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OUNTAIN CEDAR (Juniperus
Sabinoides) is a recognized cause of' 
inhalant allergic disorders in certain

.,.areas of the west, especially Texas,
" and the cross reactivity of this pollen

w i t h  P o r t  O r f o r d  C y p r e s s
( C h a m a e c y p a r i s  l a w s o r i a n a )  o f
California and Oregon was suggested
b y  s k i n  t e s t s  a n d  r e s u l t s  o f
hyposensitization.l

Ord, California, area. the Mediterra-
n e a n  C y p r e s s  ( C u p r e s s u s  s e m -
pervirens) of Israel, Weeping Cypress
of North China (C. Funebris), Arizona
Cypress of Fort Huachuka, Arizona
Í ì rea,  and Alaska Cedar (C.  Noot
Kaensis). In Japan Sugi Cedar is the
most prevalent cause of pol l inosis.3 In
S a n  F r a n c i s c o  t h e  C y p r e s s u s /
Juniperus type is the most prevalent
airborne pol len and a wide variety of
Junipers are used as ground cover.
The pol len is present perennial ly, with
a sharp midwinter increase in January,
and reaches a peak in Apri l .a I t  has
not been regarded as being highlY
sensit izing, despite experience with
the highly allergenic Mountain Cedar
and Incense Cedars.s

This report is part of a studY to de-
termine the relat ive importance of
Juniperus/Cupressus in  causing a l -
lergic disease in the San Francisco
a r e a .  W e  n o w  r e p o r t  t h e  i m -
munogenicity and cross-reactivity of
several Cupressaceae antigens in the
r i tbb i t  and sk in test  resul ts  f rom sus-

The cross reactivi ty of N'f  cluntain
.,r*Cg$ar with the winter pollinating

Easîern Red Cedar was demonstrated
b y  s i m i l a r  t e c h n i q u e s . 2  T h e
Cupressaceae family contains a large
numher of species of potential interest

*,*ls"lllcrgrsts. These include, in addition
Wffiret abové :'Monterey Cypress

{Cupressus macrocarpa) of the Fort
Sryl-t--
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CONIFER POLLEN ALLERGY _ YOO ET AL

pecterJ Juniper Cvpress pollinosis pa- qf antigen 
^::llt"i.i""l*"T,*:t ,::

t len ts .

Methods and Materials

v r  L i . .  r - o -  _ -

F r e u n d - ' s  a d j u v a n t  w i l s  g l v e n  l n -

l .  A t t t igens

Allergeniq er,q193s...YS:,PI9p1':*, ;;ù.*i9-n :l P.:$:l"J:l*:1"'1j1,Ì:Allergenic extracts weje Prepareu suspenslon ot purrtrrr rl

by Berkerev sioiéì;"t.tffi;..í;ri i,T t"iíJ'-ù1ttr:córnplete Freund's adju: -#

dílut ions. The fol lowing antigens were vant.

;t;;;;;"larlY for the booster dose'

Fot Sugi immunization the - rabbits

;;;. lnj?ctea wittt 3'5 cc ' or.a l.o-vo

utÎ1t*.0 
cedar(Juniperus virginiana) 3' lmntunodiJJusion

2. Wesrern Red ceclar i t f f i í"  ^_t:Tunodiffusion 
was Performed in

pricata) 
Ked rruu:. ( - 

one percent agarose. in a petri dish or a

3. American Arborvitae (thuja oc- ;itq:^-tt- plaóing the antigen in the

cidentalis, 
Arborvttae ( t nLJ- 

center *.ir (same a: 
, 
immunizing an-

4. western Juniper (Juniperus oc- iig.n.Ù and antiserum in the outer well

cidentaris) 
untper (Junlper 

or vice versa. The dish was kept at

5. Redwood (Sequoia sempervirens) room ' 
temperatur€ and observed 24

6 '  A u s t r a l i a n  P i n e  ( c a s ; ; ; i ; ;  a n d  4 s  h o u t t  l a t e r  a n d  t h e  i m -

e q u i s e t i f o l i a ) m u n o p r e c i p i t i n l i n e w a s r e a d a f t e r
7 .  P o r t  o r f  o r c l  C v p r e s s  ; ! ; 1 1 y ; o  m e t h o d s  o f  w a s h i n g  a n d

