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Abstract 
 
The gestational time separated genetic carrier screening process with preconception, post conception, and 
neonatal testing options is complex, poorly provided; poorly implemented; and poorly understood. Methods: 
scoping review process is used to discuss the opportunity for the development of a sequential perinatal carrier 
screening process. Results / Discussion: an integrated perinatal genetic carrier screening proposal compared 
to the separated gestationally timed genetic carrier screening process is introduced using a predelivery 
informed consent and counselling process to consider the patient or couple personal reproductive carrier plan 
using 5 possible options: maternal-fetal well-being screening only; fetal aneuploidy / congenital anomalies 
screening only; expanded fetal genetic screening with next generation sequencing technology; parental-fetal 
genetic carrier screening prevention (preconception or post conception) using pan-ethnic or focused carrier 
screening; fetal-neonatal carrier screening treatment (post conception or neonatal screening) based on 
evidenced-based neonatal treatment score. Conclusion: This sequential perinatal genetic carrier screening 
proposal has evidence-supported outcomes to determine the access, equity, and validity of a sequential 
perinatal genetic carrier screening pathway but this proposal may require a clinical trial evaluation for further 
consideration. 
 
Key Words: genetic carrier screening, preconception carrier screening, post conception carrier screening, neonatal 
metabolic /lysosomal carrier screening, neonatal therapy, informed consent, ethical carrier evaluation process. 
 
INTRODUCTION 
 
Disease or condition screening is a medical test(s) used 
to identify a disease and / or a health condition before an 
individual has any signs or symptoms. Clinical carrier 
screening opportunities are based on clinical and / or 
genetic disease being considered (periodical health visit; 
for personal self-directed population-based screening or 
directed carrier screening for a targeted condition (case-
finding)) [1-6]. 
A perinatal genetic screening approach can be 
undertaken at different gestational times but these 
different times are commonly uncoordinated and 
redundant. The genetic carrier screening options are not 

well understood. Complex personal and / or couple 
counselling, with informed consent, is required but the 
provider’s counselling time is usually limited [1-6]. 
The clinical objective of this perinatal genetic carrier 
screening proposal is to consider a more ethical, 
effective, and equitable carrier genetic screening process 
for a person, planning to be pregnant or who may already 
be pregnant. An effective perinatal genetic carrier 
screening pathway for people and ultimately the fetus-
neonate, needs to be revised from the separate three 
‘gestational periods’ screening models (preconception--
post conception -neonatal) into an effective ‘continuum’
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using a practical, educational, and counselling-informed 
consent process. 
 
MATERIAL AND METHODS 
 
A scoping review methodology was used to analysis the 
extent and characteristics of the research literature 
regarding parental-fetal-neonatal genetic carrier 
screening. [7, 8] Heterogeneous literature labelling was 
done with relevance to date, location (country or context), 
source (peer-reviewed or grey literature), and origin 
(health care discipline or government policy). A total of 
175 data sources were identified and categorized with a 
final total of 108 being selected for inclusion. A significant 
proportion of the scoping data sources were from peer-
reviewed sources, identified by PubMed (102/108) while 
the remaining grey literature (6/108) were from national 
and provincial government controlled-public websites with 
possible inherent bias. Search terms, report titles, peer-
reviewed references, and author names were utilized to 
identify additional resources. PUBMED was the 
evidenced based resource, English only, using search 
terms, genetic carrier screening, preconception carrier 
screening, post conception carrier screening, neonatal 
metabolic /lysosomal carrier screening, neonatal therapy, 
informed consent, ethical carrier evaluation process. This 
scoping review to support carrier screening innovation 
has identified limited but adequate data sources. The 
scoping review checklist score (17/20) summarizes the 
process and is provided in the appendix. 
Gender-neutral language has been considered 
throughout this manuscript. In this document, the terms of 
pregnant person / people are used. For reproductive 
publications, it is important to acknowledge that it is not 
only people who identify as women, for whom it is 
necessary to have access to counselling and clinical 
care. Obstetric - gynecologic services and the delivery of 
care must therefore be appropriate, inclusive, and 
sensitive to the needs of those individuals whose gender 
identity does not align with the sex that they were 
assigned with at birth (DOI: 10.1111/1471-0528.17206) 
 
RESULT 
 
Perinatal Genetic Carrier Screening: Ethics, Choice, 
Autonomy 
 
Historically, the criteria for genetic carrier screening have 
included {1-3, 11-13]: 

- a condition with a phenotype severity that 
impacts ‘quality of life’ decision-making. 

-  a high prevalence of carriers in the screened / 
targeted population. 
- an established valid analytic screening method. 
- an evidenced-based genotype–phenotype 
correlation. 

- available prenatal screening / diagnostic testing.  

- an information process to discuss the ethical and 
available reproductive options. 
The ethical understanding and process for a patient’s 
reproductive education, understanding, and choice, 
requires a clear and logical process for their informed 
consent. Pretest counselling is required, as the patient is 
usually expecting a simple answer from testing but the 
possibility of unanticipated results with positive and 
negative impact is common. A pre-screening decision is 
required for disclosure of the post-test results as well as 
counselling and the extent of information sharing. The 
issue of privacy and confidentiality must be clearly 
determined and understood ascertain test results may 
have a ‘duty to warn’ if additional family health risks are 
identified [9, 10]. 
International perspectives for reproductive carrier 
screening identifies a large variability as screening 
utilization is impacted by many factors (geographic 
variation in carrier frequency and condition prevalence, 
local health care, financial, cultural, religion)[14-16]. 
 
Attitudes of parents with genetically affected children 
and the use of ECS 
 
Most genetic carrier parents of affected children or young 
adults believe that there is a benefit for the availability 
and choice of pan-ethnic ECS despite the concerns 
regarding personal health and social discrimination and 
stigmatization outweighing the risk of no genetic carrier 
screening[17].  
Most parents of a Down Syndrome child were reluctant 
toward the use of pan-ethnic ECS and raised concerns 
about discrimination, societal acceptance, and societal 
loss of diversity [17]. 
Understanding these parental perspectives is essential 
for the responsible use of pan-ethnic ECS in the general 
population. The severity of the genetic disorder 
predominantly shapes the views toward ECS use [17]. 
 
Patients with an unknown or positive ECS carrier 
status 
 
An ECS survey completed by women indicated that 51% 
had no desire to undergo genetic carrier screening but 
considered the choice to be beneficial and a personal 
responsibility. Using a ‘positive genetic carrier’ scenario, 
49% of women would have their partners screened, 13% 
would only have fetal prenatal screening, and 2.6% would 
continue with the use of IVF technology [18].A better 
acceptance of their positive carrier status was seen in 
patients who, understood their potential risk after 
completing pretest counselling[19]. 
Although patients expressed a desire for pan-ethnic ECS, 
the actual uptake and impact was variable[20].Most ‘at 
risk’ couples choose to prevent the birth of an affected 
child but the decision for pan-ethnic ECS use was 
strongly influenced by the clinical severity of the ‘at risk’
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condition. There was significant variability in patient 
decisions, even for the same genetic condition, indicating 
that these decisions were complex and emotionally 
charged [21]. 
Societal attitudes toward pan-ethnic ECS have identified 
three potential implications: unwanted medicalization; 
stigmatization and discrimination of carriers and affected 
people; and the challenges in achieving equitable clinical 
access. Within these themes, the positive implications were 
reduction of ethnic stigmatization in ancestry-based offers 
and increased equity while the negative implications were 
reinforcement of disability-based stigmatization, less of a 
possibility for developing clinical healthcare expertise and 
the social pressure to undergo screening [22]. In Holland, 
the ECS panel is provided with no financial cost to the 
patient. A study compared the differences between the 
acceptors and decliners of the screening test-offer. The 
groups differed in their planned time to conception, 
education, and stated barriers to participation. The 
acceptance was used to prevent the birth of a child with a 
severe condition while the avoidance was because the ECS 
result would not affect their reproductive decision [23]. 

Studies have indicated that for an individual, a positive 
genetic carrier result does change their reproductive 
decision-making and planning (IVF / PGT—M 
technology), but for the general population, the pan-
ethnic ECS impact is not clear[20]. 
 
