LITERATURE REVIEW

Phe distribution of air-borne fungi

In 1936 Teinberg and his colleague, stated that the proplem
of mold allergy was very much iike the problem of pollen allergy.
They found that Llternaria sp. was the most mold offender in Chicago

.

area. They were able to correlste clinae=l symptoms with mold spore

[0

counts. (cited by “erksamer F958) .

Prince and Morrow {1942) used the nlate method to survey
the air-borne fungi, thegarea included nine states in the mid con-
tinental region of The Usited States extending from the great lakes

to the Gulf-loast. They found that. Aliernaria sp. and Hormodendrum

sp. were encountered more frequently and occurred in higher number
than any other molds., The seasons rather effected more than a re-
gional trend in the case of these dominant specdes such as Fusarium

sp. Although Asperp dlius sp., Penicillium sp. and certain other

species wer=s also encountered frequently, However the number of

spores were low and the dcecurence is wniform throughout the year.

In 1947, Morrow presented three interesting points from

his resultsd DFrst,) there was) a tén Len™ grolup of (zenera for all
5 L3 k]

stations. They were Alternaria sp., Hormodendrum sp., Penicillium
»

P}

sp., Aspergillus sp., Pullularia sp., sterile pale species, sterile

dark species, Torula sp., Fusarium sv. and Trichoderma sp. Secondly,

in the top ten dominant species for all the stations there was a

"big six" for each station. The third point was concerned with the

occasional species of molds.



In 1948, the Research Councillof the American Academy of
Allergy adopted the sawme technique for daily mold spore countis
which was previously recommended for pollen count. On the basis
of tgese daily cﬁunts, it was possible to correlate the natients
symptoms,td the molds content in ithe air. In this way the impor-
tance of mold sensitivity as a case o4 seasonal allefgic rhinitis

and bronchial asthma in_the New York wes definitely established.

In 1950, ¥Wallace et al, had studied the distribution of
molds in indoor air, owtdoer /air =and house dust from several sites
in Lexington, Lentucky. Thy large nuwber of samples were cultured

on both Sabourand and patato gluccse agar. The result of this

study revealed that Fenigillium sp. and ispergillus sp. were the

most freguently encountered meld genera in both summer and winter

from all sourcez of sampling. Mucor sp. was found exclusively in

- s

the indoor air., The others molds such as Monilia spn., Stemphylium
2 k] E‘ - o
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house dusis. They found- that the air-borne spore counts_were lower
fufing the wintex) than Qunilg the Buinérl O ATthouwgh the spore counts
in house dust shéwed no change in numbér. There was no significant
effect of-any climaiic: condilion “exgept| pdssibly temperdture on the
numbers or types of molds in the air. They also found that potato
.glucose agar apneared to be moreg satisfactory for a _qguantitative |

study than Sabouraud's agar. However Sabonraud’'s agar is more satiss

factory in qualitative work. The finding of different species of



molds in two residences pointed to the importance of making mold

determinations 2t the home and the surroundings of patients who

suspected of being sensitive to molds.

Alvareg and Castro summarized the data on the spore loaded
in the air =t Yavana at different seasons {1952)., The culture
media used was Sabouraud's agaer and Lound that spores of detectable

ao0lds were very abundant.from Cctober o February, and in a short

period in late Kay and. early April,  The principal air-borne molds

detected in the study Wwere Hermodendrum sp.,aspergillus sp. and
yeasts, with many other genera being encouvntered occasionally. He
found that the asthma'and zhinitis cases under his observation with

sensitivity to fungi, 69 percent of ‘them became worse in winter.

Swaebiy (1950) and his colleague at the University of Min-
nesota, compared whether the -easein aydrolysate medium or other
ﬁedium was offectivewto'mold counts. The results indicétéd that
Mehrlich's medium with 7.5 gm/l of sedimm chioride will give a
aignificantly higher mold count per plate than the casein hydroly-
sate medium. But this mé@ium is stild not the best the modified )

Smith-Humfeild saltagar Showed a mold count =lmost double mold
count which obtained by Mehrlich's salt agar,

Targow and Plunkett (1951) reported the atnospheric inci-
dence of pollerns and of fungal spores in the Los Angeles. The
results of the fungal spore survey carried out by both plate culture.

