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lnvasive aspergillasis - n rabbit model 
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An invasive nspergillosis mtldel in rabbits was attempted using 3 concenuatiws of A. funligarw 
uonidia. Conidia ancenlra~ions af 1 X 106, 1 x 10' and I x 1 P wcre inoculated inlravenouslp into 
raljbits. The severiry oC inreclion was directly proporlional to the inoculum size of hc conidia. 
A ~pu~i l l1rs~1irn igat11~ W as isolaled from Iive-rs, kidneys, spleens, hcarts and lungs of infwtcd rabbits 
at  a rdte of 82%, 75%: 57%. 54% and 32% respectively. Culmre.,p oi ulil~e specimens rahl by hladdcr 
cap were positive for A. JLn!i~nlus in 30%: <)of thc rabbits tes~ed. Blood cultures using  he Baciec 
Fungal Sysrcin (Bccton Dickirlson Corp., USA) failed to isolare A ,  fumigcrtw in 20 rabbits wilh 
blopc;y-provcn invasive apergillosis. Aclive infection W i tli high fungal tissuc burden occurred 
between 2-4 days after infection in rabbits inoculated with 1 x I O 7  conidiu. 
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Invasive ltspergillosjs is a life r h m ~ n i n g  op- 
portunistic infection in the i r~~unocomprorn i~cd  
hast. Antc-mortem diagnosis of invasive 
aspergilltnis by conventional inerhods i s  not 
helpful: ct~l~ures of blotd and urine are mostly 
negalivel.= and sputum is pr lsi~ivc for Asycrgil- 
lirs species in only 8-34% or c ~ s ~ s . ' ~  Erzrly 
diagnosis of invasive aspcrgillosis: is dependerit 
on the derecrion of infwtion apwific antigens in 
the cir~uladon.~ Howevcr. rntjsl scrological tests 
developedfor anugen de~eclion are nor available 
commercially. .4 latex agglutination kit, Pistorex 
Aspergillu~l, ( Institute Pasteur, France ) which 
d e w &  the gnlactornmnan atl~igen of chc' AT- 
pergild~rs has bwn marketed. This k i ~  is rcportcd5 
to detccl rho gulaccomarlnan antigen at a mini- 
rnum lcvcl oi 1 Sngln~l  and to have high sensi- 
tivity and specil'icity. Howcvcr, from our ex- 
perience, this kit demonstrates fa lse positivity if 
serum spcci~nens contain trace amounts of red 
blood wII lysis or i f  the serd is conserved in he 
blood c l o ~  prior 10 its scp;lr;~hon. Additionally, 
this kil is very expensive. Thcsc shortcomings 
limit h e  vnhie of the latex iigg1utin;ition kit. 
There is 3 need to develop a more rel~able and 
cheaper serological technique for aspergilli an- 
tigen detection. However. immu~iodiagnostic 
studies are dependent on the avnilnhility or 
specime~~s from proven clinical cases of invasivc 

aspergillosis or specimens from animal models. 
Since- the former is riifficult to obrain, animal 
models of the mfection have to be es~nblishd. 
The aun of d ~ i s  srudy is to  cstahlished an invasive 
aspergdlosis model using rabbits which can be 
usedfor immunodiagnostic studies in the future. 
In this study, 3 wncenlrarions of Aspsrgilltu 
fumigat~s cr~nidia were ased to infect r d ~ h i ~ .  
The rela~irmship of the 3 doses of A. funtigatfls 
c o n i d i ~  to thc severity of infection in these 
rabbits w ~ s  alscl investigated. 

MATERIALS AND METHODS 

A s p e r g i l l u s ~ u ~ ? ~ g a s  M 175/85 used in lhis study 
was isolated from H trachcul aspirate of a dia- 
betic patient: wit.h pulmonary abwesses and who 
waq not responding 10 cniibiotics. 

Conirlia ol' A. jumignttrs ,M175185 were har- 
vested by washing 6 day old Malt Agar cultures 
of A. fumigafus with 0. I % T w u n  81) made up in 
0.8% NaCl,. The fungill suspcnsion was the11 
filtered aseptically 1hn)ugfi 4 layers of €awe 
and vurtexed vigorously wilh glass-heads in 
order to  clhtain a suspension of singly dirjperved 
conidi;~ of A. firnri~a~us. The concentration of 
viablc conidia was delernlined by culturc. Thc 
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viability of the conidial suspension was not 
affected when kept at 4°C for 1 week. 

