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INTRODUCTION 

Infection of the bovine placenta by a fungus was first 

reported by Theobald Smith in 1920 (20) . Bovine mycotic 

abortion has s ince been recognized in man y part s of the world 

(1 pp •. 53-56, 9 , 24) . As other causes of abortion are c on-

trolled, fungal infections resulting in abortion assume 

gr eater importance. In 1 961 Austwick and Venn (5) , in Eng-

land , reported that fungi were the etiologic agents in 19.2% 

of the cases of bovine abortion investigated during a 6- year 

period . Hillman ~ al. (14) found fung i t o be the cause of 

8 . 8% of the cases of bovine abortion submi tted t o the New 

York State Diagnostic Laboratory in 1960-61 . However, when 

c onsidering only cases in which an etiol ogic diagnosis was 

made , 36% of the New York cases were due to f ung i. These 

authors state that, "Fungi c ontinue to be the pr incipal 

diagnosed cause of abortion in New York state cattle ." 

Eighteen species of fungi have been implicated in mycotic 

abortion; the organism most commonly found is Aspergillus 

~igatus , whi c h has been isolated in 64% of the cases (1 pp . 

53- 56 ) . 
Present knowledge of mycotic abortion is l argely 

limited t o the fetu s and placenta. Except for the act of 

abortion, this condition is asymptomati c in the dam . 

Aborting cows are usually retained in t he herd with subse-

quent p r egnancies being normal . 
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The pathogenesis of the disease i s not well unders t ood . 

Mycoti c abortion is thought to result f r om exposure t o 

aer osols with primar y pulmonar y involvement followed by 

hematogenou s dissemination to the uterus . The lesions in t he 
placenta suggest a hemat ogenous r out e of infection of that 

organ (1 pp . 53-56, 7, 9, 20). The gastr ointestinal tract 

may be the portal of entry in some cases (11) and ascending 

infection by way ?f the vagina has also been sugge s ted (18). 

This latter r oute , of doubtful significance in the cow, may 

be im9ortant in the mar e (15) . 
Limited investigations of experimentally pr oduc ed 

abortion in cattle have been reported (7, 10 ). These 

studies were concerned primarily with comparing the placental 

lesions observed in the exper imental disease and those 

found in naturally occurring cases. Lesions outside of the 

genital tract have been reported only when a large inoculum 

was given or when the experimental cows had intercurrent 

bacter ial infection. 

Asuergillus fumi gatus was used in this study because 

of its pr edominance as the etiologic agent in pr oven case s 

of mycotic abortion. Since placental infection is believed 

to be the r esult of hematogenous dissemination f r om a 

primary f ocus elsewhere in the body the intravenous route of 

inoculation was chosen. Ewes were chosen for this s tudy 

instead of cows because of similar pl acentation, shorter 
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gestation period, smaller size, and similar nutritional 

r equirements. 

The objectives of this investigation were to: (1) 

produce abortion in ewes by intravenous inoculation with 

spores of Aspergillus fumigatus, (2) observe the course of 

the drsease produced, and (J) study the development of the 

lesions in the ewe with particular emphasis on those 

occurring in the placental attachment. 
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LITERATURE REVIEW 

The pathogenesis of mycotic abortion has not been 

resolved. It has been suggested that placental infection 

results either from hematogenous dissemination from a 

primary focus of infection in the lung or gastro- intestinal 

tract or from an ascending infection of the genital system. 

Smith (20) believed that the nature of the placental lesions 

indicated a hematogenous infection of that organ . Bendixen 

and Plum (7) considered that the primary infection was 

pulmonary but that the infection was only transient in the 

l ungs and spread hematogenously t o the placenta . 

Ainsworth and Austwick (1 pp . 53-56) stated that there 

was every indication that the infection was originally derived 

from the spores of fungi present in large numbers in mouldy 

hay, straw and feedstuffs and hence also in the air of cow-

sheds . A high incidence of benign nodular lesions was found 

in the lungs of healthy dairy cows by Austwick (4). He found 

asteroid bodies in 66% of 49 pairs of lungs obtained from a 

slaughter house . One-half of these bodies contained swollen 

hyphae . 

Cordes , Dodd and O' Hara (9 ) reported mycotic abortions 

in association with acute mycotic pneumonia . They concluded 

that the nature of the uterine lesions indicated a hema-

t ogenous route of inf ection but they drew no conclusions as 

t o the r oute of pulmonary infection. 
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The gastro- intestinal route of infection was suggested 

by Gortsevskii (11). He reported a sporadic illness in cows 

with gastro-intestinal symptoms , lesions in the omasum and 

aboma sum and abortion of cows in late pregnancy caused by 

f:: · furn i gatus . Rollinson and Haq .. (18) suggested the 

ascending route of in~ection . They isolated Absidia corymbi-

f era f rom the vaginal discharge of a c ow which had aborted 

and from the prepuce of the bull that had served her . 

Limited investigations of experimentally produced 

abortion in cattle have been reported . Gilman and Birch 

(10) inoculated 5 cows intravenously with suspensions of 

Eucor species producing abortion in 1 c ow and placental 

infection Nithout abortion in a second . Bendixen and 

Plum (7) produced abortion in 5 c ows by intravenous 

inoculation . Three cows were given spores of ~ · fumi~atus , 

1 received spores of Absidia ramosa and 1 spores of both 

or ganisms . They also attempted t o produce abortion by 

feeding cultures t o 4 c ows , but were not successful . In 

both reports the authors concluded that the placental lesions 

observed in the experimental infection were similar to those 

found in naturally occurring cases. 

Abortions caused by fungi usually occur l ate in preg-

nancy ; although, they have been observed as earl y as the 

third month . Pluo (l ~ ) found that 75% of 111 cases studied 

were in the last 3 months of pregnancy . Austwick and Venn 
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(5) reported the distribution of 140 cases; ?J. 6% were in 

the last trimester and 25 .7% in the second trimester. 

Austwick and Venn (5) reported a high winter incidence of 

mycotic abortion, wi th 68 . 8% occurring f r om November t o 

April inclusive . This high winter incidence did not corre-

spond t o the peri od when most cows were in the 7th to 8th 

months of pregnancy which occurred in July-August . Van 

Ulsen (25) noted that the percentage of cases doubled after 

the wet summer of 1954 when conditions for haymaking were 

poor . 

Ainsworth and Austwick (1 pp. 5J- 56 ) in reviewing the 

literature up t o 1957 stated that noticeable symptoms in 

the dam, either before or aft er the act of abortion, had not 

been r e corded. Gort sev skii (11) , in 1960 , r eporting a 

sporadic illness in cows a ttributed t o !· f umi gatus infection, 

noted depression, fever , rumen atony, diarrhea , r apid emaci-

ation, circulatory insufficiency, pulmonary edema and some 

deaths . Cows in advanced pregnancy aborted . Hemorrhagic 

infarcts were observed in the abomasal mucosa, fo lds of the 

omasum and in the liver. Asper gillus f umigatus was isolated 

from selected l esions a nd hyphae were demonstrated in 

sections . Cor des , Dodd and O' Hara (8) reported 8 cases of 

mycot i c abortions in which the cows died of an acute f ungal 

pneumonia within 4 days after the abort i on. 

Changes associated wi th mycotic infection of the 
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placenta have been described by Smith (20 ) , Bendixen and 

Plum (7) and Austwick and Venn (5) . They found an exudat e 

between the chorion and the uterine wall , necrosis of the 

caruncular stalk with retention of maternal tissue on the 

cotyledons and enlarged necrotic cotyledons with a cra t er-
. 

like depressed c enter . In some cases these changes were not 

present in all the cotyledons. The intercotyledonary chorio-

allantoic membrane (CAM) was edematous and had small raised 

lesions on the surface. These usually coalesced to give the 

chorion a thickened leathery appearance . Bendexin and Plum 

concluded that in most cases the appearance of the placenta 

was similar to that found in "contagious abortion". The 

principal microscopic changes described by these authors 

were hyperemia, hemorrhage , necrosis and neutrophilic 

exudation . Fungal elements were observed in necrotic 

cotyl edons . 

Cordes, Dodd and O' Hara (9) observed similar gross 

lesion in the placenta as well as lesions in the uterine 

wall in one of their cases . The latter cow had died of 

mycotic pneumonia 24 hours after aborting and had irregular, 

elevated or eroded, dark red patches up to several cm. in 

diameter on the uterine musosa . These wer e covered in 

places by irregular , thin, yell owish grey, firmly adherent 

pseudomembranes . Similar microscopic changes were found in 

all tissues . These consisted of necrosis and thrombosis of 

capillaries, arterioles and small arteries with necrosis, 
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hemorrhage and suppur ation in the surr ounding tissues . 

