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ABSTRACT

A survey of fungal aeroallergens in Zaria
at nrosphere was carried out by air sanpling at
various points, nanely open field (high and | ow
altitudes) homes of asthmatic and non-asthnatic
individuals, and an irrigation farm A total of
38 genera of fungi were isolated fromthe open
field, ,2L fromirrigation farm 18 fromthe homnes
of asthmatic patients and 10 fromthe hones of
non-asthmatic individuals. The nost frequently
encountered genera of fungi in the open field were:
Fusarium (13.99%, CQurvularia (12,7%, Saccharonyces
(10;58%". Qhers were Aiocladium(9.15% , Asper-
gillus (814.1%, Penicillium (8.01%, Helm ntho-

sporium (5.914-%. The | east commonly encount ered

genera were Syncephal astrum Spegazzinla, Pcstaloti a,

Dreschsl era, Qunni nghanel a, Chaet om um Styl opage,

Monl Ila and Bl astonyces. diocladium Qurvularia

and Penicilliumdomnated the fungal spor& of the

irrigation farmsite accounting for 22.7% 16.16%
and 10.92% of total farmisol ates respectively,

whil e Aspergillus, Penicilliumand Saccharonyces

dom nated the honmes of asthmatic and non-asthmatic
i ndi vidual s - 20.98% 20, 6%and 12.31%respectively.
The | evel of fungal aorospora in the homes of

asthmati cs and non-asthmatics was not significantly



different p « 0.05. The highest |evel of fungi

in the air was found to occur during the nonths

of January, Novenber, Decenber, My and February
(26% 22.14.% 21.1%, 25.83%and 19. 89%respectively).
This finding correlates well with the records of
asthnma attendance at the Ahnmadu Bello University
Teaching Hospital (Asthna Clinic). In an experi-
mental study of possible allergenicity of sone of

these fungi (Qurvularia, Rhizopus and m xtures of

antigens prepared fromthe two fungi) to rabbits,
it was found that antisera from animals # ven

I ntravenous route of inoculation caused visible
precipitin bands in agar gel, and at the sane tine
the route caused nore basophil degranul ation than
nasal and oral routes.' Qurvularia caused a rise
of about 120%in the level of serum antibody
conpared to a rise of about 30% caused by Rhi zopus.
The route of inoculation did not influence the
differential blood counts when conpared with the
normal , control animals, but affected the onset
and duration of synptons. The concentrations of
each of the 3 antigens required to cause 50%
basophi| degranul ation were as follows: CQurvularia
(63.8ug/ M), Rnizopus (59ug/m) and mxed anti gen
(73.9ug/m). During t:he second chal | enge of the

aninmals wth the sane antigens, the concentrations
I
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required to cause 3$0% basophil degranul ati on were

as follows: Qurvularia (101.5lug/m) Rnhizopus

(96.!'?1ug/m) and the mxture of Qurvularia and

Rhi zopus (11 5.16ug/m ). The physical reactions of
the animals to the first antigen challenge included
scratching of nose and nouth, resting posture,

i ncreased breathing rate, stretching and rolling on
the floor, inability to stand on fpet etc. During
t he second. chal | enge sone of the aninals died
within a week. None of the aninals inocul ated
through the oral route died. ne aninmal each died
follow ng intravenous inoculation with the antigens
during the second challenge, while all the aninals
given a second chal |l enge mﬂth Rhi zopus through the
nasal route died. The cho'be of Rhizopus antigen
for further immnol ogic studies was based on its
consistent isolation in the homes of asthnatic

patients.
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CHAPTER ONE . I
| | | "

INTRODUCTION

Y

Components of the air sporalpossessing‘such
qualities as buoyancy, abundance, and allergic
toxicity have been termed acroallergens (Uregory,
1973). These components of the air spora cause
allergy in many people but are completely harmless
in others; and some may provbke an allergy in

animals but not in man (Renveniste, 1978).

Fungl were first recopgnized as an important
cause of alleréy by KFoinberg in 1935 (Hosen, 1978),
According to this author, Morrow, Lowe and Prince
shortly thereafter, did extensive work in the
field of allergy and were largely responsible for
clarification of the rols played by fungi in the
field of respiratory allergy. Allergic reactions
vary widely and have bren categorized by various
workers., For example, Frazier (1980) broadly
classified allergic reactions into Eczematoeid,
bronchial or nasal, nervous system, gastrointestinal,
urticarial or anaphylzactic forms; and observed that

each or combinations of these mny be brourht ahout

by inhalation of moulds, dusts and the likej
contact with fabrics, planis, metals, drugs and

infection with bacteria, viruses, fungi.and



parasites. Similarly, contact with irritants

and toxins, inJjection of drugs, serum, ingestiocn

of foods, drinks and drugs as well as. stings of

insects could Bring about allergy. On the other

hand, Benveniste (1978) categorized the most

important allergens as follows:

€

Inhaled antigens. These include pollens,
house dusts, hairs and danders from domestic
or laboratory animals such as horses, dogs,
cats, guinea pigs, rabbits, etc. (Bach and

Salmon, 1978).

Ingested allergens: The most frequently
encountered are of milk, eggs, and fish
obtainable from the environment and especially

when these have been chemically preserved,

Drugs: Examples are l'enicillins, Aspirin,
Digitoxin, (uinine, Novobiocin, Propythio-
uracil, Sulphonamides, Ampicillin etc.

(De Weck, 1972).
Fungi, bacteria, and their products.,

Other allergenic substances which may include

vepetable fibres,



A number of factors are involved in the

development of allergy and these factors have been

clagsified by Fraiier (1980) as follows:

3.

Genetic predisposition - if allergy runs in
one side of'a person's family, thap person has
about 50% chance of developing an allergy
himself. If it runs in both sides, the
chances for the pgerson being allergic to some-
thing increases tdjaround 75%. Furthermore,
the allergic disease may not be the same as
those of the forebears, nor may the allergens

one in hypersensitive to be those of one's

relatives,

Nature of the allergen itself = protein,

carbohydrates, lipid etc.

Amount of allergen.

Duration of exposure and frequency of exposure,
All these factors play a role in ,the develop-

ment of ailergy.

L

Gregory (1973) has attributed a number of

allergic conditions to neroallerpgens. These include:



a, Hay fever (pollent rhinitis) caused by inhal-

ing pollen.

b. Asthma, which may follow rhinitis or may occur

without rhinitis,

Co Allergic alveolitis (lmeumonitis) in which
allergens are carried by small, deeply -
penetrating particles; now exemplified by farm-
er's lung disease - which is known to result
from inhaling air-borne dust from mouldy hay,

d, Other kinds of alveolitis caused by true fungi

including Asperpgillus funipgatus, A. clavatus,

Cryptostroma corticale, Alternaria, Cladospo=-

rium, Ustilago, Chaetomium spp. and many

others,

Airborne fungal snores and mycelial fragments
have been established as eticlogic agents in allergic
respiratory diseases, and numerous surveys have
demonstrated their ubicuity (Calvaggio and Seabury,
1971). Gregory (1973) observed that knowledre of
air spora is needndnfnr a2 variety of reasons in

allergy. These include:

1. Need for clues to the porsible identity of

unknown allergens,



2 Need for avoidance of known allergens by
precise iqformation on the time of day, seascon,
and locality of otcurrence, Some of the
methods of reducing allergic diseases in the

past include:

i. reduced exposure to the allergen

ii. cutting weeds or spraying herbicides
iii. removal of cats from the home

iv. avoiding feather pillows and

v. control of house dusts (Reed et al., 1986).

Practical application of the strategy of avoid-
ance requires information about the guantity
of allergen in the air at different times and

places.

3. Need for precision in choice of material for

treatment by hyposensitization.

The knowledge of tle 2ir spora gained by conti-
nuous sampling has led to a_widening of the range of
allergens known from the restrictea group of pollens
and moulds formerly recognized. The abundance of
basidiospores found;in the air immediately sugprested
that they should be examined as potential allergens
(Gregory =nd Hirst, 1952)., The precise knowledge of
the fungal aeroallerpens in the atmosphere is very

important as a first step towards a useful monitoring



of allergic diseases in the environment. Inferma-
tion{s) on aeroallergéns in Nigeria is highly
desirable., Although asthma is a very common problem
in Nigeria, there iz not much information on the
possible: role of fungal aerocallergen as tﬁe aetio=-
logical agent of asthma, Such information when avail-
able, could lead to better patient management by -

health workers.

The objectives of this work shall therefore

include:

1. to investigate the fungal air spora in Zaria

atmosphere and to determine their patterns;

2, to find out if there is any correlation between
the fungal air spora at various times of the
year with the records of asthma cases within

Zaria in the same period;

3 to observe possible allergic reactions in
laboratory ‘animals challenpged with antigens
prepared from some of the fungi that have been

’Y
incriminated in fun~al allergy.



CHAPTER TVO

REVIEW OF LITIRATURE

2,17 Fungrl aeroallerpens:

Compared to pollens which have been widely

 studied as aeroallergens, fungal spores though

known to be present in concentrations considerably
in excess of pollen grains have been given far less
attention (Lopez, et al., 1976; Lehrer, et al.,1986).
This observatiﬁh has bﬁen attributed by these

workers to reasons such asg

1. Jeasonal basis of the rresence of allergilc
symptoms relating to pollens, whose seasonal
presence in the atmosphere makes identifica-
tion of such symptoms easler, On the other hand,
fungal spores are often present in the atmosphere
over longer, less defined time periods,

- ?