Rabbit model 

Thirty local female rabbits weighing 1.8- 2.8kg 
were used. Rabbits were divided into 4 groups, 
A, B, C and D. Rabbits in groups A, B and C 
were injected through the lateral ear vein with 
viable conidia of A. fumigatus. Twelve rabbits 
(No. l to 12) in group A received 1 X 106 viable 
conidia in 0.5ml of NaCL-Tween 80 solution. 
Another 12 rabitts (No. 13 to 24) in group B 
received 1 X 107 viable conidia and 4 rabbits 
(No.25 to 28) in group C received l X 108 viable 
conidia. Two rabbits (No.29 to 30) in group D, 
which constituted the control group, were in- 
jected intravenously with 0.5ml of NaCL-Tween 
80 solution. The rabbits were observed for a 
period of 28 days. In group A, 2 rabbits at a time 
were sacrificed by cutting the bilateral jugular 
vein at 2 ,4 ,7 ,14,21 and 28 days post-infection. 
All rabbits in this group had remained healthy 
by gross appearance at the times of sacrifice. 
Rabbits in group B and C were sacrificed when 
they appeared moribund. Moribund rabbits were 
weak and non-agile. Some rabbits in group B 
and C also died as a result of the infection. 
Necropsies were conducted on all rabbits that 
were sacrificed or that died. Representative por- 
tions of the liver, kidney, spleen, heart and lungs 
that appeared infected were selected, weighed 
and finely ground with a mortar and pestle. 
Dilutions of the tissue suspension were plated 
out in duplicates onto Saubouraud Dextrose 
Agar containing antibiotics (Oxoid) and cultured 
at 37"c for 1 week. During animal experimenta- 
tion, the instituition's guidelines for laboratory 
animal care was adhered to. 

Blood culture 

Blood from 22 rabbits (2 controls and 20 in- 
fected rabbits) were collected by intracardiac 
punture just before sacrifice. Out of the 20 
infected rabbits from which blood was col- 
lected, 12 were from group A (1 X 106 conidia), 
7 from group B (1 X 107 conidia) and l from 
group C (1 X 108 conidia). Immediately after 
collection, 10 m1 of blood was inoculated into 
Bactec Fungal system (Becton Dickinson, Corp. 
The bottles were incubated with aeration at 37OC 
for 1 week. Two readings a day for 1 week were 
taken using the NR 730 system (Becton 
Dickinson, Corp., USA). Readings of 30 and 
above were considered positive for aspergilli 
growth. A week after culture, Bactec Fungal 

systems were opened aseptically and subcul- 
tured onto Saubouraud Dextrose Agar at 30°C for 
another week. 

Bladder tap culture 

Bladder tap procedures were conducted on 10 
rabbits: 1 rabbit from group A, 6 from group B 
and 3 from group C. The urine samples ob- 
tained were centrifuged at 4,000g for 10 min 
and the sediments cultured onto Saubouraud 
Dextrose Agar for 1 week at 37°C. 

RESULTS 

Progression of infection 

The progression of infection in the rabbits was 
assesssed by the rate at which the rabbits were 
moribund or died throughout the course of in- 
fection (Fig. 1). Of rabbits inoculated with 1 X 

108 conidia, 50% and 100% were moribund or 
dead by days 2 and 4 post-infection respec- 
tively. In the group that received 1 X 107 conidia, 
50% and 100% of the rabbits were moribund or 
dead by days 3 and 11 post-infection respec- 
tively. All rabbits which were given 1 X 106 
conidia remained healthy for the whole duration 
in which the animals were maintained. 

Isolation of A. fumigatus 

Table 1 demonstrates the frequency in which A. 
fumigatus were cultured from organs, urine and 
blood of rabbits inoculated with A. fumigatus 
conidia. Rabbits injected with 1 X 108 conidia 
demonstrated 100% recovery of A. fumigatus 
from liver, kidney, spleen and heart. In rabbits 
that received 1 X 107 conidia, 100% isolation of 
A. fumigatus was obtained in the livers and 
kidneys only. Aspergillus fumigatus was most 
frequently isolated from the liver, followed by 
kidney, spleen, heart and lung of all infected 
rabbits. The overall rates of isolation of A. 
fumigatus from liver, kidney, spleen, heart and 
lung of all inoculated rabbits were 82%, 75%, 
57%, 54% and 32% respectively. All blood 
cultures were negative for A. fumigatus. Culture 
of urine taken by bladder tap procedure were 
positive for A. fumigatus in 3 out of 10 rabbits: 
1 that was inoculated with 1 X 107 conidia and 2 
inoculated with 1 X 108 conidia. Tissues and 
blood from control  rabbits which were 
uninoculated were negative for A. fumigatus. 

Fungal tissue burden 

Aspergilli load in tissues was greatest in rabbits 
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FIG. 1: Progression of infection in rabbits inoculated intravenously with 3 concentrations of 
viable Aspergillus furnigatus conidia. 

TABLE l: Isolation of Aspergillus fumigatus from rabbits infected intravenously 
with viable conidia 

Liver 
Kidney 
Spleen 
Heart 
Lung 
Urine 
Blood 

Average % 
positive 

Rabbit group 

No. organs positive/ Total no. cultured (%) 
All rabbits A B 

Group A: Rabbits inoculated with 1 X 106 conidia 
Group B: Rabbits inoculated with 1 X 107 conidia 
Group C: Rabbits inoculated with 1 X 108 conidia 
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TABLE 2 : Aspergillus furnigatus load in tissues after 1 X 106, 1 X 10' and l x 10"iable conidia 
inoculation into rabbits. 

