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ABSTRACT ci al.. 1946), correlating rainfali ind dry, dusty atmos-

Anioaltwy (oimni poulai~os o monei- an doq~s pheric conditions with seasonral morbidity rates: Hugcn-
A nlla4 ftd ca~h dt 1111 tamoil 31 epit/n tr si fitenk covead foir I lmltt's stud~r of thle ipt imal climatic factors for growth

24 II atii ivieda~n t~ ~ 3 t o ii r' des ho td fr f the organism1 tin the soil I H ugenhol tz, 1 957 ); the
xliar ofi ilt opein ofin a riottsi n endeicii~ arta ftr t'oc~idioido-
tnt costs IT vuo'n. A rizoina) were re',oved - ispon contract- extensive studies of Dr. Roger Egcbere and co-workers.
inc! oilcii iit tit/i ('acedioides immit i% - ito air-t',nihi~lt,'m / issocia tine salt co ntent of the soil at %arious seasonS
quittcrli' for furthrer ttb Ii',atitln aund itere imnmediati'I with topt imal gross% tht c.ond ittions for C . ,mninitisr (Fgeberg,
'trial td at flit, c.tpoiirc wei tiiith iothier itivueptiihe ani- 1962) 1 and a demonstration of the close association of
otim/i 't'uodit soil anti air vaiiip/evsie rc obtained, and the boundaries of the Litwer Sonoran Life Zone with
apprtipriort' linimatic diata vit it ricotrded t/hrough/out tire
ttne-v ear perioid. Clinical and iahorattir ' observations wvere those tif the ktlxwn~ endemic areas, by IDr. Keith Maddy
II Itinitouli i l r'tl,rdtut' No Itall rinimaivt and tonip/tic necrop- /Ni addy. 1957 ).

Isi'S tcii' perfioriietd at ii tile rrmiiiiatit Ofi i fic es periiiii't. Although infectioas; wsth C. utinimt is result chiefly
A plrt'ioniciit l 5cý 151~34) tof tlt'e itpionkeiv t iouTet 26 froti inhalation of arthrospores picked up by wind fromt
Iitt hit abti t' Q~rt intId and .58" ( 29/50) sit t/hCei d,ýý (al-
/oil itl tI'i' Plot lf 40;x 40 ft. p(t'flt bi antie inccted (111ring the soil, it is extremely difficult tot isolate the organism
f/it'. l-tear peiodt itet ,,ajeirilv 25/34) durini' /lic coolder fromt air samples. Consequently. the size of the infectious
mon~i/th I Notentbtr t/irioitw 1arc/i). dose receiv~ed in nature remains a matter of conjecture.

CtIoitalm-on f f/it, parh/iocenivi (If lthe dieaie tin tilt' The purptose of this study was an attempt to determine
int it ta/It i-infte tc iiilnkein' wit/ that ini crperioieiitailv thle a pprtxii -ie dose rece ived by iman in natural infec-

odii fid miionAc %t iniait/itd a ,taitioa/, air-/iorpie. infectioii t ions, bv thL use of lbrtr aiasa
dote of proaba% hlev Itht ian 10 an/inipi res. 1/it infe~tion .lbrtr nml sbooia
rtae, at hiell at /t'e exte'nt of di i ale. ~in tilt' ,iaturalii- asamplers.-
Iii tc'Itil dov viuat ereato t/ian in tither thet natiira//h- We has e at our d isptosal a large amount of data on
Ini'iltel iiitwikevs or thii it, pcrioni-nital/v-injecicd tdll5v, and thle pathtogenesis of coccidioidomvscosis in monkeys and
,,a 01(iltitibtfi'i Il /heirotattli(iti i~i/i I/the L'ttlioid. 7/it'iftk of dogas (I owect'a/., I 959 HI u ndellI tial. . 196 1 Co'nverse
itiilrlali t ifit' theiatitra/l -infe fetdtl anioiali oIf either spteciev eal,10:Csebr ca.,96;ndSsketl,
aund flit'- mini fal O/hialt/ ticet t and i solif p tit finlte inifectedi ~ a. 6 atcer i / 6:adSnkic l
i/ilv oidiiilaied terv lowv natural tnfet'ittiti doli' itt C. 1962 ) exposed to graded respirator,, doses oif C. immitis

