
Mycopathologia 87, 3-11 (1984). 
�9 Dr W. Junk Publishers, Dordrecht. Printed in the Netherlands. 

Recent  studies on aspergiliosis in turkey poults  

J. L. Richard, J. R. Thurston, W. M. Peden & C. Pinello 1 

National Animal Disease Center, U.S. Department of  Agricuhure, Ames, IA 50010; 1 Dothan Road, RFD 

103, White River Junction, VT05001, U.S.A. 

Abstract 

A review of the studies on aspergillosis in turkey poults at the National Animal Disease Center include 

limited field studies, pathogenicity studies, and vaccine development. Natural ventilation in turkey rearing 

houses was effective in reducing airborne propagules of four major fungal genera, but the effectiveness of 

ventilation appeared to be limited by the width of the building. Aspergillusfurnigatus was more effective than 

A. flavus in producing mortalities in aerosol exposed poults. Toxigenicity of A. flavus did not enhance its 

pathogenicity, and no apparent aflatoxin production occurred during pathogenesis in infected turkey poults. 

Spores of A. furnigatus were disseminated quite rapidly in poults exposed to aerosols, and alveolar macro- 

phages from respiratory lavages taken immediately after exposure contained spores of A. furnigatus. 

Vaccines produced from germlings of A. fumigatus and administered to turkey poults were the most 

efficacious of five vaccines tested against challenge exposure to aerosols of A. furnigatus spores. 

Introduction 

Aspergillosis is a common respiratory disease of 

avian species (1), and frequently causes mortalities 

of 5-10% in domestic flocks. The disease usually 

involves the air sacs and lungs, but may become 

systemic. The causative agents of the disease belong 

to the genus Aspergillus with A. furnigatus as the 

most frequently isolated pathogen and A. flavus as 

the second most common pathogen. Both species 

are ubiquitous and the disease is worldwide in oc- 

currence. 

Other than occasional reports of outbreaks or 

unusual infections occurring in various species of 

birds, there are few recent reports on studies of 

avian aspergillosis. However, comparative studies 

of aspergillosis have indicated that turkeys are 

more susceptible than chickens (2). Only a limited 

number of studies have been done with aspergillosis 

of turkey poults. We have investigated some aspects 

of aspergillosis of turkey poults with limited field 

studies, pathogenicity studies, and development of 
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vaccines for protection against aspergillosis in 

young turkey poults. 

Field studies. Infection by A. fumigatus or A. fla- 

vus in turkey poults and other avian species is pri- 

marily by inhalation of spores of sufficient number to 

establish an infection. Airborne spores of these 

pathogenic fungi are a potential hazard to birds 

because they occur in confinement rearing houses. 

Although several investigators have studied the 

mold flora in poultry houses (3-9), including the 

flora of litter and the air, little attention has been 

given to turkey rearing houses. 

We had the opportunity to examine the mycoflo- 

ra in the air and woodchip litter of a turkey con- 

finement brooder house in Iowa during the time in 

which a group of turkeys were housed. We also 

examined the flora of lungs, brain, liver and blood 

and the serologic response of selected birds at var- 

ious time periods to an A. fumigatus antigen (10). 

The study was done from March to June when the 

weather changed from winter conditions with snow 



and temperatures of -18 ~ C to spring with ambient 

temperatures as high as 27 ~ C. 

Seventy-three species of fungi were isolated from 

air, litter or tissues. Fifty-nine species were isolated 

f rom the air, 33 species f rom the litter, and 36 

species from the tissues (71% from the lungs) of 

selected poults. Seven species of fungi isolated from 

tissues were not isolated f rom either litter or air. 

Perhaps the source of fungi found in the tissues 

could have been from the feed. Certainly those 

species that were found in tissues are common con- 

taminants of feed grains (10). Both A.flavus and A. 

fumigatus were isolated once from turkey tissue; 

A.flavus was isolated eight times and A.fumigatus 

was not isolated from air samples taken during the 

study. Neither species was isolated from the litter. It 

should be emphasized that aspergillosis was not a 

problem in this brooder house and that the source 

of both A.fumigatus and A.flavus could have been 

the feed which was not subjected to mycological 

examination. The major genera found from all iso- 

lations were Scopulariopsis, Penicillium, Aspergil- 

lus, and Petriella. Using these four genera as indica- 

tor organisms one can follow the airborne myco- 

flora density changes in the turkey brooder house 

during the study under changing conditions, pri- 

marily in ventilation (Fig. 1). Prior to samples taken 

on March 8, the house had been empty of poults for 

two days, the deep litter had been tilled, the house 
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Fig. 1. Changes in the density of airborne propagules of 
Scopulariopsis A, Penicillium A, Aspergilus o, and Petriella 0 in 
a turkey brooder house during a three-month period. Arrows 
indicate days on which the house was sprayed and the litter was 
tilled. 

sprayed with a water mist and then with a 1% 

solution of 2 hydromethyl 2 nitro 1,3 propanediol. 

