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Abstract 
Being an X-linked condition, the sisters of men with X-linked agammaglobulinaemia have a 50% risk of being carriers of the disease gene (provided 
the disease has not developed as a result of a new mutation). We demonstrate how this risk can be modified very significantly by DNA analysis using 
linked DNA probes. The value of such tests for genetic purposes is discussed. 
 
Introduction 
Among the eight immunodeficiency conditions which are inherited in an X-
linked manner, X-linked agammaglobulinaemia (McKusick No 30030)1 is 
the second most common, with an incidence of one per 100,000 births.2 The 
primary defect has been shown to be in the maturation of the B lymphocyte 
series.3 Without intervention the natural course of the disease is of recurrent 
bacterial infections with death in early childhood. Present day treatment with 
regular immunoglobulin infusions has altered the traditional prognosis and 
survival into the fourth decade has been achieved but life long supportive 
care is required.4 
 Being inherited as an X-linked recessive trait, it is a disease of males 
although girls may inherit the carrier status from their mothers and so be 
placed at 50% risk of having a son with the disease. There is no 
immunological test which can predict whether or not a girl in this situation 
has inherited the gene for Bruton’s agammaglobulinaemia. However, the 
localisation of the gene for Bruton’s agammaglobulinaemia to the q21.3-q22 
region of the X chromosome5,6 has provided the means by which carrier 
status may be evaluated in the sisters of affected boys. 
 The pedigree documented in Fig l(a) is that of an Irish family with a 
confirmed diagnosis of Bruton’s agammaglobulinaemia. Patients III and 112 
have both succumbed to the condition but their affected brother 113 has 
survived with treatment. Their sisters 115 and 116 were very concerned as to 
their own risks of being carriers and of transmitting the disease. Patient 115 
was 34 years old and had been married eight years. She and her husband 
urgently wished to start a family but she felt unable to take the chance of 
having an affected son and sought carrier detection, as did her younger sister 
116. 

Materials and Methods 
Blood was collected for all surviving family members and high molecular 
weight DNA was extracted from lymphocytes according to the protocol of 
Jeanpierre.7 DNA was cleaved using the commercially available restriction 
endonuclease TaqI, separated by electrophoresis and immobilised on nylon 
filters using the technique of Southern.8 The radioactively labelled linked 
DNA probes S21 and 212-9 were hybridised to these filters which were then 
exposed to Kodak x-ray film for 48 hours before being developed. 

Results 
As demonstrated in Fig l(b) the results allow the mother’s (12) 
 

X chromosomes to be distinguished and the inheritance of these 
chromosomes by her children to be determined. This enables predictions to 
be made as to which of her X chromosomes carries the gene for X-linked 
agammaglobinulaemia and thus to predict carrier status in her daughters. The 
results shown are those obtained with probe 212-9. These results were 
confirmed by a second probe, S21, which is also linked to XLA. 

Discussion 
The advances in molecular biology of the last decade have heralded a period 
of extraordinary progress for clinical genetics and its practitioners. For the 
medical profession this progress has led to a better understanding of the 
defects in some inherited conditions9,10 and a corollary of this knowledge is 
the ability to detect carrier status in some diseases. Particularly among 
families where an inherited disease is fatal there exists a demand for genetic 
counselling and accurate detection of carrier status. Broadly speaking, this 
can be accomplished by one of two ways.11 
 Firstly, mutation detection methods may be used. A prerequisite of this 
method is that the precise location of the gene is known and a specific probe 
available which will selectively bind to that part of the gene in which the 
mutation is known to occur. Variations of this technique involving the 
polymerase chain reaction have recently been employed to determine the 
frequency of the deletion most commonly observed in cystic fibrosis. For 
most diseases however this approach is impossible as the nature of the 
mutation may vary from one family to the next and it is impracticable to 
search a whole gene, which may be several kilobases long, for a mutation. 
This is particularly true for X chromosomal diseases. 
 The second method is the so called “gene tracking” method. This applies 
to the situation where the gene is unknown but its location within a region of 
a designated chromosome is known. DNA markers are used from that same 
chromosomal region to determine whether or not a person has inherited the 
same region of the chromosome as an affected family member. In this way 
carrier status can be determined. Implicit to the technique of gene tracking is 
a risk of wrong prediction due to a crossover occurring between the flanking 
marker used for predictive purposes and the gene itself. Were this to occur, 
then the gene would be on the opposite chromosome to the expected one and, 
in consequences of the crossover, the risks given to the patient with regard to 
offspring would be wrong. To cover this possibility geneticists, in calculating 
risk which 
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includes information derived by gene tracking, allow a “recombination 
fraction” (-0) which takes account of the genetic distance between the DNA 
probe used and the gene and therefore of the propensity for a crossover to 
occur in this region of the chromosome and lead to incorrect risk evaluation 
for the patient. The recombination fraction between the probe 212-9 and 
Bruton’s agammaglobulinaemia is 0.05 (ie 1 in 20). 