- (Chamaecyparis lawsoniaJ"i :tl:l:g 
plates' when there was no

g. Monererey cypress (cuiíessus Rr..ip;tuiion line with immunodif-

macrocarpa) 
f -- fusion, 

-* 
rabbit was re-immunized

g.  Ar izona Cypress (cupressus wi th-ant igen I 'M'  or  s 'Q'

arizonica) 
-' 

4. Human Dírect Skin Tests :iè'*r

10.  Mounta in cedar  (Juniperus Al l  o f  the pat ients in  th is  s tudy were

sabinoides) followed at ihe Allergy. Clinic of [rt-':'

I  l .  P f  i t ze r  Jun iper  (Jun iperuS te rman Army Med ica l  cen te r '  San
- - - 

ahinansis) Francisco 
r;r 'i: i no'5'$S:

l?. Incense cedar (Libocedurus de- 
' 'w; 

h;ve followed a small group of

currens) patieni i  whose history -suggested- *
13.  Japanese Sugi  (Cryptomena possib le coni fer  sensi t iv i ty .because.of' 
;".^i:J,':'? ; ;, *ì. " ", th e an- i; ";:" gL JJ ff i"# ì,:'1",1 :iiîit6

tigens was d.;;;i;;a by Loy1l .t. il"ì;;r-;i";" or because of repeated

*-"tt too at the Letterman {tTv iutt 'winter symptoms' we have now

Ins t i tu teo fResearch 'Japanesecedar i : t ; J^u i lou i ' j oo t tú t t t i nd iv idÚn?f r#
pollen was provided bt Dt, Setsuo *ittt extracts of the local evergreen

Kobayashi ot'óì-[r"J U.niu.itity, i 'f^",.".rìt,or" ro which their traveli 
*'

i;;;;. These concentrations yary might expose th..T: The extracts wer!0

berween so.t mgÀí';;J61.5 mg/ml. 
- 

ilff 'ai i ':20 weight ro volume dilution

to, s"rai"i ttttins ";à.-i;5oq*@iffi2. Intntuní:atiott tradermal testing.2. Intntuní:atiott tradermal testing.
Random bred, Young adult rabbits

*;;; used for t'tte immunization with Results
pol len antigen. One ml'  of each con-

cenrrated potten'ani,*; ti 'zò oiruttol) tqlj"i ' i 
or-nrrrc

;'*.'ilij.f"ffî Tj'jT':';"".:'1ilì:il _J;l. r shows the skin test resurts'

Freund's adjuvant and the emuìsion The nJmt;;l positive skin reactions

was injecred in,t.i.i,i r.oi p"or.- outuineo'*i,t each antieen is indicated '

Three weeks la ter  rhe same urnun,  in  the- t i r t i  lorumn ("óot" ) '  on l ) '  ló

NNALs  o [ :  . \ 1 ' l ' t ' l l c \
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out of 30 gave posit ive reactlons to

these  an t igens .  Tes t ing  ind iv idua ls
wi th posi t ive react ions to the ant igcn
l isted in the left-hand column, the an-
t igens in the column headings were

fòund to produce posit ive reactions in

the number shown. For examPle, Pa'
t ients found to have a posit ive skin
test (at least two plus more than con-
trol on ^ scale of 0-4) to Mountain
Cedar would in  l -5  of  l6  instances a lso

react to Monterey Cypress. I t  is evi-
dent that there is a high probability
that patients with a posit ive skin test
to Pfitzer JuniPer also will have a
p o s i t i v e  r e a c t i o n  t o  M o n t e r e Y'Cypt.t t .  

