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Impaired resolution of wheals in the skin prick test
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Abstract

Introduction: Histamine is the major mediator of IgE- and non-IgE-mediated allergic reactions upon allergen or
hapten contact. Reduced histamine degradation capacity was associated with atopic eczema as well as with non-
immunological histamine intolerance. Higher blood serum histamine level concomitant with decreased intestinal
diamine oxidase activity were observed in patients with food allergy.

Aim: To evaluate the relationship between patients’ blood diamine oxidase (DAO) activity/histamine status and
their reactivity to time-resolved histamine skin prick test in respect to vulnerability to allergic diseases.

Material and methods: Fifty-three patients were examined with skin prick tests (SPT) and patch tests for suspected
presence of either IgE- or non-IgE-mediated allergy. All individuals were skin prick tested with histamine and the
resolution of the wheal was monitored for 50 min. Blood DAO activity and histamine concentration were measured
with a radio-extraction radioimmunoassay.

Results: Time-resolved histamine skin prick testing revealed presence of wheals which were 35% larger in diameter
in 47% of examined subjects at 20 min of the test. These patients exhibited significantly compromised time-course
wheal resolution (wheal > 3 mm at 50 min) compared to a group of patients with the normal-rate of wheal resolu-
tion (wheal = 0 mm at 50 min). Within a group of subjects exhibiting impaired wheal resolution, 61% of patients
were diagnosed allergic compared to 50% in a group of patients with a normal rate of wheal resolution. Finally,
allergic patients were characterized by a significantly lower DAO activity and higher histamine content compared
to healthy subjects.

Conclusions: The results of this study indicate that patients with IgE- or non-IgE-mediated allergy are likely to
have low DAO blood activity and may concomitantly suffer from histamine intolerance. Furthermore, our results
suggest that allergic patients are more likely to develop an excessive SPT reaction. Our results emphasize caution
in interpretation of the SPT results in allergic patients with diagnosed histamine intolerance or histamine/DAO

activity imbalance.
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Introduction

Food allergy is related to immune-mediated hyper-
sensitivity to ingested allergens and histamine release
from mast cells stores, whereas food-derived histamine
is associated with non-allergic food hypersensitivity.
Histamine (HI) scavenging repertoire in humans com-
prises the gastrointestinal barrier represented mostly
by diamine oxidase (DAO, histaminase) and histamine
N-methyl transferase (HNMT) presented in the central
nervous system and peripheral tissues [1]. DAO is a se-
cretory protein, which operates in microvascular endo-

thelium and inhibits the trans-epithelial permeation of
exogenous histamine. Impaired degradation of hista-
mine can follow a genetic or acquired impairment of
the enzymatic function of DAO. The genes coding for
DAO and HNMT enzymes are polymorphic and 7 diverse
SNPs (single nucleotide polymorphisms) for DAO were
significantly related with DAO serum activity [2]. The
minor allele at rs2052129 was associated with a lower
DAO mRNA expression for the homozygous minor allele,
lower promoter activity and subsequently the increased
risk of a reduced DAO activity [3]. Another mechanism
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reducing DAO bioavailability might be related to medi-
cines containing active agents against DAO. According to
Leitner et al.,, common drugs or active ingredients such
as cimetidine, verapamil, chloroquine and clavulanic acid
are able to markedly reduce DAO activity by 50-90% [3].
Moderate influence on DAO was caused by isoniazid and
metamizole, acetyl cysteine and amitriptyline (> 20%).
Interestingly, another group of clinically used drugs — gly-
cosaminoglycans can temporarily increase the DAO se-
rum level [4]. Indeed, although DAO is expressed mainly
in enterocytes and kidney epithelial cells, tissue-bound
DAO can be released into circulation following stimula-
tion with heparin with its serum half-life of about an hour
[5]. Recently, the composition of fatty acids in the diet
has also been shown to immensely affect DAO secretion
[6]. Lymphatic intestinal DAO activity and protein secre-
tion raised 4.5- and 3.5-fold, respectively following infu-
sion of long-chain TG trilinolein (66% of linoleic acid) in
rats. Impaired degradation of histamine by DAO has seri-
ous clinical implications. Reduced activity of histaminase
has been suggested to be the major reason for non-im-
munological histamine intolerance clinically manifested
as diarrhoea, hypotension, headache, pruritus or flush
[7]. Other experimental data also suggest that poor hista-
mine tolerance might be associated with atopic subjects
and history of asthma, eczema or rhinitis [8, 9]. Hista-
mine intolerance (HIT) among allergic patients is being
extensively studied as HIT symptoms are often concomi-
tant with allergy and thus may hinder correct diagnosis.
Recently, Kofler et al. proposed a 50 min’ time-course
histamine skin prick test procedure to discriminate HIT
individuals against allergic patients [10].

