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Drug desensitization in 17-year-old male with Mast Cell Activation
Syndrome, pneumonia, and antibiotic hypersensitivities
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Abstract: Rapid desensitization (RD) is utilized in order to provide necessary medications to patients
with drug hypersensitivity. RD is performed in a closely monitored setting to protect patients from severe
anaphylactic or anaphylactoid reactions. A recently classified syndrome, mast cell activation syndrome
(MCAS), has been defined by episodic symptoms caused by mast cell mediators and is associated with specific
laboratory markers. Patient with MCAS and history of systemic reactions to ceftriaxone and azithromycin
presented with pneumonia requiring treatment with ceftriaxone and azithromycin, both provided via
desensitization protocols. Desensitization for drug hypersensitivities in the setting of MCAS presents
several controversial issues as mechanism of hypersensitivity may not be related to IgE-mediated but
rather non-specific mast-cell degranulation. The controversies of diagnosis and management of antibiotic
hypersensitivity in patients with MCAS discussed. Our case demonstrates that desensitization protocols can

be used in MCAS patients with noted hypersensitivities. The intricacies of desensitization in the setting of

MCAS are not fully understood and will require further research and characterization.
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Introduction

The development of drug desensitization, also known
as temporary induction of drug tolerance, is designed
to provide essential medications for patients with drug
allergy. Temporary tolerance induction can be used in
IgE-mediated reactions that include anaphylaxis, and
non-IgE mediated reactions (1). Type I hypersensitivity
reactions, including anaphylaxis, result from the release
of mediators such as histamine, serine proteases, heparin,
prostaglandins, and cytokines from IgE-sensitized mast
cells, which requires prior exposure for sensitization (1,2).
In comparison, non-IgE mediated immediate (pseudo-
allergic or “anaphylactoid”) reactions are characterized by
the activation of mast cell and mediator release without
involvement of the IgE-mediated signaling (3). Both
reactions, regardless of etiology, may lead to local tissue
edema, vascular leak, shock and possible mortality (1,3).
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Desensitization is the act of providing successively
increasing doses until the full therapeutic dose is achieved,
enabling basophil and mast cell stabilization. The mechanism
is not currently fully understood but is thought to be due
to subthreshold antigen stimulation by hapten-carrier
conjugates. Normal protocols consist of administration of
progressive doses of a drug every 15 to 30 minutes until a full
therapeutic dose is clinically tolerated. Rapid desensitization
(RD) protocols have been published for IgE- and non-IgE-
mediated mast cell reactions caused by chemotherapeutic
and biologic agents such as sulfonamides, aspirin and non-
B-lactam antibiotics, but the mechanism of tolerance is still
largely unknown (1,4,5).

A recently classified syndrome, mast cell activation
syndrome (MCAS), is characterized by episodes of multiple
symptom constellations that can be explained by mast
cell mediator release. Symptoms usually affect more than
one organ system and consist of cutaneous and mucus
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membrane involvement such as urticaria, angioedema
conjunctival injection, pruritus or flushing; gastrointestinal
involvement with nausea, vomiting, diarrhea, abdominal
cramping; cardiovascular involvement with hypotensive
syncope or near syncope, tachycardia, and respiratory
system involvement ranging from nasal stuffiness to stridor
to wheezing. Documentation of response to treatment with
medications aimed at mast-cell mediators, such as H1 and
H2 histamine receptor antagonists, anti-leukotrienes, or
mast cell stabilizers is also used to make the diagnosis of
MCAS. Mast cell disorders including systemic mastocytosis
(SM) and monoclonal mast cell disorder (MCAD) may
be similar in presentation and should be excluded before
diagnosis of MCAS is assigned. Laboratory data to support
the diagnosis of MCAS include increased serum tryptase
levels persistently >15 ng/mL at baseline, increased serum
tryptase levels during symptomatic periods > baseline
values, and elevated levels of 24 h our urinary histamine
metabolites, prostaglandin D2 (PGD2) or its subunit
11-Beta-prostaglandin F2 alpha (6,7).

Known triggers differ in each patient, but MCAS can
be exacerbated by physical factors such as heat, cold,
pressure or friction, hymenoptera stings, fever or infection,
exercise, invasive procedures (e.g., general anesthesia,
biopsy, endoscopy), exposure to alcohol, drugs such as
antibiotics, NSAIDs, narcotics or neuromuscular blocking
agents, radiocontrast media and/or emotions/stress (8-10).
Avoidance of these factors, though at times impossible,
are key to limiting episodes. Current MCAS management
consists of histamine receptor antagonists and mast cell
stabilizers. Epinephrine intramuscular (IM) autoinjector
should be prescribed to all patients and patient should be
instructed on instrumentation and administration when
symptoms present (11,12). New research is determining
the success of biologics in controlling or mitigating
episodic symptomatology (9,12). In patients with consistent
symptoms across multiple organ systems, MCAS may be
the underlying unifying pathology that may be overlooked
when organ-specific diagnoses are sought.

