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ABSTRACT

Insulin hypersensitivity reactions are rare, but cause significant complexity in the care of patients with diabetes
mellitus. A 54-year-old Filipino male with type 2 diabetes mellitus and multiple co-morbidities developed delayed-
type hypersensitivity reactions to biphasic isophane human insulin and glargine. Despite good glycemic control on
oral hypoglycemic agents, his endocrinologist foresaw the need for future insulin therapy, particularly one basal and
one short-acting insulin. Targeted skin tests demonstrated protamine allergy and negative reactions to regular insulin
and detemir. Close coordination of care among endocrinologists, allergists, patients and patients’ family is needed
to optimize glucose control, prevent complications, and minimize the risk of future hypersensitivity reactions.
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INTRODUCTION

Since the introduction of recombinant human insulin
in the 1980s, insulin hypersensitivity reactions have become
rare. The current prevalence rate of insulin hypersensitivity
reactions is approximately 2.4%, with more than two-
thirds of these reactions related to the additives to the
insulin product rather than to the actual insulin.’? Insulin
hypersensitivity reactions present unique diagnostic and
therapeutic challenges for clinicians due to the variety of
manifestations and etiopathogenesis, the clinical compli-
cations of sudden discontinuation of insulin, and in resource-
limited settings, the lack of availability of diagnostic tests to
clinch the diagnosis. This report illustrates a case of an insulin
hypersensitivity reaction successfully diagnosed through
simple skin tests and managed by shifting to an appropriate
type of insulin.

CASE REPORT

A 54-year-old Filipino male was referred to the Allergy
clinic of a Philippine tertiary hospital due to insulin allergy.
The patient was diagnosed with type 2 diabetes mellitus 6
years prior and was prescribed metformin. One year prior,
he was admitted for ischemic stroke, and was also diagnosed
with dyslipidemia and nodular toxic goiter with moderate
suspicion of malignancy. He was started on biphasic
isophane human insulin containing recombinant human
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DNA (rDNA) regular insulin and rDNA isophane insulin,
atorvastatin, and carbimazole. Metformin was continued.
Three months after taking these medications, the patient
developed erythematous, pruritic, maculopapular rashes
starting at the chest and eventually generalizing to the entire
body. There were no other associated symptoms. Due to
limited financial resources, the patient opted to discontinue
insulin without consulting a doctor. Among the 4 drugs the
patient was taking, insulin was the one discontinued since it
was thought to be the most dispensable given that he was
already on metformin for diabetes. The patient noted gradual
resolution of rashes with the discontinuation of insulin.

Two months prior, the patient was admitted due to
severe forearm trauma necessitating surgical intervention. The
hospital admission was complicated due to his uncontrolled
diabetes. Endocrinology service started glargine and
sitagliptin in addition to metformin, and the patient was
eventually discharged. The patient developed recurrence of
the maculopapular rash at the chest and back after 3 weeks,
prompting referral to the Allergy service. The patient opted
to discontinue glargine without informing the Endocrinology
service. The patient consulted at the Allergy clinic 3 days after
discontinuing glargine. The rashes were already resolving, with
desquamation and post-inflammatory hyperpigmentation.
'The patient does not have personal or family history of atopy.

The patient was assessed to have delayed-type hyper-
sensitivity reaction to insulin. Endocrinology service was
immediately informed of the discontinuation of insulin,
and gliclazide was added for glucose control. Despite
good glycemic control on the 3 oral hypoglycemic agents,
Endocrinology service foresaw the need for future insulin
administration, particularly one basal insulin and one short-
acting insulin, for this patient given the complexity of his
co-morbidities.

Investigations

Complete blood count, liver and kidney function tests
were ordered to rule out systemic adverse effects. Results of
the patient were normal.

Table 1. Results of skin tests

Agents tested

Due to the limited funds and unavailability of specific
insulin antibody testing, targeted skin testing was done, using
the publication by Lee et al. as guide.* Results of the skin
test are shown in Table 1.

The patient was negative to all 3 skin prick tests.
Intradermal test with regular insulin and detemir also revealed
negative results within 15 minutes and after 2 days. However,
intradermal test with protamine at 35pg/mL concentration
revealed positive results with pruritus, erythema, and an
induration >3x3 mm compared to the negative control
developing at the site of injection within 15 minutes, and
persistence of induration after 2 days. From these results,
the patient was diagnosed to have protamine allergy.