The clinical utility and clinical and analytical validity 
criteria for genetic carrier screening 
 
The clinical utility of a test is determined by the likelihood 
that, by promoting an intervention, the test will result in an 
improved health outcome [24-26]. 
Clinical validity of a test refers to how well the analyzed 
genetic variant is related to the presence, absence, or 
risk of a specific disease.  
Analytical validity of a test requires a specific connection 
of the gene to the condition and the ability of the test to 
predict the presence or absence of the particular gene or 
genetic change (analytical validity for the CFTR gene has 
many variants associated with cystic fibrosis; but not all) 
[27, 28]. 
It is important for the patient to understand that a 
negative genetic carrier screening result does not 
eliminate the carrier risk completely, but the screening 
process, itself, does reduce their risk. The residual 
genetic carrier risk, for any condition, is never zero, but it 
is not practical to generate a precise residual risk 
estimate for the large group of conditions evaluated 
through multiplex screening, after a negative screening 
result has been identified[28].  
 
Gestational timing for perinatal genetic carrier 
screening options 
 
The three perinatal genetic screening options are ‘time’ 
separated but for the preconception or post conception 

options, pre and post-test informed-consent counselling 
is required while for the neonatal screen, there is an 
‘implied’ post-test consent approach considered:  
- preconception or post-conception option with 
maternal / paternal blood testing (‘true’ genetic carrier 
screening) for AR-XL heterozygosity carrier status and 
risk.(Table 1 - 2 [3, 28-31; 1-3, 32-35]) 
- post-conception fetal screening option requires, 
first, a condition-based genetic screening process for 
aneuploidy or other genetic condition via the serum / 
blood testing of the pregnant person; second if a ‘screen 
positive’ or increased risk test result is identified, 
aninvasive fetal diagnostic test should be offered to 
confirm or exclude the screening ‘prediction’ (aneuploidy, 
CNVs, AD-AR-XL conditions, congenital anomalies). 
(Table 3 [36-38]) 
- neonatal genetic-metabolic-lysosomal testing 
option will have a legally mandated multi-condition 
screening test for a newborn diagnostic result in many 
North American jurisdictions. A post-delivery neonatal 
blood (dried blood spot) is used for early identification 
allowing for either possible treatment or palliative care 
following the positive diagnostic result (AR homozygosity; 
XL male heterozygosity) (Table 4 [39-43]). 
Genetic carrier screening and counselling tools can be 
used in either the pre- or post-conception process [28, 
44-50] 
The pretest patient counselling session should include 
information re additional screening methods for non-
genetic or multifactorial congenital anomalies 
(malformation, teratogenic disruption, deformation, 
dysplasia).  
 
Preconception counselling and screening for a 
person or couple planning to be pregnant 
 
Preconception screening (focused, pan-ethnic) attempts 
to enhance the patient autonomy. The post-conception 
genetic carrier screening alternative may bias or 
influence pregnant people to terminate wanted 
pregnancies, through the choice of selective abortion. 
Preconception screening can possibly allow carrier 
couples to avoid the birth of affected children by using 
other primary preventive measures (pre-implantation 
genetic diagnosis, unaffected sperm donor). An additional 
ethical consideration is related to parental responsibility 
[51-55].  
The pretest counseling information should indicate first, the 
carrier screening is optional and second, the pretest 
discussion and counselling should start with the patient’s 
choice to use  pan-ethnic ECS or focused screening 
(personalized ethnic-religious, personal history, and family 
history-based) for the informed consent process [1-3, 28]. 

The ACMG has recommended using the term ‘carrier 
screening’ along with a cumulated tiered system based 
on the level of the carrier frequency in the patient’s 
population (ethnic and population neutral) [28]: 
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              Table 1: ECS Conditions and Screening Number. 

Panel /Author Number of 
Conditions 

Carrier Frequency 
ranges 

Gene-disease 
associations 

Condition 
Severity 
Categorization 

ACMG (2021) 

[28] 

AR genes    19 
AR genes    19 
AR genes    25 
AR genes    23 
AR genes    11

* 

 
X-linked      16 
 
Gene total =113 

>/= 1/50 
< 1/50 - >/= 1/100 
< 1/100 - >/= 1/150 
< 1/150 - >/= 1/200 
outside gnomAD criteria

 

 
population prevalence 
 of 1/40,000 

majority are 
definite 

range varies from 
mild to profound 
but majority are 
moderate or 
greater 

     

Goldberg (2023) 

[29] 

64 conditions 1/3 – 1/30,000 
1-100            52 
100-5000     12 

 

majority are 
definite 

majority are 
moderate or 
greater 

     
Johansen Taber 
(2022) 

[30] 

176 conditions 
 
evidenced-based 
panels of 37 or 
74 conditions 
were identified 

40 had >/= 100 
75 had >/= 200 

175 well defined 165 met severity 
criteria 

     
Beauchamp (2019) 

[31] 

176 conditions 290 /100,000 predicted 
to have a condition 
being screened  

N/A N/A 

     
ACOG (2017) 

[3] 
23 conditions 22>/= 1/100 

   1 >/= 1/127 
definite moderate or 

greater 

     

( *Genome Aggregation Database (gnomAD) is a resource developed by an international coalition of investigators, 

with the goal of aggregating and harmonizing both exome and genome sequencing data from a wide variety of 
large-scale sequencing projects, and making summary data available for the wider scientific community. The 
gnomAD database is composed of exome and genome sequences from around the world.) 
 

 
 
Tier 1: Ethnic based conditions + CF + SMA (population 
neutral) + Family Risk Based Screening. 
Tier 2: ≥ 1/100 carrier frequency (includes Tier 1). 
Tier 3: ≥ 1/200 carrier frequency (includes Tier 1-2) 
including X-linked conditions. 
Tier 4: <1/200 carrier frequency (includes Tier 1-3) 
number of genes / conditions will vary by laboratory who 
is doing the screening procedure. 
The best practice is for both members of the couple to 
complete the preconception screening process in a timely 
manner. Despite the clinical recommendations and the 
impact on clinical utility, only 41.5% of males, with a 

proven autosomal recessive carrier female partner, elect 
carrier screening to clarify the couple’s reproductive risk. 
The significant predictors for male completion were 
female parity and an earlier gestational age at female 
screening [56].  
Consanguineous couples have different attitudes, 
considerations, and acceptance for ECS. One study 
evaluated fourteen couples, who were using whole 
exome screening, with the goal of prevention. Nine 
couples (64%) had an affected child but understood that 
the whole exome testing may reveal additional ‘at risk’ 
conditions. Patient implications were identified (choice,  

https://gnomad.broadinstitute.org/about
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              Table 2: Diversity identified with International Comparison for Jewish Ancestry. 

Location   

Overview of 
Screening 
Panels 
[1-3] 

Categories of disorders.  
Category Diseases 
 
 1 ACOG-recommended tests for Ashkenazi 
Jewish patients:  
Tay-Sachs disease  
Cystic fibrosis  
Familial dysautonomia  
Canavan syndrome 
 
 2 ACOG-recommended additional 
comprehensive panel:  
category 1 plus:  
 
Bloom   
Fam hyperinsulinism 
Fanconi anemia  
Gaucher  
Glycogen storage disease type I  
Joubert  
Maple syrup urine  
Mucolipidosis type IV 
Niemann-Pick   
Usher  
 
3 Panethnic commercial panel of expanded 
carrier screening 

Category 1  
Canavan  
 Cystic fibrosis   
Familial dysautonomia   
Tay-Sachs  
 
Category 2  
Fam hyperinsulinism Fanconi anemia C  
Gaucher    
Joubert  
 Maple syrup urine   
Mucolipidosis IV   
Niemann-Pick    
Usher syn type 3   
Usher syn type 1F  
 
Category 3  
Bernard-Soulier   
Carnitine palmitoyltransferase II def  
Congenital disorder of glycosylation 
type Ia  
Dihydropyrimidine dehydrogenase def   
Factor XI def 
Familial Mediterranean fever  
Medium-chain acyl-CoA 
dehydrogenase def  
Nemaline myopathy   
Smith-Lemli-Opitz syn  
Spinal muscular atrophy  
Stargardt    
Wilson  
 

UK Jewish 
[32] 

Cystic fibrosis                              1/35                                         
Tay-Sachs                                     1/37 
Familial dysautonomia              1/48                           
Canavan  1/45 
Glycogen storage type 1a1/95         
Mucolipidosis IV   1/95     
Fanconi anaemia type C   1/95                       
Niemann-Pick type A   1/333 
Bloom   1/142 
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          Table 2: Continued 

Israel Jewish 
[33] 

The cohort included 1696 individuals (848 

couples) tested with the ‘MyScreen’ 

multigene panel. The panel covers 1206 

variants spanning 385 genes, known in 

different Jewish ethnicities and local Arab, 

Druze and Bedouin populations. Out of 

these, 205 variants in 143 genes are Jewish 

founder variants.  

