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Fanconi anaemia (FA) is a rare genetic condition of impaired DNA 
repair mechanisms and chromosomal instability. Although most 
cases are inherited in an autosomal recessive manner, both autosomal 
dominant and X-linked recessive patterns of inheritance have been 
described.[1-3] In general, the FA phenotype is characterised by a broad 
spectrum of congenital anomalies, principally involving growth, skin 
pigmentation and dysmorphogenesis of the skeletal, cardiovascular, 
genito-urinary, gastrointestinal and central nervous systems (CNS).[4] 
Internationally, major congenital malformations are reported in over 
two-thirds of patients.[5] Affected individuals are further at risk for 
childhood-onset haematological disease, which is characterised by 
initial thrombocytopenia and macrocytosis and progression to aplastic 
anaemia, acute myeloid leukaemia (AML) or myelodysplastic syndrome 
(MDS).[5] The incidence of solid tumours, particularly of squamous-cell 
lineage (including cancers of the head and neck, oesophagus, vulva 
and cervix), is also significantly increased in affected patients. These 
tumours are recognised particularly in developed nations, where 
improved treatments of the haematological complications of the 
disease, including haematopoietic stem-cell transplantation, are readily 
available.[5,6]

While FA is a genotypically heterogeneous disorder, caused by 
mutations in at least 21 different FA genes (FANCA, B, C, D1, D2, E, F, 
G, I, J, L, M, N, O, P, Q, R, S, U, V),[2,3,7-9] mutations in 3 of these genes 
account for a high proportion of diagnosed cases – FANCA, 60.5%; 
FANCC, 16%; and FANCG 10%.[5] Furthermore, certain population 
groups (e.g. Ashkenazi Jews, Spanish Gypsies, Japanese) have been 
shown to harbour founder mutations that account for a high percentage 
of cases in these specific groups.[10-12] In South Africa (SA), founder 
mutations have been characterised in both the black and caucasian 
Afrikaans-speaking populations.[13,14]

Black SA patients with FA have been shown to carry a founder mutation 
in the FANCG gene (c.637_643delTACCGCC – a 7 base-pair (bp) 
deletion mutation).[14] This founder mutation, in the homozygous 
state, accounts for ~80% of affected black patients, and has resulted 
in an estimated birth incidence of FA in black South Africans nearing  
1/40 000.[14] The physical and haematological phenotypes of black 
patients, homozygous for the 7 bp deletion mutation, have been 
characterised previously.15,16] 

In SA individuals with Afrikaner ancestry, three null mutations in 
FANCA (del E12-31 (deletion mutation of exons 12 to 31); del E11-17 
(deletion mutation of exons 11 to 17) and 3398delA (point mutation 
at position 3398)) have previously been shown to account for ~80% 
of FA cases.[13] Molecular and genealogical evidence has confirmed 
that these founder FANCA mutations were probably introduced into 
SA following the 17th century migration of the French Huguenots 
to the Cape.[13] Based on birth incidence and point-prevalence data, 
respectively, the prevalence of FA in individuals with Afrikaner 
ancestry has previously been estimated to approximate between  
1/22 000 and 1/26 000.[17] Despite the predicted relative high prevalence 
of FA in Afrikaner individuals, there is little published work on the 
physical and haematological phenotypes of these patients.[17,18] The most 
comprehensive study was performed in 1994,[18] prior to the introduction 
of molecular testing methods to characterise specific mutations and 
therefore no detailed mutation-specific genotype-phenotype correlations 
could be drawn. 

The aims of the present study were firstly, to describe the physical 
phenotype of affected Afrikaner patients with confirmed founder 
FANCA mutations, and secondly, to compare this phenotype with the 
physical phenotype in black South African patients with FA caused by the 
homozygous FANCG deletion mutations described by Feben et al.[15] and 
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other FA cohorts with mutations in FANCA. An improved recognition 
of the physical phenotype of FA in patients with Afrikaner ancestry may 
assist in improving the early recognition and diagnosis of the condition, 
and subsequently, the care offered to affected patients.

Methods
Patients for this study were recruited from tertiary-level haematology/
oncology clinics in the cities of Pretoria, Bloemfontein and Polokwane, 
which are situated in 3 of the 9 provinces of SA, between October 2009 
and July 2012. Altogether, 8 (self-reported ancestry) Afrikaner patients 
were recruited, of whom 7 were homozygous or compound heterozygous 
for the FANCA founder mutations. The 8th patient had positive 
chromosome-breakage testing with confirmed FANCA complementation 
analysis, but did not consent to further molecular testing.

