped PwCF in CFFPR in 2020. We then determined by racial 

and ethnic groups the percentage of cases that had at least 1 CFTR variant identified by 

different CFTR variant panels. Next, we applied the case detection rate for each racial and 

ethnic group overall in the U.S. and in each state plus DC and Puerto Rico to the 2020 U.S. 

Census population data to determine the estimated case detection.

Racial and ethnic groups were defined as in the 2010 U.S. Census in CFFPR. Individuals 

were categorized as: American Indian or Alaska Native, Asian, Black or African American, 

Hispanic, Native Hawaiian or Other Pacific Islander, or White. Mixed-race included 

“other race” or more than one race. State data was based on the state of birth for each 

patient as recorded in the CFFPR. The 2020 U.S. Census population data obtained from 

data.census.gov was used to estimate the minimum number of missed cases for each state 

with the assumption the distribution of CFTR variants by racial and ethnic group is the same 

as that in the diagnosed population with CF.

CFTR Variant Panels:

Based on communications with NBS laboratories, the following CFTR variant panels were 

analyzed: ACMG-23 (23 variants)25, Agena74 (74 variants)26, Luminex39 (39 variants)26, 

Luminex60 (60 variants)26, Illumina139 (139 variants)26, WI-expanded (372 variants)26, 

“CF-Causing Variants & VVCCs panel” which is 280 pathogenic variants from the CFTR2 
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database plus the 49 variants with varying clinical consequences (VVCCs) (329 variants), 

and all 401 pathogenic variants in CFTR2 as of April 29, 202226. VVCCs are variants 

that, when paired with a CF disease causing variant, may cause CF in some people but not 

others27. In addition, the analysis was performed with F508del only since two states are 

including only this variant in the second tier of their CF NBS algorithms.

False-Negative Newborn Screening Analysis: We did a cross-sectional analysis of 

all patients in CFFPR from January 1, 2011 to December 31st 2020 diagnosed with CF after 

a false-negative NBS. A yes/no question about diagnosis after a false-negative NBS was 

first implemented in the CFFPR in 2013 and is not mandatory. We compared the race and 

ethnicity of the subjects with false-negative NBS and then those with a false-negative NBS 

and delayed diagnosis (>180 days of life).

Results with numbers 5 or fewer were reported as ≤5 rather than the exact number to avoid 

re-identification per CFF guidelines.

Results

Detection of at least 1 CFTR variant ranged from 83.9–96.1% overall and detection of 2 

CFTR variants ranged from 43.4–83.6% overall for each CFTR variant panel, but detection 

rates were lower in minoritized racial and ethnic groups (Tables 1 & 2). There was a higher 

detection rate of variants for all race and ethnicity groups with CFTR variant panels that 

included more variants compared to fewer variants. The Luminex139, WI-expanded, and 

280 pathogenic variant panel with 49 VVCCs, and CFTR2 list had higher case detection 

rates, while ACMG-23 had the lowest case detection rate. Interestingly, and reflecting the 

rarity of most pathogenic CFTR variants, adding in 262 variants beyond the 139 of the 

Illumina139 panel to reach the current 401 in CFTR2 leads to only a few percentage points 

of increase in detection. In addition, the addition of VVCCs led to a larger increase in 

detection rates of 2 CFTR variants compared to at least 1 CFTR variant.

Case detection, which is the identification of at least 1 CFTR variant, varied greatly between 

each race and ethnicity for all CFTR variant panels in PwCF (Table 1). Detection of at least 

1 CFTR variant was 84.7–91.0% in American Indian & Alaskan Native PwCF, 56.2–77.4% 

in Asian PwCF, 73.4%−86.1% in Black/African American PwCF, 81.0–94.1% in Hispanic 

PwCF, 86.8–94.1% in mixed-race PwCF. There was little improvement in detection rate 

with an increased variant number in non-Hispanic White PwCF. Hawaiian & Pacific Islander 

PwCF had 100% detection rate for all panels. There was very low detection of at least 1 

copy of F508del in Black/African American, American Indian & Alaskan Native, Asian, and 

Hispanic PwCF.

Detection of 2 CFTR variants was lower than detection of at least 1 CFTR variant in all 

panels for each race and ethnicity group in PwCF. For all CFTR variant panels, detection 

of 2 CFTR variants was highest in non-Hispanic White PwCF, ranging from 71.9% to 

86.0% (Table 2). Detection of 2 CFTR variants was lower in all other races and ethnicities: 

65.3%−78.5% in American Indian & Alaskan Native PwCF, 25.3–53.9% in Asian PwCF, 
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31.6–60.8% in Black/African American PwCF, 49.5–76.0% in Hispanic PwCF, 36.7–73.2% 

in mixed-race PwCF, and ≤71.4–85.7% in Hawaiian & Pacific Islander PwCF.