This was true in 15 of 16 in-
stances. Cross reactivi ty appears to
center in that group of conifers which

eìre members of  the CuPressaceae
farni ly. Not included on the chart are
posit ive reactions to Japanese Cedar in

iou. of seven Patients reactive to

Mountain Cedar.

- Ihe 
stat ist ical  analysis was prepared

by Dr.  JudY Bean of  the DePartment
, r i  B i o s t a t i s t i c s  o f  t h e  U n i v e r s i t y  o f

Iowa from skin test  resul ts weighted

for posi t iv i ty.  Using Kendir l l 's  rank

o r d e r  c o e f f i c i e n t s ,  a  r e l a t i o n s h i p

between two events is stat ist ical ly
more significant the closer the coeffi-

c ien t  approaches one.  and the  less

l ikely i t  is  to be of  s igni f icance the

closer i t  approaches minus one. The

coni fer  Redwood of  a di f ferent fami ly.

a n d  e s p e c i a l l Y  t h e  n o n - c o n i f e r

Austral ian pine" i ì re noted to have

very low rank order coef f ic ients in

compar ison to  most  o f  the  o thers .

I rrt rrt tt rt rt tl i.ff tr s ío rt of R u h h i t A tt r i bod i e s

M o s t  t l f  t h e  i r n t i g e n s  \  e r e  i m -

munogenic and were able to Produce
ant ibod ies .  Fc l r  reAsous u 'e  do  no t  un-

derstand, Monterey Cypress and Port

Orford Cypress were not ef fect ive im-

munogens in  th is  sys tem'  Tab le  I I  de-

Èet,;

TABLE | .PAT |ENT,ssK |NTEsT{scRATcHAND|NTRAWN|FERANT|GEN.
Cnoss REAcrloNS

PLANT ANTIGEN

I Red Cedar
ll W- Red Cedar
ll l .Am. Arborvitae
l V  W .  J u n i P e r

V Redwood
Vt Austra l ian Pine
Vll Port Orford CYPress
Vl l l  MontereY CYPress

lX Arizona CYPress
X Mountain Cedar
Xt Incense Cedar

. ,Xl l  Pf  i tzer  JuniPer

POS
1 6
î 5
1 4
1 6
6

1 2
1 6
1 6
1 6
1 6
1 4
1 6

t l
1 4

7
7
7
8
7
7

5
6
6
5
5

5

1 4
5
7

1 4
1 4
1 4'14

1 3
1 4

\ia
1 4
5
7

1 4
1 4
1 4
1 4' t 3

1 4

I

i a
1 4
1 5
6
I

t 5
1 5
1 5
1 6
1 3
t 5

i l l
1 4
1 4

I V  V  V I  V I I  V I I I
1 5 6 8  1 5  1 5
1 4 5  7  1 4  1 4
1 4 5  7  1 4  1 4

5 7 1 5 1 4

x r  x l l  x l l l
1 3  1 5  1 1
1 3  1 4  9
î 3 1 4  9
1 4  1 5  9

5 5 4
6 7 1 0

1 4  1 5  1 1
1 3  1 4  I
1 4  1 5  I
1 4  1 6  t 0

1 3  9
1 3  1 0

X I V  X V
8 8
7 6
7 6
7 6
4 5
9 1 0
7 7
7 7
7 6
8 7
6 s
8 7

I X X
1 5  1 6
1 4  1 4
1 4  1 4
1 6 ' 1 6

5 5
7 8

1 5  1 5
1 5  1 5

1'6
1 6
14 '14

1 5  1 6

ftml
í
t .

. .:i.