and slide exposure. The predominating organisms on the plates were



Hormodendrum sp., Alternaria sp. actinomycetes, Epicoccum sp.,

Pullularia sp., Fenicillium sp., yeasts, Rhodotomla sp.,

Aspergillus spl, Stemphylium sp., Helminthosporium sp. and

Fusarium sp., Homodendrum sp. and Alternaria sp. were the most

dominant gencra. It began wiih a lew counting in February, then
increase gradually to reach a peak intay, during June and dJuly
anome recession takes plaecey though counts-still remain high,

another rise then takes nlaces to a second vpeak in November, re-

cession then occurs to bthe winter low. ’ y

On slide methog, Aldterraria sneres were accounted for &40
percent of the total sperelcounte He concluded that the predomi-
nate spore count was depended on whieh method of counting is used,
They said that though tﬁe actindmycetes are widely distributed in
the soil and in their study was the hird in order of frequency in
the air, most of the atmosvpheric surveyvs in the literature of

allergy rarely mentioned about them.
.-} I.{ . ) N
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Alvarez and Zastro (1952) recognized the limitationzs of
Lo

the culture plate method and attempted to determine quantitativety

Y]
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the spore count of alr. From therstudy of air bornepfungi of Hav=zn

they concluded 'that, the number ©f colonies or spores devosited on

medium exposure was increased by wind veleocity, but this did neot
mean that the actual number of fungi in a fixed volume of air is

greater,. because the air is the vector o7 the spread of spores.

Hypersensitive patient were worse the days of strong wind, but



they also became worse when the actual quantity of fungi in the

air was high. In Havana, the quantity of fungi in stationary air

is greater at night than during the day the graph curve began to

rise after & P.M, .

Richards and ¥ales (1054) studied étmosgheric mold sporeé
in and out of doors z2nd con¢luded that an _fhe houses which was bo-~
servably_moldy,>themold spore contented of the air may be different
in constitution (as well as in quantit&) freom that of the outside air.

Culturing experiments shewed that the molds growing in such houses

are usually the common aftmgspheric contamiﬁants, though the predq—
minant species could vary from one house to anothér, The indoor
trap fluctuateﬁ seascnally in“size and congtitution paralleled with
the season fluctuations in/the outdoorrtrap, They found that the
most.imﬁﬁrtapt source of air-borne mold spores was the outside air.
This suggested that_in the in#estigation, diagnosis, and treatment

of allergy to air-borne mold spores, the iost zmportant p?erequisite

was a thorough understanding of the mold spore content of the air

out of doors.

B

Collin-Williams and Ratner (1955) sorked in Tpronto, Canada.
They reported that bic\most mnumerous molds. were Alternaria sp.,

Hormodendrum sp. and yeasts. The peak season was fromn the wmiddle

of July to therﬁiddle of Cctober. Smuts were quite oprominent in

July and August. They found no correlation between 10 degree drowns

. - ¢ . .
of mean teimperature. and number of mold counting, and also no

¥ »
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correlation hetween wmold counts and wind speed or wind direction,
There was one exception when "Hurricane Hazel" struck Toronto.

During the hurricane, the mold count dropped to zero and remained

negligible for one week.

In 1960 a survey of the incidence of air-borne fungi in
Sydney was carried out by Freg and Duricefor one year by daily - ,
exposure aof Petri plates_containing‘Sab ouravd's mediuvm., They
obtained information on theskifids and prevalence of molds of the
air in Sydney and tb cornelatel fthell seésonal\fluctuation with

meteorological data. They found that the fungi most commonly

grown were Cladesporiuvim sp.y Alternaria s». and Epicoccum sp.

The seasonal pattern of Cladesporium sp. in Sydney arreared to

be -different from those that had vcexn renorted before. The pattern

of indidence of Cladosperium sp. and Alternaria sp. in Sydney area
displayed three peak through the year but in different months.

The occurence of HEpicotcum sp. as a predominant orgainsm is of

interest, these accounted for 51.9 % of all colonies.

Shapirg et al| (1965) studied an atmospheric)survey of
' .

fungi at Huntington TFark, California for 2 years using Petri dishes

with Wort's lagar special medium, They found that Hormodendrum sp.,

fungi found in *this survey of the Los Angeles Area.. No correlation
was found between the plates counts and the 24 hour gravity slide

counts of Alternaria sp. and Hdrmodendrum sp. . They found the most

unexpected finding was the large number of IZpicoccum Sp. colonies,
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Good man et al. (1965) studied airbone fungi in the Fhoe-

-

nix metropolitan area, utilizing the culiture plate technique for

-~

trapping spore of mold through a whole year. They found that the

most prevalent fungi encountered in order uere: Alternaria sp.,

Pullularia .sp., Hormodendrunm sp., Asper-illus sp., Helminthosporium

sp., and Penicillium sp.. An additional menus found in relatively

~

~high concentration was Bigpora sy.. AlL 0T the predbminant organ=-
isms showed seasonal variations at‘eacﬂ location sife; .The peaks
variations of these fungidwere showed in different times. And fer
the most pértg climatic gonditions wers apparently insignificant

in influencing the number of types of fungi isolated which repre-

sented the most prevalent genera.