Molecular genetic testing, combining polymerase chain reaction 
(PCR) and multiplex ligation probe specific amplification (MLPA) 
techniques, is used as the initial testing method in Afrikaner patients 
suspected to have FA, in view of the high percentage of cases 
caused by founder mutations in SA (personal communication, Prof. 
A Krause, January 2016). Molecular genetic testing of the 7 patients 
was performed by the Molecular Genetics Laboratory at the National 
Health Laboratory Services in Johannesburg, SA, with assistance from 
a collaborating laboratory in one case (Sheffield Diagnostic Genetics 
Services, UK).

A comprehensive clinical examination and a concurrent review of 
each patient’s hospital records were completed. The clinical examination 
aimed to document growth measurements (current weight, height and 
head circumference); upper-limb and lower-limb anomalies, with 
particular focus on abnormalities of the radial ray and hands, and 
skin-pigmentary abnormalities. All measurements were plotted on 
relevant growth charts for comparison with the age-related mean. 
Major malformations of the renal, genital and cardiovascular systems 
were documented, as well as the results of hearing-screening tests. 
Information from the patients’ hospital records was used to document 
the age of presentation at the haematology/oncology clinic, and the 
clinical symptoms at initial presentation. 

Descriptive statistical analysis of the data was performed. The 
median current age and median age of presentation with symptoms in 
keeping with FA were calculated. The frequency of somatic anomalies 
and growth disturbances were recorded, and compared with those of 
other cohorts with documented FANCA mutations, as well as with the 
Rosendorff et al.[17] and MacDougall et al.[18] cohorts, which represent 
the only major study groups comparable with the present cohort. 
Descriptive comparisons were also made with the previously published 
data on the physical phenotypic characteristics in black South African 
patients with FA caused by a homozygous FANCG founder mutation.[15]

A modified International FA Registry (IFAR) score (using growth 
retardation, renal anomalies, thumb and/or radius anomalies, 
microphthalmia and birthmarks (each scoring positive 1 if present) and 
other skeletal anomalies (scoring negative 1 if present, for a maximum 
score of 5)) was calculated for each patient. The IFAR score was 
initially described by Auerbach et al.[19] as a screening tool to predict 
the likelihood of an individual having FA. The original score comprises 
the above five criteria, as well as low platelet count (score positive 1 if 
present) and developmental delay (score negative 1 if present), giving a 
maximum score of 6.[19] An adjusted score was used, as we did not have 
platelet counts and neurodevelopmental assessments for each patient. 
Additionally, a modified pigmentation, small head, small eyes, CNS 
(not hydrocephalus), otology, and short stature (PHENOS) score was 
calculated for each patient. The PHENOS score, developed by Alter 
and Giri,[20] allocates a score of positive 1 for each of: pigmentation 
anomaly, microcephaly (small head), microphthalmia (small eyes), CNS 
anomalies (other than hydrocephalus), otologic anomalies (structural 
ear anomalies or hearing loss) and short stature, with a maximum score 
of 6. The score is used to identify patients with VACTERL/H association 

(which includes at least three of the following cardinal abnormalities: 
vertebral, ano-rectal, cardiac, tracheo-oesophageal, renal, limb defects 
and hydrocephalus), who should be tested for FA.[20] We used a 
modified score as we did not have CNS imaging in our patients. 

The study was approved by the research ethics committees of the 
University of the Witwatersrand (ref. no. M090681), the University 
of the Free State (ref. no. ETOVS NR 52/2010) and the University of 
Limpopo (ref. no. PMREC-19).

Results
The median age of the 8 patients attending the haematology/oncology 
clinics at the time of the study was 11 years 11 months (range 4 years 
1 month - 17 years 3 months). The initial presenting complaints were 
variable, and included bleeding diatheses (epistaxis, haematemesis), 
fatigue and somatic abnormalities (particularly involving the thumbs), 
with the median age at presentation being 3 years (range birth - 12 years). 

