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To the Editor

The increasing prevalence of Methicillin-resistant Staphylococcus aureus over the last two
decades has led to increased vancomycin use and vancomycin-associated infusion reactions.
Immediate IgE-independent hypersensitivity reactions (HSRs) to vancomycin, known as
“Red Man Syndrome,” are commonly seen in clinical practice and, in the majority of cases,
avoided by slowing the infusion and/or premedication with antihistamines [1]. Conversely,
IgE-dependent HSRs to vancomycin are rare, only described in case reports, and
vancomycin-specific IgE measurement has not been reported in the literature [2, 3]. In some
cases, the two types of immediate HSRs are indistinguishable, and patients are assumed to
have an IgE-mediated HSR resulting in vancomycin avoidance even when needed [4].

In clinical practice, the evaluation of immediate HSRs to vancomycin is challenging as skin
testing is not validated and the positive- and negative-predictive values of the results are not
known [2]. Published approaches are based on single-subject case reports where the
methodologies significantly differed [1, 5, 6]. Moreover, the recommendations for
nonirritating intradermal skin test concentrations for immediate vancomycin HSRs are based
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on studies using sterile water (SW) as the vancomycin diluent following the manufacturer’s
recommendations [1, 3, 7]. However, a major limitation of these recommendations is
underlying irritative potential of intradermal testing with SW. In the absence of reliable /n
vitro tests for drug allergy testing, diagnosis commonly relies on skin testing; however,
guidelines for optimal drug diluents for skin testing are not stated by the Joint Task Force
[8]. It is unknown whether the use of alternative diluents, such as human serum albumin-
based sterile saline (HSS), might influence the irritant potential and solubility of irritative
drugs like vancomycin. Therefore, the purpose of this study was to evaluate the effect of
diluents on vancomycin skin test responses in vancomycin-naive subjects.

Vancomycin-naive subjects (n = 11) were enrolled between July 2019 and February 2020
(Table E1). Our objective was to establish a range for non-irritating doses for intradermal
vancomycin skin testing without having a potential confounder of pre-existing antibodies.
Subjects were excluded <18 years old, had a previous exposure to vancomycin, or had taken
antihistamines within seven days prior to skin testing. The study was approved by the Johns
Hopkins Medicine Institutional Review Board and all study subjects provided written
informed consent.

Vancomycin Hydrochloride for Injection, USP in 500-mg vials (Alvogen, Inc.) was
reconstituted in SW, normal saline (NS), lactated ringer’s solution (RL), or HSS, and serially
diluted to yield a range of concentrations of 1 to 3000 pg/mL. The pH of each solution was
measured using a glass-bulb probe digital pH meter. Test solutions (0.02 to 0.04 ml) were
injected intradermally in duplicates with a 27-gauge needle to produce a bleb measuring 2 to
4 mm in diameter on the volar aspect of the forearm. Histamine, 0.1 ug/mL, was used as the
positive control, and the respective diluent served as the negative control. The longest wheal
diameter at 20 min assessed by visual measurements and short-wave infrared camera. Local
symptoms produced at different concentrations were recorded. To avoid suggestion bias and
because irritation and pruritis are subjective complaints, these were only documented when
volunteered by the subject.

The statistical analyses were conducted using GraphPad Prism 8.0 (GraphPad Software,

Inc., CA, US). The dose response curve (DRC) for vancomycin skin responses were
calculated and the EC50 for the different test solutions were compared using one-way
analysis of variance (ANOVA) with post-hoc Tukey honest significant difference (HSD) test.
A two-sided p-value of <0.05 was considered statistically significant.

Based on the prior methods currently referenced in the literature for nonirritating
intradermal skin test concentrations for immediate vancomycin HSRs, we skin tested
intradermally three vancomycin-naive subjects to vancomycin diluted in SW at 1 to 1000
ug/mL [1, 7]. All subjects had positive skin responses and a wheal diameter size plateau at
25 pg/mL. All subjects reported immediate sensations of pain to each concentration
including the SW negative control. This outcome confirmed the irritative characteristics of
SW for intradermal skin testing and suggested that other diluents might mitigate this
problem. Three diluents were tested: two with no intrinsic pH buffering capacity (NS, HSS)
and one with pH buffering capacity (LR) to counter the acidity of vancomycin
hydrochloride. Vancomycin diluted in SW and NS lowered the pH more than in HSS and LR
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(Figure E1). The inclusion of lactate buffered the acidity of vancomycin even at the highest
concentration tested; therefore, LR was expected to generate the least irritation. This
expectation was not met and both LR and NS caused pain in the majority of subjects (Table
1). The best-tolerated diluent was HSS: this diluent elicited no complaints of pain but did
produce a sensation of pruritus at the highest concentrations reported by all subjects (n =
11).

The mean ECsq for LR, NS, and HSS were 50 pg/mL (95% CI 38-65), 60 pg/mL (95% CI
39-95), and 370 pg/mL (95% CI 298-464) respectively (Figure 1A). Wheal diameter
performed by the short-wave infrared camera DRC generated similar EC50 results. LogECsgq
of vancomycin diluted in LR, NS, and HSS were compared by one-way ANOVA [F(2, 18)
39, p<0.001). Tukey HSD exhibited a significant difference in the logECsq for vancomycin
diluted in HSS vs. LR (p<0.001) and NS (p<0.001) but not for vancomycin diluted in LR vs.
NS (p=0.98). There were only two subjects who had a positive response to vancomycin in
HSS at 100 pg/mL (Figure E2). Figure 1B shows the differences in EC50 among the 11
tested subjects. These dose relationships generally achieved a similar plateau for all subjects
at their mean highest tested concentration that averaged at 76 + 16% of the positive control
(Figure E2).