Al-Doory (1966) used the culture vlate technigue to survey
the fungal flora of the air near the ground in San Antonio; Texas

for a one complete year, Daily exposure of petridishes containing
. LA .
Littman's oxyall meditm were used to suwrvey. 1He found that

Hormodendrum sp. aud Alternaria sp. were found to be the most com-

mon fungi. He foun@ ho |dir-ct cotredation) betweensthe seasonal

pattern of spore Gounts with any single environmental condition.

It seemed that all Zactors ‘combined inclucing the lotig [summer nonths

of the area controled the number of viable spores in the air.
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In 1967 AL-Doory made a further studies of the fungal

flora of the air in San Antonio, Texas. A survey of air-borne

.

fungi by using the plate method at 'the ground level as well s

at 100 and 310 fecet highes level in Fall season 15 weeks. e

found no direct relation'betweeg the merber of isolated molds

“anrd weather factors. The most prevelent fungi encountered in

otder of their frequency were: flormodendrum sp., Alterndria s».,

Stemphylium sv., Fhomu sp..and Penicilliu sp.. He also stated

e o

that Cryptococcus sp. WaS el most predozlnant yeast collected.

[V

In 1970 AL-Tloory sstndied a'quantitativé of air-borne
fudgi in the S;n.&ntanio area-for 2 peéiod of ten weeks with. the
Anderson sampler. He carried out his experiment at difference
period of times in the moriing and evening. The morning sampling

gained the least number of colonies, while the evening-sampling

produce the highest.

Dworin {1966) revorted the atmospheric content of fungal

spores in Tucoon, Arizena utilizing the culture plate technique
for a one-year period.,;The.usost prevalent fungal spores encoun-

tered in order toy their frequency were Alfernaria $p., Pullularia S,

Hormodendrum sSpé s LBpergid Ius-sn .4 Hglmnnthosporlum SP s and

.

Penicilliun iszp. .

Reddi {1270} had studied a comparative survey of at mos-

pheric pollen and fungal spores at two places twenty miles apart

at Anakapalle and Visakhapatnam, The fungal spores of Cladosporiun

sp., .Aspergillus so., lerospora 5p.y Alternaria sp. ,Curnlaria sp.;

-
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basidiospores, ascespores Periconia sp., Helminthosporium Sp., -
uredospores and clamydospores of smut were the prevailing species.

Cladosporium sbv. was recognized as the dominant spore typé. at the

P

two site. The comparison between the samplings obtained in 1066~

1967 at Anakavalle and Visakhapatnem indicate that the incidence

of pollen and Fungal spores were greater at Anakapalle. The indi-

dence of fungi were found to be relatefd te the differences in the

local vegetations.

Mishra & Srivastan presented the paper dealing with the air-

- .

borne fungi of a vaddy field in India. The investigation was car-
i

ried out from Auzust to MNowember 1667 on different kinds of media
- such as Martin's medium, malt extract agar medium and . ’

Czapek's agar-medium. The fungal flera conrtinuously increased from

Ltugust to Novenber. UThe domimant and subdominant species varied

from month to month, | Asvergillius sp. gnd Helninthosporium sp.

were dominant with Cufvularia sp. and ¥usanuw sp. as subdominant.

in 1971. Mishra & Kamal presented a paper dealing with

air frngal spord in différ-it) Sedsons ofla year.) “The maximum furgal

spora both in guality and quantity were obtained during the winter
and diminished in het+dry months ‘of submer." They had found that
seasonal difference exhibited different dominant fungal species.

In 1972 Mishra alone had %een sumning up, the .periodical
g ol | it

fluctuations of some common air fungal svpecies. FHe_found that the

«

species that widely distributed throughout the year were

4
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The rainy season types were lucor sv.,. Penicillium sp., Phoma SD.,

Paecilomyces sp., Curvularia sp., Nogrospora sp., Helminthosporium

Sp., Fusarium sp., aand Myrothecium sp., ' The winter types were

”laaouporlum Sp., Alternaria SP-, ‘and A, candidus. Summer types

were A, fumigatus, A. nwdulans and A wersicolor.

