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Summary

The purification of animal insulin preparations and the use of human
recombinant insulin have markedly reduced the incidence but not completely
suppressed the occurrence of insulin allergy manifestations. Advances in
technologies concerning the mode of delivery of insulin, i.e. continuous
subcutaneous insulin infusion (CSII), and the use of insulin analogues,
resulting from the alteration in the amino acid sequence of the native
insulin molecule, may influence the immunogenicity and antigenicity of
native insulin. Instead of increasing allergy reactions, CSII has been reported
to represent a successful alternative treatment in diabetic patients presenting
local or generalized allergy to insulin or other components (zinc, protamine)
of conventional treatment. Most recent reports concern CSII-treated patients
using short-acting insulin analogues (essentially insulin lispro), although the
precise role of these insulin analogues remains unclear as allergy to them
has also been described. Finally, data on antigenicity and immunogenicity of
long-acting insulin analogues (glargine, detemir), which may mimic the basal
insulin delivery with CSII, remain scarce at present. Copyright © 2007 John
Wiley & Sons, Ltd.
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Introduction

Continuous subcutaneous insulin infusion (CSII), also called insulin pump
therapy, was introduced by Pickup and Keen [1] and was proved to be superior
on multiple daily insulin injections in a recent meta-analysis of 12 randomized
controlled trials comparing the two treatment modalities [2]. Recent data
shows that CSII with short-acting insulin analogues (insulin lispro, insulin
aspart) provides better control of postprandial hyperglycaemia and further
reduced risk of hypoglycaemia, leading to a significant improvement in
glycated haemoglobin (HbA;.) and quality of life [3,4]. Therefore, short-
acting insulin analogues are now considered the first choice for CSII
therapy [5,6]. In addition, this approach may offer new possibilities in
the management of allergy to human insulin.

Soon after the introduction of insulin in the 1920s, clinicians became
aware of the immunological complications and skin manifestations that result
from reaction to its therapeutic use [7]. Animal (beef, pork) insulins are
foreign proteins and have been reported as allergens, with a much higher
skin reaction to beef insulin than to porcine insulin. In addition, non-insulin
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Figure 1. Immunological reactions to insulin (adapted from reference 23)

components of insulin preparations such as various
impurities (‘dirty insulin’), preservatives (metacresol) or
agents to prolong action (zinc, protamine) may also
act as allergens [8,9]. Primary allergy to recombinant
human insulin has also been described, although the
prevalence of hypersensitivity reactions (mostly localized
to the injection site and more exceptionally generalized)
has dramatically decreased from as many as 50—-60% in
the 1950-1960s [10,11] to less than 1-3% in the late
1990s [12-15]. However, the current prevalence of such
insulin allergy reactions is not precisely known among the
diabetic population.

Whereas clinical allergy has become a less-frequent
observation, new modalities of insulin delivery may
magnify its propensity. For instance, continued use of
subcutaneous insulin-infusion pumps raises the important
issue of stability of insulin within the delivery system as
insulin aggregates may promote insulin hypersensitivity
reactions [16]. Furthermore, insulin analogues, resulting
from a modified sequence of amino acids of recombinant
human insulin, may present new epitopes for recognition
by the immune system, and thus potentially alter the
antigenicity and immunogenicity of insulin in diabetic
patients [17-19]. However, as previously suggested [16],
the development of physically stable insulin monomers
(thus reducing the risk of insulin aggregates) may further
decrease the clinical incidence of cutaneous insulin allergy
as compared to human regular insulin and minimize the
complications associated with insulin-infusion therapy.
Interestingly, insulin desensitization with CSII delivering
insulin lispro has been reported in several diabetic
patients, suggesting that the insulin pump and short-
acting insulin may be useful as an alternative treatment
in insulin allergy [20].

The present review aims at describing the effects of
CSII and/or short-acting insulin analogues (lispro, aspart)
on insulin allergy, i.e. localized and more exceptionally

Copyright © 2007 John Wiley & Sons, Ltd.

generalized manifestations related to insulin hypersen-
sitivity. As new long-acting insulin analogues (glargine,
detemir) are able to provide a better basal insulin deliv-
ery as compared to Neutral Protamine Hagedorn (NPH)
insulin and thus may be considered as an alternative
to CSII [21,22], recent, albeit scarce, data concerning
allergy reactions to these analogues or attempts of insulin
desensitization with them will be also briefly summarized.