There are many overlapping criteria between anaphylaxis
and the MCAS episodes. As in the general population,
patients with MCAS may also have true allergies to
medications. Furthermore, patients will require new
medications based on clinical circumstances, which raises a
question—how to safely administer medications in patient
at risk of MCAS resulting in potential anaphylaxis-like
reaction? We present a case that illustrates the difficulties in
such decisions and describes a possible approach.
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Case presentation

A 17-year-old male with past medical history of MCAS
(diagnosed 2 years prior), dysautonomia, Ehlers Danlos
Type III and multiple drug allergies was admitted to the
Pediatric Intensive Care Unit after presentation with
shortness of breath and a cough with radiographic evidence
of pneumonia. Patient endorsed a history of reactions to
ceftriaxone and azithromycin consistent with anaphylaxis.
Furthermore, the patient reported a history of reactions to
multiple medications on first exposure. A desensitization
protocol with ceftriaxone was chosen in collaboration with
PICU staff, infectious disease, and immunology in the
setting of a documented beta lactam allergy (13). The patient
successfully completed the protocol as noted in Tuble 1,
but did not have clinical improvement, which prompted a
PCR nasal swab positive for Chlamydia pneumoniae. Based
on continued hypoxia and lack of symptom resolution, the
decision was made to desensitize to azithromycin in the face
of a documented past anaphylaxis. The patient tolerated
his first three full doses of azithromycin without any
hemodynamic instability or signs of anaphylaxis (1able 2).
Treatment with azithromycin resulted in improvement of
dyspnea, cough and crackles on auscultation. After his fourth
day of antibiotic treatment, he was found have pruritus in
his left arm and bilateral shoulders, as well as small papules
and erythema on his right upper back without confluence
on his left arm at the infusion site an hour after his dose.
He was given one dose intravenous diphenhydramine and
two doses of solumedrol. The pruritus and erythematous
rash resolved and decision was made to not give his fifth
day of azithromycin course given the encouraging degree of
clinical improvement of pneumonia.

Discussion

As discussed, a number of questions arise when faced with
a patient with MCAS who may require administration of
a potentially dangerous medication. Do we desensitize
patients due to the fact that anaphylactic or anaphylactoid
reaction may occur in someone with a history of multiple
previous reactions on first exposure? Does desensitization
last in these patients? Is there laboratory data we can
measure to distinguish if the patient is undergoing
anaphylactoid or true anaphylaxis?

In our patient with pneumonia and a history of reactions
to ceftriaxone and azithromycin, protocols consisting
of progressive doses of these medications every 15 to
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Table 1 Ceftriaxone desensitization protocol (16 step), for total dose 2 mg (2,000 mg) IV
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Solution Total volume (mL) Rate (mL/hour) Time (minute) Dose with this step (mg) Cumulative dose (mg)
1 0.12 0.5 15 0.013 0.013
1 0.25 1 15 0.025 0.038
1 0.50 2 15 0.050 0.088
1 1.00 4 15 0.100 0.188
2 0.25 1 15 0.250 0.438
2 0.50 2 15 0.500 0.938
2 1.00 4 15 1.000 1.938
2 2.00 8 15 2.000 3.938
3 0.50 2 15 5.000 8.938
3 1.00 4 15 10.000 18.938
3 2.00 8 15 20.000 38.938
3 4.00 16 15 40.000 78.938
4 1.00 4 15 96.053 174.991
4 2.50 10 15 240.133 415.123
4 5.00 20 15 480.266 895.389
4 11.50 40 17.25 1104.611 2000.000

Solution 1: 0.1 mg/mL, volume 20 mL; Solution 2: 1 mg/mL, volume 20 mL; Solution 3: 10 mg/mL, volume 20 mL; Solution 4: 96.053 mg/mL,

volume 20 mL.