5
7

1 5
1 5
1 6
1 6
1 4
1 5

5 6 6
7 7

1 5
1 5
1 5  1 5
1 5  1 5
1 4  1 3
1 5  1 4

*l#iF"

TABLE I I .  CROSS REACTIV ITY OF 13  ANTIGENS

Ant igen

Red Cedar
Western Red Ccclr
American Arborvitae
Western Junipers
Redwood
Austral ian Pine
Port Orford Cypress
Monîerey Cypress

érizona Cypress
Mountain Cedars
Incense Cedar
Pf i tzer  Juniper
Sugi Cedar

1
+
+

+

2 3
+ +
+ .  + ,
+ +

Ant isera to

5 6 74
+

r r d

Ant igen

8 9 1 0 1 1 1 2 1 3

1
2
3
4
5
6
7
I
I

1 0
1 l
l 2
1 3

í.i

: n

a.t
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Figure l .  lmmunodi f fusron p la te '  Ant iserum :  I  in  the center

well was macle against Red CeOar antigen' N-u1bers..i-n :h:-"-,"^t:
well indicate the 

"nìigtn 
number:^*l Red Cedar' *3 Amencan

Arborvitae. *4 w";; ; ; ;  iuniper'  #9 Arizona Cvpress' #12 Pfi tzer

Juniper  and *13 Sugi  Cedar '

Figure 2- Immunodiffussion plate-' Antiserum *28 in the center

well was 'uo. uguíi;i'il;;;ún ctou''ìni";"' *'uTot'':' in the È{

outer wel l  indicate ant igen number: .  #3 Àt t i i t "n Arborvi tae '  *9

Ar i zona  C1 'p ress  and  #12  P f i t ze r  Jun ipe r '

\ N \ ' \ l \ { r l  \ l l l l
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CONIFIjR POt-t-EN ALLERGY - YOO ET AL

nr()nstr i ì tes the cross react iv i ty i ìs in-
dicated by immunodif fusion studies
(Figures l -3)  wi th the rabbi t  ant isera to
the  in t l i v idua l  po l lens .  Ant iser t t  ag i t ins t
Redwood and Austral ian Pine did not

cross-react wi th any Cupressaceae an-

t igen. Port  Orford Cypress fa i led to in-

duce any precipitating antibody in five

rabbits by immunodiffusion test. Mon-

terey Cypress also fa i led to produce

any precipitating antibody in eight rab-
bi t -s used but th is ant igen cross-reacted

to  the  an t isera  aga ins t  Red Cedar .
W e s t e r n  R e t l  C e d a r .  A m e r i c a n
Arborvi tae,  Western Juniper.  Moun-
ta in  Cedar  and Pf i t zer  J t tn ipc- r ,  The
rest  of  the juniper ant isera reacted
with more than two of  the juniper an-
t i g e n s .  A n t i s e r a  a g i l i n s t  A r i z o n a
Cypress and lncense Cedar reacted
with Sugi Cedar antigen.

P f i t z e r  J u n i p e r  P r o d u c e d  a n  a n -
t i serum cross  reac t ive  w i th  a l l  the
other Cupressaceae nrembers except

,.:i
'î11

I

#
4

"t
I
i

."1
. iu ' ! t l  , ' .

ì
I t

l i ì

i
,1ffi+;,

,

{Tìi\$trÈÌ

*36

F igu re  3 .  Immunod i f fus ion  p la te .  An t i se rum #35  in  the  cen te r

wel l  was ntacle against  Pf i tzer  Juniper ant igen.  Numbers in the out-

er  wel l  indicate ant igen number:  *8 Monterey Cypress,  #9 Ar izona

Cypress .  #10  Moun ta in  Cedar  and  t l 2  P f i t ze r  Jun ipe r '
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Î A I L É  I I I .  K E N D A L L ' S  R A N K . O R D E R  C O R R E L A T I O N  C O E F F I C I E N T S  O F  P A T I E N T ' S  S K t N  T E S T S

Ant igen #

nS C.drr

f$rmrn funipan

ce
trrb:

