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Summary

Non-immediate reactions to iodine contrast media (ICM) affect 2–5% of
patients receiving these agents. We studied the immunological mechanisms
involved in patients with a confirmed non-immediate reaction, maculopapu-
lar exanthema, after administration of ICM. The diagnosis was carried out by
skin testing or drug provocation test. The immunological study was per-
formed in sequential peripheral blood mononuclear cells taken from the onset
of the reaction by flow cytometry and in skin biopsy by immunohistochem-
istry, with specific recognition by the lymphocyte transformation test (LTT)
with different ICM. Flow cytometry showed an increase in the different acti-
vation markers [CD69, CD25 and human leucocyte antigen D-related (HLA-
DR)] and the skin homing receptor [cutaneous lymphocyte-associated
antigen (CLA)] in CD4 lymphocytes, whereas perforin was higher in the CD8
lymphocytes. The skin biopsy showed a perivascular mononuclear infiltrate
composed of CD4 lymphocytes, expressing CD25, HLA-DR and CLA, with
eosinophils. Intradermal skin tests and the LTT were positive to several ICM,
including the culprit agent in four and three patients, respectively, with nega-
tive results in all 10 tolerant controls. We showed that a specific immunologi-
cal mechanism was implicated in patients with non-immediate reactions to
ICM. Moreover, the positive results in skin tests and lymphocyte proliferation
tests indicated that an important cross-reactivity exists.
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Introduction

Adverse reactions after the administration of iodine contrast
media (ICM) can be associated with the pharmacological
actions of the drug (type A reactions) or be unpredictable,
uncommon, and usually unrelated to its pharmacological
actions (type B) [1,2]. This latter type includes hypersensi-
tivity reactions, which can be immediate, occurring within
1 h of ICM administration, or non-immediate reactions
(NIR), appearing later [3]. Immediate reactions are the most
common type, with symptoms appearing within minutes of
ICM administration in about 70% of cases [4]. These reac-
tions can be anaphylactoid, mediated by a non-specific
release of histamine or, more uncommonly, immunoglobu-
lin E (IgE)-mediated reactions. Although probably underes-
timated, the frequency of NIR to ICM has been reported to
be 2–5% of patients who receive ICM [5,6]. The majority of
NIR are cutaneous, involving pruritus, maculopapular rash,
urticaria and angio-oedema [7–9]. More severe reactions,

even occasionally life-threatening, have also been reported,
including erythema multiforme, fixed drug eruption, cuta-
neous vasculitis, Stevens–Johnson syndrome, toxic epider-
mal necrolysis and drug reaction with eosinophilia and
systemic symptoms [8–12].

Iodine contrast media are highly concentrated solutions of
tri-iodinated benzene derivatives, which are characterized
further by their ionic or non-ionic side chains as well as by
their monomeric or dimeric ring structure. Non-ionic
dimers seem to be more implicated than non-ionic mono-
mers in NIR [13], although a study in Sweden found no
differences between non-ionic monomers and non-ionic
dimers [14].

Although NIR to ICM have been reported to show a
specific immunological mechanism mediated by T lympho-
cytes [4,7,8] few detailed studies have been undertaken,
especially considering that the study of these reactions is
hindered because of the absence of well-validated in vivo
or in vitro tests. In order to demonstrate the implication of
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lymphocytes in NIR to ICM, we monitored the response
during the acute phase and the resolution period of six
patients who developed a cutaneous NIR to ICM. We evalu-
ated the immunological activation and recognition in both
peripheral blood and in skin.

Materials and methods

Patients and controls

The study included all subjects referred to our clinic with a
NIR attributed to an ICM over a period of 2 years. From the
onset of the reaction this was monitored by obtaining
sequential blood samples and a skin biopsy. After obtaining
the first sample, the patients received treatment with corti-
costeroids and anti-histamines. The final study included only
those patients with a confirmed NIR induced by ICM after
the allergological work-up, consisting of skin testing and, if
negative, a drug provocation test (DPT).

A control group was composed of 10 age- and sex-
matched patients who were given ICM for the same indica-
tions as the patients in the study group, but who had good
tolerance.

The institutional review board approved the study, and
informed consent for all the diagnostic procedures was
obtained from all the patients and controls.

Skin testing

Intradermal tests were performed following the recommen-
dations of the European Network for Drug Allergy Group
[3]. Briefly, 0·01 ml of a fresh 1:10 dilution in 0·9% NaCl of
an ionic ICM (sodium meglumide ioxaglate, Hexabrix®;
Guerbet, Paris, France) and a series of non-ionic ICM (iome-
prol, Iomeron® 300: Bracco, Milan, Italy; iodixanol, Visi-
paque®: Amersham Health, Buckinghamshire, UK;
iopramide, Clarograf®: Shering AG, Mullerstrausse, Berlin,
Germany; iobitridol, Xenetix®: Guerbet, Paris, France; and
ioversol, Optiray®: Mallinchrodt, St Louis, MO, USA) were
injected intradermally. Several readings were taken at 20 min
and 8, 24 and 48 h after the injection. These concentrations
of ICM proved to be non-irritant in a control group of
healthy subjects with good tolerance to ICM.