immitis. 7/ic ecoll~iical arid cliinatih paramieter% if I/lit of from 10 to 80,000 arthrospores. In our experience,
%Iu fi eri' %ioniltr It I /toii' of ill/icr wittier it i/it(' Annie hie dog was equallIy as susceptible to the disease as the
dull wal area. monkey, but more resistant to its effects, through its

ability to maintain a blood supply to the lesions for a
INTRODUCTION longer period of tinme and bN at faster and more prolific

THE EDNDEMI AREAS of coccidioidlomycosis and the collagen response. It wxas postulated that the monkey

climatic and geophysical conditions necessary for growth naotssetil otervge somewherdieaon the

of ('(,t' ithoith's minitis in soil it'. these areas have been dog least affected; with man lNv'ingsmweeo
firmy ctablshe. Amng he ajorconribuion to scale between thle species. probably much closer to the

firlyestabnins haed Among the verythorog contibutionsto dog than to the monkey. It seemed1 logical that a ctom-

these findings haie been C.Emthe aery thorasoughtepdSmioth paristin oif the pathogenesis (clinical and laboratory
cal tudes f D. C.F. mit an hi assciaes Smih tbserisations I of thle disease in animals exposed in the

'In conducting the research reported herein. the investigators kowen, na rdmcae.%ibta faii eevn

adhered to the -Principles of Laboratory Animal Care" as konexperimental doses might lead to a valid esti-
establishcd hs the Naitional Sociecit for Medical Research. mation oif the infectious dose reccivset bts man in nature.
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MATERIALS AND METHODS demic areas eventually become infected with C. immitis

SELECTION OF EXPOSURE AREA (Maddy et al., 1960b).

The Tucson area in southern Arizona, lying in the In each of the three enclosures (Fig. 3), eight dogs

heart of the endemic area for coccidioidomycosis, was were allowed free run of the area (30 x 40 ft.), and

chosen as the exposure site. The infectivity for man in eight monkeys (Macaca mulatta) were confined in open

this area approaches 70% in long-time residents, and cages (26 inches above ground) under appropriate

for cattle is closer to 80% (Maddy et al., 1960a). Dr. shelter (Fig. 4). All animals remained at the open

Raymond E. Reed of the Animal Pathology Department exposure sites for a period exceeding one year, unless

of the University of Arizona agreed to supervise this they became infected with C. immitis, at which time they

study. The facilities of the College of Agriculture of were immediately removed to air-conditioned quarters

the University of Arizona were available for the project. at the University's Campbell Avenue Farm, for further
clinical laboratory studies, and were replaced at the

PHYSICAL SET-UP OF EXPOSURE SITES exposure site with reserve, susceptible animals.
Three chain-link, fenced-in areas, approximately 100

ft. apart, were arranged in a shallow arc, affording each PROCEDURES FOR DETERMINATION OF INFECTION

pen exposure to the prevailing wind (Figs. I and 2). Two dogs and two monkeys from each pen were
The pens were located at the University's Casa Grande subjected to coccioidin dermal sensitivity tests, immuno-
Farm in the Santa Cruz River basin (a venturi-like diffusion precipitin tests (Ray and Kadull, 1964), and
geographical site, where local hills funnel the prevailing thoracic radiographs each week, thus providing a pop-
winds through the area). This farm contains feed-lots, ulation observation turnover once every four weeks.
in which practically all cattle imported from non-en- Tests were immediately repeated on all animals each

location ,f pes ar niae arw.Nt dybdo at rzRvr

•ril
S.Ilk,

Figure 1. Air view of Casa Grande exposure area. The three exposure sites
(location of pens) are indicated by arrows. Note dry bed of Santa Cruz River.
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Figure 2. View of same area as in Figure 1. Note Santa Cruz River meandering through
centei of photograph. Exposure pens may be seen in upper left, near horizon.

time an infection was noted. All animals were critically necropsies. gross pathology recorded, impression smears
observed, daily, for clinical signs of infection, and cultures made from the lungs and any suspicious

Controls for the study consisted of 10 monkeys and lesions, and histological sections of all tissues stained
Sdoes. inoculated intratracheally with either 10 or 100 with routine and specific fungal stains.