Fung i have been r ecovered from fetal stomach contents , 

fetal skin lesions and fetal l ung . Ther e have been no 

r eports of involvement of other fetal organs . Austwick and 

Venn (5) determined the incidence of hyphae i n the stomach 

contents of aborted f etuses in which fungal infections of the 

pl a c enta were established . In 63 such cases they found that 

15 (24%) had negative stomach contents but positive placentae . 

The most frequent l esions r eported in the fetus have 

been those in the skin. Austwick and Venn (5) reported skin 

lesions in 49 of 105 fetuses (47%) . Differ ent t ypes of skin 

l esions have been described by various authors (5 , 9, lJ ) ; 

(a) discret e , raised, gr ey fo ci ; (b) diffuse white areas 

which were not raised or inflammed, and (c ) soft red , slightl y 

el evated f oci . The histopathologic changes reported (9, 13 ) 

were necrosis , hemorrhage and suppuration in t he dermis with 

vasculitis and thrombos i s of der mal vessels . 

Smith (20 ) and Gilman and Birch (10) reported the 

isolation of fungi from fetal lungs . No description of 

lung lesion s was given in either report . 

Eighteen species of fungi have been implicated in 

myc otic abortion; the organism most c ommonly found is 

Aspergillus fumigatus , which has been isolated in 64% of the 

cases . This or gani sm t ogether with other As per gill i and 

members of the genera Abs i dia and r~ucor account for 86% of 
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the fungi associated with abortion (1). 

Aspergillus fumigatus, the agent chosen for these 

experiments, has been described by Raper and Fennell (17). 

This organism, a cosmopolitan saprophyte, is abundant in 

soils and in decomposing organic matter, including forage. 

It is the predominate fungus in moldy hay and straw, baled 

at 40% moisture content, and in moist plant materials under-

going rapid decomposition with heating. It is known to 

germinate and gr ow at temperatures up t o 50°c . 
Colonies of A. fumi gatus gr owing on Czapek's solution 

agar vary from velvety to floccose. They are white at fi rst 

becoming green with development of conidial heads . The 

r everse of the colony is usually colorless, but maybe yellow, 

green or even red-brown. Globose echinulate conidia , 2 . 0 

t o J .5 f-' s in size , are born in parallel chains in a tightly 

compact column on a singl e row of sterigmata . The conidi-

ophores are smooth with a flask shaped vesicle , which is 

usually fertile only on the upper one-half . Sclerotia or 

cleistothecia are not found . The hyphae of A. fumigatus 

are hyaline , septate, have parallel sides and measure 

approximately J jJ- in diameter . 

A knowledge of the anatomy of the ovine placenta is 

essential for the presentation of the results of this study. 

The salient features of the placental anatomy of the sheep 

a s described by Wimsatt (26 ) are presented . In all higher 

mammals the chori on bears vas cular villi which engage the 
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uterine mucosa . This f unctional union of mat erna l and fetal 

tissues for~s the placenta . In sheep the chorionic villi 

are gathered into tufts , the cot yledons ; these cotyledon s 

ar e separated by extensive areas of avillous chorion , the 

intercotyledonary CAM. The villi of the cotvledons urotrude 
v -

into r ounded elevations of the endometrium, the caruncles . 

The caruncle plus the cotyledon const itutes the placentome . 

A cross section of an ovine placentome is depicted (Figure 

1) . From the base of the concave ca r uncle (Figure la) 

maternal septae extend toward the hilus (Figure 1 ) of the 

placentome and interdigitate with the fetal villi . The 

septae are composed of maternal vessels and supporting 

connective tissue and are covered by a syncytium derived 

fr om t he binucleate g i ant cells of the chorioni c epithelium. 

Beginning at about the ?Oth day of gestation, the tips of 

the septae undergo hyaline degeneration with rupture of 

maternal vessels and the formation of hematomata (Fi gur e l e ) 

which a r e characteristic of the ovine placenta . These are 

f ormed in the space between the bases of t he fetal villi . 

The mat e rna l blood supply to the pl a centome has been 

described by Barcroft and Barron (6) . Br anches of the 

miduterine a rter y penetrate the base of the caruncle and 

send r adial branches into the septae . The latter give off 

few if any branches as they tra ve l toward the tip of the 

septae . After traversing approximately J/4 of t he distance 

t oward the hilus these arterioles break up abruptly into a 



Figure 1. Cross section of an ovine placentome showing the 
base of the caruncle (a), the intercotyledonary 
CAM, (b) and the hematomata (c). The dotted 
line encloses the hilar region. This placentome 
was considered to be normal. Hematoxylin and 
eosin stain x 6.5. 



\~ .. _ ·C...-..._ 

21 



13 

dense capillary network which extends to the end of the 

septae . Capill aries from this bed, lead back toward the 

base of the septae approximately parallel to the arteriole 

and c ommunicate with veins in the base of the caruncle. 
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PROCEDURES 

Animals 

Fifteen crossbred western ewes, from one flock, con-

stituted the principal and control animals for the A. 

fumigatus infection studies. Two Suffolk ewes, from a 

different f l ock , were inoculated intra-arterially with latex 

spheres to determine the effects of non-infectious mechanica l 

blockage of the maternal blood supply to the pl a centa . All 

ewes were bred at the National Animal Disease Laborator y 

and breeding dates wer e recorded. The animals used for 

these experiments with duration of pregnancy at t he time of 

inoculation are listed in Table 1. 

During the experiments, the ewes were housed in groups 

in r ooms with a filtered air supply and controlled temper-

ature and humidity . 

Preparation of Spore Suspensions 

A strain of A. fumi gatus, originally isolated from the 

s tomach contents of an aborted bovine fetus, was used for 

these studies. Spores were obtained from 8-day- old cultures , 

grown at 25°c. on Sabouraud dextrose agar (SDA), by washing 

the cultures with sterile phosphate buffered saline , 0 .15 M, 

pH 7.4 (PBS) containing 1% Tween 80 . These washings were 

centrifuged at 8,000 x G for 20 minutes , the supernate 

decanted , and the spores resuspended in 0 . 01% Tween 80 in PBS . 
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Table I. Summary of pertinent information for al l experi-
mental animals used in this study 

Duration of p r egnancy 
Animal in days when Days PI Pl a c entaa 
nw11ber inoculated when kill ed Aborted infected 

16 

18 

37 

6 7 

41 

46 

17 

9 

10 

6 0 

22 

6 9 

42 

38c 

4oc 

74d 

24d 

68 1 no + 

100 2 n o + 

102 2 n o 

98 4 n o + 

100 4 no + 

1 00 8 no + 

1 01 8 no + 

101 9 yes + 

101 9 yes + 

85 11 yes + 

97 12 yes + 

101 23 yes + 

81 26 n ob + 

107 1 4 n o 

98 6 yes 

98 29 no 

105 41 no 

aAs deter rained by micr oscopic and/or cultural examination 

bFetal maceration occurred 

cEwes for intra- arterial injection of latex spheres 

dDiluent controls 
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The concentrated spore suspension was dispensed into JO 

ml . vaccine vials in 5 ml . aliquots , shell f r ozen i n a mixture 

of dry ice and isopropyl alcohol, and stored a t - 4o0 c. 
Samples of the spor e suspension, examined microscopically , 

were found to be f r ee of mycelial fragments and conidial 

heads . 

The number of viable spores per ml . in this su spension 

was determined by making plate counts . Serial dilutions 

of the concentrated spore suspension in PBS were made and 

pour plates were made in triplicate from appropriate 

dilutions using SDA . Colony counts were made following J 

days incubation at 25°c . 

Inoculation of Ewes 

Three days prior to the inoculation of ewes , a vial 

of frozen spore suspension was thawed and the number of 

viable spores per ml . determined. on the day of inoculation, 

the concentrated spore suspension was thawed and diluted 

with 0 . 01% Tween 80 in PBS t o g ive an estimated final 

concentration of 2 x 106 viable spore s per ml . based on the 

previous plate counts . 

A plate count was performed on an aliquot of the 

inoculum in order to determine the actual number of viabl e 

spores injected . Each of the principals in this study were 

g iven 1 0 ml. of the inoculum intravenously via t he jugular 

vein; the controls were g iven 10 ml . of the diluent , 0 . 01% 
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Tween 80 in PBS . The intravenous inoculation study was 

perfor med as duplicate experiments ; 7 principals and 1 con-

trol were used in the f irst experiment and 6 principals a nd 

1 control were used in the second. The spore dose for each 

principal was approximatel y 2 x 107 viable spores. These 

ewes were approximately 3 months pregnant at the time of 

inoculation (Table I) . During the experiments , the ewes 

were observed and temperatured dai l y . 

