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Abstract
Expanded carrier screening (ECS) is increasingly offered within assisted reproductive technologies (ART), particularly as a component of donor gamete selection. As genomic testing options rapidly evolve, the complexity of interpreting ECS results presents significant challenges for donor gamete recipients and the healthcare professionals supporting them. At the same time, regulatory frameworks and professional guidelines have not kept pace with these technological developments, resulting in gaps between clinical practice and formal guidance. This paper aims to summarise current practice, highlight emerging issues arising from the integration of ECS into gamete selection, and provide recommendations to facilitate informed decision-making
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Background:
Carrier screening for autosomal recessive (AR) conditions is the practice of screening individuals to assess whether they are carriers of a pathogenic genetic variant or allele. When both gamete providers carry pathogenic variants in the same gene, there is a 25% (1 in 4) risk that their child will be affected by the recesive condition associated with the gene (Miko, 2008). There are thousands of AR conditions with varying frequencies across populations, and carrier screening tests have been developed as different panels depending on the clinical context. The practices and policies around using these tests in donor banks vary widely. 

 The HFEA Code of Practice (HFEA 2023) recommends that gamete donors should be screened in accordance with professional guidance produced by the relevant professional bodies. Current and proposed UK professional body guidelines (Clarke et al. 2019 and 2026 in press) stipulate that those with an AR condition should not generally be accepted as gamete donors, and that the potential donor should ordinarily not be heterozygous for an autosomal recessive gene known to be prevalent in the donor’s ethnic background. We argue that this is not logical, particularly since all individuals are likely carriers of at least one AR condition if screening is extensive enough. Further, this poses a barrier to the use of donors who have had ECS and have been identified as carriers, and is not logical for those AR conditions where carrier status holds no health implications. Technological advances over the last decade have made genome-wide sequencing affordable, enabling a pan-ethnic approach, expanding carrier screening to include many known AR conditions, regardless of population prevalence (van der Hout et al., 2016; Arjunan, 2022). 

Current landscape
The current screening of gamete donors for heritable conditions has evolved without a cohesive framework and includes family history questionnaires and some genetic screening (NHS Scotland 2020, Clarke et al. 2019). The HFEA Code of Practice requires an assessment of the risk of transmission of inherited conditions known to be present in the family, and that information on the associated condition and available measures to mitigate those risks is clearly explained to the recipient.

Professional body guidance recommends karyotype testing for chromosome abnormalities and screening of genes associated with AR diseases for cystic fibrosis, thalassemias and sickle cell for all donors (Clark 2026 in press) and other conditions known to be prevalent in the donor's ethnic background, such as glucose-6-phosphate dehydrogenase deficiency in Mediterranean populations and Tay-Sachs disease in Jewish people of Eastern European descent. As described previously, the guidance specifies that donors should ordinarily not be carriers of AR conditions and that donors who screen positive for a recessive condition can be accepted under exceptional circumstances. (e.g., for a known donation) after all parties are fully informed, the view of an appropriately qualified clinical geneticist is obtained and where full records of the discussions are kept (Clarke et al. 2019 and 2026 in press). The guidance update does not recommend ECS but acknowledges that donor banks are implementing ECS, which can lead to the requirement for recipient testing for donor matching. As donor sperm is increasingly purchased from banks where donors have undergone ECS, it is important that guidance for clinics and patients is available. 

It could be argued that ECS may not be clinically beneficial to the average gamete recipient, as many conditions included in expanded carrier screening (ECS) (Rowe and Wright, 2019) have a low prevalence in the general population. The co-carrier risk (the risk of both recipient and donor being carriers of pathogenic variants in the same gene) for conditions meeting clinical utility criteria varies according to the genes included, the variants reported and categorisation of disease severity, but is estimated to be in the region of 2- 2.6%  (Westemeyer et al., 2020, Kirk et al 2024. Lee et al 2025).  ECS is generally not included in treatment pathways using autologous gametes, A recent ESHRE ethics committee opinion advised that ECS could be offered to all ART patients with responsible use that is proportionate, ethically justified, and sensitive to professional responsibility involved so patients are supported rather than pressured while undergoing assisted reproduction. (de Wert et al., 2021). Expanded carrier screening is also increasingly considered (Kirk et al. 2021) in preconception screening for non-assisted  conceptions ("Committee Opinion No. 690 Summary," 2017), with the American College of Medical Genetics and Genomics (ACMG) recommending screening all couples planning a pregnancy with a standardised pan-ethnic ECS panel of 113 genes (Gregg et al., 2021). 

