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M. Herreroe, M. Gonzalez-Sagradod, D. de Luisd, B. Martín-Armentiad, J.A. Guisantesc

a Direction of Public Health, Investigation, Development and Innovation, SACYL, Valladolid, Spain
b Castile-Leon Association for the Aid of Drug Abusers, (ACLAD), Valladolid, Spain
c Immunology, Microbiology and Parasitology Department, University of the Basque Country, Vitoria, Spain
d Research Unit, IEN, Rio Hortega University Hospital, Valladolid, Spain
e Allergy Unit, Rio Hortega University Hospital, Valladolid, Spain

Received 9 August 2010; accepted 28 September 2010
Available online 26 January 2011

KEYWORDS
Cannabis sativa;
Allergy;
Drugs;
Tobacco

Abstract
Background: Cannabis is the illicit drug most widely used by young people in high-income coun-
tries. Allergy symptoms have only occasionally been reported as one of the adverse health
effects of cannabis use.
Objectives: To study IgE-mediated response to cannabis in drug users, atopic patients, and
healthy controls.
Methods: Asthmatic patients sensitised to pollen, and all patients sensitised to tobacco, tomato
and latex, considered as cross-reacting allergens, were selected from a data base of 21,582
patients. Drug users attending a drug-rehabilitation clinic were also included. Controls were
200 non-atopic blood donors. Specific IgE determination, prick tests and specific challenge with
cannabis extracts were performed in patients and controls.
Results: Overall, 340 patients, mean age 26.9 ± 10.7 years, were included. Males (61.4%) were
the most sensitised to cannabis (p < 0.001). All cannabis-sensitised patients were alcohol users.
Eighteen (72%) of the patients allergic to tomato were sensitised to cannabis, but a positive
specific challenge to cannabis was highest in patients sensitised to tobacco (13/21, 61.9%),
(p < 0.001). Pollen allergy was not a risk factor for cannabis sensitisation. Prick tests and IgE for
cannabis had a good sensitivity (92 and 88.1%, respectively) and specificity (87.1 and 96%) for
cannabis sensitisation.
Conclusions: Cannabis may be an important allergen in young people. Patients previously sen-

sitised to tobacco or tomato are at risk. Cannabis prick tests and IgE were useful in detecting
sensitisation.
© 2010 SEICAP. Published by Else
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t is estimated that, in 2008, more than 500,000 people
eceived medical treatment for drug abuse in the Euro-
ean Union and there were almost 70,000 deaths due to
verdose.1 Symptoms often included shock, beginning with
espiratory failure and skin rash. Cannabis use was the high-
st in the USA, Australia and New Zealand, followed by
urope, especially in young people.2

The prevalence of allergic diseases has increased
rogressively, with prospective studies suggesting that,
etween 2010 and 2020, 40%-50% of people might be
ffected, with rhinitis and asthma showing the greatest ris-
ng trend, and anaphylaxis being the most severe type.

The suggested risk factors for allergies include genetic
redisposition, better hygiene, smoking and climate change,
mong others, but none explain such a large increase in so
ew years. Possible sensitisation to drugs has not been widely
onsidered, as drug reactions are generally attributed to
oxic causes and allergic hypersensitivity to immunological
auses, with the two seen as mutually exclusive.

Our working hypothesis was that there may be allergic
ypersensitivity to drugs in risk populations (atopic patients
nd drug abusers), as both groups have underlying immune
eficiencies. Cannabis, which is of vegetable origin, may
lso sensitise people allergic to plants in the same manner
s vegetal allergens.

If cannabis sensitisation could be detected by allergy
esting, this might result in diagnostic and therapeu-
ic advances with social, legal, and health repercussions.
dverse drug responses may not be solely toxic. Some drugs,
uch as penicillin or poisons derived from hymenopters,2 are
llergens for which severe hypersensitivity responses have
een demonstrated. Drugs might possess vegetable aller-
ens similar to those of pollens and plants and could provoke
n immune response in predisposed people,3---8 which could
e related to toxic drug reactions, meaning the response
s really a toxic-immunological mechanism. Young, produc-
ive people are affected by both types of disorder and there
ould be a nexus of union between them.

bjectives

he objectives of our study were to evaluate allergic hyper-
ensitivity mediated by IgE to Cannabis in drug abusers and
llergic patients with a possibility of cross-reactivity with
annabis (latex, tomato and tobacco)8---14 and the diagnos-
ic yield (sensitivity, specificity and predictive values) of
outine tests (skin prick, specific IgE, specific challenge)
n determining cannabis allergy as determined by bronchial
esponse.

atients and methods

e carried out an observational case-control study using the
ONSORT guidelines, an evidence-based set of recommen-
ations for randomised controlled trials.10 Asthma patients

f both sexes allergic to pollen and residing in Valladolid
ity or province who had lived in the same house from birth
ensuring that all had been exposed to similar levels of pol-
ens, pollution and other environmental factors) and fulfilled
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imilar clinical criteria of asthma severity were randomly
elected from the registry of 21,582 patients attended in
he last 20 years by the Allergy Clinic, Rio Hortega University
ospital of Valladolid, Spain.