#6 #7
-0.35 .49
-0.î8 .35

0.o3 .55
-0 .15  . 72

0 . 1 3  . 1 7
-0.19

#8 #e
.39 .52
.61 .44
.64 .36
.45 .52
.33 .09

-0.04 -0.20
.48 .30

.47

#10 l l11
.59 .40
.52 .58
.ln .34
.58 .32
.26 . '10

-4.O5 -0.15
.32 .43
.51 .56
.79 .52

.49

, f l1  #2
.40

#5
.32
.28
.40
.23

#3
.53
159

#4
.71
.40
.60

# 1 2
.65
.61
-50
.62
.29

-0.35
.51
.47
.62
.63
.38

1d f ' f  Hn t t  R l .  l . l 'c
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Port  Orford C-vpress.  This ant igen also

reactet l  w' i th the ant isera produced by

the other fami ly members.  Mountain
Cedar antigen reacted with available
ant isera of  the fami ly.  The immunodif-
fusion plates are'shown,in'figures t"lu'

Discussion
C e d a r  p o l l i n o s i s  h a s  b e e n  r e c -

ognized throughout the wor ld.  J.H.
Black in 1929 appears to have been the
f i rst  to speak and wri te about Moun-

tain Cedar sensi t iv i ty. t  A few months
later French reported from the same
area of  central  Texas that approx-
imatel l '  4% of his hay fever pat ients
had sens i t i v i t y '  to  th is  po l len  in  add i -
t ion  to  the i r  o ther  sens i t i v i t y .ó  Shor t l y
therea f  tc ' r .  baset l  on  resu l ts  o f  sk in
test ing ancl  hyposensi t izat ion,  Kahn
reported2 that there appeared to be
cross  an t igen ic i ty  be tween the  po l len

of Mountain Cedar and Red Cedar
found o! 'er  much of  the southeast
United States. Our results confirmed
these observations (Tables I and II).

Juniper is the most frequent woodY
plani used for landscape planting in

the w'estern part  of  the Uni ted States.

The liberal use of sPecies such as

Pf i tzer Juniper suggests i ts possible al-

lergenic importance in the sprawling
srrburhan areas.

B l a c k  d e n t o n s t r a t e d  t h e  s k i n

sensitivity of his Mountain Cedar pa-

t ients to in ject ions of  extract  of  Port

Orford Cedar Pol len.  TheY had no

known exposure to th is Pol len.
Our resul ts wi th human skin tests

parallel those of Black. However, Port
brford Cypress antigen did not c.ross
react w' i th rabbi t  ant isera directed
against Mountain Cedar. Black's study
of cross ant igenic i tY of  these two
pol lens may have been PromPted bY

confusion ar is ing f rom the appl icat ion
of the common name of cedar.  This

confusion has obscured understanding
of the rehrt ionship in al lergenic dis-

L -ase\  o f  many members  o f  the  con i fe r

el

family. Austral ian Pine, which is not a
conifer, did not cross-react with the
other antisera. Redwood and Sugi
behave similarly. This is in accord
with the phylogenetic relat ionship of
,thgSaffiQ$r.lo+#..,rt'.'+v,+g5*;i*k#.,'1 .r r'*ri *.:i l$'lq,'','i11,.':

The t rue cypress of  CuPressus
genus was f irst implicated in the pro-
óuction of hay fever bY Ordman in
South Afr ica in 194-5.E Two décades
later sensit ivi ty to Mediterranean or
Italian Cypress was rePorted from
I srael. T

M o n t e r e y  C y p r e s s  w a s  f o u n d
or ig inal ly  in  the MontereY area of
California and is now cultivated wide-
ly throughout the world. The PrEv-
alence of this pollen in San Francisco
prompted th is  s tudy.  Prev iously  i t  has
no t  been  cons iderec l  a  s ign i f i can t
cause of al lergic disease. Our results
indicate this was a poor immunogen in
the rabbit,  but the human skin test in-
dicated the patients had positive skin
tests  and therefore could develoP
symptoms to this allergen.