Many donor banks are now including ECS results within a gamete donor's profile, and as panels expand, more donors are found to be carriers, sometimes of very rare conditions. As outlined previously, professional guidelines suggest that carriers of genetic conditions should not ordinarily be accepted as donors.  It can be argued that this has no medical basis in most circumstances. Furthermore, such exclusion reduces the number of donors who are eligible to donate, making access to donor gametes more limited and potentially increasing cost (Payne et al. 2021). 

Materials and methods

This paper was written in response to the current clinical dilemma of ECS reporting by donor banks. Multidisciplinary input was sought from a representative working group comprising clinicians in reproductive medicine, embryology, reproductive science, clinical genetics, and a lay stakeholder. The group considered existing UK professional body guidance, international recommendations, and the evolving practices of donor banks regarding ECS.

A review of relevant literature was undertaken, including existing guidelines, consensus statements, and recent studies evaluating the implementation and outcomes of ECS in donor and recipient populations. While this was not a formal systematic review, the group drew upon key peer-reviewed publications and current UK regulatory frameworks to inform the guidance.
The group also examined case examples from clinical practice to understand challenges experienced by recipients when ECS results were provided as part of the donor profile. These examples highlighted areas where clearer guidance and consistent practice are needed.
Where evidence was limited or conflicting, a consensus-based approach was adopted. Each recommendation was discussed within the group, with the aim of ensuring that any proposed practice is clinically meaningful, ethically justified, and proportionate within the UK regulatory context.
The guidance was drafted iteratively, with all authors contributing to revisions.  The final version was reviewed and approved by all members before submission, ensuring that the document reflects multidisciplinary consensus.


Scope of the Guidance
This guidance focuses on the use of gametes from donors who have undergone expanded carrier screening (ECS). It addresses the interpretation and communication of ECS results and approaches for donor–recipient selection to support informed decision-making in the context of extended carrier screening. It should also be recognised that a residual risk of recessive conditions still remains following ECS and reciprocal screening. The guidance does not address autosomal dominant conditions or genetic variants arising de novo in the egg or sperm. Clinics should ensure that the limitations of ECS are communicated. This document is intended for clinicians, embryologists, reproductive scientists, genetic counsellors, and other professionals involved in recipient care. It also provides information relevant to fertility counsellors and regulators.
The guidance applies to the use of donor sperm, donor eggs, and double donation where donors have undertaken.ECS. It does not cover ECS options for individuals undergoing assisted conception with partner gametes, nor does it address prenatal or newborn screening programmes. 
Guidance for clinicians:
The place of ECS within current donor screening protocols
Expanded carrier screening of donors is not mandatory; however, recipients frequently request guidance from their clinic regarding the interpretation and implications of carrier screening results for themselves and their children. An information sheet, developed as part of this paper, is available in Appendix 1 for clinics to adapt for their use. 

Recipients should be guided to understand the extent of genetic screening for a selected donor. For example, the number of AR conditions screened for, and that dominantly inherited adult-onset diseases are not tested but assessed via a review of the donor's available family history. They should also be made aware that although ECS can be used for all donors irrespective of their ancestral background, much of the data in available ECS panels has been obtained from populations of northern European ancestry (GWASdiversitymonitor.com), which means that considerably less is known about the frequency or pathogenicity of variants in other populations (Arjunan 2022). 

Understanding and interpreting ECS reports:
Variation in screening protocols and information provided by donor banks. 
The more genes are tested, the more likely a person will be found to be a carrier of an autosomal recessive genetic condition (Greg et al., 2021). Some donor banks employ small panels (varying from 3 to 37 genes) and exclude any carriers from the donation programme. Others use larger panels (283 to 500+ genes) and accept donors who are found to be carriers. Some donor banks curate in-house prevalence and severity limits for conditions, rejecting certain carrier donors and accepting others. Information on such criteria is not always easily accessible to recipients or healthcare professionals.