Blood Studies 

Blood samples for t otal and differential leucocyte count s , 

hemoglobin and packed cell volume (PCV ) determinations were 

taken preinoculation and postinoculation (PI) at 2 days , 5 

days , and thereaf ter at weekly intervals or a t the time of 

abortion. The disodium salt of (Ethylen edi nitrilio) Tetra-

cetic acid (NaEDTA) was u sed as an anticoagulant . Smears 

for the differential leucocyte counts were prepared from 

thi s blood within 4 hours after coll ecti on. These smears 

were stained by the Wright- Giemsa technique (19 ). The PCV 

was determined by the microhemat ocrit method1 • The hemogl obin 

concentrati on was determined by the oxyhemoglobin method (21 ) . 

Blood samples for culture were taken befor e inoculati on 

and PI at 5 minutes , 1-1/2 hours , 4 hours, 8 hours, 24 hours 

1 Hematocrit Centr ifuge , Mode l MB, International Equipm~nt 
Company, Boston, Massachusetts . 



18 

and 48 hours. In the first experiment, blood samples were 

placed in sterile vials containing dried ammonium and 

potassium oxalate. This blood was cultured by streaking 

0 . 2 ml. on the surface of a SDA plate and incubating at 25°c. 

Col onies identified as !• fumigatus were enumerated as they 

appeared and plates without growth were held for 2 weeks 

before discarding. 

This pr ocedure was altered in the second experiment in 

order t o enhance the detection of the or ganism. Two ml. 

blood samples were taken i n syringes conta ining 0.3 ml. of 

a 5% soluti on of sodium citra t e . The entire 2 .3 ml. was 

distributed, directly from the syringe , onto 4 SDA plates 

and streaked on the surface of the agar. 

Postmortem Pr ocedures 

Ewes were killed by electrocution on the f oll owing 

days PI: 1 (first experiment only) , 2 , 4, 8, and thereafter 

at the ti~e of abortion (Table I). The controls were held 

until all other ewes had been killed . 

At postmortem examination, the uter us was removed 

intact , the uterine wall of the p r egnant horn inci sed , 

amniotic fluid aspirated with a syringe and n eedle and then 

the fetal membranes opened and the fetus r emoved . Fetal 

stomac h contents and amniot ic fluid specimens were centri-

fuged at 2 , 900 x G for 1 0 minutes and the sed i ment cul-

tured on SDA and examined microscopically for fungal 
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elements by mounting a drop of sediment in a mixture of 

equal parts of 20% KOH and Parker Super-Chrome blue-black 

ink (P-51 stain). Fetal tissues routinely taken for 

culture and histopathologic examination were lung, liver, 

spleen, and kidney. Tissues for culture were placed in 
. 0 sterile plastic petri dishes and stored at -40 c. Tissues 

for histopathologic study were placed in 1 0% formalin . 

After removal of the fetus, the placenta was examined. 

Placentomes were sliced and wet mounts prepared of scrapings 

from the cut surface using P-51 stain. In cases with more 

advanced lesions, some of the cotyledons were separated 

manually from the caruncles . Specimens of placentomes 

were both frozen for culture and fixed in 10% formalin. 

After examination of the placenta was completed, it was 

r emoved from the uterus and the mucosa washed and examined 

for visible lesions. In the first experiment, sections of 

uterine wall were taken only when gross lesions were present . 

In the second, sections were taken r outinely for both 

culture and histopathologic examination; these included 

gr oss lesions when present . 

Tissues outside of the genital tract r outinely sampled 

culturally were: brain, lung, heart , diaphragm, liver, 

spleen, kidney, adrenal; and bronchial, mediastinal, internal 

iliac and popliteal lymph nodes . At the time of postmortem 

examination, these were frozen. When cultured, weighed 
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samples of the various tiss ues were ground in PBS, 9 ml./gm. 

of tissue, in a Waring blender, or, fo r small pieces, in a 

Ten Broeck grinder. In the f irst experi~ent, 1 ml. of the 

r esulting suspen sion was streaked on the surf ace of a SDA 

plate ; in the sec ond experiment, J plates were streaked from 

each susp ension, 1 ml ./plate . All plates were incubated at 

25°c . and those without g r owth were held for 2 weeks before 

discarding . 

Ti ssues for histopatholog ic study included those taken 

f or culture and , in addition, thyr oid , pancreas and pitui tary . 

All tissues, excep t brain, were fixed in 1 0% for malin. The 

br a in was f i xed in 25% for malin and sections cut f r om the 

cerebral c ortex , basal gan glia, thalamu s , superior c olliculus, 

cerebellum, and medul l a oblon gata . Paraplast1 was used as 

in inf iltrating and embedd~ng material . Sections were cut 

7 ~ thick using a r otary mi cro t ome 2 . The stains and staining 

pr ocedures used are described in t he manual of h istologic 

and special stainin g techniques of the Armed Forces Insti-

tute of Pathol ogy (2). Hematoxylin and eosin staining was 

used r outinely and Gridley ' s Fungus stain for demonstration 

of the or ga n ism . 

1Aloe Sc ienti f ic, 3501 Raleigh Ave ., So . Minneapoli s 16 , 
Minnesota . 

2 rriodel 829 , American Opt i cal Company, Buffalo 15, New 
York . 
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Intra- arterial Injection of Latex Spheres 

A suspension of latex spheres1 was injected i n to the 

middle uterine a rtery of 2 ewes, numbers 40 and J8 , which 

were 98 and 107 days pregnant, respectively, at the time of 

injection . 8 This suspension contained 4 x 10 particles per 

ml . as . determined by counting in a hemocytometer2 • Prior 

to use, Thimer solJ was added to the suspension to a final 

concentration of 1 : 5 , 000 . 

A laparotomy was performed using thiamylal4 sodium 

intravenously as a general anesthetic , the middle uterine 

artery exposed, and the suspension injected . For ewe number 

J8, 1 . 4 ml . of the suspension was injected into the r ight 

middle uterine artery; thi s was thought to be the pr egnant 

horn at the time of surgery . When the procedure was 

repeated with ewe number 40, 12 ml. of the suspension were 

inject ed , 5 ml . into the left uterine artery and 7 ml. into 

the right uterine arter y . 

1 Styrene , divenyl benzene, capolymer latex spheres, 
particle diameter 6- 14}"', Run No . EP1J58-ll, Bio- product s 
Department , Dow Chemi cal Co ., Midland , Michigan. 

2spencer Bright-line Hemocytometer , American Opt ical , 
Instrument Divisi on, Buffal o 15 , New York . 

JMerthiol a te - Eli Lilly Company, 740 So . Alabama St ., 
Indianapolis , Indiana . 

4surital , Par ke Davis and Company, Joseph Campau Avenue, 
Detr oi t J 2 , Michigan . 
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Ewe number J8 was killed by electrocution 14 days after 

injection, and ewe number 40 at 6 days after injection . At 

postmortem examination, the uterus was removed, opened and 

examined for gross lesions as described before . Wet mounts 

in P- 51 stain were made of fetal stomach contents and 

scrapings from canuncular and cotyled.onary lesions . These 

were also cultured on SDA as described above . Sections of 

uterine wall and placentomes were fixed in 10% formalin, and 

processed for histologic study as previously described . 
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RESULTS 

Clinical Observations 

Following incoulation of the ewes with spores of A. 

fumigatus there was a rise in rectal temperature of 2 to 3 

degrees and a slight increase in respiratory rate . These 

returned to normal values by 4 days after inoculation . No 

other abnormalities were observed in these ewes until t he 

act of abortion had started. 

Cultural Examinations 

Blood 

Cultures of blood samples taken at 5 minutes PI were 

positive for ~· fumigatus in 5 of the 7 ewes in the first 

experiment and in 3 of the 6 ewes in the second experiment. 

After this time positive cultures were obtained occasionally 

with none be~ng positive after 24 hours in experiment 1 and 

after 8 hours in experiment 2. The results of the blood 

cultures are tabulated in Tables II and III. 

Tissues 

Asperigullus fumigatus was isolated most frequently 

from placental tissues, fetal stomach contents and amniotic 

fluid. Infection in maternal tissues was most pronounced in 

the first 4 days PI. Excluding the genital system, A. 

fumigatus was isolated most consistently from 5 maternal 

organs, i.e., lung , liver, spleen, heart and kidney. In 5 



Ta ble II. Bl ood cultures 

1st Experiment 

Ainmal Preinoculation Time blood taken Postinoculation 
number blood sample 5 min. 1-172 hr . 4 hr . a hr. 24 hr . rrn hr . 

l~ O** 2** 0 1 0 O*** ND 

22 0 2 0 0 0 0 0 

42 0 1 0 0 0 0 0 

t., 7 0 1 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 N 
.{::" 

L~..) 0 0 0 1 0 4 0 

18 0 2 1 0 0 0 0 

74* 0 ND ND ND ND 0 0 

* Control. 
** Nu mber of colonies from 0 . 2 ml. blood plated . 