We identified 859 (50.6%), carriers of 
at least one variant in 151 genes. 
Importantly, 569 (66.2%) of carriers 
could be missed by the current Israeli 
screening program. 
 
 In total, 1:40 (2.5%) of carrier couples 
were identified by the ‘MyScreen’ 
panel, compared with 1:144 (0.7%) 
found by the ethnicity-based screening.  
 
Surprisingly, 90 individuals (10.5%) 
were carriers of variants “unexpected” 
for their reported origin, and 16 
variants were previously unreported in 
Jewish patients. 
.                                                                                                                  

Mexico-
Jewish [34] 

We recruited 208 participants. The carrier 
screening results showed that 72.1% were 
heterozygous for at least 1 severe disease-
causing variant in 1 of the genes analyzed.  
 
The most common genes with severe 
disease-causing variants were cystic fibrosis 
CFTR (16.8% of participants), Familial 
Mediterranean fever MEFV (11.5%), 
WNT10A-related disorders WNT10A (6.7%), 
and Gaucher disease GBA (6.7%).   
 
The allele frequencies were compared with 
those in the gnomAD; 85% of variant 
frequencies were statistically different 
from those found in general and Latino 
gnomAD (P < 05).  

 

Conclusion: The heterozygote 
frequency of at least 1 severe disease-
causing variant in the MJC was 72.1%.  
 
Finally, 6% of couples were at risk of 
having a child with a severe disorder 
 
The use of carrier screening in the MJC 
and other understudied populations 
could help parents make more 
informed decisions 

 USA Jewish 
  [35] 

A total of 81 students underwent screening 
and 36 (44.4%) were ascertained to be 
carriers of at least one mutation. 
 A total of 45 mutations were identified, as 
8 students were carriers for more than one 
condition.  
If testing were limited to category 1, 84% of 
the mutations would not have been 
identified, and if limited to category 2, 55% 
of mutations would have gone undetected.  

 

Conclusion(s): Individuals of Ashkenazi 
Jewish descent are at significant risk for 
carrying a variety of single-gene 
mutations and therefore they should 
be offered pan-ethnic ECS to increase 
the likelihood of detecting preventable 
disorders 
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fear, level of genetic literacy, the time to consider results, 
effectiveness of testing). Clinical utility for the testing was 
demonstrated in this population[57, 58].  
The ACMG supports [28]: 

-  a pan-ethnic screening approach  
- recommends that all pregnant patients and those 
patients planning a pregnancy should be offered Tier 3 
genetic carrier screening (autosomal recessive and X-
linked conditions). The reproductive partners of pregnant 
patients and those planning a pregnancy, can be offered 
Tier 3 genetic carrier screening for autosomal recessive 
conditions only when there productive genetic carrier 
screening is performed simultaneously for both members 
of the couple.  

- Recommends that X-linked gene testing, in 
conjunction with the Tier 3 gene screening be offered to 
all 46, XX patients undergoing ECS. 

- Tier 4 carrier screening should be considered for 
a pregnancy resulting from a known or possible 
consanguineous relationship (second cousins or closer) 
or when the family or personal medical history warrants.  
- does not recommend the offer of Tier 1 and/or 
Tier 2 screening(as these tiers do not provide an 
equitable evaluation of all racial/ethnic populations) or the 
routine offer of Tier 4 panels. 

- informed counselling elements are summarized 
in the Appendix. 
 
Post-conception counselling and screening 
opportunity for fetal genetic screening 
 
Fetal ‘genetic’ screening is routinely offered for 
aneuploidy, fetal congenital anomalies with both genetic 
(syndrome / multifactorial) and non-genetic (teratogenic/ 
infection related) risk.  
The fetal genetic screening options using non-invasive 
screening should be offered, in a timely fashion, to all 
pregnant persons / couples after obtaining informed 
consent. Genetically affected fetuses are not uncommon, 
and may be the result of an inherited maternal / paternal 
genetic mutations or the possibility of ’new germline’ 
mutations based on parental age, family history, or 
personal health history. Fetal screening or testing for the 
common ‘at risk’ genetic conditions will include either late 
first or second trimester ‘non-invasive’ maternal serum 
aneuploidy screening with / without detailed ultrasound 
assessment or possibly ultrasound directed placental or 
amniotic fluid diagnostic testing. Post-conception 
screening should provide the opportunity for autonomy by 
a pregnant person but this pathway requires discussion 
related to either pregnancy termination or birth of an 
affected child. In-utero therapy for genomic conditions is 
limited and expensive (evidenced—based, experimental). 
Non-invasive prenatal screening (NIPS) for fetal 
aneuploidy screening was introduced in 2011. The 
primary aneuploidy screening focus for NIPS is to identify  

‘at risk’ trisomy 21 pregnancies using maternal serum / 
plasma to compare the chromosomal placental and 
maternal cell-free DNA. NIPS has a significant 
aneuploidy screening impact with a high PPV 98.8% 
(95% CI 97.8-99.3%) (dependent on the population 
aneuploidy prevalence) and a low FPR 0.04% (95%CI 
0.02-0.08%) [1-3, 45, 46, 59-62]. NIPS has a consistently 
higher screening performance in the detection of fetal 
T21/18/13 in singleton pregnancies than any of the 
traditional screening approaches [63, 64]. 
SRM concluded that NIPS for T21 in twin pregnancies 
demonstrates equivalent screening characteristics to that 
of singleton pregnancies, with a sensitivity of 98.2% (95% 
CI = 88.2%-99.7%) and specificity of 99.9% (95% CI = 
99.8%-100%) [64] although fewer published studies exist 
than the number of studies in singleton gestations. 
The clinical utility of noninvasive prenatal screening 
The NIPS PPV for T21 ranges from 50% to 95%, thereby 
requiring 1.1 to 2 amniocentesis procedures to identify a 
true positive result. The ‘traditional placental analyte’ 
screening PPV for T21 is estimated at 2.2% to 3.6%, 
which requires 28 to 45 diagnostic procedures to identify 
a true positive result (dependent on the specific placental 
analyte screening algorithm used) [28]. 
“No-Call” results 
A SRM has reported that approximately 1% of patient 
NIPS samples were not able to provide a risk prediction 
and were reported as a ‘no-call’ result. The optimal 
management for ‘no call’ result pregnancies is variable 
and are dependent on the ‘no-call’ etiology [65-68]. The 
most frequent etiology reported is insufficient/ low fetal 
fraction. Repeating the NIPS (at a later gestational age) 
will provide a screening result in approximately 75% to 
80% of cases [65]. 
A low fetal fraction is associated with various adverse 
pregnancy outcomes, but definitive rates of pregnancy 
complications and surveillance protocols have not been 
established [46, 61, 69].  
There are reports of higher rates of NIPS ‘no-call’ in twin 
pregnancies than in singleton pregnancies and this issue 
should be discussed in pretest counselling [70]. The twin 
etiology is likely due to the placental mass differences 
between the two gestations and may be associated with 
aneuploidy in one of the twin-pair. 
 
Other Screening Issues 
   
Another SRM concluded that using NIPS as the primary 
aneuploidy screening method may be cost-effective in 
certain screening strategies [71, 72].  
The economic impact for this implementation is 
dependent on multiple considerations, including the 
patient population, health care system, governmental or 
third-party payers, the retail or discounted pricing of the 
test, and downstream healthcare costs for a positive 
NIPS result [64].  
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              Table 3: NIPS with increased maternal genetic carrier testing. 

Technology 
 

Results Reference 

sgNIPS / maternal 
carrier status and fetal 
risk from a single 
maternal blood draw 

sgNIPS technology was used to screen carrier status (6) 
 compared to the newborn outcomes 
Carrier frequency 18.2% heterozygous + 
98.7% of pregnancies screened received a result. 
No-call result rate = 1.3%. 
NPV 99.4% (95% CI = 96.0%-99.9%).  
Average positive PPV 48.3% (95% CI = 36.1%-60.1%). 
Fetal sgNIPS risk of >9 in 10 (90% PPV) were affected. 
 

   [36] 

non-biased allelic, 
target enrichment 
followed by next NGS 
for analyses of fetal 
chromosomal 
aneuploidies, micro 
deletion and 
microduplication 
syndromes, and 
monogenic disorders. 
 

1129 qualified pregnancies with the detection of 54 
fetal aneuploidies, 8 microdeletions/microduplications, 
and 8 monogenic variants with 100% sensitivity and 
99.3% specificity. 
 
60.3% of aneuploidy samples had aberrant meiotic 
recombination providing important insights into the 
mechanism underlying meiotic non-disjunctions. 