Aim

In the current study we examined 53 subjects, non-
allergic and allergic to pollen, mites or chemicals using
histamine 50-skin prick test. Resulting SPT data were

analysed in relation to patients’ blood DAO activity/his-
tamine content and their allergy status.

Material and methods
Subjects

The study group included 53 subjects, mean age
42 years with/without allergy. The study was approved by
the Bioethics Committee of the Regional Medical Cham-
ber in Lodz.

Skin prick test (SPT) procedure

IgE-mediated allergy was confirmed by SPT. Tests
were performed according to the standard procedure
with common allergens (pollens: hazel, alder, birch,
grasses (mix), rye-grass, mugwort, mites: Dermatopha-
goides pteronyssinus, Dermatophagoides farinae, cat
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and dog epithelium, moulds: Alternaria alternata; Al-
lergopharma GmbH, Germany) with histamine dihydro-
chloride (1.7 mg/ml) as a positive control and SPT diluent
(0.9% sodium chloride) as a negative control. The SPT re-
sults were read at 15 min and regarded as positive when
the diameter of the wheal was >3 mm. All patients con-
firmed that antihistamines were stopped no less than
7 days before testing.

Histamine 50-skin prick test

Histamine 50-skin prick test was performed ac-
cording to Kofler et al. procedure with minor changes
[10]. Briefly, patients’ skin on the volar surface of the
lower arm was pricked with histamine dihydrochloride
(1.7 mg/ml) and diameter (mm) of the developing wheal
was measured after 15, 20 30, 40 and 50 min. On the
basis of cut-off set at wheal size >3 mm, at 50 min (best
discriminating time-point and wheal size according to
Kofler et al.), patients were classified into two groups:
slow rate HI 50-wheal resolution group (HI 50-SPT
>3 mm) and high rate HI 50-wheal resolution group (H!
50-SPT < 3 mm).

Patch testing procedure

Non-lgE-mediated allergy was confirmed by patch
tests. Tests were performed with European Baseline
Series S-1000 containing 30 haptens (Chemotechnique
Diagnostics, Sweden) according to the manufacturer’s
procedure. All participants confirmed that antihistamines
were stopped no less than 7 days before testing and they
were free of oral and topical steroids on the upper back
area tested.

Diamine oxidase and histamine analysis

Peripheral blood samples were taken from fasting
subjects. The blood histamine concentration and DAO
activity were measured by Synevo laboratory (Synevo
Studien Service Labor GmbH c/o IMD Institut flir Med-
izinische Diagnostik Berlin-Potsdam GbR). Histamine was
measured with an EIA assay (reference range < 75 ng/ml).
DAO activity was measured with a radio-extraction assay
(reference range: 14-33 1U/ml) [11]. Briefly, determination
of the enzymatic DAO activity was based on the conver-
sion of radiolabelled-putrescine; a high affinity sub-
strate for DAO. Then, the resulting radiolabel containing
Al-pyrroline was extracted selectively from the matrix by
a liquid extraction step. The amount of the Al-pyrroline
detected with the scintillation counter was correlated
with the patient’s serum DAO activity.