Gravesen (1972) made an identification and quan£itation of
indoor airborne micro-fungi’ fufing twelve months of 44 Danish homes
by the agar -plate methods He planned to rélate the.effect of hyper-
seﬁsitization with tlhe strain of a_given species'ffwm the house of

the patient to the effectiof 2n analegous standard strain. He found

that the frequently occuriag geners were Trichesporon puliulans,

Rhedotorula rubrs, Cladosporium herbarum,,Cladosporium macroscarpum

Botrytis cinerea, Alternaria sp., Aspergililus sp. and Penicillium sp.

e ahes e T W e .

. +

Lumpkirs et al.; {49723 ) made—a—coiparisol between the in-

cidence of -fungi found iNdoors and outdoors. Cladosporium sp. was

isolated much wors freque ntlv in outdoor nlates and Llterna ria SP.

was the second. The indeor. exposure. showed a higher overall in-

cidence of Aspergillus sp., Geotrichum sp. and Penicillium sp. in

~

all areas than the ogtdoor exXposures. wLllularla sp. was isolated
more frequently outside than insige. Q§otrichum sp. and Sporobo}ggy?.
ces s\. were found.alwmost as fre quently indoors as outdoors.

#hodotorula sp. and Rhizopus sp. were found only in indoor exposure

in the winter. These ‘differences might be due to the varied fungal

flora in individusl homes. .
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Sorensen et al., (1974) made a 12~month survey of atmos=-
pheric-fungal spores in five climatologically sites, throughout
the United States and Puerto Rico by culturing the fungi'oﬁ rose
bengal streptomycin agar. fe assumed that the greater concentra-
tion -of spores of any fungus ia the air the greater the probalility

that the fungus would appesr on any plate.s The-fore, freguency of
,

occurence on plmtes shounld reftect the distribution of culturable

spores in the air. Fungi'whielh occurred high frequency at all

sites were Cladosporiumdsp.s Pullularia sp., Penicillium sv.,

Alternaria sp. and yeask., #Alfernaria sp. was much more common-in
San Antonio, Mismi and Iittsburgh than in the other two sites.

Yeast were cultured almost a8 frequently as Alternaria sp.

Currularia sp. and Helminthosporium sp: geccurred with much lower

-

freguency in the northern site than in the sovthern- site.

Aspergillus sp., Cephalosporium op. and SHOMa S seem to be the

organism that occur at fairly contihUOus, relatively low levels

at a1l studied sites.

n

In 1975 Finegold mat 3 a[two years pollen and spore survey

in southeast Florida by using Dufham gravihy slicde sampler. The

mold spores he observediwerelAlternaria spu, HelmintBosporium sp.,.

£

Cupwularia sp., rusarium gp. and Cladosporium sp. Clasdosporium sp.
were most frequently observed. He found that pollens and mold
spores ‘were found te be present in lower guantities in the tem-

perate regions.

008673
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In Thailand a report of a survey of the air borne fungi in
J, Med. Asc. Thailand volume 57, 1974 was made by P. Phanichyakarn.
He made an atmospheric pollens and molds survey in Banékok at
Ramathibodi Hospital in Béngkok by the standard - Durham’s gravity
slide sampler. The study was carrnied out from January 1970 to

December 1972. 'He found that the major and known to be significant

in causing allergy were Hormedendrum spe, Helminthosporium sp.,
Curvularia sp., Hfusarium Spe, &nd Alternaria sp. . Hormodendrum sp.,
'was the most dominant spefe count and had the high peak shown in
VNoveﬁger, December, January and another veak during April, May,

June with lesser svore counts during the rest of the year. Rust

and sput appeared throughout the year. TFrom the data of this sur-
vey, the most likely majon causes of mold allergy belonged to the

Class Fungi Tmperfecti especially during late rainy to winter sea-

son and in the summer time.

Clinical aspects' of mold sensitivity

Mzunsell (19547, cited by Blatt ia 1962, worte a comprehen-

sive 1eview onh meold allergy asl a 'common cause of reSpirafory allefhv
According to her explénatién when mold seasitization tékes places,
the allergens' from the spoeres are‘absorbed on the mucous mewmbranes
of the respiratory tract, because of the high water solubility of
the antigens. She belives that the antib&dies are produced in the
reticulo~endothelivm system and- lymphoid system., They are then dis-
charged into the blood circulation, and later becomé fired to cells

of the mucous membranes and skin. Most mold sensitive patients were
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"dependeént’ on genetic factors. She also conrinced that a high degree
of humidity faVOréd for sensitization by the fungal spores. lMaunsell
also repcrted that fungal allergy can be caused by extiramural or in-
tramural sensitization. The extfamﬁral sensitization was dependent

on_ the fungal sypore ceoncentration’of the open air. Intramural sen-

sitization results from the spore ledd  in dwellings and places of

occupation.

