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Abstract

Congenital disorders (CDs) contribute significantly to the global burden of disease, particularly in low
and middle-income countries. In South Africa, CDs are the fourth leading cause of early neonatal death.
While CDs with genetic origins cannot be prevented, earlier identification through prenatal screening
and diagnosis offers an effective means of intervention and care. Genetic counseling is vital in prenatal
care, assisting in patient education and information giving regarding screening and diagnostic outcomes,
prognosis, and options going forward. However, there is still limited data detailing these services in the
South African context. This study aimed to evaluate the prenatal genetic services provided by genetic
counsellors at several state hospitals in Johannesburg over a two-and-a-half-year period. A total of 525
files belonging to patients who were referred for prenatal genetic counseling from July 2019 to
December 2021 were reviewed. The mean age (standard deviation) was 35 + 8 years and 59.2%
(311/525) of the cohort was of advanced maternal age (AMA). The Black population group accounted
for 89.7% of the patients seen, of which the most spoken home languages were isiZulu, Sepedi, and
Sesotho. The primary reasons for referral were AMA and abnormal ultrasound findings. The uptake of
prenatal invasive testing was 39.8% (141/354) and patients were more likely to undergo testing when
referred for ultrasound findings (p < 0.001). Several reasons were reported for declining testing, with
the majority (41.1%; 74/180) indicating concerns about the risk of miscarriage. Twenty-seven
confirmed genetic diagnoses were made via genetic testing, namely 26 cases of chromosomal
aneuploidy and one single gene condition. Lastly, patients were more likely to terminate a pregnancy
with a confirmed genetic diagnosis (p < 0.001). These findings provide an overview of the prenatal
genetic counseling services in these settings and offers insights into the decision-making patterns of

patients in the Johannesburg state healthcare landscape.
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Abstract for journal submission

Congenital disorders (CDs) contribute significantly to the global burden of disease, particularly in low
and middle-income countries. In South Africa, CDs are the fourth leading cause of early neonatal death.
While CDs with genetic origins cannot be prevented, earlier identification through prenatal screening
and diagnosis offers an effective means of intervention and care. Genetic counseling is vital in prenatal
care, assisting in patient education and information giving regarding screening and diagnostic outcomes,
prognosis, and options going forward. However, there is still limited data detailing these services in the
South African context. This study aimed to evaluate the prenatal genetic services provided by genetic
counsellors at several state hospitals in Johannesburg over a two-and-a-half-year period. A total of 525
files belonging to patients who were referred for prenatal genetic counseling from July 2019 to
December 2021 were reviewed. The mean age (standard deviation) was 35 + 8 years and 59.2%
(311/525) of the cohort was of advanced maternal age (AMA). The Black population group accounted
for 89.7% of the patients seen, of which the most spoken home languages were isiZulu, Sepedi, and
Sesotho. The primary reasons for referral were AMA and abnormal ultrasound findings. The uptake of
prenatal invasive testing was 39.8% (141/354) and patients were more likely to undergo testing when
referred for ultrasound findings (p < 0.001). Several reasons were reported for declining testing, with
the majority (41.1%; 74/180) indicating concerns about the risk of miscarriage. Twenty-seven
confirmed genetic diagnoses were made via genetic testing, namely 26 cases of chromosomal
aneuploidy and one single gene condition. Lastly, patients were more likely to terminate a pregnancy
with a confirmed genetic diagnosis (p < 0.001). These findings provide an overview of the prenatal
genetic counseling services in these settings and offers insights into the decision-making patterns of

patients in the Johannesburg state healthcare landscape.
What is known about this topic?

In the context of prenatal care, genetic counseling is an important tool for providing psychological
support and advisory services regarding appropriate testing and management options. Despite its
recognised importance, limited data exists on this service in the South African context, particularly in

Johannesburg.

This paper adds to the topic: As the first audit of these services in the Division of Human Genetics,
this study provides insights into the decision-making patterns of patients in the Johannesburg state

healthcare sector and also serves as a starting point for future departmental research into this service.

Keywords: Prenatal, Genetic counseling, Johannesburg, South Africa
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1. Introduction

1.1 Congenital disorders

Congenital disorders (CD), or birth defects, are structural or functional abnormalities that develop
between conception and birth (WHO, 2023). CDs may be detected prenatally, at birth, or later in life.
The known causes of CDs fall mainly into three categories, namely genetic (15%), environmental (7%
-10%), and multifactorial (20% - 25%) (EUROCAT, 2004). However, a large proportion of CDs cannot
be attributed to a specific cause. In South Africa, CDs are the fourth most common contributor to early
neonatal death (Rhoda et al. 2018). Yet, the extent to which these cases can be linked to a specific
actiology remains unclear due to the paucity of research in this area. Reportedly, 70% - 85% of CDs
can potentially be prevented or mitigated by appropriate care (Czeizel, 2005; Christianson et al. 20006).
While CDs caused by genetic factors cannot be prevented, earlier identification efforts have been an
effective medium of intervention and care. This is largely attributed to improvements in prenatal
screening and prenatal diagnosis for high-risk pregnancies, emphasising the value of prenatal

investigations (Christianson et al. 2006).

1.2 Indications of a high-risk pregnancy

A pregnancy is classified as high-risk when the mother, the unborn child, or both are at an elevated risk
of adverse outcomes, before or after birth. Common referral criteria for prenatal genetic counseling
include advanced maternal age (AMA), defined as pregnant women aged 35 years and older;
consanguinity; soft markers and fetal abnormalities detected on ultrasound; known or suspected family
history of genetic conditions; history of pregnancies with genetic or structural abnormalities; parents
with a chromosomal rearrangement; recurrent miscarriages; and exposure to teratogens during
pregnancy (Aalfs et al. 2004). AMA is associated with an increased risk of fetal aneuploidy, whereby
there is an abnormal number of chromosomes within a human body cell. Notably, the most common
aneuploidies are Trisomy 13,18, and 21 (Lampret et al. 2008). Trisomy 13 and 18 are linked to an
elevated risk of mortality shortly after birth, with most cases resulting in intrauterine death and only 5%
- 10% surviving beyond the first year (Kroes et al. 2014). In contrast, children with Trisomy 21, also
known as Down Syndrome, have a better prognosis and higher life expectancy (Driscoll and Ross,

2009).

1.3 Prenatal screening

Prenatal screening aims to identify high-risk pregnancies and is available to pregnant women of all ages.
This is done in combination with fetal ultrasounds, obstetric examination, and family history taking
(Nicolaides et al. 2011). Fetal ultrasounds are a routine part of prenatal care, conducted throughout a
pregnancy. Two important ultrasounds are conducted during the first two trimesters of pregnancy. First
trimester ultrasounds assess the fetal growth, presence of the nasal bone, risk of pre-exlampsia, and the

size of the nuchal translucency (NT). This includes a nuchal translucency (NT) scan, conducted between
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11 to 14 weeks of gestation, which assesses the amount of fluid in the fetal nuchal fold. An NT thicker
than 3mm may be associated with an increased risk of a variety of cardiac, skeletal, and genetic
abnormalities such as Trisomy 21 (Kroes et al. 2014; Zhang et al. 2019). The fetal anomaly (FA) scan
is a second trimester screening option performed between 18 to 24 weeks. This ultrasound screens for
major structural abnormalities as well as soft markers. Ultrasonographic soft markers are minor,
observable findings known to be predictive of aneuploidies. Commonly detected soft markers are
hypoplasia of the nasal bone, choroid plexus cysts, short long bones, echogenic intracardiac foci, and
echogenic bowel (Smith-Bindman et al. 2001; Papp et al. 2008). Further investigations such as prenatal
diagnostic testing are necessary when screening outcomes indicate an increased likelihood of a fetus

affected with an underlying aneuploidy or other genetic abnormalities.

