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Table 1
Approach to patients with multiple drug intolerance syndrome

Step 1 (history) � Obtain detailed history of listed drug allergies
� Determine potential need for future medications

Step 2 (testing) � Identify medications for drug skin testing
� Identify medications requiring drug challenge

Step 3 (guidance) � Develop list of medications that are safe to use
� Develop list of medications to avoid
� Develop list of medications that can be considered for

future testing or induction of drug tolerance
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Clinical Vignette

A 71-year-old woman presented to the hospital with fever and
dysuria and was found to have an Escherichia coli urinary tract
infection with bacteremia. She was prescribed intravenous cipro-
floxacin. Within minutes of the fourth dose she developed itching
of her throat, a sense of throat swelling, and dysphonia. She
received a single dose of intravenous diphenhydramine, and her
symptoms resolved within 30 minutes. Her antibiotic was changed
to meropenem, and after the third dose she again had similar
symptoms, necessitating discontinuation of use of this drug. An
allergy and immunology consultation was obtained. Her medical
history was notable for compensated congestive heart failure and
recurrent urinary tract infections. She noted a history of “anaphy-
laxis” to multiple antibiotics. More than 30 years ago she developed
respiratory distress after penicillin and was intubated. Since then
she reported the development of throat itching, throat tightness,
dysphonia, and some tongue swelling to multiple antibiotics,
including cephalexin, “sulfa”, tetracycline, and clarithromycin. She
could not recall the details of all of these reactions other than that
many of them occurred after a few doses of the medicine. Her
physical examination findings were notable for the absence of any
cutaneous findings, including angioedema.

Multiple Drug Intolerance

It is well recognized that some patients report multiple allergies
tomedications. One of the first descriptions using the termmultiple
drug allergy syndrome was in 1989 in an abstract by Sullivan et al,1

who reported that 21% of 312 penicillin allergic patients reported
allergies to other drugs compared with only 1% of 349 adults with
no penicillin allergy history. In contrast, a study by Khoury and
Warrington2 found the incidence of reactions to noneb-lactam
drugs to be similar between patients with penicillin allergy
with positive penicillin skin test results, patients with penicillin
allergy with negative penicillin skin test results, and patients with
vasomotor rhinitis without a history of penicillin allergy. The term
multiple drug allergy is controversial because a criterion standard
for confirming allergy (ie, skin testing or drug challenge) is typically
lacking, there is no clear immunologic explanation, and prospective
studies are not available.3 Subsequently, another term has been
introduced to explain patients with reactions to multiple drugs:
multiple drug intolerance syndrome (MDIS). This syndrome has been
defined to include patients with reactions to 3 or more drugs that
are not structurally or pharmacologically related.4 A recent study of
23 patients who underwent 350 separate drug challenges revealed
that none of the 23 met the criteria for MDIS.5 Seventy percent of
these patients reported symptoms with challenges (including 26%
patients with placebo), but only 7% had objective findings. Recently,
Macy et al6 reported on data from a large health care electronic
medical record involving more than 2 million patients. MDIS cases
accounted for 2.1% of health plan members and were more likely to
be female, older, and heavier than the average health plan
members. Anxiety rather than IgE-mediated allergy was associated
with MDIS as has been previously reported.7 Nevertheless, these
patients present challenges to the patient, treating clinician, and
the consulting allergist/immunologist. A logical approach can be
used to effectively manage these patients with available tools,
including a careful drug allergy history, skin testing, drug challenge,
and induction of drug tolerance procedures (Table 1).

Drug Allergy History

Like many other allergic diseases, a detailed history is essential
to the management of a drug allergic patient. The history is
essential to help (1) confirmwhether the reaction is consistent with
a drug allergy, (2) classify the nature of the reaction (eg, IgE
mediated), (3) choose diagnostic tests, (4) determine the safety of
reintroduction of the medication, and (5) determine need for an
induction of drug tolerance procedure (eg, drug desensitization).
Key elements of the drug allergy history include name of the
medication(s), when the reaction occurred, which systems were
involved, timing of drug administration and reaction, indication for
drug, concomitant medications, underlyingmedical conditions that
can be confused with drug allergy (eg, chronic urticaria, vocal cord
dysfunction [VCD]), tolerance to cross-reacting drugs, and similar
symptoms in absence of drug.8

