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Abstract

Sulphur dioxide sensitivity in South African

asthmatic children

H. A. STEINMAN, M. LE ROUX, P.C.POTTER

Sulphur dioxide (SO,) is a well-known precipitant
of asthmatic attacks. Many foodstuffs are pre-
served with SO, and other sulphites. In this study
37 asthmatic children attending the Allergy Clinic
at the Red Cross Children’s Hospital were chal-
lenged with SO, in apple juice in a dose similar to
that commonly ingested in soft-drinks containing
this preservative. The responses of these children
were compared with the responses of 22 asthma-
tics challenged with apple juice alone.

Sixteen out of 37 children (43,2%) challenged
with SO, reacted with a fall in forced expiratory
volume in 1 second (FEV,) of more than 10%
compared with none of the 22 control asthmatic
children challenged with apple juice alone (P =
0,0016). Girls were found to be more sensitive
than boys. A 20% or more fall in FEV, occurred in
8 (21,6%) of the children challenged with SO,
compared with none in the control group (P =
0,039). There was an individual variability in the
responses of sensitive individuals to the SO, chal-
lenge. Reactions occurred in spite of maintenance
medication and occurred within 5 - 30 minutes of
challenge. Since sulphite sensitivity is common in
asthmatic children, ingestion of sulphites should
be avoided.
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bisulphite and sodium sulphite are widely used as

preservatives in the food industry. They inhibit
enzymatic browning in fresh fruit, vegetables and salads,
and non-enzymatic browning in dried fruit and vege-
tables. They have a broad-spectrum antimicrobial action
in soft-drinks, wine and maize milling. They are also
used for conditioning of flour doughs, as a bleaching
agent in maraschino cherries,' and as preservatives and
anti-oxidants in medications.>’

The effect of these agents on sensitive individuals is
well recognised.*” Although asthmatics are mainly
affected, non-asthmatics may also be affected,® but the
incidence of sulphite sensitivity in non-asthmatics is not
yet known.

In a previous survey done in Cape Town, 27% of a
cohort of children with asthma gave a history of being
sensitive to sulphites in soft-drinks.’ Since sulphite sensi-
tivity appeared to be more common in children than in
adults, this study was conducted to determine the inci-
dence of sulphite-sensitive asthmatics (SSAs) in South
African children by direct challenge.

Sulphur dioxide (SO,), sodium and potassium
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Patients and methods

Fifty-nine chronic asthmartic children aged 5 - 13 years,
on maintenance medication who attended the Allergy
Clinic at the Red Cross Children’s Hospital were
studied. All were atopic as evidenced by a positive radio-
allergosorbent test (RAST) or skin tests to common
aero-allergens, and all were familiar with the use of a
Vitallograph. Only those children with FEV, values
equal to or greater than 80% of their predicted values
were included.

There were 24 girls and 35 boys. All children were
compliant with their medication. Five of the children
were steroid-dependent and 5 were being treated with
sodium cromoglycate. No patients were on both drugs.

The study was conducted over a period of 3 weeks.
Children were assigned to control and test groups by
means of a system of random numbers. The test group
consisted of 25 children (8 girls and 17 boys), and the
control group of 22 children (10 girls and 12 boys)
tested at 10, 15 and 30 minutes after the SO, challenge.
To determine the FEV, fall at 5 minutes following an
SO, challenge, a further group of 12 children (6 girls
and 6 boys) were challenged with apple juice and SO..
Since an FEV, fall of more than 10% was not observed
in any of the 22 controls challenged with apple juice,
further controls were not studied. The results of the test
groups were analysed as a single set of results.

Challenge

The children were challenged in a double-blind manner
with either pure apple juice or apple juice containing
sodium metabisulphite 330 mg/l.

