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a communication from India

RESPIRATORY ALLERGY TO ALGAE:
CLINICAL ASPECTS

A R T J N  M I T T A L .  P h . D . ,  M . K .  A G A R W A L . .  P h . D "
a n d  D . N .  S I I I V P U R I ,  M . D .

were then prepared in buffered sal ine according to the

technique described by Sheldon et al. ' '  These were then

standaidized by weight/volume and their nitrogcn and

protein content were estimated by the Microkjeldahl

method.2o (See Table l) .

Ni l rooon mo/ml  and Prote in Ni t rogen Contenl t  o l

Extr ic t r  ( i :500 W/V) o l  10 Common Airborne

T g E  p n e v A L E N C E  o F  A L L E R G I C  d i s o r d e r  i n
Ind ia  i s  qu i te  h igh . ' r '3  A l though sys temat ic ,  aerob io log ic
and cl inicoimmunologic work has been done on the
al lergenic pol len. fungal spores and insects.5i" the f ield
o f  a lgae a l le rgy  has  remained unexp lored  dcsp i te  the
cl imate of India, which is favorable for aìgae spores and
fragments to become airborne. Vcry few studies have
been reported in world l i terature of the role of algae
in  resp i ra to r )  a l le rg l ' . ' ' '  We have repor ted  ear l ie r  l rom
this laboratory on the aerobiological aspects'o ' '  and
immunological aspects'8 of this subject. This paper
presents the cl inical aspects of respiratory al lergy to
algae.

Materials and Methods
Preparation of Allergenic Extract:

After mass culturing of 10 forms of algae isolated
from air,  the pel l icles obtained were harvested, dried in
an incubator at 37'C and pulverized. Aqueous extracts
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A comprehensive investigalion was done lo evaluate the allergenic algae

in the Delhi area. Results of 4,000 skin tests performed on 400 patients

suffering from naso-bronchial allergy and 300 skin tests on 30 healthy

oóisons with l0 common algae isolated from the Delhi aÍmosphere are
'oresented 

and compared. Positive skin reactions (1+ to 3+) to algae
'exracls 

ranged from 25.7Vo with Lyngbya maior extract to 1.7% with

Oscillatoria simplicissima extract; in healthy non-allergíc volunleers there

were no positive skin reactions. The Prausnitz-K'ústner (PK), bronchial

provocalíon and coniunclival lests were negative in palients with negative

skín reactions; in patients with positive skin reaclions PK was posilive in

70.9Va, hronchial provocation in 50Ú/o and conjunctival in 48.5% Levels

of total IgE in paîients with naso-bronchial allergy were higher, ranging

from 1,225 inÍernational uni ls per ml to 1,550 inîernational uni ls per'ml, 
while in healthy volunteers the v'alues v'ere less than 885

internal ional units Per ml.

Table l .
Aqucout
Alg.e.

S.No.  Algae ext rac l

1. Phormidium
anguistissimum

2. Nostoc
commune

3. Oscìllatoria
simplicissma

4. Anabaena
fertilissima

5. Westiellopsis
prolifica

6. Chlorococcum
humicola

7. Chloreila
pyranoiclosa

8. Scytonema
bohneri

9. Lyngbya
mdJor

10. Anabaenopsis
circularis

Nitrogen P.N.U.
mg/ml

0.427 1 7080

0.270 10800

0.240 9600

0.206 8240

o.178

o . 1 7 8

7 120

7 120

0.172 6880

0.140 5600

0.140 5600

0.079 3160
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C'linit'al Studies.

To determine which of the l0 algae extracts were
impor tan t  in  c l in ica l  a l le rgy ,  the  lo l low ing  tes ts  were
pcrformed on patients with naso-bronchial al lergy;

non-a l l c rg ic  hea l thy  pcrsons  rvere  uscd as  cont ro ls .
l .  Intradernral Te.sls; Thesc wcrc pcrfornted on '100

pa l ien ts  and 30  non-a l le rg ic  cont ro ls  w i th  0 .01  nr l  o f
l :500  we igh t /vo lume o f  the  a lgae ex t rac t .  A  negat ivc
control test using buffered sal ine and a posit ive control
using I microgram of histamine acid phosphatc were

also performed on each subject. The skin rcactions werc
read at 20 minutes and graded according to the cri teria
o f  Sh ivpur i . '

2. Prausnitz-Ki istner Tests (P.K. Tests); Thesc wcre
performed on the non-al lergic relat ives of the patients
and gave negat ive  sk in  reac t ions  t t t  the  par t i cu la r
a l le rgcn .  The s tandard  tcchn ique? '  us ing  a  dose o f  0 .1
ml  o f  und i lu ted  serum co l lec tcd  f rom the  pa t icn t  was
ernployed. Care was taken to col lcct serum f 'ront plt icnts
showing a  1+ to  3+  reac t ion  on  d i rcc t  in t rade rmal
tes t ing  as  we l l  as  f rom those rvho gave negat ivc
intraderrnal reactions. These served as negative control
se  ra .