Drug allergic reactions need to be distinguished from adverse
reactions. As defined in the Drug Allergy Practice Parameter,
a drug allergy is an immunologically mediated response to
a pharmaceutical and/or formulation (excipient) agent in a sensi-
tized person.9 Immunologic drug reactions require a period of
sensitization and hence should not be first dose reactions unless
the patient was previously exposed to the drug or a cross-reacting
drug. Clinical features of immunologic drug reactions vary
considerably based on the mechanism. The most common form of
drug allergic reactions (maculopapular exanthems) are consid-
ered type IV delayed-type hypersensitivity reactions and typically
evolve after several days of taking the offending drug. Type IV
drug reactions may also present with eczematous, pustular, or
bullous lesions. Type I immediate reactions to drugs are another
common form of drug allergy and are mediated by drug specific
IgE antibodies. Clinical manifestations of type I reactions may
include urticaria, angioedema, bronchospasm, and anaphylaxis.
IgE-mediated drug allergic reactions typically occur rapidly (<1
hour) after exposure to the drug in a sensitized individual. A
number of other immunologic drug reactions may present in
different fashions but are beyond the scope of this brief review
and are discussed in more detail in the Drug Allergy Practice
Parameter.9
Drug-Specific Diagnostic Testing

Although the history and physical examination are extremely
useful in evaluating patients with drug allergic histories, they are
usually not adequate to confirm or refute a true drug allergy.
Modalities for testing for specific drug allergic reactions include
skin tests, in vitro tests, and drug challenge. Drug challenge is the
reference standard for confirming a drug allergic reaction because
skin tests and in vitro tests may indicate sensitization but have the
potential for false-positive and false-negative results.

It is important to recognize that not all drug reactions need to
be evaluated. For many patients, particularly those with multiple
antibiotic allergies, identifying a few classes of broad-spectrum
antimicrobials that they tolerate is typically sufficient. This may
depend on the underlying medical condition and anatomical site
for which they typically require antibiotics (eg, respiratory,
urinary tract, skin). Antibiotics that are most commonly evaluated,
particularly for outpatient use, include penicillins, cephalosporins,
macrolides and quinolones. Most experts believe that testing for
sulfonamide allergy should be approached with caution because



D.A. Khan / Ann Allergy Asthma Immunol 110 (2013) 2e64
of the well-known propensity for these drugs to cause severe
cutaneous adverse reactions.
Skin Testing

Drug skin testing using epicutaneous followed by intradermal
testing may be used for both immediate and some delayed drug
allergic reactions. A positive immediate skin test result to a nonir-
ritating concentration in a patient with a history of an immediate-
type drug allergic reaction (eg, urticaria within 30 minutes of drug
exposure) implies the presence of drug specific IgE and indicates
that the patient would be at risk for having an immediate reaction
with subsequent drug exposure. In contrast, a negative skin test
result does not indicate low risk because of the poor negative
predictive value of skin testing to native formulations of the drug.
The main exception is with penicillin skin testing.

The negative predictive value for skin testing with commercially
available penicillin reagents in the United States (penicilloyl-
polylysine [PRE-PEN] and penicillin G) is approximately 97%.10,11

Large-scale studies using penicillin skin testing with major and
additional minor determinants (eg, penicilloate, penilloate)
reported that 10% to 20% of patients with positive penicillin skin
test results also tested positive to penicilloate or penilloate.12,13

These large studies revealed that only 1% to 3% of patients with
negative skin test results developed mild and self-limiting reac-
tions after penicillin challenge, similar to studies without other
minor determinants, raising the question of the clinical significance
of these isolated penicilloate or penilloate reactions. Because most
allergists in the United States do not have access to penicillin minor
determinants, testing with PRE-PEN and penicillin G is reasonable.
Penicillin G left in solution (aged penicillin) does not degrade
spontaneously into other minor determinants and should not be
used as a testing reagent.14 Despite the excellent negative predic-
tive value, a confirmatory penicillin challenge is recommended
because of the small risk of reactions in patients who have negative
penicillin skin test results, even when testing with other minor
determinants. For most patients with MDIS who are being tested in
an allergy clinic, a history of penicillin allergy is listed, the history is
remote, and the reaction is nonanaphylactic; therefore, the pretest
likelihood of penicillin allergy is low. For these patients, after
a negative penicillin skin test result, a full dose of amoxicillin may
be used with observation for an hour. Amoxicillin may be used
because it covers both penicillin and side chains of amino-
penicillins. Overall, penicillin skin testing and challenge are useful
tools in patients with MDIS because the results are typically
negative, and these tests can significantly increase the antimicro-
bial options for patients. In addition to other penicillins, cephalo-
sporins and carbapenems may be safely taken (if avoidance was
due to a history of penicillin allergy).