The physical phenotype of each patient (N=8) was recorded (Fig. 1).  
The most frequently occurring anomalies were head circumference 
below the 10th centile for age (75%), with head circumference below the 
3rd centile for age in 3 of these patients (37.5%); radial-ray anomalies 
(87.5%); and skin-pigmentation abnormalities (87.5%). Two patients met 
the criteria for the diagnosis of VACTERL/H association. The median 
modified PHENOS score was 2 (range 1 - 3), with the 2 patients who met 
criteria for VACTERL/H association scoring 3 (patient 2) and 2 (patient 
7). The median modified IFAR score was 3 (range 2 - 4). Although this 
score cannot be directly used to predict the likelihood of having FA, given 
that we did not calculate the full score (in the absence of haematological 
data and a neurodevelopmental assessment), the high median value 
points to the high frequency of congenital malformations in the present 
cohort. A score of 3 using the complete IFAR score would correlate with 
a >92% risk of having FA. 

The physical phenotype of the 8 patients in the present cohort was 
compared with the physical phenotypes of the patients in the Rosendorff 
et al.[17] (N=18) and MacDougall[18] (N=28) cohorts (Table 1). No 
significant differences were found in the frequency of anomalies between 
the groups (using two-tailed Fisher’s exact test). Most patients in the 
Rosendorff et al.[17] cohort had an IFAR score >4, also indicating the 
high number of somatic anomalies in each patient. Given that we now 
know the molecular basis of FA in Afrikaner patients, we can assume 
that at least 80% of the patients in the above 2 cohorts would have carried 
founder FANCA mutations as the cause of their FA. A comparison to a 
large (N=170) international FANCA cohort also showed no significant 
differences in the frequency of all evaluated anomalies (Table 1).[21]

The Afrikaner FA physical phenotype was compared with that 
previously detailed in black SA FA patients who are homozygous for 
a FANCG 7 bp deletion founder mutation (N=35) (Table 2).[15] No 
significant differences were noted between the 2 groups regarding the 
frequency of the anomalies; however, the sample size of the present 
cohort was small. The trend appears to indicate that physical anomalies 
(radial defects, renal malformations) may be more common in Afrikaner 
FA patients with FANCA mutations, and suggests that analysis of a larger 
Afrikaner cohort may be beneficial in determining whether this trend is 
significant. The age of presentation with symptoms or signs suggestive of 
FA was significantly lower in Afrikaner patients than in black FA patients 
(median age at presentation 3 years v. 7 years 8 months, p<0.001).[15]  
Additionally, 3 of the Afrikaner patients presented with a diagnosis of 
FA before 6 months of age, on the basis of congenital anomalies, whereas 
none of the black patients presented before 2 years 11 months, suggesting 
that the physical anomalies in Afrikaner patients were clinically more 
apparent or more severe in presentation.[15] This is further evidenced 
by the differences in the description of the radial anomalies in the two 
groups. The radial-ray anomalies noted in black patients were described 
as subtle, with none of the patients showing radius hypoplasia or aplasia, 
whereas the Afrikaner patients had very easily identifiable radius and 
radial-ray defects, 2 cases having bilaterally absent thumbs.[15]
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Discussion
FANCA mutations account for the highest percentage of FA patients 
worldwide as documented by the IFAR. Numerous common and family-
specific deleterious mutations have been reported in this gene, which 
appears to function as part of the core nuclear complex in the FA pathway.[22]  
Previous research efforts have variably focused on complementation-
specific and mutation-specific genotype-phenotype correlations in order 
to better elucidate the physical and haematological consequences of 
mutations in FANCA. Clinical phenotyping aims to expedite diagnosis 
and improve care and management of affected individuals.

Two large international studies characterised the clinical phenotype 
of individuals with different mutations in the FANCA gene. The 
initial study carried out in 2000 found that FANCA individuals with 
homozygous null mutations had a higher frequency of somatic anomalies 
than individuals with FANCC mutations, but a similar frequency to 
those with FANCG mutations. FANCA individuals were also at increased 
risk for severe haematological disease. A number of the patients in 
this study were of Afrikaner ancestry and had at least one null del12-
31 mutation.[21] In 2011, research into the functional role and clinical 
impact of FANCA mutations challenged the earlier findings. They 

demonstrated no correlation between mutation type and physical or 
haematological outcome, indicating that mutation-specific genotype-
phenotype correlations may not be useful in individuals with FANCA 
mutations. The authors concluded that mutation type had little prognostic 
value in FANCA patients and that other factors, including genetic 
background, ethnicity and environmental exposure were more important 
in determining the clinical outcome.[12] Despite the different conclusions 
drawn in these two studies, they both support the importance of 
clinical phenotyping in individuals with FANCA mutations. More 
specifically, the later study suggested that characterisation of the FA 
phenotype based on ethnicity may be as important as mutation-specific 
phenotype correlations, and that population-specific phenotypes may 
exist independently of the specific mutation/s.[12] A similar focus on the 
underlying importance of ethnicity was highlighted by Futaki et al.[23] 
The study showed that a specific mutation (IVS4+4A>T) in the FANCC 
gene caused a significantly milder clinical phenotype in Japanese patients 
than in Ashkenazi Jewish patients.