The sodium metabisulphite was obtained from
Bromor Foods (Pty) Ltd. Three hundred and thirty
milligrams sodium metabisulphite added to 1 litre of
apple juice resulted in the challenge drink containing
208 parts per million (ppm) total SO, as measured by
the modified Monier-Williams method (analysed by the
State Health Laboratories). One hundred and ten ppm
were present as bound SO, and 98 ppm as free SO,
(analysed at the laboratories of Bromor Foods (Pty) Ltd).

The definitive SO, challenge tests were conducted as
follows. The baseline forced expiratory volume in 1 sec-
ond (FEV,) was measured after which the child was
asked to drink 200 ml of the test or control juice. FEV,
tests were performed pre-challenge, and at 5 minutes,
15 minutes, 30 minutes, 60 minutes and 120 minutes
post-challenge. The best of three FEV, values was
accepted. Children were observed for 2 hours and treat-
ed with nebulised fenoterol if a fall in FEV, of more
than 20% was observed or if the child became clinically
distressed.

Pilot study

To assess whether usual asthma medication would affect
the results of the SO, challenge, a pilot study group of
21 children were challenged after a sulphite-free diet 1
week before the challenge with apple juice or apple juice
containing SO,. Their usual medication was withdrawn
2 days before the challenge. As results of the challenge
in these children were not significantly different whether
they were on or off treatment, medication was not dis-
continued for the main study.
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Staristical analyses were performed with Epi-Info 5
and Statgraphics; Fisher’s exact test and the chi-square
test with Yates’ correction were utilised.

Permission for the study was obtained from the par-
ents of the children and from the Ethical Review
Committee of the University of Cape Town Medical
School.

Results

Magnitude of the fall in FEV,

Sixteen (43,2%) of the 37 challenged with apple juice
containing SO, showed a fall in FEV, of 10% or more in
contrast to none in the control group challenged with
apple juice alone (P = 0,0016). A fall in FEV, of 20% or
more occurred in 21,6% of children in the former group
(P = 0,039) (Table I). Nine (64,3%) of the 14 girls
showed a fall in FEV, of 10% or more compared with 7
(30,4%) of the 23 boys (Table I). A 20% fall in FEV,
occurred in 5 (21,7%) of the boys and 3 (21,4%) of the
girls. One child required nebulisation soon after inges-
tion of the drink as she became clinically distressed;
she was excluded from the rest of the study. Six patients
(3 girls and 3 boys) had a persistent FEV, fall of more
than 20% at 30 minutes requiring nebulisation with
fenoterol.

The mean FEV, difference was 11,1% between test
and control groups at 15 minutes (P = 0,012) and of
17,9% at 30 minutes (P = 0,00034) (Fig. 1).

TABLE L
Percentage of children reacting to an SO: challenge
FEV, fall Boys Girls Total
>10% 30,4% 64,3% 43,2%
7/23 9/14 16/37
>20% 21,7% 21,4% 21,6%
5/23 3/14 8/37
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FIG. 1.

Mean FEV, fall (%) following a sulphur dioxide challenge.

Variability of onset and recovery of fall
in FEV,

There was a difference in the response to the SO, chal-
lenge in different individuals in respect of time. Some
children reacted to the challenge within 5 minutes and
others after a longer period. Spontaneous recovery of
the FEV, was also variable in different children. More
girls reacted within the first 10 minutes after the chal-
lenge with an FEV, fall of 10% or more, observed in
66,7% (4/6) at 5 minutes post-challenge as compared
with 35,7% (5/14) at 15 minutes and 42,9% (6/14) at
30 minutes (Fig. 2). This illustrates the variability of the
onset and recovery of their reactions to challenge. This
was not apparent in the boys, with a fall in FEV, of 10%
or more observed in 16,7% (1/6) at 5 minutes, 21,7%
(5/23) at 15 minutes, and 17,4% (4/23) at 30 minutes
(Fig. 3).
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FIG. 2.
Percentage of girls reacting to a sulphur dioxide chal-
lenge.

