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INTRODUCTION

Pinus pinea, or the pine nut tree, is
indigenous to Europe and western
Asia and has been widely cultivated
in America. During pollination,
which is from March to June, enor-
mous quantities of pollen are re-
leased into the air. Contradictory
opinions as to its allergenicity have
always existed.!

At the present, few studies on pine
pollen allergy are available. Some
authors maintain that this pollen is
not allergenic because of its large
size. Others believe it to be an aller-
gen that must be taken into account
when it is found to predominate in
the patients’ environment, even
though the clinical manifestations
of sensitization to this allergen are
mild.>*

The pine nut, fruit of Pinus pinea,
has gradually crept into our modern
diet; nevertheless, only three cases
of hypersensitivity due to ingestion
of pine nuts have been reported.*$

This clinical report describes
three patients with pine pollen sen-
sitivity demonstrated by clinical as-
sessment, positive skin test, provo-
cation test, and specific IgE to this
allergen. The first patient also pre-
sented a hypersensitivity reaction to
pine nut ingestion. The common
factor in these three patients was
that they all had lived since birth in
regions with pine trees.

MATERIAL AND METHODS

Patients

For this study, a total of 103 possi-
bly atopic patients who lived in re-
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gions of pine trees were tested to
Pinus pinea pollen and pinon nut.

Skin Test

Prick tests were carried out with a
battery of the usual inhalants (mites,
fungi, grass pollens, weeds, flowers,
trees, epithelial cells, and food-
stuffs), as well as with specific anti-
gens (pine pollen extract, raw pine
nut, and pine wood). Lyophilized
pine pollen extract (Abelld Labora-
tories, Madrid, Spain), was diluted
in 0.9% saline solution to an initial
concentration of 0.5%, from which
three dilutions were made: 1/10, 1/
100, and 1/1000. The pine nut ex-
tract was produced from raw pine
nut that was frozen and later grated.
This powder was diluted in 0.9%
saline solution to a final concentra-
tion of 1/20 wt/vol. The mixture
was strained through a filter paper
and then cold sterilized by filtering
it through a Seitz vacuum filter
using a Seitz Sterilizing Pad 3 cm
(L3) (Center Laboratories). The
pine wood extract was prepared
from pine wood shavings, which
were dialyzed and filtered, the final
concentration being 1/10 wt/vol in
0.9% saline solution.

We used 0.9% saline solution as
a negative control, and histamine
acid phosphate at 1/100 wt/vol as
positive control. Readings were
taken after 15 minutes and were
considered positive if the largest di-
ameter of the papule obtained was
greater than the positive control.

Oral Provocation Test

The oral provocation test was car-
ried out with pine kernels adminis-
tered in capsules (60 mg of pine nut
powder in each capsule). The same
capsules filled with an equal weight
of Jactose were used as placebo.
These capsules were administered

every 20 minutes by a person who,
like the patient, was unaware of
their content, following conven-
tional double-blind technique.’

Conjunctival Provocation Test

The technique described by Moller®
was adopted. The same lyophilized
antigen that was used in the skin
test was also used in the conjuncti-
val provocation test. The pollen
preparation was prepared with 0.9%
saline solution at the time of skin
testing and conjunctival provoca-
tion testing. Briefly, the technique
entails instillation of a drop of the
chosen antigen into the conjunctival
sac. If there is no reaction after 20
minutes, the next test solution is
applied to the other eye. The criteria
for a positive result were congestion
of the conjunctival mucosa, epi-
phora, and ocular itchiness.

Inhalation Challenge

This was carried out in accordance
with a technique described in pre-
vious publications’; a pure form of
the same antigen was used (0.001
mg of pine pollen per capsule plus
0.99 mg of lactose). The placebo
capsules contained 100 mg of lac-
tose. The utilization of whole pollen
was based on previous papers in
which dry ragweed pollen was used
for inhalation tests.'°

All the provocation tests were car-
ried out after obtaining informed
consent from the patients and
adopting all necessary precaution-
ary measures.