Previous SA research studies documented the physical phenotype of 
Afrikaner patients with FA based on home language and self-reporting; 
however, at this point molecular pathogenesis of the condition had not 

Table 1. Physical phenotypic characteristics in Afrikaner patients with FA (N=8)

No. Sex FANCA mutation

Head 
circumference 
for age

Renal 
anomaly

Cardiac 
anomaly GIA

Radial ray 
defect

Pigment 
anomaly

Hearing 
loss

1 M Complementation 
group A; DEB+

>10th centile Left 
horseshoe 
kidney; 
right renal 
agenesis

- - Absent right 
1st metacarpal, 
hypoplastic 
right thumb

CAL* Bilateral 
severe 
mixed loss

2* M Exon 12-31 del 
homozygous

<3rd centile Left renal 
agenesis

- Tracheo-
oesophageal 
fistula

Bilateral 
hypoplastic 
radii, bilateral 
absent 1st 
metacarpal and 
thumb

- Bilateral 
severe 
conductive

3 F Exon 12-31 del; 
C2533_2536 del

>10th centile - - - Bilateral 
hypoplastic 1st 
metacarpals

CAL; hyper-
pigmented 
macules

Bilateral 
moderate 
conductive

4 M Exon 12-31 del 
homozygous

<3rd centile - Ventricular 
septal 
defect

- Bilateral absent 
thumbs

Hypopigmented 
macules

-

5 F Exon 11-17 del; 
3398delA

3rd - 10th 
centile

- - - Bilateral 
hypoplastic 1st 
metacarpals 
and proximally 
inserted thumbs

CAL; hypo-
pigmented 
macules

-

6 F Exon 12-31 del 
homozygous

<3rd centile - - - - CAL; hypo-and 
hyperpigmented 
macules

-

7* F Exon 12-31 del 
homozygous

3rd - 10th 
centile

Bilateral 
pelvic 
kidneys, 
vesico-
ureteric 
reflux

Patent 
ductus 
arteriosus

- Hypoplastic left 
radius and left 
thumb

CAL; hypo-
pigmented 
macules

-

8 M Exon 11-17 del 
homozygous

3rd - 10th 
centile

Pelvic 
kidney

- - Bilateral 
hypoplastic 
thumbs

CAL; 
hyperpigmented 
macules

-

FA = Fanconi anaemia; GIA = Gastrointestinal anomaly; M = male; DEB+= diepoxybutane positive (chromosome breakage); del = deletion; - = not observed; - = not 
observed; CAL = café au lait macule; del = deletion; F = female.
*Patients meeting criteria for VACTERL association.

*CAL: café au lait macule
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been characterised.[17,18] It is now known that the majority of Afrikaner 
patients with FA harbour founder FANCA mutations as the cause of their 
condition. 

The results of the present study confirm the high number of somatic 
anomalies found in Afrikaner patients with FA due to founder mutations. 
They also show that Afrikaner patients are diagnosed at a significantly 
younger age than black patients in SA. While this may partially reflect 
social factors like access to tertiary healthcare, it is important to note that 
the somatic anomalies in Afrikaner patients are often recognisable and 
obvious at birth, and that these anomalies should prompt consideration 
of an FA diagnosis and further investigations.[15]

The results support the use of the IFAR scoring system as an important 
screening tool for FA in Afrikaner patients. The use of screening tools is 
particularly important in countries, such as SA, where access to genetic 
services and particularly molecular genetic testing is limited by poor 
resources and funding. Once an individual is suspected of having FA, 
the results in the present cohort suggest that these individuals, at least, 
should be offered renal ultrasound screening and hearing tests as part of 
their care.