Based on the clinical presentation, the negative skin
prick test, and the positive intradermal skin test at 15
minutes and 2 days, the patient’s hypersensitivity reaction
was classified as delayed-type. The positive intradermal test
at 15 minutes may be due to faster reaction of delayed-
type hypersensitivity upon reexposure to the antigen. An
alternative explanation is that the patient may be sensitized
(i.e., with IgE antibodies) but not have clinical manifes-
tations of immediate-type hypersensitivity.

Treatment

Endocrinology service was advised to avoid use of
protamine-containing insulin preparations, and to use
regular insulin and detemir if future insulin administration
is necessary. Since the patient developed rashes after use of
glargine which does not contain protamine, Endocrinology
service was advised to coordinate closely with Allergy
service if they will restart insulin therapy, so that the patient
may be carefully observed for reactions.

Outcome and Follow-up

The patient maintains good glycemic control with
3 oral hypoglycemic agents, and is on regular follow-up
with Endocrinology service. Close coordination with the
Endocrinology and Allergy service is maintained, which is
particularly important if future insulin administration is

L. Intradermal test
Skin prick test X
15 minutes

Regular insulin

2 days

Undiluted (100 U/mL) 0x0 mm 5x5 mm 0x0 mm

10-fold dilution (10 U/mL) Not done 5x5 mm 0x0 mm
Detemir

Undiluted (100 U/mL) 0x0 mm 5x5 mm 0x0 mm

10-fold dilution (10 U/mL) NA 5x5 mm 0x0 mm
Protamine

Usual concentration (350 ug/mL) 0x0 mm Not done Ox0 mm

10-fold dilution (35 ug/mL) Not done 8x8 mm* 5x5 mm*
Histamine (positive control) 6x5 mm 10x9 mm 0x0 mm
Phosphate buffered saline (negative control) 0x0 mm 5x5 mm 0x0 mm

*An induration measuring at least 3x3mm greater than the negative control is considered a positive result.
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necessary. If insulin administration is warranted in the future,
regular insulin and detemir would be the recommended for
use. If other types of insulin are needed, non-protamine
containing insulin should be used. Performance of skin tests
would be prudent to evaluate for potential hypersensitivity
to these other types of insulin.

DISCUSSION

Insulin hypersensitivity reactions, although rare, present
a unique challenge for clinicians. Based on case reports,
insulin hypersensitivity reactions manifest more commonly
as type I reactions such as anaphylaxis, generalized urticaria,
local reactions such as pruritic, erythematous, wheals or
nodules, and rarely, allergic myocardial infarction known
as Kounis syndrome.*™ Type III and type IV reactions
have been reported as well. Type III reactions include
Arthus type reactions, serum sickness, and leukocytoclastic
vasculitis.’*™” Type IV reactions are usually reactions to
additives in commercial insulin preparations and may
manifest as generalized maculopapular rashes.’®* Other
manifestations with uncertain immunologic mechanisms
include lipoatrophy (possibly a type I1I reaction), exfoliative
dermatitis and gallbladder edema (possibly type IV
reactions).?® Manifestations of insulin hypersensitivity
reactions may appear after a variable period of treatment,
from as early as the first insulin injection up to after 3 years
of continuous insulin use.*** To complicate matters further,
hypersensitivity reaction not just to the insulin molecule
itself, but to a multitude of additives commonly found in
insulin reactions have been reported. These include reactions
to zinc, metacresol, and protamine sulfate.?**=1

Our patient manifested with maculopapular rashes 3
months after biphasic isophane human insulin, and 3 weeks
after glargine use. His skin test to protamine sulfate was
positive. Based on analysis of the additives in the types of
insulin tested and supported by the results of the skin test,
he was diagnosed to have protamine allergy (Table 2).1%32%

Protamine is a common additive used to prolong the
pharmacologic effect of insulin. It is purified from the sperm
of matured testes of salmon or related fish. There are many
reports of intravenous administration of protamine causing
immediate reactions of anaphylaxis, urticaria, broncho-
spasm and hypotension due to non-immune-mediated
histamine release. However, in rare cases, delayed reactions
also occur.’!