In vitro Tests

Total IgE was determined by Enzig-
nost (Behring, GFR) following man-
ufacturer’s instructions.

Specific IgE was determined by
Phadebas RAST (Pharmacia Diag-
nostics, Sweden). Results were de-
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scribed in terms of the RAST class-
(1 to 4). We used discs labelled with
the pollen of Pinus silvestris because
discs labelled with the pollen of Pi-
nus pinea are not commercially
available. The RAST was also car-
ried out with the pollen of other
trees present in the patients’ envi-
ronment (elm, ash), as well as with
grass, weed, and flower pollens.

Controls

Skin tests with the same antigens
were made in ten control subjects:
five patients sensitized to grass pol-
lens and five patients sensitized to
mites. The conjunctival provoca-
tion test with pine pollen extract was
carried out in two patients who were
sensitive to grass pollens and in two
nonatopic individuals. Likewise, the
oral provocation test with pine nut

was performed in two patients sen-’

sitized to nuts (peanuts, almonds).

All tests were performed during a
period when there was a low atmos-
pheric level of pine pollen (October)
(Fig 2).

CLINICAL CASES

Patient 1

This is the case of an 8-year-old girl
who has lived in the country, sur-
rounded by a pine forest (Pinus pi-
nea), since birth. At the age of 4
years, she presented symptoms of
rhinoconjunctivitis, cough accom-
panied by dyspnea, and occasional
episodes  of wheezing dyspnea.
These symptoms appeared during
summer and autumn. At 5 years,
several minutes after eating raw,
peeled pine nuts, she presented an-
gioedema of the lips, followed by
generalized urticaria. This has oc-
curred every time she has eaten this
fruit or its derivates (pastries con-
taining pine nuts, chocolate covered
pine nuts). She presents no reaction
to ingestion of other nuts (hazel-
nuts, almonds, walnuts, etc). Since
she was 6 years old, she has suffered
episodes of conjunctivitis-urticaria-
angioedema during the summer and
autumn months; no precipitating
factor has been clearly identified

(she denied prior ingestion of pine
nuts). There has also been a gradual
disappearance of the episodes of
wheezing dyspnea.

Routine investigations to rule out
a nonallergic cause of the urticaria
were carried out. Skin testing (prick-
test) with a battery of the usual in-
halants was negative except for the
extract of a mixture of tree pollens
(6 X 5 mm as opposed to a diameter
of 4 mm to the control histamine).
All other laboratory investigations
(parasites in stools, serologic testing
for cysticercotic cysts, immunoglob-
ulins, complement levels, etc) were
negative. Total IgE was 149 IU/mL
(358 ug/L).

Patient 2

This patient was a 52-year-old male
who has been suffering from rhino-
conjunctivitis for approximately 30
years. In his youth he also presented
occasional episodes of wheezing
dyspnea. At the present time, the
symptoms are mild and limited to
the su er and autumn months.
Since birth, he has lived in a rural
area in which there are pine trees
(Pinus pinea). He frequently con-
sumes pine nuts without presenting
any appreciable symptoms follow-
ing their ingestion.

Skin testing performed with a bat-
tery of the usual inhalants revealed
positive results with an extract of a
mixture of tree pollens (6 X 5 mm)
and with grass pollens (6 X 6 mm),
as compared with the control hista-
mine (4 X 4 mm).

Total IgE was
(374 ug/L).

Patient 3
This case was a 19-year-old male
who, during the last few years, has
had nasal and ocular symptoms
during the summer months and
occasional dyspnea following
strenuous exercise in the country
(farming). Since birth, he has lived
in a region with pine trees. The
ingestion of pine kernels has not
caused symptoms.

Positive skin tests with grass pol-
lens (10 X 12 mm with pseudopods)

156 IU/mL

and an extract of a mixture of tree
pollens were obtained. Total IgE
was 992 IU/mL (2381 ug/L).