1.4  Prenatal diagnosis

Three invasive prenatal diagnostic procedures are available to perform further investigations such as
genetic testing. These are performed under continuous ultrasonographic guidance and sterile conditions.
Chorionic villus sampling (CVYS) is performed as early as 11 to 14 weeks of gestation. Amniocentesis
and cordocentesis are performed in the second trimester, with amniocentesis typically conducted
between 16 to 22 weeks and cordocentesis after 18 weeks gestation and onwards. These procedures
carry risks for miscarriage, which are largely dependent on the operator’s skill and experience.
Experienced operators performing amniocentesis and CVS demonstrate a fetal loss rate of a 0.17 % -
0.52% (Bakker et al. 2016), while cordocentesis is associated with a 1.3% risk. Minor complications
include vaginal bleeding, cramping, and amniotic fluid leakage (Driscoll and Ross, 2009; Wilson et al.
2015). Based on screening outcomes, diagnostic samples undergo cytogenetic analysis such as
karyotyping, fluorescent in situ hybridisation (FISH), quantitative fluorescent polymerase chain
reaction (QF-PCR), chromosomal microarray analysis (CMA), as well as single gene testing to confirm

or exclude the presence of genetic abnormalities.

1.5  Prenatal genetic counseling: considerations in the South African context

According to the National Society of Genetic Counselors (NSGC), genetic counseling entails helping
individuals to comprehend and adjust to the medical, psychological, and familial implications of genetic
factors that contribute to disease (Resta et al. 2006). The 4™ edition of Guidelines for Maternity Care,
published in 2015 by the South African National Department of Health, proposed the implementation
of prenatal genetic counseling services as a key feature of state hospitals. Notably, South African
healthcare comprises both private and state sectors, with 80% of the population relying on state services
and 20% on private care (Cottino et al. 2022). State hospitals typically employ an income-based

classification system to cover medical expenses.

In 2013, Kromberg et al. reported that only 10% of the national genetic disease burden was addressed,

with most services solely available at tertiary hospitals in four of the nine provinces in the country. In



addition, they also reported on the sparse number of registered genetic counselors. Thus, genetic
services in the country are generally limited. Currently, the South African state healthcare system does
not offer CMA routinely in the prenatal setting. At the National Health Laboratory Service (NHLS)
Johannesburg, one of the state diagnostic pathology services, QF-PCR has been available since 2001
for aneuploidy detection in both pre- and postnatal cases. While there is a reduced and unbalanced
utilisation of this test in the country, QF-PCR has proven to be useful given the lack of resources due to

the aforementioned reasons (Cottino et al. 2022).

1.5.1 Decision making in pregnancy

In the prenatal setting, genetic counseling is a source of psychosocial support and guidance on
appropriate testing and management choices, making it a vital aspect of prenatal care (Malope et al.
2023). The South African Choice on Termination of Pregnancy Act of 1996 imposes strict guidelines
on termination of pregnancy (TOP) at different gestational ages. Following a prenatal diagnosis of a
CD, parents have options regarding the management of pregnancy and can decide to either continue
with pregnancy or undergo TOP. Although TOP has been legalised in South Africa, it continues to be
marked by considerable stigma. Often, the right of choice is negatively impacted by the fear of being
shunned by the community (Harries et al. 2007). Moreover, prospective parents are tasked with making
decisions that correlate with their moral, ethical, and religious beliefs (Scott et al. 2013). Psychological
and financial strains exist in the decision to continue with a pregnancy wherein a CD is diagnosed
(Mazibuko et al. 2022). These encompass emotions of guilt and disappointment, as well as the burden
of addressing the expenses of life-long medical interventions. Thus, the decision to terminate a
pregnancy is complex and there are many factors that contribute to the choices that are made. Given the
diversity in South Africa, there may be unique considerations in the provision of genetic counseling
services in this context. This highlights the necessity of research that provides insights into the services

in these settings as well as the decision-making processes of patients.

Therefore, this study aimed to evaluate the prenatal genetic services provided by genetic counselors at
several state tertiary hospitals in Johannesburg over a two-and-a-half-year period. This was achieved

by:

1. Describing the demographics of prenatal cases seen for genetic counseling in the Johannesburg
state healthcare system from July 2019 to December 2021;

il. Determining the main reasons for referral for genetic counseling;

1. Assessing the common soft markers and abnormalities detected on ultrasounds scans during
the first and second trimesters;

iv. Analysing the uptake of invasive testing, types of genetic testing performed on diagnostic

prenatal samples, as well as their outcomes;



v. Assessing the main contributing factors towards decision-making around uptake of invasive

testing and pregnancy outcomes.

2. Methods

2.1. Participant characteristics

This study was a retrospective file review, involving an audit of prenatal clinic records of women who
were seen by a genetic counselor from the Division of Human Genetics, at NHLS/WITS. These prenatal
genetic counseling services were offered at fetal medicine clinics at NHLS/WITS affiliated state
hospitals, specifically Chris Hani Baragwanath Academic Hospital (CHBAH), Rahima Moosa Mother
and Child Hospital (RMMCH), and Charlotte Maxeke Johannesburg Academic Hospital (CMJAH).

2.2. Data collection

The initial period for data collection was July 2019 to July 2024. This was not achieved due to
inconsistencies in certain data fields from patient files and subsequent time constraints. Therefore, this
study comprised 525 files recorded over a two-and-a-half-year period from July 2019 to December
2021. These files were retrieved through the Division of Human Genetics Research Electronic Data
Capture (REDCap) (Harris et al. 2009). The Division of Human Genetics REDCap was implemented
in July of 2018. During the first year of implementation, some patient information continued to be
documented on physical hospital files, and the process of transferring data from these files into REDCap
was underway. Moreover, the database at the time had fewer data fields compared to the current version.
Therefore, to ensure more comprehensive data collection, this retrospective study focused on reviewing
prenatal genetic counseling files from July 2019. Notably, the study period coincides with the COVID-
19 pandemic. This resulted in a national lockdown, halting health care services such as genetic
counselling. Thus, data may not be truly representative of the normal delivery and utilisation of these

services.

Specific database fields were used to perform an exhaustive search, generating a report of all the records
on REDCap. This report was imported onto Microsoft excel. Each clinic record was reviewed for patient
demographics (maternal age, ethnicity, and home language) and pregnancy information (reason for
referral, ultrasound screening findings, uptake of invasive testing, genetic diagnosis, and decision

regarding pregnancy).

2.3. Data analysis

The study comprised of continuous and categorical data. R software was used to perform the analysis,
and the data was summarised with descriptive statistics. Continuous data was tested for normality using
the Shapiro-Wilk test. Normally distributed data was reported as mean and standard deviation with a
95% confidence interval. Continuous data not meeting normality was represented by median and

interquartile range values. Categorical data was described with percentages. Chi-square tests were
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performed to test for significant differences in the distribution of two or more categorical variables.
Fisher’s Exact tests were used to evaluate relationships due to the small expected count sizes in the data.
Monte Carlo simulations were also added to assess variables with large contingency table sizes.

Statistical significance was set according to a p-value of < 0.05.

3. Results

3.1. Participant characteristics

A total of 525 files belonging to women who were referred for prenatal genetic counseling from July
2019 to December 2021 were included in this retrospective review. The demographic characteristics of
these patients are summarised in Table 1 below. The majority of patients were seen at CMJAH. The
maternal age ranged from 16 to 46 years with a mean age of 35 years (SD =8). Ninety percent of the
patients seen belonged to the Black population group. Majority of these individuals were isiZulu

speaking, followed by Sepedi and Sesotho (see supplementary Table 1).

Table 1: Sociodemographic characteristics of the study cohort (N=525)

Overall CHBAH CMJAH RMMCH
Variable N=525;n (%) | N=51(9.7%) | N=2308 (58.7%) | N =166 (31.6%)

Number of patients seen (year)

2019 101 (19.2%) 3 (5.9%) 58 (18.8%) 40 (24.1%)

2020 234 (44.6%) 8 (15.7%) 197 (64.0%) 29 (17.5%)

2021 190 (36.2%) 40 (78.4%) 53 (17.2%) 97 (58.4%)
Maternal age — Mean (SD) 35(8) 36 (7) 32 (8) 33 (7)
Maternal age classification®

AMA (> 35 years) 311 (59.2%) 21 (41.2%) 214 (69.4%) 76 (45.7%)

Non-AMA (< 35

S 213 (40.6%) 30 (58.8%) 93 (30.2%) 90 (54.2%)
Population group

Black 471 (89.7%) 50 (98.0%) 281 (91.2%) 140 (84.4%)

Mixed Ancestry 19 (3.6%) 1(2.0%) 10 (3.2%) 8 (4.8%)

White 16 (3.1%) 0 (0.0%) 7 (2.3%) 9 (5.4%)

Indian 11 (2.1%) 0 (0.0%) 8 (2.6%) 3 (1.8%)

Asian 1 (0.2%) 0 (0.0%) 0 (0.0%) 1 (0.6%)

Non-South African' 7 (1.3%) 0 (0.0%) 2 (0.7%) 5(3.0%)

Foreign patients are selected as other and their country of origin is specified; > Values may not add up
to 100% as a documented date of birth and classification of maternal age was missing in one file.