Hypersensitivity to insulin: brief
overview

Insulin injected into the subcutaneous tissue of diabetic
patients can elicit various reactions from the immune
system (Figure 1) [9,23,24]. Although the frequency
of insulin allergy has been reduced with the present
availability of high purification technology and with
the use of human insulin, reactions varying in severity
from mild discomfort to life-threatening still occur
in 0.1 to 3.0% of patients receiving human insulin
[13,15,25,26]. Three types of allergic reactions to human
insulin have been described [14,27]. A Type I immediate
hypersensitivity reaction is by far the commonest. This is
an IgE dependent reaction that is mediated by the release
of vaso-active substances mainly from basophiles and mast
cells. Symptoms start at the site of injection with swelling,
erythema and itching, and may progress to a generalized
reaction, ranging in severity from simple urticaria to
anaphylaxis. Symptoms usually resolve after 1 h. The
reactions typically occur 1 week after initiation of therapy
and in patients who have restarted insulin treatment after
a therapeutic gap. Sometimes, biphasic reactions occur,
with an initial wheal-flare reaction, followed by a late-
phase peaking at 4-6 h and lasting usually less than 24 h.
However, induration at the injection site may last longer,
occasionally for several days. These delayed reactions

Diabetes Metab Res Rev 2007; 23: 348-355.
DOI: 10.1002/dmrr



350

are IgG-mediated and cell-mediated, characterized by a
local mononuclear infiltration. Type III hypersensitivity
(Arthus type) represents local insulin—antibody complex
reactions that result in complement fixation and leukocyte
attraction with resultant inflammatory response. This
serum sickness type is very rare with insulin and is
mediated by IgG antibodies. Skin reactions involve
small, localized, subdermal tenderness and painful
non-erythematous nodules with central hematomas at
injection sites, occurring around 6-8 h after the insulin
injection and lasting for 48 h [28]. Type IV reaction
corresponds to tuberculin-like T lymphocyte-mediated
delayed hypersensitivity. The cutaneous nodules could be
distinguished from those of the type III hypersensitivity
reactions as they occur usually 24 h or more after the
insulin injection, lasting for 4—7 days.

Confirmation of the allergic nature of skin lesions
(which might also be due to incorrect injection technique)
can be obtained by intradermal testing using a 1:10
dilution of the insulin preparation [26]. Appearance of
a lesion within 60 min of injection indicates immediate
hypersensitivity, whereas delayed hypersensitivity would
be shown by a response between 2 and 24 h [27].

Highly purified and recombinant insulin preparations
are virtually free of protein contaminants, an advantage
that has undoubtedly contributed to the decreasing preva-
lence of insulin allergies. Currently, allergic reactions to
insulin preparations are induced not only by the insulin
molecule, especially when the tertiary structure of insulin
is altered, but also by the presence of non-protein con-
taminants, or pharmaceutical additives, such as protamine
sulfate, zinc or metacresol [12,29]. Allergic reactions to
protamine sulfate are common and should not be ignored.
They can be easily detected with positive intradermal skin
test reactions to protamine sulfate [26,30] and they can
be managed by switching NPH insulin preparations to
other lente insulin preparations free of protamine. Finally,
insulin-injection-site reactions associated with type 1 latex
allergy have also been reported in exceptional cases with
type 1 diabetes [31-33].

Local skin reactions are usually short-lived and resolve
spontaneously within a few weeks despite continuation
of insulin [14]. A standardized investigative procedure of
suspected insulin preparation allergy was associated with
relief of symptoms in >90% in a retrospective series of
22 cases [26]. If the skin reactions persist longer than
several weeks, a number of potential options may be
considered, including changing insulin to a less allergenic
type (i.e. insulin analogues) and/or varying the insulin
delivery mode (i.e. CSII). These new options challenge
the classical approach using desensitization procedure.
A tolerance induction technique has been described to
be successful in some cases, but is rather fastidious to
implement in clinical practice [13,15,25,26].

CSII and insulin allergy

CSII raises the important issue of stability of insulin within
the delivery system [16] because of prolonged contact
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with plastic reservoirs and tubing, higher-temperature
exposure, and possible agitation as described in the
presence of a constant pumping motion [34]. Possible
interaction between plastic catheter tubings and regular
insulin preparations used for CSII [35] and the problem
of insulin compatibility with polymer materials used in
external pump infusion systems [36] have also been
pointed out. Despite potential changes in the tertiary
structure of insulin, no increase in the incidence of
allergic reactions to insulin was described in CSII-treated
patients. Only contact dermatitis has been reported in
some diabetic patients resulting from the presence of
acrylates, epoxy resin, components of glue or nickel needle
in the insulin pump infusion sets [37].