The data on atmosphere quality were kindly provided by
he excellence group on Physical Atmosphere of Valladolid
niversity, GOA-UVA, (http://goa.uva.es). All the patients
ere studied by the same doctor, using standardised extracts
nd the same diagnostic methods.

Pollen sensitivity was defined as: a) one or more posi-
ive skin tests for pollen; b) CAP (IgE) positive > 0.35 IU/mL
or pollen; or c) positive specific challenge. Asthma due to
ramineae pollens was defined by prick test, specific IgE
nd spirometry. Lolium perenne, the most important aller-
en in our region, was chosen as a measurable parameter
n the results of pollen tests. The reports on the pollen lev-
ls of different vegetable species in our area (kindly sent
onthly to our Allergy Section from the Health Protection

ervice of Directorate of Public Health of our Community,
ww.salud.jcyl.es), have never detected cannabis pollen in
ur atmosphere.

Patients sensitised to tomato, tobacco and latex, aller-
ens possibly implicated in cross-reactivity,8---14 and which
re contained in the same data base, were also included.
hese types of sensitisation are infrequent, and therefore
ll patients attended over the last 20 years were included in
he study. Twenty-five patients sensitised to tomato, 25 sen-
itised to tobacco, and 18 sensitised to latex were recruited.

A group of drug-dependent patients from the Castile and
eon Association for the Aid of Drug Abusers (ACLAD) were
ecruited and the same tests carried out. After written
nformed consent was obtained, an epidemiological-clinical
urvey was carried out including the characteristics and
rigin of dependence, possible adverse reactions (by ques-
ioning close friends or relatives), potential involvement of
rgans and systems, emergency department (ED) care and
reatment required.

The control group was comprised of 200 healthy (non-
mokers, non-users of cannabis or other illicit drugs and who
ad never consulted the Allergy Clinic) blood donors (Blood
onation Unit, SACYL).

Cannabis consumption was self-estimated by patients as
on-consumption, experimental, occasional, habitual and
ependence.

The protocol was approved by Clinical Research Ethics
ommittees. All participants in the study gave written

nformed consent.
The following tests were carried out in all patients and

ontrols:

n vivo tests

kin tests
kin tests, including conventional prick tests for licensed
llergens using the European group protocol for the diagnosis
f drug hypersensitivity,15 included:
llergen extracts
standard battery of aeroallergens and foods were

mployed, including pollens (gramineae, trees, weeds and
owers), mites (Dermatophagoides and storage mites),
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Allergic hypersensitivity to cannabis in patients with allergy

fungi, antigens to animals and common foods (ALK-Abelló,
Madrid, Spain).

Cured tobacco extract, tomato and latex at concentra-
tions of 1 mg/ml (Bial, Bilbao, Spain) were also included, as
was extract of fresh tobacco leaf at a concentration of 1/10
weight/volume, prepared in our laboratory from uncured
cured fresh leaves. Histamine 1/100 and physiological saline
solution were used as positive and negative controls, respec-
tively. Papule area was measured after 15 minutes and
traced for posterior measurement by planimetry. A papule
≥19.62 mm2 was considered clearly positive, corresponding
to a diameter of 5 mm. This area was specified as a cut-off
point after study of the ROC curves and was designed to
exclude false positives due to irritation.

Preparation of cannabis extracts
The extracts used were: Fresh Cannabis sativa cut top
leaves cold-milled and defatted with acetone (2x1; 1:5
[weight/volume] for 1 hour at 4 ◦C), and after drying,
extracted with 0.1 mol/L Tris-HCl pH 7.5, 10 mM EDTA (1:5
[weight/volume] for 1 hour at 4 ◦C). After centrifuging at
9000 g for 30 minutes at 4 ◦C, the supernatant was dialysed
against H2O (cut-off point, 3.5 kd) and lyophilised. This
extract was used both for bronchial challenge and skin tests.

Diagnostic and pulmonary function tests
Baseline diagnostic spirometry was carried out in all partic-
ipants.

Specific bronchial cannabis challenge was carried
using the Chai technique with modifications as previ-
ously described.12 Cannabis extracts were diluted to
0.005 mg/mL, 0.05 mg/mL, 0.5 mg/mL, 1 mg/mL and
5 mg/mL. After full stop titration according to Gleich’s
technique with extract of fresh cannabis leaf, the dilution
that provoked a papule of 7 mm2 was determined. This
dilution was the initial dose used for the bronchial chal-
lenge carried out in consenting patients and controls (141
as whole).