Where ECS results are shared with the recipient by a donor bank, the information provided ranges from declaring the carrier status in a particular gene to a full ECS report on all genes screened. Some donor banks report ECS results but do not provide personalised guidance on the implications of the results, while simultaneously asking potential recipients or clinics to sign a document stating that sufficient information from a suitable professional has been provided to demonstrate an understanding of carrier status and reproductive risk. Other donor banks may offer a genetic matching service for carrier status (often for an additional fee), but do not disclose the carrier status of either the donor or the recipient.  

Variation of genes included in ECS panels 
The provision of ECS often operates on a user-pay basis, with donor banks free to select ECS test providers according to commercial considerations or perceived competitive advantages, rather than on the basis of standardised clinical or ethical criteria.  Most panels consider the carrier frequency of the gene variant in the population and the severity of the associated condition. Panels can include gene variants with carrier frequencies ranging from 1 in 4 to greater than 1 in 500 people (Greg et al., 2021). For certain conditions, variants that result in milder forms of the condition or those with variable penetrance or expressivity may be reported. In summary, ECS panels exhibit substantial differences between the genes included at the time the panel was established and the reporting of milder variants. 

Variation in reported carrier frequencies and residual risks quoted by ECS providers. 
To consider a recipient's personalised reproductive risk to use a donor with known carrier status, the probability of the recipient also being a carrier should be estimated. Since the carrier frequency for many rare recessive conditions is often unknown, providing accurate personalised risk estimates can be challenging and often falls outside the expertise and remit of most fertility clinics. Table 1 illustrates some of the variability in risk estimates reported by commercial providers in the carrier frequency tables that accompany ECS tests. Currently, donor banks are not mandated to share genetic test reports, disclose the commercial ECS panel used, or provide a population carrier frequency for detected conditions, all of which would assist a recipient to make informed decisions. 
Even when such information is shared, the variability in population-based carrier frequencies suggests that using data from a single commercial provider, ie the provider used to test the donor, may not accurately reflect the reproductive risk for a recipient. 
Recommendation
Potential recipients should be provided with information and support in understanding recessive inheritance, the extent of donor testing, and whether a carrier status is associated with the donor. Information should include the limitations of testing and residual risks. An information sheet, adaptable for clinic use, is available in Appendix 1.

Clinics should advise recipients that their genetic ancestry could influence the appropriateness of the ECS gene panel included in the carrier screening of a donor 

Donor banks should provide details on the population carrier frequencies of conditions carried by a donor to aid patient counselling and facilitate reproductive risk assessment. 

Table 1: Examples to show inter-provider variation for carrier frequency estimates for the same gene by self-reported ethnicity.  
[image: A table with text and numbers
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Psychological impact for gamete recipients; parity with those having treatment with their own gametes
Fertility treatment with donor gametes can be an emotional and complex process, and the information provided should match the recipient's needs and consider their personal risk perception and anxiety. The discussion between clinical staff and a recipient should frame the understanding that any conception involves some degree of genetic risk and that a level of screening may be recommended according to their individual family history or ancestry. ECS is intended to reduce the generally low baseline reproductive risk in the general population for AR conditions. However, knowledge of an AR recessive carrier status for a donor places additional steps and considerations on recipients. Recipients may wish to take time to seek further advice from their clinic or a suitably qualified professional to understand their options before proceeding with a donor. The information sheet in Appendix 1 may be helpful for such discussions.  



Recommendation
[bookmark: OLE_LINK1]Potential recipients should have the option to choose the level of ECS provision for their donor selection, with carrier screening reported at a level acceptable to them. As donor ECS results, once generated, usually form part of the donor profile, choice, could be facilitated through access to donor banks with differing ECS policies, including those where ECS is not reported, where screening is limited, or where broader ECS panels are used.

Recipient screening and genetic counselling 
An option to maintain parity between donor gamete recipients and those having treatment with their own gametes would be to apply the criteria advised for screening of partners using autologous gametes, where one partner is a known carrier of a recessive genetic condition.  

In the UK, current NHS guidelines suggest the need for carrier screening if a reproductive partner or family member is a known carrier and the carrier frequency of the condition is up to 1 in 70 in the relevant population(s) of the patient to be tested (NHS genomic test directory, October 2021). In other words, carrier screening is advised when one partner is a known carrier, and the other partner’s estimated carrier frequency is ≥ 1 in 70 for the same condition. As an example, if a donor is a carrier, and the population prevalence risk of the condition is 1 in 100, the risk of a child being born with that condition (in the absence of screening for the recipient) would be 0.25% (1 in 100 divided by 4). For a condition with a 1 in 70 prevalence, the risk for the child would be 0.36% (1 in 70 divided by 4).