Three patients had an FEV, fall of more than 20%
from 5 minutes to 30 minutes whereas 1 girl had an
FEV, greater than 20% at 5 minutes but recovered
spontaneously by 10 minutes. Another had an FEV, fall
of greater than 10% at 15 minutes but recovered by
30 minutes. Two children had a normal FEV, at 15
minutes and their FEV, only fell at 30 minutes whereas
3 had an FEV, fall greater than 10% at 15 minutes but
recovered by 30 minutes.

One boy had no fall in FEV, but developed severe
coughing which only resolved following nebulisation
with fenoterol.

Of the 37 children challenged 5 were on steroids (1
girl and 4 boys). Only 2 reacted with an FEV, fall of
more than 10%. The girl had an FEV, fall of 11% at 15
minutes and one boy an FEV, fall of more than 20%.
Both recovered spontaneously.

Five children challenged with SO, were on sodium
cromoglycate (4 girls and 1 boy). Three girls had an
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Percentage of boys reacting to a sulphur dioxide chal-
lenge.

FEV, fall greater than 10%, one of which fell more than
20% and required nebulisation with fenoterol. Two
remained unaffected.

Discussion

This is the first direct sulphite challenge study per-
formed in South Africa in children with chronic asthma,
and objectively confirms and extends our previous
report of a high incidence of sensitivity to this food
preservative as determined by history alone.’

This is also the first study in which the incidence of
an FEV, fall of 10% or more in asthmatic children chal-
lenged with sulphites was determined. The standard
employed in previous studies for a significant change
following inhalation challenge procedures is an equal to
or more than 20% fall in the FEV,."” We have found
that the incidence of a fall in the FEV, of 10% or more
is not only statistically significantly different in the test
and control groups, but is also particularly clinically
relevant as the majority of these patients were asymp-
tomatic. It is well known that the effect of SO, is cumu-
lative and therefore that those children who drink more
soft-drinks, e.g. in summer, experience greater falls in
FEV.,.

The challenge dose we used rcpresents the approxi-
mate dose of SO, that a child is likely to ingest when
drinking 200 - 250 ml of a soft-drink preserved with it.
Levels of this preservative vary between different soft-
drinks and even in the same soft-drink, depending on
factors such as the freshness of the drink.

The reported prevalence of SSAs varies between
3,9% and 10% in adult asthmatics.*” By contrast two
recent studies have reported that 35,3 - 65,5% of chil-
dren with chronic asthma are SSAs.'""? Towns and
Mellis? found that a challenge with 50 mg of sodium
metabisulphite resulted in a more than 20% FEV, fall in

19 (66%) of the 29 children in his test group, and 6
(21%) of those children challenged with 25 mg. By con-
trast, 21% of our children experienced an FEV, fall of
20% or more with a dose of 66 mg sodium metabisul-
phite. Their method of administration delivered all the
SO, unbound. In our study only 47% of our dose was
unbound and this resulted in an effective 31 mg chal-
lenge dose.

As in previous studies the onset of reaction occurred
within a few minurtes to 30 minutes.*>* We observed a
marked variability in the onset of reactions in our SSAs.
Some reacr at 5 minutes, others only later. Furthermore,
those who react early may recover spontaneously, or
may persist with bronchospasm for 30 minutes or
longer. Eight of 37 children whose FEV, fell 20% or
more appeared to react to the sulphite soon after inges-
tion, and the fall in FEV, was sustained until relieved by
nebulisation with fenoterol. Only 1 had resolved sponta-
neously by 30 minutes.

One child developed a severe coughing spell even
though his FEV, remained within normal levels. His
coughing was relieved by nebulisation with fenoterol.
The induction of severe coughing by sulphite challenge
requiring 3,-stimulants by means of nebulisation has
been described previously."