Although nonirritating concentrations of many nonpenicillin
antibiotics and other drugs have been published, their utility is
limited because of their unknown negative predictive value.15

However, in cases of drug-induced anaphylaxis, the frequency of
positive reactions is higher, and in this situation, drug-specific skin
testing can be a useful tool. Skin testing can be performed to
antibiotics other than penicillins; however, the predictive values for
these tests are not as robust as with penicillin because the patient
populations studied have been much smaller. More information is
available for skin testing with cephalosporins, macrolides, and
quinolones than other antibiotics.

Several studies have evaluated cephalosporin skin testing in
patients with histories of cephalosporin allergy with positive
skin test results in more than 75% of cases.16,17 Many studies have
used concentrations for intradermal testing of 2 mg/mL. The
negative predictive value of cephalosporin skin testing has not been
established. A recent study from a large drug allergy database
found 3 of 10 cefazolin allergic patients to have had negative skin
test results with cefazolin, one of whom had anaphylaxis on
challenge.18 Cephalosporin allergic patients appear to tolerate other
b-lactams, such as carbapenems and aztreonam, in more than 95%
of cases.19

A few studies have evaluated macrolide skin tests. One study
found that only 8 of 107 patients (7.5%) with a history of macrolide
allergy reacted to oral challenge.17 Only 25 underwent skin testing
to erythromycin and spiramycin (0.1,1,10mg/mL), and 7 (28%) were
positive only at the highest concentration; therefore, the authors
concluded that oral challengewas the preferred diagnostic method.
Another study evaluated 64 children with allergic reactions
attributed to clarithromycin and found only 6% had positive
challenge results. Skin testing was performed to a lyophilized form
of clarithromycin (not available in the United States) and was found
to have good negative predictive value (98%).20

A few studies have evaluated quinolone skin testing. A retro-
spective study of 71 patients evaluated patients with mixed
histories of immediate and delayed reactions to quinolones.
Challenges were conducted in only 44 patients, and 16% had posi-
tive challenge results.21 Negative predictive value of skin tests was
94%, but positive predictive value was lower, and in fact many
controls had positive skin test results. Another study evaluated 101
patients with both immediate and delayed reactions to quinolones
using immediate skin testing and patch tests.22 Six of 51 patients
(11.8%) with histories of immediate reactions had positive challenge
results. The authors were unable to find nonirritating concentra-
tions for intradermal tests and determined that prick testing was
not helpful in determining hypersensitivity. These studies suggest
that quinolone skin testing may be irritating, and interpretation of
positive skin test results is challenging.

Compared with macrolides and quinolones, cephalosporin skin
testing is more robust in terms of numbers of studies and numbers
of patients studied. Nevertheless, the negative predictive value
for any nonpenicillin antibiotic has not been well established, and
caution should be used in interpreting results. Because of this
dilemma, many experts do not perform skin testing with non-
penicillin antibiotics, with the exception of histories of anaphylaxis,
where anecdotally it may be more helpful.

Skin testing using both delayed intradermal and patch tests has
beenused for certaindelayed immunologicdrug reactions, including
maculopapular exanthems, fixed drug eruptions, and acute gener-
alized exanthematous pustulosis.23 The negative predictive values
for these techniques have not been well established; therefore,
a negative test result does not preclude a drug allergy.

In Vitro Tests

Several types of in vitro tests have been found to be useful in
various research centers throughout the world. These tests include
specific IgE tests, lymphocyte transformation tests, basophil
activation tests, and other investigational assays.24 Specific IgE
testing for penicillin G has not been found to provide benefit in
addition to routine penicillin skin testing.25 Although data from
research laboratories using lymphocyte transformation tests and
basophil activation tests are promising, it is difficult to apply data
on specificity and sensitivity from these research centers to
commercially available tests in the United States. Commercial tests
do not have the same methods as those used by research centers;
thus, additional studies are needed to confirm the specificity,
sensitivity, and predictive values for commercially available in vitro
drug tests before routinely using these tests in clinical practice.