Statistical analysis

The strength and direction of the linear relationship
between these variables were evaluated via Pearson’s
correlation coefficient (r). All calculations were performed
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Figure 1. Blood diamine oxidase and histamine relationship in respect to skin reactivity and time-resolved histamine skin prick
test. A — Time-course of histamine wheal resolution in HI 50-SPT > 3 mm and HI 50-SPT < 3 mm groups of patients. B — Blood
DAO activity and histamine concentration in HI 50-SPT >3 mm (white columns) and HI 50-SPT < 3 mm (grey columns) groups
of patients. C, D — Pearson’s correlation coefficient between DAO and histamine

with GraphPad Prism 5 at the assumed level of signifi-
cance of p <0.05.

Results

We studied the responsiveness of patients toward
histamine using an enhanced SPT procedure (50 min’
time-course skin prick test) in relation to their blood DAO
activity and histamine (HI) concentration, and allergy
status. On the basis of the results of this test, patients
were classified into two groups: slow rate HI 50-wheal
resolution group (HI 50-SPT = 3 mm) and normal rate HI
50-wheal resolution group (HI 50-SPT < 3 mm). HI 50-
SPT >3 mm group (47% of patients) exhibited deeply
compromised histamine-derived wheal resolution at
each time point including the ones when SPT results are
usually read in clinics (15-20 min) (Figure 1 A). At 15 and
20 min, the wheals of the HI 50-SPT >3 mm group were
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19% and 35% significantly larger than in the HI 50-SPT
< 3 mm group (p < 0.001). Corresponding biochemical
analysis of blood histamine degrading capacity showed
that the HI 50-SPT > 3 mm group had a significantly low-
er DAO activity (16.33 IU/ml vs. 27.21 IU/ml, p = 0.014)
and a higher histamine concentration (60.7 ng/ml vs.
38.33 ng/ml) compared to the HI 50-SPT < 3 mm group
(Figure 1 B). Detailed analysis showed that all groups of
examined patients (r = —0.431, p = 0.051) and each par-
ticular group of patients were characterized by an inverse
correlation between DAO and histamine (Figures 1 C, D).
The higher inverse correlation was observed for the HI
50-SPT > 3 mm group (r = —0.523, p = 0.12) compared
to the correlation coefficient for the HI 50-SPT < 3 mm
group (r=-0.274, p = 0.388).

On the basis of standard SPT with plants pollen, mites,
moulds, cat and dog allergens and patch test with haptens
we determined the allergy status of each subject within
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Figure 2. Relationship between HI 50-SPT results and blood diamine oxidase activity in respect to patients’ allergy status.
A — Comparison of time-course histamine SPT between HI 50-SPT > 3 mm (white figures) and HI 50-SPT < 3 mm (grey figures)
groups of patients within healthy subjects (circles) and patients with non-IgE-mediated allergy (triangles). B — Comparison of
DAO activity between HI 50-SPT > 3 mm (white columns) and HI 50-SPT < 3 mm (grey columns) groups within healthy sub-
jects, and patients with IgE- or non-IgE-mediated allergy. C — Incidence of the allergy in HI 50-SPT >3 mm (left column) and HI
50-SPT < 3 mm groups (right column). D — DAO activity and histamine concentration in blood of healthy and allergic subjects

the examined group of patients. Interestingly, HI 50-SPT
>3 mm patients with non-IgE-mediated allergy exhibit-
ed the most slow kinetics of histamine wheal resolution
(Figure 2 A). Surprisingly, although the HI 50-SPT status
corresponded with DAO activity within each subgroup of
healthy persons (HI 50-SPT < 3 mm and high DAO activ-
ity; HI 50-SPT > 3 mm and low DAO activity), these as-
sociations were not observed for groups of patients with
IgE- and non-IgE-mediated allergy (Figure 2 B). DAO activ-
ity in allergic groups of patients was low, irrespectively of
their HI 50-SPT status. In the next step we analysed the
incidence of diagnosed allergy in relation to the HI 50-SPT
status. We found that within the HI 50-SPT >3 mm group,
61% of subjects were allergic comparing to 50% in the HI
50-SPT < 3 mm group (Figure 2 C). Complimentary bio-
chemical analysis of the DAO/histamine status revealed
a significantly lower DAO activity and a slightly higher his-
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tamine concentration in blood of allergic patients compar-
ing to healthy subjects (Figure 2 D).