Information for non-irritative doses and optimal diluent for skin tests with non-beta-lactam
antibiotics including vancomycin is sparse despite their high irritant potential [1, 7, 9]. In
contrast, data support the use of buffers with stabilizers (HSS) for aeroallergens to avoid
unexplained variability [10]. In preliminary testing it became apparent that SW potentiates
vancomycin’s irritant effects and leads to immediate pain and scant biological variability [1,
3, 7]. Nonetheless, the current nonirritating intradermal skin test concentrations for
immediate vancomycin HSRs are based on vancomycin diluted in SW [3, 9, 11].

Therefore, we suspected that the diluent might be sub-optimal for testing the mast cell’s
biological response in skin and found that vancomycin diluted in HSS produces skin
responses at concentrations consistent with a mast cell activation response. Notably, these
findings were consistent with reports of vancomycin-induced mast cell responses /n vitro
(i.e., showing a plateau with isolated mast cells at concentrations = 500 ug/mL but no
responses <100 pg/mL) [12]. The skin test response follows this pattern and elicits a
sensation of pruritus instead of irritation, another suggestive characteristic for a mast cell
response. While LR and NS generated DRCs (Figure 1) that were graded like HSS, although
at lower concentrations, the sensation of irritation was reported by the majority of subjects.
The pH of the different test solutions appeared to be unrelated to irritation.

An important feature of the skin test response when using HSS may be the spread in the
ECsq among the subjects, which varied approximately 30-fold. Future studies will determine
if this heterogeneity reflects a highly variable immediate IgE-independent HSR to
vancomycin. Another interesting feature of the DRCs of vancomycin diluted in HSS was
that the plateau skin response was lesser than the histamine positive control. This is unlike
the IgE-mediated skin test response for aeroallergens that often exceeds the histamine
control and may reflect the mechanism of the stimulus, possibly a limitation of the mast cell
response through the Mas-Related G Protein-Coupled Receptor-X2 (MRGPRX2) [13]. IgE-
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independent activation of humanized mast cells by vancomycin was recently described via
the MRGPRX2 receptor; however future human studies are needed to further evaluate this
hypothesis [12]. A study comparing patients with immediate IgE-independent HSR to
vancomycin with appropriate controls will generate a better understanding of the mechanism
and clinical application.

Our work has some limitations that need consideration. Our findings were based on a small
sample size; nevertheless, except for a couple of unexplained and interesting outliers, the
observed results, with vancomycin diluted in HSS, showed a reasonable degree of
variability. We studied only vancomycin-naive subjects as our objective was to establish a
range for non-irritating doses without having a potential confounder of pre-existing
antibodies. Nevertheless, the DRCs for patients with a history of vancomycin immediate
IgE-independent HSR may differ yet testing this possibility in future studies is the reason for
first establishing a biologically relevant skin test procedure.

This re-defined DRC for vancomycin skin responses is compatible with a biological mast
cell response and could lead to an understanding of immediate IgE-independent HSR and
distinguish its risk from IgE-mediated HSRs. Thus, clinicians should consider variability in
skin test responses based on the diluent and consider diluting vancomycin in HSS when
testing for immediate vancomycin hypersensitivity reactions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

ANOVA Analysis of variance

Cl confidence interval

DRC Dose response curve

ECso Half maximal effective concentration
HSD Honest significant difference

HSR Hypersensitivity reactions

HSS Human serum albumin-based sterile saline
Ig Immunoglobulin

LR Lactated ringer’s solution
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MRGPRX2 Mas-Related G-protein-coupled Receptor X2
NS Normal saline
SW Sterile water
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Figure 1:

Va?ncomycin intradermal skin test responses. Panel A: Non-paired comparisons of the dose-
response curve skin responses for vancomycin resuspended in LR (black), NS (orange), and
HSS (blue). LR, Lactated ringer’s solution; NS, Normal saline; HSS, Human serum albumin
based sterile saline. Values are given as mean + SEM. Panel B: Individual (n = 11) logECs
values for vancomycin diluted in HSS at concentrations of 1 to 3000 ug/mL.
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Vancomycin intradermal skin responses in vancomycin- naive subjects tested with vancomycin diluted in LR,

NS, and HSS.
. Wheal diameter, mm Mean Wheal diameter =3 mm Pain/Irritation pru,—itus§ Total n
Test Solution (ug/mL) (SD) Total n (%) Total n (%) %)
Vancomycin in LR (n = 6)
10 0 0 0
30 32(35) 3(50) 0
100 74(13) 6 (100) 2(33)
300 9.5(1.0) 5(83)
1000 9.3(1.0)
3000 9.6 (0.7)
Vancomycin in NS (n = 4)
10 0 0 0
30 4.6 (3.2) 3(75) 0
100 6.5(0.9) 4 (100) 1(25)
300 8.1(L7) 3(75)
1000 8.5(15)
3000 10.4 (2.9)
Vancomycin in HSS (n = 11)
10 0 0 0
30 0 0 0
100 1.4 (3.1) 2(22) 0
300 4.1(3.7) 7(77) 1(11)
1000 9.3(2.0) 11 (100) 11 (100)
3000 11.3 (2.9)

LR, Lactated ringer’s solution; NS, Normal saline; HSS, Human serum albumin in sterile saline in LR, and NS.

§Pruritus was the only symptom reported by the subjects tested to vancomycin diluted in HSS.
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