In ACLAD patients, direct inhalatory challenge tests were
performed after inhalation of a cannabis cigarette, with
forced spirometry at 5, 10 and 15 minutes. After baseline
spirometry, challenge was carried out if FEV1 was > 80%.
For cannabis extract challenge, two millilitres of the extract
were introduced in the dosimeter and the patient breathed
normally for two minutes. Spirometry was carried out and
repeated at 5, 10 and 15 minutes. If there was no change
in FEV1 or if the reduction was > 10%, the next higher
concentration was used until a reduction in FEV1 ≥ 20% was
achieved, which was considered a positive bronchial chal-
lenge. If the reduction in FEV 1 was near 15%, the patient was
instructed to inhale the next higher dilution for one minute
only. Late responses were monitored with a Mini Wright peak

flow meter at 2, 6, 12, and 14 hours after the test, and
the best measurement of three chosen. Cannabis extract
and tobacco challenges were also performed in consenting
controls.

t
s
s
3

illicit drug users 273

n vitro tests

pecific IgE
pecific IgE was determined for a battery of aeroallergens
nd foods: wheat, barley and rye, milk, alpha-lactalbumin,
eta-lactoglobulin, casein, egg white and yolk, fish,
nd vegetables (vegetables, legumes, nuts, fresh fruit)
obacco, latex and tomato, using the ImmunoCAP Sys-
em (Phadia, Uppsala, Sweden). Levels of IgE > 0.35
U/L were considered positive. Biotiniled Cannabis extracts
ere coupled to Streptavidin-ImmunoCAP solid phase

Streptavidin-ImmunoCAP, Phadia AB. Uppsala, Sweden),
ccording to Sander et al. (2005).16 Specific IgE to Cannabis
as determined by the ImmunoCAP System using the above
entioned solid-phases.

tatistical analysis

he association between study variables was analysed using
earson’s Chi2 test. When the number of cells with expected
evels > 5 was > 20%, they were calculated using Fisher’s
xact test or the likelihood ratio test.

The Student’s t test for independent samples was used
o compare means and when the number of groups to com-
are was greater, the ANOVA test was used. When these
ere not applicable, the non-parametric Mann-Whitney U

est (for two groups) or Kruskal Wallis H test (for more than
wo groups) were used.

Statistical significance was established as p < 0. 05 and
5% confidence intervals (CI) were calculated as necessary.

The statistical analysis was made using the SPSS version
5.0 programme.

esults

lobal description of the sample

ne hundred and sixty-eight patients and 200 controls were
nitially recruited: of these 28 patients were lost to the study
nd 140 were finally analysed.

Table 1 shows baseline characteristics of the study
roups.

Fifty-five (36.4%) patients had attended the ED, most-
ommonly for asthma (70.7%), urticaria (19.3%), and
naphylaxis (16.4%). Other frequent allergic symptoms were
omato intolerance (with oral syndrome, 35.7%) and rhini-
is. Twenty-six patients (18.6%), suffered from rhinitis. In all
ases rhinitis was associated with asthma.

Seventy-four (53.2%) patients had positive skin tests for
annabis, 48 (34.3%) had cannabis-specific IgE and 30% (42
atients) positive bronchial challenge. This would seem to
ndicate that only 56.7% of positive patients with skin test
ad positive cannabis challenge, although there may have
een positive cannabis prick tests due to cross-reactivity
ith tomato, latex or tobacco.

The percentage of patients with positive tobacco prick

est (37%) was more concordant with positivity of tobacco-
pecific IgE (44.5%). The same was observed in patients
ensitive to tomato (positive prick test 31.2%, positive IgE
4.1%).
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Table 1 Baseline characteristics of study patients.

Variable All Tomato Pollen Tobacco Latex ACLAD Sig.

Patients recruited 168 25 40 25 18 50
Completers (n = 140) 140 n = 25(17.9%) n = 34(24.3%) n = 21(15.0%) n = 18(12.9%) n = 42(30.0%)
Age (years) 26.9 ± 10.7 22.84 ± 6.9 22.2 ± 10.2 23.7 ± 7.8 21.8 ± 7.3 36.9 ± 8.9
Sex (female) 54 9 15 7 14 9

Occupation
Student 76 (54%) 20 (80%) 30 (88.2%) 14 (66.7%) 12 (66.7%) 0 <0.001
Housewife 12 (8.6%) 4 (16%) 2 (5.9%) 5 (23.8%) 1 (5.6%) 0
Unemployed 19 (13.6%) 0 0 0 0 19 (45.2%) <0.001
Other 33 (23.6%) 1 (4%) 2 (5.9%) 2 (9.5%) 5 (27.8%) 23 (54.8%)