N o .

t / J

ok

43.2

3. Bronchial Provocatiotr 
'I'est 

(BPT): These wcre
perfornred on 30 subjects showing dif fcrent intensit ies
o f  in t radermal  sk in  reac t ions  as  we l l  as  on  l0  pa t ien ts
who gave negative intradermal reactions and served as
controls. This technique has previously been dcscribed
by us.o One modif icat ion is that instead of a closed
circuit  an open circuit  design was employed.

4. Conjunctival Tests: These wcre perfornted on
patients showing various grades of skin reactions as
described above. Negative controls were also included.
The technique employed has been previously
described.u

5. E.st inrat ion of Total /9,6. '  This was done in the scra
o f  l5  pa t ien ts  by  the  Manc in i  techn iquc  w i th  an  lgE
k i t  k ind ly  supp l ied  by  Meloy  Labora tor ies ,  V i rg in ia ,
U . S . A .

Results

l .  I túradernral Test.s: Results oi 4.000 skin tcsts rvith
l0  a lgae ex t rac ts  per fo rnred  on  400 pa t ien ts  su f fc r ing
f rom bronch ia l  as thma and/or  a l le rg ic  rh in i t i s  a re
p r e s c n t e d  i n  T a b l e  l l .  I t  w i l l  b c  n o t c d  t h a t  n o n c  o f t h e
30 hea l thy  non-a l l c rg ic  cont ro ls  showed a  pos i t i vc  sk in

oh

12 .5

No. %o

30 0 .0

Torlr Perlormed on 400 Pali€nlt

ll!:9 l,"1l:10-9M Y-l:

Table l l .  Percenlage o l  Pet ient !  wi th  Reapiratory Al lergy Who Showed

llry_ I l"",til"_ le?jc1iory to Als:"_ glg:!:r
Tota l  no.  Pal rents showing 1+ 10 Pat ients showing Heal thy
ol  pat ients 3+ reàct ions lo  one 2+ to 3+ reacl ions conl ro ls
tested or  more a lgae ext rac ls  to  one or  more

aloae ext lacÎs

N o

50

Note -  There were no 4+ react ions.

fable l l l .  Reeul ls  of  4 ,000 ln t radermal
q]1""1,_il?!?ll,l'l.Iqr y,Mo lleae

S.No.  Algae
exl rac l

1 +  2 +  3 +
% % %

1 .

2 .

4 .

6 .

8 .

9 .

1 0 .

Lyngbya
major
Phormidium
anguietissimum
Anabaena
fertilissima
Scytonema
bohneri
Chlorella
pyranocidosa
Westiellopsis
prolifica
Anabaenopsis
circularis
Oscillatoria
simplicissma
Nostoc
commune
Chlorococcum
humicola

Tota l

Tota l  Posi t ive

Tolal
tesls
oone
400

400

400

400

400

400

400

400

400

400

19.5  5 .5

1s.2 5.0

c . c  J . u

6 . 5  2 . 5

4 . 5  2 . 2 5

8 . 5  1 . 2 5

9 . 7 5  1 . 0

1 . 2 5  0 . 2 5

3 . 5

2 . O

7 . 6  2 . 1

1 +  t o  3 +  2 +
'/o

z c -  I

20.2

9 .2

6 .7

10.0

10.7

A E

2.0

9 .9

t o  3 +
%

o .  z c

5.0

3 .75

2.75

0.75

0.75

o.25

0 . 0 1

z-zc

1 . 5

't .0

o .25

0.0

0 .0
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reaction whereas of the 400 patients tested 43.2Vo gave

varying grades of posit ive reactions, ranging from l+

to j+. l l  the I + reactions are excluded, only 12.57o gave

posit ive reactions ranging from 2+ to 3+. No. 4+ skin

reac t ion  was ob ta lned.