2. So many different species of fungi releage
spores into the“atﬁOSphere which makes it
almost impossible to identify a particular
one causing allerric symptoms withoul extra

work-load being incurred. r
3 ! .



"

3 It has been relati}ely easy to harvest the
large quantities of pollen grains necessary
to prepare extracts for the testing of
patients, whereas pure samples of funpgal spores/
fragments are more difficult to obtain; parti-

cularly in amounts necessary for study.

Many of the fungi imperfecti are known to
induce respiratory allergic reactions in sensitized
individuals, leading to the observation that most
studies of fungi as aeroallergens have been limited
te the fungi imperfecti resulting in little informa-
tion being made available with regard to allergeni-
city of other fungal classes (l.opez et al., 1976).
The present awarenecs of the potential importance of
basidiospores as aeroallerpgens could be attributed to
Gregory and Hirst (1952), Although these workers
were interested in isolating members of the class

Deuteromycetes - particularly Alternaria and Cladospo-

rium, they observed a steady high atmospheric
concentrations of basidiosﬁores in the open field
within 2 period of three months (between June 1 and

September 30, 1951).

The availability of fungal particles in the
environment depends on a number of factors which

Frazier (1980) summarized 25 follows:



a.

Temperature - Fungi prow well at temperature

of 70° to QOOF, some can endure freezing
temperature and will remain dormant until thawed
out, while some are thermotolerant,,6 Heat and

dryness generally affect them,

Climate = Release of spores into the atmosphere
and even the growth of these spores may be
seasonal, Moulds rrow best iﬁ the presence of
oxygen under warm temperature and humid condi-
tions, This eﬁpluins their greater prevalence
in warm, humid climates., 1In cold areas, moulds
seasonally occur in late spring, summer and
early fall, In warmer areas, moulds are
perennial in nature but tend to be more nrevalent
in the spring nnd f‘ni.'l when humidity i hipher
(Hosen, 1978).

Weather - This may also affect spore production
and dispersal, Jt may a2lso affect distances

spore can travel, .their sbundance in the at

atmosphere and their distribution.

Fnvironment - This depends on varying ecolorical
factors, For example, forest fungl differ from
grass and cropland fungi, Frazier (1980)

further observed that fungi inhabit wide range
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of habitats such as factories, farms, homes,
outdoors, forests-in rotting logs and stumps,
among the leaves, on the lawn, in the pgarden,
compost pile, flowers or potted plants, in
mattress or'upholstered furniture, humidifier
anh air conditioner, on pnints, wall paper
paste, wood, leather and various other fibres,
It may contaminate food (for example, bread),
it may be deliberntely invited to food as an
essential insredient such as ln beer. 1t may
also be found in pgrains - rusts and smuts;

cheese-=washer's lung (by Penicillium moulds);

bapassosis from mould encountered in handling
of bagasses; seauoiosis from moulds in sawdust

etc.,

All known classes of fungi, including the
Myxomycetes are probabdly important as aerocallerpgens.
Lynch and Poole (1979) listed thirteen occupational
allergic diseases and various classes of fungl were
responsible either partly or wholly for eleven.,
Similarly, Saléannio and Ceabury (1971) isolated
fungal spores comprising as many as twenty three
renera of funpgi from the stmosphere over a period of

six days. The isolntes included specles of Cladospo-

rium, Aspergillus, Bispora, Humicola, Hormodendrum,

Fusarium and Mucor, Others were Monosporium,
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dematiaceous. Penicillium, Helicosporium,

Sépeﬂonium, Phoma, Sporobolomyces, Qospora, Alterna-

ria, Graphium, Curvularia, FPanecilomyces together

with some unidentified genera. Some of the
occupational allergic diseases discussed by Lynch
and Poole (1979) include: Mushroom picker's lung,
Grain dust allergies (hoth are of immediate nllergy).
The others are of delayed allergy and lnclude:
Farmer's lung, Malt workers lung, Mushroom worker's
lung, Bagassosis, Juberosis, Cheese washer's lung,
Farmer's lung - like syndromes and Humidifier's lung.

All these are caused by diverse groups of fungi.

2.2 The Atmosphere and its spora:

The atmosphere is distinguishable intolvarioué.
layers of which the nearest to the earth is the
troposphere, This extends to about 11km 1in the
temperate regions and 16km in the tropics. The tropo-
“sphere is the layer of the atmosphere where high
concentrations of microorganisms are constantly dis-
charged from the soil, vegetation and cther sources),
(Campbell, 1977). Niproorgpnisms usually occur in
air in small numbers compared with so0il or water and
they are very rarely metabolically active becausce of

the low water and nutrient levels. Also, microbial

¥

componertts of the outside 2ir spora is dominated by

fungal spores. Being parts of living orpganisms, spores
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have to be liberated into the environment in which
the living organism bearing them are located. This
is probably why the air spora comes mainly from
species which are hirhly adapted towards using wind
energy for -dispersal (Grepgory, 1973). Blowing of
s0ll microbes by dust, sea spray and many of man's
activities may be responsible for the initial take-

off of the airborne microbes (Campbell, 1977).

The observation that the viability of a micrcbe
is not recuired of an 2llergen as evidenced by the
fact that an allergenic microbe is still active when
dead, so long as it is not too far denatured chemic-
ally, (Grepory 1973), seems to favour fungi which
neneral]} can serve 2s neroallergens due to thelir
ability to produce sirnificant percentage of airborne
spores as well as the srores and mycelial frapgments
of most species of the fungi imperfecti (Lehrer, et
al., 1986). In other words, the ability of both the
spore and mycelial forms of most fungl to serve as
aeroallergens is of ﬁrcnt significance in the overall
effectiveness of fungi as aercallergens. In the study
of MNow Orleans asthma, Lopez et al. (1976) observed
that the late sunmer and fall months were associated
with hiph total spcres nnd basidiospore catches. From
the foregoing, it becomes apparent that any factor or
factors which favour ~erial dispersal of funrmal spores

L
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and/or fungal myceljal fragments will most probably
favour an upsurge in the incidence of aeroallergen-

induced allergies,

2¢3 Variations in Atmospheric Spora

According to Cnmphéll (1977) the density of
the air spora varies on an annual and a daily basis.
The annual variation is mainly caused by the climate,
50 that'id temperate countries the lower winter
temperature are less favourable and there is also
incresrsed wash out by ra2ain. 1In tropical conditions,
the temneraturé may be so hirh sas to cause desicca-
tion resulting in low levels during both prolonged
dry conditions and monsoon periods, According to
Lacey (1979), fungus spores are almost always present
in the air, but their numbers and types vary with
time of day, weather, season, vegetation and

geographical location, This author noted that spores

of Cladosporium, Alternaria, Epicoccuum, Erysiphe,

Puccinia and Ustilago spp. predominate on a fine
summer day in rural Inglend air, and that these are

replaced by spores of Snorobolomyces, Tilletiopsis,

Pasidiomycetes and Ascomycetes at night,

2.1 Patterns of Spore relense

Based on the characteristic day and night
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populations of airborne spores, five patterns of
spore release have been reported by various workers

as follows:

2.i1+1 Daytime Release

a. Post-dawn: Liberation mechanisms depend on
decreasing or rapidly changing relative humidity,

e.f. Phytopthora infestans, Dieghtoniella,

Toruloides:

“ Be Middle day: associaoted with warmest period when
wind speed and turbulence are greatest, e.g.

Cladosporium, Alternaria, Ustilapgo, Erysipe spp.

& Double peak: reasons for two daytime maximal is

uncertain e.g. llelminthosporium, Curvularia,

Cladosporium spp. »nd bacteria (Lacey, 1979).

2J1o.2 Nipht Release:

ae Post-dusk maximum in late evening, reasons are

uncertain, e.gz. Ustilaginoidea viren, 'tetraspore

type; Tilletia spp.

b. Night: Water is reouired for release, e.2.

These patterns of relense will no doubt ensure
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the persistence of fungus spores in the

atmosphere (lacey, 1979).

2.5 Seasonal Flourich of aparics and polypores

The orders Agaricales and Polyporales belong to
the subclass Homobnsidiomycetes, and to the class
Bisidiomycetes., The basidiospore is produced by the
most advanced class of 211 fungi, having up to 25,000
species distributed worldwide with extremely high
seasonal atmospheric concentrations (Santilli, Jr. et
al., 1985). It has been suprested that the steady
high concentrations of bosidiospores associated with
the seasonal flourish of agarics and polypores be
investigated in connection with asthma (Gregory and
Hirst, 1952). A recent clinical study highlighting
the possible relevance of basidiospores in allergy
showed that up to 687 of anthmatic subjects in New
Orleans area showed immediate skin test reactivity to
basidiomycete metabolic and somatic antigens (Lopez,
et al, 1976).. Many species of these fungi are found
in widely separated reorraphical areas ranging from
open field, city lavns, wooded areas to dead wood-logs

or cut lumber from springs to fall (Alexopoulos, 1962),.