C. immitis arthrospores from a culture isolated from the
area under study. One normal monkey and two normal RESULTS AND DISCUSSION
dogs were observed along with the inoculated animals. THE METEOROLOGICAL FACTORS (Table 1) in the area

METEOROLOGICAL DATA under study (throughout the per~od of October, 1963,
to October, 1964) were similar to those of former

Records of climatic factors such as maximum and studies in the same general region. Maddy (1957) and
minimum temperature. relative humidity. wind speed Hugenholtz (1957) reported mean July temperatures of
and direction, and rainfall were recorded daily. 80 to 90 C. over a period of years at various locations.

SOIL AND AIR SAMPLING as compared with 88C. for the present study, with

Four to eight surface and subsurface soil samples mean maximum, and peak temperatures of 105' and

were collected, bimonthly, in and around the exposure 110 C, respectively, as compared with 1010 and I 10'C.

pens. These were plated directly on Mycobiotic agar, in our study. Mean January temperatui.:s of 50' to 5C.

and injected (I 10 dilution of soil suspension) into in the former studies were in accord with the 471C. at

six mice per sample (ntranasally and intraperitoneally), Ca, a Grande Farm. The average yearly rainfall of 9

for recovery of C. immitis. imches reported by Maddy, and 6 to 10 inches by Hugen-

Mycobiotic agar plates were exposed, daily, in and holtz, compared favorably with the 12.5 inches recorded

around tie exposure pens. for recovery of C. imrmiti.1 by us. The only factors which might have affected this

from the air. study adversely were mean winter temperatures about
I0 degrees belov, normal, with a very late, cold spring.

PATHOLOGY STUDIES Prevailing w nds came mostly from the west through
At termination of the experiment (approximately the north quadr;nt, with gusts sometimes as high as 35

52-54 weeks), all animals were cubjected to complete mph. All attenrpts to isolate C. immitis from the air



Figure 3. View of one of the three exposure pens. The solid appearing
structure extending up the fence from the ground is made of louvered
aluminum and permits the entry of wind and dust. The roofed structure
visible inside the fence is 'he monkey shelter.

Figure 4 Close up view of monkey shelter Note automatic bottled gas ing 2 monkeys each) completely open on 4 sides, partially open on the
heater esteniUniR up throuRh center of cage battery which furnishes heat 5th side Note one of the oil dum dog shelters in the background. The
duinng sP.p,'i Aeather conit,tmns The battery consists of 4 cages (hous dogs have fiee run of the fenced area '30 x 40 ft



EPIZOOTIOLOGY OF NATURALLY EXPOSED MONKEYS AND DOGS 401

TABLE I met with failure, although two soi' samples collected in

COMPARISON OF WEATHER CONDITIONS IN August, 1964, and two in October, 1964, were positive
THREE EPIDEMIOLOGICAL STUDIES for the fungus.

Five of 34 monkeys and 29 of 50 dogs became
The Present infected during the 12-month exposure period (Fig. 5

Observation Maddr" Hugenh0t Study and Table 11), the majority (25 34) during the cooler

Mean July months of November through March.
Tempera- . 90 80-90 88 Each increase in infections occurred after a cycle

Mean Maximum of rainfall followed by a comparatively dry period, as
Temperature 105 101 had been previously reported. However. the low infec-

Peak Temperature 110 110 tivity rate (unexpected) during July and August may
have been due to excessive rainfall (4.5 and 2.5 inches,Mean January

Temperature 50 50-55 47 respectively).
Only three of the five infected monkeys demonstrated

Minimum Temperature 14 positive serological titers and only two monkeys exhibited