At this time the windows were opened for ventila- 

tion and the number  of isolations of those genera 

varied. However, after the windows were dosed 

and the small poults were in the warmed house 

(34 o C) the number of isolates were lower except 

for Petriella. The number  of isolations of these four 

genera increased initially and then decreased as the 

weather improved and the windows remained 

opened after April 28. Interestingly, the conditions 

of the house were similar on March 8 and June 6, 

yet there were no isolations of these fungi on the 

latter date. However, the windows in the house had 

been opened for a much longer period prior to June 

8 than on March 8 allowing for a decrease in the 

population of airborne fungi. While exact mea- 

surements were not made, observations on other 

turkey confinement houses having dust problems, 

revealed that the airborne dust was considerably 

reduced with cross ventilation. Also, natural venti- 

lation appeared to he better than forced air ventila- 

tion because the latter failed to produce the correct 

air exchange in the houses to eliminate dusty condi- 

tions. Efficient natural ventilation occurred in 

those houses that were 15.5 m or less in width. In 

those houses with good ventilation, there were no 

problems with aspergillosis while those with 'dust '  

problems had considerable losses primarily caused 

by aspergillosis. 

Of  144 sera tested for antibody to an A.fumiga- 

tus antigen only four were positive with the gel-pre- 

cipitin test while 93 were positive with the passive 

hemagglutination test. The low number of birds 

having precipitins to A.fumigatus was expected as 

A.fumigatus was not isolated from the air or litter 

during the study. The passive hemagglutination test 

is considerably more sensitive than the precipitin 

test but it is less specific in that cross-reactions have 

been obtained with antisera against A. niger, A. 

flavus, A. ochraceous, and Penicillium sp. (1 I). 

Pathogenicity studies. Only a few studies have 

been conducted whereby poultry have been exper- 

imentally exposed to agents of aspergillosis by 

aerosol (12). Methods have been developed at the 

National Animal Disease Center to conduct such 

exposures in turkey poults so that some degree of 

reproducibility could be attained. The methods 

have been described previously (12), and the expo- 



Fig, 2. Exposure chamber and apparatus for exposure of turkey poults to aerosols of fungal spores (12). 

sure apparatus described is shown (Fig. 2). Briefly, 

dry spores of A. fumigatus, or other fungi, were 

aerosolized into the plastic aerosol chamber (1 m 3) 

containing the turkey poults. Assessment of uni- 

formity and concentration of the spore cloud was 

conducted during all exposures using a particle 

counter and impingement samplers as described 

(12). 

Several exposures of three-week-old turkey poults 

to A. fumigatus spores were conducted to deter- 

mine dosages that would kill approximately 50% of 

the poults within an eight-week postexposure peri- 

od. Eventually, we determined that aerosolizing 

72 mg of spores having a viability of 5 X 106/mg 

spores resulted in approximately 5 X 105 colony- 

forming units/gm of lung tissue in poults killed 

immediately after a 10 min exposure. This dose 

level caused death in about half of the exposed 

poults in a two-week postexposure period. A com- 

parison was made by exposing a group of poults to 

72 mg and another group to 144 mg of spores with 

the same viability and other conditions similar (Ta- 

ble 1). Doubling the amount of spores did not in- 

crease the number of colony-forming units/gm of 

lung tissue in exposed poults and number of deaths 

were increased slightly (Table 1). Deaths usually 

occurred within two weeks postexposure but orga- 

nisms could be recovered from many surviving 

poults that were killed at eight weeks postexposure. 

Since A.flavus is a frequent cause of aspergillosis 

in poultry (13-16), and since A. flavus isolates from 

the respiratory tract of birds have been shown to 
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Table 1. Mortality, antibody production, and recovery of A. fumigatus from lung tissue of turkey poults exposed to aerosols of 

A.fumigatus spores (16). 