Days post-infection/Concentration of viable conidia inoculated/CFU (log,,) per gram of tissue. 

2 4 7 I I 14 21 28 - 
Organs 1x10' lx107,' lxlOXb Ix1V 1~10' 1x10' 1x10' 1x10' 1x10' 1x10' IxlOh lxlW l x l O b  

Liver 1.93 3.45 6.30 2.41 3.59 6.54 2.lh 3.29 NDc 2.42 1.41 0 0 

Spleen 1.30 1.70 4.74 048 3 1 3  592 O 018 VD 2 4 5  0 06 0 

Heart 0.70 2.05 5.92 0.48 0.78 1.04 1.56 0.60 ND 0.30 U 0 06  

Lung 1.84 0.70 7.60 0 0.48 4.52 O O ND O 0 0 0 

Rabbit l .?  13,14 25,2G 3.4 11.",23 28 3.6 7 20 7.8 9,11 10,12 

a All rabbits inoculated with I X 10' viable conidia were sacrificed or died by day l l post-infection. 
h All rabbits inoculated with I X 105iah le  conidia wcrc sacrificed or died by day 4 post-infectinn. 
c ND = not done. 

infected with I X 10k cuuidia, followed by rab- 
bits infecled with I X 10' and 1 X 10Qonidia 
(Table 2). 111 rabbits infected with 1 X 10; conidia, 
the highest fungal load in liver, kidney and 
spleen were detected in rabbits sacrificed at the 
4th post-infection day. A rabbit thal received I 
x 10R conidia and which d ~ e d  at day 4 post- 
infection de~nons~ratcd at leasr 1Ol fold less as- 
pergillj load in the heart lhan other rabbits given 
the same dose [ha1 died earlier. 

DISCUSSION 

The severity of /l.fnmigntus inreclion in rahhits 
was found to bc dircctlp proportionnl ro rhe 
inoculum dose of viable conidia. When the in-  
oculum dose was increased 10 fold serially form 
10"o 10"he rate a1 which rabbits were ttmri- 
hund or dead and the frequency of fungal isola- 
tion in tissues also rose. The fungal load was 
also greater in rabb~ts lnjected with higher con- 
centrations of con~dia than lower. 

Amongst the tissues examined for infection, 
the liver and kidney of the rabbits were found to 
be the main target organs of A .  fitnllgatrt.r. In 
contrast, the lung was the organ leas1 inlectcd; it 
had an overall isr~lation rate of 327c compared to 
82% for liver and 75% for kidney. The low 
isolation rate from Lhe lungs could be due to the 
efficient ingestion and destruction of the in- 
oculated conidia by alveolar marcrophages as it 
has been reported that alveolar niacrophges can 
destroy conidia without any need for oxidative 

hurst of T cell m o d u l a t i o n . ~ I t h o u g l i  A .  
.firrr~igurus was readily isolated from the various 
types of tissues examined. none was isolated 
from hlood samples. This could be due to their 
abscncc, or the isolation technique used was not 
suirable Tor the recovery of A. ,fumigar~ls. I t  has 
been reported that the isolation of this fungus , 

from blood is extremely difficult. ' m 2 - ?  

Alrhough gross parhological changes in  in- 
fecred animals were widespread and clearly seen 
as niicroabscesses in the liver: kidney, spleen 
and lung. they were less noticeable in the hearc. - 
.17hel.efore, samples of heart tissue with different 
lcvels of infection [night have accounted for the 
ohscrvation of a vast difference in  fungal load in 
[he hcarts of 2 ~xbhi ts  from the same inoculum 
eroup. 

When the selection of one of the 3 conidin 
i~ locu lun~ doses used in this study werc consid- 
ered fur establishing an inr asive aspergillosis 
model which could be used in immunodiagnostic 
srudies, the dose of 105viable conidia per rabbit 
was considered nor suitable as the progression 
of infection leading to death was too rapid. It 
was felt diat a dose of 10' was more suitable as 
at this dose the rahhits were highly infected but 
thal thcprogression of fatal infection was slower 
than rabbits inoculated with 108 conidia. 
ThereCorc, the use or  lhis dose would create rt 

wider pcriud of lime in which infection w i ~ h  
high fungal lissue load can be examined before 
rhe rabbits died. Jn rabbits inoculated with 1 x 
10' conidia, the concentration of aspergilli in 
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tissues was high between 2 - 4 days post-infec- 
tion. It was also during this interval of time that 
75% of rabbits were moribund or dead. Weiner 
and Coats-Stephen7 demonstrated the highest 
tissue load of Aspergillus and greatest death rate 
between 2-5 days of infection. Antigenaemia in 
invasive aspergillosis which correlates with 
disease activity is also most likely to be detected 
at 2-6 days post-infection."""" 

Rabbits which were infected with 1 X 107 
conidia seemed to demonstrate the progression 
of infection which is most suitable for 
immunodiagnostic studies. Future work will 
concentrate on detection of antigens in sera of 
rabbits which are similiarly infected. 
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