 
Figure l(a) Pedigree data. I and II refer to the different generations in the 
pedigree. 1,2,3 etc refer to the individuals within a particular generation. 

 = affected male 
 = unaffected male 
 = female 

Figure l(b) beneath each individual indicated in figure l(a) is represented the 
hybridisation pattern obtained for that probe 212.9. 

 The key manoeuvre in assessment of carrier status for any x-linked 
condition is to find a linked probe for which the mother is heterozygous. This 
enables the X chromosomes to be separated into carrier and non carrier 
chromosomes depending on which chromosome the affected son inherited. In 
Fig l(b) the affected son (113) has inherited the 3.2 kilobase long X 
chromosome segment from his mother which suggests that the disease 
segregates with the X chromosomes allele represented by the 3.2kb 
polymorphism. This is supported by the fact that his healthy brother (114) 
inherited the x chromosome allele 1.8 kb from the mother. The sisters 115 
and 116 both have x chromosome alleles 3.2 and 1.8kb but in their cases, the 
3.2 allele must have come from the father and so they have inherited the 1.8 
kb allele from the mother and are therefore unlikely to be carriers. There are 
two ways in which this reasoning could break down. The first is if a 
crossover took place in the mother’s ovary at oogenesis with the result that 
the mutant gene in one or both sisters is on the opposite X chromosome to 
that in their brothers 113 and 114 from whom we derived which chromosome 
the disease gene is on. 

Figure 2 
Consider the mother (I2) Disease on 3.2Kb 

allele 
1.8kb allele 

Prior probability .5 .5 
Conditional probability (II3) .95 .05 

(II4) .95 .05 
 = .45125 .00125 
Daughet 
(II5) 

Carrier Non-carrier Carrier Non-carrier 

 .05 .95 .95 .05 
 = .0225625 .4286875 .0011875 .0000625 
Total = .45125  .00125  
II5 Risk of being a carrier = .0225625 + .0011875 

.45125 + .00125 

= 5.2% 

 This possibility is covered by incorporating a recombination value (0) of 
0.05 in the calculation of risk. The second way in 
 

which an incorrect carrier risk might be counselled is if the girls 115 and 116 
got their 3.2 kb allele from their mother and the 1.8kb allele from a man other 
than II. Hence to outrule this possibility paternity must be confirmed, as it 
was in the example shown. 
Calculation of risk12 (See figure 2) - The empirical risk to 115 or 116 of 
being carried is 50%. They have a 50% chance of passing the disease bearing 
X chromosome on to their children. Hence the chance of having an affected 
boy for both 115 and 116 is 1/2 x 1/2=1/4. If 115 and 116 can be shown to be 
carriers, their risk of a boy being affected rises to 50%, where as if they can 
be shown to be at a low risk of being carriers the risk of having an affected 
boy is 1/2 of their own carrier risk.12 
 I 2 is a carrier, with 2 X chromosome alleles designated 3.2 kb and 
1.8kb. Theoretically she is equally likely to carry the disease on either 
chromosome. But we know from 113 that she transmitted the disease with 
allele 3.2 kb and hence we are 95% confident that the disease is on this allele 
(we are not 100% sure because of crossover risk Ѳ = 0.05). However, there is 
a 5% chance that the disease is on allele 1.8kb. Looking at her well son, 114 
we see that he inherited allele 1.8 kb. Therefore we believe that I 2 carriers 
the gene for X-linked agammaglobulinaemia on the X chromosome 
represented by the 3.2 kb allele. Consider now patient 115. As she has 
inherited the 1,8kb band from her mother, the risk that she is a carrier is 
approximately 5% - the risk of a crossover taking place between the mutant 
gene and the linked DNA marker employed. Five per cent represents the risk 
of 115 or 116 being a carrier. Their risk of having an affected boy is 2.6% 
(1/2 x carrier risk). Thus the incorporation of information available on DNA 
analysis allows carrier risk to be refined from an empirical risk of 50% to a 
new risk of 5%. The anxiety relieving aspects of such tests are self evident. 
Obviously not all cases will have the same happy outcome as the situation 
outlined here. However patients seeking this information should have genetic 
counselling before testing and be aware of the equal likelihood of being 
confirmed as definite carriers. In general, patients who are shown to be 
carriers are relieved that the uncertainty has been overcome, although 
disappointed to be confirmed as carriers. It should be emphasised that carrier 
detection can still be offered if all affected family members have died, 
provided that healthy males are available so that the disease bearing allele in 
the mother can be inferred. 
 We submit this report to bring the subject of carrier detection to the 
notice of clinicians, particularly those involved with the management of 
inherited disease. We suggest that optimal management of X-linked 
agammaglobulinaemia involves not only treating the patient but also offering 
genetic counselling and its attendant services to the families involved. 
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Prevalence and risk factors for childhood 
nocturnal enuresis 