Moore - Landecker (1972) separated the Agaricales
into two major groups, The first group - the

"boletes" - belongs to the family Boletaceae in the
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temperateiregions are commonly encountered in the -
late spring, summer of fall and are especlally
;bundant on the group under conifer trees in the fall,
The second group is the "agaries" of the family
Agaricaceae. The group includes the mushrooms and
toadstools., They are found in wide variety of habitats
such as lawna, foregta and fields. The polyporales

on Lhe other hand, include the "bracket" or "shelf"
fungi. The members occur predominantly on living
trees and on dead woody plant parts such as tree
trunks and stumpns., A few occur as saprophytes on
50il; the majority of these bracket fungl are anﬁual,
but the speclies of lombs are perennial. In a study
of selected members of the Agaricales and Polyporales,
wide seasonal occurrences were recorded (Lehrer, ct

al, 1986}. They were nlsc found to inhabit a wide

variety of habitals,

2.6 Ceneral Obnervations on Allergens:

Under natural conditions of exposure, atopic
persons hecome sensitized on repeated challenges with
extremely small doses of allerpgens, especially
inhalants (King, 1976). It is being speculated that
allerpens are possibly different from antirens, but
there are evidences - brased on chemlcal that they are
not different from antirenc. Some of the evidences

reviewed by King (1976) indicrte that allergens are



fundamentally similar to antipgens. For example,

the inhalants, foods or insect venoms are all multi-
allergen systems with each source having one or more
major allergens to which the majority (~/90%) of
allergic persons are highly reactive, and several
minor allergens to which a smaller group of persons
(10-50%) 1is also highly renctive, This individual
variations indicate that the allergenicity depends
both on the chemical nature of a2llergen and on the

response of the host.,

Furthermore, the m2jor #llergens from inhalants
and foods are all acidic proteins while the minor aller-
rens can be acidic or bnasic proteins. All are plobular
proteins as indicated by their chromatographic proper-
ties on porous gals and by their diffusion coefficients.,
Some allergens contain carbohydrates, and some do not,
Some are proteins of a single polypetide chain
(ragweed antigens Cj'h' and 53 Codfish allerpgen M;
Serum albumin) while others are proteins of two non=-
identical polypetide chains (Beta-lactoglobulin), The
amino acid ccempositions of most of the allergens do
not show any unusual chemical features., As evidenced
by the loss of allerrenicity on denaturation, the
dominant antipenic determinants of the major allergens
are dependent on both the rrimary structure and the
cenformation of the mloecules, This property is

shared with other globular proteins,
5
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Apart from natural allergens, such as pollen,
mould, ragweed, mite, danders etc evidences now show
that other proteins can stimulate IgE responses in
atopic or normal individuals, Salvaggio, et al
(196);) demonstrated this fact in bovine pancreatic
ribonuclease. Other workers have demonstrated the
fact with various other proteinsy For example,
Kuhns (1962) demonstrated it with diphtheria and
tetanus toxoids; Pepys et al, (1969) with laundry

detergent additives, rroteases, and amylases from

Pacillus subtilis, The widely different biological
functi;ns as well as oririns of these protein aller=-
gens also argue for the unlikeliness that they may
have certain structural features particularly suited
for the induction of Igil production, As observed by
Tada and Ishizaka (1970), Igl-forming plasma cells are
predominantly located in the respiratory and gastro- '
‘intestinal tracts,lbut most allergens are absorbed on
inhalation or dngestion through the respiratory or
rastrointestinal tracts and since there will be an
upper size limit to the solutes that can be rapidly
absorbed through the mucosa2al membrane, the immuno-
genicity (allergenicity) potency of a protein will
obviously depend on its molecular complexity. Immuno-
renic potency also depends on the degree of foreigness
of the protein and the renetic make up of the

immunized host (Bellanti, 1978). King (1976) argued
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that the combination of permeability and immuno-
genicity requirements may be the explanation to why
proteins of molecular weights of 20,000 to ;0,000 are
better allergens than proteins of other sizes. This
is because, they are not too large, so they can not
be rendflf absorbed throupgh the mucosal membrane of
PtOpic individualss Similsrly, they are too small

s0 that they can te sufficiently complexéd to be

good immunogens,

Various animal model studies have brourht to

light, the facts that:

Qe Atopic persons diifere from normal persons in
their ease to respond immunologically to

minute doses of nntigen,

b. Low=dose immunizntion fevours persiatent and
boosterable Tgll than IgG production, and the
reverse is true for high-dose immunization for

atopic persons,

Ce Both Igk and IrG responses to specific antigens
are ynder the control of histocompatibility
linked immune resronse genes. According to a
review by King (1976), the presence of an IgE =
repulating cene in man has been postulated, and
this pene rerulntes the serum level of Ip[,

The IgE -« rerulating pene is believed to play
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an important role together with immune response

gene in the expression of atopic allergy in man,

2.6.1 Uses of Purified Allergens:

Attentions have been focused on the possibili-
ties of relieving or treating allergic conditions in
sensitized individuals, One of the various possibili-
ties is the use of hyposensitization therapy, One
important use for purified allergens is in in the
standardization of allerren extract; which are import-
ant reagents for the diapnosis and treatment of a
number of allergic disorders. Other uses of purified
allergens are as reagents for studying the immunolo-
gical mechanism of immunotherapy and for the develop-
ment of chemically modified derivatives better suited

for immmotherapy.

1t has been observed (King, 1976) that on immuno-
therapy, there is usuz2lly an initial rise in the serum
level of allergen~svecific IgE followed'by a slow
decrease, but the cerum level of allergen specific IgG
continues to rise during therapy, usually reaching a
plateau., The best clinic2l improvement has been
associated with hirh doses of allerpen extracts, high
serum lévéls of allerren-specific IgG, and lower

levels of specific.Irf, It has been suppested that

these changes could form a feedback sunpression of



IgE by IgG antibody, 1t could also be as a result
of I1gG antibody being able to serve as blocking
antibody for Igk antibody (PRenveniste, 1977; Barber,
1977).

2.7 Allergy:

Allergy is a term originally used to describe
alterecd immunologic2l reactivity to a fo}eign mate-
rial (Barber, 1977) and thus could involve either
delayed or immediate types of hypersensitivity. 1In
clinical medicine, howecver, allergy refers to a
medical subspecizlty and research -area dealing with
digeanes of Tmmsdiebe hypersensitivity (Lichtenstein,
3972). Allergic reactions are trigpered when allergens
to which an individual hos become sensitized combines
with n911-f1xea Irl antibody apainst it, ‘This
union initiates a complex multistep response; modulat-
ed by cyclic Adenosine lMononucleotide Phosphaote
(AMP) which leads to the extracellular secretion of
intracellular granules containing the mediators of
the resaction, The union can take place in diverse
locations at very low antigen and antibody concentra-
tions. The sequence of events leading to the
release of medintors ¢an bhe inf]uenceé in several
ways. For instance, rﬁnrmncological agents (or
endorenous hormones) ¢an break the cycle at several

different stages, leading to a failure of mediator
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release, or the effects of the released mediators
can be blocked, leading to the absence of a

physiological effect,

2.7.1. The Allerrens:

A variety of mnterials can cause allergic
states in man. OJOuch materials as simple polysaccha=-
rides (dextran), comnlex proteins, many material
actinr as haptens (penicillin, attached to a schlep=-
pers) all act as allerpens. According to Lichten-
stein (1972), the most clinically important allergens
are derived from pollens of prasses, and trees and
the allergenic extracts used for skin testing and
immunotherapy are crude acueous extracts of pollens,
moulds, danders and others such as dust - which can
be made by extracting the debris from a crumbling
mattress or from vacuum cleaner sweepings into
buffer., Studies have shéym that the major allergen
in these natural substnnces are simple proteins with
a molecular weight of 30,000 to L0,000, and with no
unusual structural features or prosthetic proups
(King, 1976). Other_allergens are known. For
example such materials as codfish allergen i, serum
albumin (which must be artificially extracted),
diphtheria and tet~rus toxoids, insulinn’dotvrﬁents,
enzymes (such as prote-ses and amylases from

Bacillus subtilis etc) hove been shown to be
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allergenic (Salvaggio, eot al, 1964 ; Kulns, 1962;
Pepys, et al. 1969).

2.7.2 The Antibodies:

According to a review by Lichtenstein {1972),
reaginic antibodiecs were first described in 1921 by
- Prausnitz and Kustner who demonstrated that cutaneous
allergy could be transferred to a normal recipient
by the intradermal injirction of serum from an
allergic individual.\ It was later observed that the
reaction was absoclutely antipgen-specific, could
occur at high dilutions of serum, was obviated by
heating the serum at 56°C for a few hours and did not
have any relation to the antibody conteni of the
serum as measured by standard serological tests.

The works of Ishizakas climaxed the attempts of
allergists to isolate and characterize reagins,
Ishizaka and Ishizaka (1908) showed that the reagin
antibodiés belong in a unique class of immunoslobu-
1in which they called IgE., Lichtenstein has argued
that the claim py some investipators that scme or
all reagins are IgG is not widely accepted and that
while these claims are possible, IgG reagins - at
best-play 1ittle or no role in human allerpgic reac-
tions, According te him, mensurements of total IgE
levels in the serum hove shown that ateples have

higher levels than normal individuals, but that the
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range in each is great, For example, the levels

of IgE in serum could not be used to diagnose atopy
beczuse the highest levels eare not found in atopics,
but in individuals with intestinal parasites, in whom
the IgE cogcentrntions may exceed 10,000 ug/ml,

This may‘be due to the location of Igk-producing cells:
in the submucosals (Tada and lshizaka, 1970).
Lichtenstein, 9150 observed that there is concensus
on the fact that Igk nntigodies are produced by the
lymphocyte/plasma cell series as are the other
immunoglobulins, and that the location of these IgE -
producing cells are auite distinct. For example,
they are sparse in the spleen, and in most sets of
regional lymph nodes, buf more represented in tonsil-
lar tissues, peyer's patches and, in general, in
proximity to the ro:hirntofy and gastrointestinal
mucosal surfaces, Tada and Ishizaka (1970) have made

similar observations.