Discussion

There is an increasing knowledge among clinicians
concerning the relationship between interpretation of
SPT results and skin reactivity. It is widely accepted that
age, immunotherapy, habitat and menstrual cycle or even
circadian rhythm and environmental exposure to irritants
might affect the size of the wheal [12]. Furthermore, it ap-
pears that skin sensitivity has been increasing from year
to year. Recently, the problem of histamine intolerance
has been also raised as many symptoms of histamine in-
toxication mimics popular allergy symptoms [7, 13]. This
has been recognised as a shortage of DAO expression
in the intestinal barrier where diamine oxidase extracel-
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lularly catabolises the excessive amount of histamine to
imidazole acetaldehyde, and protects amine from enter-
ing the systemic circulation [1]. Recently, the issue of DAO
fluctuations in respect to suspected histamine intoler-
ance and food allergy diagnostics has been raised [14].
In the following study steps we evaluated the influence
of patients’ histamine degrading capacity on SPT results
in relation to their allergy status. According to Kofler
et al., HIT could be distinguished from allergy by mea-
surement of histamine-induced wheal resolution with
a time-course SPT procedure [10]. The authors demon-
strated that reading of wheal > 3 mm at 50 min allows
for discriminating for HIT with 79% sensitivity and 81.3%
specificity. In the present study we reported that a slow
rate HI 50-wheal resolution group of patients (HI 50-SPT
>3 mm) exhibited deeply compromised wheal resolu-
tion at each time point of the test reading (15-50 min).
Importantly, the size of wheals routinely read in clinics
within 15-20 min of the test was significantly larger
in the HI 50-SPT > 3 mm group than in the HI 50-SPT
< 3 mm group. Interestingly, we found an increased his-
tamine concentration and concomitantly a significantly
decreased DAO activity in blood of patients in the HI 50-
SPT >3 mm group. This group of patients also exhibited
a close relationship between DAO and blood histamine
content (r = =0.523 vs. r = =0.274 of HI 50-SPT < 3 mm
group) suggesting that their histamine catabolizing sys-
tem might rely solely on DAO and operated close to its
limits. Although these results are intriguing, they should
be interpreted with caution due to the limited number
of patients in each particular subgroup. Nevertheless,
our observations are in line with the previous report in-
dicating that such association of DAO and histamine is
expected rather than a matter of coincidence (r=—-0.462)
[14]. In the next step, we performed detailed analysis of
HI 50-wheal resolution kinetics and DAO activity in each
subgroup of healthy, IgE-mediated and non-Igk medi-
ated allergic patients. We found that their HI 50-wheal
resolution kinetics did not differ much from each other
except for HI 50-SPT > 3 mm groups between healthy
and patients with non-IgE-mediated allergy (Figure 2 A).
Comparison of DAO activity results showed a similar
association of the HI 50-SPT < 3 mm group with high
DAO activity and the HI 50-SPT > 3 mm group with low
DAO activity in the healthy group only, similarly to that
previously noted for an unselected cohort (Figure 1 B).
Interestingly, both allergic groups of patients exhibited
a noticeable low DAO activity in each HI 50-SPT subgroup
(Figure 2 B). In other words, we observed the same rate
of histamine wheal resolution in HI 50-SPT < 3 mm
groups within healthy and two allergic groups, although
they significantly differed in blood DAO activity. Thus, in
respect to these results the preliminary assumption that
blood DAO activity regarded as a marker of intestinal
DAO abundance might determine the extent of time-
resolved skin prick test does not seem to be justified, at

542

least for allergic patients. Consequently, exogenous his-
tamine passing through the DAO barrier in the gastroin-
testinal tract and entering blood circulation could not be
associated with the observed phenomenon of differences
in the speed of wheal resolution. Collectively, our results
are in line with the sparse scientific literature indicating
HNMT as the dominating enzyme of histamine catabo-
lism in the unstimulated skin (2.8-fold higher activity than
DAQ), although application of the proliferative stimuli may
also result in DAO rise and concomitant histamine drop in
the skin of the guinea pig [15, 16].

