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An Anaphylactic Reaction to Highly Purified Pork Insulin. 
Confirmation by RAST and RAST Inhibition 
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Summary. We describe a pa t ien t  who had  an  ana phy -  
lactic react ion to highly  pur i f ied  pork  in su l in ;  he was 
no t  allergic however  to bee f  insul in .  The  sensi t ivi ty to 
pork  bu t  no t  to bee f  insu l in  was conf i rmed  by  skin 
testing, r ad ioa l l e rgosorben t  test (RAST)  and  R A S T  
inhib i t ion .  A scheme is suggested for the inves t iga t ion  
of  such patients .  
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There  have been  reports  of  anaphy lac t i c  react ions  to 
insul in ,  the first be ing  by  Wil l iams [1], who descr ibed  
a pa t i en t  who was allergic to insu l in  extracted f rom 
pork  pancreas  bu t  no t  to a bee f  extract. At that  t ime 
insu l in  was very impure  and  it is l ikely that  the aller- 
gen was no t  insul in .  It has a lways been  difficult  to 
prove the precise na tu re  of  the a l lergen caus ing  such 
react ions a n d  with increas ing  pur i ty  of  insu l in  prepa-  
ra t ions  allergic react ions  have b e c o m e  increas ingly  
rare. Pat ients  have b e e n  descr ibed who  had  allergic 

react ions to conven t iona l  insu l ins  [2, 4]. There  have al- 
so been  ins tances  of  react ions  to highly  pur i f ied  insu-  
l ins [5, 121, bu t  with one  doub t fu l  except ion  all pa- 
t ients had  received conven t iona l  insu l ins  previous ly  
[12]. We describe a pa t ien t  who b e c a m e  allergic to 
highly pur i f ied  pork,  bu t  no t  to bee f  insul in ,  in w h o m  
we have demons t r a t ed  by  skin test ing a n d  R A S T  that  
the i n su l in  is the a l lergen a n d  that  the i m m u n o p a t h o -  
logical m e c h a n i s m  was IgE media ted .  

Patient and Methods 

The patient is an Australian male born in 1953. During childhood, 
he experienced episodes of allergic rhinitis, there being no family 
history of atopy. Diabetes mellitus was diagnosed in 1968 and treat- 
ment with insulin started. Initially he received beef protamine zinc 
and soluble insulins. After 2 years of treatment, his insulin require- 
ment had increased to more than 200 units daily. Treatment was 
then changed to Actrapid (pork) and Rapitard (pork 25%/beef 
75%) insulins (Novo Industri, Denmark) with a reduction in his in- 
sulin requirement. He has been seen regularly in our diabetic clinic 
since 1977 and his diabetes has been well controlled on an average 
dose of 90 U insulin/day (weight: 80 kg) and there have been no 
complications of the disease. 

In May 1980, a change was made in his insulin regimen. Mix- 
tard insulin (52 U), a highly purified pork insulin (30% neutral / 
70% NPH; Nordisk Denmark), was substituted for the Rapitard in- 
sulin, of which he had been taking 72 U daily. After I week, wheals 
started to appear at injection sites and 2 weeks later a generalised 
reaction occurred. This reaction started within seconds of an insu- 
lin injection. The patient experienced difficulty in breathing with 
chest tightness and laryngeal obstruction and he developed a gen- 
eralised urticarial eruption i. e. anaphylaxis. While on the Actrapid 
and Mixtard insulins diabetic control had been good. After the ana- 
phylactic reaction, the patient resumed his previous insulin regi- 
men and has subsequently been entirely free of allergic symptoms. 

Prick testing was performed using normal saline, insulin vehi- 
cle, and pork and beef insulins (both highly purified and conven- 
tional preparations) at a concentration of 40 U/ml. Pork and beef 
extracts (Bencards, Brentford, UK), histamine (1%) as a positive 
control and saline were also used. The tests were performed on the 
volar aspect of the forearm and were read at 20 rain. A positive test 
was a wheal at least twice the size of the saline control. 

Intradermal tests were also performed by injecting 0.05 ml of 
various solutions including a diluent control. The insulin test dose 
was initially 0.002 U with subsequent doses increasing tenfold to 
2 U. A positive reaction was judged in the same way as with the 
prick testing and the area of the wheal was measured by planimetry. 