Drug provocation test

To establish the diagnosis in the two cases where the intrad-
ermal testing with the battery of ICM was negative, DPT was
carried out with the culprit ICM, as described previously [3].
Briefly, two increasing doses of ICM were given; the first was
1/10 of the amount administered during the procedure that
caused the reaction. The patients were then monitored in the
drug allergy unit for 8 h, after which they were monitored
with a paging system. If good tolerance was observed the
second dose, consisting of the full recommended amount of

ICM, was administered 1 week later, after which the patient
was monitored and followed-up as before.

Sample collection

During the acute phase of the reaction, sequential blood
samples were obtained 3, 15 and 45 days after onset of the
symptoms. In the control group two blood samples were
obtained, one before the administration of iomeprol and
another 24 h afterwards. Peripheral blood mononuclear cells
(PBMC) were obtained from 6 ml of heparinized venous
blood by Ficoll density gradient centrifugation (Nycomed,
Oslo, Norway). A 4 mm punch skin biopsy was obtained
during the acute phase of the reaction and if the patient had
a positive intradermal skin test another biopsy was obtained
and the specimens fixed in 10% formalin and embedded in
paraffin.

Phenotype immunofluorescence analysis

Different lymphocyte subsets, activation and cytotoxic
markers and the skin homing receptor were measured
by flow cytometry using the following monoclonal anti-
bodies: CD3-peridinin chlorophyll, CD4- and CD8-
allophycocyanin, CD69-, CD25- and human leucocyte
antigen D-related-phycoerythrin (HLA-DR-PE), cutaneous
lymphocyte-associated antigen (CLA) and perforin-
fluorescein isothiocyanate (Becton-Dickinson, San Jose, CA,
USA), as described previously [15]. Briefly, 2 ¥ 105 cells were
stained sequentially with different monoclonal antibodies
and fixed in 1% paraformaldehyde in phosphate-buffered
saline until analysis on a fluorescence activated cell sorter
(FacsCalibur) flow cytometer using CellQuest software.
Negative isotype controls were used to verify the staining
specificity.

Skin biopsy studies

Microtome sections (8 mm) of skin biopsies were processed
as described [15] for haematoxylin and eosin and immuno-
histochemical staining with the following monoclonal
antibodies: CD4, CD69, CD25, Granz-B and perforin
(Novocastra Laboratory, Newcastle upon Tyne, UK), CD8
and HLA-DR (Dako, Ely, Cambridgeshire, UK), and CLA
(BD Pharmingen, San Diego, CA, USA). The binding of
these primary antibodies (mouse IgG) was detected using an
anti-mouse IgG conjugated to peroxidase-labelled dextran
polymer (Zymed Laboratory, San Francisco, CA, USA) and a
3-3′-diaminobenzidine substrate kit (Sigma, St Louis, MO,
USA).

Lymphocyte transformation test

This was performed 2 months after the resolution of symp-
toms, as described previously [16]. Briefly, 1·5 ¥ 105 PBMC/
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well were cultured in RPMI-1640 medium with 2 mM
l-glutamine and 10% heat-inactivated autologous serum in
triplicate in 96-well plates, in the presence of different ICM
(iomeprol, iodixanol, iopramide, iobitridol, ioversol and
sodium meglumide ioxaglato) at three different concentra-
tions (1000, 100 and 10 mg/ml). Three-well cultures without
antigen were used as controls to estimate the background
proliferation. A purified protein derivative at a concentration
of 10 IU/ml was used as a positive control. The cultures were
incubated for 6 days at 37°C in 5% CO2, and 18 h before
harvesting 1 mCi [3H]-thymidine was pulsed to each well.
The cultures were harvested onto filters and the radionuclide
incorporation was measured by scintillation counting. The
stimulation index (SI) was calculated as the ratio between
the mean values of counts per minute obtained in cultures
with drug and those obtained in cultures without drug. A
SI � 2·0 was regarded as a positive response.

Statistical analysis

Comparisons for quantitative variables for related samples
at different times were performed using the Wilcoxon test.
All reported P-values represented two-tailed tests, with
values of 0·05 or less considered statistically significant. Sta-
tistical analysis was performed using the spss program,
version 11·5.