Amount of Exposure Viable A. fumigatus Deaths No. positive A. fumigatus 

spores time in lungs for precipitating recovered 

aerosolized (min) colony-forming units/ antibody 

(mg) g lung tissue 

72 10 4.4 • 105 3/9 6/6 5/6 (8 weeks PE a) 

144 t0 5.6 • 10 s 5/9 3/4 1/4 (8 weeks PE) 

a PE = postexposure. 

produce aflatoxin, we compared the pathogenicity 

of an aflatoxigenic strain of A. flavus with a non- 

aflatoxigenic strain (12). Aerosol exposures of tur- 

key poults were conducted similar to that used for 

A. furnigatus. 
Similar results were obtained with both strains of 

A. flavus (Table 2). To attain the quantity of spo- 

res/ gm of lung tissue, approximating that causing 

about a 50% death loss with A. fumigatus, a larger 

quantity of spores of A.flavus was required (Table 

2). Also, the length of time of exposure was in- 

creased up to 50 and 60 min to attain the desired 

exposure. However, even though the exposure dose 

approximated that which killed about 50% of 

poults exposed to A. fumigatus, only one death 

occurred among all of the poults exposed to the A. 

flavus strains (Table 2). 

While A.flavus could be recovered from most of 

the pours  at two weeks postexposure and about 

20% of the poults at eight weeks postexposure, 

none of the poults developed precipitating antibo- 

dies to A.fumigatus or A.flavus antigen (Table 2). 

Almost all of the poults surviving the A. fumigatus 

exposure developed precipitating antibody to A. 

fumigatus (Table 1). Results of this comparison of 

A. flavus strains indicated that toxigenicity of A. 

flavus did not enhance its pathogenicity nor did the 

organism appear to produce aflatoxin in animal 

tissues as assays for aflatoxin in lung and liver 

tissues of poults were negative. 

No differences were noted in the visible lesions 

produced by the A. flavus isolates or A. fumigatus. 
Grossly, the early lesions noted were small (< 

1 mm) white nodules occurring in lung tissues and 

similar sized caseous plaques on usually thickened 

air-sac membranes. In well developed cases, the 

plaques were larger and more numerous on the 

thickened air-sac membranes; these plaques tended 

to coalesce in clumps in more advanced cases. In 

field cases these clumps of caseous material became 

larger and in some instances would become 3-4 cm 

• 1.5-2 cm in size within a single air sac. It was not 

unusual to find the greenish organism sporulating 

on the surface of such accumulations. 

Histopathologic examination of stained sections 

of lung tissues from exposed poults revealed no 

differences in the lesions caused by A. flavus or A. 

fumigatus except more tissue was involved in the 

Table2. Mortality, antibody production and recovery of A.flavus from lung tissue of turkey poults exposed to aerosols of spores of an 

aflatoxigenic and a nonaflatoxigenie strain of A. flavus. 

Amount Exposure Viable A. flavus Deaths No. positive A. flavus 

spores time in lungs for precipitating recovered 

aerosolized (min) colony-forming units/ antibody 

(rag) g lung tissue 

1800 a 50 5.3 • 105 0/12 0/12 10/12 (2 weeks PE c) 

1800 a 50 5.3 • 105 0/10 0/10 2/10 (8 weeks PE) 

1800 b 60 2.9 • 105 0/25 0/25 - 25/25 (2 weeks PE) 

1800 b 60 2.6 • 105 1/15 0/14 3/14 (8 weeks PE) 

a Aflatoxigenic strain. 

b Nonaflatoxigenie strain. 

c PE = postexposure. 



disease process where A. fumigatus was used. The 

early lung lesion was characterized by small ac- 

cumulations of lymphocytes, some macrophages 

and a few giant cells. Later, typical granulomas 

would be found consisting of a central area of ne- 

crosis containing heterophils surrounded by mac- 

rophages, giant cells, lymphocytes and some fi- 

brous tissue. The late granulomatous lesion, typi- 

cally seen in poults surviving the eight-week post- 

exposure period, consisted of a necrotic center 

surrounded by giant cells and a thick layer of fi- 

brous tissue (Fig. 3). 

Signs of disease in the exposed poults included, 

depression, drooping wings and head, and dyspena; 

occasionally torticollis and, less frequently, cloudi- 

ness of the eye were noted. Onset of signs usually 

occurred no earlier than 48 h postexposure. 

During necropsy, occasional birds infected with 

A. furnigatus had white to yellow circumscribed 

lesions present either in the cerebellum or cerebrum 

and less frequently in both areas of the brain. These 

lesions and the cloudy eye were of frequent enough 

occurrence that they were considered related to the 

disease process particularly since torticollis was oc- 

casionally observed as a sign of disease (most nota- 

bly in poults infected with A. fumigatus). 