Smoking 62.9% 16 (64%) 10 (29.4%) 21 (100%) 2 (11.1%) 39 (92.9%) <0.001
Age of initiation (mean) 16.0 ± 3.5 16.1 ± 2.6 17.2 ± 5 17.2 ± 4.8 17.5 ± 0.7 14.9 ± 2.1 NS
Years (mean) 13.4 ± 10.8 7.1 ± 5.8 6.1 ± 6.5 7.0 ± 7.3 8.5 ± 10.6 21.6 ± 9.5 <0.001

Consumption of
Alcohol 108 (77.1%) 19 (76%) 16 (47.1%) 21 (100%) 11 (61.1%) 41 (97.6%) <0.001
Legal stimulants 120 (85.7%) 25 (100%) 21 (61.8%) 19 (90.5%) 14 (77.8%) 41 97.6%) <0.001

Clinical symptoms
Atopy 25 (100.0%) 34 (100.0%) 21 (100.0%) 18 (100.0%) 29 (69.0%) <0.001
Asthma 18 (72.0%) 34 (100.0%) 21 (100.0%) 8 (44.4%) 18 (42.9%) <0.001
Rhinitis 0 (0.0%) 14 (41.2%) 1 (4.8%) 0 (0.0%) 11 (26.2%) <0.001
Anaphylaxis 9 (36.0%) 0 (0.0%) 4 (19.0%) 4 (22.2%) 6 (14.3%) 0.001
Urticaria 5 (20.0%) 1 (2.9%) 2 (9.5%) 10 (55.6%) 9 (21.4%) <0.001
Oesophagitis 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) NS
SAO 24 (96.0%) 0 (0.0%) 8 (38.1%) 3 (16.7%) 15 (35.7%) <0.001
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Tomato intolerance 24 (96.0%) 0 (0
Emergency department 4 (16.0%) 0 (0

Drug consumption and allergy tests (positive cannabis
rick test area, positive bronchial challenge and specific IgE)
f study patients are shown in Table 2.

None of the tests performed in the 200 blood donor vol-
nteers were positive for cannabis.

ifferences by groups

linical differences between groups are shown in Table 3.

clad patients
hirty-one patients had attended the ED, six (14.3%) due
o anaphylaxis; 18 (42.9%) due to asthma; and nine (21.4%)
ue to urticaria-angio-oedema. Fifteen (35.7%) also had oral
yndrome with raw tomato, but had only excluded tomato
rom the diet without medical consultation.
ther dependence. Other drugs used included alprazolam

33.33%) and other stimulants in 41 (97.6%) patients. One
atient was on insulin.

Twelve patients had HAV, 7 VHB, 13 HCV, and 6 HIV. One
atient suffered latex-related nocturnal asthma cured by
hange of latex mattress.

Of all the asthmatics, 12 presented altered respira-
ory function tests (obstructive spirometry) at baseline. All
atients had a positive bronchial challenge for cannabis.
atients allergic to tomato
annabis. Eight (44%) had used cannabis experimentally
nly once, nine (50%) occasionally, one habitually, and there
as no drug abuser.

t
c
d

11 (52.4%) 3 (16.7%) 15 (35.7%) <0.001
12 (57.1%) 3 (16.7%) 31 (73.8%) <0.001

In 13 patients (61.9%) with positive IgE and prick test,
annabis challenge was positive and all admitted cannabis
se.

Four (16%) had attended the ED after smoking cannabis
nd drinking alcohol: two with asthma, one with anaphylaxis
nd one with oral angio-oedema.

No patient tolerated tomato but all tolerated other
olanaceae. Twenty-four (96%) suffered oral syndrome after
ating raw tomato.

atients allergic to gramineae pollen
annabis. Three were experimental users and one occa-
ional. There was no habitual or dependent user.

Thirty-one patients tolerated tomato normally. The most
requent disorders were spring asthma (100%) and urticaria
one patient). None had anaphylaxis or angio-oedema or had
ttended the ED.

atients allergic to tobacco
annabis. Seven patients were experimental and five were
ccasional users, with no habitual or dependent user.

Nine (45%) tolerated tomato without oral discomfort and
1 (52%) were intolerant, of whom eight had oral allergy
yndrome. Nine (52.85%) were positive for both tests.
The 12 patients sensitised to cannabis had attended
he ED, four due to anaphylaxis (after a party at which
annabis, tobacco and alcohol were consumed) and eight
ue to asthma. All were occasional consumers.
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Table 2 Drug consumption and allergic tests in study patients.

Variable All n = 140 Pollen Tomato Tobacco Latex ACLAD Sig.