  [37] 

NIPT-Plus technique to 
detect copy number 
variation (CNV) 

31,260 pregnant people received NIPT-Plus. 
31,256 cases received a result. 
Significant CNV was detected in 221 cases (0.71%). 
Overall positive predictive value (PPV) 38.42%  
80% 22q11.22 microduplication  
75% Di George deletion 
50% Prader-Willi  
50% 5p deletion 
46.5% CNVs >10 MB 
28.6% CNVs <10 MB 
False positive rate of 0.40%. 
 

   [38] 

   
 
 
 
NIPS Genomics testing can be used beyond an 
Aneuploidy Only Screening process 
The additional fetal risk screening use beyond the routine 
aneuploidy screening, may include additional fetal 
morbidity related to other chromosomal aneuploidy or 
copy number variants targets, selected AD-AR-XL 
syndrome / gene abnormalities, and sex-chromosomes 
aneuploidy pathology [73-79]. 
Table 3[36-38] summarizes innovative technology use for 
additional cell-free placental DNA CNVs and monogenic 
conditions (CNVs > 10 Mb, CNVs ≤ 10 Mb; CF (CFTR), 

sickle cell disease and beta-thalassemia (HBB), alpha-
thalassemia (HBA1 and HBA2), and SMA (SMN1). 
At present, there is insufficient evidence to recommend 
routine screening for CNV’s other than 22q11.2 deletions 
[46].  
A conditional ACMG recommendation indicates that most 
pregnant persons would request 22q11.2 deletion 
screening, if offered combined aneuploidy and limited 
deletion screening, in the pre-screening discussion 
(benefits and limitations), using a shared decision-making 
process. A prospective cohort of 18,289 pregnancies with  
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Table 4: A Total 
Newborn Screening 
(NBS) Disease 
Consensus 
 

Proposed by:  
US HHS; Canada (BC; 
Alberta; Ontario) 
[39-43] 

   

Underlined 
hemoglobinopathies, 
endocrine, and otherhave 
fetal treatment or 
management consensus. 

Underlined metabolic and 
lysosomal conditions have 
significant Neonatal Treatment 
scores > 8.5. 

 

   

Hemoglobin, Endocrine 
and management 
Other Commonly 
Screened Conditions 

Primary and Secondary 
Metabolic Conditions 
Recommended 
for NBS 
 

  Lysosomal Storage 
Disease / Conditions 
Recommended for   

 Metabolic Metabolic Metabolic  

     
 

Hemoglobin Organic Acid Primary 
 

Fatty Acid Oxidation Primary Amnio Acid Primary Sphingolipidosis 
 

Sickle cell anemia 
 
Sickle-Beta thalassemia 
 
Alpha-Beta thalassemia 
 
Other 
Hemoglobinopathies 
 

Propionic acidemia 
 
 
Methylmalonic acidemia  
(MMCoA mutase) 
 
Methylmalonic acidemia 
(cobalamin) 
 
Isovaleric acidemia 
 
 

Carnitine uptake defect /  
carnitine transport defect 
 
Medium chain acyl CoA 
dehydrogenase deficiency 
 
Very long chain acyl CoA 
dehydrogenase deficiency 
 
Long-chain L-3 hydroxyacyl-  
CoA dehydrogenase  
deficiency 

Argininosuccinic  
aciduria  
 
Citrullinemia type I 
 

 
Maple syrup urine 
disease 
 
Homocystinuria 
 
 

GM2 gangliosidosis: 
   Type A Tay-Sachs 
   Type O Sandhoff  
   Type AB GM2 activator  
def 
 
Niemann-Pick disease 
  (A, B, C) 
 
Gaucherdisease 1, 2, 3 
 
Fabry disease 
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          Table 4: Continued 

  
3-methylcronoyl-CoA 
carboxylase deficiency 
 
3-Hydroxy-3- 
methylglutaric aciduria 
 
Holocarboxylase  
synthase deficiency 
 
B-Ketothiolase  
deficiency 
 
Glutaric acidemia  
type I 
 

 
Trifunctional protein  
deficiency 
 

 
PKU 
 
 
 
Tyrosinemia type I 
 
Guanidinoacetate  
methyltransferase  
deficiency 
 

  (classic / late-onset) 
 
Metachromatic 
Leukodystrophy 
 
Krabbedisease 
(Globoid leukodystrophy) 
 
GM! gangliosidosis 1, 2, 3 
 
Multiple sulfatase 
 deficiency 
 
Oligosaccharidosis 
 
Alfa mannosidosis 
 
Schindler 
 
Aspartylglucosaminuria 
 
Fucosidosis 
 
 

Endocrine Secondary 
 

Secondary Secondary Mucopolysaccharidosis 
 

Primary Hypothyroidism 
 
 
Congenital Adrenal  
Hyperplasia 
 

MMA i homocystinuria 
 
 
Malonic acidemia 
 
 

Short chain acyl-CoA 
dehydrogenase deficiency 
 
Medium chain L3  
hydroxyacyl CoA  
dehydrogenase deficiency 

Argininaemia 
 
 
Citrullinemia type II  
 
 

Hurler (MPS I) 
 
Scheie 
 
Hurler-Scheie 
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          Table 4: Continued 

Other 
Biliary Atresia 
 
 
Hearing Screen 
 
 
 
Critical Congenital Heart 
disease 
 
Cystic Fibrosis 
 
 
Spinal Muscular Atrophy 
 
 
Severe Combined 
Immuno- 
Deficiency 
 
Biotinidase 
 deficiency 
 
XL-adreno–
leukodystrophy 
 
Classic Galactosemia 
 

 
Isobutyrylglycinuria 
 
 
2-Methyl 
Butyrylglycinuria 
 
 
3-Methylglutaconic  
aciduria 
 
2-Methyl 3-  
hydroxybutyric aciduria 

 
Glutaric acidemia type II 
 
 
Medium chain ketoacyl  
CoA thiolase deficiency 
 
 
2,4 Dienoyl CoA reductase 
deficiency 
 
Carnitine palmitoyl 
 transferase type I deficiency 
 
Carnitine palmitoyl 
 transferase type II deficiency 
 
Carnitine acylcarnitine 
 translocase deficiency 
 

 
Hypermethioninemia 
 
 
Benign 
hyperphenylalaninemia 
 

 
Biopterin defect in  
cofactor biosynthesis 
 
Biopterin defect in  
cofactor regeneration  
 
Tyrosinemia type II 
 
Tyrosinemia type III 

Hunter (MPS II) 
 
Sanfiippo A, B, C, D (MPS 
III) 
 
Morquio A, B (MPS IV) 
 
Maroteaux-Lamy (MPS 
VI) 
 
Sly (MPS VII) 
 
 
 
 

 Other 
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           Table 4: Continued 

 
 

Galactoepimerase 
deficiency 
 
Galactokinase deficiency 
 
T-cell related-lymphocyte  
deficiency 

 
 

 Neuronal ceroid  
      lipofuscinosis 
Lipofuscinosis CLN 1-14 
(Batten Disease CLN 2) 
Sialic acid disorders 
Galactosialidosis 
 
Infantile sialic acid 
Storage 
 
Salla 
 
Sialuria 
 
Mucolipidosis 
 
Mucolipidosis I-IV 
 
 

    Miscellaneous 
 

    
 
 
 

Lysosomal acid lipase 
 deficiency 
 
Pompe disease 
(Glycogen storage type II) 
 
Danon disease 
 
Cystinosis 
 

     
Table 4: Newborn Screening Recommendations for Genetic Screening Conditions (Secretary of the Health and Human Services (USA) and Canadian Provincial 
Recommendations from BC, Alberta, and Ontario). 
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complete genetic follow-up, reported a detection of 10 of 
12 cases with 22q11.2 deletion. Using a risk cutoff of 1 in 
100, there were 19 screen-positive cases giving a FPR of 
0.05%. The PPV was 52.6% with 11of 12 subjects having 
had first trimester testing. The prevalence of 22q11.2 
deletion was likely higher in this screened population than 
the general pregnancy population, as this cohort included 
pregnancies that were later identified to have structural 
fetal anomalies [71]. 
There is insufficient evidence to recommend or not to 
recommend NIPS technology for the identification of 
fetal/placental rare autosomal trisomy’s (RAT)[46]. 
 