3.2. Reason for referral for genetic counseling

There were 595 documented referral reasons for the patients seen by the genetic counselors. More than
one reason for referral was recorded for 70 patients. These were categorised into 11 groups, as seen in
Table 2. Overall, the major referral groups were AMA, abnormal findings on ultrasound, poor obstetric

history, previous child with a genetic condition or CD, and suspected or confirmed genetic diagnosis.
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Under ultrasound findings, 110 patients were referred for soft markers and 99 patients were referred for
structural abnormalities detected on ultrasound. There was a significant difference in the reasons for
referring patients for prenatal genetic counseling across the various hospitals (p =1x107%). At CMJAH,
patients were more likely to be referred for AMA, whereas patients at CHBAH and RMMCH were

more likely to be referred for abnormal findings on ultrasound.

Table 2: Comparison of the reason for referral at each tertiary hospital

. Overall CHBAH CMJAH RMMCH P-
Variable

N = 595! N = 54! N = 347! N=195' value ?
Reason for referral 1x10
AMA 225 (38.0%) 13(24.0%) 172(50.0%) 40 (21.0%)
Family history * 9 (1.5%) 3 (6.0 %) 4 (1.2%) 2 (1.0%)
Findings on ultrasound 209 (35.0%) 16(30.0%)  85(25.0%) 108 (55.0%)
Grief counseling 4 (0.7%) 1 (1.9%) 3 (0.9%) 0 (0.0%)
Consanguinity 2 (0.3%) 0 (0.0%) 1 (0.3%) 1 (0.5%)
Other prenatal screening 5 (0.8%) 0 (0.0%) 2 (0.6%) 3 (1.5%)
outcomes
Patient with/suspected 14 (2.4%) 5(9.3%) 7 (2.0%) 2 (1.0%)

genetic condition

Poor obstetric history 52 (8.7%) 3 (5.6%) 35 (10.0%) 14 (7.2%)
Previous child with a genetic 36 (6.1%) 6 (11.0%) 19 (5.0%) 12 (6.2%)
condition or CD

Routine NT scan 3 (0.5%) 3 (5.6%) 0 (0.0%) 0 (0.0%)
Suspected or confirmed 36 (6.1%) 4 (7.4%) 19 (5.5%) 13 (6.7%)

genetic diagnosis

'n (%) ;* Fisher’s Exact test with Monte Carlo simulations; * Family history of a known or suspected
genetic condition

3.3. Common soft markers and abnormalities detected on ultrasound

As illustrated in Figure 1 below, a total of 209 individual soft markers were detected via ultrasonography
during the first and second trimesters of pregnancy in 159 patients. These markers included intracardiac
echogenic foci, increased NT or nuchal fold, absent or hypoplastic nasal bone, short long bones, and
other less frequently observed soft markers. Among 159 patients who presented with soft markers,
44.0% (70/159) were of AMA and 55.3% (88/159) were not of AMA. Notably, these values do not add
up to 100% due to an undocumented date of birth in one of the patient files. Isolated soft markers were
observed for 117/159 patients, whereas 42/159 patients had two or more co-occurring soft markers.

Lastly, 54/525 patients presented with soft markers in combination with structural abnormalities.
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Figure 1: A graph illustrating the commonly detected ultrasonographic soft markers in the study
cohort.

One hundred and nine patients (N = 109) presented with structural abnormalities on ultrasound. Among
these patients, 284 individual structural abnormalities were detected (Figure 2). The majority of these
abnormalities occurred in the musculoskeletal system (27.5%; 78/284), followed by the central nervous
system (CNS) (25.4%; 72/284), cardiovascular system (14.8%; 42/284), and the gastrointestinal tract
(12.0%; 34/284). Patients of AMA and those not of AMA accounted for 42.2% (46/109) and 57.8%
(63/109) of these cases, respectively.
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Respiratory ]
Other 14
Genitourinary tract 17
Face 18

Gastrointestinal tract 34

Organ system

Cardiac 4z
CNS 72

Musculoskeletal T8

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

Frequency (n = 284)

Figure 2: A graph illustrating the abnormalities detected on ultrasound in the study cohort.



3.4. Factors affecting decision-making regarding invasive testing and testing outcomes
Prenatal invasive testing was offered to 67.4% (354/525) of the patient cohort. Decision regarding
invasive testing was grouped according to three outcomes: accepted, awaiting decision, and declined.
Awaiting decision refers to patients who did not make a decision at the time of the consultation. As seen
in Table 3, the uptake of invasive testing was 39.8% (141/354), with 50.8% (180/354) of patients
declining and 9.3% (33/354) being unable to reach a decision.

There was a significant difference in the decision to pursue testing between women of AMA and those
who were not of AMA (p = 0.003); women of AMA were more likely to decline testing or struggle to
reach a decision during the consultation. Notably, a higher proportion of patients who were offered
testing were of AMA (243/354). A significant difference was observed in the distribution of referral
reasons and decision-making (p < 0.001), where patients were more likely to undergo testing when
referred for findings on ultrasound (supplementary Table 4). However, further analysis revealed no
significant difference in decision-making regarding testing between patients who only presented with
soft markers and those who only presented with structural abnormalities (p = 0.3); both groups were
equally likely to pursue invasive testing. No association was found between the choice to pursue testing
and the specific type of soft marker (p = 0.8), or the specific type of structural abnormality (p = 0.5)
detected via ultrasonography (see supplementary Tables 2 and 3).

Table 3: Comparison of the decision regarding invasive testing by maternal age classification

and abnormal findings on ultrasound

Variable Ozeralll Acieptecll Awaitin_g delcision Defline(li p-value?
N=354 N=141 N=33 N=180

Maternal age classification 0.003
AMA 243 (68.6%) 82 (58.2%) 24 (72.7%) 136 (75.6%)
Non-AMA 111 (31.4%) 59 (41.8%) 9 (27.3%) 43 (23.9%)

Ultrasound findings 0.3
Soft markers only 88(24.9%) 43 (30.4%) 15 (45.5%) 30 (16.7%)
Abnormalities only 22 (6.2%) 15 (10.6%) 3(9.1%) 4 (2.2%)

'n (%); *Pearson's Chi-squared test

3.4.1. Reason for declining invasive testing
Overall, 180 of the 354 patients who were offered testing, declined. There were 157 documented reasons
speaking to the rationale behind this decision. Reasons relating to the same or similar themes were
quantitatively analysed and grouped together. Most patients declined testing due to the perception of

risk to pregnancy, followed by the decision not to terminate an affected pregnancy, preferring to wait
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for a FA scan, religious beliefs, and wishing to decide with their partner. In total, 41.1% (74/180) of
patients declined testing due to the fear of miscarriage risks, which was grouped under perception of
risk to pregnancy. Other reasons under this category included low-risk perception, referring to a low

perceived age-related risk, as well as the fear of preterm labour risks (see supplementary table 5).

Table 4: A summary of the reasons for declining invasive testing

Overall

Variable N = 180; n (%)

Reason for declining testing

Would TOP regardless of testing outcomes 1 (0.6%)
Not reported 23 (12.8%)
Pregnancy risk perception 81 (45.0%)
Religious beliefs 9 (5.0%)
Waiting for a FA scan 25 (13.8%)
Wished to discuss with partner 9 (5.0%)
Would not terminate an affected pregnancy 32 (17.8%)

3.5. Invasive testing and outcomes

Prenatal genetic testing was organized according to the invasive procedure performed, and a summary
is provided in Table 5. A total of 119 genetic tests were requested and performed on amniotic samples
(112/119; 94%); CVS samples (5/119; 4.2%); and umbilical cord blood samples (2/119; 1.7%). In terms
of genetic testing, QF-PCR aneuploidy testing was the most requested, followed by karyotype, and
single gene testing. Of the 119 pregnancies that were tested, 27/119 (22.7%) were confirmed to be
affected with a genetic condition and one fetus (1/119; 0.01%) was confirmed to be a carrier of Spinal
Muscular Atrophy (SMA). The specific types of chromosomal aneuploidies are documented in

supplementary Table 6.



