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Abstract
Background

Anaphylaxis is a severe systemic allergic reaction. Glucocorticoids rarely induce anaphylaxis. Determination of allergens
includes the in vivo skin prick test (SPT) and intradermal skin test (IDST) and the in vitro basophil activation test (BAT).
However, the usefulness of BAT in determining drug allergens has not been adequately studied.

Case presentation

A 10-year-old boy was admitted to our hospital because of fever and arthralgia for 2 weeks. He had not been treated with
glucocorticoids. According to the laboratory tests and imaging studies, he was suspected to have bacterial myositis and was
treated with ceftriaxone. However, his symptoms persisted for more than 2 weeks. With a suspicion of autoin�ammatory
arthritis, we planned methylprednisolone (mPSL) sodium succinate (MPS) during pulse therapy (30 mg/kg). Fifteen minutes
after the injection of mPSL, he had wheezing and generalized wheal formation with decreased oxygenation. The
administration of mPSL was discontinued because anaphylaxis was suspected. Thirty minutes after the administration of
oxygen and oral olopatadine, the anaphylactic symptoms resolved.

One month after discharge, SPT, IDST, and BAT were performed under the administration of oral prednisolone. The SPTs for
MPS, hydrocortisone sodium succinate (HCS) and prednisolone sodium succinate (PSS) were negative. The IDST for MPS
was positive. Moreover, the IDSTs for HCS and PSS were positive, whereas those for dexamethasone sodium phosphate and
betamethasone sodium phosphate were negative. The BAT for MPS was negative at 1.0% and 1.9% after an incubation time
of 1 hour and 24 hours, respectively, although the BAT for histamine as positive control was 60.4% and 18.3% after an
incubation time of 1 hour and 24 hours, respectively. The BATs for HCS and PSS were negative. Therefore, we diagnosed as
anaphylaxis secondary to the succinate ester in MPS.

Conclusions

In this case, IDST was useful for the diagnosis of MPS-induced anaphylaxis, whereas BAT was negative. This highlighted the
need to choose the appropriate procedure in the diagnosis of steroid-induced anaphylaxis. The results in our patient
suggested that BAT may be considered when IDST and SPT are negative. Further studies are necessary to clarify the
diagnostic strategy for steroid-induced anaphylaxis.

Background
Anaphylaxis is one of the type I allergic reactions that is secondary to excessive immune response to foreign antigens.
Immunoglobulin E (IgE) on the surface of basophils binds to allergens and releases physiologically active substances, such
as histamine and serotonin. As a result, vasodilation and increased vascular permeability occur, leading to edema and
pruritus. Anaphylaxis is a severe and potentially life-threatening systemic allergic reaction involving multiple organs.

Glucocorticoids are hydrophobic particles, and their intravenous forms have succinate ester to make them hydrophilic.
Anaphylaxis secondary to glucocorticoids that contain succinate ester has been reported to have a prevalence of
approximately 0.3%, which is not rare [1]. The determination of allergens includes in vivo tests like skin prick test (SPT) and
intradermal skin test (IDST), and in vitro tests like the allergen-speci�c IgE test and basophil activation test (BAT). BAT is a
�ow cytometry-based assay that measures the expression of activation markers on the surface of basophils following
stimulation with an allergen [2]. The usefulness of BAT has been well-studied for determination of food allergens, but not for
allergies to drugs, such as glucocorticoids [2–5].

In this study, we reported the case of a boy who developed anaphylaxis secondary to intravenous methylprednisolone (mPSL)
sodium succinate (MPS) during pulse therapy. The drug allergy was proven by IDST, but BAT was negative.
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Case Presentation
A 10-year-old boy was admitted to our hospital because of fever and arthralgia for 2 weeks. His past history was
unremarkable and had not been treated with mPSL.

Laboratory test showed leukocytosis of 22,400/µL with 88% segmented neutrophils and elevated C-reactive protein of
9.21 mg/mL. Magnetic resonance imaging of the lower extremities on fat-suppressed T2-weighted images showed high
intensity in the right gluteus maximus muscle. He was suspected to have bacterial myositis and was treated with ceftriaxone.
However, his symptoms persisted for more than 2 weeks. With a suspicion of autoin�ammatory arthritis, we planned mPSL
pulse therapy (30 mg/kg).

Fifteen minutes after the injection of mPSL, he had wheezing and generalized wheal formation with decreased oxygenation.
The administration of mPSL was discontinued because anaphylaxis was suspected. Thirty minutes after the administration
of oxygen and oral olopatadine, the anaphylactic symptoms resolved. Oral prednisolone (PSL, 2 mg/kg/day) was started for
the treatment of arthritis and afforded resolution of fever and arthralgia. He was discharged from the hospital 1 week after
the start of oral PSL with no relapse during 8 months of follow-up.