Contrary to a study of Kofler et al. aimed at HIT diag-
nosis in non-allergic patients with the use of HI 50-SPT,
the results of our study indicated a significant contribu-
tion of slow histamine wheal resolution in both groups
of patients with IgE- and non-IgE-mediated allergy. Ac-
cording to our study results, the concomitant slow his-
tamine wheal resolution and allergy were diagnosed in
61% of patients (Figure 2 C) in comparison to 18% of
patients in the Kofler study. Interestingly, subjects with
a normal rate of histamine wheal resolution (HI 50-SPT
< 3 mm group) were equally represented among allergic
and healthy subjects. In the light of the recent findings,
the concept of HIT, defined as altered histamine metabo-
lism, may not explain all phenomena that lead to hista-
mine imbalance affecting the development and course
of the inflammatory reaction. Apart from food-derived
histamine which constitutes mostly a systemic pool of
the amine, the tissue-derived histamine, locally stored
mostly by mast cells is even yet more important. Mast
cells play a central role in inflammatory and immediate
allergic reactions, sense environment for toxic substanc-
es and response to tissue injury through massive inflam-
matory mediators release including histamine. Recently,
the mast cell activation syndrome (MCAS) characterized
by abnormal mast cell sensitivity and excessive inflam-
matory mediator release has been described [17, 18]. In
patients with the secondary mast cell activation syn-
drome, mast cell activation is triggered by IgE-mediated
stimuli (food, drug, Hymenoptera venom, or inhalant)
or non-IgkE-mediated stimuli (drugs, physical stimuli,
stress, acute or chronic infections, venoms). According
to Molderings et al., secondary MCAS is a fairly common
disorder in Germany and may be an underlying cause of
various clinical presentations (e.g. in subsets of patients
with fibromyalgia and irritable bowel syndrome) and its
incidence is likely to lie at least within the single-digit
percentage range [19]. Thus, based on the results of our
study and literature data, we cannot rule out the pos-
sibility that our observation of compromised histamine-
wheal resolution present in 47% of patients might be re-
lated in part to the mast cell hypersensitivity syndrome,
although concomitant HIT also cannot be excluded from
diagnostic considerations.

Apart from obvious HIT clinical symptoms resulting
from DAO barrier impairment there is growing evidence
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of the association between subjects’ histamine degrad-
ing capacity and diagnosed allergy. Such evidence for
a reduced histamine degradation capacity was found in
a subgroup of patients with atopic eczema [9] and atopic
urticaria [8]. Furthermore, the latest study has shown that
a genetic variation within the histamine pathway may be
associated with allergic and non-allergic asthma pheno-
types [20]. Indeed, we found that 55% of subjects in the
study represented allergic patients (with IgE- or non-IgE-
mediated allergy) with a significantly reduced DAO activity
in blood compared to healthy ones (Figure 2 D).

Conclusions

Thus, according to collected literature data and own
study results, we may tentatively suggest that allergic
patients are more likely to develop an excessive SPT re-
action. Particular caution should be taken during inter-
pretation of SPT results in patients with diagnosed non-
IgE-mediated allergy due to the possible occurrence of
deeply compromised wheal resolution at 20 min of the
test. Although, a positive control of histamine in the SPT
procedure is a must, the degree of the tested allergen
reaction might be erroneously overrated in diagnosed
subjects. Finally, the results of this study indicate that
patients with IgE- or non-IgE-mediated allergy are likely
to have concomitant low DAO blood activity and possi-
bly histamine intolerance symptoms. Further studies are
needed that include larger numbers of subjects, espe-
cially in each allergic patients subgroup in order to elu-
cidate the differences in the mechanism underlying dif-
ferences in the SPT course and involvement of histamine
metabolic pathways in the development of a particular
allergy disease.
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