Table 5: A summary of the genetic tests performed and the outcomes

Overall Karyotype QF-PCR Single gene

Variable N=119 N=19 N=098 N=2(1.7%)
(100%) (16.0%) (82.4%)
Test result
Chromosomal aneuploidy 26 (21.8%) 5(26.3%) 21 (21.4%) 0 (0.0%)
Single gene condition 2 (1.7%) 0 (0.0%) 0 (0.0%) 2 (100%)

No genetic abnormality
71 (59.6%) 9 (47.3%) 62 (63.2%) 0 (0.0%)
detected

No result available ! 20 (16.8%)  5(263%)  15(15.3%) 0 (0.0%)

! Patient consented to testing during the consultation, but no genetic test results were available for the
study

3.6. Decision-making around pregnancy

A total of 305 of 354 patients who were offered testing continued with their pregnancy, while 48 of
these 354 patients underwent a termination of pregnancy. No association was observed between
maternal age and the decision to continue or terminate a pregnancy (p = 0.1); both groups were equally
likely to continue with the pregnancy. However, the diagnostic outcome via genetic testing had a
significant impact on the decision-making process (p <0.001). Patients were more likely to terminate a

pregnancy with a confirmed genetic diagnosis. See supplementary Table 6 for genetic diagnoses made.

Table 6: Comparative analysis between Maternal age classification and Pregnancy diagnostic

outcome on the decision to terminate or continue with a pregnancy

Continued with Termination of
Variable pregnancy pregnancy p- 1
N = 306 (86.4%) N =48 (13.6%) value
Maternal age classification 0.1
AMA 175 (57.2%) 21 (43.7%)
Non-AMA 130 (42.5%) 27 (56.3%)
Pregnancy diagnostic outcome <0.001
Confirmed genetic diagnosis 7(2.3%) 12 (25.0%)
No genetic abnormality 73 (23.9%) 3 (6.3%)
No result available 9 (2.9%) 4 (8.3%)

Fisher’s Exact test with Monte Carlo simulation
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4. Discussion

4.1. Prenatal genetic services - referrals

The demographic composition of the patient cohort is representative of the population distribution in
the city of Johannesburg, where the Black population group accounts for 80% of the residents
(Cooperative Governance and Traditional Affairs, 2020). The majority of the patients in the study were
isiZulu speaking, followed by Sepedi and Sesotho, which also mirrors the predominant Black
population group in the region. Regarding maternal age, more than half of the patients were of AMA
which can be explained by the provision of services in the state sector. In the South African state
healthcare system, local clinics identify women who are at a higher risk of adverse pregnancy outcomes
and refer them to fetal medicine units based in tertiary hospitals. There, the women gain access to
prenatal services such as specialized fetal ultrasonography, genetic counseling, and invasive procedures
to perform genetic testing (Wessels & Koole, 2018). Due to financial constraints and limited resources,
prenatal testing for chromosomal abnormalities is offered on the basis of maternal age, along with other

screening criteria which constitute a high-risk pregnancy (Bhorat et al. 2018).

This study also observed that genetic counselors were more likely to see patients for specific referrals
depending on the tertiary hospital attended. Out of the three hospitals, only CMJAH was found to have
AMA as the most common referral indicator. In contrast, the remaining two hospitals were more likely
to refer patients for soft markers and structural abnormalities detected via ultrasonography. This
observation could be attributed to the referral pathways from both the primary hospitals in the
surrounding areas and the healthcare practitioners (HCPs) at the tertiary hospitals, as well as the criteria
implemented to determine the necessity of genetics referrals. Therefore, these referral pathways could
benefit from the implementation of standardized guidelines to ensure more consistent delivery of
services across the different hospitals. This can be achieved through collaboration with pertinent HCPs
and the establishment of mutually-agreed upon referral criteria between the referring hospitals and the

genetic counseling team.

4.2. Contributing factors towards the uptake of invasive testing

4.2.1. Patient perceptions and personal beliefs
Fifty percent of patients who were offered testing declined this option. Most patients cited the fear of a
procedure-related pregnancy loss as the major motivating factor behind this decision. Notably, two
patients miscarried subsequent to an invasive procedure, one of which had a negative QF-PCR result.
Other motivating factors included the unwillingness to terminate an affected pregnancy, waiting for
additional assessments, partner support, as well as religious beliefs. These findings are contrary to Du
Toit et al. (2021) who conducted a review on the factors influencing the uptake of prenatal genetic
screening and invasive testing among pregnant women of AMA (>37 years) at Tygerberg Hospital. The

authors reported unwillingness to terminate an affected pregnancy as the primary reason for declining
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an invasive procedure. This may be explained by differences in communication of procedure-related
pregnancy loss risks and balancing this with the age-related risks of a genetic condition. The 1:200 risk
of miscarriage, as communicated in our consultations, may be generally perceived as minimal.
However, it is possible that any level of risk could have been considered unacceptable by the patients
in our study. Du Toit et al. (2021) also revealed that decision-making was not influenced by the presence
of a partner during the consultation. In contrast, nearly 10% of individuals in our patient cohort wished

to commit to a decision with their partner.

4.2.2. Maternal age
Overall, 39.8% (141/354) of patients in our cohort accepted testing. Of the 243 patients who were of
AMA and were offered testing, 82 accepted, resulting in a 33.7% uptake in this group. Notably, 30.5%
(25/82) of these patients did not present with abnormal ultrasound findings nor have a second indication
for testing. This rate is higher than the 17.8% uptake reported by Du Toit et al. (2021) amongst women
older than 37 years of age at Tygerberg Hospital. However, it is similar to findings by Urban et al.
(2011) who conducted a retrospective analysis of patient records at Groote Schuur Hospital in Cape
Town. The authors revealed poor attendance for AMA counseling services and of those receiving
counseling, approximately 31% opted for amniocentesis. This value differed from the increased
acceptance of amniocentesis for referrals based on abnormalities detected on ultrasound, which
prompted them to conclude that maternal age, as a screening criterion, performed poorly in comparison

to other indicators.

Further analysis between the reasons for referral and the choice to pursue testing, in the current study,
revealed an association between these variables. Notably, patients referred for abnormal ultrasound
findings showed a higher uptake of invasive testing compared to the AMA group. The association
between AMA and the increased risk of chromosomal aneuploidies has long been documented and
communicated to patients (Lampret et al. 2008). The South African Health policy also maintains that
all women who are of AMA should have access to amniocentesis. Yet, research continues to show a
reduced uptake of this service (Urban et al. 2011). Further exploration to elucidate the contributing
factors towards this phenomenon could be beneficial for this prenatal genetic counseling landscape. A
potential approach would be to conduct interviews with women of AMA who have underwent genetic
counseling, to investigate whether they perceived the consultations as beneficial. Interviews could
further capture how counseling influenced their understanding and decision making, and note the

aspects considered to be most or least effective.

4.2.3. Abnormal findings via ultrasonography
Based on the types of soft markers and abnormalities seen, it may be inferred that a significant
proportion of patients attended prenatal genetic counseling before 22 weeks gestation. Commonly

detected soft markers in this patient cohort are consistent with other literature (Smith-Bindman et al.
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2001; Papp et al. 2008). There were more patients who solely presented with soft markers in comparison
to patients who solely presented with abnormalities. This is expected since soft markers are often
transient and can be found in pregnancies that are not affected by a genetic condition; whereas structural
abnormalities tend to be more definitive (Kroes et al. 2014; Zhang et al. 2019). Following this reasoning,
it may be hypothesised that patients would be more likely to test for abnormalities. However, statistical
analysis revealed that the choice to pursue testing was not significantly influenced by the type of
abnormal ultrasound finding, soft marker or abnormality. Additionally, no associations were found
between the specific type of soft marker or the specific type of abnormality and the decision to undergo

testing.