Table 2 Azithromycin desensitization protocol (14 step), for a total dose of 528.45 mg in 24 hours

Solution® Total volume (mL) Rate Dose with this step (mg) Cumulative dose (mg)
1 1 Bolus syringe” 0.05 0.05
1 2 Bolus syringe® 0.1 0.15
1 4 Bolus syringe® 0.2 0.35
1 8 Bolus syringe® 0.4 0.75
2 0.8 Bolus syringe” 0.8 1.55
2 1.6 Bolus syringe® 1.6 3.15
2 3.2 38.4 mL/hr for 5 minutes® 3.2 9.55
2 6.4 76.8 mL/hr for 5 minutes® 6.4 15.95
2 12.5 150 mL/hr for 5 minutes® 12.5 28.45
2 25 300 mL/hr for 5 minutes® 25 53.45
3 25 300 mL/hr for 5 minutes® 50 103.45
3 37.5 150 mL/hr for 15 minutes 75 178.45
3 75 150 mL/hr for 30 minutes 150 328.45
3 100 200 mL/hr for 30 minutes 200 528.45

? Solution 1—0.05 mg/mL; Solution 2—1 mg/mL; Solution 3—2 mg/mL; ® 15 minutes observation time between boluses; °, 10 minutes
observation prior to next dose to total of 15 minutes between dose initiation.
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30 minutes until a full therapeutic dose, were clinically
tolerated but resulted in a mild reaction on subsequent
dosing of azithromycin. Both of the medications had
documented anaphylaxis-like reactions in the past. Overall,
patients with MCAS produce a lifelong difficulty in disease
management. Our case argues that desensitization may
be a safe way of administering first dose, but subsequent
doses probably will need to be done under observation,
given the possibility of further reactions, highlighted by the
breakthrough reaction on the last dose of azithromycin in
our patient.

The prospective and retrospective management of
MCAS can be similar to that of the patient with multiple
drug allergies which is stratified by risk factors (14). A good
place for the practitioner to start is with the details of past
reactions. Timing, distribution, past exposures and route
of administration help to determine severity and type of
reaction. One should try to differentiate if the reactions are
immune related and determining if reaction is predictable
versus unpredictable (15). Predictable reactions include
overdoses, side effects, secondary effects, drug-drug
interactions which can be altered by the chosen medications.
Unpredictable reactions may be non-immune which include
drug intolerances, drug idiosyncrasies and pseudoallergic
reactions. When immune mediated, the reaction will typically
fit into the Type I-1V classification (14,16,17).

In patients with MCAS, the mechanism of sensitivity
to a particular drug may not be IgE-mediated. We do not
know if our patient had IgE to ceftriaxone or azithromycin,
but we speculate that his reactions were due to activation
of mast cells given previous clinical presentation, but our
case argues that desensitization still may be considered,
with some precautions in light of a possibility of reaction
on subsequent dosing. Classically, the mechanism of
desensitization depends on antigen-specific mast cell and
basophil desensitization, which is poorly understood,
but very low dose exposure appears to make these cells
tolerant to the specific antigen. To stimulate mast cells
to degranulate in IgE-mediated fashion, IgEs need to be
cross-linked on the surface of mast cell—in a very low-dose
exposure, the amount of antigen may not be enough for
cross-linking, and may send inhibitory signal, rather than
stimulating signal (18). In MCAS, since we assume that the
sensitivity is non-specific (non-IgE), the question of how
desensitization works can be raised and discussed with more
research (19). However, when necessary, desensitization
may potentially be employed despite the fact that the exact
factors are poorly understood and the procedure does incur

© AME Case Reports. All rights reserved.

acr.amegroups.com

AME Case Reports, 2017

substantial cost, monitoring, and time.

Skin drug allergy testing in the setting of MCAS may
result in false-positive reading since skin manipulation
can trigger mast cell degranulation; alternatively, negative
result may not rule out possibility of MCAS flare when
the medication is administered systemically. Thus, if the
patient’s history is not concerning for systemic reaction, a
cautious graded challenge to the medication in question
may be considered if there are no other contraindications
such as history of Steven-Johnson Syndrome, toxic
epidermal necrolysis or other reactions that would preclude
re-exposure to the medication. We would advise against a
drug provocation test or incremental challenge in a MCAS
patient with documented prior anaphylaxis (15). These can
be performed when there is a low likelihood of an IgE-
mediated hypersensitivity (15,20). Presence of MCAS
would not preclude starting novel medications, however, we
would recommend that the first dose be given in an office
setting with access to epinephrine and trained personnel
rather than isolated at home, especially if the medication is
a known mast-cell activator.

Conclusions

Management of drug reactions in patients with MCAS is
complicated and not well researched. Our case illustrates
that desensitization for documented immediate-type
reactions may be employed, however caution and possibly
inpatient monitoring of subsequent doses should be
considered.
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