2.8 Atopy:

The origin of the term 'atopy' was traced to
Cooke and Vander veer who in 1916 described human
protein sensitization in 621 patients suffering from
asthmn due to animn]l exposure, seasonal hay fever due

to pollens, urticarin and angioneurotic oedema and

acute pastroenteritis duc to certain foods (Pepys,
1975). According to I'epys, these workers found a

familiar association® of these diseases, and the



inherited factors, Coca and Grove were reported

| to later introduce the term atopic reapgins to
describe the specifically reactive substances in

the serum of atopic individuals. They found atopic
reagins in the blcbd\uf 21l the subjects with hay
fever and asthma who pave cutaneous reactions to the
atopen, This rearin occording to Pepys- were found
to be non-precipitating, heeot-lablile, specific and
long-lasting in their rassive spnsitization. Many
challenges have been thrown at the concepts cf

atopy as it was oririnnlly construed. For example,
atopy is not confined to man since similar manifesta-
tions have been observed in other animals
(Patterson, 9603 Ishizakas, 1971).

In Pepys qpinion, a single defining characteris-
tic should be agreed for the term 'atopy'. This
definition should not carry implications such as
clinical (that all rhinitis and asthma is atopic)
nor immunolopgical (th~ t all evidences of reapin IgE
antibody, is necersarily clinically relevant)., The
essential feature of atopy, Pepys believes, is that
form of immunolcpgical reactivity of the subjects in
vhich reaginic antibody is readily produced in
response to ordinary exnosure to the common allergens

of the subJject's environment.



27

The essential feature in atopy is 'naturall
sensitization in which the route of entry of the v
allergen is throupgh mucosal surfaces (Pepys, 1975).
This observation was surnported by the results of the
works done by Leskwitz et al., (1972). These
workers compared the effects of intranasal administra-
tion or injection of purified protein and polysaccha-
ride materials in ateopic and non-atopic subjects,

In all cases, they observed that the atopic subjects
were more readlly sensitized by the intranasal

route to give type T skin test reactions than the
non-atonics, On the other hand, there were no diffe-
rences in the responcses of either group in the case
of sensitization by injection., Thus susgesting some
abnormality of the mucosnal surfaces in atonic

subjects - possibly genetic abnormality,

Another possible faoctor that can influence the
development of atopy is deficiency of secretory 1gA,
Decreased secretory IpA activity in atopics has been
shown by some workers, For example, a lower incidence
and weaker response of secretory IgA was found in
atopic than in non-atopic individuals who were given
intranansal adminis!ration of tetanus toxoid (Salvapgio

et al., 1973).

Subjects classified 2s immunologically atopic =

and without clinic2l imrnlicetions are those with
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multiple sensitivity =and zre said to be of high
atopic status, while others with limited or isolated
sensitivity are of low atopic status, According

to Pepys (1975) the monifestation of atopic immuno-
lopglcnl status denends on the extent of allerpenic
exposure, and that individuals who develop Irk
antibody solely in reosronse to peculiarly potent
allergenic exposures, for example, in Ascaris
infestation means that the subjects showed reactions
which are reaginic in nature but could not be classi-
fied as atopic, since they usually do not show
sensiti;ity to the common allerpgens encountered in
the ordinary way, According to this investigator,
the earlier the are of onset the higher is the
atopic atatus, with thore starting below the npge of
10 having 90X positive renctions n;d a larre

proportion reacting to many allergens.,

Johansson, (1267) found elevated serum Igk in
asthma and in about two years later, similar findings
were reported in hoy fever in Berg and Johansson
(1969), These findinrs provided the earlier evidenc-
es for the role of Igl in atopic allergy., Raised
serum Ipk levels have been found in L0%-60%% of
patients with extrinsic asthma, whereas in intrinsic
asthma normal Igll values are regularly found

(Johansson and Foucord, 1978). According to these

.
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investigators, an increase of the IgE concentra-
tion occurs when the patient is exposed to allergen
to which he is sensitive, and patients with multiple
allerpgies have a hirher Igk level than patients with
a single'ailergy. Irls eantibedy to inhalant allergens
?nn rearely be detected in serum from healthy
people, This fact is surported by the observation
that only one pbsitive 2ADT reaction was found out
of about 600 tests carried out on donated bloods
selected for test of their freedome from allergy
symptoms using ten common allergens. (Berpg and
Johansson, 197L) in conirrst to the observation that
almost all patients with a clinically manifested
inhalant allerpgy of the immediate type have detect-
able amounts of Igii antibody in serum,

.

Ll

2.8.,1 Immunotherapy of itopic Disorders:

Hyposensitization is the commonest treatment
device for allerpgic diceases especially in areas
where avoidance of the 2llergen is not possible and
it has been in use for = very long time (iloon, 1911);
and Aas (1971) who used prolonged treatment with
house dust extracts h ve confirmed the efficacy of
this form of treatment. OSimilarly, Oehling (1977)
stated that hyposensitiration therapy had been employ-
ed in his clinic for over 70 years and that when

compared with various other methods, hyposensitization
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was considered to be the most efficient and rave

the best results, llany attempts have been made of
explaining the mechnnism of hyposensitization
therapy. It has been reported that there is early
rise in specific Igli antibody with hyposensitization,
followed by a gradual decrease as hypbsensitization
continues (Beré and Johmmason, 1971b). The produc-
tion of blocking antibecdies which reduce reactions in
passive transfer tests have also been reported

{ Maunsell, 1968), Associated chanpes in both JgE and
IgG antibodies may be related to clinical improvement,
and a pos%ible explanation for this association could
be the suppression of rearin synthesis by blocking

antibodies (Pepys, 1975).

There could 210 be cellular mechanisms in hypo-
sensitization, Lichtenstein et al. (1971) found that
ragweed treated subjects showed a decrease in Leukocyte
histamine release three times as frequently as
untreated suhjccﬁs “nd that this was associated with
clinical improvement, The duration and 'dosages of
treatment are quite important since prolonged treatment
with maximum tolernated docrge of grass pollen extract
pave the best clinien) rersults. Similarly, it hams
been observed that total dosapge is important, even
if given over a short reriod of time (Sadan et 8l,,

10RO Y .
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2.9 Epidemiologv and MNatural History of Asthma:

The knowledpe of the epidemiolopy of a disease
and what sets the ctoepe for its development is basic
to a senrch for its enunes, and understanding the
natural history of disorder is basic to therapeutic
judpgement (Smith, 1978). Whereas, the natural
causes of asthma hdvq been studied extensively in
children, those in 2dult life have been studied little
since 1978, and according to Smith (1978), the follow-
ing possible factors influence the develgpment of the

disease:

Te Family history - Asthma is freauently transmit-
ted within foamilies, and according to Frazier
(1980) 1if allerpy runs in one side of 2 person's
rnmily, that person hrs about 50% chance of
developing an allerry himself, If it runs on
both sides, the chinces for the person increases

to about 75},

2 Ape - It is believed that youth is the most
usual time te develop allergy, but it is possible
to manifest symrtoms of extrinsic asthma at any
are (Smith, 1970), The other factors ns enumera-
ted by Smith inclurle sex, race, infection,
pollution, Psycholorical factors, socinl class,

and exposure to allergens,



Reed and Tovmlry (1978) auoted the joint
committee of the “meric-n Theracic Society and the
American Collere of Chert lhysicians as having defin-
ed asthma based on clinical findines as a disease
characterized by nn incrersed responsiveness of the
airways to varioun ?fmuli and manifested by showing
of forced expiration which changes in severity
either spontaneously or with treatment, The term
asthma may be modified by words or phrases indicat-
ing its'etiolopy, foctors provoking attaéks, or its

duration.,

The following list of classes of recognized
allergens are able to induce asthma: Tree pollen,
Crass poi]nn, Wweed pollen, Animal hairs or feathers,
Noulds or fungi, Incects (not insect sting), occupa=-
tional dusts, CPQmiCW]ﬁ (not acting as irritants),
House dusts, foods etc. (Reed and Townley, 1978).
These workers have also enumerated the stimuli that
provoke asthma and these are: allergens (as listed
above), aspirin and related substances, infections
with such agents as brecteria, respiratory viruses (like
respiratory syncytinl virus and parainfluenza virus,
rhinovirus and influenza virus). (Simon and Jordan,
1967 3 Horn and Grerg, 1973; McIntosh, et al., 19733
Minor et al., 197l; lMinor et al., 1976). There are
other associations betw;en viral infections and the

incidences of asthmoa, For instance, children with
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asthma have more viral respiratory infections,
especially rhinovirus, thon their healthy siblings
(Minor, et al.,, 197h). Other possible stimuli
include:‘situationﬂ and emotional responses, exercise
gnd irritants, Reed and Townley (1978), obnerved
that the heterosreneitics in pathogsenesis nnd patho-