Recommendation
Genetic information arising from ECS should be available to all recipients. Where the carrier prevalence of the condition (or conditions) that the donor is a carrier of is at or more common than 1 in 70 in the relevant population of the recipient, options for testing to check the recipient is not a carrier of the same condition should be offered with appropriate genetic counselling.. 

Considerations for Information Provision 
Potential recipients should have access to the advice and genetic testing options they may require from a suitably trained professional (such as genetic counsellors, specialist clinicians and clinical scientists), understanding that this may have cost implications and could delay time to treatment. Recipients and clinics should ensure that if a recipient wishes to screen for AR conditions, the testing is undertaken by an accredited laboratory using a validated test supported by a suitably qualified professional. Individuals should be informed that their residual risk after testing may vary depending on the provider selected for their testing and that the findings could have implications for their wider family.

Recommendations
Clinics should be able to provide access to in-house or external professionals who can help recipients understand their personalised carrier risk for using a donor who has been identified as a carrier, to understand  options such as:
Accepting the estimated reproductive risk and proceeding to their treatment pathway 

Selecting an alternative donor who has tested negative on a particular ECS panel 

Selecting an alternative donor who has had ECS. 
Undertaking suitable screening for the condition(s) the donor is a carrier of  
Additional considerations 
Consideration for the child's reproductive future
A child conceived using gametes from a donor who carries an AR condition will have a 50% chance of being a carrier. Although carrier screening is not typically offered in childhood, individuals may wish to consider carrier screening when they reach reproductive age, taking into account the screening options available at that time and their own reproductive plans. 
Reconsideration of the status of donors diagnosed as a carrier of an AR condition after the birth of an affected child
Current practice includes surveillance for congenital anomalies and disabilities in children conceived using donor gametes, and in the event of an inherited condition being suspected, genetic investigation may follow. Some donor banks may restrict or require additional consent for future use if the investigation reveals that the donor is a carrier of an AR condition associated with the adverse outcome. This appears inconsistent with the practice of permitting a recipient to choose a donor who has been reported as being a carrier based on ECS from the outset. 
Scenarios where understanding a carrier status can be complex:
For some recessive conditions, carriers may experience mild symptoms or be at an increased risk of certain health conditions. In these situations, the risk-benefit ratio of allowing a donor who is a carrier to donate becomes complex, as 50% of offspring would also be carriers and may manifest symptoms. 

Furthermore, a recipient's risk for some recessive conditions may depend on the specific variants identified and the inclusion criteria for the ECS reporting.  Specific gene variants can pose variable risks depending on their penetrance (the likelihood that a variant will result in clinical disease) and on interactions with alterations in other genes, as seen in haemoglobinopathies, or for variants in the same gene, for example, the gene associated with cystic fibrosis and classic vs non-classic forms of congenital adrenal hyperplasia. Patients should receive appropriate advice for specific variants where relevant to the health for a child. 

X-linked conditions tend to manifest in males since they only have one X chromosome. Females may carry a condition on one of their two X chromosomes and experience mild or no symptoms. Some ECS panels include X-linked conditions for all donors; however, this is more relevant for oocyte donors.
Conveying the limitations of an 'ECS screened' donor
Congenital anomalies or congenital disabilities may still occur in children conceived using a donor who has undergone carrier screening at a frequency similar to that expected in the general population. Recipients should be aware that ECS screening does not eliminate all risks. Recipients should have access to appropriate prenatal and newborn screening information where applicable. 

A negative ECS result for a donor is limited by the genes on the panel and variants reported by the ECS provider. In addition to specific conditions, there are nuances for residual risk due to the complexity of genes and or the chromosomal location of variants.   For example, up to 4% of spinal muscular atrophy carriers may receive a false negative result (with a higher proportion in individuals of sub-Saharan descent) as they have two copies of SMN1 on one chromosome and a deletion on the other chromosome (a [2+0] genotype) (Prior 2000).
Consideration of preimplantation genetic testing of monogenic disease (PGT-M)
If both the donor and the recipient are found to be carriers of the same condition, recipients would typically choose a different donor. PGT-M may, be a possible option for HFEA-approved conditions where risk becomes evident after a live birth of an affected child and a recipient wishes to use the same donor for sibling conception.  However, this is likely to depend on the availability and consent of the donor for their DNA to be used for PGT-M analysis. 