*** 20- hour sample fo r ewe 1 6 ; all other samples t a ken at 24 hours. 
ND = Not done . 



Table III . Blood cultures 

Animal Pre inoculation 
number blood sample 

41 O** 

17 0 

9 0 

10 0 

69 0 

37 0 

24* 0 

* Control . 

5 min. 

0 

1 

4 

0 

0 

1 

ND 

2nd Experiment 

Time after inoculation 
1 hr. Ii'. hr . 8 hr . 

l** 0 98 

ND 0 0 

0 0 11 

0 0 3 

1 0 0 

0 0 0 

ND 0 ND 

** Number of colonies f rom 2 ml. of blood plated . 

ND = Not done . 

2Zi'. hr . zrn hr . 

0 0 

0 0 

0 0 

0 0 [\) 
\J\ 

0 0 

0 0 

0 0 
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ewes killed during the first 4 days after inoculation the 

organism was isolated from 15 of the 25 or gans ; in 8 ewes 

killed between 8 and 26 days after inoculation, the organi sm 

was isolated fr om only 4 of the 40 organs . In addition, 

hyphae of the Aspergillus type were present in a lesion in 

the myocardium of ewe 9 (killed 9 days PI) but cul tures were 

negative for A. fumi gatus (Table IV). 

Table I V. Culture results 

Days Lung Heart Liver Spleen Kidney Placenta 
PI 

1 1/ l ~~ 0/1 1/1 1/1 1/1 1/1 

2 2/ 2 0/2 2/2 2/ 2 1/2 1/2** 

4 2/2 1/2 0/2 1/2 0/2 2/2** 

8 0/2 0/2 0/2 1/2 0/2 2/2*** 

9 0/2 2/2*** 0/2 1/2 0/2 2/2 

11 & 12 0/2 0/2 1/2 0/2 0/2 2/2*** 

23 & 26 0/2 0/2 0/2 0/2 0/2 2/2 

Totals ) 
culture) 5/13 
only ) 

J/13 4/13 6/13 2/13 7/13 

* Numerator = number of ewes positive ; denominator = 
number of ewes cultured. 

** Positive microscopically but n o t culturally. 

***one ewe positive microscopically but not culturally ; 
the other ewe p ositive microsc opica lly and culturally . 
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Aspergillus fumigatus was isolated only f r om t hose lymph 

nodes s hown in Table V; all other l ymph n ode culture s were 

negative. 

Tab le v. Lymph node cultures 

Lymph node Ewe 
number 

Days 
PI Bronchial Internal iliac Mesenteric Popli t eal 

16 

18 

17 

1 

2 

8 

+ + 

+ 

+ 

Cultures made from the diaphram, adrenal g l a nd and 

brain wer e all n egative for ~· fumigatus . 

All cultures of ti ssu es f r om the control ewes were 

n egative f o r ~ · fumigatus . 

Cultural examination of the genita l tract included 

specimens f r om abnormal areas of the uterine wall and all 

placenta in experiment I . In experiment II uterine wall 

+ 

specimens , excluding placentomes, were cultured routinely . 

All ut erine wa ll cultures were n egative; however , or gani sms 

were seen microscopicall y in wet mount preparations made from 

0 . 5 to 2 mm . pur u l ent foci in the endometium in ewe 69. 

Aspergillus fumigatus was isolated f r om p l acen ta l 

tissues of only one of 5 ewes killed between 1 and 4 day s PI 

(ewe l~ at day 1) . Asperg illus t ype hyohae were observed 
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microscopically in stained wet mounts of abnormal appearing 

placental t issue in J of the 4 remaining ewes. Aspergill us 

fumigatus was isolated from the placenta of 6 of the 8 ewes 

killed between 8 and 26 days PI . I n 2 ewes which were 

culturally negative (46 and 60) Asper gillus type hyphae were 

demonstrated microscopically (Table VI) . 

The results of cultural examinations of amnioti c 

fluid and fetal stomach contents are given in Table VI . 

Aspergillus fumigatus was not recovered from or demonstrated 

in amniotic fluid or fetal stomach contents before 8 days PI. 

All samples of both amniotic fluid and fetal stomach contents 

obtained between 8 and 26 days PI were positive either 

culturally or microscopically with the exception of the 

stomach contents of the fetus from ewe 10 . 

Skin lesions were observed in J fetuses (from ewes 46, 

17 and 9) . Aspergillus fumi gatus was isolated from or 

demonstrated in the skin lesions of each of these 3 fetuses. 

The organism was not cultured from the lung, liver, spleen, 

or kidney of any of the fetuses . Histopathologic findings 

are discussed in a later section. 

Aspergillus fumigatus was not cultured from or observed 

microscopically in the amniotic fluid, stomach contents , or 

tissues from any of the fetuses of the control ewes . 
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Table VI. Cultur a l examination of mater ials f r om fetus e s 

Fetal 
Ewe Pa y s Amnioti c stomach Placenta l 
n umbe r PI f luid c ontents inf ection 

16 1 + 

18 2 +* 

37 2 

6 7 4 +* 

41 4 +* 

46 8 +* + +* 

17 8 + + + 

9 9 ND + + 

10 9 ND + 

60 11 + +* +* 

22 1 2 + + + 

69 2 3 ND + + 

42 26 ND** ND~r* + 

ND = Not d on e ; in the case of a mni o tic f luid when 
a bort ion o ccurred thi s wa s n o t a vaila ble . 

ir 
Positive on mi croscopic examinat i on but not cultura lly . 

** The s e were n o t a va ilable b e ca u se o f extensive feta l 
mac e r a tion . 
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Pa thology 

Gross pathol ogy 

Multiple petechial h emorrhages in the lungs were the 

most consistent abnormality observed outside of the preg nant 

uterus . These were most prominent in those animals killed 

within 10 days after inoculation. In ewes 69 and 42, killed 

2) and 26 days PI respectively , the lung s appeared normal 

grossly. Focal, white, caseous lesions approximately 0 . 5 c m. 

in diameter, were observed in the myocar dium of ewes 9, 10, 

and 69 . No o ther visible abnormalities were observed in 

these ewes outside of the genital tract . 

The only apparent l esions in the uterus occurred in ewe 

~9 . These consisted of purulent foci 0 .5 to 2 mm. in di-

a meter, which were found most frequently in the mucosa of the 

caruncular stalk. 

At one day P I no gross abnormalities were observed in 

the placenta . At 2 days P I moderate congestion of the cut 

surfa ce of s ome placentomes was observed . By the fourth day 

P I distinct hyperemic zones, J to 4 mm . wide, were present on 

the cut surf ace of some placentomes . These extended f r om 

t he hilus out to the base of the maternal tissue . Such zones 

were p resent in less that 25% of the placentomes examined, 

however, the cut surface o f all placentomes examined appeared 

c ongested . 

Necrotic z ones , 2 t o 8 mm . wide, with a hyper emic 

border were present in 75% o f the placentomes examined at 



Figure 2 . Cross section of placentomes: (a) normal, (b) 2 
days PI, (c) 4 days PI and (d) 8 days PI . Only 
slight congestion was evident at 2 days PI while 
zones of necrosis (arrow) were evident at 4 and 
8 days PI. 

~ ~ 

Figure J. Detached cotyledons in placenta of ewe 69 at 2J 
days PI. Marbled appearance (a) was due to 
irregular areas of necrosis with hyperemic borders. 
Uniformly necrotic cotyledons (b) were also 
visible. 
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eight days PI . More than one such zone was pr esent in some 

placentomes (Figure 2 ) . 

Visible lesions were pr esent in the intercotyledonary 

areas of the CAM 8 days after spor e inocul ation . The mem-

brane a r ound some co tyledons , f or a distance of 2 cm., was 

thickened, up to 0.5 cm., and edematous . A s l ight amount of 

r eddish brown semifluid exudate was present on the uterine 

side of the CAM. 

All of the six remaining principals , except ewe 42 , 

(Table I) were in the process of aborting when killed. (The 

cervix was dilated, much of the placental f luids and uterine 

exudates had been expelled , and some placentomes had parted . ) 

In placentas examined 9 days or more after inoculation 

the intercot yledonary CAM was diffusely edematous , up t o 0.5 
cm. thick and r ed. Large amounts of thick , tenacious , brown 

exudate were. present on the uterine surface of this membrane. 

In ewe 69, killed during abortion · at 2J days PI, a dry area , 

several c m. in diameter , with crusted exudate was observed . 