CSII has been proposed to reduce allergy to insulin
when injected conventionally [20]. Indeed, most desen-
sitisation protocols involve the frequent administration
of small and incrementally increasing doses of insulin to
obtain low constant blood levels that gradually increase
to therapeutic levels. Continuous delivery may be used to
avoid repeated injections, and thus CSII would be an ideal
method of desensitisation. Furthermore, if necessary,
dermal hypersensitivity to insulin may be improved by
simultaneous infusion of small amounts of corticosteroids
with insulin in patients experiencing these reactions [38].

The successful treatment with an insulin pump
delivering regular insulin was first reported in a young
girl with type 1 diabetes who, within 2 months of insulin
therapy, developed generalized allergy owing to both
zinc and protamine in insulin preparation [39]. The first
report of management of true insulin allergy using CSII
was published in 1988 [40]. Three years after beginning
insulin therapy with beef-pork insulin, a 34-year-old, non-
atopic woman developed urticaria. Laboratory findings
excluded the usual etiologies of generalized urticaria
and/or pruritus, but specific IgE antibodies against bovine
and porcine insulins were found. Antihistaminic treatment
and desensitisation with highly purified porcine and
human insulin were attempted without improvement.
Therefore, CSII with human regular insulin was started.
With this therapeutic regimen a rapid improvement
of subjective symptomatology was observed with the
gradual disappearance of allergic reactions over 2 months.
Interestingly, local allergic reactions in injection sites
recurred 1 year later, when the patient again underwent
conventional insulin therapy. The presence of specific
IgE against porcine, bovine and human insulins was
confirmed. The patient was again treated with CSII
with a rapid disappearance of allergic reactions. This
therapeutic attempt was based on the theory that the
infusion of insulin microdoses at a continuous basal rate
could represent an effective desensitisation method. One
proposed mechanism was that CSII is able to maintain the
mast cells chronically degranulated in insulin-infusion
areas and hence block the immunological reaction liable
to allergic manifestations [40].

Despite this initial favourable report, the use of CSII
delivering human regular insulin in diabetic patients with
insulin allergy when treated with conventional injection
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therapy remained exceptional, as only one single case
has been described with continuous delivery of human
insulin [41]. A 63-year-old insulin-dependent diabetic
woman was hospitalized with itchy skin wheals at the
injection sites of human insulin. After intradermal skin
testing was performed, the erythema and wheal were
recorded immediately, and the increased titer of human
insulin-specific IgE antibody indicated immediate-type
allergy against human insulin. Administration of an anti-
allergic drug or desensitization for human insulin every
2h was not effective. In contrast, after CSII therapy
was performed, both itching and wheal disappeared.
The authors concluded that the process may be a
desensitisation through CSII and suggested that CSII may
be useful in the treatment for human insulin allergy [41].

Several recent reports further confirmed the potential
interest of CSII in the treatment of insulin allergy, but
all concerned patients were treated with pump delivering
short-acting insulin analogues (vide infra).

Insulin analogues and insulin allergy

To develop insulin analogues with more desirable
pharmacokinetic properties, alterations have been made
in the amino acid sequence of human insulin. The
human insulin analogues lispro and aspart are produced
by interchange of the positions of the amino acids
B28-Pro and B29-Lys, and replacing B28-Pro with Asp,
respectively. These changes cause rapid dissociation of
hexamers into monomers spontaneously, resulting in
rapid absorption, action, and degradation of insulin
[5,6]. Ideally, insulin analogues should neither produce
an immune response that results in local or systemic
allergic manifestations in excess of those of human
insulin preparations nor generate antibodies that bind
to and neutralize insulin. However, insulin analogues
may present new epitopes for recognition by the immune
system.