physiology is directly responsible for heterogenous

responses to theraveutic apgents,

2.10 Implications of “nore Helease into the Inviron
ment :

One of the major implications of the continuous %
release of fungal srores into the atmosphere as aero-
allereens is the continuous exposure of the nopulace
to these allergens. 4About 10% of the bopulution have
been shown to have n néodisnosition to becoming sensi-
tized due to ordinary crxposure to normal environmental
concentrations of allergens, often leading to multiple
sensitization to'a variety of substances (Gregory,
1973). This group of pecople are said to be atopic
(Bach and Salmon, 1978). Atopy is defined by Pepys
(cited by Bach and 5almon, 19783 Gregory, 1973) as an
abnormal form of immunoloric reactivity in which
immunorlobulin E(Is%) reagins results from ordinery
exposure to common environmental allergens; particu-
l2rly when the n1]ﬂr~nn iz inhnled or inpgested, Bach
and Salmon (1978) further stated that atopy moy range

from single sensiti—-ntion to 2 piven 21lerren to
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polysensitization. Thur, the more diverse the

spore varieties in the ntmosrhere, the worse for

the atopic individunls, Also, the observation by
these workers th?t renetic and other fattors such as
certain parasitic and b:'clerianl infections may aug-
ment IgE production ~nd reinforce atopy is of
simificnance with resnect to the 90% non-ntopic

members of the populntion,

The cehtrai roles of Ipgk in allergic reanctions
have been well studied, Benveniste (1978) observed
that other immunoglobulins do not play an important
role in the onset of nllergic manifestations in mang
although the situation mny be different in animals,
He also pointed out that both effector cells and
mediator substances a}e needed in immediate hyper-
sensitivity reactions to which allergies no doubt
belong. The effector cells are basophils and masto=-
cytes. This may not be unconnected with the fact
that although they h=ve different origins, both cells
contain numerous, hir-hly osmophilic granules that
contain heparin and rroteins which act to support
various immediate hypersensitive mediators (Chase,
1965) . The;e mediotors include: Histamine, Serotonin,
sgow-reactinﬁ substance of anaphylaxis (SR3-A) and
the platelet-activating factor (PAF) (Benveniste,

1978; Chase, 1Qﬁﬁ). The internction between the
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antigen (allergens) and IrE on the mastocyte nnd
basophil surface is believed to initiate a series

of very complex intrncellular events. The cyclic
Adenosine monophnxrhfte - Guenine monophosphate
(CAMP-GMP) system rerulrtes this response, Irl fixa-
tion on basophils and mrotocytes and the response

of these lgk-coated cells in the presence of nntigens
may lead to the release of the mediator éubntmnces,

which in most cases nre stored in the effector cells

as granules from which it is released during anaphylac-

tic degranulation (Benveniste, 1978).

2.11 Methods of Sampling lAeroallergens:

%

2.41.1 Sampling Inatruments:

L

Study of airborne microbes necessitates their
separation from the air, cultivation, identification,
enumeration and clacsification, Of the different
sampling technigues for trapping microorganicms,
filtration, impinrement into liauids and impaction on
solid surfaces are probobly the most important (Lynch
and Poole, 1979). Dransfield (1966) however observed
that the two fundamental methods of sapnling air-
apora are deposition hf rravity and by impoct from
an air stream. Three reneral methods of estimating

the aquantity of airborne allerpens include:
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Counting morpholoricelly identifiable aller-
genict ﬁarticles, such as pollen grains ond

moulds spores,

Culturing viable particles such as fungi and

bacteria,

Assaying chemic:ls such as diisocyannte by sensi-
tive specific chemical analysis (Rced et al,,
1986). The in"bility of these methods to

measure amornheous, non-viable airborne nllergens
prompted these workers to device a system for
measuring airborne antigens by collecting some

on a 20 x 25cm fibre-glass filter paper sheet by
the use of a hirh=volume air sampler, The anti-
rens were eluted from the filter paper by descend-
ing chromatograrhy into a collecting beaker, and
then assayed by n radioimmunoassay inhibition

technique,

Of the various air sampling instruments, two

have passed into routine use., These are:

a) Hirst's automatic volumetric spores trap (a

pover-driven trap designed for operating conti-
nuously in thﬁ field). Burpge et al, (1977)
used a wind-oriented variety in their work, as
well as Grerorv =nd [lirst (1952) during their

investigation into Lhe possible role of
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basidiospores as z2ir-borne allergens,
Salvaggio and Ceabury (1971) favoured this
instrument becruce it has been r;ported to
yield more qunnt{tﬂiive data than conventional
gravity samplers, Therefore its greater effi-
ciency, known air asampling volume, and larger
collected qunntities allow for greater statis-

tical relinbility.

Anderson Jampler - Alr is sampled at the rate
of 28.3 liires ver minute (Gregory, 1973).

Burge et al,, (1977) used this instrument along
with the Burkard (Hirst) sampler to compare the
recoveries of airborne fungus spores by viable
and non-vlahlé\mndon of volumetric collection.
These workers noled that non-viable techniques
require only that particles have distinct form
while permination and prowth potenﬁial, which
povern viable recoveries, are multifactorial
variables and often defy accurate prediction,
Salvaggio and ‘eabury (1971) used timed exposure
of apar plates alons with the rotoslide samplers,
Hc*péer, only nlotes exposed during certain
epidemic intevrvals were examined since "it soon
become apparent thot plate counts did not esid in
prpsumptibn identification of the larpe numbers

of spores collected on 2 hour rotoslide sampler."
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Similarly, the urse of timed exposure of apar

plates depends 1. rrely on gravitational forces,
This is only: effective if the sporeﬁ are large
endurh to respond to pravitational pull at the

prevailing atmonnheric condition.

According to Southwvorth (197)), no one sampler
does everything, and inasvite of the fact that gravity
slide nn% culture nlater are not auantitative, they
are widely used by phynicians, Gravity slides and
culture plates are enu~lly favoured for various other
reasons. For example, Dransfield (1966) made use of
these instruments becruse, according to him "no
apparatus of the llirst srores trap or its enquivalent
was available in Northern Niperia“® when he was carry-
ing out his inventirations., In their studies on the
airborne fungi during harmattan in Zaria, Nigeria,
Lawande and Onyemelulwe {198}) used culture plate
method "based on the exposure of plastic petridishes
containing sabourand's dextrose agar medium." Samplings
were done at 10 metres snd 1.5 metres above ground
level, No considerable differences in the counts at
these heights were ncticed., These workers were able
to isolate as many 2 thirteen funpal genera and a
total of one thousand, one hundred and ninety one
(1,191) viable ceolonies over a neriod of four months
between November 1280 -nd February 1981, The fungi

reported by then were Purorium (19,39%), Alterneria
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(19.,22%), Penicillium (13.09;"), Cladosporium (11,83%)

Apergilius (10.91%0) and Helminthesporium (7.8%),

Others included Candida (6.719), Curvularia (.78,

Chaetomium (2.18%), iwiceccum (1,67%), Gectrichum

(1,595, Mucur (0.75:), Trichoderma {(0.5%) ctc.

Althourh these workers were miinly interested in
viable airborne fungl in Zaria, any investigatioh
about allergenicity of airborne perticies must of
necensity embrace both }iable and non-viable particles,
because both can he allerrenic (Gregory, 1973). The
non=-viable aercallerpens can be estimated by use of
gravity slide method (Jouthwerth, 197h). This can

be derne by, findirg the differences between viable
counts {(on exposed culture pl-ies) and the total

count on grease-coated, exnored previty slides,

" Leventine and Hordwitz (1978) nbﬂerved more than

eleven thousand (11,000) Coloniev and fifty-four (S&)
genera while undertaking a one yenr survey of the
airborne moulds of’ Tnlug, Oklahcma, In their studies,
the plate culture techninue win used. Plates contain-
ing Potato Dextrose apar with 0,71% Streptomycin were
exposed for ten (10) minutes at a time. Five plates
were exposed at each location cnech month: In a
related investigation, a survey of allergenic air-
borne pollen and spores in the pair Banks area of
Alaska was carried oul by Anderson (1981)., This
invostignt}on involved about 13 cellsborators in 13
differon% stations., Retween 1 and 25 genera of CF

L
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fungi were recovered at each station. The pravity
plate method was employed "in order that airborne
flora ceould be identified followinpg prowth on
nutrient agar surfaces," Two plates were exposed
for 15 minutes at each station, twice a month, It
was observed during their investigation that many
species of funpgl settled on the exposed plates in
slime masses, clumps of spore heads, single cells,
fragmented mycelia of many cells and as non-viable
flora, It was considered thot any mould or yeast
encountered wes a dominant and a potential aero-

allerren,

2¢11.,2 Elevation and Particle Collection:

Burge et al. (1977) carried out their samplings
for fungal spores on the roof of a building about L6
metres ébéve ground, There was no parapet, and the
site was unobstructed., Simultaneous particle collec-

£y

tions were made between 08,30 and 09,30 hours on
weekdays under'a variety of weather conditions, A
total of 12l paired samples were used for analysis,
Unlike Burge and his co-workers, Salvaggio and
Seabury (1971) placed two samplers in a central
business district; approximately 150 feet (about 46
metres) above ground level on top of a students!