Two patients met the clinical criteria for a diagnosis of VACTERL/H 
association. Previous reports differed vastly in their reporting of the 
percentage of patients with FANCA mutations who meet the diagnostic 
criteria for VACTERL/H association, with figures of between 3% 
and 20%.[20,24] Although the VACTERL/H phenotype appears to be 
more often associated with mutations in FANCD1 (33%), E (40%) 
and F (30%), more recent work by Alter and Giri[20] suggests that 
the co-occurrence of this phenotype with FA is under-recognised.[24] 
The present sample size is however small and the results suggest that 
Afrikaner patients with a VACTERL/H phenotype should always be 
tested for FA. Future studies with a larger cohort will allow a more 
accurate frequency measurement of the VACTERL/H phenotype in 
this population subgroup. Further, the small sample size questions the 
viability of the PHENOS score in Afrikaner patients. Even so, this score 
may be useful in stratifying patients with the VACTERL/H phenotype 
for FA testing in future studies. 

Despite the high frequency of FA and high incidence of congenital 
anomalies in the Afrikaner population subgroup, anecdotal evidence 
suggests that very few affected patients ever attend a genetic clinic or 
have their clinical diagnosis confirmed with a molecular test in SA. 
Certainly, in our study, we were only able to ascertain 7 patients with 
molecular confirmation of their condition despite accessing three tertiary 
healthcare centres in three cities in SA. The reason for this under-
recognition and under-diagnosis of FA in the Afrikaner population 
in SA remains unclear. It is concerning that the patient referral rate to 
genetic services, tertiary haematology and oncology services is so low. It 
is possible that a more severe end of the spectrum exists, with affected 
individuals dying at a young age, before consideration of the diagnosis 
of FA (possible misdiagnosis of isolated VACTERL/H association); or 

that a much milder undiagnosed phenotype exists with few congenital 
anomalies and limited haematological complications. An area for future 
research includes a molecular screen for FANCA mutations in Afrikaner 
patients with VACTERL/H association. 

Conclusion
The results indicate that Afrikaner patients with FA have a high incidence 
of congenital anomalies and yet very few have their diagnoses confirmed 
on a molecular level. As such, we recommend that all children with 
one or more significant or major congenital anomaly (a birth defect 
that may cause death or disability) be referred for a tertiary evaluation 
by a paediatrician or medical geneticist. The diagnosis of FA should 
be considered on the basis of the congenital malformation, especially 
in the presence of other clinical features (particularly skin pigmentary 
anomalies) to diagnose FA prior to the onset of haematological disease. 
In the SA setting, molecular FANCA analysis of the three founder 
mutations would be the first line of investigation to confirm the diagnosis 
in an individual with Afrikaner heritage. Through earlier diagnoses, 
we can improve care and surveillance, provision of genetic counselling 
(including recurrence risk counselling) and provide an opportunity 
for the affected patient to be considered for haematopoietic stem cell 
transplantation.
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Table 2. Phenotype comparison between present Afrikaner cohort, two other Afrikaner FA cohorts and an international FANCA cohort

Anomaly
Afrikaner FA cohort 
(N=8), n (%)

Rosendorff cohort[17] 

(N=18), n/N (%)

MacDougall 
cohort[18] (N=28), 
n (%)

Faivre FANCA cohort[20] 
(N=170),  
n/N (%)

Pigmentary anomalies 7 (87.5) 16/18 (89) 25 (89) 124/167 (74)

Short stature 5 (62.5) 12/14 (86) 20 (71) 98/164 (60)

Microcephaly 6 (75) 9/15 (60) 22 (78) -

Genito-urinary anomalies 4 (50) 4/11 (36) 7 (24) 33/170 (19)

Radial ray anomalies 7 (87.5) 12/18 (67) 24 (85) 83/170 (49)

Cardiac defects 2 (25) - 3 (11) 16/170 (9.4)

Hearing loss 3 (37.5) - - 19/159 (11)
FA = Fanconi anaemia; FANCA = FA, complementation group A.

Table 3. Comparison between Afrikaner and black FA 
phenotype in South Africa

Anomaly

Afrikaner 
FA cohort 
(N=8), n/N 
(%)

Black FA 
cohort[15]  
(N=35), 
n /N (%) p-value

Radial ray anomalies 7/8(87.5) 26/35 (74) 0.6563
Pigmentary anomalies 7/8 (87.5) 34/35(97) 0.3411
Renal malformations 4/8 (50) 12/31 (37) 0.6937
Hearing loss 3/8 (37.5) 1/9 (11)* 0.2941

Age at presentation 
(median)

3 years 7 years,  
8 months

<0.001

FA = Fanconi anaemia.
*Unpublished data.
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