Allergy tests
Positive cannabis prick test 74 (53.2%) 5 (14.7%) 23 (92%) 15 (75%) 8 (44.4%) 24 (58.5%) <0.001
Positive cannabis specific IgE 48 (34.3%) 3 (8.8%) 17 (68%) 12 (57.1%) 2 (11.1%) 14 (33.3%) <0.001
Positive cannabis bronchial challenge 42(30%) 0 13 (52%) 13 (61.9%) 1 (5.6%) 15 (35.7%) <0.001

Cannabis user (Yes/No) 85 (60.7%) 4 (11.8%) 18 (72%) 12 (57.1%) 9 (50%) 42 (100%) <0.001
Age initiation 17.0 ± 3.6 14.5 ± 1 16.5 ± 2.9 18.6 ± 6.1 17.7 ± 2.7 16.8 ± 3.1 NS
Mean years consumption 12.2 ± 10.4 1 ± 0 3.3 ± 2.2 6.2 ± 5.2 8.3 ± 6.1 19.7 ± 9.4 <0.001

Self-estimated ever cannabis consumption 68 (48.5%) 0 12 (48%) 10 (47.6%) 4 (22.22%) 42 (100%)
Never 48 (34.28) 30 (88.2%) 6(24%) 5 (23.8%) 7 (38.9%) 0 (0%) <0.001
Experimental 26 (18.6%) 3 (8.8%) 8 (44%) 5 (23.8%) 9 (50%) 0 (0%) <0.001
Occasional 22 (15.7%) 1 (2.9%) 9 (50%) 10 (47.6%) 2 (11.1%) 0 (0%) <0.001
Habitual 2 (1.4%) 0 (0%) 1 (2.9%) 0 (0%) 0 (0%) 0 (0%) <0.001
Dependence 42 (30%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 42 (100%) <0.001
Tobacco 88 (62.9%) 10 (29.4%) 16 (64%) 21 (100%) 2 (11.1%) 39 (92.9%) <0.001
Age initiation 16 ± 2.6 17.2 ± 5 16.1 ± 2.6 17.2 ± 4.8 17.5 ± 0.7 19.7 ± 9.4 NS

Mean years consumption 13.4 ± 10.8 6.1 ± 6.5 7.1 ± 5.8 7 ± 7.3 8.5 ± 10.6 21.6 ± 9.5 <0.001

Cocaine 39 (27.9)%, 0 (0%) 1 (4%) 1 (4.8%) 0 (0%) 37(88.1%) <0.001
Age initiation (yrs) 17.5 ± 2.5 0 17 20 0 17.4 ± 2.5 NS
Mean years consumption 12.2 ± 10.4 0 1 18 0 19.1 ± 8.9 0.001

Heroin 31 (22.1%) 0 0 0 0 31 (73.8%), <0.001
Age initiation 18.1 ± 3.1 0 0 0 0 18.1 ± 3.1
Mean years Consumption 18.1 ± 3.1 years 0 0 0 0 20.4 ± 8.4

Methadone 21 (15%) 0 0 0 0 21 (50%), <0.001
Age initiation 33.7 ± 8.5 0 0 0 0 33.7 ± 8.5
Mean years consumption 3.9 ± 2.4 0 0 0 0 3.9 ± 2.4

Amphetamines 15 (10.7%) 0 0 2 (9.5%) 0 33.42%), <0.001

5 (1

D

T

s
h

Benzodiazepines 25 (17.9%) 0
Legal stimulants 120 (85.7%) 2

The main disorders were asthma in 21 patients, urticaria
in two (9.5%) and anaphylaxis four (19%).

Patients allergic to latex
Cannabis. Seven were experimental users and none was a
dependent user.
Three patients were tomato intolerant and three (16.7%)
had attended the ED (all users of cannabis, after one
night of partying) one due to asthma and two due to
anaphylaxis.

w
(

s

Table 3 Differences in clinical variables according to study group

Variable Tomato n = 25 Pollen n = 34 T

Atopy 25 (100.0%) 34 (100.0%) 2
Asthma 18 (72.0%) 34 (100.0%) 2
Rhinitis 0 (0.0%) 14 (41.2%)
Anaphylaxis 9 (36.0%) 0 (0.0%)
Urticaria 5 (20.0%) 1 (2.9%)
Oesophagitis 0 (0.0%) 0 (0.0%)
OAS 24 (96.0%) 0 (0.0%)
Tomato Intol. 24 (96.0%) 0 (0.0%) 1
Emergency department 4 (16.0%) 1 (2.9%) 1

OAS: Oral allergy syndrome. Intol: Intolerance.
0 1 (4.8%) 0 24(57.1%) <0.001
00%) 21 (61.8%) 19 (90.5%) 14 (77.8%) 41 (97.6%) NS

ifferences by type of consumption

able 5 shows positive prick and IgE test in study patients.
Greater cannabis consumption was associated with

moking and consumption of cocaine, heroin and alco-
ol (p < 0.001). Anaphylaxis and ED attendance (p < 0.001)

as observed in experimental and occasional users.