Goat anti-human IgE was supplied by the Rheumatic Diseases 
Laboratory, Maine Medical Center, Portland, Oregon, USA. 

Iodination of the antiserum was performed by the chloramine T 
method of Hunter and Greenwood [13] using 125Iodine. The iodi- 
hated antiglobuin was diluted in phosphate buffer (0.04 mol/l), pH 
7.4, containing sodium choride 0.15 mol/l (PBS) and 1% Tween 20, 
to give 100,000 counts. 100 s -~ �9 100 g1-1, specific activity 1.49 • 108 
Ci/mol. 

Discs of Whatman 54 paper 3 mm in diameter were prepared 
with a paper punch and activated using cyanogen bromide [14]. The 
discs were sensitized with purified pork or purified beef insulin 
(10 ug/ml), diluted in sodium bicarbonate (0. I mol/l) and incubat- 
ed for 4 h at 4 ~ C on a rocking platform. 

The discs were then washed once in 200 ml of sodium bicarbo- 
nate (0.1 mol/1) and unreacted sites were blocked by incubation in 
50 mmol/1 ethanolamine 200 ml diluted in sodium bicarbonate 
0.1 tool/1 for 1 h at 4 ~ C. The discs were then washed in sodium bi- 
carbonate 0.l mol/1 and then in PBS and stored at -20  ~ 

The binding of 1251 labelled insulin by sera was determined us- 
ing a 15% polyethylene glycol separation [15]. This method deter- 
mines the binding of insulin by IgG. 

The Radioallergosorbent Test (RAST) 

This test was performed according to the method of Wide et al. [14], 
using discs sensitized with highly purified beef or pork insulin. 
Control sera were obtained from insulin treated diabetic subjects. 
Two control groups were studied, one with IgG insulin binding of 
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Fig. 2. RAST inhibition by pork and beef insulin. Patient's serum 
was incubated with different concentrations of pork ( e - - o )  and 
be&insulin (z~--z~) and then tested with discs sensitized with pork 
insulin. Inhibition is clearly seen when serum is incubated with 
pork insulin but not beef, thus showing the specificity 

less than 3% and the other with binding of 20%-40%, the first group 
having very- low or undetectable insulin binding and the second 
having moderately high binding without insulin resistance. 

RAS T Inhibition 

To test the specificity of the IgE anti-pork insulin antibody, an inhi- 
bition RAST was set up as follows: pork or beef insulin at concen- 
trations between 0-4 mU/ml  was added to the patient's serum, 
which was then assayed on a pork insulin sensitized disc to show in- 
hibition of the binding of 125I anti-human IgE to the discs. 

Results 

Skin tests were first performed 4 weeks after the ana- 
phylactic reaction. Positive skin prick tests were ob- 
tained with the pork insulins (Actrapid, Leo Neutral 
and Mixtard insulins) but no responses were seen 
with beef insulins (Actrapid beef, Wellcome soluble 
and Wellcome NPH insulins), other allergens or dilu- 
ent control. Rapitard insulin, which contains both 
beef and pork insulins, also gave a positive reaction. 
After a further 7 months, skin prick tests were repeat- 
ed and were negative for both pork and beef insulins. 

Fig. 1. IgE antibodies (RAST) to insulin in diabetic and nor- 
mal subjects. The patient ( �9 ) showed high specific binding of 
IgE to pork discs. Other diabetic patients with high (n = 25) 
and low (n = 25) IgG insulin binding are included. Results 
for the group are given as mean + SEM 

However, following intradermal challenge, a positive 
reaction was seen with 2 U pork insulin (Actrapid) 
with negative reactions to lower doses and to beef in- 
sulin (Actrapid beet). 

IgG Antibodies 

The patient's serum showed only a modest level of in- 
sulin binding; 18% of labelled beef insulin and 12% of 
labelled pork insulin were bound. 

lg E Antibodies 

When the patient's serum was tested by RAST using 
pork insulin sensitized discs, a positive response was 
seen while a weakly positive response was shown us- 
ing beef insulin sensitized discs. None of the diabetic 
control subjects had allergic symptoms and none 
showed any IgE antibodies directed to either pork or 
beef insulin (Fig. 1). 