4.3. Cytogenetic testing outcomes

Prenatally, QF-PCR aneuploidy testing accounted for 82.4% (98/119) of the tests requested, while
16.0% (19/119) were karyotypes. This discrepancy is expected because the NHLS Johannesburg
employs this test as a first line approach for aneuploidy detection. Notably, QF-PCR is less time
consuming and has a greater economic value than traditional karyotyping. This is beneficial given both
the limited resources and financial constraints present in this setting (Cottino et al. 2022). Of these QF-
PCR tests, 21.4% (21/98) were positive and 63.2% (62/98) were negative. Positive QF-PCR results also
accounted for 80.8% (21/26) of the total chromosomal aneuploidies identified. In total, diagnostic
testing identified 13 cases of Trisomy 21, 7 cases of Trisomy 18, two cases of Trisomy 13, one case of
mosaic Trisomy 16 as well as one case of mosaic Trisomy 17. Turner Syndrome and Triple X syndrome
were the only two sex chromosomal aneuploidies observed. These results encompass all testing

indications.

The majority of the aforementioned trisomies were consistent with the soft markers and abnormalities
that were seen on ultrasound. However, 13 out of 19 pregnancies tested for structural abnormalities on
ultrasound had a negative QF-PCR test result. Internationally, CMA is the first line prenatal diagnostic
test for abnormalities detected on ultrasound, unless the abnormalities are convincingly in keeping with
aneuploidy. This is an additional newer technology that is seemingly more favourable than karyotyping,
based on its ability to uncover Copy Number Variations (CNVs) in DNA (Zhang et al. 2019). As
previously mentioned, this test is currently not available in the state prenatal setting. The question
remains whether further testing, in the form of CMA, should be offered in cases where reasonable
suspicion of a chromosomal abnormality persists, despite a negative QF-PCR test result. This is an
important consideration for genetic counsellors who would have to gauge patient willingness for more

testing.

Notably, results for 16.8% (20/119) of the tests requested were unavailable despite these patients

consenting to testing. It is possible that patients later chose to forgo testing and to not attend their
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booking. However, test results may have also been reported under an incorrect name or hospital number

due to spelling inconsistences and human error.

4.4. Pregnancy management

While no statistical significance was established between maternal age classification and the decision
to continue or terminate a pregnancy, a higher proportion of patients belonging to the non-AMA
classification group underwent the procedure. Previous findings have proposed that young South
African women may be more likely to opt for TOP (Ndwambi & Govender, 2015). Perceived readiness
for parenthood, financial status, relationship problems, and the need to complete their schooling were

found to be the motivating factors behind this decision.

In South Africa, there are no conditions for a medical TOP (mTOP) in the first 12 weeks of the
pregnancy case. During 13 to 20 weeks of gestation, mTOP is dependent on the following: (i) the
medical practitioner is of the opinion that continuing the pregnancy would present risks of injury to the
woman’s physical or mental health; (ii) a considerable risk of gross mental or physical malformation to
the fetus; (iii) the pregnancy resulted from rape or incest; and (v) continuation would affect the woman’s
social or economic circumstances. Following the 20" week of gestation, mTOP is permitted based on
endangerment to the mother as well as the risk of injury and severe abnormalities to the fetus. At this

stage, two medical practitioners must agree upon offering a mTOP (CTOP Act, 1996).

Patients were more likely to terminate a pregnancy affected by a genetic condition. Though not
substantial, a higher proportion of women in this group were of AMA. TOP was carried out for seven
cases of Trisomy 21, four cases of Trisomy 18, one case of Trisomy 13, as well as the mosaic Trisomy
16. The motivating factors behind terminating an affected pregnancy were not explored in this study.
However, previous research provides insights into plausible reasons for this decision regarding
pregnancy. Firstly, there are psychological and financial strains in the decision to continue with a
pregnancy where a CD was diagnosed. Mothers of children with CDs report experiences of emotional
pain, guilt, denial, and disbelief. Moreover, depending on the severity of the CD, children may require
life-long interventions. This means that some mothers must pause their educational endeavours in order
to care for their children (Mazibuko et al. 2022). There is also an economical burden related to frequent
medical visits and loss of work opportunities (Dambi et al. 2015). Altogether, these factors highlight

the complexities in the decision to terminate.

4.5. Study limitations

This study aimed to review patient files from July 2019 to July 2024. Data collection was constrained
due to inconsistencies in the presence of certain data fields at particular time points, which extended the
collection process as certain information was not uniformly recorded in the same place. This also
impacted comprehensive capture of gestation at consultation as well gestational age at ultrasound.

Physical FM ticksheets used during the pandemic required downloading. Consequently, patient data
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was manually entered onto the excel spreadsheet. Due to the impact of the pandemic on the delivery of
genetic services, test results required manually searching on the national database. This study is being
submitted as part of the research component of the MSc (Med) Genetic Counselling degree, which is a
one- year programme. Therefore, due to time constraints, only files from July 2019 to December 2021
were analysed. However, the remaining files will be analysed prior to submission to the selected journal

as data collection is planned to continue.

5. Conclusion

This study provides an overview of the prenatal genetic counseling services and testing practices in our
setting, highlighting potential drawbacks and areas for improvement. Abnormal ultrasound findings
were stronger indicators for invasive testing than AMA, reflecting how patients understood and
responded to their perceived risk. Qualitative research, in the form of interviews, could uncover the
informational and emotional needs of patients in such cases. The fear of procedure-related pregnancy
loss was the main deterrent for invasive testing in this cohort. The utilization of QF-PCR as a first-line
testing approach is effective in detecting common aneuploidies. However, the feasibility of offering
further testing should be evaluated in cases where there remains suspicion of a chromosomal
abnormality despite a negative QF-PCR result. Inconsistent referral patterns indicate a need for more
standardized practices as well as improved collaboration with other HCPs to ensure equitable service
delivery. These findings provide a foundation for guideline development, future research and promotes

a contextual and patient-centered approach to prenatal genetic counseling practices.
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Appendix A: Supplementary tables and figures

Supplementary Table 1. Comprehensive sociodemographic characteristics of the study cohort (N=525).

Variable

Overall

N =525 n (%)

CHBAH-FM
N =511(9.7%)

CMJAH-FM
N =308 (58.7%)

RMMCH-FM
N = 166 '(31.6%)

Total number of patients seen (year)

2019 101 (19.2%) 3 (5.9%) 58 (18.8%) 40(24.1%)

2020 234 (44.6%) 8 (15.7%) 197 (64.0%) 29(17.5%)

2021 190 (36.2%) 40 (78.4%) 53 (17.2%) 97(58.4%)
Maternal age — Mean (SD) 35(8) 32 (8) 36 (7) 33(7)

Unknown 1 0 1 0
Maternal age classification

AMA (= 35 years) 311 (59.2%) 21 (41.2%) 214 (69.4%) 76 (45.7%)

Non-AMA (< 35 years

213 (40.6%) 30 (58.8%) 93 (30.2%) 90 (54.2%)

Unknown 1 0 1 0
Population group

Black 470 (89.7%) 50 (98.0%) 280 (91.2%) 140 (84.4%)
Mixed Ancestry 19 (3.6%) 1 (2.0%) 10 (3.2%) 8 (4.8%)
White 16 (3.1%) 0 (0.0%) 7 (2.3%) 9 (5.4%)
Indian 11 (2.1%) 0 (0.0%) 8 (2.6%) 3 (1.8%)
Asian 1 (0.2%) 0 (0.0%) 0 (0.0%) 1 (0.6%)
Unknown 1 0 1 0
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Other 7 (1.3%) 0 (0.0%) 2 (0.7%) 5(3.0%)
Ethnolinguistic group

Afrikaner 12 (2.4%) 0 (0%) 6 (2.0%) 6 (3.7%)
English-speaking 4 (0.8%) 0 (0%) 2 (0.7%) 2 (1.2%)
European 7 (1.4%) 0 (0%) 4 (1.4%) 3 (1.9%)
Hindi 2 (0.4%) 0 (0%) 0 (0%) 2 (1.2%)
Muslim 6 (1.2%) 0 (0%) 2 (0.7%) 4 (2.5%)
Ndebele 26 (5.1%) 1 (2.0%) 19 (6.4%) 6 (3.7%)
Sepedi 56 (10.6%) 0 (0%) 42 (13.6%) 14 (8.6%)
Sotho 55 (10.4%) 13 (25.5%) 23 (7.8%) 19 (11.4%)
Swazi 4 (0.8%) 0 (0%) 2 (0.7%) 2 (1.2%)
Tsonga 21 (4.1%) 3 (5.9%) 12 (4.1%) 6 (3.7%)
Tswana 36 (7.1%) 3 (5.9%) 13 (4.4%) 20 (12.0%)
Venda 19 (3.7%) 2 (3.9%) 10 (3.4%) 7 (4.3%)
Xhosa 39 (7.7%) 6 (11.8%) 23 (7.8%) 10 (6.2%)
Zulu 136 (25.9%) 20 (39.2%) 89 (28.9%) 27 (16.3%)
Unknown 17 0 13 4
Other 67 (12.8%) 3 (5.9%) 33 (10.7%) 31 (18.7%)

