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Six green a,ZgaZ strains ~CI-P cxccminctl for tlrrir po.ssi7ilc all,-rgenicit!j to lrumcins. 
Of 79 atopic patients tested with algd cxtra,cts, 47 yarc positicc slain tests. Son- 
atopic indkiduals showed no skia Ten&city. Skin-sc’uitizing antibotli(s WC rf: pas- 
sively transferred from 6 of 8 pa.tients tdca with (‘hlo~clla Idgal-is. It1 the, snmc 
group of patients, precipitating antibodies u:(‘rc not ohsc,rrfd. Hrotachial mucosctl 
tests, evaluated by ohamgcs in the pcnk cxpiyatory flow rate and by the nppca~ancrS 
of clinical wheezing, ww; perf ormd on 8 patl;cnts in whom cutan.cws rrtrc’ti ritjy 
had been pronomced. Positkc rcsponsc~s to awosolkwd cxtl-acts of Chlordla c~lgnr?s 
WCW ObtUthd in 5 Of thm ptimt,S. ThcW Wdt~S SUg{J?St that pOSifiW sSkin tWf.S 

to green algae aw immunologica~lly signifioan.t and tllat tircsz ol.go?l?srns ‘vnny bC> 
etiologicul agents in human rc,spi.mtory rnll~~yic:~. 

A lthough algae are no’t cornmon1.v considered to be of clinical signifiic~ancv, 
they have occasionally been responsible for human disorders. Among the I’(‘- 
ported disturbances are cases of hypersensitization resulting from rxposure to 
algae-infested waters. Since such manifesta.tions have been documcntcd on1.1 
sporadically, the potential role of the algal cell as a human allcrg~~ remains 
unexplored. Of the cases recorded, almost. all have been associated with mcml~rs 
of the Myxophyceae.’ 

Heise* demonstrated the allergenicity of the Myxophyceac in 1949 while es- 
amining the cause of hay fever symptoms related to lake swimming. I~mploying 
extracts prepared directly from the blue-green algal bloom, he was able to 
elicit intracuta,neous reactions and a passive transfer of the sensitizing fact,or 
in one patient. Moreover, in the same pa.ticnt, desensitization treatment with 
these extracts seemed to result in effective relief of the allergic symptoms. In 
1953, Cohen and Reif” observed persistent dermatitis in a patient exposed lo the 
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blue-green alga, hnabaena. Their subsequent examination of this patient led 
to the documentation of delayed cutaneous reactivity to the products of the 
organism. 

Still to be investigated as a source of respiratory allergens arc the airborne 
algae. Although little is known about their aerial distribution, substantial con- 
centrations hare occasionally been reported. In 1955, the blue-green alga Gloeo- 
capsa was rrcordrd a,t an average concentration of 800 cells per cubic meter of 
air for a period of at least three weeks. 4 More recently, Brown, Larson, and 
Bold’ obtained counts of 228 and 102 impa.ctions per cubic meter, while, in dust 
samples, algal densities of more than 3,000 cells prr cubic meter were report&. 
Of the algae recovered, the Chlorophyceae and Mpxophyxae were most com- 
mon. Sehlichting,” on the other hand, cited only the Chlorophyceaa, specifically 
mrmbcrs of the order Chlorococcalcs. Recently, McElhenncy and co-workers7 
reported that rstracts from four Chlorophyceae elicit,ed positire skin reactions 
in patients with hist,ories of inhalant allergies. Of the 120 atopic patients tested, 
82 per cent react,ed to one or more of these cxt,racts. Nonallergic. individuals 
ga.~ a negative react,ion to all four algal extracts. In view of these findings, 
the present experiment was initiated to substantiate the allergcnicity of several 
Chlorophyrae strains and to d&ermine whcthcr such strains could provoke 
asthmatic symptoms in atopic patients. 