Table II f  presents the results of intradermal tests with

each algae extract in greater detai l ,  showing not only

the total posit ive reactions with each extract but also

the grades of the positive reactions. L1'ngb1'a maior gtve

the maximum percentage of markedly posit ive reactions

(6.2s%').
2.  Prausn i t : -K i i s tner  

' les ts  (P .K.  7 -es ts ) :  A l l  thc  l0

P.K.  tes ts  per fo rmed w i th  the  scra  o f  pa t ien ts  who

showed negat ive  sk in  rcac t ions  * ' c re  a lso  ncgat ive .  P .K.

tes ts  were  pos i t i ve  in  16 .61  ,85 .0%.  and 100 ' / , '  o f  the  scra

f rom pat ien ts  who showed l+ .  2  t 'and  3+ sk in  reac t ions

respec t ive ly  (Sce Tab lc  IV) .
3 .  Bronch ia l  Pnt toca t ion  T 'es ts :  Resu l ts  o f  30

bronch ia l  p rovocat lon  tcs ts  pcr lo rmcd on  the  pn t icn ls

w i th  b ronch ia l  as thma wi th  var ious  grades  o f  sk in

reac t ions  (negat ive  to  3+  )  a rc  p resentcd  and conrparcd

in  Tab le  V .  l t  w i l l  be  no ted  tha t  b ronch ia l  responsc  was

negat ive  in  a l l  the  pa t ien ts  who had shown ncgat ivc
in t radermal  sk in  reac t ions .  Thc  pos i t i ve  b ronch ia l

responsc was seen in 63.6cL tnd 
'75.3'/ , ,  

of thc patie nts
who had shown 2+ and l+  in t radermal  sk in  reac t ions ,
respec t ive ly .  None o l  the  pa t icn ts  w i th  I  +  sk in  reac t ion
gavc  a  pos i t i vc  b r , rnch ia l  re \ponsc .

4. Cctnjuct ival 
' I 'ests: 

A total of 4-5 conjunctival tcsts
were  pcr fo rmed.  A I I  thc  l0  con junc t iva l  rcac t ions  werc
negat ivc  in  the  cont ro l  g roup o l  l0  pa t ien ts  who had

Table ]V. Resultr ol Praulnitz-Kiittner (P.K.) Tesls Perlormod
on Non-rlloTgic Volunteer! wilh Varioue Algae Extractr (1:500
w/v) compared *j!! Y9lg:t"_l]l9t Y_{!r

P.K.  Test  resul ts

T o t a l T e s t s  1 +  2 +
oone

1 0

shown negative intradermal skin tests to the rcspecttve

antigen. However, where the intradermal test was
posit ive the posit ive conjunctival reactions were seen in

one o f  the  s ix  pa t ien ts  w i th  1+  sk in  reac t ions ,  in  12  o [

24  cases  w i th  2  t  sk in  reac t ions  and in  th rce  o l  f i ve
patients with 3+ skin reactions. (See Table Vl.)

5. Estimation of Total IgE Content in Sera of

Patients: Total lgE content was also estimated in l5

Îable Vl. Rerulis ol Coniunctival lellt P€rlormed on Patisntr
ot Rs.pirttory Allorgy walh vrriour Algae Extrac.lr-(1:50 W/V)
ar Coàpared wlth lntredermal lerte (1:500 W/V)'

l /D test
grades

Negat ive
(contro ls)

t t

2 +
3 +

Tolal +ve
( 1 +  r o  3 + )

T o t a l  t e s t s  1 +  2 +
oone

1 0

Coniunct iva l  tes l  resul ts

Tota l  +ve
No.  (%)

0 (0.0)

1  -  1 ( 1 6 6 )
1 2  1  1 3  ( 5 4 . 2 )
3 -  3(60.0)

16 1 17148.5"h\

6

3 5

l /D Test
Grades

Negalive
(controls)

' t +

3 +
Tota l  +ve
( 1 +  t o  3 + )

Total
No.  (%)

0(0.0)

6
20

J

J I

. r  -  1 (16 .6)
11  6  17(85.0)
2 3 5(100 0)

14 I 23(70.9)

Table V. Rerultr ol Bronchial Provocalion Teelr Perlormed on
Ar lhmal ic !  wi th  Ver ioue Algae Extr rc te (1:50 W/V) a!
Compared wi th ln t redermal  Tòr t t  ( l :500 W/V).