24



Supplementary Table 2. Comparison of the common ultrasonographic markers and

decision regarding invasive testing

Awaiting decision about

Declin -

Soft markers on ultrasound 0.8

Absent/hypoplastic nasal 15 1 (5.0%) 5(11.1%)

bone (15.8%)

Choroid plexus cyst 8 (8.4%) 0 (0.0%) 2 (4.4%)

Clenched fist 3(3.2%) 1 (5.0%) 2 (4.4%)

Echogenic bowel 6 (6.3%) 1 (5.0%) 2 (4.4%)

Increased nuchal 14 5 (25.0%) 7 (15.6%)

translucency/fold (14.7%)

Intracardiac echogenic focus 22 8 (40.0%) 18

(23.2%) (40.0%)

Other 0 (0.0%) 1 (5.0%) 2 (4.4%)

Renal pyelectasis 8 (8.4%) 2 (10%) 3 (6.7%)

Short long bones 8 (8.4%) 1 (5.0%) 2 (4.4%)

Small stomach bubble 2 (2.1%) 0 (0.0%) 0 (0.0%)

Strawberry-shaped skull 2 (2.1%) 0 (0.0%) 0 (0.0%)

Two vessel cord 1(1.1%) 0 (0.0%) 0 (0.0%)

Ventriculomegaly 6 (6.3%) 0 (0.0%) 2 (4.4%)

'n (%); ? Fisher’s Exact test with Monte Carlo simulation
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Supplementary Table 3. Comparison of the abnormalities on ultrasound and decision

regarding invasive testing

Variable AI\c]c:e[;t?’e]d Awaiting deIc\;s:);l;libout testing ];]ec:ll;:fl p-value?
Abnormalities on ultrasound 0.5
Cardiac 14 (19.1%) 2 (11.8%) 4 (16.7%)
CNS 13 (17.8%) 3 (17.6%) 8 (33.3%)
Face 4 (5.5%) 4 (23.5%) 0 (0.0%)
Gastrointestinal tract 12 (16.4%) 2 (11.8%) 3(12.5%)
Genitourinary tract 4 (5.5%) 0 (0.0%) 1 (4.2%)
Musculoskeletal 21 (28.8%) 5(29.4%) 6 (25.0%)
Other 3 (4.1%) 1(5.9%) 0 (0.0%)
Respiratory 2 (2.7%) 0 (0.0%) 2 (8.3%)

'n (%);? Fisher’s Exact test with Monte Carlo simulation
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Supplementary Table 4. Comparison of reason for referral by decision regarding invasive testing

Awaiting decision

Ch teristic Accepted about testin Declined p-
aracterist N=162! e N=202' value?
N=39
Reason for referral <0.001
AMA 44 (27.2%) 16 (41.0%) 123
(60.9%)
Family history of/suspected 0 (0.0%) 0 (0.0%) 2 (1.0%)
genetic condition
Other screening outcomes 2 (1.2%) 0 (0.0%) 2 (1.0%)
Patient with/suspected genetic 1 (0.6%) 0 (0.0%) 3(1.5%)
condition
Poor obstetric history 7 (4.3%) 2 (5.1%) 13 (6.4%)
Previous child 6 (3.7%) 2 (5.1%) 6 (3.0%)
Routine NT scan 0 (0.0%) 0 (0.0%) 3(1.5%)
Suspected or confirmed genetic 22 (13.6%) 0 (0.0%) 5(2.5%)
diagnosis
Ultrasound findings 80 (49.4%) 19 (48.7%) 45 (22.2%)

'n (%); 2 Fisher’s Exact test with Monte Carlo simulation
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Supplementary Table 5. A comprehensive summary of the reasons for declining testing

Variable

Overall

N = 180; n (%)

Reason for declining testing

Accepted TOP

Not reported

Pregnancy risk perception
Miscarriage risk
Miscarriage risk and would not terminate
Low-risk perception
Pre-term labour risk
Prefers to pursue testing after delivery

Religious beliefs

Waiting for a FA scan

Wished to discuss with partner

Would not terminate an affected pregnancy

1(0.6%)
23 (12.8%)
81 (45.0%)

64
10
5
1
1
9 (5.0%)

25 (13.8%)
9 (5.0%)

32 (17.8%)
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Supplementary Table 6. A summary of the genetic tests and outcomes, stratified by the
type of invasive procedure (pre-natally)

Amniocentesis Chorionic Villus sampling Cordocentesis
QF- Single -
K t K t F-PCR
Characteristic ;riol ;flpe PCR gene anz()z};pe PCR QN o
N=93! N=2! N =3!
Test result
Mosaic 1 (6.3%) 0 0 (0.0%)
Trisomy 17 (0.0%)
Beta- 0 (0.0%) 0 1
thalassaemia (0.0%)  (50.0%)
Confirmed 0 (0.0%) 0 1(50.0%)
carrier of (0.0%)
SMA
Mosaic 1 (6.3%) 0 0 (0.0%)
Trisomy 16 (0.0%)
Normal 9 (52.9%) 59 0 (0.0%) 3
(63.4%) (100%)
Normal 9 (52.9%) 0 0 (0.0%)
(0.0%)
Triple X 0 (0.0%) 1 0 (0.0%)
syndrome (1.1%)
Trisomy 13 1 (6.3%) 1 0 (0.0%)
(1.1%)
Trisomy 18 0 (0.0%) 6 0 (0.0%) 1 (50.0%)
(6.6%)
Trisomy 21 1 (6.3%) 11 0 (0.0%) 1 (50.0%)
(11.8%)
Turner 0 (0.0%) 1 0 (0.0%)
Syndrome (1.1%)
Not 4 (23.5%) 14 0 (0.0%) 1 (50.0%) 1 (50.0%)
confirmed or (15.1%)
excluded
'n (%)
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Introduction and justification for study

Congenital disorders (CDs) contribute significantly to the global burden of disease, with a larger impact on middle to
low-income countries. In South Africa, CDs are the fourth most common contributor to early neonatal death. While
CDs with genetic origins cannot be prevented, earlier identification efforts, such as prenatal screening and prenatal
diagnosis, have been an effective medium of intervention and care.

Screening outcomes are used to determine the need for further diagnostic testing, which can confirm the presence of an
anomaly or genetic condition in an unborn child. Thus, prenatal genetic counselling services are a vital component of
antenatal care as they assist in patient education and information giving regarding findings, outcomes, prognosis, and
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particularly in Johannesburg. Thus, it is necessary to conduct research that provides insights into the prenatal clinical
services provided by genetic counsellors in these settings.

Aim:

To evaluate the prenatal genetic services provided by genetic counsellors at several State tertiary hospitals in
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1. Background literature analysis and critique
1.1. Introduction

Congenital disorders (CD), or birth defects, are structural or functional abnormalities that develop
between conception and birth (WHO, 2023). CDs may be detected prenatally, at birth, or later in life.
Additionally, they are a major component of the global disease burden with a greater degree of impact
on middle to low-income countries (WHQO,2023; Christianson et al. 2006). A large proportion of CDs
cannot be attributed to a specific cause. However, the known possible causes may fall within three
categories, namely genetic (15%), environmental (7% to 10%), and multifactorial (20% to 25%)
(EUROCAT, 2004). Multifactorial causes manifest from the interaction of genetic and environmental
factors. In South Africa, CDs are the fourth most common contributor to early neonatal death (Rhoda
et al. 2018). Yet, the extent to which these cases can be attributed to specific causes is unclear due to
the paucity of research in this area. It is reported that 70% to 85.3% of CDs can be prevented or mitigated
by appropriate care (Czeizel, 2005; Christianson et al.2006). While CDs caused by genetic factors
cannot be prevented, earlier identification efforts have been an effective medium of intervention and
care. This is largely attributed to improvements in prenatal screening and prenatal diagnosis for high-

risk pregnancies (Christianson et al. 2000).