Interestingly, in vitro data suggest that insulin aggre-
gates rather than native monomers cause cutaneous
allergy and that antigenicity of insulin preparations cor-
relates with the relative concentration of aggregates [16].
Structural changes leading to insulin lispro and insulin
aspart (monomeric insulins) were initially reported to
result in decreased immunogenicity in in vivo stud-
ies [17,18]. However, recent studies with both insulin
lispro [42,43] and insulin aspart [44] rather report
results supporting similar immunogenicity of the two
analogues when compared to human regular insulin. A
multinational, multicentre combination of controlled and
non-controlled, open-label studies of 4.5 years’ duration
showed that the incidence of insulin allergy in patients
receiving subcutaneous administration of insulin lispro
was not different from that in patients treated with recom-
binant regular human insulin [42]. Lindholm et al. [44]
reported that insulin aspart caused allergic reactions as
frequently as regular human insulin, although there was
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no consistent relationship between antibody formation
and adverse events.

Nevertheless, insulin lispro or insulin aspart analogues
may be less antigenic for people with insulin allergy
as they do not aggregate to form polymers [16].
Anecdotal reports suggest that local and generalized
allergy to human insulin could be successfully treated with
insulin lispro [45-49] or with insulin aspart [49-51].
In the series of 22 cases published by Bodtger et al.
[26], 5 patients were treated with insulin analogues,
among whom 3 had a clear success and 2 had partial
improvement. Successful treatment of insulin allergy in
a 1-year-old infant with neonatal diabetes by lispro and
glargine insulin was reported recently [52]. However,
insulin allergy has also been reported with insulin lispro
[53-55] and with insulin aspart [19,56]. One case of
insulin allergy to insulin aspart, associated with insulin
resistance, occurred in a patient with lung cancer and
was considered a paraneoplastic syndrome based on
interleukin-6 secretion [56]. In a recent review of the
literature focusing on systematic allergy to insulin, a
series of 11 cases of lispro or aspart sensitization were
reported, demonstrating that clinical allergy to these new
insulin analogues exists as well [57]. Insulin allergy
was not always treated successfully with insulin aspart
[55,58]. Interestingly, one case report described the
positive effect of using a short-acting insulin analogue
instead of crystalline insulin in a patient already on
CSII therapy [59]. This 22-year-old woman with type 1
diabetes developed pruritus and erythema at the injection
site 3 months after starting treatment with crystalline
insulin given through an infusion pump. Following various
attempts of desensitisation, the short-acting insulin
analogue lispro was used. It was first administered to
increasing doses using classical subcutaneous injections.
Urticaria disappeared within 3 days, and insulin lispro
could be administered by pump infusion with no
recurrence of urticaria over a follow-up of more than
18 months. The favourable course of this severe insulin
allergy emphasizes the potential interest of insulin lispro
in patients with insulin allergy, and opens new prospects
in combining CSII and short-acting insulin analogues.

New long-acting insulin analogues such as insulin
glargine and insulin detemir offer the potential advantage
of a better basal insulin coverage over a 24-h period
as compared to insulin NPH, with less hypoglycaemic
events [5,6]. Therefore, a once-daily dose of insulin
glargine has been proposed as an alternative to CSII
as it provides more effective glycaemic control over 24 h
as compared to intermediate insulin NPH [21,22]. Two
case reports [52,60] showed that insulin glargine can
resolve a generalized allergy to human insulin in type 1
diabetic patients. The first case was a 45-year-old type 1
diabetic Japanese man with generalized allergy to human
insulin who was successfully treated with insulin glargine
[60]. Although the precise mechanism to induce the
tolerance across other insulins remains unclear, this is
the first report to demonstrate that insulin glargine allows
generalized insulin allergy to be overcome. The other case
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concerns a 1-year-old infant with neonatal diabetes [52].
In this infant, intradermal tests confirmed the insulin
allergy to different kinds of insulin and attempts of
treatment with anti-allergic drugs and gradual insulin
desensitization with low doses of regular insulin were
not successful. As skin tests were negative with glargine
insulin, treatment with this new basal insulin was initiated
without any allergic reaction and an adequate glycaemic
control over a 6-month period. However, glargine insulin
cannot always be considered as an alternative in insulin
allergy. Indeed, the first report of allergy with glargine
insulin has been described in an 81-year-old man with
type 2 diabetes [61]. In that particular case, skin-prick
tests were positive for human and porcine insulin as well
as for lispro and glargine insulin, but not for aspart insulin.
Therefore, the patient was treated successfully with CSII
of aspart with no local reaction and gradually improved
metabolic control. Another preliminary report described
the case of a 20-year-old diabetic woman, who presented
delayed local manifestations after glargine injection, with
negative intradermal reaction to all insulin preparations
tested, except for a weak response for glargine [62]. A
60-year-old type 2 diabetic patient with allergy reactions
to all kinds of human insulin and short-acting insulin
analogues, showed similar cutaneous reactions to glargine
as compared to other insulin preparations [63]. Finally,
Castera et al. [57] described a case of allergy to all
kinds of insulin commercially available in France at
that time, lispro, aspart and glargine insulin included.
However, they did not test the new rapid analogue
glulisine and the new long-acting analogue detemir.
Almost no information is available in literature concerning
the allergenicity of these new insulin analogues or their
use in the treatment of insulin allergy. Nevertheless, a
first case of type III allergy to the new long-acting insulin
analogue detemir has been recently reported in a 31-
year-old man with type 1 diabetes for 20 years without
any history of allergy, especially to previous insulin
preparations, including insulin glargine and insulin aspart
[64]. Thus, contradictory observations are available in the
literature regarding the potential interest or the absence of
deleterious effect of the new long-acting insulin analogues
glargine and detemir as far as insulin allergy is concerned.