Rainfall histological lung changes indicative of coccidi',:domy-
inches per year) 5-20 6-10 12.5 cosis (and these of a very minor nature). Lung cultures

(Avg. 9) of all monkeys were negative for C. imrnittq. The five

- Maddy, 1957. infected monkeys remained in good health during the
b- Hugenholtz. 1957. 12-month period, showing no clinical symptoms of

4.5-
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Figure 5 Cgrrelation of weather conditions with infection with C. immitis. for each month. The figures in parentheses represent r relative humidity
Cross-hatched bar indicates rainfall in inches. solid bar. number of at the temperature indicated The open portion at the top of some of the
infections, and solid lines mean maximum and minmum temperatures solid bars indicates suspected but unproven inections
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TABLE 11 disease; their serological titers were comparatively low

NATURAL INFECTIONS IN MONKEYS AND DOGS (mean maximum of 1-8, with a range of negative to
1-64); and very little evidence of infection was notedNumber in the X-Rays.

Number Showing Number
Positive Number Patho- Positive Average A comparison of these data with that of experimen-

Number Number Skin Positive logical Lung Days to tally-infected monkeys (respiratory doses of from 10
Animal Exposed Infected Test Serology Changes Cultures Infection to 300 arthrospores) in several former studies (Table

Dog 50 29 20 22 i Ill) indicated a very small natural infectious dose
(10-365) (probably in the 10, or less than 10, arthrospore range).

Monkey 34 5 5 3 2 0 88 This undoubtedly represented air-borne infection, since
Very (42-121)
minor the monkeys were housed several feet above ground

level.
- 10-20 days in peak Infection period (Jan. to Mar.) Te ithh

Figu..s in parenthes indicate span. The infection rate, as well as the extent of the disease.
was much greater in the naturally-infected dogs than
in the naturally-infected monkeys, suggesting a larier

TABLE III infectious dose in the dogs. This was attributed to their
contact with the soil, their habit of constantly digging

COMPARISON OF NATURALLY-EXPOSED and fighting, with the consequent stirring up of dust, and
INFECTED ANIMALS WITH EXPERIMENTALLY- particularly the fact that the majority of dog infections

INFECTED ANIMALS IN FORMER STUDIES (19 29) occurred in one of the three exposure pens;

Monkey all of which indicated that the dogs were becoming
infected from contact with the gound, rather than fromMeans

Maximum %normal air-borne aerosols.
Dose, Titer Mortality Of the 29 naturally-infected dogs (Table 11), 20

Natural Exposure__ 1:8 0exhibited positive skin tests, 22 positive prccipitin titers.Natural Exposure 1:8 0 18 showed hist-)logical lung changes due to C. immifis.
10nnot 1:8 60 and 3 had C. impnitis isolated from the lungs by culture.

10 1:1285 Four of the 29 were diagnosed by histological studies
11:64 to 1:256)

oily; a'l clinical and laboratory tests being negative.
50100 =t 1:256 30 No deaths resulting from coccidioidomvcosis oc-

(1:128 to 1:256)
curred in either species. Clinical signs and symptoms300 1:512 40 of the disease were lacking in the monkeys, and rela-

(1:128 to 1:1024)
tively mild in the dogs, all of which indicated low infec-

DOg tious doses received by the naturally-exposed animals
Mean (probably less than 10 in the monkeys ind less than

Maximum % po0 in the dogs).
Dose, Titer Mortality

Natural Exposure 1.16 0 ACKNOWLEDGEMENTS
(Unknown) (Neg. to 1:512) The authors are indebted to Dr. James T. Sinski for

10 _d 10 the photographs used as Figures 3 and 4 of this manu-
100 20 script.

1000 47

- Numbers refer to aerosol arthrospore doses (experimental),
Lowe at al., 1959; Converse at al., 1962.

- Immunodiffusion preeipitin test. Numbers In parentheses indi-
cate spread.

- Numbers refer to intratracheal arthrospori dose (Reed. Ray-
mond E. - personal communication).

a - Test not made.