In 1958 Eaunsell.made another study on the séasénal varia-
tion‘of allergic bronchinl @gthma in relation to the concentration
of pollen and fungal speres in the year 1954, 1955 and 1956. The
natients were frdm'éouth Léndon-and the southern suburban areas.
Al patients showed positive skin test reactions to the various
pollens, house dust and relative substances. The patients showed

asthmatic attacks which relatéd to the pattern of dispePsal of

fungal spore in the air.

The incidence of mold allergy, however, varies considerably
in differént sections, In Merksamer's expérience (2960) ﬁost of thé
mold hyversensitive cases hi had sedn were in!éhiTdren. &4s yet he
had no explanation for this. Perrennial symptoms caused by molds
were less Commoh than‘\Seasonal oneé. Perrenniai symvtoms occured
mostly in patient who exposed to large guantities of molds in their

homes or in their offices. These were mostly Aspergillus and Peni-

citlium cases. These people who had moléd sensitivities also had

positive skin reactions,
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Jilson and Adami (1955) studied 1000 patients having
cezema. They beleived 1 percent of the cases were due to inhalent
mold svore, and emphasized the importance of advising the patieﬁt
for the avoidance of molds. Desensitization should be stgrted with
extremely dilute anfigeng given in relatively fixed amonnts and
gradually increase in conceatration./ Pesensitization therapy. the

nsisted, should be continved for a year or more.

A

[uR

In 1958 an interesting a;ticle was published by Charpin

et gl,lthis group had feund' that a positive test to Candida albicans
was rather infreguent among ¢hildren. licst of the cases seen in the
offices of these auvthors were respikatory cases, such as asthna,
bronchitis and vasomotor rhinitis. Goad effective therapeutic re-

sults were achieved with specific desSensitization.

'

Sclafer (1958 revorted a series of 114 patients with Can-
dida albicans sensitivity. There were fifty-one who éhowed of res-
piratory allergy, he vointed out that variati&n and frequency of
their occurence depended on places and climates, éclafer found that
+the best mode ofltreatment ..n his| opionion is subcufaneous desensi-
tization with a Candids albicaﬁs éxtract,: He reported that 66.6

percent ofthis \patisnts lwere [cured.

A Weiner- {(1960). reported an occupational bronchial asthma
in a baker due to ispergillus sp. Frior to working in a bakery,

this patient never suffered from asthmatic attacks. Upon being

emnloyed in a baskery the symptom apveared., Skin that was performed



to the potient with various materials, and gave a moderate vositive

skin reaction to house dust and marked vositive reaction ic

Aspergillus sp. He was desensitized writh an Aspergillus mixture ¢
P Ep perg

I8
i

containing A. fuwigatus, A glaucus and A, flavus. His clinical
ceondition was steadily improved and uraesently the patient tolerates

well to heavy exposure.

Kesztyus and WeRt (4959) stated thot one of the reasons
responsible for .our poor Enowledge of the immunochemistry of molds
is due to the fact that generaily they have weaker antigenicity
than bacteria. This Wweeken anti genicity may explain why so m5ny
fungus infection produce €linical mapd feslations slowly. Probably
the relatively thick walls of .the fungi éffect a slow diffusion of
the intracellulay albumin inte the tissue.- It seems that the poly-
saccharides play thewpajor role in determining /fthe antigenicity

.

of fungi.

The preparation of good funrus extractis remained a diffi-

cult task, as Van{der Wepffphas pointed  dautl~ Im His ovionion, the
ruestion still remains open as to what methods to select for de-
termining whetier the allergenic Frdction of /difiterelt strains

really differs from each other. There is also the problem whether

a single generic allergen, several generic allergens, species link

v

w

llergens, or sirain-link allergens wére involved.

i
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Schaffer, Molomut and Center (1959) described a new
synﬁhetic medium for mold Eultivation on the purpose of allergen
extraction which appeared to have certain advantages over other

& eliminates nonspecific
& may be present ;‘Ln
-,,ethod, the aller-

media. The media =znd method de
allergen and‘other interf
other commonly used media
genic nature of the m

uration than. these

prepared from Czapek’ the usual manner,

9
U
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