CSII with insulin analogues and insulin
allergy

Because CSII with regular insulin has proven its efficacy
to treat insulin allergy and as the use of insulin analogues
could also reduce insulin allergy, one may expect that
the combination of short-acting insulin analogue and
CSII should be the best way to manage patients with
insulin allergy [20]. One study demonstrated that potency
and purity of insulin lispro were practically unchanged
after 2 days of pumping in two different insulin infusion
systems when syringes and catheters were replaced at
48-h intervals [65]. A recent study confirmed appropriate
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physiochemical stability of insulin lispro for use in various
pump devices [66].

Ten case reports have been recently published
demonstrating the efficacy of CSII in delivering short-
acting insulin analogues (eight with insulin lispro, two
with insulin aspart) in patients with various types of
diabetes presenting local cutaneous insulin reactions with
conventional insulin treatment. They were concerned with
various types of diabetic patients, i.e. a child with type
1 diabetes, two elderly patients with insulin-requiring
type 2 diabetes, two middle-aged patients with type 2
diabetes, four adults with type 1 diabetes of various
duration and a woman with gestational diabetes. These
ten cases that illustrate successful desensitisation using
CSII delivering insulin lispro or insulin aspart will be
briefly described (Table 1). Such detailed description of
individual cases will allow to emphasize the heterogeneity
of demographic characteristics, clinical presentation,
type of insulin responsible of allergy and attempts of
management before trying CSII and short-acting insulin
analogue.

In a 5-year-old girl with type 1 diabetes and insulin
allergy, successful desensitisation could be obtained using
an insulin pump and insulin lispro whereas additional
oral antihistamine and co-administration of subcutaneous
dexamethasone along with human insulin previously
failed to control her symptoms [67]. In a 79-year-old
man with a 28-year history of type 2 diabetes, the allergic
reactions appeared to be variable in size and duration
[68]. Three months after starting CSII with insulin lispro
there was no sign of an allergic response with successful
reduction in HbA;. levels. In a 43-year-old-man with
a 3-year history of type 1 diabetes, a treatment with
CSII using insulin lispro was initiated to achieve insulin
tolerance because of the increase in the intensity of the
local reaction, despite antihistaminic therapy [69]. The
allergic reaction immediately disappeared and optimal
metabolic control was achieved. In a 31-year-old pregnant
woman with gestational diabetes, an allergy to insulin
was suspected because of local reactions and confirmed
by skin-prick tests [70]. A treatment with CSII and
insulin lispro was initiated with an oral antihistaminic
drug without local reaction. However, 7 weeks after the
initiation of such treatment, local reactions reappeared.
In a 21-year-old woman, uncontrolled type 1 diabetes
was observed due to severe cutaneous allergies to
insulin resulting in poor compliance to intermittent
insulin injections [71]. CSII using insulin lispro was
initiated as a low-dose provider for both desensitisation
and treatment of diabetes. Boluses were replaced with
temporarily increased basal rates over 3 h starting 1 h
before meals. No local reaction at the insertion site
of the catheter or elsewhere was observed anymore
and the metabolic control progressively improved. One
year later, although intradermal tests remained positive,
antihistamine treatment could be stopped and premeal
boluses were introduced without reactivating cutaneous
allergies. In a 55-year-old woman with type 1 diabetes,
an allergy to insulin was diagnosed after 6 months of
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Table 1. Brief description of ten clinical cases showing positive effects of continuous subcutaneous infusion (CSII) of a short-acting
insulin analogue in diabetic patients presenting insulin allergy when on conventional therapy