One month after discharge, SPT, IDST, and BAT were performed under the administration of oral PSL. The SPTs for MPS,
hydrocortisone sodium succinate (HCS) and PSL sodium succinate (PSS) were negative. The IDST for MPS resulted to a 7 × 
7 mm wheal and a 9 × 8 mm erythema, whereas that for normal saline revealed no wheal or erythema. Therefore, the IDST for
MPS was judged as positive. Moreover, the IDSTs for HCS and PSS were positive, whereas those for dexamethasone sodium
phosphate (DSP) and betamethasone sodium phosphate (BSP) were negative. The BAT for MPS was negative at 1.0% and
1.9% after an incubation time of 1 hour and 24 hours, respectively. On the other hand, the BAT for histamine as positive
control was 60.4% and 18.3% after an incubation time of 1 hour and 24 hours, respectively. The BATs for HCS and PSS were
negative. Based on these results, we diagnosed as anaphylaxis secondary to the succinate ester in MPS.

Discussion And Conclusions

Anaphylaxis to steroids
Our patient had anaphylaxis induced by MPS during mPSL pulse treatment for autoin�ammatory arthritis. Succinate is the
common chemical structure among MPS, HCS, and PSS; notably the IDSTs for all three drugs were positive, indicating that
the anaphylaxis was attributable to succinate. Anaphylaxis secondary to systemic steroid administration has been reported,
and succinate was found to be the cause in most cases [6]. There had been no report on cross-reactivity between succinate
and phosphate ester. In our patient, the SPTs and IDSTs were negative for DSP and BSP.

Prick test, intradermal test, and basophil activation test
In vivo tests, such as SPT and IDST, are generally used for determining the causative drugs in patients with anaphylaxis [7],
although BAT has been reported to be useful in proving anaphylaxis secondary to MPS [2]. We searched for case reports on
BAT for steroid-induced anaphylaxis in Pubmed and Ichushi-Web, which is the Japanese database of medical literature
updated by the Japan Medical Abstracts Society (Table 1) [2–5, 8]. Among the 10 patients, including ours, BAT was positive
in 6 patients and negative in 4. IDST was negative in one patient and SPT was negative in �ve. In the four patients with
negative BAT, IDST was positive in two and SPT was positive in three. These facts suggested that a combination of
diagnostic tests is necessary to diagnose steroid-induced anaphylaxis.
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Table 1
Case reports of basophil activation test (BAT) for steroid-induced anaphylaxis in the literature.

No. Author Year Age Sex Primary disease Steroids BAT SPT IDST Challenge
test

1 Ben Said
[2]

2007 18 F General
anesthesia

MPS positive positive positive ND

2 Lehmann
[8]

2008 2 M Bronchial asthma PSS positive negative positive ND

3 Aranda
[3]

2010 22 F Dental infection MPS positive positive ND ND

4 32 M Parotitis MPS negative positive ND ND

5 46 F Dental infection MPS positive negative negative positive

6 65 F Dental surgery MPS positive negative positive ND

7 Walker
[5]

2011 26 M Bee bite PSS,
MPS

negative positive ND positive

8 70 M Sudden deafness PSS,
HCS

positive negative positive ND

9 Nucera
[4]

2011 45 F Dialysis surgery HCS negative positive positive ND

10 Amano 2020 10 M Autoin�ammatory
arthritis

MPS negative negative positive ND

M: male, F: female, MPS: methylprednisolone sodium succinate, PSS: prednisolone sodium succinate, HCS:
hydrocortisone sodium succinate, SPT: skin prick test, IDST: intradermal skin test, ND: not described.

In our patient, IDST was positive for steroids that contained succinate ester, whereas BAT was negative, regardless of
incubation time. This may be explained by the oral steroid use during blood sampling for BAT. PSL could have reduced the
sensitivity of basophils to succinate ester. In this patient, the basophils were incubated with mPSL for 1 or 24 hours for the
BAT. Glucocorticoids had been reported to induce DNA fragmentation and apoptosis of basophils for several hours through
modulation of gene expression [9], which may have reduced the number of basophils in 24 hours. In addition, the rapid
inhibitory effect of glucocorticoids on activated basophils through a nongenomic pathway may have reduced basophil
activity in 1 hour [10]. Although BAT is known to be safe [7], its diagnostic value in patients with MPS-induced anaphylaxis
should be elucidated, especially when the patient is taking steroids.

In conclusion, IDST was useful for the diagnosis of MPS-induced anaphylaxis in this case, whereas BAT was negative. This
highlighted the need to choose the appropriate procedure in the diagnosis of steroid-induced anaphylaxis. The results in our
patient suggested that BAT may be considered when IDST and SPT are negative. Further studies are necessary to clarify the
diagnostic strategy for steroid-induced anaphylaxis.

List Of Abbreviations
BAT, basophil activation test; BMZ, betamethasone; BSP, betamethasone sodium phosphate; DEX, dexamethasone; DSP,
dexamethasone sodium phosphate; HCS, hydrocortisone sodium succinate; IDST, intradermal skin test; IgE, immunoglobulin
E; MPS, methylprednisolone sodium succinate; mPSL, methylprednisolone; PSS, prednisolone sodium succinate; SPT, skin
prick test
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