Drug Challenges

Given the limited negative predictive value of skin testing and
in vitro tests to exclude drug allergy, a drug challenge is usually



D.A. Khan / Ann Allergy Asthma Immunol 110 (2013) 2e6 5
required to determine tolerance to a drug. Terms to describe drug
challenges include graded dose challenge, test dosing, and drug
provocation. These are all diagnostic procedures to determine
whether a patient will have an adverse reaction to a drug. A patient
with a negative drug challenge result can typically be considered
not to be allergic to the drug. However, false-negative drug chal-
lenges can occur because of such factors as inadequate dose,
inadequate duration of drug, or a missing cofactor (eg, no concur-
rent infection). For b-lactams, false-negative results occur infre-
quently, with recent studies showing negative predictive values of
94% for drug challenges.26 None of the reported reactions was
life-threatening, most were delayed, and all were cutaneous
(mostly urticaria or exanthem), and some patients with reported
reactions had subsequent negative drug challenge results. It is
important to differentiate between a drug challenge and an
induction of drug tolerance procedure (eg, desensitization). Drug
challenges do not modify an individual’s immunologic or non-
immunologic response to a given drug and merely answer the
question “Can this patient tolerate this drug?”

In clinical practice, drug challenges are intended for patients
who, after a full evaluation, are deemed to be at low risk for
being allergic to the given drug. Patients with remote histories,
vague or subjective symptoms, mild reactions that are self-limited,
or histories not consistent with drug allergy (eg, headache) are
examples of low-risk characteristics. Typical scenarios for per-
forming drug challenges would be to exclude a drug allergy in
a patient with an unconvincing history or to exclude cross-
reactivity of structurally related drugs (eg, cephalosporins with
different R-group side chains). Furthermore, the benefit of treat-
ment with the drug should outweigh the risk of performing
the drug challenge. Drug challenges are contraindicated in several
types of drug reactions, such as autoimmune diseases (eg, drug-
induced lupus), severe cutaneous adverse reactions (eg, Stevens-
Johnson syndrome, drug rash with eosinophilia, and systemic
symptoms); vasculitis; organ-specific drug reactions causing cyto-
penias, hepatitis, nephritis, or pneumonitis; and serum sickness.

Protocols for performing drug challenges vary but typically
involve incremental dose escalation (graded challenge). Deter-
mining the starting dose is largely dependent on the pretest
probability of true drug allergy. Factors such as severity of historical
reaction, remoteness of reaction, atypical features, or other
explanations for the reaction can all help determine the pretest
probability. In other words, the more confident one is that the
patient is not truly allergic, the higher the starting dose. Typical
starting doses for graded challenges are usually 1/100th or 1/10th
of the therapeutic dose but may be lower or higher, depending on
the clinical situation. The frequency of dosing is dependent on the
type of reaction, immediate or delayed. For immediate reactions,
doses are typically administered every 30 to 60 minutes. For
delayed reactions, one may choose to administer doses every
several days to allow time for a reaction to develop. For patients
with purely subjective symptoms or multiple drug allergies, strong
consideration should be given to performing a single-blind,
placebo-controlled challenge because drug-allergic patients may
frequently have symptoms with placebo.27,28 For oral challenges,
large, colored gelatin capsules can be used to conceal the drug
tested, and an inert filler (eg, methylcellulose) can be used for
placebo. Equipment to treat reactions from drug challenges are
similar to those required to administer allergen immunotherapy.
Epinephrine and other treatment for reactions to drug challenges
are rarely required.
Induction of Drug Tolerance

In patients who have proven drug allergy (eg, history of urti-
caria and positive drug specific skin test result) or those with
a high likelihood of an allergic reaction (eg, recent anaphylaxis to
the culprit drug) where the culprit drug is required without an
alternative therapy, an induction of drug tolerance procedure can
be a useful management tool. Induction of drug tolerance proce-
dures results in a temporary state of tolerance to the drug. This
temporary state of tolerance is different than the term immuno-
logic tolerance, which implies a more permanent state of tolerance.
Induction of drug tolerance is a procedure to modify a patient’s
response to a drug through IgE immune, non-IgE immune, phar-
macologic, or other mechanisms to allow them to take the drug
temporarily in a safe manner (ie, drug tolerance). The term drug
desensitization is a term that has typically been used to describe
procedures that induce drug tolerance. Strictly speaking, the term
drug desensitization is one type of induction of drug tolerance
procedure for patients with IgE-mediated sensitivity to a drug
who afterward typically have diminished or absent skin test
reactions and hence are less sensitive or desensitized.29 For other
types of induction of drug tolerance procedures where patients are
not immunologically sensitized, the term drug desensitization can
be confusing; hence, the term induction of drug tolerance is
preferred. All procedures to induce drug tolerance involve
administration of incremental doses of the drug but vary consid-
erably over the starting dose and duration of the procedure. IgE
immune induction of drug tolerance (eg, desensitization) proce-
dures typically start with 1/10,000th of the therapeutic dose,
whereas other induction of drug tolerance procedures may begin
at 1/100th of the dose or greater. References for an in-depth
discussion of induction of drug tolerance procedures include the
Drug Allergy Practice Parameters, which includes 14 separate
protocols,8 and the recent review from Castells and colleagues,30