Results

Fourteen patients with a suspected NIR to ICM were moni-
tored throughout the whole episode by taking sequential
samples of peripheral blood and at least one skin biopsy. Two
months after the episode had resolved, an allergological
evaluation was undertaken with a skin test with a complete
battery of ionic and non-ionic contrast media, including the
culprit agent. Six of these 14 patients were diagnosed finally
as having a NIR to ICM and therefore included in the study;
all six had a maculopapular exanthema. Cases 1 and 5 devel-
oped a reaction with the same ICM on two occasions. Three
were women and three men, with a mean age of
61·8 � 7·44 years; in four cases the culprit agent was iome-
prol and in two iodixanol. Four cases were diagnosed by skin
testing and two by DPT with the culprit drug. In all cases the

skin test positive results were obtained after 48 h with the
culprit ICM, with a high cross-reactivity with both ionic and
non-ionic ICM. In the two patients diagnosed by DPT, the
reaction occurred at the ICM concentration of 1/10 (2·5 g)
in case 3 and the full dose (25 g) in case 4. Table 1 shows the
clinical characteristics (sex, age, symptoms), as well as the
results of the allergological work-up (skin test and DPT) of
the patients.

Phenotype immunofluorescence analysis

Figure 1 shows the results obtained by phenotype immun-
ofluorescence analysis with the different markers in sequen-
tial samples. The expression of the activation makers (CD69,
CD25 and HLA-DR) in the T cell subpopulation (CD4 and
CD8) (Fig. 1a–c) showed that the early activation marker,
CD69, was increased significantly in the first sample, corre-
sponding to the third day of the reaction, and fell to normal
values on day 45 (P = 0·028) (Fig. 1a). A significant increase
in the percentage of CD25-expressing cells (late activation
marker) was observed in the CD4 cells, with a maximum on
day 15, falling to control values on day 45 (P = 0·027). These
CD25 values were unchanged in the CD8 population
(Fig. 1b).

Figure 1c shows a large increase in HLA-DR expression in
CD4 T cells on day 15, followed by a decrease until reaching
normal values on day 45 (P = 0·028). The levels of this
marker paralleled those of CLA (Fig. 1d) (P = 0·026). No
increase was detected in CD8 CLA.

The percentage of cells containing perforin (Fig. 1e) was
increased earlier on day 3 in both CD4 and CD8, slightly
higher in the latter (P = 0·028 and 0·012 respectively).

During the skin test in patient 1, as well as a positive result
at 48 h, a mild exanthematic reaction also appeared. At this
time peripheral blood lymphocytes were obtained and the
phenotype analysis showed a mild increase in perforin in
CD4/CD8 cells, as occurred during the acute episode (data
not shown in figures). No significant changes were observed
in HLA-DR or CLA.

Skin biopsy studies

Different cell markers were detected in the biopsy obtained
during the acute phase of the reaction. The immuno-

Table 1. Clinical characteristics and results of the allergological work-up of the patients monitored.

Patient Sex Age Drug Reaction Skin test DPT

1 F 51 IOM MPE +SMIOX, IOM, IOD, IOV, Not done

2 M 66 IOD MPE +IOM, IOD, IOP, IOV Not done

3 M 65 IOM MPE Negative +IOM

4 F 55 IOM MPE Negative +IOM

5 F 63 IOD MPE +IOM, IOD, IOV Not done

6 M 71 IOM MPE +SMIOX, IOM, IOD, IOP, IOV Not done

IOB, iobitridol; IOD, iodixanol; IOM, iomeprol; IOP, iopramide; IOV, ioversol; MPE, maculopapular exanthema; SMIOX, sodium meglumide

ioxaglate.
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histochemical studies showed a perivascular mononuclear
cell infiltrate, mainly in the dermis, with higher levels of CD4
lymphocytes than CD8 T lymphocytes, with moderate
expression of CD25 and a higher expression of HLA-DR and
CLA. There was a high presence of eosinophils, as well as the
existence of foci of vacuoles containing lymphocytes. A skin
biopsy was obtained at the site of the positive intradermal

test to the culprit ICM and immunohistochemistry showed
similar results to those seen in the initial acute phase biopsy,
with higher expression of CD69 in lymphocytes. Figure 2
shows the immunohistochemical results of different markers
in skin biopsies obtained during the initial acute phase of the
reaction (Fig. 2a) and from the site of the positive skin test
(Fig. 2b) in patient 1.
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Fig. 1. Mean and standard deviation of sequential measurement of activation markers CD69, CD25 and human leucocyte antigen D-related

(HLA-DR) (a–c), the skin homing receptor [cutaneous lymphocyte-associated antigen (CLA)] (d) and perforin (e) in two T lymphocyte

subpopulations, CD4 and CD8 from the six patients studied. Statistical differences are considered significant with a P < 0·05.