1.2. Indications of a high-risk pregnancy

A pregnancy is classified as high-risk when the mother, the unborn child, or both are at an elevated risk
of adverse outcomes, before or after birth. Common referral criteria for prenatal genetic consultations
include advanced maternal age (AMA), consanguinity, soft markers and abnormalities detected on
ultrasound, known or suspected family history of genetic conditions, history of pregnancies with genetic
or structural abnormalities, parents with a chromosomal rearrangement, multiple miscarriages, and
exposure to teratogens during pregnancy (Aalfs et al. 2004). AMA, referring to pregnant women older
than 35 years of age, has been the most popular referral indicator for prenatal testing since the 1970s
due to an increased risk of having children with common aneuploidies (Smith-Bindman et al. 2001;
Lampret et al. 2008). Aneuploidy refers to an abnormal number of chromosomes within a cell. Among
women of AMA, the most common aneuploidies are Trisomy 13,18, and 21 (Lampret et al. 2008). In

each of these genetic conditions, fetal abnormalities arise from an extra copy of the related chromosome.
1.2.1.Clinical features of common aneuploidies
Trisomy 13 and 18 have extremely poor prognoses and are associated with an elevated risk of mortality,

shortly after birth. Most cases result in intrauterine death while survival beyond the first year of life is

37



reported in only 5% - 10% of cases (Kroes et al.2014). Goel et al. (2019) reported a mean live birth
prevalence of 0.55/10 000 and 1.07/10 000 for Trisomy 13 and 18, respectively. Trisomy 13, also called
Patau Syndrome, typically presents with renal and cardiac malformations, polydactyly,
holoprosencephaly, along with facial malformations such as cleft lip and palate, hypotelorism, as well
as microphthalmia (Kroes et al. 2014). Trisomy 18, or Edwards Syndrome, also exhibits congenital
heart and renal malformations in addition to clenched hands with overlapping fingers, club or rocker
bottom feet, low-birth weight, low-set ears, diaphragmic hernia, microcephaly, micrognathia, and
failure to thrive (Kroes et al. 2014; Goel et al. 2019). Trisomy 21, commonly referred to as Down
Syndrome, presents in one out of 800 births (Driscoll and Ross, 2009). Some characteristic clinical
features of Trisomy 21 are brachycephaly, decreased muscle tone, flat nasal bridge, small mouth, ears,
and eyes, congenital heart malformations and cognitive delay. Children with Trisomy 21 have a better
prognosis and subsequent higher life expectancy than those with Trisomy 13 and 18(Driscoll and Ross,
2009).

1.3. Prenatal screening

High-risk pregnancies can be identified during both the first and second trimester as part of the prenatal
screening process. Prenatal screening aims to identify pregnancies that are at a higher risk of adverse
outcomes and is available to pregnant women of all ages. In 1984, Merkatz et al. discovered an
association between low second-trimester maternal serum alpha-feto protein (AFP) and chromosomal
anomalies. Subsequently, biochemical testing has been incorporated into the prenatal screening process
during the first two trimesters of pregnancy. During the first-trimester, levels of pregnancy associated
plasma protein -A (PAPP-A) and maternal serum free f-human chorionic gonadotropin (B-hCG) are
measured while levels of B-hCG and AFP are assessed in the second trimester. Utilisation of these
biochemical markers has improved aneuploidy detection rates (Nicolaides et al. 2011; Lildballe et al.
2014). This is done in combination with fetal ultrasounds, first-trimester non-invasive prenatal testing

(NIPT), obstetric examination, and family history taking (Nicolaides et al. 2011).

Fetal ultrasounds are a routine part of antenatal care. The nuchal translucency (NT) scan is a first
trimester scan conducted between 11 to 14 weeks of gestation which also looks at fetal growth, presence
of the nasal bone, and risk of pre-eclampsia. Nuchal translucency thicker than 3mm are associated with
an increased risk of a variety of cardiac, skeletal, and genetic abnormalities such as Trisomy 21 (Kroes
et al. 2014; Zhang et al. 2019). This is accompanied by the fetal anomaly (FA) scan, which is performed
between 18 to 21 weeks, in the second trimester of pregnancy. This scan screens for major structural
malformations as well as soft markers. Ultrasonographic soft markers are minor, observable findings

known to be predictive of aneuploidies. Common detected soft markers are hypoplasia of the nasal
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bone, choroid plexus cysts, short long bones, echogenic intracardiac focus, and echogenic bowel

(Smith-Bindman et al. 2001; Papp et al. 2008).

1.4. Prenatal diagnosis

Diagnostic genetic testing is necessary when screening outcomes indicate an increased likelihood of a
fetus with aneuploidy or other chromosomal abnormalities. There are three common prenatal diagnostic
procedures performed under continuous ultrasonographic guidance and sterile conditions. Chorionic
Villus sampling (CVS) can be performed as early as 11 to 14 weeks. In this procedure, a sterile needle
is inserted into the placenta to obtain a sample of the chorionic villi. Amniocentesis involves the
extraction of a small volume of amniotic fluid from the amniotic cavity, between 16 to 22 weeks of
pregnancy (Practice Bulletin No.162, 2016). Lastly, a cord blood sample is obtained through
cordocentesis, between 16 to 24 weeks of gestation. This procedure entails the insertion of a gauge
spinal needle into the umbilical cord (Wilson et al. 2015). However, these diagnostic procedures are
invasive and may lead to negative pregnancy outcomes. When amniocentesis and CVS are performed
by experienced operators, there is a 0.17-0.52% fetal loss rate (Bakker et al. 2016). Cordocentesis
carries a 1.3% risk of fetal loss (Wilson et al. 2015). Other potential minor complications include vaginal
bleeding, cramping and amniotic fluid leakage (Driscoll and Ross, 2009; Wilson et al. 2015). This
conveys the importance of non-invasive procedures, prompting the implementation of NIPT for

aneuploidy screening in clinical settings.

Samples obtained during these diagnostic procedures undergo cytogenetic analysis such as karyotyping,
fluorescent in situ hybridisation (FISH), and chromosomal microarray analysis (CMA) to definitively
confirm or exclude the presence of chromosomal abnormalities. Quantitative fluorescent polymerase
chain reaction (QF-PCR) also serves as a faster and more cost-effective alternative for detecting

aneuploidies involving chromosomes 13, 18, 21, X, and Y (Cottino et al. 2022).

1.5. Prenatal genetic counselling: considerations in the South African context

The 4" edition of Guidelines for Maternity Care, published in 2015 by the South African National
Department of Health, proposed the implementation of genetic counselling services as a key feature of
public hospitals. According to the National Society of Genetic Counsellors (NSGC), genetic counselling
entails helping individuals to comprehend and adjust to the medical, psychological, and familial
implications of genetic factors that contribute to disease (Resta et al. 2006). While genetic services were

established in Johannesburg in the late 1960s, there continues to be a limited capacity (Kromberg et al.
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2013). Early services included chromosomal studies which later diverted into genetic counselling. This
also saw the establishment of prenatal diagnosis, particularly for women of AMA at risk of fetal
chromosomal abnormalities and neural tube defects. This study also disclosed that only 10% of the
national genetic disease burden was being addressed with most services solely accessible at tertiary
hospitals in four of the nine provinces in South Africa. In addition, they also reported on the sparse
number of registered genetic counsellors. In the prenatal setting, genetic counselling is a source of
psychosocial support and guidance on appropriate testing and management choices, making it a vital

aspect of antenatal care (Malope et al. 2023).
1.5.1.The prenatal genetic testing landscape

Healthcare in the South African context is represented by both the private and public sectors. Eighty
percent of the population’s health-related needs are met by the public sector while 20% of citizens
access care in private settings (Cottino et al. 2022). Due to the scarcity of resources and limited funding,
the option of invasive testing is only made available to high-risk pregnancies in some parts of the
country (Bhorat et al. 2018). The South African Health policy maintains that all women who are of
AMA should have access to amniocentesis but there is stunted utilisation in this regard. A retrospective
analysis of patient records at Tygerberg Groote Schuur Hospital in Cape Town demonstrated inadequate
attendance of AMA counselling services and of those receiving counselling, approximately 31% opted
for amniocentesis (Urban et al. 2011). This value differed from the increased acceptance of
amniocentesis for referrals based on abnormalities detected on ultrasound. These findings prompted
them to conclude that maternal age as a screening criterion performed poorly in comparison to other

indicators.