Japanese Cedar pollen also is the
predominant pollen causing asthma
and hay fever in JaPan.a'7

The Arborvitae is an American
n a t i v e  t h a t  i s  u s e d  w i d e l Y  a s  a
landscaping and foundation plant.
Western Red Cedar is an imPortant
timber material of the northwestern
United States.

The Kendalt coefficient analYs

Australian Pine and Redwood"g,$
òonélati&i toef ficiéitt'"13"''ffififfif,
number, while the correlation coeffi;
cient of Mountain Cedar and PJi
Juniper is a relatively higher vattl

The'clinical inference ls that a patie

who develops clinical symPtoms jq
.^potut. to Mountain Cedar in Sen

Antonio, Texas might, on transfer tÓ

Su-n Francisco,  Jont inue to have

s) 'mptoms bec i tuse  o f  s im i la r  an t tgens

vealed a general pattern of skin reac'
tions wtrióh corrélate reasonably well
* i t t t  t he  rabb i t  p rec ip i t i n  da ta i ' r  i '

*j
I

. , . d lj r I

I

I

I
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i n  Monterey  Cypress .  On the  o ther
hand.  h is  p robab i l i t y '  o f  be ing  sens i t i ve
to Redrvood or Austral ian Pine is the
same or less than his probabi l i ty  of
sens i t i v i t y  to  g r lsses  or  w 'eeds .  I t  i s
noted that the so-cal led Austral ian
Pine is an evergreen of an entirely dif'
fe ren t  bo tan ica l  o rder .  Japanese Cedar
and the coast Redwood of  northern
California were the two members of
the  Taxod iaceae f  i rm i ly  cons idered
during this work.

The Redrvood and lncense Cedar
a r e  D e c e m b e r - J a n u a r y  p o l l i n a t o r s .
The mid-w in te r  po l l ina t ion  o f  some o f
these spec ies  suggests  tha t  the  usua l
po l len  co l lec t ion  months  f rom E lm
through the ragu'eed season m:ìy not
be suff ic ient  for  the determinat ion of
the  ro le  o f  the  con i fe rs  in  t l i seuse.

Summary

C o n i f e r s ,  w i t h  f e w  e x c e p t i o n s
(Mountain Cedar, Eastern Red Cedar

and lncense Cet lar) ,  have not been
considered signi f icant al lergen pro-
ducers in th is country.  Prel ' ious re-

' '  
ports have suggested cross allergenici-
t l '  of  pol len f rom sel 'eral  species of
t h e  o r d e r  C o n i f e r a l e s .  T h e
Cupressaceae fami ly is one of  the ma-
jor airborne pollen producers of San
Francisco, but it has been considered
to  huve minor  c l in ica l  impor tance.  Our

s-*, studies indicate that the pollen ex-' 
tracts of a large number of species of
t h e  C u p r e s s a c e a e  f  a m i l y  a r e  i m -
munogenic and cross react ive in man
and rabb i ts ,  wh ich  suggests  the i r

allergenic importance to our
tion in many areas of

th is country and the wor ld.

A  spec ia l  thanks  to  Dr .  Judy  Bean.
Depar tment  o f  B ios ta t i s t i cs .  Un ivers i -
ty  o f  Iowa,  fo r  the  s ta t i s t i ca l  ana lys is
o f  p a t i e n t ' s  s k i n  t e s t  r e s u l t s ;  D r .
Rober t  L .  I {u lbary .  Depar tment  o f
Botany ,  Un ivers i ty  o f  lowa,  fo r  the
useful discussion on the conifers; Mr.
J o h n  N y s a t h e r  a t  t h e  U n i v e r s i t y  o f
Iowa and Sgt .  S loan a t  the  Le t tc rman
Ins t i tu te  o f  Research .  San Franc isco .
Ca l i fo rn ia  fo r  techn ica l  ass is tance.
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