Neonate counselling and screening opportunity for 
newborn genetic screening 
 
Newborn metabolic screening (NBS) is designed to test 
infants shortly after their birth for disorders, before they 
become symptomatic, but that cause disability or death [80, 
81]. The lack of parental knowledge, prior to birth, about 
postnatal newborn screening process (mandated or not) is 
an important issue that needs to be considered during 
perinatal genetic screening discussion. 
New clinical opportunities for NBS, directed to potential 
neonatal treatment, have been evaluated, using an 
algorithm with a weight-based score for the inherited 
metabolic disorders (IDM) inclusion (objectively evaluated; 
prioritized process) in the European NBS programs. [82]. 
This innovative NBS consideration has re-purposed the ten 
Wilson and Junger screening principles related to the 
genetic metabolic condition for screening, treatment or other 
[12, 82]. Three of the four categories contained principles 
that were clinical and measurable: condition, screening, and 
treatment. The fourth category, other, contained screening 
principles that were related to economic, societal, or political 
aspects of screening programs, as these factors were not 
measurable, this category were removed. Three pillars were 
considered: Pillar 1 Condition (severity / onset / frequency); 
Pillar 2 Screening (availability / performance); Pillar 3 
Treatment (availability / outcomes). 
This novel NBS evaluation algorithm has been used to 
assess and prioritize inherited metabolic disease (IMDs). 
Forty-eight IMDs (including 21 lysosomal storage disorders) 
were identified and assessed using this novel NBS 
algorithm. Thirty-five disorders were found to strongly 
support the Wilson - Junger screening principles. An 
improved communication strategy for parents was required 
prior to implementation, regarding the results from the NBS 
dried blood spot testing[6, 82-84]. Table 5 summarizes the 
IMDs recommendations and their treatment potential {6, 28, 
29, 39-45, 57-60, 80]. 

 
An Effective Neonatal Therapy is required for NBS 
Conditions 
 
An better understanding of the expanded IMD screening 
list used at birth (or following pre- or post-conception 
screening recognition) may have the potential to reduce 
the time to diagnosis and to improve the psychological 

impact on families and patients. This type of NBS approach 
could increase the neonatal identification and subsequently 
increase the opportunity for natural history knowledge, 
disease frequency, and genotype/phenotype correlations for 
new treatment options [6, 85] (Table 4[39-43]). 
It is important to understand the three pillars impact on the 
NBS evaluation algorithm for the 35 top-ranked disorders 
(treatment score ≥8.5 points). For the Condition pillar, all 
35 top-ranked disorders have a rapidly progressing form and 
all but one disorder, PKU, can be fatal by adolescence. For 
the Screening pillar, 33 /35 have a NBS test available and 
in use, and for these 33 NBS conditions, 25 have a ‘low 
false-positive rate or a high PPV’. For the Treatment pillar, 
97% (34/35 disorders) have a treatment strategy available, 
as14/34 disorders have European Medicines Agency 
approved treatments and 20/34 disorders have an 
evidenced-based treatment intervention (diet, hematopoietic 
stem cell transplantation, bone marrow transplant). 
One disorder, Niemann Pick A/B (ASM deficiency), has a 
treatment for late-stage development. Importantly, 60% 
(21/35) of the top-ranked disorders have a treatment 
strategy available that changes the prognosis for all forms of 
the disorder (mild to severe). Alternatively, none of the 13 
lower ranked disorders (treatment score < 8.5) have a 
treatment strategy available that changes the prognosis for 
all forms of the disorder. 
Considering all three pillars, 54% (19/35 disorders), will 
meet the following three criteria: (1) “all forms of the 
disorder are asymptomatic for the first weeks of life”; (2) 
have a “NBS test available and in use”; and (3) have a 
treatment strategy where “pre-symptomatic initiation 
results in better outcomes”[6]. 
Additional non-metabolic/lysosomal genetic conditions, 
with new and effective therapies, have been added to the 
NBS ‘traditional algorithm’ of metabolic and lysosomal 
NBS conditions (Table 6 [1-3, 28, 29, 39-45, 57-60): 
- Spinal Muscular Atrophy (SMA), autosomal 
recessive diseases; SMN 1 gene deletion; pan-ethnic 
condition; carrier frequency is close to one in 50 [86, 87]. 

- Cystic Fibrosis (CF), autosomal recessive; pan-
ethnic; carrier frequency is one in 20 [2, 78, 88, 89]. 

- Duchenne Muscular Dystrophy (DMD), X-linked; 
pan-ethnic; carrier frequency is one in 813 females.[90-
92]. 

- microdeletion 22q11.2, common human 
microdeletion syndrome with an incidence of 1/3,000 to 
1/6,000; an estimated 10% are inherited [80, 93, 94]. 

- screening for early identification of pediatric 
conditions such as hypothyroidism, congenital adrenal 
hyperplasia, critical congenital heart malformations, 
genetic hearing loss, and biliary atresia is required. 
 
The ‘Pro-Factors’ fora Pan-ethnic Genetic Carrier 
Screening Approach 
 
Johansen Taber et al. evaluated carrier frequencies for 
176 conditions (using well-defined phenotype with at 
least one severity criteria) in > 460,000 individuals across 
11 racial / ethnicities [26[. Forty conditions had carrier  
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             Table 5: Fetal-Neonatal Plan. 

The Gestational Timing Potential for Neonatal Genetic and Metabolic Treatment 
Prediction Option 
Newborn Diagnostic Screening from Dried Blood Spots 
 [6, 80] 
 

  
 
[28, 29] 

 
 
[44, 45, 57-60] 

 
 
[39-43] 

NEW INNOVATION IMD NBS Evaluation 
Condition / Screening / Treatment Ranking  

 

 Preconception 
    Condition 
Screen Panel 
   64         113 

Post 
Conception 
Genetic Screen 

Postnatal  
Generic Screen 

New Objective Approach with a Condition Treatment Score 
 Score:    6                                 3                                      4           = 13 
 
Pillar 1 Condition Pillar 2 Screening Pillar 3 Treatment 
 
    Severity                                Availability                      Availability  
    Onset                                    Performance                  Performance 
    Frequency 

 

Postnatal 
Therapy 
Success 
Ranking 
Score 
(0-13) 

 
      [Table 1] 

 
Genetic carrier 
screening for 
conditions 
(focused or  
pan-ethnic) 
[Table 5] 

 
Genetic  
carrier 
screening for 
metabolic and 
lysosomal 
conditions 
[Table 4] 

Therapy Scores of >/= 8.5 are considered for screening as the treatment 
options are considered with best impact / result 
 

   Recommended 
X-primary 

S-secondary 

Carnitine uptake defect/carnitine transport defect (CUD)  

 Severe combined immunodeficiency (SCID)  

 Glutaric aciduria type 1 (GA1)  

 Homocystinuria (HCU)  

 Phenylketonuria (PKU)  

 Tyrosinemia, type 1 (TYR 1)  

 Classic galactosaemia (GALT)  

 3-Hydroxy-3-methyglutaric aciduria (HMG)  

12.5 

12 

11.5 

11.5 

11.5 

11.5 

11 

11 

    X   

 

 

 

                     X 

                     X 

                     X 

 

            X 

           X 

           X 

           X 

           X 

           X 

           X 

           X 
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Table 5: Continued 

Pompe disease (GSD type II) 

 X-linked adrenoleukodystrophy (X-ALD)  

 Argininosuccinic aciduria (ASA) 

Carnitine palmitoyltransferase, type I deficiency (CPT I) 

Long-chain 3 hydroxyacyl-CoA dehydrogenase deficiency (LCHAD)  

 Methylmalonic acidaemia (cobalamin disorders, Cbl A, B)  

Metachromatic leukodystrophy (MLD; lysosomal arylsulfatase A deficiency) 

 Mucopolysaccharidosis, type I (MPS I)  

 Propionic acidaemia (PROP)  

 Biotinidase deficiency (BIOT)  

 

11 

10.5 

10.5 

10.5 

10.5 

10.5 

10.5 

10.5 

10.5 

10.5 

 

     X              X  

      X             X 

                     X 

 

 

     X              X 

                     X 

 

 

                     X 

 

            X 

            X 

             X 

             S 

             X 

             X 

 

              X 

              X 

              X  

Medium-chain acyl-CoA dehydrogenase deficiency (MCADD)  

3-Methylcrotonyl-CoA carboxylase deficiency (3MCC)  

 Citrullinemia, type I (CIT)  

Holocarboxylase synthetase deficiency (MCD) 

Krabbe disease (leukodystrophy galactosylceramidase) 

Argininaemia (ARG)  

Carnitine acylcarnitine translocase deficiency (CACT)  

Very long-chain acyl-CoA dehydrogenase deficiency (VLCAD)  

 Maple syrup urine disease (MSUD)  

 Methylmalonic acidaemia (methylmalonyl-CoA mutase) (MUT)  

Carnitine palmitoyltransferase type II deficiency (CPT II)  