Histopathological examination of stained sec- 

tions of brain lesions revealed solitary abscesses 

consisting of necrotic centers infiltered with hete- 

rophils and surrounded by giant cells. Hyphae were 

observed in the central area of some abscesses. The 

eye lesions were characterized by edema or the 

pecten and heavily infiltrated with heterophils and 

mononuclear cells. Typical granulomas could be 

found in the pecten (Fig. 4). Fungal elements, hete- 

rophils, macrophages and cellular debris were 

found in the chambers and retina of the eye. Edema 

fluid and some heterophils were found in the sclera 

and surrounding tissues. 

The brain lesions observed were considered to be 

the result of hematogenous dissemination because 

Fig. 3. Late granulomatous  lesion of aspergillosis in the lung of a 

turkey poult, consisting of a necrotic center with giant ceils 

surrounded by a thick layer of fibrous tissue containing a few 

scattered heterophils. H&E 63 X (12). 

Fig. 4. Lamina of the pecten in the eye of a turkey poult infected 

with A. fumigatus. The pecten is edematous,  infiltrated with 

heterophils and mononuclear  cells. Note the granuloma at the 

right. H&E 40 X (12). 



they were typical of lesions described in humans 

which resulted from hematogenous dissemination 

(17). Similarly, the eye lesions appeared to be the 

result of hematogenous dissemination because the 

infection involved the posterior chamber of the eyes 

and not the corneal surface as described previously 

(1). Therefore, we investigated the possibility that 

spores of A. fumigatus entered the blood stream 

following aerosol exposure of turkey poults. 

Twenty-four poults were exposed (two repli- 

cates) to an aerosol of A. fumigatus spores for 15 

min. Blood samples were taken for culture from all 

birds at 0, 6, 12 and 24 h postexposure. Three poults 

were killed at each bleeding time except at 24 h 

postexposure. All remaining poults were killed. 

Lung, liver, and brain tissues were removed from 

each poult and cultured (18). 

The majority of the poults had spores of A.fumi- 

gatus in their circulating blood immediately after 

aerosol exposure for 15 min (Table 3). Also, lung, 

liver, and brain tissues collected from three poults 

in each replicate were culturally positive at this 

time. By 24 h postexposure, many of the poults still 

had spores in their circulating blood and most 

tissues were culturally positive. 

Similar results of entrance of spores in the blood 

stream were obtained when A. flavus spores were 

used in a similar study (18). 

In an effort to determine the mechanism by 

which the spores entered the blood stream, a group 

of turkeys were exposed to an aerosol of A.fumiga- 

tits, the poults were killed immediately and respira- 

tory lavage was conducted. The suspension was 

centrlYuged, and the pellet of cells resuspended in 

M199 medium and the cells were allowed to attach 

to glass sides by incubation in tissue culture slides 

for 30 min at 37 ~ C. Fixed and stained cells could 

then be observed by light microscopy. 

Spores of A. furnigatus could be observed as 

blue-green bodies 3-4 #m in diameter attached to 

or within the light pink stained cytoplasm of many 

of the macrophages in the preparation (Fig. 5). 

Often the macrophages contained more than one 

spore. 

Because phagocytosis (at least ingestion) is quite 

rapid within the respiratory tract of turkey poults, 

the rapid appearance of A. fumigatus in the blood 

stream and tissues of exposed poults could be ac- 

complished by macrophage migration from the 

respiratory tract into the lymphatics and blood. 

An unexpected finding was the attachment of 

spores of A. fumigatus to red blood cells washed 

f rom the respiratory tract of exposed poults (18). 

This at tachment could result from compatible re- 

ceptor sites on the red blood cell surface with specif- 

ic chemical configurations on the spore surface. 

However, at tachment of spores to red blood cells 

was not a frequent finding and thus would not 

appear to be a major mechanism for transport  of 

spores f rom the respiratory tract to circulating 

blood. 

Vaccination studies. Past attempts to immunize 

rabbits against Aspergillus fumigatus infection 

with 'endotoxin '  have produced varying results 

from affording some protection to no protection 

(19-21). Viable spores of A. fumigatus adminis- 

tered to mice and ducks have provided some protec- 

Table 3. Isolation of A. fumigatus from blood and other tissues of turkey poults at four time periods after exposure to an aerosol of 
spores of A. fumigatus NADC 0073. 