As expected, based on the definition of CRMS/CFSPID, PwCRMS had lower detection of 

both at least 1 CFTR variant with all variant panels compared to in PwCF. There was very 

low case detection of 2 CFTR variants for all races and ethnicities except for non-Hispanic 

White PwCRMS (Table 3). Detection of at least 1 CFTR variant in PwCRMS varied greatly 

between race and ethnicity groups (Table 4). Detection of at least 1 CFTR variant was high 

in Hispanic, mixed-race, and non-Hispanic White PwCRMS.

States with increased racial and ethnic diversity had lower case detection rates for each 

CFTR variant panel. Case detection varied between states for all CFTR variant panels 

(Supplemental Tables 1–2). Detection rate of at least 1 CFTR variant was lowest in Hawaii 

and highest in Maine, while detection of 2 CFTR variants was lowest in Puerto Rico and 

highest in Maine (Figures 1 & 2).

False-Negative Newborn Screening:

From 2011 to 2020, 276 (3.8%) PwCF were reported to have a false-negative NBS in 

CFFPR. This question was not answered in 2456 (33.5%) patients as it was not mandatory. 

From 2011 to 2020, 378 (11.8%) people were reported to have a delayed diagnosis (>180 

days old), which is presumed to be a missed NBS. Adding together the 276 and 378 

to estimate the minimal number of screening missed cases among a presumed total of 

6354 new diagnoses reported by Martiniano et al17 suggests that the U.S only achieved 

90% sensitivity with CF NBS algorithms used during the past decade and is consistent 

with previous estimates28. Black/African American, Hispanic, and mixed-race people are 

over-represented in both false-negative NBS and delayed diagnosis compared to the entire 

CF population (Table 5). Non-Hispanic White people are under-represented in both false-

negative NBS and delayed diagnosis.

Discussion

In this cross-sectional analysis, we found that CFTR variant panels did not perform 

uniformly across racial and ethnic groups but showed wide variation in the detection rate 

of at least 1 or 2 CFTR variants in PwCF of different races and ethnicities. There were 

larger differences between races and ethnicities in detecting 2 CFTR variants compared to 

detecting at least 1 CFTR variant for all variant panels. Detection by CFTR variant panels 

was highest in the non-Hispanic White PwCF while the detection rate was lowest in Black/

African American and Asian PwCF for all variant panels. For many of the commonly used 

variant panels, detection of at least 1 CFTR variant was also very low in Hispanic and 

mixed-race PwCF. The findings of very low detection rates of infants with at least 1 CFTR 
variant in many races and ethnicities is quite troubling, as CF NBS protocols for many 

states’ NBS for CF only report positive cases if at least 1 CFTR variant is detected and if no 

variants are detected, it would be falsely reported as negative. Using these variant panels in 

many races and ethnicities will lead to missed cases by NBS, i.e., delays in diagnoses and 

potentially irreversible malnutrition and/or lung disease.
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In PwCF in all racial and ethnic groups, there was a greater increase in detection rate of 2 

CFTR variants compared to at least 1 CFTR variant with an increased number of variants 

on panels. This is important because detecting 2 pathogenic variants on a dried blood spot 

specimen establishes a presumptive genetic diagnosis of CF that can lead to expedited 

diagnosis and rapid implementation of therapies. With the addition of more CFTR variants 

to screening panels, there was a large improvement in case detection for PwCF in many 

races and ethnicities, especially in Asian and Black/African American PwCF. However, 

there was very little or no improvement in detection rate of at least 1 CFTR variant with 

increased variants on panels in non-Hispanic White and Hawaiian or Pacific Islander PwCF. 

These differences highlight the need to choose CFTR variant panels that reflect the racial 

and ethnic diversity of a population.

There was very low case detection of 2 CFTR variants in PwCRMS using all variant panels 

in all races and ethnicities. Panels detected at least 1 CFTR variant often in non-Hispanic 

White and mixed-race PwCRMS, but not in all other races and ethnicities. Many PwCRMS 

have variants of variable or unknown clinical significance. Identifying CRMS is not a goal 

of CF NBS, despite the risk that some PwCRMS may evolve a CF phenotype. Nevertheless, 

these data are important for understanding the impact of variant panels on identifying 

PwCRMS.