The cotyledons of intact placentomes were fi r mly 

incarcerated within the caruncles ; when the fetal membranes 

were separated , varying amounts of necrotic caruncular tissue 

remained attached to the cotyledons . Irregular areas of 

necrosis with hyperemic borders were present on the surf ace 

of separated cotyledons ; the intermingling of necrotic 

tissue , hyperemic border and normal tissue created a marbled 

appearance (Figure J). Some placentomes were totally n ecrotic ; 
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these appea r ed thickened , dry and tan (?igure J) . The cut 

surf a ce r eveal ed that n ecr osis involved 50% or more of the 

tissue of nearly a ll placentomes so examined . 

Ewe number 42 appeared normal when she was killed 26 

days a fter lnocula tion. The cervix was closed and the ut erine 

horns measur ed approximately 5 cm. in diameter . The uterus 

was filled with thick, tenaci ous, dark brown n ecrotic 

mat er ial . Distinct cot yledon s were present but the inter-

cotyledona r y portions of the fe t a l membranes were a necrotic 

mass . The caruncles were small , the l a r gest measuring 1 cm. 

in diameter . All were n ecrotic and many cotyledons had 

separated from the caruncles in the ant erior 1/2 of the non-

pr egnant horn . The fetus was small, with crown-rump di s tance 

of 7 cm., a nd the skin had a l eathery appearance . The 

uterine mucosa was nor mal gr ossly . 

Gross l esions in the fetus were confin ed t o the skin 

and lungs . The skin l esions were pr esent in the fetuses of 

ewes 46 , 17 and 9 . These appeared as multiple, erythematous 

slightly r a i sed f oci up t o 1 cm. in diamet er in 46 and 17 

(? igure 4) . In the f etus f r om ewe 9, they appeared as 

multiple yellow foci with erythemat ous bor der s . In all 3 

fetu ses , l esions were present on a ll areas of the ir bodies 

with t he most ext ensive involvement being on the head , n eck 

and shou lders wher e adjacent l esions coalesced . 

I 



Figure 4. Fetus from ewe 46 with discre~~ (a) and confluent 
(b) skin lesions. These lesi~ns appeared as 
erythematq.µs plaques. 

~ 

·· "· 
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Pulmonary lesions were present in the fetuses from ewes 

17 and 9 . These consisted of multiple petechial hemorrhages 

and a single area of hemorrhage, 0 . 5 x 0.5 cm., at the 

ventral edge of the diaphragmatic lobe. 

Histouathology 

Microscopic changes were not consistently found in 

tissues of inf ected ewes outside of the genital system except 

for the lungs. An acute, multiple focal , interstitial 

inf lammation was present in the lungs of all principal ewes. 

This consisted primarily of a thickening of the alveolar 

walls due to congestion and edema. In some areas, edema 

fluid and even hemorrhage were present in adjacent alveoli. 

Septal cell proliferation and focal accumulati ons of neut r o-

phils were present occasionally in alveolar walls and in 

alveoli. 

Fungal hyphae were not constantly associated with the 

focal lesions observed. Through 8 days PI, the average 

count of fungal elements was 9 per 20 high power fields 

(hpf 's ) while after 8 days the average was 2 per 20 hpf's. 

In ewes 9, 10 and 42 no hyphae were found. Fungal elements 

observed in lung sections consisted primarily of ungerminated 

spores . The maximum development of or ganism in tissue was 

the production of a ger m tube not exceeding 15f4-'s in 

length . 

In ewes 9, 10 and 22 there was a chronic focal 
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suppurative myocarditis. A central area of caseous necrosis 

and neutrophilic exudation was surrounded by a zone of 

histiocytes which blended with a narrow connective tissue 

capsule. Neutrophils and lymphocytes were found infiltrat-

ing the surrounding myocardium, connective tissue capsule 

and the histiocytic zone. Narrow branching septate hyphae 

were present in the necrotic centers of the lesions in ewes 

9 and 10 but no fungal elements were found in the lesion in 

ewe 22. The lesion observed grossly in ewe 69 was not 

found in microscopic section and the lesion seen micro-

scopically in ewe 22 had not been observed grossly. 

Multiple hepatic foci, up to 3014-•s in diameter, were 

observed in 8 ewes, 16, 18, 37, 67 , 41, 17, 46, and 9. They 

consisted of focal accumulations of neutrophils and histio-

cytes. Fungal elements were observed in liver sections from 

4 of these 8 ewes, 16 , 18, 37 and 41. These elements were 

associated with the inflammatory foci and were seen as 

germinating spores. 

In ewe 10 a single hepatic focus of chronic inflammation, 

300f-'s in diameter, was present. This consisted of histio-

cytes and giant cells with infiltrating neutrophils and 

lymphocytes. A narrow connective tissue capsule surrounded 

the lesion. A fragment of material resembling fungal 

mycelium was found in a giant cell. No hepatic lesions 

were observed in the remaining ewes. 
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Foci of r et iculo- endothelial hyperplasia 20 t o J O 14' s 

in diameter wer e observed in sections of spleen f r om ewes 18 , 

6 7 and 41 . These foci contained or ganisms in the for m of 

ungermina ted spores or ger minating spores with a ger m tube 

10-15 p.' s l ong . Multiple foci of reticulo- endothelial 

hyperplasia, up t o J OO p.' s in diameter , with occasional 

giant c el l for mation were pr esent in the section of spleen 

from ewe 1 0 . Fungal element s were numer ous in these foci in 

the for m of f r agments of hyphae and ger mi nat ing spores . 

Neither lesion s nor fungal elements were observed in 

secti ons of spleen f r om the remaining ewes . 

Mi croscopic lesions were found in kidney sections of 

3 ewes , 69, 42 and 22 . A chronic mult iple focal intersti -

tial nephritis was present in ewes 69 and 42 . Thi s con-

sisted of focal a ccumulations of hi s tiocytes , lymphocytes and 

a prolifer a ti on of inters titial connective ti ssue . Eosino-

phil ic casts conta ining a granula r basophilic mat er ial wer e 

pr esent in the r enal tubules of ewe 69 and homogeneous 

eosinophilic casts in ewe 42 . In ewe 22 , ther e was a 

chronic multiple focal suppurative interstitial nephritis 

consisting of focal a ccumulation s of neutrophils with 

lymphocytes and histiocytes . Within and around these foci 

ther e was a proliferation of connective tissue . Fungal 

elements were not found in Gridley stained sections f r om 

any of these t hree kidneys . 
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Les i ons were not found in sections of bronchial, internal 

iliac , mesent eric, or popliteal lymph n odes f r om any ewe . 

Gridley stained s ection s of bronchial and internal iliac lymph 

nodes of all ewes were examined . Two objects , resembling 

ungerminated spores , were observed in the bronchial lymph node 

of ewe 37 . No fungal elements were found in Gridley stained 

sections of the popliteal and mesenteric lymph nodes from ewe 

16 or the mesenteric lymph node of ewe 17; these nodes had been 

culturally positive. 

Lesions were not found in sections of the brain, pitu-

itary , thyroid , adrena l, pancreas , or diaphragm from any ewe . 

Prior t o 8 days after inoculation minimal changes were 

observed in sections of the uterine wall . There was a partia l 

l oss of uterine epithelium, a few scatter ed n eutrophils in the 

mucosa, and an occasi onal uterine gland c ont ained a few neutro-

phils . In ewe 37 , a t 2 days PI, one focal area of suppuration 

and necrosis was present in the mucosa . The overlying 

epithelium was gone and in the lumen of the uterus there was 

as a ccumulation of necrotic debri s a nd neutr ophils . Fungal 

hyphae of the Asper gillus t ype were present in this debri s 

and invaded t he mucosa . 

At 8 days PI in ewe 17 , and at 9 days in ewes 9 and 

10 , there was an a cute diffuse suppurative endometritis . 

Neutrophils were s ca tter ed throughout the endometrium and 

ther e was edema of the lami~a propria. In addition to the 

diffuse r eaction in ewe 17, there was a focal lesion on a 
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caruncular stalk. The uterine glands were d ilated and 

filled wi t h n eutrophils and necrotic debris. The surr ounding 

muc osa was densely inf i ltrated with neutrophi ls. The r e was 

necros i s of b o th g landular epithelium and the overly ing 

uterine epithelium. Fungal hyphae were present in the 
. 

exudate filling the uterine glands . 

At 23 days PI, in ewe 69 , there were many dilated 

uterine glands f illed with an exudate of n eutrophils and 

n ecrotic debris (Figure 5). In addition microabscesses were 

pr esent in the muc osa between the uterine glands . There was 

a diffuse exudati on o f neutrophils, edema of the muc osa a nd 

f oc a l necro sis of t he uterine epithelium . Fungal hyphae 

were present in the uterine g l ands c ontaining exudate. 