MATERIALS AND METHODS 
Cultures 

The six algal st,rains used in this study were bacteria-free cultures of 
Chlorella t~ulgaris, 11J 263’; C~hlorelln pyrenoidosn, SEC 121; C~hlorococcwn 
hotryoides, SEC 91; Chlo,rocowwn n~acrostigvncatum, IU 109; 8cenedesmus bn- 
silensis, SEC 83; and Ankistrodesmus fnlmtus var. a”cicularis, SEC 28. All were 
sclcct.cd from the order Chlorococcalts on the basis of reports that members of 
this order have hecn commonlyv cncountercd in t,he course of sampling for air-, 
soil-, and watrrhorne algae..‘, c,, 8-1o 

Culture methods 

The algae were inoculated into 250 ml. Erlenmeyer flasks containing 100 ml. 
of the. following Chu medium: Ca(N03)2 . 4H,O, 23.2 x lor” Gm. ; K,HPO,, 
1 x lo-? Gm.; MgSO, . 7H20, 2.5 x lo-? Gm.; Ka.,CO,, 2 x lo-” Gm.; Wa,SiO, . 
511,0, 4.4 x IO-” Gm.; ferric citrat,c, 3.5 x 10~” Gm.; citric acid, 3.5 x 1O-3 (:m.; 
CuCI, . 2H,O, 1 x 10~’ cm.; CoCI, . 6H,O, 2 x 10r5 Gm.; ZnCl,, 4 x 10r4 Gm.: 
JlnCl, . 4H,O, 1.4 x 10’m3 Gm.; H,BO,, 2.4 x 1O-3 Gm.; Tris(hydrosymethyl)- 
aminomethane, 1.0 Gm.; and distilled water, 1,000 ml. The flasks were then in- 
cubated under sta.tic conditions for 7 to 10 days at 20’ C. with “cool white” 
fluorescent t.uhes proridin, v illumination of 140 to 160 foot candles. The abo\-c 
procedures were employed in the maintenance of stock cultures with t,he es- 
caption of the incubation pcrio’d which was extended to 30 days. To insure that 
t.he algae remained bacteria free during propagation, the cultures were tested 

“Culture numlwra refer to the alp1 rult.ure collections at (IU) Indiana University, Rloom- 
ington, Ind., and at (SE(‘) Robert A. Taft Sanitary Engineering Center, Cincinnati, Ohio. 



prior to harvesting in nutrient broth, thioglycollat~c broth, (‘hn nicdium pl[Is 
0.1 per cent sodium glut.amstc, and Chn medium plus 0.1. per czcnt Dit’co pro- 
tcose pept,onc No. 3. 

Preparation of algal extract 

Cultures were harvested in a contiilllons-flo\~~ cent,rifuge, wasl~d with dis- 
tilled water, and air dried. The dried cells were suspended in Coca’s solution” 
at a I:40 or 1:50 dilution (grams per millilittlr) and treated for 30 minntc+ in 
a 20 kilocycle ultrasonic disintegrator (Biosonic) . Particulate mattcxr jvils thr 
removed from the extract by centrifugation a,t 10,000 g for 20 minutes. As a 
prncaut,ionasy measure, the nhovc procedures WCI’C carried out. at tc~nlpc’l’~~tnrts 
ranging from 4 to 10” C. The resulting snpcrna.tant was passctl tlirougl7 a 

sterile ultrafine sintered-gla,ss filter and stored at 1’ C. Prior to 71w, the cs- 

t,racts were t.csted for sterility. 

Selection of test subjects 

Seventy-nine patients under trcat,mcnt at, the Allergy Clinic of tllo (‘in- 
cinnati GencrcaJ Hospitzal \TWC selectrd for this study. All patients gav(’ ill- 
documented clinical histories of extrinsic allergic discnsc (chiefly, allergic rhi- 
nitis and asthma), and all display-cd marked skin reactions for various inhalant 
allergies. Only asthmatic patients were sclectcd for the bronchial pro\-o(*ntion 
tests. Border-line cases, whose seasonal histories and symptoms WWP not. calearl> 
dcfincd, were excluded from the study. 

