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eardiomyopathy, failure to thrive, metabolic acidosis, 
hypoglycaemia, and raised transaminase activities, and ammonia 
concentrations. Treatment is intended to restore free carnitine 
levels to 20 µcool/I or greater, and average daily doses range from 
100 to 600 mg/kg (in one child with glutaricaciduria type II). 
Side-effects were infrequent (7%), mild, and mainly 
gastrointestinal. 

Complete medical records are available for 39 patients with 
inborn errors of metabolism, and response to carnitine was graded 
as follows: 

Clinical feature No affected Na improved 
Muscle strength/atemina 35 21(60%) 
Motor milestones 35 19 (54%) 
Infection frequency 18 7(39%) 
Failure to thrive 15 7 (47%) 
Mental status 27 13(48%) 

The clinical picture during carnitine therapy was judged to have 
improved because of carnitine in 25 cases (64%), and treatment was 
judged to have been life-saving in 5 cases. 

1 patient was a 9-month-old with methylmalonyl-CoA mutase 0 
enzyme deficiency who had severe neutropenia, chronic otitis and 
sinusitis, persistent metabolic acidosis, and profound failure to 
thrive. Carnitine therapy at 350 mg/kg daily coincided with a sharp 
increase in weight gain, resolution of neutropenia, decreased 
acidosis, and improvement in infection frequency and severity. The 
patient is now 7 years old and is meeting developmental milestones. 
Another patient presented with acidosis, failure to thrive, corn, 
hypoglycaemia, and respiratory arrest at 6 weeks of age. Diagnosed 
with glutaricaciduria type II the patient is now 3 years of age and 
enjoying normal growth and development while on L-camitine 600 
mg/kg daily as an oral solution. In both cases the metabolic error 
would normally be lethal. 

The failure of others to see a response to L-carnitine in the 
treatment of orgenicacidurias is probably due to the need for higher 
doses to maintain functional levels of plasma and tissue free 
carnitine. Anecdotal though these studies and cases are, as clinicians 
treating metabolic diseases we have come to respect the detoxifying 
powers of I -carnitine. For patients with lethal metabolic disorders 
to exceed by far their predicted life span and to attain developmental 
milestones is a significant and reportable observation. 
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SIRS  Your March 17 editorial draws attention to the biochemical 
and clinical importance of L-carnitine. However, the detoxification 
function and clinical value of carnitine therapy require further 
comment. 

The normal and apparently minor detoxification function may be 
very important in the regulation of acetyl-CoA/CoA ratios; it is 
critically important in abnormal conditions, including diabetic 
ketoacidosis, defects in mitochondrial fl-oxidation, and other 
disorders of organic acid metabolism in which acyl-CoA 
accumulates, and it provides the rationale for the therapeutic use of 
L-carnitine in these conditions." In such patients overt carnitine 
deficiency may not occur, and total carnitine concentrations may be 
above normal. However, the often greatly increased ratio of 
acylcarnitine to free carnitine leads to depletion of free carnitine 
especially in mitochondria. These patients have a secondary 
carnitine insufficiency-ie, insufficient L-carnitine for their 
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increased metabolic needs, especially during episodes of acute 
metabolic decompensistion. Some have found this concept difficult 
to appreciate but it is now gaining wider acceptance.'-' 

It is also important to appreciate that detoxification occurs at the 
mitochondrial level: while we agree that quantitatively in some 
conditions acylcamitine excretion is low during L-carnitine 
supplementation in comparison with overall flux this may be 
misleading. Aeyleamitine concentrations increase substantially in 
patients on supplemental L-carnitinc and this is highly significantat 
the mitochondrial level where detoxification is occurring. The 
restoration of mitochondrial homoeostasis via oral or intravenous 
L-carnitine results in a rapid and sustained clinical response.6" 
Contradicting your editorial view, treatment with L-carnitine also 
provides long-term benefit on the recurrent metabolic 
decompensation and on general wellbcing.r-10 We agree that chronic 
administration of L-camitine to patients with disorders of 
,-oxidation and other non-ketotic hypoglycaemic conditions could 
be detrimental by priming the defective pathway. However, 
L-carnitine has also proved valuable in these conditions in the 
management of acute decompensation by removal of accumulating 
acyl moieties as acylcarnitines (eg, octanoylearnitine).55 Indeed, 
several patients originally described as having "systemic carnitine 
deficiency" and who responded to L-camitine have been 
subsequently shown to have disorders of fatty acid oxidation. Overt 
carnitine deficiency, whether caused by inherited defects in 
L-carnitine transport or of dietary origin, does cause severe clinical 
disease, including hypoglycaemia and cardiomyopathy, that 
responds to camitine. 

Anyone working with children with severe metabolic disease will 
appreciate that controlled trials are very difficult in this area. More 
research is certainly required on the clinical value and on the 
biosynthesis, physiology, and function of L-carnitine, a compound 
that started life as vitamin B, of questionable value. Your editorial is 
welcome in stimulating such interest. 
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Recombinant immunoblot assay for hepatitis 
C virus antibody as predictor of infectivity 

SIR,-As stated by Dr van der Poel and colleagues (Mar 10, p 558), 
screening of low-risk populations such as blood donors for 
antibodies to hepatitis C virus (HCV) by the available recombinant 
ELISA may yield false-positive results. Nor does this assay 
differentiate past infection from virus carriage and potential 
infectivity. Blood transfusion services thus find it difficult to decide 
on policies for discarding suspect blood units and for donor 
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IMPLICATED AND NON-IMPLICATED DONORS POSITIVE IN 
ANTI-HCV (ELISA) 