The results of the skin test showing protamine allergy
is consistent with the clinical course of the patient reacting
to the biphasic isophane human insulin, since the isophane
component contains protamine. Upon skin test with just
the regular insulin component, the patient did not show a
reaction. However, the skin test results cannot fully explain
why the patient reacted to glargine, which does not contain
protamine. Possible hypersensitivity to additives found
in glargine, such as zinc, metacresol and glycerol were not
completely ruled out in this patient. However, skin test with
detemir yielded negative result. Detemir is another long-
acting insulin which also contains similar additives of zinc,
metacresol, and glycerol, as well as phenol. Another possibility
is that the patient has hypersensitivity specific to glargine
since different insulin analogues have different amino acid
sequences, with studies showing that some patients may be
allergic to one type of insulin but not to another type.*#20-26

Aside from skin tests, other tests that are commonly
used to investigate insulin hypersensitivity reactions include
patch test and specific IgE and IgG insulin antibody testing.
Each test has its own limitations. For example, skin prick
tests have poor sensitivity, with false-negative reactions
occurring in 4 out of 10 patients.’ Serologic testing also
has poor specificity, since studies have reported that 50 to
80% of patients on insulin therapy develop anti-insulin
antibodies.?"*! Diagnostic algorithms have been published to
guide clinicians in the use of these diagnostic tests.*>*

In our patient, financial constraints and limited
availability of tests factored in the decision of which diagnostic
tests to perform. Ultimately, the choice of diagnostic test/s
to be used is affected by the clinical scenario, availability of
resources, and the most updated scientific evidence. Shown
in Figure 1 is the algorithm used in the management of
this patient.

There are various management strategies for insulin
hypersensitivity reactions, including switching to oral
hypoglycemic agents, switching to a different insulin
preparation, desensitization, continuing insulin therapy while
giving supportive treatment, use of monoclonal antibodies,
and in severe refractory cases, pancreatic transplant.

Various case reports have relayed the successful
management of diabetic patients with insulin hypersensitivity
with use of oral hypoglycemic agents.’**3¢ However, since
type 2 diabetics generally experience gradual decline in
endogenous insulin production, oral hypoglycemic agents

may eventually be insufficient for glycemic control.**

Table 2. Additives in the insulin types used in the patient

Additives Biphasic isophane human insulin
M-cresol +
Zinc +
Protamine +
Phenol +
Glycerol -

Glargine Regular insulin Detemir
+ + +
+ - +
- - +
+ - +

Patient reaction Maculopapular rash

Maculopapular rash

Negative skin test  Negative skin test
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History and physical examination
suggestive of insulin allergy?

N S NS

Skin prick test and intradermal test Administer
with insulin and its additives insulin

Positive / \ Negative

lgE-mediated? Test dose of insulin under

allergists' supervision
Yes / \‘ No

Desensitization Switch to oral hyg)gglycemic agents
Continue insulin while giving
supportive therapy
OR

Monoclonal antibodies

Figure 1. Algorithm used in the management of this patient.

Other case reports noted successful switching to a
different insulin preparation, especially in patients that
have hypersensitivity reactions to additives in the insulin
preparation.?” It is curious to note however, that success
has been reported even in patients without documented
hypersensitivity to additives.®®#?*23" These reports do not
have a common insulin type that is considered less likely to
cause hypersensitivity reactions, as each patient reacted to a
wide variety of insulin types and was successfully switched
to different types of insulin. The differences in amino acid
sequences among the different insulin types have been
proposed to be one of the reasons for this success.’* However,
this should be done carefully and with adequate precautions,
due to the risk of anaphylaxis.?”

Desensitization using a variety of desensitization
protocols, including the use of continuous subcutaneous
insulin infusion, have also been conducted successfully
among patients with insulin hypersensitivity.**21%3%3 Qther
less commonly reported strategies include administration of
immunosuppressants while continuing insulin therapy, use
of omalizumab, and pancreatic transplant.'”*

Our patient was successfully managed with switching to
oral hypoglycemic agents. However, due to the complicated
medical history, his endocrinologist foresaw the need for
insulin therapy in the future. Thus, targeted skin prick
tests were done using the most commonly used and easily
accessible insulin preparations in the local market to identify
a different type of insulin that the patient would have less
likelihood of having a hypersensitivity reaction to.

CONCLUSION

This case report illustrates the unique challenge of
diagnosing and treating patients with insulin hypersensitivity
reactions, particularly in resource-limited settings. Close

coordination with endocrinologists and allergists is necessary
to ensure good glycemic control while minimizing the risk
of hypersensitivity reactions. Careful analysis of the patient
history, the additives used in common insulin preparations,
and targeted skin testing can help clinicians choose the
most appropriate treatment for these patients.
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