The control group consisted of 26 suhj(acts who hat1 ncgntircl Fatliil>- alld , 
personal histories of allergic dia.thtsis. Prior to skin t,c’sting with algt11 clxtrac*ts, 
each individual was pretcstcd intracutanrousl,v with pollen and (lust, al I~gt~s 
in order to exclude nonspecific skin reactors. 

Clinical techniques 

Direct intracutaneous tests were pcrt’ormcd with 0.02 ml. injtlcdt ions of 
l:l,OOO dilutions of the above algal cstracts. Aftclr 10 niinutCs, the tcbsl sites 
were examined and results recorded. 8’or control puq~o~w, each patient was 
also tcstcd with saline, n~qucous ra.gweed (lxtract, and End0 lionsc~ (lust. antigcrr. 

Xera fro’m 8 patients demonstratin g marked cutaneous reactions (3 plus or 
greater) to Chlorella IdgaGs were tested for skin-sensitizing anbihodics I))- the 
passive transfer technique. The tests were performed 11~ intracntanc~tn7sl!- in- 
jecting 0.05 ml. of rarious dilutions of scra into the hacks of nonscnsiti\-(1 ~~117111- 

tecrs. Twenty-four hours lat,er, the multiple sites of injection w’cr(’ (~ll;~llcl~gctl 
with a 1 :I00 dilution o’f the algal antigen, il.lld the intensity o i’ t IIc rc~ac~t ions 
determined 10 minutes after introduction of t.llc ;nltig(ln. 

A micro-Ouchterlony slide was used for the agar grl diffusion stutlics. Tllc~ 
test was performed with undiluted sera and ccl1 clstrac$s of Chlor~lln r*lrlf/rr& 
at dilutions of 1 :lOO, 1 :l,OOO, and 1 :lO,OOO. 

A ChZoreZZa vulgaris extract was used c&usivc~ly for bronchial l)roly()catiorl 

*Coca’s solution: NaCI, 5.0 Gm.; NaHCO,, 2.5 Gm.; 
1,000 ml. 

p henol, 4.0 Gm.; and distilled water, 
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tests. Various dilutions were aerosolizcd in 1.0 ml. aliquots by means of a NO. 40 
UeVilbiss nebulizer a,tta,ched to a pressure source by means of a’ Y-tube conncc- 
tion. Each dilution was inhaled for a period of 5 minutes, during which time 
the rate of respiration was controlled at 20 breaths per minute with the aid of 
a metronome. Positive responses, evaluat,cd on the basis of a,t least a1 20 per 
cent decrease in the predicted peak aspiratory flow rate, were determined within 
30 minut.cs after introduction of the antigen. Prior to challenging the subject, 
an aerosolizcd mixture of bnffcred saline. was administ.ercd as a means of CS- 
rlnding nonspecific reactors. 

RESULTS 

Of the 79 atopic patients tested, 47 exhibited posit,ivr skin reactions of 2 plus 
or greater to one or more of the six algal antigens studied (Table I). h-o rcac- 
tions were observed in any of the individuals who were sclectcd as norwllergic 
control subjects. 

It is widcnt. from the data presented in Table II that. each antigen cvokcd 
pronounced skin reactions (3 plus or greater) in a substantial number of pa- 
tients. Of these 64 reactions, 51 per cent. were clicitcd by L’hlor~lln m1q~ri.s and 
Scenedesmus bnsilewis. Multiple reactions of 2 plus or greater wrc observed in 
68 per cent of the pa,ticnts, who exhibited moderate to pronounced skin rcac- 
tions. Howewr, as seen in Fig. I., the perccnta.ge of positive rcsponscs to suc- 
cessively greater numbers of antigens generally showed a marked dccrcase in 
thcsc patients. Thus, reactivity to all six ant,igens was noted in only 5 per cent 
of the subjects. Patients wrc also csamincd for cross-rcact,ivity to C’hlorclla 
and Chlorococcum antigens. The results of t,hese comparisons failed to indicate 