DEVLIN JB 
Eastern Health Board, Poplar Square, Naas, Co. Kildare 

Abstract 
A large population based study was carried out to describe the epidemiology of nocturnal enuresis and to outline medical management of the 
problem. Parents of 1,806 schoolchildren were surveyed and prevalence was ascertained at 13% with two thirds classified as primary enuretics. 
Significant associated factors included social class, unemployment, family stress and a parental family history of enuresis. Enuretics were more likely 
to be behind at school, have behavioural problems, soiling and daytime wetting. 
 Enuresis was distressful for the family yet most children never saw a doctor about the problem. In those that did, less than two thirds had a urine 
test and 40% of parents remained dissatisfied with the outcome of the visit to the doctor. Children were more likely to be prescribed medicine than 
other treatments whereas the enuresis alarm was recommended for only one in ten children. 
 These findings illustrate that nocturnal enuresis continues to be a problem, that the characteristics of Irish enuretics differ from those in other 
countries and that medical management of enuresis has room for improvement.  
 
Introduction 
Childhood nocturnal enuresis is an important social problem and one of the 
most common and harassing conditions of childhood; prevalence rates range 
from one to 40% depending on the characteristics of the population studied 
and how the author defined enuresis.1 Enuresis is generally more common 
among boys than girls1 and has been associated with a wide variety of 
disorders in the child2,5 and social and environmental factors in the family,3,6 
but many of these studies are dated and may not reflect the present situation. 
 Treatment consists of pharmacotherapy or behavioural therapy including 
the enuresis alarm. Pharmacotherapy is less effective in achieving long term 
cure.7,9 Tricyclic agents have many undesirable side effects,10,11 and are the 
commonest cause of fatal accidental overdosage in young children,12 yet in 
the United States they are the most frequently recommended treatment for 
enuresis.13 
 This study aims to determine prevalence of enuresis in schoolchildren 
and to identify risk factors for enuresis in the Irish setting. It describes the 
impact of bed-wetting on the family, current management of the problem and 
satisfaction with medical management. 

Materials and Methods 
A large population based sample of school children was obtained via cluster 
sampling of national primary schools in Kildare, Six schools were surveyed 
and judged to be representative of the total primary school population. A total 
of 1,806 children aged between four and 14 years were covered by the 
survey. 
 Information on (i) sociodemographic data (ii) enuresis data (iii) 
physical/psychological disorders and (iv) family stress was obtained from a 
self administered questionnaire given to parents. Social class was based on an 
ordinal scale as described previously.14 A comparison was made of these 
variables between enuretic and non-enuretic families so that risk factors for 
enuresis could be identified. 
 A pilot study on 70 school children resulted in minor refinements to the 
questionnaire and data from the pilot study was not included in the final 
analysis. Enuresis was defined as 
 

involuntary urination during sleep, occurring at least once a month in 
children over four years of age. The enuresis battery included questions on 
frequency of wet nights, classification, perceived impact on the family and 
current management. 
 A random sample of non responders was contacted to ascertain if they 
differed significantly from those who responsed to the questionnaire and 
statistical analysis was performed with the X2 test. 

 
Figure 1 

Results 
Of the 1,806 respondents in the study, the questionnaire was completed by 
1,746. A further 14 non responders were contacted yielding an overall 
response rate of 98% and these non responders did not differ from those who 
initially responded to the questionnaire. 
 Prevalence - Overall prevalence was determined at 13% and reduced 
with increasing age (Fig. 1). Bed-wetting was more prevalent among boys 
than girls (15% and 12% respectively) but the difference was not significant. 
 The severity of enuresis was graded and is outlined in table 
 
 