No microsc opic lesions were found in the sections of 

plac enta from ewes killed at 24 and 48 h ours P I . 

Microsc opic lesions were present in the placentomes of 

ewes killed at 4 days PI . These involved the distal half 

of the mat e rnal septae a nd the adjacent a r eas of the fetal 

vill i. The changes in the maternal tissue c onsi sted of 

congestion and thromb os is of the vessels in the maternal 

septae and n ecrosis a nd neutrophilic exudat i on in the septae . 

In the fetal tissues t here was a neutrophilic exudation, 

f ocal n e c rosis of chorionic epithelium, and c on gest i on, 

especially of blood vessel s i mmediatel y beneath the chorionic 

epithelium (Figures 6 , 7 and 8) . In addition there was 

t hr ombosis of fetal v essels in the villi and in the arcades 



Figure 5. Section of placentome from ewe 69. A dilated 
uterine gland in a caruncular stalk filled with 
a suppurative exudate is shown. Hematoxylin 
and eosin stain. x 40. 





Figure 6 . Section of placentome from ewe 41 . There was 
neutrophilic exudation in fetal villi (a) and a 
loss of chorionic epithelium and neutrophilic 
exudation, necrosis and thrombosis of vessels 
in the maternal septum (b). Hematoxyl in and 
eosin stain . x 125 . 
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Figure 7. Higher magnification of Figure 6 . Hematoxylin 
and eosin stain . x JOO. 

Figure 8 . Serial section of tissue in Figure 6 . Fungal 
hyphae of A. fumi gatus were visible in the 
maternal septum and fetal villus . Gridley fungus 
stain. x JOO. 
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(Figures 9, 10 and 11) . Hyphae were present in the maternal 

septae and fetal villi and had invaded vessels in the fetal 

villi (Figures 8 and 11) . Involvement of the hematomata 

(Figure 1) was not found . Changes were not observed in the 

intercotyledonary CAM at this stage . 

Microscopic lesions were present in both placentomes 

and the intercotyledonary CAM of all principals killed between 

8 and 26 days PI . Pl acental lesions were similar, differing 

pri~arily in the extent of involvement . Well developed 

infarcts were present in the placentomes (Figure 12) . These 

were triangular in shape with the apex at the hilus of the 

placentome . They consisted of central coagulative necrosis 

bordered by a zone of hyperemia and neutrophilic exudation . 

Along the base of the maternal septae , a zone of necrosis and 

suppuration (Figure 13) divided the maternal tissue at the 

base of the caruncle . In those placentomes having a diffuse 

involvement, this zone extended all the way across the placen-

tome. Vasculitis and thrombosis of the maternal vessels 

supplying the placentome were apparent in these areas (Figure 

13) . In some areas this necrotic process had eroded through 

the wall of the caruncle into the uterine cavity . Organized 

thrombi were present in some of the largest fetal vessels 

supplying the cotyledon. Invasion of the cotyledonar y CAM 

by fungal hyphae was well advanced. Hyphae were found 

penetrating many fetal vessels. 

I 
I 



Figure 9 . Section of placentome from ewe 67. A developing 
thrombus was present in an artery (arrow) in the 
CAM near the base of fetal villi (a). Hematoxylin 
and eosin stai n. x 40. 
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Figure l~. Higher magnification of Figure 9. Hematoxylin 
and eosin stain. x 500. 

Figure 11. Serial section of tissue in Figure 9. Fungal 
elements were found within the developing 
thrombus. Gridley fungus stain. x 500. 
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Figure 12. Section of placentome from ewe 69 with infarcts 
(a). Hematoxylin and eosin stain. x 6.3. 

Figure lJ. Section of placentome from ewe 9. There was 
necrosis and suppuration along the base of the 
maternal septae and thrombosis and vasculitis 
of maternal vessels (arrow). Hematoxylin and 
eosin stain. x 50. 
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Changes observed in the intercotyledonary CAM , of ewes 

infected for 8 to 26 days , consisted of edema , necro sis , a 

diffuse exudation of neutrophils and loss of the chorionic 

epithelium . Dense focal accumulations of neutrophils , 

which obscured the n or mal architecture of the tissue , were 

present in the inte rcotyledonary CAM on the uterine side 

(Figures 14 and 15) . In these areas the chorionic epitheliu:n 

was l ost . Hyphae were not c onsistently found in these foci . 

In other a reas there was a mild diffuse neutrophi lic exu-

dation into the membrane and a marked congestion of sub-

epithelial vessels with and without necrosis and sloughing 

of the overlying chorionic epithelium (~igures 16 and 17). 

On the uterine surface of the intercotyled6nary CAM there 

Has an exudate (F i gure l S ) c omposed of necrotic debris , 

neutrophils , and epithelial cells . Fungal hyphae were found 

in the surface exudate and throughout the intercotyledonary 

CAM . In some areas the organism had invaded blood vessels 

(Figure 18 ) producing vasculitis and thrombosis . 

Focal areas of necrosis were found in sections f r om 4 

ewes , 17, 46, 9, and 69 . These areas consisted of an 

amorphous , granular , basophilic ma terial and degen e rating 

fibro cytes and neutrophils (Figure 17 ) . In sections stained 

With Gridley ' s stain for fungi the amor phous material ap-

peared pur ple but definitive fungal forms were not observed . 



Figure 14; Section of intercotyledonary CAM from ewe 69. A 
loss of chorionic epithelium, dense accumulation 
of neutrophils along the margin of the membrane 
and diffuse neutrophilic exudation and edema 
within the CAM were observed. Hematoxylin and 
eosin stain. x 50. 

Figure 15. Higher magnification of Figure 14. Hematoxylin 
and eosin stain. x 188. 
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Figure 16 . Section of intercotyledonary CAM f r om ewe 17 . A 
mass of exudate i n t he uterine cavity (a) , 
necrosis of chorionic epithelium,congestion, 
edema and a diff use neutrophilic exudation into 
t he CAM were present . Hematoxylin and eosin 
stain . x 40 . 
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Figure 17. Higher magnification of Figure 16 . Focal 
accululations of amorphous basophilic material 
(arrow) were visible. Hematoxylin and eosin 
stain. x 125. 

Figure 18. Serial section of tissue in Figure 16 . Fungal 
hyphae were present in and around vessels. 
Gridley f ungus sta in . x J25. 
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No microscopic alterations were found in sections of 

placentomes or the intercotyledonary CAM from the 2 control 

ewes. 

Microscopic lesions of the fetus were restricted to the 

skin and the lung. A focal, acute, suppurative dermatitis, 
. 

with a variable amount of necrosis and vascular involvement, 

was found in the skin lesions of fetuses 9 and 17. The 

more severe lesions occurred in fetus 9 where there was 

necrosis and vesicle formation in the epidermis, a diffuse 

neutrophilic exudation in the dermis and congestion and 

thrombosis of dermal vessels. The vascular alterations 

were primarily in the vessels around the base of the hair 

follicles with occasional thrombosis of a vessel in the rete 

cutaneum. Fungal hyphae were observed in the epidermis, in 

hair follicles, in the dermis and in thrombosed vessels in 

the rete cutaneum; the hyphae appeared to be penetrating 

the epidermis and growing down into hair follicles from the 

exterior. 

Less severe skin lesions were found in fetus 17 (Figure 

19 ). Microabscesses were present in the epidermis and 

dermis. The inflammatory reaction did not extend below the 

hair follicles. Hyphae were present on and in the epidermis, 

in hair follicles (Figure 20) and in the dermis. Occasional-

l y hyphae were seen penetrating small vessels around the 

base of a hair follicle. 

I 
' ~ 



Figure 19~·"> section of 
were found 
(arrows ). 

~' 

skin f rom fetus 17. Microabscesses 
in the epidermis and upper dermis 
Hematoxylin and eosin stain. x 125 . 

Figur e 20 . Serial section of tissue in F i gure 1 9 . Fungal 
hyphae were present withi n a hair f ollicle. 
Gridley f ungus stain . x 450. 
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Marked alterations were seen in the skin lesions of 

~etus 46 ( Figure 21) . A focal , acute , hemorrhagic dermatitis 

with hydropic degeneration and necrosis of the epidermis 

and hemorrhage in the dermis and subcutis was observed . In 

addition, there was a suppurative vasculitis , with thrombosis , 

of vessels in the dermis and rete cutaneum. In most areas, 

fungal hyphae wer e present in the epidermis , in hair follicles, 

in the dermis and in thrombosed vessels in the rete cutaneu~ 

(Figure 22) . In areas adjacent to f rank lesions, hyphae were 

observed occasionally in vessels of the rete cutaneum, but 

not in surrounding tissues . 