We estimate that about 10% of PwCF were either diagnosed after a false-negative NBS 

or had a delayed diagnosis. Importantly, Hispanic and Black/African American people 

represented a higher percentage of the missed or delayed diagnoses than expected, while 

non-Hispanic White people were a smaller percentage than expected. Our findings of false-

negative NBS are the minimum estimates of missed cases and represent failures of NBS. 

The 90% sensitivity for CF NBS is undoubtedly the lowest for genetic disorders on the 

Recommended Uniform Screening Panel. The actual number of missed cases is undoubtedly 

higher due to children who had false-negative NBS and are not yet diagnosed with CF, or 

children who died prior to being diagnosed with CF29. This is consistent with our findings of 

low detection rates of at least 1 CFTR variant on commonly used screening panels for many 

races and ethnicities. Delayed diagnoses or diagnoses after false-negative NBS in many 

races and ethnicities are concerning as the goal is to start treatments and therapies before 

the onset of malnutrition and pulmonary disease. The U.S. urgently needs nationwide quality 

improvement in CF NBS algorithms and follow-up activities.

For NBS to be equitable, algorithms must be modified to have high case detection for all 

diverse subpopulations. In 2012, the birthrate of non-Hispanic White infants was first lower 

than the combined birthrate of infants of other demographically defined racial and ethnic 

backgrounds30. Since in the U.S. the majority of PwCF are non-Hispanic White, it may 

appear overall that there is no benefit with adding variants to NBS panels. However, this 

creates stark disparities that vary by race and ethnicity. State NBS laboratories should review 

their CFTR variant panels for potential disparities, and those who currently have a racially 

and ethnically diverse population should act swiftly to improve the identification of variants 

and increase detection rates. As the U.S. demographics continue to evolve, missed cases due 

to variant panels in NBS will become an issue even in states that currently have homogenous 
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populations. Public health measures, such as NBS, should be created to benefit all groups in 

the population equally.

Further research is needed to understand how additional variants should be added to 

panels to increase case detection. CFTR variant type and frequency vary across races and 

ethnicities dependent on ancestry admixture and migration patterns, but race and ethnicity 

are not reliable proxies for ancestry. For example, Hispanic populations have different 

CFTR variant type and frequency, even when closely geographically located31. Furthermore, 

CFTR variants are not well mapped in the African diaspora, which has the most genetic 

heterogeneity globally. Many CFTR variant panels were originally developed to target 

CFTR variants for non-Hispanic White populations and do not include CFTR variants that 

occur relatively frequently in other populations. Guidelines for developing NBS programs 

for CF suggest to use “the DNA-mutation frequencies identified in the CF Foundation’s 

patient registry and then expanding the data to reflect the population subgroups in that 

state”32. Including variants that are rare overall but occur more frequently in population 

subgroups will improve the detection rates of NBS programs. This is not only a problem 

in CF; in other diseases, variant screening panels were developed based on a non-Hispanic 

White population and, when applied to other populations, led to misdiagnoses21.

While the addition of VVCCs only increased the detection rate of at least 1 CFTR variant 

by 0–2% for each race and ethnicity group, there was a greater increase in the detection 

rate for 2 CFTR variants (2.1–6.4%). This is likely due to VVCCS being infrequent in the 

CF population as most people with 1 copy of a VVCCs has a second more common CFTR 
variant found on other panels. The addition of less frequent variants to panels will only have 

small increases in the detection of at least 1 CFTR variant.

To date, three states with diverse racial and ethnic populations have updated their NBS 

algorithms to the increase detection rate29. Their protocols include CFTR sequencing rather 

than reliance solely on variant panels. California and New York NBS protocols do IRT level, 

CFTR variant panel, and then CFTR sequencing in infants with only 1 variant identified. 

Wisconsin takes a different approach with a next-generation sequencing determined panel 

that evolves and expands with additions to the CFTR2 list. Wisconsin’s NBS protocol does 

IRT level and a current CFTR panel of 372 pathogenic variants, created by modifications 

of the Illumina reporting software. Then in those newborns with a sweat chloride level 30 

mmol/L of higher and only one pathogenic CFTR variants identified, the variant calling 

file is assessed to analyze the full CFTR sequence in an effort to identify another variant. 