Table 4)
The highest levels of positive cannabis prick tests and

pecific IgE were observed in habitual and dependent users

.

obacco n = 21 Latex n = 18 ACLAD n = 42 Sig.

1 (100.0%) 18 (100.0%) 29 (69.0%) <0.001
1 (100.0%) 8 (44.4%) 18 (42.9%) <0.001
1 (4.8%) 0 (0.0%) 11 (26.2%) <0.001
4 (19.0%) 4 (22.2%) 6 (14.3%) 0.001
2 (9.5%) 10 (55.6%) 9 (21.4%) <0.001
0 (0.0%) 0 (0.0%) 0 (0.0%) NS
8 (38.1%) 3 (16.7%) 15 (35.7%) <0.001
1 (52.4%) 3 (16.7%) 15 (35.7%) <0.001
2 (57.1%) 3 (16.7%) 31 (73.8%) <0.001
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Table 4 Differences in clinical variables according to level of cannabis consumption.

Variable Non consumer
n = 48

Experimental
Consumer n = 26

Occasional
Consumer n = 22

Habitual
Consumer n = 2

Dependence
n = 42

Sig.

Atopy 48 (100.0%) 26 (100.0%) 22 (100.0%) 2 (100.0%) 29 (69.0%) <0.001
Asthma 42 (87.5%) 19 (73.1%) 18 (81.8%) 2 (100.0%) 18 (42.9%) <0.001
Rhinitis 14 (29.2%) 0 (0.0%) 0 (0.0%) 1 (50.0%) 11 (26.2%) <0.001
Anaphylaxis 2 (4.2%) 6 (23.1%) 8 (36.4%) 1 (50.0%) 6 (14.3%) 0.006
Urticaria 9 (18.8%) 8 (30.8%) 1 (4.5%) 0 (0.0%) 9 (21.4%) NS
OAS 8 (16.7%) 15 (57.7%) 11 (50.0%) 1 (50.0%) 15 (35.7%) 0.004
Tomato Intol. 8 (16.7%) 15 (57.7%) 13 (59.1%) 2 (100.0%) 15 (35.7%) <0.001
Emergency department 0 (0.0%) 7 (26.9%) 11 (50.0%) 2 (100.0%) 31 (73.8%) <0.001
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OAS: Oral allergy syndrome. Intol: Intolerance.

p < 0.001). There were no differences between experi-
ental and occasional users in the positivity of tests.
here were no significant differences in the number of
ositive results according to the type of consumption
Table 5).

ield of diagnostic tests

n study patients, the cannabis prick test had the highest
ensitivity (92.7%) but a lower specificity, due to cross-
eactivity with vegetable allergens, while specific IgE had
sensitivity of 88.1% and a specificity of 88.8%.
If controls (none of whom were positive for cannabis prick

est, IgE, or challenge) were included, prick test sensitivity
emained equal, but specificity increased, while IgE sensi-
ivity and specificity remained high. (Table 6)

nterpretation of the results
. After ACLAD patients, the highest level of use of addic-
tive substances was in patients allergic to tobacco
(p < 0.001). However, the group with the highest level
of sensitisation according to the prick test and specific
IgE were patients allergic to tomato (p < 0.001), although

6

Table 5 Differences in positive prick (area≥19 mm2) and IgE (≥0

Variable Non consumer Experimental
Consumer

Occas
Consu

Prick lolium 36/48 (75.0%) 20/26 (76.9%) 17/22
IgE lolium 41/48 (85.4%) 22/26 (84.6%) 19/22
Prick cannabis 14/48 (29.2%) 16/26 (61.5%) 18/22
IgE cannabis 8/48 (16.7%) 11/26 (42.3%) 13/22
Chall. cannabis 0/48 (0.0%) 10/26 (38.5%) 15/22

Prick
tomato 6/48 (12.5%) 13/26 (50.0%) 12/22
IgE tomato 7/48 (14.6%) 14/26 (53.8%) 13/22

Prick
tobacco 8/48 (16.7%) 9/26 (34.6%) 18/22
IgE tobacco 10/48 (20.8%) 9/26 (34.6%) 19/22
Prick latex 13/48 (27.1%) 13/26 (50.0%) 16/22
IgE latex 13/48 (27.1%) 13/26 (50.0%) 17/22

Chall: Challenge.
patients allergic to tobacco had the highest level of
positive cannabis challenge (p < 0.001), suggesting cross-
sensitisation to cannabis and tomato and also that there
may be true sensitisation to cannabis and false sensi-
tisation due to cross-reactivity in patients sensitised to
tomato.