A hemorrhagic infarct was observed in the lung of fe tus 

9 with diffuse hemorrhage , thrombosis of large and smal l 

vessels and an exudate of neutrophils and necrotic debris in 

some of the bronchi . Hyphae were found scattered through out 

the parenchyma and in vessels and bronchi in the vicinity 

of the lesion . 

An acute , multiple focal , suppurative bronchitis 

(Figure 2 3) was observed in the lung of fe tus 17 with neutro-

Phils and necrotic debri s within bronchi and a neutrophilic 

exudation in the surrounding parenchyma . Hyphae were 

Present in bronchi and appeared to be growing out into the 

surrounding tissue (Figure 24) . Penetr ation of adjacent 

Vessels by hyphae was observed . 



Figure 21. Section of skin f rom fetus 46. There was necrosis 
of the epidermis and dermis, diffuse hemorrhage 
and suppuration in the dermis and vasculitis of 
the rete cutaneum. Hematoxylin and eosi n stai n. 
x 125 . 

Figure 22 . Serial section of tissue in Figure 21. Fungal 
elements were found in the epidermis, dermis and 
vessels of the ret e cutaneum . Gridley fungus 
stain. x 125 . 
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Figure 2J . Section of lung f r om fetus 17. Suppurative 
exudate was present within and around a bronchus . 
Hematoxylin and eosin stain . x 125 . 

Figure 24. Serial section of ti ssue in Figure 25 . Fungal 
elements were found within a bronchus and 
appeared to be invading surrounding ti ssue and 
and adjacent vessel. Gridley fungus stain . x JOO . 
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The morphology £[ f ungal elements in vari ous organs 

Marked differences were observed in the degree of 

development of fungal elements in maternal organs and in 

the placenta. A majority of fungal elements 1n the maternal 

lung , liver and spleen were ungerminated spores; however, 

some spores with a germ tube approximating 15.fA's in length 

were observed (Figure 25 ). Two forms of hyphae were found 

in myocardial lesions: (a) straight, branching, septate 

hyphae 3 to 4f-'S wide, and (b) irregularly swollen septate 

hyphae with short lateral and terminal branches (Figure 26). 

The purulent foci observed in the endometr1um of ewe 69 

contained septate hyphae 4 to 6 jJ-'s wide; with a hyaline 

radial deposit (Figure 27) ; the latter was visible in P-51 

stained preparations but not in histological sections 

stained with either H & E or Bridley's fungus stain. 

At 2 days PI germinating spores with a germ tube up to 

150 JA's long were observed in placental ti ssues. Primary 

branching was well developed and secondary branching was 

occasionally observed. At 4 days PI hyphae varied from 600 

to l,OOOf-'s in length with well developed secondary and 

occasionally tertiary branching. After 4 days PI multiple 

branching hyphae (Figure 28), too long for accurate measure-

ment, were observed in all placental preparations from 

principal ewes. 

11 
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Figure 25. Wet mount of lung material from ewe 18. Germi-
nating spores were visible . P-51 stain. x 900. 

Figure 26 . Section of myocardial lesion from ewe 9. Fungal 
hyphae approaching the "actinomycetoid form" 
(arrow) were present. Gridley fungus stain. x 525. 
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Figure 27. Wet mount of a uterine pustule from ewe 69. 
Fungal hyphae were surrounded by radial deposits 
of hyaline material. P-51 stain. x 600. 

Figure 28. Wet mounted scraping of a placental infarct. 
Numerou s hyphae of A. fumi gatus in "vegetative 
f orm" were ob served. P- 51 s tai n. x 400 . 
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Hemograms 

No significant alteration s wer e observed in the t otal 

white blood cell c ount s , diff erential counts , packed cell 

volume and hemoglobin c oncentration. Althou gh these values 

varied on a daily basis , all determinations wer e within 

normal limits . 

Intra- a rterial inject ion of latex spher es 

Ewe number 38 was killed 14 days after injection of 

latex spheres . She appeared normal and the pregnancy had 

n o t terminated . No g r o ss lesi on s were observed in the fetus, 

placenta, uterus, or other tissue s of the ewe at postmort em 

examination . 

Ewe 40 aborted 6 days a f t e r inoculation·. Vi s ible 

l esions wer e confined t o the genita l tract. The right h orn 

of the ut e rus was infarct ed , dark brown in c ol or and had 

prominent vasculature . Ther e was a distinct line of de-

marcation be tween the body of the ut erus and the infarct ed 

portion of the r ight horn . In the l eft h orn there was a 2 

cm. wide band of inf arction par a llel t o the l on g axis of 

the h orn . Zones of necros is with a narrow hyperemic border 

(Figure 29 ) were present on the cut surfa ce of placentomes . 

When caruncles and co tyledon s were manually separated, 

caruncular ti ssue adher ed t o the c o t yledons . The CAM wa s 

dark brown, edemat ou s , and up t o 1-1/ 2 cm . thick in some 

areas . Fungal element s were no t observed in P- 51 s t ained 



Figure 29. Cross section of a placentome from ewe 40 
following injection of latex beads. Areas of 
infarction were present (arrows) which r esembled 
~hose in placentas infected with A. fumigatus . 
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preparations of caruncle and cotyledon . Cultures on 

Sabouraud dextrose agar, of caruncle , cotyledon and the fetal 

stomach contents were negative for fungi . 

No lesions were observed in sections of placentome 

from ewe number J8 . I nfarcts were present in sections of 

placentomes from ewe number 40 . There was coagulative 

necrosis of fe t a l and maternal tissues (Figure JO) . 

Within the necrotic area, maternal vessels of varying size 

were occluded with latex beads (Figure Jl) . Around the 

necrotic area was a zone of hyperemia, hemorrhage, necrosis , 

and neutrophilic exudation . The most extensive exudative 

changes occurred a l ong the base of the infarct i n the 

maternal tissue . Vessels were plugged with the latex beads 

and developing thrombi. 

Infarcts involving the mucosa, and to a varying degree 

the myometr ium, were present in uterine sections of ewe 40. 

There was a complete loss of the uterine epithelium and 

coagulative necrosis of the mucosa in the infarcted area . 

The epithelium of the uterine glands had sloughed and 

remained as a basophilic a mor phous mass filling the 

glandular lumen. Coagulative necrosis and hyaline degener-

ation of muscle f ibers were observed in the myometrium . 

Congestion, hemorrhage and thrombosis of vessels were 

present throughout the section. Accumulations of latex 

beads were present in many vessels . There was a diffuse 

I 
I 



Figure JO. Section of a placentome from ewe 40. Vessels 
containing latex spheres (arrow) were present in 
an area of infarction. Hematoxylin and eosin 
stain. x 40. 

Figure Jl· Higher magnification of tissue in ?igure JO. 
A vessel (arrow) containing latex spheres. 
Hematoxylin and eosin stain . x JOO. 
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n eutrophilic exudation in the infarcts and in adjacent 

normal tissue. A neutrophilic exuda t e fi lled some of the 

uterine g lands outside of the zone of infarction. 
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DISCUSSION 

Bovine mycotic abortion has been reported as being 

asymptomatic in the dam except for the act of abortion (1 

PP • 53- 56 ) . Similarly, ewes in the present study showed no 

abnor ma l signs , except for a transient rise in body 

temperature, until abortion occurred . 

In addit ion t o the paucity of clinical signs in infected 

ewes , there was an appar ent resistance to the devel opment of 

pr ogressive infection in maternal tissues . This r esistance 

was evidenced by the nature of the gr oss and mi cr oscopic 

pathology, the morphol ogy of fungal el ements in maternal 

tissues and the clearance of the or ganism from those tissues . 

A l a r g e number of spores , 1 t o 2 x io7, was injected intra-

venously into each ewe ; however , with few exceptions , maternal 

lesions were l imited t o a mil d acute inflammatory response . 

The only exceptions were the myocardia l l es ions observed in 

3 ewes and myocardial , hepatic and splenic lesions of ewe 10 

where small foci of chronic inflammation surrounded fungal 

elements of limited development . 

Fungal morphology in mat ernal tissues was also con-

sistent with r esi s tance t o p r ogressive infection . Austwick 

(J) has described 4 mor phological stages of A. fumigatus in 

tissue . (1 ) Gl obose or oval- celled hyphae averaging 4 t o 10 

14 wide which represent the germinated conidlum and it s primary 

hypha and which are associated with the initial stage of an 

~ 
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acute infection; (2) straight or spiral, unbranched, septate 

or non-septate hyphae 2 to 3 ~·s in diameter which may 

indicate that the initial resistance to infection has been 

overcome; (J) densely branching, septate hyphae 2 to 4 ~·s 

in diameter (the "actinomycetoid" hyphae) associated with 

chronic lesions; and (4) normal vegetative hyphae 2 to J.5 p.'s 

in diameter which are found in the bovine placenta and which 

rapidly invade dead or weakened tissue. Fungal elements in 

ovine maternal tissue during the present experiment were 

usually ungerminated spores or spores with a short primary 

hypha and rarely proceeded beyond this form which has been 

associated with the initial stage of infection. The only 

exceptions noted were in the myocardial lesions in which 

fungal development approached the actinomycetoid form. 