Table 1. Peak skin renctil&y obtained in persons test& with one or ~nr)w ctlqd 
extracts 

lnoidcncc at diflcrcnt s7cin test gr~,tff.~~ 

Subjects 4+ I 3+ I b+ 1-t I 0 - 
,4topic 21 18 8 6 26 
Nonatopic 0 0 0 0 26 

“0, no wheal or erythema; l+, crythema alone; 2+, orythPma and circular wheal measuring- 
0.5 cm. in diameter; 3+, erythema and circular reheal mrasurinji 1.11 cm. in diamrtu; -I+, 
marked erythema and when1 formation with psc~~dopods. 

I’rat Tc st dose Inaitlcnce at chffwcnt skin 

dihtion (PXf70/ --___ test gmars 

Algae [Gm./ml.) 0.08 ml.) 4+ ( 3+ ( 2+ 1 l+ 1 0 

ChZorelZa pyrentiaosa 1: 1,000 1,300 2 6 7 4 48 
Scenedesmus basilensis 1:1,000 2,500 5 10 3 10 39 
~~~OCOGCU~WL bOtryOiaes 1 : 1,000 3,500 6 2 12 - 41 
Ankistrodesmus falcatus 1: 1,000 1,130 1 - 

1: 
6 : 40 

Chlvrella vulaaris 
ChlorococcumY macrostigmatzcm 

l:l.OOO 
1 : 1;ooo 

3.530 
1:ooo 

7 7 6 
2 7 5 

?i 
6 41 
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Fig. 1 
Analysis of single and multiple skin reactions, 2 plus or greater. 
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Fig. 2 
Case 

Bronchial provocative tests in 8 patients. 

any significant differences or similarities in their response to either t,he same 
or different genera. 

Skin-sensitizing antibodies wcrc passively tra.nsferred from 6 of the 8 pa,- 
tients studied (Ta,ble III). The undiluted sera of 5 of these patients yielded 
passive rea.ctivity of 2 plus or greater. When test sites injected with diluted 
sera (1 :lO) were challenged with antigen, 5 of the sera continued to give posi- 
tive reactions. One serum diluted 1 :160 evoked a positive response to the antigen. 
No precipitation bands could be detected when sera from these sa,me patients 
were t,ested against cellular extracts of (Ihlorella zdgaris. 

A summary of the direct bronchial mucosal t,rsts is presented in Fig. 2. 
Positive responses were obtained in 5 of 8 asthmatic patients upon whom this 
technique was performed. Included in this group were 7 pa,tients who were 
tested for transferamble a,ntibodies. The remaining patient (Case 5) pave a 4 
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Table III. Passive transfer results in eight patients with marked cuta?leous 
reactions to Chlorells vulgaris extract 

scruna 
aimion 

Undiluted 
1:lO 
1:20 
1:40 
1:80 
I:160 

Skin test nrades 

tbest twnt twrbt twnt t,lfnt tzent tzcnt tlent ‘:” ( ?; ) !; / ‘J 1 ?; j ?; 1 c; / if- 1 Oh~~Cd ( ;!gg+ 

4+ 2+ l+ 2+ 3+ 0 0 3+ 0 4+ 
4+ 1+ l+ I+ 2+ 0 0 0 0 4+ 
3+ 0 0 0 1+ 0 0 0 0 3+ 
3+ 0 0 0 0 0 0 0 0 3+ 
2+ 0 0 0 0 0 0 0 0 2+ 
I+ 0 0 0 0 0 0 0 0 1+ 

*Each serum was placed on two recipients and the graded results were averaged. 
tWBR, water-soluble ragweed extract. 

plus direct cuta.neous test for Chlorella vulgaris, but was not tested for P-K anti- 
bodies. In addition to decreases in peak expiratory flow rate, all of the 5 pa- 
tients with positive responses developed auscult.atory eridencc of wheezing at 
the conclusion of their respective provocative episodes. Marked changes in peak 
expiratory flow ra,te and severe clinical wheezing were observed in 2 of these 
patients who were challenged with dilute solutions of the antigen. Both re- 
yuired epinephrine for relief of symptoms. One patient responded t,o a moderate 
concentration (1 :lOO) of arrosolized antigen, whereas the remaining 2 patients 
reacted only to the strongest concentration (1 :50). Concentrated mat.erial did 