Time (h) Blood Lung Liver Brain 
after exposure 

0 Replicate l 16/24a(0.6-11,2) b 3/3 (3.2X105) c 3/3 (203) 3/3 (1033) 
Replicate2 13/24(0.6-4.6) ~ 3/3 (3.2x105) 3/3 (32) 3/3 ( 26) 

6 Replicate l 6/21 (0,6-4.6) 3/3 (2.0x105) 3/3 (122) 3/3 (503) 
Replicate2 9/21 (0.6-1,2) 3/3 (5.1X105) 3/3 (39) 3/3 ( 2 3 )  

12 Replicatel 12/18(0.6-22.0) 3/3 (3.3X105) 3/3 (19) 1/3 ( 1.1) 
Replicate2 8/18 (0.6-5.2) 3/3 (3.2X105) 3/3 ( 9 )  3/3 ( 2 6 )  

24 Replicatel 13/15 (0.6- 6.6) 15/15 (l.lxl05) 12/15 (15) 12/15 ( 36) 
Replicate2 4/15 (1.2- 3.0) 15/15 (1.2X105) 9/15 (15) 15/15 ( 5) 

a Number of birds culturally positive/number of birds exposed. 
b Range of number of colonies/ml of blood. 
c Average number of colonies/g of tissue. 



in experiment 3, except that the vaccines were pre- 

pared by suspending in Freund's complete adjuvant 

and the vaccines were administered intraperitoneal- 

ly. All poults were challenge exposed to an aerosol 

of spores of A. fumigatus at one month of age. In 

experiments 1,2 and 3, the respective aerosol dose 

used to challenge expose the turkeys was 2.2 X 106, 

5.2 • 105 and 1.1 • 10 6 colony-forming units/g of 

lung tissue. Each vaccine in experiments 1 and 2 

was tested in 21 poults and in experiment 3 in 14 

poults. 

In experiments 1 and 2, the germling vaccine 

(IV) administered subcutaneously protected 38 

and 48%, respectively, of the poults challenge ex- 

posed to an aerosol of A.fumigatus spores (Figs. 6 

and 7). In experiment 3, the other germling vaccine 

(V) proved most efficacious when administered in- 

traperitoneally, because 57% of the poults were 

protected to challenge exposure (Fig. 8). Vaccine 

IV protected 29% of the poults given the challenge 

exposure. Either the intraperitoneal route is better 

Fig. 5. Spores (arrows) of A.fumigatus within the cytoplasm of 

alveolar macrophages.  

tion from death following I.V. challenge exposure 

(22, 23). No previous attempts have been made to 

vaccinate turkeys against challenge exposure to A. 

fumigatus. We have conducted three experiments 

where groups of turkeys were vaccinated with dif- 

ferent vaccine preparations and their immunity was 

challenged by aerosol exposure to A. fumigatus 

spores. 

The vaccines, prepared as described (24) from an 

isolate of A. fumigatus, were: a culture filtrate vac- 

cine (I), a spore vaccine (II), a mycelial vaccine (III), 

and two germling vaccines (IV and V). The germ- 

lings in the latter two vaccines were produced on 

two different media. In the first two experiments, 

the vaccines were suspended in phosphate buffered 

saline and the poults were vaccinated by giving each 

poult two subcutaneous inoculations of the respec- 

tive vaccine at one and two weeks of age (24). All 

birds were vaccinated using the same time schedule 
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Fig. 7. Mortality of turkeys vaccinated subcutaneously with dif- 

ferent vaccines from A. fumigatus and challenge exposed with 

an aerosol of A.fumigatus spores of 5.2 • 10 3 viable U/g of lung 

tissue (experiment 2). Nonvaccinated controls O; culture filtrate 

vaccine I e; spore vaccine II zx; mycelial vaccine III [2; germling 

D&H vaccine IV =; germling Neo vaccine V A. 

than the subcutaneous route for vaccination or 

perhaps the Freund's adjuvant rendered the vaccine 

more efficacious. Regardless, the germling vaccines 

appear  to provide the greatest potential for use in 

further studies of vaccination for avian aspergillo- 

sis. 

The vaccines do not protect against infection by 

the organism because there was evidence of consid- 

erable infection in survivors based on lesions ob- 

served in the lung tissue on hist ophathologic exam- 

ination, and the cultural recovery of A. fumigatus 

from lung tissue. Perhaps, the vaccines reduced the 

severity of the disease or increased resistance result- 

ing in an increase in survivors among those groups 

having some protection. 