which discusses practical tips and safety of rapid drug desensiti-
zations. Similar to drug challenges, a number of reactions are
almost always contraindicated for induction of drug tolerance
procedures, including autoimmune diseases (eg, drug-induced
lupus); severe cutaneous adverse reactions (eg, Stevens-Johnson
syndrome, drug rash with eosinophilia, and systemic symp-
toms); vasculitis; organ-specific drug reactions causing cytopenias,
hepatitis, nephritis, or pneumonitis; and serum sickness.

Case Epilogue

The aforementioned case of the elderly womanwith a history of
“anaphylaxis” to multiple antibiotics, with symptoms of isolated
throat itching, swelling, and dysphonia was not believed to repre-
sent drug-induced anaphylaxis but rather VCD. Fiberoptic rhino-
laryngoscopy was performed and revealed normal vocal cord
appearance and function. After informed consent, sheunderwent an
open drug challenge with ciprofloxacin, 500 mg intravenously.
Within 15 minutes of the beginning of the infusion, she developed
a sensation of throat itching and tightness,whichwas soon followed
by hoarseness without any objective oropharyngeal edema, and her
vital signs and oxygen saturation remained normal. On direct
questioning, she indicated that these were the same symptoms as
her previous antibiotic “anaphylaxis.” Repeat fiberoptic rhinolar-
yngoscopy was performed and revealed paradoxical adduction of
the vocal cords during inspiration consistent with VCD. She was
instructed on some throat relaxation techniques and within
5minutes had complete resolution of her symptoms. Shewas able to
complete the rest of her course of ciprofloxacin uneventfully.

Drug-Associated Vocal Cord Dysfunction

VCD is a well-known entity to the allergist/immunologist and
has been the subject of a recent review in this journal.31 VCD is
most commonly considered in the differential diagnosis of asthma;
however, it can also bemistaken for anaphylaxis and, depending on
the presentation, should be considered in the differential diagnosis
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of anaphylaxis.32 Although laryngeal edema from anaphylaxis and
VCD can both result in dyspnea, throat tightness, and stridor,
certain clues are suggestive of VCD. Most patients with laryngeal
edema from anaphylaxis will have readily visible oropharyngeal
edema and often other signs of anaphylaxis (eg, urticaria).
Regarding drug-induced laryngeal edema, it would be extremely
rare for someone to have this type of immunologic response to
numerous nonecross-reactive medications of differing chemical
structure. In our experience, VCD is a relatively common presen-
tation in patients with multiple antibiotic allergies, particularly
those with histories of multiple episodes of “anaphylaxis.” Never-
theless, there are only rare reports of drug-associated VCD
mimicking anaphylaxis in the literature.33 Hence, in a patient with
a history of isolated throat “swelling” without objective confirma-
tion to multiple medications, a diagnosis of drug-induced VCD
should be considered. Drug challenge with confirmation via direct
laryngoscopy is extremely helpful in properly diagnosing this
condition.

Conclusion

Although specific diagnostic tools are limited, even patients
with multiple medication allergy can typically be effectively
managed. As allergist/immunologists we are commonly asked to
help manage patients with multiple antibiotic allergies. Although
often viewed as a daunting challenge, such patients can typically be
managed through a combination of a detailed history, penicillin
skin testing (when appropriate or other antibiotic skin tests), and
1 to 2 graded challenges of different antibiotic classes. All of this can
be performed in an allergist’s office without special laboratory
equipment. Patients are extremely grateful for this service that is
unique to our specialty but unfortunately underused.
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