Delayed reactions can occur after 12 hours,"” but we
did not conduct FEV, monitoring beyond 2 hours in
our study. Our previous study suggested a dose-depen-
dent effect® and this has been confirmed by other stud-
ies.-l,é,lS

Only 2 of the 5 children on steroid therapy reacted
with an FEV, fall of 10% or more, but they resolved
spontaneously. Oral and inhaled steroids were not
stopped as they are not thought to influence bronchial
challenge studies.” Previous studies in adults and child-
ren have shown that steroid-dependent asthmatics are
more sensitive to sulphites.'>"

Although sodium cromoglycate has been shown to
have a protective effect in some studies,'*"® 3 of the 5
children in our study were not protected. A similar find-
ing was reported by Dixon."” Nedocromil sodium has
been shown to be an effective protector against bron-
chospasm caused by SO,."*

The sulphite preservatives are probably the most
widely used chemical preservatives, particularly sodium
metabisulphite; its active products are SO, and bisul-
phite when in solution. Common foodstuffs that may
contain sulphites are listed in Table II.

Several factors determine whether an SSA will react
to a foodstuff that contains sulphite. The level of sul-
phite preservative legally permitted in a foodstuff varies
for different foods, and different types of foodstuffs bind
SO, to varying degrees. An inherent variability in SSAs’

‘reactions to sulphites is also apparent..

It is evident from a number of our patients who
remained asymptomartic in the presence of an FEV, fall
of more than 10%, that a history alone is unhelpful in
the diagnosis of an SSA. Objective challenge tests are
more reliable for the detection of the child with SO,
sensitivity, but a history of repeated reactions to food-
stuffs that contain SO, is clearly helpful.

Although some clinicians may consider it dangerous
to challenge asthmatics, we feel that it is probably better
to know which children are sensitive than to expose the
child to chronic subclinical bronchospasm induced by
diet. Obviously patients who are clearly sensitive on
history should not be challenged. An SO, challenge in
children with suboptimal respiratory function can be
dangerous and children should only be challenged if
their FEV, is greater than 80%. We do not consider that
routine challenge with SO, should be performed in all
asthmatics at this stage but would recommend that all
asthmatic children avoid foodstuffs that contain SO,

(Table II).
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TABLE I
Possible sources of sulphites in foodstuffs*t

Food category Type of food

Beverages Soft-drinks, fruit juices, grape juice

(esp. citrus drinks)

Alcoholic beverages Wine, beer, cocktail mixes

Condiments Wine, vinegar, pickles, salad
dressings
Confections Molasses

Dips Avocado and other dips

Fish Canned or fresh shrimps, shellfish
Fresh fruit/vegetables  Grapes, fresh pre-cut potatoes
Gravies Gravies, sauces

Processed fruits Dried fruit, fruit juice concentrates,

purees, dried coconut

Instant mashed potatoes, restaurant
salad bars, dried vegetables, '
canned or pickled vegetables, salad
dressings, purees

Sausage (boerewors), cold meats,
paté

Processed vegetables

Processed meats

Puddings Fruit fillings, gelatin

Grain products Cornstarch, gravies, noodle rice
mixtures

Jams, jellies Jams, jellies

Snack foods Dried fruit snacks

Soups Dried or canned soups

Sweet sauces/syrups  Molasses, pancake syrup, corn or

maple syrup

* Full list of soft-drinks in Steinman and Weinberg.®
T Sulphites include: sulphur dioxide, sodium or potassium bisulphite, sodium or
potassium metabisulphite, sodium sulphite.

Acute bronchospasm induced by SO, usually
responds to inhaled B,-agonists. Howland and Simon®
suggest that SSAs who are seriously affected should
probably carry adrenaline inhalers (Medihaler-Epi) with
them to treat possible severe reactions.

Education and avoidance of foodstuffs containing
sulphites remain the mainstay of treatment, but hidden
unlabelled sources are still a problem in South Africa.
This problem is at present being actively addressed by
food legislating groups and we are lobbying for stricter
food labelling practices.
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