dormitory, A second station with a single sampling

device wns located 8 feet (nbout 2.} metres) above

1

Ll
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ground level on a'golf course near the geographic
centre of the city. 3Samnles were collected twice
daily, in most cases at approximately 7.00 a,m, and
6,00 p.me In their studies, concerned primarily
with funpgi pathorenic on crop plants, Gregory and
Hirst (19‘;?) sampled the air at th!.; heipght of ?
metres above a potatn nlot contiminusly for three
months, Their choice of site "in an arable field
adjacent to gragsland with trees" clearly demonstrat-
ed thiat these workers and the others earlier cited,
chose sites at which free movement of air was not

obstructed,

2¢11.3 Treatment of Hamples:

Galvagpio and Seabury (1971) used a rotoslide
tetrabar containing four sampling slides. Two slides
were stained with cotton blue stain fog spore
identification and quantitation. The other two
slides were stained with a modified Calberla's solu-
tion for pollen quantitation, The Sabouraudts dext-
rose agar plates were incubnted at room temperature
for three days, wrapped in sealed plastic bags, and
stored at hOC for variable reriods prior to subculture
and colony counting. Burpe ct 01 (1977) on the other
hand, cut the particle-bearing tapes into ?2); segments
after removal from the Durkord frap, each sepment

wan then mounted on a 1 x 3 inch microslide in hard
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glycerine Jjelly, Particles counts were made at
312.,5 x from 50-60 fields (each L6y micrometres

in diametre) inspected, nusine o rraduated mechanical
stare. In the Anderson sampler, Mnalt extract apar
was used, Carefully timed sampling perieds of 30
seconds to 10 minttes were employed to prevent
overloading on prevailing spore levels. Following
exposures, the plates were incubated in high
humidity at 22°C (for seven days and all growth
examined microscopically), Grerory and Hirst (1952)
had the spores impacted on a 'Vaseline' - coated
slide., The resulting 2} hours trace were then
scanned under the microscope, Other workers have
employed these methods in their works (Dranshied,

1966; Lawande and Onyemelukwe, 198 ).
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CHAPTER _TIREE

MATERTALS AND METHCODS

3.7 Preparation of Reoapgents ond Media:

£

Czapek Dox Droth

Sodium nitrate

Potassium chloride
Magnesium pglycerolnhosphate
Ferrous sulphate

Potassium sulphate

Sucrose

prams/1itre
2.0
0.5
0.5
0.01
0.35
30.0

The ¢ontents were well mixed and sterilized by

autoclaving for 15 minutes at 103,35KPa (121°C)

h

b,

Physioleorical Saline

S5edium chloride

Distilled water

0.9
100m1

Sterilized by autoclaving for 15 minutes at

103,35 KPa (121°¢). .

Coe

Lac£0phen01 cotton blue stain

Phenol
Lactice acid

ilycerine

Distilled water

Cotton hlue
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Materials were first heated gently under hot

water to dissolve before cotton blue was added,

d. Gilemsa Otain

Powdered stain / 15
Glycerol 66ml
Methanol 66ml

1z of the powdered stain was weighed into a
conicnl flask., 66ml of glyceral weree added and the
mixture was heated at SGOC for 170 minutes in a
water bath, 66ml of methanol were then added and
after thorough mixing, the colution was allowed to
stond for 7 days at room temrerature before filtered
and diluted to 1:15 v/v ratio in phosphate buffered

saline (pH 6.8).

e. Apar pgel
Iron agar 1£
Distilled water 100m1
sodium azide (0,15 v/v) : 1ml

[}

£a I'hosphate Buffered 3aline (pH 6.8) grams/litre

Sodium chloride 8,00
Potassium chloride 0,2
1Ni-sodium hydrogen phosphote 1.8
Potassium di-hydrogen phosphate 0,2

The materials were dissolved in 1000ml of distilled

water and stored at L,°C prior to use.
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e 'otato Dextrose agar (lab, made)

Potato Extract ' 100m1
Dextroase 20g
Arar 15g
Distilled water 900m1
Tartaric acid (1M) 10m1

The mixture was sterilized by autoclaving for 15
minules at 151b/sa inch (12100)' allowed to cool

do¥n to about h5-50°C prior to pouring,

3,2 SIMPLING SITES

The samplingé .of fungal spora were carried
out a2t the following sites: open fields, irrigation
farm cite and indoors (homes of allergic asthma and
non-acthmatic individunls). Two sites were used for
a year-round sampling of funpol cpora in the open
field, and these were desirnated as high altitude and
low 21ltitude respectively (Larsen, 1981; Al-doory,
et n2l., 1980; Lawande and Onyemelukwe, 198l),

High altitude

This site was the top of a water tank, about
one and half metres hirh »nd ot lesst, 0.5 metres
sbove the parapet of a two-ntorey departmental
building., The site stonds at between 12 and 15

metrea above pground level nn' wns not altered
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throurhout the investirntion, There were no build-
inss hirgher than ihin poin' from all directions and
therefore, no ohstructions to the free air-movement
from nmy direction, The reccon for chosing this
sile wns to ensure that funpnl spores and mycelial
frarcments with 1light weiphls ind poor responses to
the force of pgravity are ndequately collected for

aqualitative and quantitative analysis.

Low altitude

This site wﬁs the top of a platform, about 1,5
metres (breathing level) on the university main srorts
field, This site was relatively open with the
cloaest buildineg being over 00 metres away from the
sampling site; consequently there were no obstruce
tions to the free air movement, The reason for choos-
ing this site was to ensuré that fungal spores and
mycelial fragments with heavy weipghts, and with good
responses to the force of pgravity are adequately
collected for qualitative and quantitative analysis,

1

Irripation farm site

A raised stump, nboult 1 metre hipgh was used as
the sampling site; and the site was maintained for
the entire sampling period on the farm site. Farmers

are knowm to be hiphly disposed to particle
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_sensitization as a result of constant exposure,
Moreover, little evidences cre available on the
aeroaspora of farm sites (“neller end Roby, 1979).
The renron for choosine thin site was to determine
the fungsal spora of a farm cite to which farmers

could be having prolon-ed exnorure,

Indoor samplings
o

The homes of asthmatic patients and normal
individuals were sampled for viable fungal spora,
Sampling siteg were on top of the bed pillows of the
individual patients (Sneller and Roby, 1979). The
reason for choosing this site was to determine the
most abundant fungal spora of the homes of these
individuals since it has been reported by Roby and
Sneller (1979) that in almost all instances there is
rreanter percentapge correlation of positive skin test

with indoor colony forming units,

3.3 Methods of Sampling

TIMING: A1l samplin~s were done between 9,00
hours and 10,30 hours on ench samply day (once weekly),
However, in the case of form site, samplings were
done *ithin thn.snme time period, but on different

weok-ﬂnyn. Samplings in the homes were done when no
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activities of inhabitants were roing op. This is

to ensure that particles were not unnecessarily
discharpged into the air duvrins soempling, If any
form of human activities were roing on, especially
on the farm and the field, s'mnlings were deferred
ffor aboul, 7 hours or shitbed Lo Lhe nexl dny between
the chosen, hours, Similoarly, samplings were not

dene on days when there were rninfall before the

sampling hours,

Viable Sampline

Standard petridishes (15 x 100mm) containing
either Caboraud's dextrose arar or FPotato dextrose
arar (ncidified with 17 v/v tarteric acid) were
employed for samqlinn throurhout the investigpatioh,
The p]n}on were exposed for exactly 10 minutes and
immediztely labelled, A time of 15 minutes was
allowed in the case of indoor air sampling. For
every sampling session, an unecxposed plate of Potato
Dextrose apgar was used as a control to detect conta-
minations. After exposure, the plates were returned
Eo the Laboratory where they were incubated at room
temperature (Dransfield, 1966; Al-doory, et al., 1980;
Larsen, 1981; ﬁeed, et 21,, 1986; Lawande and
Onyemelukwe, 1981). This temperature was considered
to be optimum growth temnercture for saprophytic

fungi (Meyer, et al.,, 1983)., After satisfactory
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growth (3 - 10 days), colonies were counted and
purified by subculturing on to fresh, sterile agar

media,

Total fungal particlie sampling

Thoroughly cleaned and slerilized pglass slides
(25 x 75mm) were thinly coated with petroleum jelly
(Petroleum B.P. Chesebrourh - 'onds Inc,) and exposed
side by side, inside a petridish (to counter the
effects of the raised edpges of the petridishes
Above the agar 1evei). The dishes were immediately
covered nfter 10 minutes expostire and promptly
l1abelled, Particle count were made at 100 x objec-
tive, following gentle floodin~ of the slides with
lactophenol cotton blue, Counts per field were
taken as mean of 60 fields scanned (Burge, et al,,
1977). Total counts were determined using the

formula:

Total fungal particle = Averapge count/field x
aren of plate

T

Ll

where r is the radius of the microscopic field which

was taken as 0,08mm {Collins ond lLyne, 1976).

3.1 Mould and yeast identification

A1l viable mould isolntes were identified using

the conventional methods of microscopy and slide
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culture prepnrntion;. The schemes of Wolf, et al.,
19753 Smith, 1969; Beuchart, 1978; Collins and |
Lyne, 1976 etc were emnloyed for the identification
of the yeast isolates, while thone of Barnett and
Hunter (1972) were employed for the identification

of the mould isolnten,

3.5 Meteorological rdata

Meteorologlical data were taken for the entire
sampling peried at the Oamaru Weather Station :
(Irrigation Research .Jection), Institute for Agricul-.
tural Research, Ahmadu Bello University, Zaria,
These data were later used to study the influence
of Lhe various elements of weather on fungnl air

spora level.