While the intraperitoneal route of vaccine admin- 

istration was investigated for purposes of examin- 

ing the efficacy of vaccines, this route would not be 

acceptable as  the vaccines caused considerable ad- 

hesions in the viscera of these poults. Also, we 

investigated the possibility of administering vac- 

cines suspended in saline by the intratracheal route. 

This route was not considered after preliminary 
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Fig, 8. Mortality of turkeys vaccinated intraperitoneally with 

different vaccines from A.fumigatus and challenge exposed with 

an aerosol of A.fumigatus spores of 1.1 • 10 6 viable U/g  of lung 

tissue (experiment 3). Nonvaccinated controls �9 culture filtrate 

vaccines I o; a spores vaccine II z~; a mycelial vaccine III El; 

germling D&H vaccine IV =; germling Neo vaccine V A. 

studies whereby poults given the second dose of 

certain vaccines died within a short time after vac- 

cinationl Obviously, the intramuscular route of 

vaccination would not be practical due to tissue 

destruction. Therefore, further work utilizing the 

subcutaneous route and adjuvants would appear  to 

be most logical. 

Conclus ions  

1. Field studies have indicated that natural ventila- 

tion in a turkey rearing house reduced the air- 

borne mycoflora as evidenced by reduction in 

the airborne propagules of four major fungal 

genera. Natural  ventilation appeared to be more 

efficient than forced air ventilation in turkey 

rearing houses 15.5 m or less in width. 

2. While no differences were noted in the visible 

lesions produced by A. fumigatus or A. flavus 

isolates, the latter required more than ten times 



t h e  a m o u n t  o f  s p o r e s  a e r o s o l i z e d  a n d  a l o n g e r  

p e r i o d  o f  e x p o s u r e  to  a t t a i n  t he  q u a n t i t y  o f  spo -  

r e s / g  o f  l u n g  t i s s u e  a p p r o x i m a t i n g  a 5 0 %  m o r -  

t a l i t y  w i t h  A. fumigatus. N o n e  o f  t h e  p o u l t s  

e x p o s e d  t o  A.flavus d e v e l o p e d  p r e c i p i t i n s  w h i l e  

a l m o s t  a l l  b i r d s  e x p o s e d  to  A. fumigatus d e v e -  

l o p e d  p r e c i p i t i n s .  T o x i g e n i c i t y  o f  A. flavus d id  

n o t  e n h a n c e  its p a t h o g e n i c i t y  a n d  n o  a p p a r e n t  

a f l a t o x i n  p r o d u c t i o n  o c c u r r e d  d u r i n g  p a t h o -  

genes i s  in  i n f e c t e d  t u r k e y  p o u r s .  I n f e c t i o n s  o f  

b r a i n  a n d  eyes  w e r e  n o t  u n c o m m o n  in  b i r d s  

e x p o s e d  to  a e r o s o l s  o f  A. fumigatus s p o r e s  a n d  

A.fumigatus c o u l d  b e  i s o l a t e d  f r o m  b l o o d ,  b r a i n  

a n d  l ive r  i m m e d i a t e l y  a f t e r  a 1 5 - m i n  e x p o s u r e  to  

a n  a e r o s o l  of A.fumigatus s po r e s .  S p o r e s  o f  A.  

fumigatus c o u l d  b e  o b s e r v e d  in  a l v e o l a r  m a c r o -  

p h a g e s  f r o m  r e s p i r a t o r y  l a v a g e s  t a k e n  i m m e -  

d i a t e ly  a f t e r  s u c h  e x p o s u r e s .  

3. V a c c i n e s  p r o d u c e d  f r o m  g e r m l i n g s  of A.fumiga- 

tus a n d  a d m i n i s t e r e d  to  t u r k e y  p o u l t s  w e r e  m o s t  

e f f i c a c i o u s  o f  f ive v a c c i n e s  t e s t e d  a g a i n s t  cha l -  

l e n g e  e x p o s u r e  to  a e r o s o l s  o f  A. fumigatus 

spo res .  N o n e  o f  t h e s e  v a c c i n e s  p r o t e c t e d  a g a i n s t  

i n f e c t i o n ,  b u t  r e d u c e d  m o r t a l i t i e s  b y  3 8 - 5 7 %  

d e p e n d i n g  u p o n  r o u t e  o f  v a c c i n a t i o n  a n d  use  o f  

a d j u v a n t .  
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