RAST inhibition showed that the binding of the 
IgE to the pork insulin sensitized discs could be in- 
hibited by pork insulin but not by beef insulin in 
equivalent concentrations (Fig.2), thus confirming 
the clinical history, skin tests and RAST. 

Discussion 

Insulin preparations can be immunogenic and immu- 
noglobulins of all classes can be induced in patients 
during treatment [16]. The immunogenicity appears to 
be related more to the physical characteristics of the 
insulin than to the species of origin [15]. Anaphylaxis 
is the most dangerous and dramatic immunlogical 
side effect of insulin treatment and is now very rare, 
most probably because currently used insulin prepa- 
rations are less impure than they used to be. In pa- 
tients treated with highly purified pork insulin, the in- 
duction of insulin binding IgG is much less than in 
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patients treated with conventional  beef  insulin [15]. 
Lipoatrophy,  which is thought  to be an immunologi-  
cal phenomenon ,  is also less common.  Type 1 allergic 
reactions to highly purified pork  insulin have been 
described [5,12]. In nearly all patients, pr imary immu-  
nization has been with conventional  insulin as is the 
case with our patient. Marked  species specificity, 
such as we observed in our patient, has not been de- 
scribed in those recent studies where insulin specific 
IgE has been documented.  

We describe a patient who had a Type 1 anaphy-  
lactic reaction within seconds of  the injection of  a 
highly purified pork  insulin. This reaction was typi- 
cally that of  an IgE mediated response. RAST, RAST- 
inhibition and skin testing showed IgE directed to 
pork  but not to beef  insulin. 

In this patient it is not clear what  precisely trig- 
gered this immunological  response;  possibilities in- 
clude the increase in the dose of  pork  insulin, the re- 
duction in the dose of  beef  insulin o r the  change in in- 
sulin formulation. Urticaria to an isophane insulin 
but not to a zinc crystalline insulin of  the same species 
was reported by Shore et al. [17]. They speculated that 
protamine,  al though not covalently bound  to insulin, 
might render the insulin, as a hapten,  antigenic. In our 
patient, initial ' immunisa t ion '  was with pro tamine  
zinc insulin and his allergic symptoms occurred with 
the re-introduction of  a pro tamine  containing insulin. 
I f  pro tamine  did promote  immunogenic i ty  it is of  in- 
terest that skin testing with beef  pro tamine  insulin 
was negative; unfortunately,  we did not  skin test him 
with pro tamine  itself. After the anaphylact ic  reaction, 
our  patient experienced no symptoms  on resuming 
Actrapid and Rapi tard  insulins. This may  be because 
of  the lower dose of  pork  insulin, the presence of  beef  
insulin or the absence of  protamine.  

The investigation of  this patient  fol lowed classical 
clinical immunological  lines and has allowed precise 
identification of  the allergen. Skin prick tests, with in- 
t radermal  tests if the skin-prick test are negative, 
RAST and RAST inhibition are a suitable battery of  
tests in such a clinical situation. RAST is a semi- 
quantitative test, which does not appea r  to give false 
positive results in our hands,  as insulin specific IgE 
was only detectable in our patient who had allergic 
symptoms  and not in the insulin treated controls. 
There is, however,  the theoretical danger  of  false ne- 
gative results if insulin binding globulin (IgG) blocks 
the insulin sensitized disc preventing the binding of  
IgE. This p rob lem was discussed by Nakagawa  and 
N a k a y a m a  [8] whose experiments  show that it ap- 
peared  to be of  little importance.  The method  of  de- 
tecting insulin specific IgE which Patterson et al. de- 
scribed [2] is not in principle different to the RAST 
technique, using a double  ant ibody system rather 
than a solid phase. A quite different method reported 
by  K u m a r  [3] uses a solid phase  anti-IgE with detec- 

tion of  bound  insulin specific IgE with radiolabelled 
insulin. However,  using this method,  insulin specific 
IgE was detected in many  subjects who had not expe- 
rienced allergic reactions. RAST inhibition seems a 
satisfactory way o f  investigating species specificity, 
a l though it may  not be an especially sensitive method 
in this respect [8]. 
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