3.6 4nnual flourish of arariciles and polyporales

Fungal forrays were conducted in search of
members of the Agaricales and lYolyporales in Zaria
area throughout this study. The samples were collect-
ed during the raining season between the months of
June and September, Senrches were directed mainly
to open fielﬁ, refuse dimes, dead stumps, tree trunks,
dead wbods, under the shade ol taller trees, animal
dungis, Eardens and farm sites where thesé organisms

are commonly encountered (Alewonculos, 1962). When
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encountered, they were identified in sittu, and
harvested to the laboratory for further identifica-
tion, Identifications were brrmed on the schemes of

Pilat and Usak (1961) and thore of Bon, et al, (1987).

1.7 Immunolorical studiesn

3.741 Preparation of fungal antiren for anim11
inoculation

Selected mould species were prown at room tempe-
rature in Czapek Dox broth for 71 days on Orbit
environ-shaker 18 (Lab=line in=truments, Inc,
I1linois) - to discourape spornlotion (Lopez, et al,
1676) . ;iltraten were lkept for further possible
uae., The mycelial mat were horveited by filtration
with Whatman No, 1 filter narer, washed twice in
sterile distilled water and cencentrated by centri-
fugation at 5,000 rpm for 15 minutes in Rench
centrifupge (Baird and Tatlock (lLondon) Limited),

The concentrated mnes were then slow-dried at 10°C

for 118 hours in a dryinz oven (iallenkamp Fngland),
The dried fungal mass were then crushed into very fine
powder in a clean morlar, The rowder was desirnated

"ecrude funpal antigen.”

Before use, the funral anligens were suspended
in physiological saline and filtered throuph plass

fibreas, Dry weipht of the surnension war determined
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as follows: A cleaned crucible was weighed, 10ml
of the antigen suspension wrs then pipetted into

the crucible, weighed and allowed to dry up at 100°C
in 2 drying oven (Gallenkamp !ngland). The crucible
was then allowed to cool and re-weighed. The dry

weight of the éuspended antiren was taken as:

(Wweight of crucible + antigen suspension) -
(weight of crucible + dry antigen) = weight of water,
Weight of antigen = (weicht of crucible + antigen
suspengion) = (weight of crucible + weight of water).
The antigen suspensions were then diluted with
sterile physiological saline so that they contained

125 ug/ml of antigen for animal inoculation,

1.7.2 Animal inoculation

For the purposé of animal inoculation, 21
rabbits were divided into 7 rroups of 3, BEach group
comprised 2 test animals and 1 control - appropriately
marked with dyes. The animols were allowed to adjust
to the laboratory environment for a week, after
which a set of blood samples was collected for diffe-
rential blood cells count, Pacophil degranulation
test and for the preparation of sera, Primary

inoculation was done 3 days later,
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. 3,742 (1) Primary inoculotion

The first 3 groups of rabbits were challenged

with fungal antigens prepared from Curvularia

lunata as follows:'A;iquots {(0.im1) of physiological
saline containing 5SOus of the antigen were inoculat-
ed inte 2 animals each intravenously, orally and
intranasally. Intravenous inoculation was done
through' the marginal ear veins. In each.case, a
third animal which was not challenged served as
control. The next 3 groupns of rabbits were
similarly inoculsted with antipens prepared with
Rhizopus stolonifer, The last one group comprising

3 rabbits were inoculated intravenously with mixed

antirens prepared by mixing Curvularia antipgen with

Rhizopus antigen in the ratio of 141 w/w and then
suspended in physiological saline at a concentration

of 125ug/ml.

Seven days later, 2 second set of blood samples
were collected for differential blood cells count,
Basophil degranulatioh test and for preparation of

[
sera.

1,7.2(ii) Secondary incculatien

The animals were inoculnted a second time with

antigens as described under section 3.7.72.(1).
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Another set of blood samnles was collected ] days
after the second inoculation, 72 hore sets of
blood samples were collected nt | days interval
“after the second inoculation. Following each
inoculation, the physical reactions of the rabbits

were ohserved and recorded,

1. 7«3 Differential bloeod cells count

Blood samples for differential blood cells
count were drawn into heparinised microhaematocrit
tubes (Bilbate Ltd, Devartry, knpland) until smears
vere made. To make the smear, a drop of blood
sample was placed in the centre 1line 5f a slide
(?cm from one end). fhe spreading slide with smooth
edge and narrower width than the slide on which the
film was to be made was placed at an anpgle about
1,5° to the slide and moved back to make contact with
the drop of blood. The drops spreasd out quickly
alonz the line of contact of the spreader with the
slide, The film was then soread, by a rapid, smooth,
forward movement of the spreader (Dacie and Lewis,
1968)., The smears were nir-dried and fixed for Iy
minutes in absolute methanol, 'The fixed smears were
allowed to air-dry and then stained for 25 minutes
in Giemsa stain, Tge differentinl blood cells
count records were based on the first 100 cells

counted; by the longitudinal strip method (Dacie and

Lewis, *1968),
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3.7.4 IN VITRQ BASOPHIL DRGRANULATION TEST

*

This test was based on the method described

by Benveniste (1977). About G millilitres of blood
were colleqted from each rabbil into test tubes
containing Ethylene diamine-tetraacetic acid (EDTA),
Concentrations ranging from 15ug/ml to 1M Oug/ml of
each of the 3 different antliren suspensions were
separately put into microtitre plate wells and
allowed to dry. 0.1ml of blood was added to each
well and aggitated, followed by 10 minutes incuba-
tion at 370C. The first well in each seriles contain-
ed no antigen and thus served as control wells.

After the incubatiéh period, 0.9ml of Giemsa stain

' was added to each well, arritated and the blood cells
allowed to étain with the Giemsa solution, The
conternst of the individual well (i.e. mi;ture of
antigen, blood cells and Giemse stain) was transferr-
ed intc haemocytometer chamber in succession with
dropping pipette, All normal basophil cells cyto-
plasms wi}l be stalned and can be counted, while
degranuiated basophil cells! cytoplasm will not |

, stain and can therefore not be counted but are estima-
ted as percent basophil degrrnulafion using the

formular: _:

Mo. of basophils - No, of bacophils
in control wells in tent wells

No. of Basophils in control wells
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The amounts of antigen in ug riving 50% basophil
degranulation were determincd by extrapolation (on
graphs of % basophil degranulntion vs concentration

of antigen); and the degranulation unit, expressed as:
1 . ' ! ; . -

1 X 100
ug of antigen causing : i
50% Qegranulation (Benveniste, 1977.

(

3,7.5 Immunopenicity of funral antipens based oni
route of Inoculafion .

Immune p{ecipitation method,'based on the
Ouchterlony agar gel diffusion technigue was used,
1% (w/v) ion agar was prepored and stabilized with
Iml of ©,1% (v/v) sodium azide, 20ml of the molten
agar were plpetted warm into standard petrl dishes
and allowed to gel. N wells were then punched out
of the agar gel by means ol type 5 cock borer (about
Smm diameter); consisting of a central well, surround-
ed by 3 other wells -  1,fcm apart., 0.25ml of anti-
gen suspension‘(dilutﬁd two-fold) was pilpetted into
the central wells, while the same amount of undiluted
antisera were pipetted into the surrounding wells.
Immunogenicities were deterhined based on the
formation of visible precipitin bands., The test was
repeated with the other antirenn nnd with sera from

the various animal challenfes. This was a prelimin:ory

|
|
1
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test to see if antibody hoas been produced against

the various antigens under study.

3,7.6 Determination of totnl serum antibody

This test was based on the vuantitative preci-
pitin test developed by lleldelberger and Kendal
(cited by Hudson and Hay, 1976). Incregsing guanti-
ties of antigen (ranging from Sug/tube to 60ug/tube)
were added to O.héml of Phosphate buffered saline
(pH 6.8) in serological tubes. 0.1ml of serum
samples from=the primary anrd secondary challenges
were fespectivel& added to ezch tube and thoroughly
mixed. The mixtures were incubated at 37?C for one

hour and at L,°C for 8 days,

At the end of the incubrtion perlods, the mixtures
were spined at 3,000 rpm for 5 miﬁutes and the super-
natents discarded, The precipitates were washed
“twice in cold phoséhate buffered saline by centrifuga-
tion, The final precipitates were redissolved in 3mls
of 0.7 N sodium hydroxide, The extinctions were read
at 250nm (SP6 ~ 200 spectrophectometer; Pye Unicam,
Ltd,, England). Serum antibodies (ug/ml were obtained

using the formular:
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Serum ab = 0D x extinction coefficient
sample volume (Tudson and Hay, 1976).

where: 2b

antibody concentrotion

0D

L}

Optical Density,

The test was carried out with:the different

antigen breparations.
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RESULTS

A total of 2,808 fungal colonies were obtained
from 102 plates exposed to the air in 'the year
round survey for fungal aeronllerpens in Zaria
atmosphere; 229 colonies were obtained from a 12
weeks survey of an irrigation farm site and 796
colonies were obtained from the homes of asthmatic
and non-asthmatic individuals during the same period
of 12 weeks., Thus, 3,833 colonies were isolated
during the period of this survey. The average
number of colonies sampled per plate was about 9,
and the average per week was nbout 60, The highest
count of 350 colonies was obtained in January, while
the least count of 93 colonies occured in April,
Other high counts wéfe obtained in February, May,
November and December with totnl colony counts of 266,
334, 297 and 275 respectively (4Appendix 1).