not provoke measurable ventila,tory cha.nges in Cases 6, 7, and 8. Serum from 
Ca,se 8 also fa.iled to demonstrate the presence of P-K antibodies. 

Provocative tests to concentrated (1 :50) extract,s of Chlorella culgaris were 
performed on 6 asthmatic patients with negative skin tests to this organism 
and in 5 nonatopic patients, including one man who had sustained symptoms 
of chronic bronchitis for several years. None of these patients showed positive 
responses either immediabely after challenge or two hours later. 

DISCUSSION 

Skin test results corroborated a previous report, that cutaneous reactions 
to green algal extracts occur commonly in atopic persons.’ From our passive 
transfer studies, it, would appear that this skin reactivity may be eyuatcd with 
reaginic-type antibodies. Significant bronchial provocative responses were also 
obtained, which suggests that reaginic antibodies to algal antigens may localize 
in bronchial mucosa and that the respiratory tract could be a. preferred site 
for sensitization. Moreover, direct provocation of some at.opic patients with 
Chlorella vulgaris resulted in severe clinical wheezing. Whether algal concentra- 
tions in t.he natural rnrironment arc sufficient to cause such clinical symptoms 
remains to be determined. 

It is evident from the data presented in Fig. 1 that a substantial number 
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of patients reacted to only one of the sis antigens tcstcd. Analysis of these 
single reactions shows that they were not restricted to a particula,r algal spccics 
or genus. This would suggest tha,t, within the limits of the study, algal sclnsitiza- 
tion of some patients was specific. The fact that mult~iplc reactions to tivo OP more 
algal antigens were uncommon tends to affirm the importuncc~ of intlividual 
reactions. Among the patients exhibiting multiple reactions, no c.r~oss-sensitivity 
could I)(> established in closely reIat.ed algal strains. 

Our observations strongly suggest the possible role of grxlcri tll@l(’ in humail 
respirxtory allergies. However, estabIisIrmcnt of a definite causal r*cl;rtionship 
must await the results of epidemiological and irnnrnnological inrcxtigations. Of 
the proha,ble routes of algal sensitiza”tion, inhalation of the organism deserves 
primary consideration. Schlichting’~ postulated that, the dissemination of algar 
into the atrnosphcre resulted primsrilq- from wind currents and tlrcrrrrirl rtpdrafts. 
He also not,ed t,hat fluctua,tions of airborne algal populations occ~r~d with 
season and locality. Therefore, algal sensitization might lx expcy~tc4 to vaq 
accordinglv. 

Brief mention should be rnadc of ingestion as an altcrxatc a\-cnuc ol’ human 
exposure to members of the Chlorophyceac. The epidcmiological irrrport;rrrcc of 
this source should not be overlooked, in vie\v of the likelihood of more frcyncnt 
exposures t,o algae-infested waters and t,hc a.rtifi&l cuIt,i\-ation of grcacn algae 
for human consumption. 9, I1 In controlled feeding t~spcriments with a misturcb 
of Chlorella and Sccnedesmus strains, consumption of 100 Grn. of algae dail! 
for three days gave no evidence of serious side effects. I2 How-ever, the question of 
possible algal sensitization was not considered in these preliminary trials. In 
view of our results, we recommend that the allergenic potential of thcsc materials 
be closcl~~ scrutinized in future algal feeding studies. 
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