Batten disease (CLN2; tripeptidyl peptidase I)   

Niemann Pick A/B (acid sphingomyelinase deficiency) 

Isovaleric acidaemia (IVA)   

10 

10 

10 

10 

10 

9.5 

9.5 

9.5 

9 

9 

9 

9 

9 

8.5 

                     X 

                     X 

 

 

    X 

 

 

                     X 

    X               X 

                     X 

   X                X  

 

   X                X 

              X 

             X 

             X 

             X 

 

             S 

             S 

             X 

             X 

             X 

             S 

 

 
             X 
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Table 5: Continued 

Trifunctional protein deficiency (TFP)  

Gaucher disease (lysosomal glucocerebrosidase) 

Lysosomal acid lipase deficiency (LAL-D/Wolman/CESD)  

8.5 

8.5 

8.5 

 

X                  X 

 

              X 

 
 

Multiple acyl-CoA dehydrogenase deficiency (MADD)   

 MPS VI (Maroteaux-Lamy syndrome)  

 Alpha-mannosidosis   

 Fabry disease  

 MPS II (Hunter syndrome)  

MPS III (Sanfilippo syndrome)  

 Niemann-Pick type C disease  

 MPS IV (Morquio syndrome)   

 Sandhoff disease (GM2 gangliosidosis, type II)   

 Farber disease   

 Tay-Sachs disease (GM2 gangliosidosis, type I)   

 MPS VII (Sly syndrome)   

 MPS IX (hyaluronidase deficiency)   

 

8 

8 

7.5 

7.5 

7 

6.5 

6.5 

5.5 

5.5 

5 

4.5 

3.5 

1 

 

 

 

    X               X 

    X 

 

 

 

 

 

   X                X 

    X -short chain 

 

 

 

            X 

     
 
 
 
frequencies >/= 1/100 and 75 conditions had 
carrier frequencies of >/= 1/200. Evidence-based 
analyses of condition ‘inclusion’ criteria resulted in 
consistent panels of 37 conditions (conservative 
carrier thresholds >/= 1 in 100) and 74 conditions 
(permissive carrier thresholds >/= 1 in 200). A 

preconception screening modeling tool was used 
with> 60,000 private insurance patients, who were 
provided with the informed estimates of the 
disease incidence, was used to compare a 
screening model using a minimal number of 
screened conditions to a 176-condition ESC 

panel[31]. Although this modelled population is 
non-generalizable, the preconception ECS 
approach was predicted to reduce the burden of 
Mendelian disease in a cost-effective manner 
compared to the traditional targeted screening 
approach.  
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Kauffman et al. [95] evaluated the impact on healthcare 
utilization following the use of ECS in people who were 
not found to be at an increased reproductive risk. 
Specifically, the RCT found no significant differences in 
outpatient mental health service use between the study 
arms for the period between randomization and results 
disclosure or in the year following randomization. Overall, 
the results provide reassurance that the ECS approach 
does not result in unnecessary health care utilization, nor 
does it result in an avoidance of recommended care 
because of false reassurance. 
 
The ‘Con-Factors’ for a Pan-ethnic Genetic Carrier 
Screening Approach 
 
People, who self-identify with a specific race/ ethnicity, 
may be at odds with their genetically defined ancestry, 
which would have relevance to genetic carrier screening. 
Studies have demonstrated that relying on self-
identification of AJ ancestry, as the criteria to screen for 
conditions common in the AJ population, was found to be 
imperfect (Table 2 [1-3, 32-35]). 
Reiner et al. [96] reported that possibly 1% of ECS 
individuals will have findings that require additional 
clinical evaluation or surveillance (such as female carriers 
of FMR1 premutation alleles; female heterozygotes with 
pathogenic DMD variants; heterozygotes with pathogenic 
somatic malignancies that may confer an increased risk).  
Gbur et al. [10] reported on a cohort, using an ECS model 
for 176 conditions and identified 124 positive carriers with 
associated personal health implications (only 28 of the 
carriers were aware of their carrier risk).The other 96 
carriers (1.56% of the 6147 screened individuals) had no 
knowledge of a family history for the identified condition. 
Additional issues indicated that people were frequently not 
counseled before or after the screening process regarding 
their heterozygote carrier status or the associated healthcare 
risk (cancer, cardiac, renal, myopathy; ophthalmologic; 
inflammatory; neurologic).   
Reproductive care providers have expressed concern in 
offering pan-ethnic ECS to all patients as they expressed 
‘time related’ obstacles with providing the required pre-test 
education, ECS results disclosure and then follow-up[20, 29, 
97, 98]. 
There is a societal impact with two potential positive 
implications by reducing ethnic stigmatization in ancestry-
based offers and increasing equity. There are three potential 
negative implications by reinforcing the disability-based 
stigmatization; less expertise in the clinical, research, and 
healthcare management for the condition; and a greater 
societal pressure to utilize genetic screening. The empirical 
evidence, for all these implications, is limited but possible 
[22]. 

 
DISCUSSION 
 
The purpose of this perinatal genetic carrier screening 
review is to propose an integration of the three separate 
‘gestational’ screening models (pre-post conception -

neonatal) into a ‘continuum’ using a practical, 
educational, and counselling-informed consent process.   
While the ‘focused’ preconception and pan-ethnic ECS 
could provide autonomy, more equity for access, an 
optimization for reproductive decision-making, and 
knowledge transfer opportunities for the reproductive 
providers, there are the concerns of patient carrier 
‘distress’, and personal expense. A newly focused 
approach using the neonatal therapy based weighted-
treatment scores (objective; prioritized) could create be a 
new knowledge transfer and informed consent process 
for pan-ethnic NBS use (as legally required in many 
jurisdictions).The clinical utility for pan-ethnic ECS has 
been evaluated by SRM/MA and reported that the 
increase in the number of screened conditions (98-176) 
may lead to a statistically significant decrease in the rates 
of fetal prenatal diagnosis and termination but not for IVF 
and PGT use [99]. 
The routine post conception fetal screening (aneuploidy, 
CNV, and fetal structural anomalies) would continue with 
appropriate diagnostic testing as required (cell-free 
placental DNA or CVS or amniocentesis for specific 
genetic or ‘at risk’ etiologies; gametic de-novo mutations; 
non-genetic infectious or teratogenic screening; 
additional imaging for specific organ-based anomalies). 
Additional diagnostic fetal syndromic genomic testing 
could be initiated for couples with AR or XL reproductive 
risks that had not utilized post-conception blastocyst 
PGT-M screening. The use of pan-ethnic ECS post-
conception will likely be required but will create ethical 
and diagnostic stress.  
The focused / consensus-based NBS conditions could be 
better identified by using the pan ethnic or ‘targeted’ pre 
or post conception ECS panels.  
The genetic-metabolic list of neonatal conditions with high 
treatment scores (> 8.5 with a max score of 13) identifies 35 
conditions from a total of 48 conditions but is incompletely 
covered by most USA- Canadian Provincial ‘generic’ NBS 
panels (28/35 or 30/48 for all treatment scores), ACMG 
(19/35) or Goldberg (12/35) [28, 29]. These screening gaps 
are generally related to metabolic /enzyme deficiency 
conditions with possibly later onset conditions than the usual 
NBS conditions which are identifiable at birth. 

 
The Proposed Integrated Fetal-Neonatal Genetic 
Screening Pathway 
 
The routine maternal obstetrical screening elements are 
is not part of this new genetic screening pathway as 
these standard obstetrical screening elements would add 
to the educational complexity for maternal pregnancy-
related screening. Consensus from four international 
preconception and prenatal evidence-based guidance 
consensus documents would routinely offer 21 specific 
gestational age reproductive risk screening 
elements(three preconception; nine first trimester; three 
second trimester; four third trimester; one intrapartum; 
and one postpartum) [100]. 
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Table 6: Patient 
Genetic Carrier 
Pathway Screening 
Elements 
 

    

Maternal-Fetal 
Well Being Only 

Parental Genetic Carrier 

Screening[1, 28, 29] 
 
Pan-ethic Expanded 
Carrier Approach   
 
Parental Pre- or Post 
Conception 

ParentalGenetic Carrier 

Screening [1-3] 
 
Focused-Ethnic Parental 
Carrier Screening 
 
Parental Pre- or Post 
Conception 

Routine Fetal Aneuploidy 
Screening and Maternal-Fetal 
Well Being Only 

OR 
Enhanced Fetal Option 
 
                    OR 
 

Combined with Parental – 
Fetal or Fetal-
NeonatalPost Conception 
Options 
 [44-46, 57-60] 
 