	Summary of recommendations 

	Understanding and interpreting ECS reports


	Potential recipients should be provided with information and support in understanding recessive inheritance, the extent of donor testing, and whether a carrier status is associated with the donor. Information should include the limitations of testing and residual risks. An information sheet, adaptable for clinic use, is available in Appendix 1.

Clinics should advise recipients that their genetic ancestry could influence the appropriateness of the ECS gene panel included in the carrier screening of a donor 

Donor banks should provide details on the population carrier frequencies of conditions carried by a donor to aid patient counselling and facilitate reproductive risk assessment. 

	Psychological impact for gamete recipients; parity with those having treatment with their own gametes

	
Potential recipients should have the option to choose the level of ECS provision for their donor selection, with carrier screening reported at a level acceptable to them. As donor ECS results, once generated, usually form part of the donor profile, choice, could be facilitated through access to donor banks with differing ECS policies, including those where ECS is not reported, where screening is limited, or where broader ECS panels are used.. 

	
Recipient screening and genetic counselling
	[bookmark: _Hlk147843237]Genetic information arising from ECS should be available to all recipients. Where the carrier prevalence of the condition (or conditions) that the donor is a carrier of is at or more common than 1 in 70 in the relevant population of the recipient, options for testing to check the recipient is not a carrier of the same condition should be offered with appropriate genetic counselling. 	Comment by Cathy Herbrand: including in the NHS?	Comment by valerie shaikly: Carrier screening within the NHS gives 1 in 70 as the cut off but the reality of when testing is offered may not reflect this. The recommendation is communicate when reciprocal screening should be offered to align with NHS screening of a partner with a known carrier status

	
Considerations for information provision 


	Clinics should be able to provide access to in-house or external professionals who can help recipients understand their personalised carrier risk for using a donor who has been identified as a carrier, to understand options such as:
Accepting the estimated reproductive risk and proceeding to their treatment pathway 

Selecting an alternative donor who has tested negative on a particular ECS panel 

Selecting an alternative donor who has had ECS. 
Undertaking suitable screening for the condition(s) for which the donor is a carrier.   	Comment by Richard Anderson: incomplete sentence
 



Recommendations for collaboration and training
· Review and implementation of current ECS guidelines are required to ensure consistency of methodology and availability of transparent information for professionals and patients.
· Carrier frequencies provided by providers for ECS are variable and not always consistent across different population groups. Collaboration to collate a central reference resource would bring benefits. 
· Genomics and genomic counselling are included in the Reproductive Science Scientist Training Programme (STP) curriculum. This could provide an opportunity for clinical scientists to receive training for supporting recipients. Professional bodies could run a training course for clinicians and clinical scientists to impart the essentials for providing information surrounding genetics for recipients of gamete donation.
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Appendix 1: Information for recipients for carrier screening and expanded carrier screening of donors
Genes are instructions in our DNA that help our bodies grow and function. We usually inherit one copy of each gene from a sperm and one from an egg, so we have two copies. Everyone has many genetic differences. Most do not affect health. However, some changes can stop a gene from working as it should. 
[image: Diagram

Description automatically generated]A carrier has one changed gene and one working gene, and is usually healthy. A recessive condition can occur if a child inherits the same changed gene from both the sperm and the egg. This pattern is called autosomal recessive inheritance. An example of a recessive condition you may have heard of is cystic fibrosis or thalassemias

Has a donor been screened for recessive conditions? 
In the UK, guidelines require donors to be screened for some recessive genes that are common in certain ethnic groups.
New genetic tests can now screen for many recessive conditions at the same time. This is known as carrier screening. Many sperm and egg donor banks routinely offer carrier screening. Some screen for only a small number of conditions, while others screen for several hundred. This broader testing is called expanded carrier screening.
Carrier screening does not detect all genetic conditions. It also cannot find every genetic change.This means there is a small chance that a donor could still be a carrier even if the carrier screen result is negative.
You can ask the donor bank which recessive conditions a donor has been screened for. If a donor is found to be a carrier, this information should be shared with you.

What does it mean for a recipient if a donor is a carrier of a recessive condition?