More than 38 genera of fungi were identified
from the air sampling of the oren field. As there
were no statistically simmific-nt differences between
the colony counts at Lthe high and -low altitudes
(P = 0.05;, they were merred nnd treated as total
count for the individual month (/Appendix 1). More

L

than 71 fungal genera were identified from the
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irrigation farm site (Table 1) and more than 18
genera from both the homes of asthmatic and non=-=

asthmatic individunls (Table 2),

The most common genus isolated from the air
spora was Fusarium spp (1! of total). This was

closely followed by. Curvularia spp (12,71% of total),

and Saccharomyces spp (10,58 of total). The least

encountered genera were: Cunninrhamela, Dreschslera,

Pestalotia, Speﬁazzinin, and yncephalagtrum (all
accounting for 0.2% of total colonies isolated)

(Appendix 1). Fusarium sop, !‘accharomyces spp.,

Curvularia spp, Asperpillus svp and  Peniecillium spp

dominated the dry season isolntes accounting for
17.39(;' 1”‘?85"3’ 10.71%'. (')-6}':- ond 7.66% of total dl‘y
season isolates respectively (Table 1). On the other

hand, Curvularia spp, Gliocladium spp, Saccharomyces

spp, Fusarium spp, Asperrillus spp and Penicillium

spp. dominated the wet season isolates accounting for
15.79%, 14.29%, 12.41%, 18,08;/, 6.,2% and 6.58%,
respectively of the wet season isolates (Table 1),

The dry season isolates of Fusarium, and Aspergillus

occured at a sigmificantly hirher level (P = 0,05)
than the wet season isolates., Generally, the dry
season fungal isolates occured at a significantly
hirher level (P = 0,05) thnn the wet season isolntes.
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Gliocladium spn, Curvilaria spp, Penicillium

spp, Rhodotorula spp and DS~echaromyces spp dominated

*the irrigation farm-site isolntes accounting for
224T%y 16,1656, 10.92%, 7429 and 6.99% of total farm

site isolates respectively, (Table 1). Aspergillus

spp and Penicillium sop dominated the indoors fungal

isolates together accounting for about 11% of the
total indoors isolates (Table ?), There were no
sipnificant differences (P =.0.05) between the
total isolates in the homes of asthmatic and non-
asthmatic patients.

The total‘fungal.narticlo counts (direct micro-
scopic count on grease-coated rloss slides) was
1,171,.08 with the hipghest counts occuring during the
harmattan periods (between October and February,
inclusive), 615,57 particles were counted in October,
while the’ counts for the months of November and
December were 131,24 and ;165,17 respectively., The
least count was obtained in April, and this amounted
to 120.146 particles (Appendix li). The mean percent-
apge monthly distribution of 7 most abundant genera

is shown in Figure 1,

10 genera of the Araricnles and 5 genera of the
Polyporales were collected during this investipgation.
They were commonly encountered during the raining

geason between the monthes of June and September,
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Some members of the Polynorales flourished even

beyond October (Table 3).

The physical reactions of exrerimental animals
to selected fungal aqtirnns-nrn shown in Table ),
All animals given oral challenre with fungal antigens
showed no observable responsen, while those pgiven
narcal challenges expressed some forms of irritation,
S of thé 6 animals piven intravenous inochlation died
within 2 week after the second challenge, Cne died
within 3 hours of second challenpe with mixed antipens,

All the antigens used elicited some forms of physical

responses in the animals,

A The mean differential blood cells count on 5
blood samples from each animrl nre shown in Table 5,
It can be seen from the table thnt the antigens used
and the route of inoculation did not produce any
chanpre from normal differentinl count, and were there-
fore reported as the mean of total differential blood

cells count for all the routes,

hifter the secondary challenpe with antigen,
there was a need to increase the guantity of Curvula-
ria antigen by 37.15% to be able to achieve a 50%
basophil degranulation in vitro. The corresponding

Tise in the quantity of Rhizorur antigen needed was
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318,869, 135.83% increase wns needed with the mixed

antigren preparation (Table &),

Serum antibodies were demonstrated against

antirens that were intravenoursly incoulnted, but not
with oral and ngsal inoculntions, The mean serum
antibody levels genernted by the different types of
antigen preparaticns (2s determined by optical

density measurements) are shown in Table 7.

Curvularia antipen caused about 120% rise in serum

antibody, after a second inoculation. The correspond-
ing values were 33% and 50;/ for Rhizopus and mixed

(Curvularia + Rhizopus) ~ntiren preparations respec~

tively (Table 7).

Repgression analysis usinr the spearman's rank
correlation co-efficient (R = = 1 to +1), showed
that majority of the fungi isolated during this
investipgation had positive correlation with the mean
of mmnual asthma attendance at the Ahmadu Bello
University Teaching Hospital (Asthma Clinic) based
on five-years record considered (Table 8), Similarly,
the occurrences of some of Lhe fungal isolates in
the air correlates significontly (P = 0,05) with

those of the others; thus, for lelminthosporium and

Fugarium, R = 0,632; for furcobnsidium and

Fusarium, R = 0.680; for Uacchoromyces and Curvularia,




R = 0,758, Others were: Oclerotium and Mycelial

0.95%: Syncephalastrum and Mycelial

sterilia R

i

sterilia, R 0.9h23 Torula and gﬁndoépnrium,

R = 0,918; Geotricum and Cladosporium, R = 0,Sll;

Arthrorraphis and Fpicoccum, I = 0,92],3 Spegazzinia

and Crndida, R = 0.951; Syncephnlastrum and

Sclerotjum, 1 = 0,963 Cunninrhamela and Monilin,

R = 1.000 etc (Appendix G),
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TABLE 1: PERCENT!.GE VIABLE COUNT OF AIRBCRNE FUNGI

(8 Plateau/month) CCLLECTED BETWEEN

OCTOR:R 1989 AND SEPTEMBER 1990

100

U 250N SEASON WET SEASON FARM SITE.
% OF % OF ¢ OF T % CF
TOTAL TOTAL TOTAL TOTAL
Fusarium . 1739 8,08 13.99 3.06
Curvularia 10.71 15,75 12:71 16,16
Saccharomyces 1128 12 131 10.58 6.99
Gliocladium 5.95 M.29 9.15 22,7
Aspergillus 9,63 6.20 8.1 6.11
Penicillium 7 +65 6.58 8,08 10,92
Helminthosporium 6,63 .79 5,98 1.1
Mycelial sterilia 5.21 2,16 o7 3,06
Rhodotorula ”,72 5,83 3.92 7.h2
Aureobasidium 3.29 3,10 3.2 5.24
Cladosporium 3,06 2.73 2,96 #
Cephalosporium 1.26 2.5L 2,07 0.4
Alternaria 153 3.76 1.89 0,87
Epicoccum 2415 1.4 1.89 0.87
Candida 184 1.79 1,82 524
Trichoderma 2.,10 1.03 y 0.hly
Mucor 0,28 3.67 1+57 2.18
Rhizopus 1:13 2.07 15 3.06
Nigrospora 0,91 017 0.61 -
Humicola 0,96 0,28 0.75 0,87
Others#* lL.25 1.03 2.83 3,149
Total 100 100 100

(LSD = (P=0,05)

*Phoma, Torula, “temphylium, Geotricum, Arthrographis,

Papularis, Bipolaris, Jclerotium, Blastomyces, Monilia,

Stylopape, Chaetomium, Cunninghamela, Dreschslera,

Pestalotia, Spepgarzzinia, Syncephalastrum, A few unidenti-

fled.
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TABLE 2: FUHGI VIABLE COCUNT OF AIR SAMPLING IN THE
HOM=3 OF “57HMA AND NON=-ASTHMA PATIENTS =

\ A TJELVE W5NY SURVEY

Asperpgillus TTa9 17 « 81
Penicillium 21.94 19,18
Saccharomyres 13.71 8,90
Rhizopus 9,36 19,86
Curvularia .77 5.8
Mycelia sterilia* 6.93 518
Mucor h.35 10,96
Rhodntorula 5.81 ‘ 0
Helminthosporium , 2.58 .90
Fusarium "h.35 0
Gliocladium 2 .90 0
Candida 0.8 2.7
Aureobasidium 0,97 0
Monilia 0,97 0
Alternaria 0.65 0
Neurospora - 0.8 0
Epicoccum 0.32 0
Unidentified 0 0,69
Total 100 100

LSD = (P=0,05)

* Non-sporulating species,
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TABLE 5: MEAN DIFFERENTIAL PLOCD CELL CCUNTS ON
FIVE BLCOD SAMPL!MS COLLECTED FRCM THST
AND CONTRCL ANIMALS (ALL ROUTES OF
INOCULATION*)

CELL TYPFS AND MEAN NUMBER CCUNTED

Nos of GSources of Bnso- Eosino- Pand Neutro- Lympho- Mono
Aniqaln Antigen. . phil phil Cells phil cytes cyte

6 Curvularia 0 011 0,80 NJ1.h9 57 .72 0.49

6 Rhizopus 0 0.91 Ce13 NW1.43 57,07 0,37

2 Mixed
(Curvularia O 0.4 0.3 36.6 56.7 1
+ thizopus)

g Controls 0 0.59 0.19 h2.31 55,96 0,93

* Route of inoculation did not influence the cell counts,

LSD = (P=0,05)