Newborn Diagnostic Screening  
combined with Pre- and Post 
Conception Options[39-43] 
 
Option by Neonatal Treatment 
Score>/= 8.5 or as recommended 
NBS by  
US HHS and Canada (BC; Alberta; 
Ontario) 
 

 
Ultrasound 
surveillance with 
pregnancy 
dating, fetal 
congenital 
anomalies 
screening, and 
fetal growth 
surveillance as 
required 

 
64-113 Genetic Carrier 
Conditions(Table 1) 
Number of Conditions 
with the Carrier 
frequency (CF) 
for each panel: 
Goldberg      64 
  (CF) 
1-100            52 
100-5000     12 
 
ACMG         113 

 
12 conditions  
 

Ethnic-Religious- 
Founder Effect 
Carrier Screening 
 

 
SOGC [1] 
X-Linked risk: 
Fragile -X   FH 
Hemophilia A 
      (FVIII)  
Hemophilia B  

 
Routine Placental analyte  
      Screening +/- NT or 
Fetal Placental cell-free  
      DNA  
And Fetal Imaging 
 
 
Enhanced option for 10-13  
conditions plus 
malformation 
identification by 
ultrasound screening 

 
Neonatal Treatment Option 
Full condition name in Table 5 
Condition Treatment Score 
CUD                            12.5 
SCID 
 
GA1                            11.5 
PKU 
TYR 1 
 
GALT                           11.0 
HMG 
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           Table 6. Continued 

   (CF) 
1-100            38 
100-200        48 
X-L                 16 
Required      11 
 
 
Expanded AJ Panel: 
13 AR conditions[1] 
 
Bloom 
Fanconi anemia group C 
Niemann-Pick type A 
Mucolipidosis type IV 
Gaucher 
Glycogen storage disease 
     type 1a 
Familial hyperinsulinism 
Maple syrup urine 
Dihydrolipoamide 
    Dehydrogenase  
Deficiency 
Usher 
Nemaline myopathy 
Joubert 
Walker Warburg   

 

      (FIX)   
Duchenne/Becker 
    Muscular 
    Dystrophy 
 
 
 
AR risk 
Hemoglobinopathy: 
Thalassemia: 
    Alpha / Beta 
Sickle Cell 
Cystic Fibrosis 
 
A J Routine:  
Cystic Fibrosis  
Tay-Sachs   
 Familial   
     Dysautonomia 
 Canavan  
 
Canadian Founder 
populations: areas of 
Quebec; Indigenous 
Cree; Amish; Mennonite; 
Hutterite 
 

 
maternal serum / plasma 
at >11 weeks gestational 
age using placental 
analytes +/- NT or cell-free 
placental DNA 

 

 
Aneuploidy 
Trisomy  
21, 18, 13 
 
Sex Chromosome 
 XO, XXX, XXY, XYY 
 
Deletion-Duplication (3] 
22q 2.11 
 
Other non-recommended 
ACMG NIPS screening: 
Tri-ploidy 
 
Additional microdeletion 
syndromes: 
1p36 deletion 
Angelman  
Prader-Willi 
Cri-du-Chat 

GSD type II 
 
X-ALD                         10.5 
ASA 
CPT I 
LCHAD 
Cobalamin A, B 
MLD 
MPS I 
PROP 
BIOT 
 
MCADD                        10.0 
3MCC 
CIT 
MCD 
Krabbe 
 
ARG                               9.5 
CACT 
VLCAD 
 
MSUD                            9.0 
MUT 
CPT II 
Batten 
Niemann Pick A/B 
 
IVA                                 8.5 
TFP 
Gaucher 
LAL-D                              
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           Table 6. Continued 

     

  
 

 

ACOG [2, 3]: carrier 
screening for cystic 
fibrosis and spinal 
muscular atrophy, 
Fragile-X; Tay-Sachs as 
well as a complete blood 
count and screening for 
thalassemia and 
hemoglobinopathies 
 
Addition Risk 
 Consideration:  
Carrier of a balanced 
chromosomal re- 
arrangement with risk 
for fetal ‘unbalanced’ 
genomic result. 
 

Fetal Imaging  
 
First trimester CRL for 
dating and early anatomy  
 
 
Fetal Diagnostic Etiology  
Panels if congenital 
anomalies / requires 
amniocentesis or chorionic 
villus sampling. 
 
 
 
 
 

 Recommended NBS by  
US HHS and Canada (BC; Alberta; 
Ontario) 
 Full condition names in Table 4 
 
Non-Metabolic Conditions 
Metabolic Conditions (Organic Acid; 
Fatty Acid Oxidation; amnio Acid) 
Lysosomal 
StorageConditions(Sphingolipidosis; 
Mucopolysaccharidosis; Neuronal 
Ceroid Lipofuscinosis; Miscellaneous)  

     
 
 
 
Tables 6 [1-3, 28, 29, 39-45, 57-60] combines the 
three ‘perinatal’ genetic screening pathways 
(preconception- post conception – neonatal) to 
propose an evidenced-based 
sequential/integrated counselling process for 
persons or couples planning a pregnancy or who 
present with an unexpected fetal genetic 
pathology presentation. 
A Starting Point – Preferably the preconception 
period is used to determine the patient or couple’s 
primary clinical care genetic screening plan (or 
philosophy) related to their reproductive autonomy 
and with a shared-decision process. The options 
are summarized as Maternal-Fetal-Neonatal 
Genetic Screening Pathway 1-5: 

1. Pathway 1- Most Limited option with 
maternal-fetal well-being ultrasounds only (dating 
10-11 weeks; fetal anatomy 16-20 weeks of 
gestation but optional early imaging 11-14 weeks 
if expertise is available ; fetal growth at 28-34 
weeks of gestation). 
2. Pathway 2 - Routine Fetal Screening 
option for fetal aneuploidy (trisomy 21, 18, 13) and 
congenital anomalies (genetic or non-genetic) 
only plus Pathway 1. 
3. Pathway 3 - Enhanced Fetal Genetic 
Screening beyond aneuploidy for 4-13 genetic 
fetal conditions plus Pathway 1-2 (Table 6). 
4. Parental -Fetal Plan is to use a preventive 
genetic carrier screening paradigm approach 

using screening in either the preconception 
(preferred) or post-conception period (Table 6). 
5. Fetal-Neonatal Plan is to use a neonatal 
treatment directed paradigm approach regardless 
of the gestational time of carrier testing 
(preconception, post conception or neonatal 
period) (Table 6). 
 
Proposed Enhanced Fetal, Parental- Fetal or 
Fetal-Neonate Carrier Screening Pathways 
 
Enhanced Fetal Plan(this option removes any IVF 
pre-implantation options) 
 
Post conception enhanced prenatal screening for
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chromosomal (21, 18, 13, sex chromosomes), 
chromosomal copy number variants, common 
chromosomal deletion syndromes (22q.2.11, 1p36, 
Angelman, Prader-Willi, Cri-du-chat), triploidy, and 
congenital anomaly(ies) can be evaluated by cell free 
serum DNA screening technology after 10-11 weeks of 
gestational age with diagnostic testing for screen positive 
results.  
- Within the present enhanced fetal decision 
process, the common fetal conditions screened for, are 
generally not ‘genetic carrier risk’ conditions but are 
parental sex and age related ‘de novo’ non-disjunction 
chromosomal (pregnant person) or autosomal dominant 
(reproductive sperm donor) outcomes which cannot be 
accurately predicted but require patient choice for the 
directed prenatal screening and detection process.   

- Another fetal outcome risk results from couples 
where one member of the couple has a balanced 
chromosomal re-arrangement that increasing the risk for 
miscarriage or an unbalanced genome outcome causing 
congenial anomaly or development concerns. The 
gamete (egg or sperm) outcome is based on the 
chromosomes that are involved in the translocation and 
the meiotic chromosome pairing and segregation.  
- Pregnant person / couple plan and access for 
unplanned or requiring additional urgent obstetrical and / 
or genetic assessment will need to be available by any 
healthcare delivery service offering an enhanced 
perinatal genetic carrier care model or fetal therapy 
program. 
 
Parental-Fetal Plan Genetic Carrier Identification 
considerations: 
 

- The new ‘genetic carrier screening’ collaborative 
process will require new research, health policy, and 
healthcare teams / liaisons using shared decision-making 
communication tools.  
- Personal or couple carrier screening should be 
strongly emphasized or supported for patient ages 20-30 
years of age or younger, based on their personal 
reproductive need and planning.  
- A pre-conception genetic carrier screening goal of 
>75% for persons or couples to understand their genetic 
carrier risk status, prior to conception, could be a new 
reproductive KPI measurement (health service recognition; 
screening test cost inclusion; continuing technology 
improvement).   