RESULTS

For this study a total of 103 possibly
atopic patients residing in regions
with pine trees were tested to Pinus
pinea pollen and pinon nut. Only
three of these patients (2.9%) exhib-
ited skin test sensitivity and provo-
cation test positive to Pinus pinea
pollen. Another patient presented
skin test sensitivity, but the provo-
cation tests were negative,

In patient 1, skin testing to detect
specific sensitization to antigens de-
rived from Pinus pinea, was positive
with the Pinus pinea pollen extract
(diameter of more than 5 X 10 mm,
versus 4 mm with the control his-
tamine. Testing was also positive
with raw pine nut extract at 20%
wt/vol (8 X 9 mm) and negative
with pine wood extract.

The oral provocation test was
positive three hours after the inges-
tion of five capsules—three of which
were subsequently shown to contain
pine nut (60 mg of raw, grated pine
nut per capsule)—with the appear-
ance of wheals on the upper thighs
and abdomen. One day later, inges-
tion of three whole pine nuts pro-
voked itchiness of the lips and
tongue and angioedema of the lower
lip. Both reactions subsided with an-
tihistamines.

The conjunctival provocation test
with pine pollen at 1/10 dilution of
original pine pollen extract (50%
concentration) was positive: 12
minutes after instillation of a drop
of this extract onto the conjunctival
mucosa, itchiness and epiphora
were observed.

An inhalation challenge test was
carried out but the results were not
evaluated because of the patient’s
poor cooperation.

The RAST was positive for pine
pollen (class 3 of Pharmacia). The
RAST with pollens of other trees,
grasses, shrubs, flowers, fungi,
mites, foodstuffs, and nuts was neg-
ative.
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In patient 2, skin testing to dem-
onstrate sensitivity to pine antigens
was positive for pine pollen extract
(7 X 8 mm; versus control hista-
mine: 5 X 5 mm) and negative for
the pine nut and pine wood extracts.

In the conjunctival provocation
test, the maximum concentration
was reached without provoking
symptoms other than slight itchi-
ness. Six hours later, however, the
patient presented lacrimation, con-
junctival reddening and itchiness,
and sneezing and watery eyes. The
oral provocation test with raw pine
nuts was negative: a dose equivalent
to ten pine nuts was reached. The
inhalation challenge test with pine
pollen extract was negative at the
maximum concentration and no de-
layed reactions occurred.

i The RAST revealed class 1 posi-

1 tivity for grass pollens and class 2

f for pine pollen. The RAST with the
other allergens was negative.

| In patient 3, skin tests were posi-

tive for pine pollen extract (8 X 9
mm with pseudopods, versus hista-
mine 4 mm) and pine nut (6 X 5
mm with pseudopods) but negative
for pine wood.

The conjunctival provocation test
was positive five minutes after ap-
plication of a 1/10 dilution of pine
pollen extract.

Oral provocation with raw pine
nut was negative following the
ingestion of a dose equivalent to ten
pine nuts.

The inhalation challenge test was

Table 1. Results Obtained in Our Three Patients

negative at a maximum dose and no
delayed reactions were observed.

The RAST was positive for grass
pollen (class 3) and pine pollen
(class 2) of Pharmacia.

Table 1 shows the results obtained
in the in vivo and in vitro tests in
the three patients. The results in
control subjects were negative.

DISCUSSION

This clinical case report describes
three patients who presented in vivo
and in vitro data suggestive of sen-
sitization, with an underlying IgE-
mediated hypersensitivity mecha-
nism to antigens contained in the
pollen of Pinus pinea (the pine-nut
tree).