As previously mentioned, QF-PCR is a less time consuming and a more economical test than traditional
karyotyping for the detection of aneuploidies. At the National Health Laboratory Service (NHLS)
Braamfontein, this option has been available since 2001 for aneuploidy detection in both pre- and post-
natal cases. While there is a reduced and unbalanced utilisation of this test in the country, QF-PCR has
proven to be useful given the lack of resources due to aforementioned reasons (Cottino et al. 2022).
CMA is an additional newer technology that is seemingly more favourable than karyotyping, based on
its ability to uncover copy number variations in DNA (Zhang et al. 2019). In contrast to QF-PCR, this
test is more appropriate for abnormalities not in keeping with common aneuploidies. The question
remains whether further testing should be offered if the negative QF-PCR results do not align with what
is phenotypically observable. In most first world countries, CMA is offered as a first line test for
abnormalities detected on ultrasound. For developing countries, Zhang et al. (2019) recommend the
utilisation of CMA in cases with enlarged fetal nuchal folds, should rapid testing yield negative results.
CMA is not offered in South African state hospitals, but it remains an important consideration for

genetic counsellors who would have to gauge patient willingness for more testing.
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1.5.2.Decision making in pregnancy

The South African Choice on Termination of Pregnancy Amendment Act 1 of 2008 imposes strict
guidelines on termination of pregnancy (TOP) at different stages of gestation. There are no conditions
for a medical TOP (mTOP) in the first 12 weeks of the pregnancy. During 13 to 20 weeks of gestation,
mTOP is dependent on a considerable risk of gross mental or physical malformation to the fetus.
Following the 20™ week of gestation, mTOP is permitted based on endangerment to the mother and the
risk of injury and severe fetal abnormalities. At this stage, two medical practitioners must agree upon
offering a mTOP. This procedure is less complicated when offered during the early stages of pregnancy
(Todd et al. 2010). Following a prenatal diagnosis of a CD, parents have options regarding the

management of pregnancy and can decide to continue the pregnancy or undergo a mTOP.

Although TOP has been legalised, it continues to be marked by considerable stigma. Often, the right of
choice is negatively impacted by the fear of being shunned by the community (Harries et al. 2007).
Moreover, prospective parents are tasked with making decisions that correlate with their moral, ethical,
and religious beliefs (Scott et al. 2013). Many women view termination to be against their moral beliefs
despite being knowledgeable about the TOP acts (Harries et al. 2007). As reported by Malope et al.
(2023), religion emerged as the most impactful factor among various demographic, socioeconomic, life,
and personality related- elements, in the consideration of mTOP for severe congenital anomalies. Most
women found comfort and hope in the belief that everything was up to God’s will. The evaluation of
attitudes towards diagnosis and mTOP in parents of children with Down Syndrome, revealed themes
depicting children as “precious” and blessings from a higher being (Scott et al. 2013). These sentiments

informed negative attitudes towards the procedure.

There are psychological and financial strains in the decision to continue with a pregnancy where a CD
was diagnosed. Mothers of children with CDs report experiences of emotional pain, guilt, denial, and
disbelief. Depending on the severity of the CD, children may require life-long interventions. Some
mothers must pause their educational endeavours in order to care for their children (Mazibuko et al.
2022). Furthermore, there is an economical burden related to frequent medical visits and loss of work
opportunities (Dambi et al. 2015). Thus, the decision to terminate is complex and there are many factors
that contribute to the choices that are made. There are also unique considerations in the provision of
genetic counselling services in the South African context. However, there is still limited data detailing
these services in the country, particularly in Johannesburg. This highlights the necessity of research that

provides insights into the prenatal clinical services provided by genetic counsellors in these settings.

2. Aims and Objectives

2.1. Aim
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To evaluate the prenatal genetic services provided by genetic counsellors at several state tertiary

hospitals in Johannesburg over a five-year period.

2.2. Objectives

(1) To describe the demographics of prenatal cases seen for genetic counselling in the Johannesburg

state healthcare system over a five-year period (2019-2024).
(2) To determine the main reasons for referral for genetic counselling.

(3) To assess the common soft markers and abnormalities detected on ultrasound scans during the

first and second trimester.

(4) To analyse the uptake of invasive testing, types of genetic testing performed on diagnostic

prenatal samples, and their outcomes.

(5) To assess the main contributing factors towards decision-making around uptake of invasive

testing and pregnancy outcomes.

3. Methods
3.1. Study participants

The study cohort will comprise of an estimated 900 to 1000 prenatal genetic counselling files belonging
to women who were seen by a genetic counsellor from the Division of Human Genetics at the National
Health Laboratory Service (NHLS) and the University of Witwatersrand (Wits), between July 2019 and
July 2024. These prenatal genetic counselling services are offered at fetal medicine clinics housed at
Chris Hani Baragwanath Academic Hospital, Rahima Moosa Mother and Child Hospital, and Charlotte
Maxeke Johannesburg Academic Hospital. Patient files of women of any age, ethnicity, and gestation

will be included.
3.1.1.Inclusion criteria

1. Records of women seen in prenatal Genetic Counselling clinics in Johannesburg state

hospitals.
2. Patients seen between July 2019 and July 2024.
3.1.2.Exclusion criteria

1. Patient records that are missing a substantial amount of information.
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2. Patients seen in the private healthcare system.

3.2. Study design

This study is a retrospective file review, involving an audit of prenatal genetic counselling clinic records
from Wits/NHLS affiliated state hospitals in Johannesburg. The Division of Human Genetics Research
Electronic Data Capture (REDCap) (Harris et al. 2009) will be accessed to retrieve clinical data. An
exhaustive search will be performed using pregnancy-related keywords. This will generate a report of
all the prenatal genetic counselling files on REDCap. Each clinic record will be reviewed for patient
demographics (maternal age, ethnicity, and home language), gestational age, reason for referral,
ultrasound screening findings, uptake of invasive testing, genetic diagnosis, and decision regarding

pregnancy. For confidentiality purposes, this data will be anonymised.

3.3. Data analysis

This study will comprise of continuous and categorical data. The analysis will be performed using
Statistica software in which descriptive statistics will be used to describe the data. For the analysis of
continuous data (maternal age and gestational age), parameters such as means and standard deviations
with a 95% confidence interval will be used for descriptive purposes, given that the data is normally
distributed. The Shapiro-Wilk test will be used to test for normality. Continuous data that does not meet
normality will be represented by median and interquartile range values. Categorical data (reason for
referral, ultrasound screening findings, uptake of invasive testing, genetic diagnosis, and decision
regarding pregnancy) will be represented by percentages. Chi-square tests will be used to test for
significance differences in the distribution of two or more categorical variables. Such as, to investigate
whether there are significant differences in women who opted for invasive diagnostic testing,
considering factors such as maternal age (AMA versus non-AMA), ultrasound screening findings (soft
markers versus gross abnormalities), and timing of presentation (early gestation versus late gestation).
Statistical significance will be set according to a p-value of < 0.05. Genetic counsellors typically note
the rationale for opting for or rejecting invasive testing in the psychosocial aspects section of the
REDCap record. This information will be reviewed to evaluate the factors that influenced the decision-

making process around the uptake of invasive testing and to assess the resulting pregnancy outcomes.

4. Ethics

Submission to the Human Research Ethics Committee (Medical) of the University of the Witwatersrand

was made on the 18" of April 2024. Ethical clearance will be awaited prior to the commencement of
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data collection. The clinical data will be anonymised and coded. All data will be stored on a secure

password protected computer. Furthermore, access to the identifying information will only be granted

to the researcher and the supervisors. Permission has been requested from the clinical data gatekeeper.

5. Timing

Feb

Mar

Apr

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Literature review

Ethics application

Protocol

preparation

Protocol

assessment

Data collection

Data analysis

Writing report

Figure 1: A Gantt chart representing the proposed timeline of the study.

6. Funding

6.1. Predicted budget

Table 1: A table representing the predicted budget of the study.

Activity

Cost (R)

Wits Statistica Workshop

300

Wits data analysis workshop

300

Total

600

7. Study limitations

44




This study may be limited by inconsistencies in clinical data captured on the patient files. This includes
missing genetic counselling records as well as omitted patient data. Thus, this may potentially lead to a

small sample size since records missing a substantial amount of data will be excluded.
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