- KEY: The ethics and options for reproductive 
autonomy start with the pan-ethnic preconception carrier 
screening panel option (this ‘proof of principle’ patient 
discussion requires that both members of the couple are 
screened and use panels with > 175 conditions). The 
number of genetic conditions in the preconception screening 

panel (primary patient-centered decision) will impact both, 
the pretest ‘choice and number of conditions’ for the 
educational counselling process (provider and health 
system time impact) and the understanding of the 
‘residual genetic risk’ (couple secondary decision impact) 

possibly identified during pregnancy and / or during 
mandated neonatal testing.  
- KEY: Following the personal / couple 
preconception risk determination, patient education can 
be initiated for the preconception, post conception 
informed options / reproductive planning, with an 
additional ‘present and regularly updated’ neonatal 
outcome and treatment options communication. 
- KEY: The availability of health care funding 
(public or private) for the genetic carrier screening 
education, screening panel cost, and the use and cost of 
assisted reproductive technology for PGT-M (if required), 
would impact the preconception carrier option. The 
attitudes and comments, from parents with affected 
children and the ‘mutation positive’ couple carriers, are 
both, ethically and clinically important for this primary 
prevention choice and option implementation.  
 

- A clear, evidenced-based, designated list for the 
perinatal screened fetal-neonatal conditions with quality 
neonatal treatment options or without quality / adequate 
treatment options (creating a palliative option) that could 
be used through the perinatal screening options for 
counselling, KT, and decision-making.   
 
Fetal-Neonatal Plan Treatment Paradigm 
considerations:(this option removes any IVF pre-
implantation options) 
 

- KEY: The ethics and options for reproductive 
autonomy start with the preconception carrier screening 
panel option (this ‘proof of principle’ patient discussion 
requires that both members of the couple are screened). 
The number of genetic conditions in the post conception 
screening panel (primary patient-centered decision) will 
impact both, the pretest ‘choice and number of 
conditions’ for the educational counselling process 
(provider and health system time impact) and the 
understanding of the ‘residual genetic risk’ (couple 
secondary decision impact) possibly identified during 
pregnancy and / or during mandated neonatal testing.  
 

- A clear evidenced-based list for those perinatal 
diagnosed fetal-neonatal conditions with effective 
neonatal treatment options or without effective / adequate 
treatment options (creating a palliative option) is required 
for use through the perinatal screening choices for 
counselling, KT, and decision-making.   
 

- KEY: The opportunity for patient autonomy in a 
secondary decision process occurs for either a post 
conception (no PGT-M testing) or post conception (no 
preconception screening) ‘genetic at risk’ couple with 
fetal anomalies (genomic or chromosomal). The 
requirement for post conception counselling related to 
undergoing an invasive diagnostic testing (chorionic villus 
sampling; amniocentesis; cordocentesis; using deep- 
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- focused NGS) with the small but additional 
procedure related risk for pregnancy loss. 
 

- The neonatal metabolic or lysosomal storage 
‘treatment’ score could be an important factor for a 
couple’s choice when considering the neonatal treatment 
success or pregnancy termination. Both these choices 
carry significant ‘emotional and medical’ cost based on 
the couple’s spontaneous recurrence risks of 25% for 
autosomal recessive conditions and 50% of males for X-
linked conditions. 

- A post-conception secondary decision in a 
genetically positive ‘potentially viable live born’ fetus will 
require discussion related to an option for termination of 
pregnancy or early induction of labor for vaginal birth and 
very preterm palliative NICU care. These fetal-neonatal 
reproductive options have significant personal emotional 
and health system costs. 
- KEY: The knowledge and understanding of the 
success of primary neonatal genetic treatment/ ‘quality 
of life’ outcome (reduced morbidity or cure) for the ‘at risk’ 
couple will require complex counselling and decision. The 
present ECS panels are not adequate for the best risk 
identification or the minimization of the personal genetic 
residual risk. More technology, research and knowledge 
translation is required but must be implemented over the 
next few years.  
- Neonatal genetic screening should be offered or 
considered(regardless of pre or post conception patient 
screening status), based on the appropriately screened 
‘early or later onset’ genetic conditions with ‘scored 
treatment’ options (success; innovation; QOL criteria; 
ethical standards), with continued innovation, evidenced-
based and annual review.  
 
Diagnostic post conception genetic screening and testing  
 
The post conception screening would utilize the results 
from genetic carrier screening, early 11-14 weeks of 
gestation ultrasound anatomy imaging, and non-invasive 
cell-free maternal serum DNA analysis / sequencing > 11 
weeks of gestation to determine those pregnancies that 
would be offered diagnostic fetal testing. Diagnostic fetal 
testing techniques would include invasive CVS (> 10 
weeks of gestation), amniocentesis (> 16 weeks of 
gestation), cordocentesis (>18 weeks of gestation), and 
for specific genetic conditions deep- Next Generation 
Sequencing using non-invasive cell-free maternal serum 
DNA. The risk-benefit counselling is required for informed 
consent. 
Delivery plan, pregnant person and fetal antenatal care, 
delivery location and postnatal management determined 
for a ‘known / affected’ fetal-neonatal (genetic or 
congenital anomaly) needs to be discussed and planned, 
using informed and shared decision-making practices.  
The obstetric management and delivery planning for an 
affected fetus will require more coordinated planning and 

delivery location in a specific neonatal care center. The 
‘real’ perinatal prevalence and service need for this 
clinical scenario will need to be determined. These new 
neonatal services could potentially be supported through 
the fetal therapy congenital anomaly centers with their 
collaborative children hospital support services. 
Health equity in prenatal diagnosis and therapy requires 
every person has access to quality prenatal care and 
utilization of genetic knowledge in support of quality of life 
and health potential of children and their families. No one 
should be disadvantaged from achieving this potential 
because of their identity, geographic location, and social 
circumstance. As preconception genetic carrier to 
neonatal genetic testing is becoming more frequently 
used and accessible, it is the responsibility of healthcare 
leadership to bring awareness and address factors 
leading to bias and health inequity [101, 102].  
 
CONCLUSION 
 
1. A new ‘genetic carrier screening’ process will 
require collaborative healthcare teams / liaisons to use 
shared decision-making communication tools.  
2. The use of screening panels with > /= 176 
conditions and an evidenced-based list for perinatal 
screened fetal-neonatal conditions with quality neonatal 
treatment options or without quality / adequate treatment 
options (creating a palliative option) is available for 
counselling, KT, and decision-making.   
3. Personal or couple carrier screening should be 
emphasized for ages 20-30 years of age or younger, 
based on personal reproductive need and plan.  
4. A pre-conception genetic carrier screening KPI of 
>75% for reproductive couples to be aware of their 
genetic carrier risk status, prior to conception. This KPI 
could be enhanced with health service recognition and 
test cost inclusion along.  
5. Prior to preconception (or early post 
conception)risk determination and patient education 
should be initiated to determine a personal genetic carrier 
screening philosophy and process: maternal-fetal well-
being ultrasound only; fetal aneuploidy and congenital 
anomalies with maternal-fetal well-being; fetal carrier 
status only added; parental-fetal carrier status 
(prevention); fetal-neonatal carrier status (neonatal 
treatment).  
6. Based on the patient’s personal reproductive 
genetic carrier screening plan: 

- post conception routine prenatal screening and 
diagnostic processes for chromosomal CNV variants, AR 
and X-linked risk screening / diagnosis, and congenital 
anomaly(ies) can be arranged after 10 weeks of gestational 
age. Fetal testing can be continued or augmented as 
necessary for any of the five genetic screening pathways 
(maternal-fetal well-being only; fetal aneuploidy and 

congenital anomalies; enhanced fetal genetic screening; 
parental -fetal screening; fetal-neonatal screening). 
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- neonatal genetic screening could be 
offered(regardless of pre or post conception patient 
screening status), based on the appropriately screened 
‘early or later onset ’genetic conditions with‘ scored 
treatment’ options(success; innovation; QOL criteria; 
ethical standards), and will continue to be innovative, 
evidenced-based and annually reviewed.  
7. Delivery plan, location determined, and postnatal 
management for a ‘known / affected’ fetal-neonatal 
(genetic or congenital anomaly) should be planned, using 
informed and shared decision making.  
8. Any healthcare service offering an enhanced 
perinatal genetic carrier care model or fetal therapy 
program require pregnant person planning and access for 
unplanned or urgent obstetrical and genetic assessment. 
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 question/s. 
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