Even though Pinus pinea is one
of the main types of forest tree and
is widely distributed throughout the
world, cases of hay fever caused by
its pollen have not been reported.’
Nevertheless, allergic symptomatol-
ogy provoked by sensitization to the
pollen of other types of pine tree has
been described.! In 1934, Rowe’
published the case of a 37-year-old
woman living in an area of pine
trees in California who suffered sea-
sonal dyspnea and had positive skin
tests to the pollen of Pinus radiata
and to other grass and tree pollens.
In 1967, Newmark and Itkin* re-
ported the case of a 42-year-old
woman with a history of hay fever
who presented positive skin tests to
pine pollen, as well as positive PK
and bronchial challenge test. In

1985, Harris and German? carried
out a prospective study involving
200 pollen-sensitive patients. They
observed a 2.3% incidence of skin
reactivity to pine pollen (Pinus ra-
diata), and concluded that the inci-
dence of sensitization to pine pollen
in the atopic population is low. Al-
lergic symptomatology caused by
sensitization to other types of coni-
fers has been described: Cupressus
sempervirens (cypress), and Crypto-
meria japonica (Japanese cedar).'!
Other authors, however, believe that
pine pollen is not allergenic and
have used it as a negative control in
inhalation challenge tests.'?

On the other hand, although the
pine nut has entered the modern
diet to an ever increasing degree
(desserts, chocolate covered pine
nuts, pastries, oil, vegetable salads,
pesto sauce . . . ), only three cases of
hypersensitivity reaction due to
ingestion of pine nuts have been
reported. In 1958, Santos and Unger
reported the first case report of a
severe allergic reaction following
ingestion of one piece of candy con-
taining pine nuts.’ Two cases of hy-
persensitivity reaction due to inges-
tion of pine nuts have been recently
reported by Fine.® The European
variety of pine nuts is harvested
from the Pinus pinea, which grows
in southern Europe, especially Italy,
southern France and Spain. The Eu-
ropean cone is 4 to 6 inches in
length and each cone may produce
up to 100 seeds (Fig 1).

. . " . i Conj prov . i
: Suggestive Skin Test Total RAST to Pine Oral Prov* with : Inhal. Prov* with
Patient History (Prick) IgE, IU/mLt (class of Pharmacia) Pine nut o?g?n?gﬁf;n Pine Pollen
1 yes Positive: pine nut 149 Class 3 for pine positive positive Negative
and pine pollen pollen
| Negative: other pol-
! lens and pine-
wood
2 yes Positive: pine pollen 156 Class 1 for gra- negative positive Negative
and gramineal mineai pollen
pollens and class 2
for pine pol-
| len
' 3 yes Positive: pine pollen, 992 Class 3 for gra- negative positive Negative
gramineal poliens mineal pol-
and pine nut lens and
class 2 for
pine pollen

* Oral prov. = oral provocation test, Conj prov = conjunctival provocation test, and Inhal prov = inhalation provocation test.

T Multiply international units/mL by 2.4 to convert to ug/L.

! VOLUME 64, JANUARY, 1990

51




The Castille area of Spain, where
our three patients live, has approxi-
mately 662,000 hectares of pine
trees.*'* Figure 2 shows the con-
centration of Pinus pinea pollen in
the atmosphere of this region from
March to October. Only three pa-
tients of a total of 103 possibly
atopic patients from this area who
were tested (2.9%), exhibited skin
test sensitivity and provocation test
positive to Pinus pinea pollen. This
suggests that this pollen is a “bad
sensitizer” of the atopic population.

Our first patient presented a clin-
ical picture of rhinoconjunctivitis
and urticaria-angioedema, probably
induced by sensitization to the an-
tigens of pine pollen and pine nut.

MECHANISM OF POLLINATION OF PINE POLLEN

Figure 1. Mechanism of pollination of
pine pollen.

» A " I ] A s o

Month 1887

Figure 2. Concentration of pinus pollen
(P. pinea) in the atmosphere of the Castilla
area from March to October 1987.

The seasonal episodes of broncho-
spasm that she suffered during early
infancy could have been caused by
this pollen. This suspicion could not
be confirmed because of the poor
cooperation of this young patient.
The seasonal episodes of rhinocon-
junctivitis in cases 2 and 3 were
presumably caused by sensitization
to this pollen and to grass pollen.
This suspicion was supported by a
positive conjunctival test, positive
skin test, and a positive RAST to
pine pollen.