Donor Recipient 

RIBA Sero- RIBA 
Blood conversion 

5.1-1 c-100 5-1-1 c-100 Donor product ELISA* in ELISA 

Implicated 
1 WB 7.1 + + No - -
2 FFP 7-2 + + Yes + + 
3 PC 6.7 + + Von + -4-

4 WB 6-5 + + Yes - + 
5 RISC 7-2 + + Yes + + 

6 WB 1-1 - - No - -
7 RBC 70 + + Yes + + 

Non-implicated 
8 RBC 1.5 - t No ND 
9 FFP 1.8 - f No ND 

10 WB 6-5 - f No ND 
11 RBC 7-2 - + No ND 
12 WB 1-5 - - No ND 
13 RBC 3.7 - + No ND 

'Absorbeneaicut-off ratio 
WB-whole blood; FFP trash frozen plasma; PC -platelet concentrate. RBC red 
blood call concentrate. NO - not done 

counselling. ' We have now had the opportunity to use the Chiron 
recombinant immunoblot assay (RIBA) for detecting HCV 
antibody. This test is distributed by Ortho Diagnostic Systems (fur 
research use only). This RIBA uses recombinant antigen c-100 
expressed in yeast (as does the ELISA) plus a sub-sequence ofc-100 
(5-1-1) expressed in Escherichia coli. Both antigens have been coated 
in distinct bands on nitrocellulose strips. The result (reactive, 
borderline, or negative) is read by comparing the colour of en 
antigen band with positive controls. 

We have applied the ELISA and the RIBA to a frozen panel of 
donor and patient samples from a prospective study in 1987-89 in 
open heart surgery (unpublished). 685 patients, who received on 
average 12.3 units of blood products, were followed up for six 
months postoperatively. 11 patients (16%) acquired post-
transfusion hepatitis, all being non-A, non-B. 7 had received a 
product from an and-HCV (ELISA) positive donor. Oct the other 
hand, when 1029 of the donor samples not associated with a 
hepatitis case were tested 6 were found to be anti-HCV (ELISA) 
positive. The ELISA and RIBA results on these "implicated" and 6 
"non-implicated" donors are shown in the table. 

All 6 donor samples that were reactive for antigen bands 5-1-1 
and c-100 were associated with hepatitis in the recipient, this being 
accompanied by seroeonversion in 5. No donor specimen that was 
not linked with hepatitis or seroconversion in the recipient showed 
reactivity for more than one band. The RIBA may offer help in 
differentiating infective from non-infective blood donors. 
Reactivity for both antigens, and 5-1-1 especially, is associated with 
infectivity. 
RIBA kits were kindly provided by Ortho. 
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Dystrophin function: calcium-related rather 
than mechanical 

SIR,-Dystrophinl" is thought to have a mechanical function, 
helping to resist stresses associated with muscle contraction."' A 
lack of dystrophin in Duchene muscular dystrophy (DMD) is 
postulated to predispose to the rupture of the cell membrane and 
early necrosis of the muscle cell. In our view, however, a mechanical 
function of dystrophin is not consistent with three important 
observations: 
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(1) Dystrophin constitutes only 0002% of the total protein in 
skeletal muscle, at a ratio of one molecule for every fifteen muscle 
nuclei.° It is difficult to envisage a satisfactory mechanical role for a 
molecule present in such low concentration. 

(2) Dystrophin is also expressed in nervous tissue. It has been 
localised immunohistoehemically to synaptic regions such as 
neuromuscular junctions, cornea, and the outer plexiform layer of 
the retina, taste buds, and neurons in the brains The presence of 
dystrophin in the brain may account for the high frequency (about 
30%) of mental retardation in DMD. ' A mechanical function of 
dystrophin in muscle cannot explain this association. 

(3) In DMD hypercontraction of muscle precedes breaks in the 
cell membrane.° There is excessive hypercontrdction of sarcomeres, 
especially in the early stages .9 A mechanical role for dystrophin 
cannot explain the hypercontraction (or tetanic state) of the 
sarcomeres. 

We suggest that the function of dystrophin is calcium-related 
rather than mechanical. Dystrophin may be causally related to the 
hypercontractions seen in the early stages of the disease. Calcium-
positive fibres are increased in preclinical cases.10 There could be a 
relation with the exposure of more myosin binding sites on actin or 
failure of the release mechanism or some mild defect in the calcium-
pump mechanism. (A major defect of the calcium pump would 
cause immediate necrosis due to massive activation of calcium-
sensitive proteases in the cytosol.9) It is unlikely to be related to the 
function of the sarcoplasmic reticulum or the triadic junction 
because of the cellular distribution of dystrophin.' A strong 
dystrophin reaction has been observed at the neuromuscular 
junction rather than on the surface membrane of extrafusal muscle 
fibres.° A calcium-related role for dystrophin could explain its 
function in nervous tissue. 
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Use of 'Nebuhaler' and face-mask in young 
asthmatic children 

SIR,-Inhaled therapy for the treatment of asthma is difficult in 
children aged under 3 years since their inhalation technique might 
be faulty and they may dislike closing their mouths over inhaler 
mouthpieces. To overcome these difficulties the firing of a 
metered-dose aerosol into a coffee cup, or equipping a large-volume 
spacer with an anaesthetic mask sealed around the nose and mouth 
have been proposed.'-' I report a cheap, portable, and convenient 
method of administering inhaled drugs to very young patients. 

The system' consists of a 750 ml pear-shaped spacer 
('Nebuhaler', Astra Pharmaceuticals) fitted with a nebuliser 
face-mask ('Intersurgical Life-line 1148') with the angled 
connecting piece removed and the side-holes covered with adhesive 
tape. The mask can be used by the parent. In small children and 
infants the mask is used upside down. Because of the shape of the 
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