CD4 CD8 HLA-DR

S
k
in

te
s
t

R
e
a
c
ti
o
n

CD69 CLA Perforin

Fig. 2. Immunohistochemical analysis of different markers, CD4, CD8, CD69, human leucocyte antigen D-related, CLA and perforin, in skin

biopsies obtained from the acute reaction (a) and the positive skin test (b), and in patient 1. HLA-DR, human leucocyte antigen D-related; CLA,

cutaneous lympho-cyte-associated antigen.
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Lymphocyte transformation test

The lymphocyte transformation test (LTT) results showed a
positive proliferation with a SI > 2 to the ICM responsible
for the NIR in three patients (patients 1, 2 and 6) (Fig. 3),
with different degrees of cross-reactivity with other ICM,
especially to sodium meglumide ioxaglate and ioversol.
None of the patients’ PBMCs proliferated in the presence of
iobitridol and only one to iopramide. With the different
assay concentrations, in most cases 10 mg/ml gave positive
results, with the response decreasing at higher concentra-
tions, probably because of toxic effects. This test was negative
to all the ICM tested in the control subjects.

Discussion

Different studies have emphasized the relevance of NIR in
allergy to ICM [17–22]. However, unlike immediate reac-
tions, prophylaxis with steroids and anti-histamines does not
guarantee tolerance. If a NIR is not properly identified, the
patient may have another reaction on subsequent exposure.
In fact, patients 1 and 5 in our series had a reaction on two
occasions. This fact, plus a positive intradermal test in four
cases and positive LTT in three, suggests that an immuno-
logical mechanism was involved. Additionally, we found an
increase in the activation of T cells expressing the skin
homing receptor, CLA, mainly in CD4 lymphocytes, in both
peripheral blood and skin biopsies that paralleled the
reaction. The implication of a specific T cell subpopulation
and the cell marker expression in parallel with the develop-
ment of the reaction are in agreement with studies carried
out with other drugs, including betalactams and anti-
convulsants [15,23,24]. We also detected an earlier increase

in perforin, mainly in CD8 T lymphocytes, even in a reaction
induced with a quantity of ICM as low as the one used in
intradermal testing, indicating that cytotoxic lymphocytes
were involved. These data have also been observed with other
drugs [25].

Of note during the monitoring of the reaction was the fact
that the late activation marker (CD25) decreased later in
comparison with the very late activation marker, HLA-DR.
The expression of this latter marker paralleled very closely
both the percentage of CD4 cells and the cells expressing
CLA. The delay in the decrease in CD25 expression in CD4
lymphocytes could be explained by the presence of regula-
tory T lymphocytes that show this phenotype. Importantly,
during the reaction the patients were treated with corticos-
teroids, which have been reported to induce proliferation of
regulatory T cells (CD4+ CD25+) [26]. The skin test biopsy
showed the same pattern as that observed in the reaction, but
with a higher expression of CD69, attributed to the fact that
the biopsy sample was obtained earlier in the skin tests than
in the reaction.

The specific recognition of ICM by T lymphocytes was
demonstrated by their increased proliferation in the pres-
ence of the culprit drug in the LTT. This confirms the
involvement of this drug in the reaction and that this was T
cell-mediated. The usefulness of this test has been demon-
strated previously with penicillins [16] although, unfortu-
nately, few reports exist regarding other drugs or contrast
media. We also observed high cross-reactivity between the
different ionic and non-ionic ICM assayed, although the
patients had never been exposed to the other ICM, as has
been found by others [8,27].

With respect to the skin response to ICM, skin testing may
show different results depending on the type of the reaction,

Fig. 3. Lymphocyte transformation test results

from patients 1, 2 and 6 who gave a positive

proliferation [stimulation index (SI) > 2] to

different iodine contrast media: IOM, iomeprol;

IOD, iodixanol; IOB, iobitridol; IOP, iopramide;

SMIOX, sodium meglumide ioxaglate; IOV,

ioversol. PPD, purified protein derivative.
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and is more useful in immediate reactions to ICM [9].
However, we obtained delayed positive intradermal tests in
66% of the patients finally diagnosed. Similar results were
described by Vernassiere, who found 50% positivity with
intradermal tests with ICM and just 13% positivity with
patch testing [28].

Regarding cross-reactivity, we observed a high rate with a
good correlation between skin (detected by skin testing) and
blood in those cases where the LTT was positive. Several
reports have shown this cross-reactivity both in vivo and
in vitro [18,20,27], although selective responses have also
been found [17,19,21,22]. The cross-reactivity may be due to
the common nuclear chemical structure shared by all ICM.

To our knowledge, this is the first report of patients with
NIR to ICM in whom detailed immunological in vitro moni-
toring (peripheral blood and skin) has been undertaken, the
results of which support an effector T cell mechanism.
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