Another interesting finding was
that the symptoms of rhinoconjunc-
tivitis in these three patients ap-
peared in the summer or autumn,
while pine tree pollination peaks in
April and May (Fig 2). It is known
that when grass pollen comes into
contact with the nasal mucosa, it
releases its internal proteins spon-
taneously and rapidly through the
exine channels and the pore.’> The
protein material of pine pollen is
not so “easily” released. In a large
group of gymnosperms, the most
extreme example being the genus
Pinus, there is a considerable delay
in gametophyte maturation. Its pol-
lination is anemophilous and the
grains of pollen, carried through the
atr, reach the female strobili. The
immature ovules are located in the
interior of the bracts (Fig 1). Once
mature, the ovule releases a drop
which stimulates the growth of the
pollen tube through which the pol-
len proteins will be released. This
process can take from 2 to 13
months. It seems that the low con-
tent of oxido-reductase enzymes in
the most primitive gymnosperms,
such as the pine tree, could be one
of the reasons for its slow germina-
tion.'® Because of its thick and wrin-
kled exine'”'® and large size (44-51
wm, approximately), pine pollen has
been excluded as a cause of
pollinosis' (Fig 3). But because of its
protein release mechanisms, it
could be a cause of delayed symp-
tomatology if it were to remain 2
months settled in the nasal mucosa,
a sufficient period for antigen re-

Figure 3. Photomicrography of Pinus pi-
nea pollen. Not stained. Magnification xX450.
Diameter = 60 micrometers.

lease. In support of this hypothesis,
we recently observed in scrapings of
nasal mucosa of pollinic patients,
performed in December, fungi, hy-
phae, and olleaceae pollen grains of
a size similar to pine pollen (80 um)
(unpublished data). These particles
were included in the nasal mucosa
and accidental contamination of the
samples was ruled out. Another
finding that supports this explana-
tion is the positivity of the conjunc-
tival test using pine pollen extract
(following extraction of its proteins)
and the negativity of inhalation
challenge test with whole dry pollen.

Against this hypothesis, studies of
nasal provocations using radiola-
belled pollens showed that they were
eliminated by the mucociliary sys-
tem and after a time they appeared
in the pharyngeal mucosa.!* Never-
theless, other authors affirm that ra-
dioisotopic methods using labelled
pollen grains are not effective in
detecting small numbers of grains in
the respiratory mucosa. Further,
pollens of pine and other species
have been detected in histologic
samples of the respiratory mucosa
of humans and animals, and even
in the peripheral areas of the respi-
ratory parenchyma.”

The mucociliary system under
normal conditions cleans out in-
haled particles, including those of
similar size to pine pollen. It is well
known however that mucociliary
clearance rate is often reduced in
patients with asthma, even when
asymptomatic.?' Patients with al-
lergic disease are more prone to
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chronic  respiratory infections,
which can result in the loss of cili-
ated epithelium,?? and long-term
deposition of cleared material prob-
ably occurs within the lymphoid
crypts of pharyngeal lymph tissue.*?

The deposition of small numbers
of grains of pine pollen in the res-
piratory mucosa in amounts suffi-
cient to trigger an allergic delayed
response after germination is only a
hypothetical mechanism to explain
our findings. Further studies are
necessary for objective proof of this
hypothesis.

Applying the postulates proposed
by Thommen?, pine pollen satisfies
the necessary following criteria to be
considered an antigen responsible
for hay fever.

1. The pine tree produces pollen.

2. This pollen can be widely distrib-
uted in the environment, where
it can constitute the most pre-
dominant pollen.

3. Large quantities of this pollen
can be produced.

4. This pollen can be carried by air.

5. This pollen can be allergenic.

In conclusion, even though the
incidence of reactivity to pine pollen
in the atopic population is low, it
could be valid to perform skin and
in vitro tests to Pinus pollen in pa-
tients with delayed seasonal symp-
tomatology who live in pine forest
regions or when the possibility of
allergic reactions due to the inges-
tion of pine nuts is suspected.
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