Age Insulin therapy Insulin Hypersensitivity Skin Insulin used
References (years)  Diabetes (months) type reaction RAST tests in pump
Eapen et al. 2000 5 Type 1 36 Human Local Latex — NPH + Lispro
[67] Porcine
Rash (Type1) Regular +
Pratt et al. 2001 79 Type 2 2 Human Local (Type IlI) Bovine + 0 Lispro
[68] Bovine
Porcine
Lispro
Porcine +
Human +
Naf et al. 2002 43 Type 1 1 Human Local Human + Human + Lispro
[69] Lispro
Then systemic (Type 1) Lispro +
Additives —
Durand-Gonzales 31 Gestational 0.5 Human Local (Type I) Human + Human + Lispro
et al. 2003 [70]
Porcine +
Additives —
Sola-Gazagnes 21 Type 1 4 Human Local (Type 1) 0 Animal + Lispro
etal. 2003 [71] Lispro
Human +
Porcine +
Imiela et al. 2003 55 Type 1 72 Human Local 0 Human + Lispro
[72]
Then systemic (Type 1) NPH +
Regular +
Zinc +
Durand-Gonzales 81 Type 2 <12 Human Local 0 Porcine + Aspart
etal. 2003 [61]
Then systemic (Type I) Human +
Lispro +
Matheu et al. 25 Type 1 24 Human Local (Type 1) Protamine + Protamine + Aspart
2005 [73] Lispro
Bovine + Regular +
Porcine + Aspart +
Human + Lispro +
Glargine +
Castera et al. 50 Type 2 6 Lispro Local 0 Porcine + Lispro
2005 [57] Human
Then systemic (Type I) Human +
Protamine +
Lispro +
Aspart +
Glargine +
Moyes et al. 2006 60 Type 2 <12 Human Local 0 Human + Lispro
[63] Lispro
Aspart
Glargine
Then systemic (Type 1) Lispro +
Aspart +

RAST, Reactive Allergen Specific Test; 0, not realized or not available; —, negative test; +, positive test.

treatment with human insulin. This allergy was confirmed
by intradermo-reaction tests for all kinds of insulin, except
lispro. A treatment with CSII and insulin lispro was
initiated and continued with a good tolerance and a
good metabolic control [72]. In an 81-year-old type 2
diabetic patient, hypersensitivity to insulin was described,
consisting of local skin reaction followed by general
urticarian lesions. The skin-prick tests were positive for
human and porcine insulin forms and not for insulin
aspart. Therefore, a treatment with CSII and insulin aspart

Copyright © 2007 John Wiley & Sons, Ltd.

was initiated and gave good results on the skin reactions
and the metabolic control [61]. In a 25-year-old type 1
diabetic patient, after an initial diagnosis of protamine
allergy, an allergy for all kinds of insulin (human, short-
and long-acting analogues) was confirmed. A treatment
with CSII and insulin aspart associated with oral corticoid
therapy was used with success as a desensitisation method
[73]. In a 50-year-old type 2 diabetic patient, allergic
reactions presented at the local injection site. Intradermal
tests confirmed the allergy to all kinds of insulin. A
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desensitisation with CSII and insulin lispro was conducted
with real success [57]. In a 60-year-old uncontrolled type
2 diabetic patient, local skin reactions with uncomfortable
feeling, sweat and feverishness were observed after all
human insulin preparations, including insulin analogues
aspart, lispro and glargine were administered. He was
treated with an insulin pump infusing insulin lispro in
addition to his oral hypoglycaemic agents and achieved
fair control with little or no skin or systemic reaction [63].

Conclusions

Local hypersensitivity to insulin and lipodystrophies
associated with subcutaneous insulin therapy have
become rare complications since the generalized use of
human insulin. Numerous recent observations, mainly
published as short case reports, letters to the editor
or abstracts, describe the positive impact on these
complications of using either CSII or short-acting insulin
analogues, although controversial data were reported
with the latter. Extensive analysis of the literature reveals
that combining CSII and the use of a short-acting insulin
analogue has been shown to be a valuable strategy in the
treatment of localized and generalized hypersensitivity
reactions in diabetic patients with insulin allergy.
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