Results of bronchial provocation tesls

l/D Test Toîal lests Mild Moderale Severe Tolal +ve
G r a d e s  d o n e  ( 1 + )  ( 2 + \  ( 3 + )  N o .  ( % )

Negat ive 10
(controls)

1 +  5  -
2 +  1 1  -  5  2
3 + 4 - 1 2

Tolat +ve 20 _ 6 4
( 1 +  r o  3 + )

0  ( 0 )

0 (0.0)
7(63.6)
3(75.3)

10(50.0) o I A M E î E R  f  m m )

[ ] i g u r e  l .

vo t_ ( JME . l l .  APR i l _ .  r e?e

roirL ùièi i l i i r tr  n rr ir  srnr oiparrÉurs nro co*rnoGl
(  N O N -  A I O P I C  V O L U N T E E R S )

P A T I € N T S

t
t

F

z)
J

z
9
F

=
t
U
F
z=
z

;
g

z

z
o

U

843 0

3E50

2 060

9 9 0
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Table Vll. Relative S€nsitivity of Diflerent Diagnostic Tests in
Patíenlr Showing Po3itive Intradermal Roactions.

% ol  posi t ive
reaclion

P . K .  t e s l  3 1  7 0 . 9
( 1 : 5 0 0 )
Bronchia l
provocal ion 20 50.0
l e s l  { 1 : 5 0 )
Conjunct iva l  35 48.5

l"l_1111
pat ien ts  su f le r ing  f ronr  resp i ra to ry  a l l c rgy .  A l l  showcd
h igh  lgE t i t c r  rang ing  f rom l225 in te rna t iona l  un i ts /n r l
t c r  i 5 5 0  I . U . / n r l  w l r i l e  i n  t h e  t h r c e  h c a l t h y  n o n - a l l c r g i c
vo lun teers  lg t r  t i te r  was  lcss  than 117-5  in te rna t iona l
u n i t s / r n l  ( s c e  I ì i g u r e  I ) .

I)iscussion

Thc ro lc  o l '  l l gac  as  inha l i tn t  r r l l c rgcns  in  l ' ypc  I
hypcrscns i t i v i t y  i s  wc l l  subs tan t i r ted  b1-  thc  f ind ings
prcscnted  in  Tab lc  l l .  l t  w i l l  bc  no tcd  I ' rom T 'ab lc  l l l
t h l t  i n  a l l c r g i c  p ù t i c n t s  p o s i l i v c  s k i n  r c a e t i o n s  (  I  I  t o
- l  I  )  to  a lgac  er t rac ts  u 'c rc  qu i tc  con l t ì ì ( )n .  r lng ing  f ro rn
25.7'/" with Lynghva ntujt)r extr 'àcI to 1.7' l l ,  u, i th
Ost i l lu to r iu  S in rp l i t i , s ,s inu l  cx t rac t ,  u ,h i l c  in  hcr r l t l r , i '
r t t ln - l t l l c rg ic  vo lun tccrs  thcrc  rvc rc  n t r  p t l s r l i vc  r r i t c l io r ì \ .
l h u s  i n d i c a t r r r g  t h a l  t h c  p o s i t i v c  s k i n  r c r r c t r t r n s  o l r t r r i n c d
in  thc  p l t i c -n ts  werc  no t  duc  t t l  thc  p rcscncc  o f  anv
i r r i tan t  bu t  wcre  l i ke ly  ev idcnec  o f -  an  i r ln runo lg ic
rcac t ion .  par t i cu la f l y  in  thosc  w i th  a  reac t ion  o f  2  |  o r
ntorc.

From Tab le  V l l  i t  i s  ev ident  tha t  whcn a l l  the  pos i t i vc
rcac t ions  o f  each d iagnos t ic  tes t  a re  taken togethcr ,  P .K.
ranks f irst ( '70.9'/o), fol l t-rwed by bronchial prov()ci i t i ()n
test (50.0'/o) and then by the conjunctival test
(48 .57r , ) .

F rorn  thc  ana lys is  o f  resu l ts  o f  the  con junc t iva l .  P .K.
and bronch ia l  p rovocat ion  tes ts  i t  i s  c lear  tha t  whcn h igh
in tens i ty  pos i t i ve  reac t ions  ^ re  taken a lonc ,  the
sens i t i v i t y  o f  d i f fe ren t  d iagnos t ic  tes ts  a re  s imi la r ,
a l though the  degrce  and in tens i ty  o f  reac t iv i t y  o f  human
skin, bronchial trec and conjunctiva rnay dif fer in the
same person even when hc gives a posit ivc response in
each of the thrce t issues.

The percentage of correlat ion between ncgativc
bronchial responses in the patients with negative skin
reactions supports Shivpuri 's cr i ter ia for posit ivi ty and
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