Novel variants are often found, interpreted, and reported. New York has an extra step that 

does next-generation sequencing of CFTR in infants with very high (top 0.1%) IRT levels 

even if no variants are detected on the variant panel12. Next-generation sequencing allows 

for an evolving variant panel with the latest science to ensure accurate up to-date diagnoses 

are being made by clinicians. These NBS programs with CFTR sequencing have improved 

detection rates for all race and ethnicity groups and should be considered by all NBS 

programs to increase the detection rates.

These CFTR sequencing protocols, unfortunately, will potentially miss CF cases with low 

IRT levels or with two rare or de novo variants that are not on the initial variant panel. The 
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former can be improved by using a floating IRT cutoff of 4% to increase the detection rate 

of NBS17. Detection by NBS of infants with two rare or de novo variants can be improved 

by marking the NBS as positive in those with a very high IRT level even if zero variants are 

identified as panels. Unintended consequences of the approach of using CFTR sequencing 

include delays in diagnosis and increased detection of infants with inconclusive genetic and 

sweat chloride concentration resulting in categorization of CRMS/CFSPID. While there are 

real concerns about increased identification of CF carriers and CRMS/CFSPID patients and 

parental anxiety, these concerns should not outweigh disproportionately missing diagnoses 

in racial and ethnic minoritized people, leading to increased morbidity and mortality from 

CF.

NBS protocols for diseases other than CF alter cutoffs to maximize detecting cases and 

minimize the risk of false negatives with consideration of the lethality of the disease and 

urgency needed for treatment. CF has a higher rate of missed cases compared to other 

screened diseases. The false negative rate was about 2% for Congenital Adrenal Hypoplasia 

in NBS programs33,34. There were zero false negative cases for citrin deficiency35 and 

NBS for lysosomal storage diseases were optimized with the goal of zero false negative 

cases36,37.

Low case detection with CFTR variant panels leading to missed or delayed diagnosis is 

likely a major contributor to existing health disparities in racial and ethnic minoritized 

people. Early diagnosis through NBS is associated with improved nutritional outcomes and 

improved lung disease38. Diagnosis after a false-negative NBS is often at an older age when 

the child presents with symptoms such as failure to thrive. PwCF who are Black/African 

American or Hispanic have worse outcomes, including lower lung function39,40, increased 

respiratory infections41, and higher mortality42; false-negative NBS in these groups may be 

contributing to these disparities.

Limitations:

Race and ethnicity descriptions may vary between the U.S. Census and CFFPR as data for 

U.S. Census is directly reported by a household member, and data for CFFPR is reported 

by CF Center Staff. However, misclassification of race and ethnicity in the CFFPR is not 

likely to be a significant factor as less than 2% of race and ethnicity have been found to be 

inaccurate in the CFFPR43.

One limitation of using people of all ages in the CFFPR is that this is not an accurate 

description of the variant frequency of newborns as race and ethnicity have shifted over 

time. The Census data only includes descriptions of race and ethnicity of those 18 years 

and older but not a description of infants born over the last year. Our results may be an over-

estimation of rate detections as there are likely PwCF who are undiagnosed since variant 

panels are also used for diagnosis. The over-estimation is likely greater in minoritized race 

and ethnicity populations who have rare or de novo mutations. We only included people 

who had 2 CFTR variants identified. This disproportionately excluded more people of 

minoritized race and ethnicity as they are more likely not to have 2 CFTR variants identified. 

This ascertainment bias likely resulted in over-estimation of case detection. The CFFPR 
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includes a very small number of people who identify as Hawaiian or Pacific Islander, which 

limits the generalizability of our findings to all Hawaiian and Pacific Islander people.

A yes/no question regarding whether a participant in CFFPR had a false-negative NBS 

was implemented in CFFPR in 2013. Before 2013, there was no data collected about false-

negative NBS; after 2013 it was not a mandatory reporting question leading to a significant 

amount of missing information. However, the findings of the racial and ethnic breakdown of 

false-negative screening were consistent with delayed diagnosis.

Conclusions:

From a comprehensive, unique assessment of CFTR variants in U.S. PwCF who are 

registered in the CFFPR, we conclude that detection of at least 1 or 2 CFTR variants 

through CF NBS is different by demographic racial and ethnic group. This can contribute to 

missed or delayed diagnosis of CF, furthering CF health disparities. These results indicate 

that nationwide quality improvement is needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Estimated Case Detection of >=1 CFTR Variant By Illumina 139
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Figure 2: 
Estimated Case Detection of 2 CFTR Variants By Illumina 139
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