Most people are carriers of one or more recessive genetic conditions. Being a carrier usually does not affect a person’s health. However, there may be a risk to a child if both a donor and a recipient are carriers of the same condition.
The level of risk depends on how common that carrier status is. For example, about 1 in 25 to 30 people of Northern European background carry a gene change linked to cystic fibrosis. If both the donor and the recipient are carriers of the same gene, there is a 1 in 4 (25%) chance that a child would be affected.
An individual’s chance of being a carrier can vary because some genetic changes are more common in certain ethnic backgrounds.
Most recipients do not know whether they are carriers of recessive conditions. If a 
donor is known to be a carrier, it is possible to estimate the chance that a child could be affected. This estimate is based on how common the carrier status is. This is known as the carrier frequency..
For example, if your chance of being a carrier of the same gene as the donor is 1 in 25, the chance of having a child affected by the condition would be about 1 in 100 (1%). If your chance of being a carrier is 1 in 100, the chance of having an affected child would be about 1 in 400 (0.25%).
To put this into context, around 3 in 100 pregnancies in the general population are 
affected by a congenital anomaly or disability.

Can I choose a donor who is a carrier of a recessive condition for my treatment?

There are many factors to consider when choosing a donor. If a donor is a carrier of a recessive condition, this does not usually prevent their use in treatment. Donor banks may ask you to sign a consent form to confirm that you have been given clear information about the donor’s carrier status.Your clinic or donor bank should be able to help you find the information you need.
NHS guidance on carrier screening suggests that people with a higher chance of being a carrier may be offered testing. If you are choosing a donor who is a known carrier, and your chance of carrying a change in the same gene is relatively high, it may be helpful to speak with a suitably qualified person about what this mean for you and options to screen yourself. 
Some people feel comfortable proceeding with treatment after understanding their personal level of risk. Others may prefer to have carrier screening to find out whether they are also carriers of the same condition. Policies can vary between fertility clinics and donor banks, and everyone’s comfort with risk is different. Your clinic or donor bank should be able to help you access further information. This may include speaking with a healthcare professional with expertise in genetics, such as a genetic counsellor or another suitably qualified clinician, who can help you understand your personal carrier risk and options.
Carrier screening kits bought online are often not detailed enough for accurate screening of recessive conditions. 
If a donor is a carrier of a recessive condition, there is a 50% chance that a child would inherit the altered gene and be a carrier themselves. This would not usually affect the child’s health, but it may be useful information for them when they are planning a family.
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African/African 1 in 52
American 1in 324

East Asialin7
Caucasian/European 1in 120
South Asian 1in 136

Range of residual risk after testing
1in28to 1in 1296

Pan ethnic 1in 125

Range of residual risk after testing
1in 12400

African 1in 52

Ashkenazi Jewish 1 in 15

East Asian1in7

European (non -Finnish) 1in 12
Native American 1in 24

South Asian 1in 7

Worldwide 1in 13

Range of residual risk after testing
1in370to 1in 380

GJB2-related
DFNB1
Nonsyndromic
Hearing Loss and
Deafness

African American: 1 in 42
Ashkenazi Jewish: 1in 21
Eastern Asia: 1in 34
Hispanic: 1in 33

Middle East: 1 in 33
Native American: 1in 33
South Asia: 1in 41
Southeast Asia: 1in 34
Other Populations: 1in 26

Range of residual risk after testing
1in 2000 to 1in 4100

African/African 1 in 40
Caucasian/European 1in 40
East Asian 1in 58

South Asian 1 in 100
Latino 1in 21

Range of residual risk after testing
1in 489 to 1in 2100

Ashkenazi Jewish 1in 13
Pan ethnic 1in 50
Thailin9

Range of residual risk after testing
1in 800 to 1in 1200

Ashkenazi Jewish 1in 13
African 1in 56

East Asian1in5

Finnish 1in 16

European (non-Finnish) 1 in 18
Native American 1in 28

South Asian 1in 55

Range of residual risk after testing
1in 210 to 1in 1400

Table 1. Carrier frequencies quoted by the 4 commercial carrier screening providers used by donor banks and by recipients for counter screening demonstrating (i)
variation of populations included per condition (ii) differences in quoted carrier frequencies for the same population (iii) differences in residual risk after testing *
accessed from published tables on the 22.03.22