. In addition to patients allergic to tomato, a
greater or lesser degree of tomato intolerance was
observed in half the patients allergic to tobacco and
15/42 ACLAD patients, all with positive cannabis
challenge.

. The area of the cannabis prick test was greater in ACLAD
patients (p < 0.001) but levels of cannabis-specific IgE
were higher in patients allergic to tomato (p < 0.001).

. Intolerance to tomato should lead to the suspicion of
cannabis consumption (p < 0.001).

. Neither the severity of the clinical profiles nor ED admis-
sion was related to the level of consumption, with
occasional users also being a risk group.

. Both the prick test and specific IgE were efficient in

detecting sensitisation to cannabis and positivity was
related to severe clinical profiles (anaphylaxis, asthma,
angio-oedema) requiring ED admission.

.35kU/L) tests according to level of cannabis consumption.

ional
mer

Habitual
Consumer

Dependence Sig.

(77.3%) 1/1 (100.0%) 10/41 (24.4%) <0.001
(86.4%) 2/2 (100.0%) 9/22 (40.9%) 0.001
(81.8%) 2/2 (100.0%) 24/41 (58.5%) <0.001
(59.1%) 2/2 (100.0%) 14/42 (33.3%) 0.002
(68.2%) 2/2 (100.0%) 15/42 (35.7%) <0.001

(54.5%) 1/1 (100.0%) 11/41 (26.8%) <0.001
(59.1%) 1/1 (100.0%) 12/41 (29.3%) <0.001

(81.8%) 2/2 (100.0%) 14/40 (35.0%) <0.001
(86.4%) 2/2 (100.0%) 13/21 (61.9%) <0.001
(72.7%) 2/2 (100.0%) 8/42 (19.0%) <0.001
(77.3%) 2/2 (100.0%) 6/24 (25.0%) <0.001
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Table 6 Sensitivity, specificity, positive and negative predictive values, false positives and false negatives of cannabis tests.

Cannabis Prick Cannabis IgE

Variable Value 95% CI Value 95% CI

Study patients only
Sensitivity 92.7 83.5-100.0 88.1 77.1-99.1
Specificity 63.3 53.2-73.3 88.8 82.0-95.5
PPV 51.3 39.3-63.4 77.1 64.1-90.0
NPV 95.4 89.5-100.0 94.6 89.4-99.7
False positives 36/139 (25.9%) 11/140 (7.9%)
False negatives 3/139 (2.2%) 5/140 (3.6%)

Study patients and healthy controls
Sensitivity 92.7 83.5-100.0 88.1 77.1-99.1
Specificity 87.1 82.9-91.2 96.0 93.6-98.5
PPV 51.3 39.3-63.4 77.1 64.1-90.0
NPV 98.8 97.2-100.0 98.2 96.4-99.9
False positives 36/319 (11.3%) 11/320 (3.4%)
False negatives 3/319 (0.9%) 5/320 (1.6%)

Prick area ≥19mm2 and IgE≥0.35kU/L versus positive bronchial challenge test.
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PPV: Positive predictive area.
NPV: Negative predictive area.

Discussion

It is estimated that in 2008 cannabis was consumed by
3.9% of the world population aged 15-64 years.17 Recent
epidemiological studies2 show that regular cannabis use
in adolescence causes adverse effects, including depen-
dence syndrome, respiratory and cardiovascular alterations,
increased traffic accidents, and alterations in psychosocial
development and mental health. The possible adverse aller-
gic effects have been very infrequently studied.

Isolated cases of allergic hypersensitivity to Cannabis
sativa have been described, including rhinoconjunctivi-
tis due to inhalation of cannabis pollen,3 urticaria and
contact dermatitis due to handling of cannabis plants,4,5 and
anaphylaxis due to cannabis ingestion.6 Paradoxically, the
protective action of cannabis against allergies has also been
described.7 Cross-reactivity between cannabis and tomato
allergens8 and skin lesions due to inhalation of cannabis have
been reported.9

Allergic hypersensitivity to tobacco has been demon-
strated by our group in a large series of patients.11,12

Cannabis challenge was positive in 52% of our patients sensi-
tised to tomato and 61% sensitised to tobacco and both seem
to be risk factors for cannabis sensitisation. ED admissions
were due to severe symptoms related to probable multi-
drug consumption. Patients with anaphylaxis were allergic to
tomato and tobacco. Patients not attending the ED in spite
of severe symptoms were younger (p < 0.001) and possibly
trying to hide their behaviour.

Might cannabis be an allergen?