Further evidence of resi stance by the ewe to progressive 

infection was found in the results of culturing various 

organs. After 4 days PI there was a marked decrease in the 

number of tissues , excluding the placenta and fp-tus, fr om 

Which A. fumi gatus was isolated; only 1 positive culture was 

obtained from 1 of 4 ewes killed between 11 and 26 days . PI. 

In comparison to the apparent resistance of maternal 

tissues to the development of a progr essive infection, there 

Was an apparent lack of re sistance irt pla cental tissue . The 

initial placental lesions observed were foci of necrosis and 

suppur a tion near the hilus of the pl a c entome. These pro-



gressed to infarcts and finally to a diffuse necrosis of 

~any placentomes . The morphology of fungal elements observed 

in placental tissue at 2 days PI exceeded the maximum 

development found at any time in maternal tissue. Fungal 

elements observed in placental tissue were all of the vegeta-

tive t ype . Cultural and microscopic methods revealed the 

presence of the organism in the placenta of 12 of the 13 

principals . Cultural demonstration of the organism grew 

more consistent as the time PI increased . While fetal lesions 

were relatively infrequent, the morphology of the invading 

fungus resembled that found in inf ected placentas, indicating 

that once infected, fetal tissue resistance was similar to 

that of the placenta. 

The focal lesions in the wall of the uterus appeared to 

r esult from invasion of .the uterine glands by fungal e l ements 

from the exudate in the uterine cavity . Fungal elements wer e 

observed only in the gland lumen and the most severe r eaction 

occurred in and around the g l ands . 

A chronic intestitial nephritis was present in 3 ewes , 

22 , 69 and 42 . Fungal elements were not found in sections 

of these kidneys stained with the Gridley stain . ~ did not 

appear that these lesions were associated with the experi -

mental infection produced in these ewes . 

The possible routes of infection of fetal tissues 

presented several interesting possibilities. Fungal elements 
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were found in 3 locations in the fetus ; the stomac h contents , 

lung , and skin lesions. Of these the stomach content was most 

frequently involved, apparently as a result of swallowing 

contaminated amniotic fluid. Amnioti c fluid s wer e avail-

able in only 4 cases with positive stomach contents. In all 

4 cases the amniotic fluid was also positive . The pulmonar y 

infection in fe tus 17 appeared to be the r esult of aspirat ion 

of contaminated amni oti c f luid; the principal lesion was with-

in br onchi where fungal elements appar ently invaded the 

surrounding tissue and adjacent veesels . A mor e severe 

lesion was present in the lung of fetus 9; f ungal elements 

were pr esent in both thrombosed vessels and within bronchi . 

The marlted vascular involvement probably followed infection 

by aspiration because of the close proximity of vessels to 

bronchi and the propensity of ~· fumigatus to invade blood 

vessels . The absenc e of infection in other organs of this 

f ·etus diminish the pr obability of a hematogenous r oute . 

A superficial involvement of the skin was pr esent in 

fetus 1 7 . Fungal el ements were observed in the epider mis , 

papi l lar y dermis and in ha ir follic l es . Ther e was no 

involvement of the deep vascular supply . More extensive 

lesions with considerable vasculitis and thr ombosis of deep 

vessels of the skin were pr esent in fetuses 9 and 46 . Fungal 

el ements were visible at all levels . It appears mor e 

Pr obable that skin invasion in all 3 fetuses was from the 
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exterior . If it had been by a hematogenous r oute some 

involvement of other organs such as the liver, spleen, or 

kidney would be expect ed . 

The location and configuration of the early lesions in 

the plac entomes may be explained on the basis of the blood 

supply . 

As described earlier (in the review of literature), the 

maternal vasculature of the placentome does not ramify 

into a capillary bed until it reaches the distal portion of 

the maternal septae . Thus fungal emboli would tend to l odge 

in the capillary bed in the distal portion of t he septae . 

An obstruction at this point would hinder the flow of 

maternal blood through the p l acentome and lead t o hemostasis , 

engor gement and infarction . Due to the concave nature of 

ovine caruncle the septae a r e closer t ogether at the hilus 

than at the base . Obstruction at the capillary bed thus 

pr oduces a triangul ar l esion with the apex t oward the hilus . 

Fetal death and abortion apparently resulted from the 

d estruction of the placental attachment with the resulting 

interference with the supply of oxygen and nutrients t o the 

fetus . Extensive necrosis was present in all placentomes in 

ewes killed after 8 days PI . In additi on there was marked 

vasculitis and thrombosis of maternal vessels in the caruncles 

at the base of the septae . Latex spheres , appr oximating 

the size of A. fumi gatus spor es , injected into the ute r ine 

artery of 2 pregnant ewes produced gr oss and microscopic 
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lesions in placentomes of one ewe which resembled the lesions 

r esulting from infection b y A. fumigatus . This mechanical 

interference with the maternal blood supply to t he placenta 

r esulted in abortion . A poss ibl e c ontributing factor is 

the hemolytic and nephrotoxic endotoxin produced by A. 

fumi ga tus (2 J) . I t has been postula ted tha t disintegrating 

hyphae withi n a lesion c ould release sufficient toxin t o 

cause ti ssue destruction (12 , 22) . The exact role that thi s 

toxin ma y hav e in myc otic abortion is not known; however , 

no evidenc e of tubular necrosis was seen in sec tions of 

fetal kidneys . Despite possible c ontributions of A. fumi gatus 

endotoxin, vascular invasion by hyphae of A. fumi gatus 

appeared sufficient t o ca u se most of the plac ental lesions 

observed . 



89 

SUMMARY 

Seventeen pregnant ewes constituted the princi pal and 

control ani~als for these experiments . Thirteen ewes wer e 

inoculated intravenously with a suspension of Aspergillus 

fumigatus spore~ a nd 2 were held as uninoculated controls. 

A suspension of latex spheres, 6 t o 14 f1' s in diameter , was 

injected into the middle uterine arter y of t he 2 remaining 

ewes . 

Ewes receiving A. fumi gatus spores were killed at 1, 2 , 

4 and 8 days postinocula tion (PI ) and thereafter when 

abortion occurred . The 2 controls were killed at the end 

of the exper iment . The 2 ewes receiving latex sphe~es were 

kill ed at 6 and 14 days PI. Maternal , placental and fetal 

ti ssues were examined mycologically and histopathologically . 

Cultura l and h1stopathol og1c evidence of infection 

was found most con s istently in placent al tissues . Pl a c ental 

infec tions were detected in 12 of l J ewes inoculated with A. 

f umi gatus . The fungus was cultured f r om 19 of 6 0 maternal 

organs (5 ewes) examined between 1 and 4 days PI and f r om 

only 5 of 96 organs (8 ewes) examined between 8 a nd 2~ days 

PI . Aborti on s were observed only after 8 days PI; 5 of o 
ewes examined between 9 a nd 26 days PI had abor ted a nd fetal 

maceration had occurred in the r emaining ewe . 

The pr edominance of pl acental i nfection, the mor phol ogy 

of the invading funga l ele~ents and the pr ogr essive nature 

., 
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of placental lesions suggested a high susceptibility of 

placental tissues to ~· fumigatus infection . In cont r ast , 

the spar city of detected infection of maternal tissues , the 

r etar ded development of the infecting fungus and the 

restricted nature of the maternal lesions suggested that 

maternal tissues were more resistant to A. fumigatus in-

fection . 

Fungal e l ements were found in J l ocations in the fetus : 

the stomac h c ontents, skin lesions and the lung . Of these , 

the stomach content was most frequently involved . The • 
l i mited involvement of fetal or gans and the histopathologi-

cal findings suggested tha t infection of the fetus resulted 

from invasion by fungal elements in the amniotic fluid 

rathe r than by a hematogenous dissemination f r om the placenta . 

The injection of latex spheres into the middl e uterine 

artery resulted in infarction of t he uterus and plac entomes 

of one of two ewes . The g r oss and microscopic lesions 

r esembled those r esulting from infection by A. fu.migatus . 

Thi s me chanical interference with the materna l blood supply 

t o the placenta r esulted in aborti on . 

There was no evidence of f ungal infection of maternal , 

p l acental o r fetal tissues in the c ontrol ewes and n o 

abnormalities of pregnancy were noted . 
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