Reported cases are anecdotal and related to cannabis pollen

inhalation. There are no reports of allergic hypersensitivity
in drug abusers, who are normally excluded from clinical
trials or studies, and usually receive no care for allergies,
which are considered a minor problem. We felt a large study
o highlight this health problem was warranted. This clinical
tudy is based on routine allergy techniques, but we hope
uture studies will include new techniques of allergen analy-
is and cross-reactivity based on molecular biology and array
echniques. The main strength of our study is that there is
ittle attention in the literature to allergy associated with
annabis, even though about 4% of the population use this
rug.

ED admissions for cannabis consumption have quadrupled
n the last decade, from 7.4% to 28%.1,2 However, cannabis
onsumption has decreased by 6.8% since 2004.17 Drug
busers are usually attended by primary health care centres
nd drug rehabilitation centres and are rarely referred to
utpatient allergy clinics but often admitted to the ED. The
dverse effects of drug consumption are often not stated by
ntoxicated patients.

Once the possibility of allergic sensitisation to drugs is
onsidered, new routes of laboratory detection of drug seem
ossible even when there is no current consumption, as the
llergic reaction lasts over time and can be detected by spe-
ific antibodies. This simple, sensitive and objective method
ould have important social, legal and therapeutic repercus-
ions:

. Social repercussions: Explaining that patients have an
allergic reaction to the drug that may worsen progres-
sively could be another argument in persuading them to
reject drugs.

. Legal repercussions: Drug consumption could be
detected even when there is no current consumption as
the antibodies can be detected for some years.

. Therapeutic repercussions: In addition to avoiding fatal
cases of anaphylaxis, specific immunotherapy, which is

highly efficient for toxic allergens such as hymenopter
toxins, may be possible. If the allergenic epitopes
coincided with A-9-tetrahydrocannabinol (THC), spe-
cific immunotherapy against these allergens might be



2

i
i
e
t
i
i
i
s
7
c
h
t
c
s
o
2
g
s

c
t
i
i
A
r
t
a
t
l
i

d
v
i
d
p
b
o
f
a

a
c
h
s
p

C

T

D

T
l
C
S

A

W
p
b
A
l
A
h

R

78

possible, using blocking antibodies which, theoreti-
cally, would annul the effect of the drug by blocking
cannabinoid receptors and achieving tolerance to the
allergen, presumably resulting in reduced consumption.
The greater diagnostic yield obtained with cannabis bud
extracts, which contain the greatest concentration of
THC, would support this theory.

Strikingly, we found considerable cannabis consumption
n a randomly-selected group of allergic patients. Stud-
es in the USA have found that 10% of people who have
ver consumed cannabis end up consuming it daily1 and,
herefore, the risk of experimental consumption, especially
n young students, should not be underestimated. Accord-
ng to our results, smokers and patients with difficulties
ngesting tomato are also at risk. Although tomatoes pos-
ess allergens with cross-reactivity with cannabis allergens,
2% of patients with tomato allergy admitted cannabis
onsumption and the 13 patients with positive challenge
ad symptoms when they smoked it. Smokers sensitised to
obacco also responded to challenge with pure extract of
annabis leaf, showing that not only tobacco provoked their
ymptoms. Of the ACLAD patients, who had the highest rates
f smoking, and consumption of alcohol and other drugs,
9/42 patients had atopy, an incidence greater than in the
eneral public. Alcohol is reported to increase atopy and
ensitisation to allergens.18

The effect of cannabis on pulmonary function is not
lear.16 Habitual users have more symptoms of bronchi-
is and respiratory infections. Cannabis does not seem to
ncrease the risk of emphysema19,20 and obstructive patterns
mproved in some of our patients after smoking cannabis.
n Arizona study21 showed that 70% of atopic patients
esponded to marijuana pollen skin test, a habitual con-
aminating pollen in Arizona that provokes asthma, rhinitis
nd urticaria in sensitised patients, suggesting the oppor-
unity for specific immunotherapy. However, there are few
ater references to possible cannabis allergy2---8 or specific
mmunotherapy.

We found the prick test highly-sensitive, although the
iagnostic yield was due to a high negative predictive
alue. The papule area (19 mm2, diameter 5x5 mm), elim-
nated more false positives, improving the AOC. Specific IgE
etermination is a highly-sensitive and specific diagnostic
arameter, with a better positive predictive value, and could
e an easy, cheap and useful way of determining current
r past contact with cannabis, and might one day be used
or medical and legal ends (traffic accidents, behavioural
lterations, violence).

In conclusion, cannabis consumption may be associ-
ted with a measurable allergic response. Determination of
annabis-specific IgE is a rapid, inexpensive method with
igh sensitivity and specificity that could detection con-
umption, sensitisation and possible allergy to cannabis and,
erhaps, other illicit drugs.
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